SYSTEM AND METHOD FOR Al R SAMPLI NG | N CONTROLLED ENVI RONMVENTS BACKGROUND OF
THE I NVENTION Field of the Invention [0001] The present invention rel ates
to devi cee zaspdioomtihods for collecting air sanples in i pdeaszennss@nments.

In particular, the present i nvention reI ates to devices and nethods for

col | ecti ng, QyTS,
electrically am onahftpca %(?h(gi?o Eief@(zé%q‘gﬁgﬂg&& pnent, and
calibrating the sane. Descri ptl (EN%IR@WERH&t ed Art [0002] C ean roons
found in manufacturing, research, and other facilities are typically
classified into two broad categories based on the static air pressure

i nsi de t he BAOKGROUNID @F THE ENVENEION c pressure and/or the air pressure
in spaces adjacent the clean roons. A positive air pressure roomis

mai nt ai ned at an absolute air pressure greater than atnospheric pressure,
great er thapjelder tBé InvRh@GSUre i n spaces adj acent the clean room or both.
The positive alr pressure in such roons is provided by punping filtered
and/or conditioned air into the roonms and controlling the flow of air out
of the roonpgofihe adjTaeeftkers PREAHN rdleEh deviveshad ARMdbakE tslieBghg aci | i ties or
of fices, are t i.cal ly maintaine at or cJose to atnospheric ressure by
heating, veffiH ‘%t‘? BHoorFRYrOmMEDSy li’aﬁl%'llﬂr ﬁb" PrERFRIC Veligh gerﬁ‘iées tBId ¥i$%Spr ovi di ng

an openi ng i h&tBodd T doDEUMRE prdcB@tngdnl eMByAlperidinglee Bl c1&R6RSs, t O
equilibrate with atnospheric pressure., Thus, air, tlow ng from the positive

pressure cl &&riady ﬁi’ﬂ’nﬂ‘?t?m?t}"éw t9iReline f"ﬁéa‘T‘%‘%Fq\b‘P’é‘%‘uﬁ“\é‘ ‘?hbrémgéﬁ% nt roons

or to the atgmpsphere. [0003] When a positive air pressure clean roomis

breached, air flowi ng to adjacent spaces or the atnosphere is generally not

a problemas |long as airborne contam nants present in the clean room do not

pose a potent| aI adver se heal t h effect. Typically, the air inside clean
Descrigfign Relatedbdklospace hardware, optical

[0002] Clean rooms found in manufacturing, research, and other facilities are
typically classified into two broad categeries based on the static air pressure inside the
rooms relative to atmospheric pressure and/or the air pressure in spaces adjacent the
clean rooms. A positive air pressure room is maintained at an absclute air pressure
greater than atmospheric pressure, greater than the air pressure in spaces adjacent the
clean room, or both, The positive air pressure in such rooms is provided by pumping
filtered and/or conditioned air into the rooms and controlling the flow of air out of the
rooms. The adjacent spaces, which may be manufacturing facilities or offices, are
typically maintained at or close to atmospheric pressure by heating, ventilation, and
air conditioning (HY AC) 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 wili flow toward the lower pressure in adjacent

rooms or to the atmosphere,

[0603] 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



systens, mlitary equi pnent, and defense-rel ated research are manufactured
or conducted nmay not contain airborne gases, vapors, and particulate matter
at concewtrmbtd/mossst hat present a safety or heal th concefiyiReduasgs heal th
or the environnent. However, that is not always the case, as other
operations wthin those industri gs may generate contam nants that are above
accept abl e FElFEISsMYRYY caHRpEt.Gpg defrrseirelfigd Fiseas ‘éﬁ‘a’l“%‘:ﬂr@ api ng the cl ean

room wi t houtoddn&dd AR hot cbRAAAIForACEAtd, VEoR, EndP-Rsslikem&Rom i S mai nt ai ned at
an absolute air pressure that is elther | ess than atnpspheric pressure,

| ess than tR&cantratippsdbaiprescnt g safpRycpbeahancentiotheathelhnor$dm or both. The

negative presgidhfiehtS HIVMrahRIhRYIRYIMRE BeadsoiRMbpRfiiohHRithia@Pse Negat i ve
pressure roons are often used when there is a concern that contanm nants in

the air mayidogeeamposearipicapnippariththerareshove acorpiablp lvelapnd therefarg) acent
spaces, or g{aﬁﬁbggs}%‘fe&@@ﬁ%esCg@gﬁk'}!%m&om&gmr} ohg human health and

envi r onnent I catl ons, aln types of manufacturing and research

operations 3684 be  coNHuGEahi VAt £l rébnPR%hdikiYiRe Pt an BESRSLUIEHEdERN room to
satisfy regulatory requirenents and i ndustry-adopted good manufacturing and

| abor at ory §uhisicitier deshthap pimosphstapigesurer(sps Bamip B presyiss 18 spases f eder al

regul ations,gh gl HdbBeh LBASE HBMO b AaaBtk H¥sshRGs NahtagRalby bidbink Wire T or
Qccupat i onaF }Saﬁety andrroHe‘hf‘th (N1C)Si§-%a, n@yssnecsessi tate Fhe %JIS% of positive
or negat i veopirad §wupem dNegativerppesaye rdo0BEE] ¢ifenpiagd Wienlthare iselsenagrShatFood & Dr ug
Adm ni strat| : . T ] i i 1:00) 3 one within
the. conf 1 neSoph AL in" oML By po Bl FRREWLEE) nf A R Agiiend
certificati eprceshattheremirbaoenir ed bat ches of pharmaceutical products are
being done in a sanitary_ environnment. 550007) Positive and negative air
pressure cl €¥5k oons Navishsrading thsdwmpo healfimpd gedrogmenldmpiugtionst No.

4,604, 111, {£9L,; ggmlf LSGh Ao} " LatHg and net hod
for prot ectiﬂ%fﬁ‘ enﬁapgﬁlﬁeﬁﬁg% %o%ﬁ?ﬁgta}%ﬁ%ﬁﬁgﬁ]&g}dgﬁ%ﬁngﬁiggbestos and
ot her parti eeditteairguesssrnt et oon t9 satisidecguldsery rdivrgmenthingdhindusicy-udes an

encl osure hayi [ j 1.t i LI jnside the
oncl oour o ansiol BaphiBic e B liodhulond ShfkR o LLAER Mfiblaoleflg) € 110
5, 645, 480 dstgiclaos Edeehezyaiimes, atclfdiat thessprafiulgatel wahe Negrm! InsWBite for

2009/ 100184BCISA000L 033163 LARORIOT Fu5nE0L €9 21 LoRgisang. St andar ds

al so specify requirenen
negative pressure clean rooms.

[0006] In particular, the U.S. Food & Drug Administration (FDA) requires
that pharmaceutical production be done within the confines of clean rooms that
provide for the validation and certification that manufactured batches of

pharmaceutical products are being done in a sanitary environment.

[0607] Positive and negative 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 equipnent to be used inside clean roons
to verify or validate the cleanliness of the facility during certain drug
manuf act wioi 200y/@e184vi ti es. The regul ati ons al so provi de rigruseb@etseni c dat a
recordi ng, accuracy, precision, and record-keeping relating to nonitoring

the air qual w thiyn cle r oons. U|re nts. arel osed on
other i nduot i " suchrRbsFa BT ons gt iR NdisBbfe & "parent no.
6, 5%4 721 d?ﬁcmm;be@ aadioldif ms@npihg agnpimtt tDGchaﬂedi mﬁﬂeh@ehnfromnfxmlvlele@ti Pg

ai rborne pat ho a ata froma roomor. fromrenote air
Sapl s whePE THEE SRR T 1l RS e B GO A el osel y
noni toring fraaregpreshs aEh(prd&aieemeidckrbmsHit@t&@rdﬁ;gdmux@@ bRakiodfaws room air
into the device using ? whi ch causes_ pat hogen-contai ning particul ates

inthe air %% ﬁﬁa&mgaﬂ@@%mwwmﬁ%rhﬁam%mw@c&avrcanmr S, gel, or

m xture t her@frdm&hOretniodePordiisd idd@ticd SucRA$itt bRRRAMENhdsEe sanpl i ng
devi ce, The patent states that previous sanpling devices could not achieve

a constant yeooet ri o 8l Fadnk 9W €QF 14001 Hescribdian a;r%Q%lfn%'d@hbé’ﬁxdto a nom nal or
set-point flow r?te whi ch _caused a large vari abj | in cal cul ated

concent r at i Gifo8forsalisrHESAERCMEITOEMS 2hdRsyEhrgnetge g ?Jﬂ%‘?ﬁ‘la fPRifetit suggest s,

one of the &%m&eﬁx@teﬁﬂ%&ﬁ%&fNhéré’th@’@ﬁhﬁi@%iﬁkﬁc ish@cabiicAyabhdiedbd hin a clean
roomis to ensure that the air flowrate through the air

sanpl i ng/ mofPEdY mARtUEg fanepesds The pyentdliustaiess Jovire that ARRHE EPogLA P t he ti e
when a vol uge d@frw@hs‘ing Spun, WBfch @hisesTRBoplAIntdifin @SR b aked in U S

Patent No. 4,091,674, which discloses an electronically timed, positive
di spl acemenimigita SaMBY PGt umgsia (e solits iauid.wal ar mixgse tharoBsipredfinai r sanpl e

col | ecting deNihes pafibod:n \@th}’x‘f‘tg@saﬁ%ﬂgfdé%fcce'ﬂ{é FRTER 2l ha&%@w ons. The

di scl osed invention is said rovi for accurate average ow rate,
i ndependent Paynn#@gé?\é@mtc@wfénot\ﬁ@htewea coppat apfungtriciairdloreqfibstathanand  audi bl e

"rate fault 309La5i0e 4 PodRRh PRLERIN 1BE CMHE ' ! ng a timng
circuit coupl eéI V\{Iltﬁ mgchanl cal tepgen’t | ows. %%%Ch éuggg]ﬁé"ggm%l\%ﬁ% 216, 548

i 11 ust rat escdcwdet soarensyiene st patkagetsnart for an air sanpling device for use
in a controlled environment. in particular, the patent discloses a

control ler 1Wd¥c t hatAsthe/BISy 6514, (Flmasgt %‘ﬁgﬁispwfﬂ@ﬁéhﬁl@ﬁgwpﬁﬁéﬁgure,
noni toring %H@Ar!n@%édz@ahgrxﬁmlr{wcl@dn roérmsqx;)_r{\;ﬁrestﬁmlllceeﬁr ShHfL i ng of f the

punp, and checking for [eaks in the |ines atent also teaches using a
pur ge syst efrqugh the air sampling/monitoring devices is very accuratcly determined during the

time when a volume of air is collected. That fact is also appreciated in U.S. Patent
Ne. 4,091,674, which discloses an electronically timed, positive displacement air
sampling pump for use with a wide variety of air sample collecting devices and in a
wide range of environmental conditions. The disclosed invention is said to provide
for accurate average flow rate, independently metered total volume, operating time
register, and audible “rate fault” alarm. In that patent, accuracy is achieved by using a

timing circuit coupled with mechanical bellows.

[0011] U.S. Patent No. 6,216,548 illustrates a control system flow chart for an
air sampling device for use in a controlied environment. In particular, the patent
discloses a controller logic that involves turning on a pump, checking pressure,
monitoring sampling time, drawing air into the sampier, shutting off the pump, and

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



purging the lines and associated air particul ate sanpler using a purge gas
such as nitrogen gas [0012] None of the prior art devices and air sanpling
met hods Weswni/fwetksabove are suitable for nonitoring thedrseboombsies
contam nants in the air of a nodemclean room where issues of sanple

vol ume accurac nd. precj sion, system.control and nonitoring, reporting,
nodul arity, pﬁrﬁé‘gﬁ}éﬁgﬂﬂ{géa %?clcwéidr‘?é pg'r%éu1?%%?59]5%5}@&%“5‘%60%3?1Eﬁﬂ V¥ there exists
a need for sugedgadevice and nethod for air sanpling, SUMVARY OF THE

| NVENTI ON [ 00131The air sanpling/nmonitoring systemaccording to enbodi nents
of the presgeti2] nventNaig offthy pber atsdevicks dnd atrl seaplinganetbods dederiasd t hose
operated by pharnmaceuti cal, biotechnology, sem conductor., and el ectronics
TPaust 1 es Bitaag Vs B monger U S pB IR b AU b FREE 1 v ¢ hi -
cl ean room tRak R ivhite idgesloe vl piofolhaht @agomdgrachail oRtelhh@hudls present in
a volunme of air. The system provi des control |l er and vacuum punp that are
out si de t he 264 @aﬁtof’ﬁwwl%é‘ﬁg‘i‘l@‘%raé ECTfie PIRBUGTIRE RS POy provi des a
remote cont rQkodiREsNBad <A13M adkdd BANRH h Y/ iGaNH GRMOMNiIMabBng] ean

room aseptic areas. The systemrequires hard wiring of both the vacuum
tubing and electronic plenumw ring for the renmote control touchpad. Hi ghly
accurate air flows through the system may be achieved using a flowrate
switch and programmabl e |l ogic for setting the desired flow rate and

accept abl e devi ations therefrom [0014] Enbodi nents of the present invention
seek to provide a nmethod for collecting a volune of air froma controlled
environnment within a facility. [0015] Enbodi nents of the present invention
seek to provide a nethod for controlling the flowrate of a fluid collected
froma controlled environment within a facility.
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[ 0016] Enbodi nents of the present invention seek to provide a sanpling
systemfor collecting a volune of air in a controlled environnment within a
facility, the volunme of air being analyzed to quantify the presence of
contam nants in the controlled environnment. [0017] Enbodi ments of the
present invention seek to provide a sanpling systemfor quantifying the
anount of CANMANMARYAGISTHE INVGINTIGON| ed environment within a facility for
achieving regul atory conpliance. 100181Enbodi nents of the present invention
. seek to provide a system and net hod that takes advantage of wrel ess

t echnol ogy r educ he n er. of. ructural penetratiaons be en the
controlled{g‘ﬁ3 ronngﬁ'agfaﬁgg}IgﬁnP§%%$§% Fﬁ%E%EQSS“%BlgFE§°%ﬁ§ cl ean
room [ 004Beskhtningasioasmagt beosdftie rprekae nbomn \wadt ia® nthodehepedated bpr ovi ded a
met hod for collecting,a volunme of air, from ontrol l.ed environnment within
2 faci |11y, PRGHSHISTn B, S Pordyrst g SPRBD OGS PES % anpl ing
devi ces at diidd. Fhegistehoie dbdi@nra ticktthdait Withia @rica®tdoatioadnifoReRNE; provi di ng
a controllergg% a |l ocation outside the controlled_environnent_ that includes

a port cor o IfdfoREmRstian it & Prefrat ub VARG &g iThe S¥ PRY'%e¢i ces , each

port havi ngohisllcPWil Rdhn bt thitQe SECHC akgh taREoPRE I Reas@PRat e fluid
comuni cation with its, correspondi ng) air sanpling device via a
ji!

cor r espondi Aty s0d prayides a AFperp eonteoh pughpan apd gifsavplingeeesigitivfei gured to
separat el y JR kddil/adebttl Hods! B SAEAYEYikS Bard QETR P8O 10y o2 g@&g' i ng

devi ce; providing ﬁ%ﬁleagt.qné&touchpad wthin'the cqntf%?@é envi ronnent
that is in aplcleceandc plommymicag fob thaniemieteeeonnolf foushpadyi iighlyiascurite agont r ol | er ;
provi di ng C oyr.c ti t sd: t C rol.. enyi;r onnent
that is in Oxﬁi gy(gﬁ(%ﬁm‘n%l gsés?%l%%ng t gaaa{c?%vg?uﬁ%‘%g& {ﬁ%?ﬁn?{i%es%tgﬁta\rﬁgl l er via at
| east one geegadmghic legn farbetting chendediredtilomg rate and aasigtableogegitgmal s from t he
at | east oqﬁm%Q%%hpad to the controller to separately turn air flow on and
off at different air sanpling devices with their corresponding fl ow
switches to draw a fjirst_ predeterm ned volune of fluid through the two or
more air sdipfl ng dévrodimentoefibe prase stenesn sk de providerhiethpd &ant

| nvent i on, dfIgkife b SolBbeY} A . STRNLAE TAEhER IR @bikect [ ng a vol ume of
air in a controlTed environnent wthin a facility, conpfising: two or nore
air sanmplingyngeVvi cess @l athdies et HRGatL L pi 0 d
environneng; g gontré@%@r at éf?oé%t?gn‘%8%¥¥3%p$ﬂ8&§§%§?%$%§%k%nvironnent
t hat i ncl udestdlingeha flaveatpof & flust ¢ccdlsgahfitmg totrgledenvifonintvet wilitner nore air
sanpl i ng deyl.gs, each port having its own dedicated flow swtch and tube
port in separateé fluid communication with its corresponding air sanpling
device via rres ' ' V. ng* SWM . bei ng
configuredigg separg%ﬂ#§ﬂﬁ%%%§gp¥?ﬁgl %%ﬁﬁ?ﬁggggﬁ%#§§%6%%%%2%%nding air
sanpl i ng devitge fatcokdstng a volpme pf aginanweiolfel envircamentweithives faailivathieum punp

| ocat ed outside the controlled,envirgnment that is.in . fluid co ni cati on
with each 9%%@“b8$gﬁﬁfg@é?mhgg%too qﬁi&%%é“@%@ﬁdﬁ%?ﬁﬁ@“?m‘n gg?ouchpad

wi r el essl y cootiibel epdirbmmédte control |l er that includes a conmunications
device configured to send start and stop signals to the controller to
separ at el y [paavn ai r Hotedinomtsaofl thef fresaht thivéidtien etk @ prosaiepd sagplidgvi ces with

thei 1 cor  egponds ng, e ALS0ESr WABRSaL S bR O i
a facility for achieving regulatory compliance.

[0018] Embodiments of the present invention seek 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.



[0018clin a further aspect of the present invention, there is provided a
sanpling system for quantifying the amount of contam nants in a controlled
environment within a facility, conprising: a controller, conprising a
plurality of ports, each port conprising a tiner circuit, a flowrate
circuit, a flowswitch, and a vacuumtube: a plurality of air sanpling

devi ces | od@i18d] wi t hilmotnhaspednti il presknémyentormnts isgpactidebametiodd t o one of

the pluraligy. of - X V, n.in fluid
comuni cat if%rnco\?\%e? ﬁgéégﬁ%em?%aelp fgioirpg Icélﬂ?tv%siv}%nﬁ]t écnh%e}gl?mgntp‘ﬁlﬁ%{g rgp%rr{g& 'n fluid
communi cat icompwking teagépsoft: proeidaig twid ovnewiaicdhmpling dedushpdidfaernect ed to

at | east on Nl | f aQntrol || 1.1 sanmpl i ng
et cos confiadbal PRALAL SR by PR S o ARLT SL DG R b
[ 0021] Enboditseittte ofnttoled pnesemieni thae nicholes prayrtitevospentieged nafter appar ent,
the nature of, t he jnvent] y. I d ference to
the foll ovm'ﬂgegm;d)e rarlhpﬁéaa II%:Ig"eas rl{ﬁ%ﬁe?ﬁe%?éa{%ﬁ@oﬁ%&égﬁ%n&xi hgag%%%%é‘gd cl ai ns
and t o the ssévienad tulbe puitng searita dhebcdremenination@th its corresponding air

20091 1001B4ECTLSR005] 033105, BRLEF, PESERUET] O0 O IHE RRANNGR 1,002 FI G 1

s a schem n exenplary having a’clean roomtherein
accordi ng bemgaspEgiredfo sdpargdele sentitor fvehflownhrough its corresponding air .

sampling device; providing at Jeast one touchpad within the controlled
environment that is in wireless communication with each flow switch in the
controller; providing a vacuum source at a location outside the control
environment that is in fluid communication with each tube port in the controller
via at least one second vacuum tube; communicating start and stop signals from
the at least one touchpad to the controller to separately turn air flow on and off
at different air sampling devices with their corresponding flow switches to draw
a first predetermined volume of fluid through the two or more air sampling

devices.

[0018b] In another aspect of the present invention, there is provided a
sampling system for collecting a volume of air in a controlled environment
within a facility, comprising: two or more air sampling devices at different
locations within the controlled environment; a controller at a location outside
the controlled environment that includes a separate port corresponding to each
of the two or more air sampling devices, each port having its own dedicated
flow switch and tube port in separate fluid communication with its
corresponding air sampling device via a corresponding first vacuum tube , each
flow switch being configured to separately monitor-fluid flow through its
corresponding air sampling device at about a preprogrammed flow rate value; a
vacuum pump located outside the controlled environment that is in fluid
commu_nication 'w_ith each tube port via at least one second vacuum tube ; and a
| .touchpad wirelessly connected to the controller that includes a communications
device configured to send start and stop signals to the controller to separately
turn air flow on and off at different air sampling devices with their

corresponding flow switches when collecting the volume of air.

S5a



[0023]FIG 2 is a block diagram of an air sanpling/nonitoring system
according to one enbodi nent of the present invention for use in the clean
roomof FIG 1; [0024]FIG 3 is a block diagramof a controller connected
to a base station and a touchpad according to one enbodi ment of the present
invention; [0025]FIG 4 is a block diagramof a port of the controller
shown in FIG 3; [0026]FIG 5 is a block diagram of a purge systemfor

pur gi ng t hd0@i8el sanplp agurber aseectf dbe arasentysvaienehsedisnEAYided at he present

i nvention; sﬁrggl?r@ E{(S@bm Goi auzﬁmg{/iﬁgﬁﬁé abdoQNY OF 8GR HabsUat £ *bARGIAN 1ol ator
controller logic: 10028]FIG_ 7 1S a block diagramof a touchpad according
to one aspeBYromenFipies ity roaprisag: a gonirqligozomprigngd nlwedtisifock di agram
of an air $3p! R/ HIRNMMHsRG SYRePProuit, a flow rate circuit, a flow switch,

and a vacuum tube: a plurality of air sampling devices located within the

controlled environment, each connected to one of the plurality of ports by way

of the vacuum tube; a vacuum pump in fluid communication with each of the

air flow switches; a purge pump in fluid communication with each of the air

flow switches; a touchpad connected to at least one of the plurality of ports and

controlling the air sampling devices connected to the at least one port.

{0019}
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according to anot her enbodi nent of the present invention for use in the
clean roomof FIG 1. DETAILED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
(00301Several preferred enbodi ments of the invention are described for
illustrative purposes, it being understood that the invention nay be
enbodi ed in other forms not specifically shown in the draw ngs.
10031]Turq@g% first to FIG 1, shown therein is a schematic of an exenplary
facility 2 having one or nore clean roons 102 therein. The clean room 102
i s adj acen space_104 and, th ut door at.nosphere 106. The adjacgnt space
104"y bRy D BRI sochs T (R HEVELRG. P81 IFESS 0BTPRATCH he

cl eanI r 0onaph@nt, &hd,maﬁeeag tenfvidiain ey bt Rforé E&aﬂjr l&ﬂdl‘erﬁt@@ﬁbﬁ@&’cre_ﬁ&pimhas, OIf or
exanpl e, a separate wfacturing room another clean room a finish an
fill roomtg f&i%%}&%ﬁ%&@@%lw OGN ITERRL. i APRIasHh CPgB AL Hid

adj acent spagq! ddidsanaaranhatad by a divider, such as a wall. [0032] The
clean room 102 in the exenplary facility 100 is capabl e of bei ng nmaintained
at an air pressure Pl that is less than the air pressure P2 of the adjacent
space 104, and also |l ess than atnospheric air pressure PATM This is

acconpl i shed by an HVAC system (not shown) that causes conditioned and
filtered air to be punped into the clean room 102 at a controlled flowate

Q" as depicted in FIG 1. Air inside the clean room 102 that is punped out
of or otherwi se flows out of the clean room 102 is represented byAs |ong as
the difference between Q and QO,,, is greater



than zero, a positive pressure should be nmaintained in the clean room 102.
100331Turning nowto FIG 2, shown therein is a block diagramof an air
sanpl i ngWwomivmrisag syst em 200 accordi ng to one enbodi mentusadostobeepr esent
invention for use in sanpling or nmonitoring the air in the clean room 102.
The air sanpling/ n|t 0 Iudes a controller 202, a vacuum
punp 208, PE F@gcgyﬁ%ﬁg%%A&gﬁg'an opti onal conputer 210, all of
whi ch may be co- Iocated together in adjacent space 104 that is adjacent or

renot e fron1§i e., not directly adjacent) the cl %Q room 102.
[ 00341Renot BP32lconnei€d! 56 SF}H’Q’a%H z}}"’cﬂ"F@F’i5“23“0‘\02‘3‘ iy havigg & plgeHIOBMe wal | -

mount abl e qmaQ%QEQ%&BgBﬁ%%B&ﬁQf%éﬂmﬁﬁng&ﬁmﬁf nore air sanpling devices
216a, 216b, 21l16c, n, where n is preferably 1-10, but that nunber is

not |im tedgfyst he amGsmralﬂ d’éQ/d[BEﬁkﬁ&Tah"dG S§M§l§r%ml&@t@nﬁ§)£:}@t@¥: particul ar
quantity of alr sanp devi ces i's e systemis linearly scal able
above or betswding vaprre t‘é’%ﬁﬁlmeﬁb(’fd@vﬁ’fé@@ '“Wni“%)f%&{*e igjthe cdeapnpranhef devi ce
suitable fopjige wWith the present invention is the SMATm Atrium by Vel tek
Associ ates, Inc., Malvern, PA The air sanpling devices 216a, 216b,
2léc, .. ., 2{@@@4 accor qhmgs Q de de?a%%Fa domf&wr t&hetY 0 R®a@WatlsROWN ai 1
sanpllng deV|ce for collecting a volune of air. The terms "collecting,"”
"sanpl i ng, "andrigAichprd asgording frionerse bolimen gl dhawseseisBYETtionr ef er j ust to whol e
air sanple devices, but also refer to devices that process a flow of fluid
in order tol%8&Yar at e Fd&r 4 hiarblesh disgram efiiorog, Ofmowaq@r wwat%F%t%;er in the
f|UId for subsequent anal ysis and quantification. The terns "air" and
"f1uid" arel®838d int @#Gh%ﬁ@éﬂéqwms@n}%ffwr%eowaa&é@DUWPWand

particul at e&u 1iRk SaviceBhdcoRMRL 8Fic iR OOLL MEBRsdhabeRRby air is being
col | ect ed. 635 Al though FIG 2 shows only a single touchpad 214 connected

to mul tipl ego@m sanplgigge fevireRs Bl6@agr2d itustang .4 18%oricbnikleal SO

contenpl ated that there may be ot her arrangenments of touchpads and air
sanpl i ng delPE€es. For exanple, there nay be a one-to-one ratio of

i ndi vi dual or_discrete touchpads, 214 and ai devi ces 216, or
perhaps a si%fi#ile tou%ﬂﬁéﬁ”?l gﬁﬁgﬁé‘QBHﬂﬁﬁ?ﬁﬁmf d?ﬁg3ﬂﬁaﬁﬁ?ﬁjé?? sanpl i ng
devi ces 2| 6geantindhébn; sabi | € a separate touchpad 214 may be connected to a
third air sanpling device 216¢c. [0036] The touchpad 214 is in conmunication

with the combzgl | er 20Q. dy Widc® d2lkHhm @Han%&hﬁ@phiﬂg?rﬁd)rﬁ@ﬁng@@ﬂaﬁl such as a

receiver/transmtter 212 a sQci at %
according to ancther em od:ment of the present mventxon for use in the clean room of

Fi1G. 1.



controller 202, and a receiver/transmtter 224 associated with the touchpad
214. The receiver/transmtters 212, 224 are on the sane high frequency that
i's uni quotwovtveisaveral | air sanpling/ nonitoring systemc@Adzedbhesfss equency
is selected so as to reduce the |ikelihood of interference with other

equi pment | il ] ] | .ons when the
controller gggaghﬁﬁﬁﬁéé¢%ﬂ%ég288§%ﬁhg?gﬁfghk?@fgpﬂgggﬁ@%ﬁ rom each ot her

[ 0037] The one or nore air sanpling devices 216a, 216b, 216c¢c are connected
to a vacuum punp 208 (described bel ow) by y of the control.ler 202 using
one or nnre“ﬁ?ﬂ Fube§£?§@}“ﬁ§W@W“ﬁﬁ§?%@“ﬁfggﬂpﬁgﬁmfﬁ%%ﬁﬂﬁFgﬁVng on the

cl ean room #Q2rAive Bu@bschNEvedlg und@smbd ME/tHDRLEMbA REy Y S0 othand 3/ 8-1i nch
vacuum t ubi ng on t e_a%hacent's ace 104 side of the air sanpling/nonitoring
syst em 200. foyyws Rptripediiecady stavel in B d9099n85s a nani fol d (not shown) that ties

all of the individual air tubes 220 together and_connects themto the
vacuum si del®ptl he vactring Pt F36e!. shovth hrigindr 2 sEem o de SXFRRX hown)
associ ated wcfifpy Id@%a@in& oh&!BEForé 2Rarfobm! SECht:Rint UhE ciesh ob@ 18k ks f1 ow to each
air sanpling device 216. [0038] The touchpad 214 and air sanpling devices
216 are co- Pgestiesreggdraad the quidper apesahers b¥im Tho 2diaeant spaceal Warayi on of the

clean room {02, olB&r ABR BEmWHiGn Me'sarhtRESin2AM 18 CreCRANRGHEMLO a
wal | - mount ed qui ck di sconnect outlet 226 l'ocated at the wall in the clean

room 102. [ bodeqd Mchetadisiminaken 208 103, gicharddE*purtp AFeAra®per at es upon
recei ving aqshoanalifd 0 BEmECHhbdnE s AR ah® i PSRk Seshrell NSoRRE), NNI NG Of
an air sanpling cycle. It is powered by a standard alternating current

provi ded byotdf@cdsadht rlegn oo 10handradisgent Reacail 94 aapapRiated b dividsri ng syst em
200 is instalhed, o by power fromthe controller 202 (or both). The vacuum
punp 208 is connected to the controller 202 using 0.75- inch (inside

di ameter) vagasm t ubiig o(of REE, Bh3Emt LRI IRIR} 5O DEpUSEd) beil® Vacuum
punp 208 acg((ﬁ)).rggli.ng to oﬁe enbodl;%ma_ntt g’?én?%’e prieiz}tent Y nvent ] onmié;| albHP
nmot or vacuumzpiained aTpreaidpresshety &af b oy thaethgae piasspaipe2Badiasedi r ect ed
outsi de the_adj , it adj ) as needed
as shown by5%?%gﬁg?ﬁ%ﬁ?ﬂggé&%%ﬁw%F%%%oFfﬁé&ggﬁfghgﬁgpi?ge 1§3%9§66 may be
connect ed t en HNYé (contemdhbdteshow() 2hat causes conditioned and filtered air to be pumped

into the clean room 102 at a controlled flowrate Qj, as depicted in FIG. 1. Air inside

the clean room 102 that is pumped out of or otherwise flows out of the clean room
102 is represented by Q. As long as the difference between @y, and Qg is greater

than zero, a positive pressure should be maintained in the clean room 102.

[6033] Turning now to FI1G. 2, shown therein is a block diagram of an air
sampling/monitoring system 200 according to one embodiment of the present
invention for use in sampling or monitoring the air in the clean room 102. The air
sampling/monitoring system 200 includes 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 rocom 102,

[0634] 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¢,..., 216m, 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.

-8-



using 0.25-inch (inside dianeter) vacuum tubing (other size tubing may al so
be used). The discharge fromthe purge punp 206 is directed outside the

adj acentwepaceiod®4, or within the adjacent space 104, asThnsewedssidhe

di scharge will nost I|ikel y be processed through an abatenent system (not

shown) to cq]lect or scr d,c am nants coll ected durin

t he pzjrge c@lﬁtés’ LRSS Bgl(’j‘e%g'l g%"qe Tﬁﬁ@ﬁﬁ]%lghow OHbYEY S oy Cf?ﬁyg‘be used ag a
data recor dﬁ,,fplcai-rd’lﬁ;aﬁ@mglﬂeﬁfce 2difbleay: e wah dequ@attend/eﬁmmuthewﬁw ce;
however, if a, dedicated or network conp g‘% ﬁg devi cg' g al r&ﬁ (g% install ed at
the facili ty\trmby Y Hisk Sorsirter Inoafeivermy, SHEHFMPIRE d8iEs £&%r di ng

pur poses. D@I@fzﬁéordﬁ@nQ&oid’l%t@ﬂﬁ%s@rﬁnaéﬁtldnﬂﬁwm;ﬁﬂkﬂﬁm‘i)&rSa”D'e sanpl e

date, length o anpl e, and sanpl e | ocation, anong. ot her data
10042] Tur ni FIMBRIBEceRPiGOllecting RyAMeRErE] The terms “BPIsCNg| Saalst t he

control | er %ngfaimé hendhefiee hQ VSl AferGRR PG Rait %nﬁol@@e%&%e@bé{“ on 302 and
a touchpad 214. Thé controller 202 includes one or nore individual nodul ar

ports 308a, al@@@fﬁr tadygices that prages figwef ihineeder fyseprate comin gaster 202 to the
i ndi vi dual ors ?ﬂﬂ?’ Eﬂglate%\ﬂelcﬁqhe?ém@ﬁn sifbb ent?a%glgms and qu%ﬂtmatitglleSpeCt ively,

and one or only one touchpad IS shown).
si npl est coﬂi’fl@ fgumszﬂaxr pndndlyldd atfelsed wierghegeeldyito isfer &y gpoRvaraw My a si ngI e

ort 308a i ” £ gacrgp devi ces 216
gnd a singl Earﬁ%ﬁeg{] g} %p%%%ng?e%%tqﬁ%g%{mgﬁy §6e1 na Edﬁ%&et 3086 can then
be added toyjghg CO“t ':Aqghl)@'hﬁ%ZE%v&%Wfﬂﬁohc@QdQ%&hmlmOne or nore

air sanpli ng devi ces 216 (and the touch can be dated to have an
interface thattipksintseoplingdesicecténd o rnéaips| I iglsgeonieapated thet tharesecond

touchpad 2148y R i3l T0e . aehong 21 AR Bl Eosagplipgidevi ces 216 of

the port 30 can e same room as the air
sanpl i ng detheweray bt OFlcnto ervaaiporftindoges] omscmnmclmam eldemtl aar ea of t hat

room or Ca%é,ﬂﬁ‘mé H'e\?rfér ?the OF Eérly p? %igglr ?(ﬂkTCh 2994 m-]d_bge Pc?r{? %cﬁgg‘gb o§086

308c, ... ecause the inc ei r own dedi cated
power , har dmreeurasnmpisr@fdemcseziéa mol 1idb ngjnlfemtstmamegstoacid)adéh#\eejz ors necessary

for operati er, \wor t modul arity makes the systemeasily
configurabl & Q&Bem cfggm}’dd’rsagﬁon Jr%%ceor $ 308a, 3086, 308c,..., 308nto

canpl i ng el 5‘23' Z'l‘égﬁ’ﬁ ?L%EEWI?@%%%%?EQ’W“? B R ERANRB £o
FI G 3 showdl& heustngudiepasdm@dnd smrhmaemcedetftmnansuen@ﬂhsmrated with the
controller 202, and a receiver/transmitter 224 associated with the touchpad 214. The
receiver/transmitters 212, 224 are on the 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 with other equipment in the facility 100, and to permit

communications when the controller 202 and the touchpad 214 are remotely located

from each other.

{6037} The one or more air sampling devices 216a, 216b, 216¢ are connected
to a vacuum pump 208 (described below) by way of the coniroller 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
controfler 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

R



308n, it can be connected to each of the ports 308a, 3086, 308c,.... 308n
and, indirectly to each of the air sanpling devices 216a, 216b, 216c....,
216n, rewpembd/weisy (or directly connected to each of theTaisno®arpks ng
devi ces, as best shown in FIG 2). The controller 202 passes signals

bet ween t he toug 14 and the s li.ng deyi ce 6 connected to a
particul ar pYFR°! 6%“SéﬁﬂgF“Pﬂ@wgﬁﬂgggﬁﬂégﬁﬁgﬁémgé P FORPE HE *ouchpad 214

or the port f3R8acahairs@plingdetibe2i@ r sanpling device 216 al so connected to
that sanme port 308a, but not to the air sanpling device 216 connected to

the port 308#3s] 0044]m6mﬁ@dtzheaﬁ@mgaaiph@g dA2s D 56 AP EbllRkted tdgeti®Y have any
nunber of ports n, dependi ng upon the needs of the clean room 102 (or clean
roons) as SpEEf Ffie%rtroomdp2=és€mp<§f*0n of thardeapriantyil Rualherone pr mesg adii 1 sanpl i ng
protocol, Sft@@g@zfodar@&ﬁﬁ&&edngawa%mre@amcraagwnwaa&wm&)@zﬁwﬁ'ﬂséy control
pl ans, regulatlons etc. For exanple, the controller 202 may be used to
control I, zmﬂgﬂhecwmv@0@ﬂp25anp|ers depl oyed within one or nore clean
roonms 102, in which case it will have a correspondi ng nunber of ports.
Preferably, I8 or nothe vaquurHRmp 98§ aideaandipyme HgbPnere saeor ©eevips 6a,

21 6b, 216¢C, 4.signaldibfithe @Jiﬁiroflé}@()@W%W&t%e@fnﬁxnggﬁﬁlﬁﬁﬁ @a%p‘hﬁ’ gagh one of the
i ndi vi dual orts 308a, 308b, 308c 45] Each %he i ndi vi dua
ports 308a, 30BGYera8e standard 3b@RatingHiens Pepvide hxtheéaceiﬁmﬁ@%whrﬂor
connecting hey sﬁﬁqulﬁigq{qlﬁ'htoﬂ% §43teR0B is RABR, %fgow];r ﬁorﬁ%r&oﬁ@oiﬁat a | oggers,

such as the conputer 0, or to other devices era east two
mul ti pin céihecbdhs %ﬁéawmumaaﬂﬁss ewhngeiadity tfamcnntmblnm&tt@mg Ogibe

el ectrical | v PRNECAiEHor sRANA' iSh oﬁle%:akéx?géggﬁ@]sse@n&ﬁ} Ofperout @ 1 ne! ude,

but is not Irmted to, 9-pin con ctor he base station 302 is
needed in cagﬁummempdﬁ&hﬁadmzmﬂOn@mdéﬁwgn%dfmﬁpmgmtwmunehegsl@@ﬁnunlcatlons
features fo (WY tion 302
may be co-| %ggﬁe hg%%%%g?&gﬁggpggggh ﬁ%é?&f§@€§%§&”§%9the cl ean

room 102, oﬂwmmawmyﬂbe3UH;mvemn@memﬂmhmtheutﬁﬂﬁhpadk@ﬁdﬁwm&ﬂde the cl ean
discharge tubes 222,

[0040] The optional purge pump 206 may be connected to the controtler 202
using 0.25-inch (inside diameter) vacuum tubing (other size tubing may also be used).
The discharge from the purge pump 206 is directed outside the adjacent space 104, or
within the adjacent space 104, as needed. The discharge will most likely be processed
through an abatement system (not shown) to collect or scrub purge gases and

contaminants collected during the purge cycle (described below).

[6041] The computer 210 may be used as a data recorder. The computer 210
may be a dedicated computing device; however, if a dedicated or network computing
device is already installed at the facility 100, the computer 210 is not needed for data
recording purposes. Data recorded by the computer 210 include time of sampie,

sampie 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-



room 102. The base station 302, which acts primarily as a data

communi cations relay between the touchpad 214 and the controller 202, may
be oper awiovmby1temanected to the touchpad 214 via a dat @caaremwsiossis ons
network 306 such that the touchpad 214 does not need to be directly

dat a. communf LT 31 Wik 308 ol P65y RGBT SORAGOPIBaH | c. netubr k.

i ncl udi ng a(cﬂﬂ*gﬁdfr%&o@ﬁbdd@dl@ﬁk MEWMPI e sBidht asfibietidnkannss a siaglb ocal area
network, a wireless rk, or a_conbination of networks. Conmunicati ons

bet ween t he cﬁagoélefs%ﬁa@%ﬁg mgiaﬁeﬁ EPRE T} SRR 18 P BIE AT

communi cat i Qg %td%éiéﬁ 230 BndCodin e Q@cﬁp@@m d thah&RerBYorh €A LY@fiddal prEM tters
310, 312. [0047] The controller 202 and the base station 302 nay be

oper at i vel y 3e8rfitadica e pdied sethe seriotiendp2 dagnaect yarh ap pddifigpabongidred or

wirel ess datR.capaHplis évf?:@§2lr6%n\(@(hgté)ﬁl M NG WbiEHH ARG adi0 Wi th
digital input/outputs (not shown) ata communi cations network 316 may

be any pr opiitefage thagoniselp fieseqad Mﬁwpflnﬁém%ﬁ HE oa 2 peerétoushipieg éed net wor k,
such as theyl, tb@h&@% Thﬁ&xch&ﬂ%!%ﬁé Lif ?ai'ﬂgﬂh% h&fics 816 bihge ?&Pﬁd&’.@'ch@r 202 and

t he base stat on 302 are on the sane requency that 1s unique to the
overal | ai rbsaribft sang/room 2t e ayghpad S €andXboair Fmwplifg depiesn Yo fos theglodct ed so as

to reduce thgg) b&ﬁ%aﬁ'@@fé?%%%ﬁ%i&rn?@% b[eQrQa?]??%nTlf@y Eﬁéﬁnﬁﬁgﬁggﬁﬂﬁoz

interface operates as y nonitori ontrol
devi ce wit hpexpdiadibs 30¥pus pStmapufurbptmohiter batheserteydnaleds/theingremi t t er 310

located in yhg ﬁa%%%w?.t ﬂ&ﬂd&% féﬁ@%%@ﬁgﬁ M%ﬁlci[ r}]’_gg EA& éo%é&%cé §less taxg(lz | ocat ed

in the touchpa ocat e ean r are a Icated pair that
only comunifgapeait hn ehetwotihdre. n}a'dméiranseméicw@w/swansmivtcemf'gu&b@ by312

connect Lo RN LIMLRYN, S SHLEL ShOPS. Lhak OPSSLYE gy ndl vi dual

ports 308a, are powere I'r sanpling
node, and broadeds?idand dicir afdooltce pnwsr netue a:nganminngriew&a@ﬂ)dia ElngcycI e. The
base stati og %02 E%n det etctlthe state of activity of each of the individual
ports 308a, -3 08¢;"71""7308n. The base station 302 |ocated near the

controller ﬁ@%ﬂasa néb%@] d directl Lts
correspondi hg port 38\&{5}1]?8 ts:? Yo tﬂc Ouc%g%m gonf‘%cgede{o r%tsrn'éf Iport 202.
[ 0049] Tur ni BE8HxHawart b}: deh@cted to szh:b\mﬁtht: IpemelﬁﬁaﬁeﬂSa 3pBock 3dsagdam of an
exenpl ary port contraolle 0 C d to e_enb d| rrent of the
present i nV(laMI"eé%e{O ﬁf‘ﬁ"h o?%e alrﬁﬁ@&hﬂe%sd’ew 65221\31\1?153‘%%:22% ed2 o nerP 402, air flow
swi tch 404, (didiregly cOblfebte«ti]to qaow\/eﬁthsmppﬂnwmgﬁewm rastbwbehavm mrFffacza) 408,
facility S}/ﬁle con?olner 28£ passes sn%%gls between the touchpad 214 and the sampling device

216 connected to a particular port 308. Thus, the control signals send from the

touchpad 214 or the port 308a are sent to the air sampling device 216 alsc connected

to that same port 308a, but not to the air sampling device 216 connected to the port

308b.

[6044] Because the controller 202 is medular, 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, ...» air samplers deployed
within one or more ciean 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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Acqui sition (SCADA) interface 410, and conputer 412. The port 308 is

nodul ar and i ndependent of other ports associated with the controller 202,
as previwosh§s/gesdri bed. Thus, in the event the port 3081fimzémnsiee

remai ni ng ports associ at ed vvith the controller 202 can continue to function

Wi thin cali t erang I i | [ ves the

possi bi |l i ty%(;@ % Sy 'r’l enpagl n ew”%ﬁ %rfléorngs&élnﬁg e%cgfof[ﬁegg has its own

di rect currmﬁtv:dmmrtsé'@&‘n, 3%11,13083 npid8dependent on a centralized power
source to operate. G ound |loop or direct current voltage shifts are

el i m nated [g48isi ng @ath clahe mdurpduh nrie BO&zUBASH, 1080t ... H8minklude hiusaspr ovi di ng
stabl e and robust rforma.nc e circyit SCADA di r ect
current groﬁuﬁ‘amﬁﬂarpfgh‘ép“% ‘{]‘38‘@ B?'ﬁ%gﬁﬁp lb?ibgcys'f é&he"ft}) fift he direct
current vol lo%g@s ,30¢h e@ruwmdapdtesm BikbiotHRr Gdvsde€ NPréRAbES RAVR) wefmiifie

controll er If a facility gstemls present, it _and the controller 202
will not deb’éﬁa”*’t‘iﬁm‘é aé%‘l’ﬁ%np%isro WItEHPPWCt@TS(?[FrFéFCHt%‘”bWﬁ%?q ¥n. This

enabl es thepfragd) | htNitadystie B mbdort i CRa0 bl ndGidiled e 9gannected with
| ong cabl es without extraordinary direct current gr ound i nterconnection

bet ween the“t’\%“%fysterrs The facility systemsends a current signal or

receives a current si t hat s referenced to t C|I|t|es di rect
current powtt¥4@yst emi%fr“gi‘% sfagiony %zdf’ Beegpryingpicd ?WH&%SL? 149 designdd nat i ng t he

i nt er connecitRdlt Virele¥dofbRiin@ABors Tadurbapechhife0nE wRRIRIcoRRAIE ZE@MENE S.
[0050] The dedicated tiner 402 is used to nonitor the air sanpling cycle

duration. Thee daspErtiong?2 mpy beeofesats aith dte coplECleh Atz 81 ethsrvirg ouiside si de t he

cl ean room §Q2jcaRfood 10008 it @uchadodsld istheButiiad ol £RBaE BeeAN2 and
connected to the controller 202 via line 218. The status of the tinmer 402

for the portoo8082; dhoprsesigatn Y2arhichacte oY et doPTEMEiGH e ehe t ouchpad

214. Each tpqREerdR2io0@¥pad YL dn@@?&%ﬂd&m by %{ay%b B’tﬂrﬁt%%%ﬁr‘xééte\‘}‘té fhe Ot her
ports 308. The timer 402 may be calibrated to a known standard to obtain

very accur atoechreddihiga 2 datneomnmupirativopndy k86 s458 it thedatisppadd?cycl e and
| ssues coMBndSd EPHGR dikii ARNL(EAUS BULoRIGPSR (801 EAB! HS:ohRAcsShown) and

start the vacuum pu he tinmer 402 lets the air flow swtch 404 know
that a sarrpWir'ﬁlgSSbs)cF mcwiqahpfmlﬁt\’émk Afomeleld aay eppacryet prldicr or  si gnal

if the pr Opﬁétw@x'kr m{:EIUQW% \Aga{lkg{ svﬂ{cﬁéc?&ttwori[%cﬁ LITRE %nﬁ:g)x%t aal 134 Bl’ vides +12

volts direct curfent er conponents o port 8 and touchpad
214. [0051] ﬁﬁ@o@omrrdmsesct\mlz Ohasoralmnatt@n@f n@twonkm@qnﬁragecati@as can connect to

a customer” s SCADR. LL BHAGCR 440y AR of s Sl fupuggramTaD! © | ogi c

controller can | n ace w a monitoring systemassociated

wi th the fagdtivbitky30400Quld Théciitatedriolrkeiveg@hsimitelrudés3idn i sol ator interface
(not shown) that will not create any voltage shifts or ground | oops when
connect ed t BOA7If aci | iThy coyrollend02whd th bewrstagause muf wrapataliony pr obl ens f or

the facility, géctéaht% egc‘r%rbtt Dbl @e(bEtZ%I% or\ifa RHE & WP4&; 9 F&lﬁm%@aﬁiﬁ) | ler 202 is

not interfere ) ecte eW|re ess controls or i1solation
interface i mpubkeutd pumammtegheedsvb@ e/n’ﬁ 2@fal mput/outputs (not shown). The

data communications network 316 may be any proprietary or public network,
including a packet-switched network, such as the Internet. The receiver/transmitters
of the controlier 202 and the base station 302 are on the same high frequency that is
unique to the overall air sampling/monitoring system 200. The frequency is selected

50 4as to reduce the likelihood of interference.

[06048] 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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[ 0052] The nom nal or set-point volunetric flow rate through each of the one
or nore air sanpling devices 2l6a, 2166, 216¢ is | cfm(or 30 Ipm). This is
acconpl i wieexiodipotdde 1 cfmcircuit and the air flow sw tech/ukQdes/oFbwe3ai r 1 ow
switch 404 incl udes a digital air flow di spI ay 414 that may be programred
to di splay are | C eet per mnute
(cfm, or o?lllf{é ﬁﬁ‘%’v’tn ?‘1%’1334 %}ﬁ?%l th?@ﬂ &é@?gea %glcgtﬁd #r or signal if
the air fl oiangnity hmmmg:hcztt&@zt@@rcb oﬁﬁBTﬁuracagera:ramamttezsammlmzmgormyalte T, does
not neet a pre set cf.m, satisfy

bt e- det er ni W DPa AL et aifR P Gt Pl Pt S0tfe3Bertea t b a
probl em wi t Bogy papbi&ed @, ariis ansamh@lm@m@wam bro@icadt an bir @0 eWot ch 404 is a
digital switch, it may be easi Ia_?{ cal i brated agai nst a standard flow switch

(such as a A AT SFHBITE V.. Ghe e HAANGD2 SHLICISL A OB G) 2B iof | od

switch), andadntofir ihdioithAb&e Fosomosd Kesd S., S6HAS ale Bise RIaBSS G MA ati ons in
the air flow tubing or the | ocat’i on of he air flowswitch 404. A digital

f1 ow swi t chngardle copireHenahys P%t”@lﬂfr‘%\'ltpuﬁf"ﬁi ingabjagrdingethoRdts pPBTRPRAARZmM t o

system and phi 3085 3608 30REEIr REA th QWndMirugs ment pinch val ve, which reduces
pi ping. WO P3009/ 100184PCTT US2009/ 033163 [0053] The air flow switch 404 is

mechani cal | Yoo el eCiJrénﬁQhéthoQ@Wﬂ%@%Hfére@:ﬂxs%'b'[oak'éﬁ@rahmf%f ace 408, which
receives air tube 220 to 8rOV| de a g% ysi cal connection between the air flow
%‘l’f 2

switch 404 &renpty port B0Bufdhegratraller dbbiceording e anprmbegingateidhe pe®nl as shown

in FIG 2). M. @hgr&k 8@ haQitf obh QUMW iRl 464 b 10RTsRAEY E®ddira f | 0at type
neter (rotameter) cou al so be used, if pressure variations are taken into

account . RoCuFet Bpwer surply Ebsaipabe insstaee Hi8e bl Syateprigorgohend Bk ngs, it may
be necessar %cﬁ&sﬂ&?(@'c@ﬁ)@ iG@HhR1a8 1.0 g&ﬂﬁh‘(&rﬁt Of LRy, 3‘%)% 12Ny TRyt ed

transfer function, and the rotaneter nust be positioned at a suitable |evel
and angl e t@qgmdmt ohetbernmarte asemiaied Wrtfe@dpwg@ er[l@@fﬁ@]pmeouaiyrdemnbvd switch 404

SiLs between; ke QOGR! miBGEs@ il LA BV GED BB FindhlnueiihC and the

| cfmcircuit, sfgned to mai ntain stead y-state ow rate through
t he one or ﬁﬁ?earmmﬂsmplfuﬂngordewfmeishbzaltleato QhBhs- meﬁmdahddfamdﬂoat ed air

tubing 220, é’éﬁ] s@xeﬂlg ﬁhg&tas; ?JianQgévﬁl&ﬁ ‘?m%evt‘h@ﬁn ét?as T a0ke of 3

percent fro € no [ at e (typi e concern is
when the fl dwecrtaureende@veeéééasn@%nbh&mndhg qncamemwhz@atomosmurceﬁb owrate). This

air flowr at Cgﬁg E:rouﬁé(&ao*) I&gecpcu(?rehtdv% ae %Ws rec g’{ma%cci bg'rus%f oapcalljt 2- per cent

for a syste Vel t hrough a
conbi nati on cmfpl:ng)cntqune(nan:daowohmueptqvmhngcs&ibietmdwtmst p@i’fem’nwcmﬁ‘ihmg a standard

flow swt Chcar&slte gs'o?age%ﬁ §SA B%xgét c@r@gnts%fu;[l rdetp ag(gAB? %greedt;[nt? tnoconSt antly
monitors f1 oW Tate tn teal- rea

system from the direct current voltage and greund distribution system (not shown) of

the controller 202. If a facility system is present, it and the controlier 202 will not

depend on a common direct current ground bus connection. This enables the facility

system and the controller 202 to be connected with long cables without extraordinary

direct current ground interconnection between the two systems. The facility system

sends a current signal or receives a current signal that is referenced 10 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.

{0850] 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

13



flow switch 404 is programmed to send an error signal to a 1 ctfmcircuit
board (not shown) when the air flowis below the progranmed set-point or

| ow f | owWed0gE100T84at is, the flow switch 404 inforns treTIURbMIGEIBUIt t hat
the air flowis below the 3- percent m ninmum|level programred into the

system The fmci i .0 e 1o rror is
valid. If t %éz @? F%Hg??g%fg %&%@%@%@ﬁﬁ?g E@T ?qlgels é}'}’s(rgwﬁ 'I;lg\tldv;ﬁhfgt sends a
signal to thentiohieh 2002 dndbr pdrettodt@a,?18308B4ch 188402 may nd0Bdepediabtly & doi ng t he

o6 proer andaneound ip bRth R b a0 YR e e R e et hoi
val ue.si ':Eetstfahdﬁm @}Mbta?rveﬂjﬁghcsﬁmd@dmgdi'rqgt?trt]iade{a@z?s"tarﬁ,!ﬂg:rbﬁh! stah@nﬁg@tcﬂe cfgﬁ .

Cl Ircul a ne air OW | S n error. e ctm Cl rcul IS acltl ve uri ng
an air sarrpp?%sueg/eqwa@ﬁaﬂ%gﬁilt@wgvﬁqwm%ﬂmf%’w WRE hewrnanddipt cause t he

| cfm ci r cuide vhQuEEAGaPI08P TRAGGASHE2 Fetf h0Wir S0 QNP4 NGowaRMikr Ol | er 202,
touchpad 214, wireless control panels nd an isolator controller 504 (FIG

fol p a , |
5). 10056] TREISOABYEIS pasdpendiaitiand endgecisics atlirdm st sigubif ths EoshaiEt to a

facility S%%,ismiﬁféaerﬁl TREndr RG2 Asd prORIRY + NALIDBrdOERE: R¥&E &M 200 to be
integrated into other facility data collection and nonitoring systens. The
i sol ation i AthergoapengtseRf dhinreri3Ne apst eudmwed 31t em fr om conpromi sing t he
controller or the SCADA syst emoserfor mance, by elim nating ggound | oops and

vol tage shi 14%§1when J&Ase¥olg &a%qrﬁimﬂﬁm%f%fmtﬁﬁwnpe% drevi ously
described. LOQRETREADN intedRE MYorR8mPliest, Yr ac&g@??msteﬁ ic OF

interconnected to, a separate conputer 412 in ad on to being connected
to the touckyd@lleriBLCrha cae pagrReeWEbaPepEeringpsten assegftedwyite tend har dware to

i mpl ement  t gifunet MRS oRfoltn® 2 RRIlde 3ABisollBRinR SR ALEHGORRNLE412 can be a
processor with menory. The controller 202 may al so have a central

processor, &fkraaifeiny epliacaskillegrgsemdroops phewmpanaesickip eaqiity Rystdwat  pr ocessor
to control LhenQueLAld inRRGKARILABIAT bife RIS &' hfonafifer30sl Hhe al T

sanpl i ng/ nonitoring system
purge mode of the controlier 202 is not interfered with or affected by the wireless

contrals or isolation interface input/outputs of the system 200,

{0052] The nominal or set-point volumetric flow rate through each of the one
or more air sampling devices 216a, 216b, 216¢ is 1 cfm (or 30 Ipm). This is
accomplished by the 1 cfin circuit and the air flow switch 404. The air flow switch
404 includes a digital air flow display 414 that may be programmed to display air
flow rate in liters per minute (Ipm), cubic feet per minute (cfm), or other units. The
air flow switch 404 generates an error signal if the air flowing through the port 308
during an air sampling cycle, T, does not meet a pre-programmed or set-point 1 ¢fm
air flow value or satisfy pre-determined tolerances. The signal allows the user to be
alerted to a problem with a particular air sample. Because the air flow switch 404 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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[ 0058] Turning now to FIG 5, shown therein is a purge system 502 for
purging the air sanpling devices 216a, 21610, 2l16¢,..., 216n and associ at ed
ai r tubew02@®/too1s@nsure there i s no residual contam nawcgisedoeses porti ons
of the air sanpling/nonitoring system 200. An isolator controller 504

SRR 1 A L S o e e R e L e
t he i sol at o&n GiORAbE @ldreke KB4 whithrebivesdr tiee motthrpﬁﬁrduaxphyﬁ&ae&mnéctio@auses t he
vacuum punp, 208 t e a si to the vacuum punp 8 via an
LPeot T PaP panseDs o Moy Wit Mitobthe 3nd SHF fas 4 Rmoth A pRpine BSRE 280 er o
controls th@as@memmmpz?%uta@ dRNERGENRY svei oD & ;ﬁefék&ﬂ@'ﬂo&&yﬁehe purge punp
206 via an electrical connection 510. Wen those signals are sent, air is

not pul | ed fike(Tglametss capld alsa iphicg! BrevuEegrioies aredghep intpageunt, .| 216n and

al r tUbe 50%09%6@6%&’]%9%@%%0&%@5’amlah%othér thila ?c%ymélnle@egsa OOUgh t he ai r
sanpling devices 21ba, 216b 6n an air ‘tube 22 y the purge

punp 206. Tht@ylded@ﬂhhﬁ@iqnt@em@rbﬂonwwpf ﬁrnbcoweteé trapgfer fpncoan.iagd Seeered to the
vacuum p“”pro%{rlﬁet@r es? Eel%;ilo%o% ef?gtsxhta’ol% 1&&9&%&111@?@@ SRR Ke hﬁnﬁg”e during

t he purge cycle air OwW IS steere e purge punp 206 and the
air sanplingagameh is closed. WD 2009/ 100184PCT/ US2009/ 033163

[ 0059] Al t hough the isolator controller 504 preferably is associated with up
to 10 indi i8¢l porlhs aB@@waRdck Hi4séis pamaemige ana orgearphir ranmliagi ces 216,

FIG 5 showg.paky af!x”?l@%olet(/g%& the ATRh bf?&xfltdﬁl\ﬂ :ESesxg'}M {oﬂgalﬁ‘t% aas':eradvfa”p' I ng

cycle, the et ol I's prévented frominitiating a purge cycle.
However, onstetetflow raﬁerfhfswhﬁh@m%y‘@ree@ faopliegddyicg$ 2tdae lgbr21éampl i ng devi ces

216 are CO”E%Q& %ed &gpﬁlbﬁﬁ% Qi h%%e%@%bfe%n by b LG dcﬁa%lgx%ném&% The isol ator

controller ts each lave a |cate sol'enord (not s that wll
direct the a¢rper¢€rbmet¢mllmirs¢m@1m Hew pue (fepicallyl de concampuwgen té«ﬂowzzz (as

best, soen ko kol LT sl RLPEER TG AL A Lot ot
i nvention. whickpapidsd2 matdreoiprocelsdout 2-percent for a system calibrated for =5-

percent, for example, is achieved through a combination of routine and non-routine

calibration checks using a standard flow switch, as discussed above, and software and

hardware that constantly monitors flow rate in real-time or near real-time. The air

flow switch 404 is programmed to send an error signal to a | ¢fm circuit board (not

shown) when the air flow is below the programmed set-point or low-flow value. That

is, the flow switch 404 informs the 1 ¢fm circuit that the air flow is below the 3-

percent minimum level programmed into the system. The 1 ¢fm circuit checks to

ensure the air flow rate error is valid. If the circuit confirms the validity of the air

flow, it sends a signal fo the individual port 308a, 308b, 308c,..., 308# that is doing

the air sampling.

[0455] The flow switch 404 has iow 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 ¢fm circuit that the air flow is in
error. The 1 cfin circuit is active during an air sampling cycle, and a signai from the

flow switch 404 will cause the 1 ¢fm circuit to send or broadcast a flow error 1o the
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enabl es the air sanmpling cycle, which is the normal operation of the
system In step 604, the isolator controller 504 checks if the vacuum punp
208 i s ONQ 2b6y/dob4vacuum punp 208 is on, then the purgecpwsped0ssics
necessarily off, since the isolator controller 504 can only enable the

208 h 206 inme. |f
2051 ot i a2 ReAZEL T IBS S8 pe ARG prsoardTalB i & chn

be acconpl i sieed sput omati cal ly based on a preprogranmmed tinme or operation,

or manually by entering a command at a renote conputer 210 or at the |oca

t ouchpad 21400550061] |T‘he$£®p)!6018&rfabeﬂ€10i ﬁi@}vﬁﬁﬁﬁaoﬁ@ﬂ& foQJlolhﬁd’ct %%Zradiﬁ@pi the
vacuum pu on.. Iln step 610, the isoglator control]ler checks to see
if the Bu?géégécﬁ &highslipys b6 AT SHIR MEE PR EHEEBRF 00 (¢ besigtesaisd NP ocess
returns to sihep60d antdibgios aRPhbmGrieY §lsenBOMhé RURGen PREEcdHi&hgo0! at or
controller 504 receives a signal fromthe controller 202 to enter the purge

cycle, in stEFPeds syise pagrapmmitinhthe spuellenyshey@h P4 sys pur ge cycle. At

the end of LB rREA@SYCYMiRLN BBuASBdRLAY vaRE ok ShendQfndcBidHLASId.0 the air
sanpling cycle, at ste 04, or possibly shuts off the systemuntil the

p 604 .
next air saRPhiyirspet anpstiarssdeseripedeneral , the purge cycle will run until
the next air sanplingﬁéycle i s schedul ed, which could be, for exanple, once
every 24 holl¥87] | n soths pertedhmaybndiresy conpggied tasordntercarnsciedty, &1 ean room it

may not be BRERESAMbuleP4 1UR a@difddl B®einY Chfielbd ionkk bl pREsis0gmwhen the air
sanpling cycle is not being perforned. The isolator controller logic is

i mpl enent ed SEprasFomeBieht B hap pethtastiandi hawdate th saplamendhe fyprsiany ofitheat
interfaces wht bod Mge SCARR: {dnyiRies al 1 %nRaLAledoDYitPmBdryOfrpPr 0gr ammabl e

logic controllers. The board elimnates the joining of the facility
vol t age sysP@WolfTt A2 e afpevieYe aspaira prasessehanddpessepraicicayenei DA, [ 0062] The

i sol ation cigMidicRarith ha fkRERLET cbftrdh R o509 bRkkeh 202 ARigAN be

202 and the air sampling/monitoring system 200.

[0058] Turning now to FIG. §, shown therein is a purge system 502 for
purging the air sampling devices 216a, 216b, 21 6c,.. .., 216n and associated air tubes
220 to ensure there is no residual contaminants in those portions of the air
sampling/monitoring system 200. An isolator controller 304 controls operation of the
vacuunl pump 208 and purge pﬁmp 206 in accordance with an air sampling cycle and
a purge cycle. In the air sampling cvcle, the isolator controller 504, which can be a
three-way solenoid, causes the vacuum pump 208 to stop by sending a signal to the
vacuum pump 208 via an electrical connection 512. At the same time, the isolator
controtler 504 controls the purge pump 206 to engage by sending a signal to the purge
pump 206 via an electrical connection 510. When those signals are sent, air is not
pulled through the air sampling devices 216a, 216b, 216c,..., 216x and air tube 508
by the vacuum pump 208, but is instead pulled through the air sampling devices 216a,
216b, 216¢,..., 216m 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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connected to the SCADA or to a programable | ogic controller system All
commands and observations can be nmade at the touchpad 214. The wirel ess and
i sol at i oMofR2e@es of the system 200 can be i npl enent egCorusaswy/oadist he t hree
interfaces connected to the controller 202. For exanple, when a wreless

anel recei co d to.start an air |..i cycle, the. touchpad 214,
ltohe control X@?ggoz, %@Oﬁﬁ%mgﬁﬁ%&%?mﬁﬁlﬁ %Qﬁefggzgw SRS WIHdPAP ¢ IOsarrpl ing
cycl e in pragimsdduaPbso 308 endxarpioadinyie tangplial deidc@ W €RICL 5 kiovdet ect ed, the
controller 202 can br.oadcpixst t he error detect eg in ? articular port 308 to
the t ouchpad™? £A° BHH FEPRUBRACHSS DIMIBE poraimiprother qrﬁ‘ﬁﬁ??*&ﬂ?b%ﬂz devi ce
connect ed t & frb@ngY SoeMididbhd ke @Yl PEowsRH Joncd BOER tdhSinRYLdidg;y CYCl e

i nvol ves injecting steam hydrogen peroxide, or other vapor/gas into the
air flow t hfilightere sapplingiapicrg Sgeaoppliep i gontrlign202J3 g inthe | 216n and
air tube 229urggm0§e.rf§3f é%ﬁat@x%ﬁﬂﬁiﬂek §é@§!}r@¥adh%@lf@§ !iéﬁ_g:agcle%ol@ﬁ(ﬁ% ﬁgm’ l'ing

devi ces 216a, 216b, 216¢c,..., 216n in one or nore isolator nbers 514 and
i nt r oduci ng SEPvm Hiat will gsehngir epllseisd during thapurgstcyclene # piree e4ie222iember when
the purge CygdGeeh$n fi.2§d on. The isol ator chamber 514 does not have or

al l ow any human contact i nside the enclosure. QG her techniques for purging

and decont aegaf i ng qiir;._tswﬁo@e@seﬂ&@hi!agr%mmtrhﬂ;bgtm@;sai%rc&lﬁx%nér, of the
present systeminvolved in pharnmaceuti cal manufacturi ngooperatl ons will

desire to s#fitacsEdpar Feembpdiment of Srrpsretiteyepidiorte sapgOUthspreraist ances are
m xed and bef@g URQITERRG AL Lnifh Rinkthopgl OEér_LJion%?ﬁe?shngl?ﬁ%n d¢ purge nmode

of the present invention ows the sterilization of es directly
connect ed t 8§04 Hie isdderaopiolleT A haekyel hapwpygasmpRi & onhéf thsvdcatror

control | er 59%5}%%@%39%@&@@ hed ABeHRUL A0y Y Cliuinde i Bilyof | OWLNG T hY UGN

the air tube $ e condi by gas conhditioning device 516, which
may conpri seonyaHen Odlcat enly phablertke (aawim slomel)8, or dregamdecpuathsidb beatys, act i vat ed

charcoal, a 1&%{]% r e . devi ce, or
conbi nat i on?}g‘mg%gg&g%&é{{s&nan déeb\r[}iqscnegg.O “%%‘25‘] \%E?ﬁ] ﬁ{g?]% (%\?vg isgurﬁffdcéfn 7, shown
therein i s & ook dhiagralm afomplishuichipadti2lld basdondipngrégenonal @spect of the

present inv , , 2la ,Scusse reviously, may be a
static wall 8%&%@ 8%%%\?%%??%?%%%}%@%&%%8% rg?)llogeé Cg)ﬁq ”gegl‘dg)p%éihlhf 0 being
| ocat ed on &y tfuchpadslif ace, such as a bench, inside a working area of the
cl ean room 102. The touchpad 214 is the human interface input/output device

for the air{08hpl i ng/eetrk 6@ ingsobyaicentrad@0304lkeepsehmtaliym punp 26l en.t he
control Ier g0gcMihoHe |s31eloPCaRATAH ShalR, bIe. £1edll.Jo0M 104 Thi s desian

renoves nost of the electronics of the system the aseptic areas of the
cl ean r oom 4@®ipud bk dgblied. tifien, the process retumns to step 604 and the sampling cycle

continues. Once the isclator controller 504 receives a signal from the controller 202
to enter the purge cycle, in step 612, the isolator controlier 504 starts the purge cycle.
At the end of the purge cycle, the isolator controller 504 returns to the air sampling
cycle, at step 604, or possibly shuts off the system until the next air sampling system
starts, In general, the purge cycle will run until the next air sampling cycle is
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 programmabie logic
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system power supply, flow switch circuitry, and other electronics. The
touchpad 214 el ectronics are sealed inside the device so that the device
may be dveizat%ieted | i ke ot her portions of the clean roenri®2609p8065] The
touchpad 214 allows the user to start, stop, program and nonitor the air

sanpling and cl i t.hin . the.cle room 102. 1t also,allows the
usgIr) togaborc ?rngj?%grgi ?P{“’s%c’%% e:%rl?lgmaé?/séf’@,w%égaoﬁ%éanfgﬁge ivgﬁ%gess?lsgt%nélw%?heobserve a
Vi si bl e si gpawerwheem afithapressaingkitivg. cycle is conpl ete, observe an airfl ow
error if one is detected during an air sanpling cycle, and activate an
alarm For ¢d&dpl e, dlxiisidibecsduirtebrdimlpedis igeravatrattr Abemdtdagbsyst em

detects a 1 cfmair fl rror above or,6 bel ow a preprogra d set-point
flow rate. ’fﬂg‘ewi{oﬁﬁ’eegé\‘/?‘gﬁﬂ t%vogﬁﬂg‘éb%r'e]oegmocron lﬁeé ¥t 28ni tti ng di odes
(LEDs) to ikbhimhmatbgd bigeiainnk o i Mideiabihe tabRfad2tH THOVHEEE and\ St art

up/ abort pan}ed ircui} board éﬁpt %ho controls the run and abort

i nputs of t FQAfPHspLES St (he axstam ¢4V cap | e[’g;‘%ﬁ‘]rﬂqﬁié’”?ﬂ’éﬁthgitftj?f’alf’tefféceén i nput to
the contr ol kemedeRoftheddBntrbifer o2 CP aghndplét whkn b R@elebdMbel482iveagsoci ated with
one of the ports 308), which will initiate a sanpligg cycle in the

control | er SoPMARQRArE" 2PRERP B &Y R dR/PERRRS Ty the catrplier H8and thpse, . . .

308n on t he cemplirallb Qill ZRR obRERINEaiE RBPERAEcicSh PdBless. tAI8o fRBLAnRd er 202
will start a sanpling cycle by controlfln i solator control | er 504. The

control | er D891 HeAOY aFerintetedied. thssempller D2san rapdegstdbgssrar defeeisicine

i nstructi on,phaBahr foAS0DeERe tohsRE 214 SRGHd DrHuRPRId (oS h8Rheri S an input to
the controller 202 that halts the sanpling cycle already in progress. Wen

the indivi diPEPYIERYE devigggqnnegtygd fip thaggtem 200 thaiggy bepsadhe control | er 202
recei ve the abort si gfnal , the controller 202 will instruct the touchpad 214
by control I 11§3) sol at'8F PesHecst!r etvoseuinicvtig L3k ylrpasp PoORIdeHEN i nforns the
touchpad 214mthaboddaeirsAikPhir MGwaNele: tho st EMehiho B 3i-gnad, b been hal ted.
100681When a sanpling cycle is in progress, the individual ports 308a,
308b, 308c, 2!6c;--30/8r 264 4if &< édfhtrhéi ey bezogonplished; ydealaling thawdr t ouchpad 214
and, if necessARY deding 2 SEADAH Meer f. 208, Al bk Mol 8kl GaFOATYNI cate with a
separate facility systenm, _

and introducing a flow of purging gases at flow rate Q; into the chamber when the

purge cycle is turned on. The isolator chamber 514 does not have or allow any human

contact inside the enclosure. Other techniques for purging and decontaminating air

tubes are well known in the art. Users of the present system invelved in

pharmaceutical manufacturing operations will desire fo sanitize various system

componentis before any drug substances are mixed and before commencing with

finish and fill operations. The purge mode of the present invention allows the

sterilization of the tubes directly connected to the isolator. The purge vapor/gas exits

the isolator controller 504. During the isolated purging cycle, the air flowing through

the air tube 508 may be conditioned 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,

[6064] Turning now to FI1G. 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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that a sanpling cycle is in progress and this signal will remain active for
the remai nder of the sanpling duration. 10069.]Wen an individual port
308a, 308#,208080184. ., 308n is in the mddle of a sanpl ipog/uspgelsmsagsl an air
flow deficiency is detected, the controller 202 will broadcast a 1 cfm

error to the r,t. that I|n Jhe Ulid o th SCADA .syst em
will go froﬁ%i %cetdlt(\)/[ée‘?%iocgendsoélc : lrjfra?ehmgg\,\g%?r% l:])n}éSl e i‘ngraretal‘?gt port,
and conti nuﬁaecmlfdaof‘(fon’f 2. trhetaﬂt:!ipaﬁ Rohisaiie Huban sasrpice h@uﬁc}tﬁ;h& deviceudf i | the 1

cfmerror renoved 07Q] The tao ad 214 includes a display 702. The
i spl ay 702 NG B ITREREE P 6P 0nDe e bis ot PESeRid B2’ and  he

i ndi vi dual p&idhss BOBet ouditihne 36k room 10B0BHs @Righ henGRMILG!drefe 202 to which
t he touchpad 214 is connected One or, nore LEDs provides a visual

confir mat i oRiCERpicsPRBe syiRat TR thefscrtis gkapeldhoaleaniaemddaindetingthe ed and t hat
t he vacuum BAtE, Mr 'sxﬁapgfnﬂov-v[ B&itd éﬂ%bﬁﬁ!f A tHes el@a\%mc?d’rﬁ@togéh?% @yfi- aCC urate

flowrate information réegardl ess of conposi tion of

amount of nElepEEas aresey nSlé%@eéa‘ﬁ%ﬁoﬁ‘? ﬂéﬁt&@daéw@fasieéqdmlp%wﬂ E%‘éfhel‘t ouchpad
214 i ncl udegoikibss SR RAWSSons P Cce 704, or it may be electrically connected
and power ed by the control I'er 202 through cable 706 (which is the same as

cable 218 i Z[) Gk 2) Th%u@ﬁba@'?@y hiﬂﬁ% NOhs-PRStaktOsib) BrdePinG QH@Q!O%% The

t ouchpad 21 zes a _shielded plenumw re consisting of |ess than about
2 watts of BEwErsampliygznd Frrac exsips ik tﬁq@ewyomdmumeisaa&mtbe 7OB t hat

provides a &Ja%a'antafpsmmgfc%&mcar@q'axa;ayellgng%r S&eﬁgﬁ%lsﬁ@ﬁ% 1gHae, - 308N

on the controller I's may be a wreless connectio e touchpad
214 may |ncpmaeswxé@gembléa%méet%l@smmn Piflowi egios ifans isgiatgbted durbnganof  t he

ot her indi V'aﬁi%'e%plﬂg e, %9@?&1\/&9%%1&%9%1"%xampig’g%% bqy?@lﬂﬂ’ nl%g'ﬁg roller 202, or

this may al so be a"wirel ess connection nber o S tying the
t ouchpad 2148ereeptadnehen i systefudetegor i sirBa8How 308trboB0Gdeiow a pr808N on t he

controller g%awe'd SHIGREN AoQMak NeRIUBESioR RO LRSS QUERRT 214 1S

controllin
em itting diodes (LEDs) to illuminate to provide a visible alarm to the user. A start

up/abort printed circuit board (not shown) controls the run and abort inputs of the
timer 402 (see FIG. 4).

[6066} The start signal is an input to the controlier 202 from the touchpad 214
or the timer 402 (associated with one of the ports 308), which will initiate a sampling
cycfé in the controller 202 hardware. When the individual ports 308a, 308b, 308¢,. ..,
308n on the controlier 202 receive the start signal, the controtler 202 will start a
sampling cycle by controlling isolator controller 504. The controller 202 then informs

the touchpad 214 that a sampling cycle instruction signal has been issued.

[0067] The abort signal is an input to the controller 202 that halts the sampling
cycie already in progress. When the individual ports 368a, 308b, 308c¢,..., 308#n 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.

[0668] 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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[0073] Turning now to FIG 8, shown therein is a block diagramof an air
sanpling/ nonitoring system 800 accordi ng to anot her enbodi nent of the
present woneeow/ioors4f or use in the clean room 102. The aPCT/US$2009/633163

sanpl i ng/ monitoring system 800 includes an air sanpling device 802, a
controller 804, a base nodul e 806, d a contral panel 808. [0074] The air
sanpl i ng de\%rl‘a(t:%s - ﬁycﬁ e ‘§O$rgssgﬁgv9\}fls ¥ nc‘rf‘g g!&ewlfqﬁ?thveﬁ'i tg?n' nar air flow
hood or i solkatdioder cftasrizarliBddrativiai ch nmay i ncl ude a high efficiency
particulate air (HEPA) filter (not shown). The the air sanpling device 802
and t he contf#@P] er 80Wharaa iptiadiadeckt BEBaa3&Ribngflse,. pRUBabBlie tidewiddle of hat may be

pl aced in any |lagcatign wthin, the clean room 102, or ,outside the clean room
102, as necéggﬁﬁcﬁi”g c[”gf)a/'g% aﬁﬁér%(%vn fisiepey s gﬁﬁmﬁég‘eicﬂ@f%t@é&% ‘%’gl f-cont ai ned
ai r sanpl i n@rdadenst Bl@m chbetoahd pearRlis fgnpiiayi e B02r ingutab trEeMA 0 t he

controll er 804 as.sho using a vacuum air tube that .is about seven feet or
| ess. The fé&ﬁ’}?&f? @rf\@%ﬂ%%f}oaraﬁw %&gars@n@lnﬁicw%l? for thef pgE @ descri bed

above in cormerié OMofifdrthd daertide SCihe @éri:;ﬂiﬁg@f/cié:b@nti&he FeFmexanpl e, the _
controller 804‘£éovi des for a 1 cfmair tlow error detection during an air

sanpling cy¢P®¥¥and it is easily connected to a facilities' SCADA
BRI TS N LA B R R SR 7
vi a networ K s@itches!for PowdrRg @b VR tblchpAtSIT4 bah @ the Sddvid il orls8a, gl € 806, whi ch
I's typicall %Ogci,.).(.?gofi%ton the controller 202 to which the touchpad 214 is connected One or

more LEDs provides a visual confirmation that the power on the touchpad 214 has

been activated and that the vacuum pump 208 is on. The display 702 is adapted to

display accurate flow rate information regardless of the composition of the air (i.e.,

amount of nitrogen, argon, and carbon dioxide gases).

[0671] Each touchpad 214 includes its own power source 704, or it may be
electrically connected and powered by the controller 202 through cable 706 {which is
the same as cabic 218 in FIG. 2), which provides voltage to the touchpad 214. The
touchpad 214 utilizes a shieided pienum wire consisting of less than about 2 watis of

power,

[0672] The touchpad 214 may include a cable 708 that provides a signal to
one of the individual ports 308a, 308b, 308c,..., 308#n on the controller 202, or this
may be a wireless connection. The touchpad 214 may include a second cable 710 that
provides a signal to one of the other individual ports 308a, 308b, 308¢,..., 308» on the
controiler 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#» on the controller
202 will depend on the number of ports the touchpad 214 is controlling.

[6073] 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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a location near the air sanpling device 802, routes signals between the
controller 804 and the control panel 808 either by wire or wireless network
816 usi rngoreaeicsest/ transmtter 812. Thus, the panel 80%crwi:60303%i3be

wal | - mount abl e, provides the user with input/output control of the air

sanpl i ng devi 802 .b f.t contraqll 804. Bec t he configuration
TR G g el dbuntntis G 8 SRONh 4 PRSI ENER 188 does not
requi re anycparepamt 8030 of walls, ceilings, or floors for routing of cables
or air tubes. Thus, the installation costs are nuch |ess than ot her

enbodi nent s [@EsLr i bedrteragsh@pieyevic® BHh AIGh® isghowe b athwpKiggsent | y
preferred enbodi nents of .the disclosed invention have been specifically
descri bed h&EP ainffowhaod Obéola‘b%’acﬁ'@ﬁgﬂt%&t‘ﬁa%m@k’iﬂﬁvgﬁe high ¢ffigicast t o whi ch

the inventi cpaktiaﬂa&airgﬁﬁpmaﬁm@{dt dowansTnee fPsndlisativnsootnd the vari ous
enbodi mrents shown and descri bed herein may be nmade w t hout departing from
the spirit &ATYEGLHE a8 Provided ingsneleanTatieeaiaitigmpy be plaged it Adended that the
invention bechiidH W@fn BRlckal Rokh®2 Lt loaRlde HIRAY R 88hnP Yo Renpgpded cl ai ms and
the applicable rules of law. W claim 1. A nethod for collecting a vol une

of air from@7spntrolfiRGoRFlier SUATRAinWided RIfRoh@RED Ait YampPREPEhSI NY the
steps of: providing two or nore air sa I|n% devices at different
| ocati ons withi Hhetafesappling trice §0%ik ¢itachehierths controller 80hasshpuin Hgn®2 cont rol | er

at a |ocati QauQitadi ifi thilgs £RM Ll B B RV, IR MEMRIred FaMle doRGIILAES, e POT
corresponding to each of the two or nore air sanpling devices, each port

havi ng its &Whlzg@dhesadesribsdapogin cemeglita yithghe drseniption o5 B aBatfer f | ui d

communi cat i @piid e dofitr ARE BESRONG TS Al EmSAMR BYordedbGR dikifle &n air
correspondi ng first vacuum tube, and each flow swtch being configured to

separ at el y sBRRINGCYFIE. @nd ity it oot 19 & Scdibiey S§pdidi ng air sanpl i ng
devi ce; rovi di n% at | east one touchpad within the controlled

envi ronnment (4078 s | n'hgPprereakiledgfmamsctitelloprrmpdied te drcrrontreiler 89 andh in t he

controller girsampling dBVIOVAM! MOyiRI4AC YR SOMGRe @niBild B621 1 QB QUL Si de the
control enviromuent that is in fluid communication with each tube port in

the contr ol P&t usiicaeeivarsasmignél s ebisrigsvaedimibutbich is tpicallydigatriini cat i ng
start and staRaRdial fe b OMJAE adlicd DASkLONGLAULIARL Qo lifIFRE TOl T er Lo

separately turn air flow on an erent alr sanpling devices with

t heir corr espbherenyof byl Eiicttedids wirg ogvirwess febrask 8rwiet er mi ned vol ume of
fluid thr Ou%ei}faﬁratng}ﬂin ;rSirfDFIﬂus?g{e %m&%%;&%& (‘\bg%woafllumo ntablez' The net hod

according to claim1, further ¢ rising the ste Irdentifying a quantity
of cont am namwviles e ubpe widliwpegowput fcputiad of the air sampling device 802 by way of

the controller 804. Because the configuration in FIG. 8 is wireless, the air
sampling/monitoring system 800 does not require any penetration of walls, ceilings,
or floors for routing of cables or air tubes. Thus, the installation costs are much less

than other embodiments described previously.

[6077] 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 faw.



3. The method according to claim2, further conprising the step of

cal c:g! at : ng. the concentration of contamnants in the controll ed

envi 4. The method according to clainms 1-3, further conprising the
steps of: provi ding a purge vacuumin fluid conmrunication with at

| east one,ai| _S l.i ng,,device.via dts. corre ding port i.n the.controller;
o at 1 ng 1t s TRPRSrepn e £kt at TG LT RERR DR R R i  BFv S
envi ronnment ; _conmuni agei ng. a signal fromthe at |east one touchpad to the

uni,c
pur ge vacuun%oglé’ﬁ?lg%%hteé rAw a second predeterm ned vol une of a fluid

throughtheglt | east _one.air .S i ng.device, .wher.ein the second
pr edet er mPHEHRFIE PR SF 415 glqggdggcegsggél%gre%tgﬁ%} Bora {(}:l%ﬁ%“itrﬁg dloon 0 a gas
and vapor; and outputting a signal when the second predeterm ned

vol ufB"BF ¥z 1 uid has been collected or when a flow rate through the at
I t ir.. | ] devi falls. bel b d | ue.
Lot on Rt Ry B ] B GEL QM OB PAPRLBUIR G v
transmtted by a ga§§ ftati on Wi t hi E tcklle. cont rhol II@dvign. i ronment %gat is
oper 5??‘%?8?‘8““@6?1?% Pedets’ YHEY SUERPALE “V1ees: AP TRE Rt Hod “acE6F af™hg to
Caiml, f her - i Si t he st . i di ti i. it d
11 ow Bl B PER SOFPEUE CoSiebRr e R8T S0hts BT Tospand of st dBiciid a1 o
i | f t ti i it .t id injtiat
e A A S e o A

control circuit representing the flowrate of fluid through each air
s anpl TRYE iSSP ERPOEHg B BRI kYCs

. a third signal fromthe timer circuit to
t he sol enaoi dd&:?gaﬂegﬁ t he vacuum pynp cyo(lzlle(?GMen a predetermne tinme period

has el aps @EP_V:% one touchpa e'cont nvironment thaf 1s in wircless

communication with each flow switch in the controller ;

providing a vacuum source at a location outside the control environment that is in fluid
communication with each tube port in the controlier via at least one second vacuum tube;

communicating start and stop signals from the at least one touchpad to the controller to
separately turn air flow on and off at different air sampling devices with their corresponding flow
switches to draw a first predetermined volume of fluid through the two or more air sampling devices.

2. The method according to claim 1, further comprising the step of identifying a quantity of
contaminants in the volume of fluid.

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

4, The method according to claims 1-3, further comprising the steps of:

providing a purge vacuum in fluid communication with at least one air sampling device via its
corresponding port in the controller;

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

second predetermined volume of a fluid through the at ieast one air
22



7. The nethod according to claim1, further conprising the step of
outputting an alarmfromtouchpad when the first predeterm ned vol une of
fluid has been coll ected. 8. The met hod according to claim1
wherein each flow switch separately maintains a-rate of fluid flow ng

thr OHQJ&JIS%'&' fvhgfgimel s@&nggyeldggrg{ﬁ?eg\%‘dume%f 991'9%3 35,35\91 &F(ﬁ*rlitcof?)t)ingtion of

pr eprogr a dtlowrate. i sanpling systemfor collecting a

vol u o) ir insa controlled environment within a facility, conprising:

t wo g%wﬁ%ggagffﬁganpling devices at different locations wthin the

control | egutgﬂtylh% % Q%%h the secondhr& {H'x{nﬁ!:c{ e51uAk ofathls 98@%&%&9&:&1@%@& ot he
controlle VI onent that i ncludes a separate port corresponding to each
of t M | I - ' ' o, dedi cat ed
71 ow'ses § B el sP AP R MRy PRACHARE be BN Mol el Pl
correspondi I ] €8 Via. - j £ m t ube ,
gach-flomﬁSﬁ??%#ﬁ%ﬁ?%%ﬁ%%%?%ﬁ%%g ’¥%§%€%%$@%§%§%%%%?gg%?%%%P%Q?%%m/through
Its COLLESRONEL NG, Alka SRIRLIIHIBY g;?e‘?atﬁél 39&% tc&ogﬁeetgﬁﬁ%ﬁ&gmmd. flowrate
val ue; a vacuum punp locate outsrde the controlfed environnment that
is in flui.d.commnication. w | Ity Vi | east one second
vacuunltuggﬁf %%@D%F%§ﬁ§ﬁ6§€E§F?gﬁggiﬁgﬁggﬁﬁé%%% S?% the controller that

i ncl udes a_cor icatjons i i 0. t and stop signals
o the conts BIar 8t Kot O R B G T erent ai

sanpl i ng dey 1'1??155 a Wt antfgﬁbé 1RO LETRANGL Do LM, %n‘%ét&?@a%%m gﬁnﬁ:&He?Pt ing the

vol unme of afr he air sanpling systemaccording to'claim9

f ur t %xei\tr ulﬁgggrséc%£€g h1 B G PHTPARE ( Alle g§\9 \%ﬁé j:o%ofml%presentin the ﬂ&\g" The

air sanpl'ing sys e accor 'ng to chaim9, erern the p epro&?anned flow
o v AR hrshef elh g s e B R AR AR U] BNBEEAL Y Ml ST
controlle ot data col |l ectio i S . ling system for
quanf?l$P%85gﬁef%ﬁ%wﬁﬁp%ﬁp%%%f@ﬁ?%gﬁggmwwwémgﬁﬁﬁg%wéggﬁgﬁvironnent within a
facility, conprising:
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a controller, conprising a plurality of ports, each port conprising a tinmer
circuit, aflowrate circuit, a flow switch, and a vacuum t ube: a
plurality of air sanpling devices |located within the controlled

oo, e AR LSS, LUl B8 RO B ey ©f L1
71 ow g B S Brefl e S 8 i B0 b UE Fhast one of the plural ity
o oPorys e gl R NS SRR LI N EeS Cone e e 0 o ) oo
eSSBS Bl LR gt TSI Al Lo
according to claim 13, wherein the base station conprises a conmuni cations

devi & for wirel essl y sending a start and stop signal fromthe touchpad to
the contrqller. . 6. The air sanpling syst according.to claim13,
furt her - cQmpariapling saen Earall G TR o 1oa SRR ot feR syt em
according.to claim 13, wherein the flowrate circuit maintains the fluid

f | ow“RitHi"¥ about + 3-percent of the about 1 cf 18. The air sanpling

system accor di ng 1o cl ai md13, Sft(l;c{#hert | cot@}r iwst'hng an i rﬁe rf ace on t he
cont r ol | er™f 878 ARSI MG deiess BT ol fesptiqng Wihigaheron B8 SEY R G ce.

a controlier at a location outside the controlled environment that includes a separate port
corresponding to each of the two or more air sampling devices, each port having its own dedicated flow
switch and tube port in separate fluid communication with its corresponding air sampling device via a
corresponding first vacuum tube , each-flow switch being configured to separately monitor-fluid flow
through its corresponding air sampling device at about a preprogrammed flow rate value;

a vacuum pump located outside the controlled environment that is in fluid communication with
each tube port via at least one second vacuum tube ; and a touchpad wirelessly connected to the controller
that includes a communications device configured to send start and stop signals to the controller to
separately turn air flow on and off at different air sampling devices with their corresponding flow
switches when collecting the volume of air.

10. The air sampling system according to claim 9, further comprising a purge pump and an
isolation chamber.

11, The air sampling system according to claim 9, wherein the preprogrammed flow rate is about

1 cfim.
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12. The air sampling system according to claim 9, further comprising an interface on the
controller for connecting the controller to a data collection device.

13. A sampling system for quantifying the amount of contaminants in a controlled
environment within a facility, comprising:

a controller, comprising a plurality of ports, each port comprising a timer circuit, a flow
rate circuit, a flow switch, and a vacuum tube:

a plurality of air sampling devices located within the controlled environment, each
connected to one of the plurality of ports by way of the vacuum tube;

a vacuum pump in fluid communication with each of the air flow switches; a purge pump
in fluid communication with each of the air flow switches;

a touchpad connected to at least one of the plurality of ports and controlling the air
sampling devices connected to the at least one port.

14. The air sampling system according to claim 13, wherein the flow rate circuit controls

the flow switch and maintains a fluid flow through the vacuum tube at about 1 cfm.

15. The air sampling system according to claim 13, wherein the base station comprises a
communications device for wirelessly sending a start and stop signal from the touchpad to the
controller.

16. The air sampling system according to claim 13, further comprising an isolation
chamber.

17. The air sampling system according to claim 13, wherein the flow rate circuit
maintains the fluid flow within about + 3-percent of the about 1 cfm.

18. The air sampling system according to claim 13, further comprising an interface on the

controller for connecting the controller to a data collection device.
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