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FIELD OF THE | NVENTION This invention relates generally to partitIMAR 2[][}5
counting for_clean _room appl ications, 10 and relates nore particularly t
““an i nproved WOWRRH5F or noving particlks off of a surface am§Ty0Y2%462
particle counter and a filter for the purpose of ascertaining contam nation
| evel s. BACKGROUND OF THE | NVENTI ON 15 Cont ani nati on detection and -
guantification requirenents have beconme increasingly inportant,
particularly with the rapid evQl O L ah- i ries. For _
- exanpl e, the sem conduct or md?&%@‘gﬁg’?ﬁgﬁhgﬁl{t@&#ﬁogy for precisely
producing mcroelectronic devices. In order to reliably produce such
products, highly stringent contam nation standards nmust be naintained in_

the pr oducti on facilities. 20 In FEEBWSMTR{)NMC’ mnimze .
contam nation in crucial stages of a production process, "cleanroons" are
frequently used. A &‘hsmbmrebtas geoomlly to piviidé countingifor déahtroarh bpplicatidns,
di stributi ut i es mater of. cons ctli

oper ati ng gér?oc Latstesef?%refﬁre“g}l 30 &%Hnlffsij?ﬁ%"%?‘?fom%‘@ﬂ?ﬁ g%ﬁagﬁ ?%8??1@“'&“
‘particle concam ih&iapaiﬁclb cou@tand pIRP fdrabepiah 6L AF B eRaihing Caht@fthation

cl eanl i ness cl fications. 25 It .is inportant to monitor the

cl eanl i ness/ co nation levels in a cleanroom especially for det ecti ng

. particles on a cleanroom surface. Visual inspection techniques have been
used with ultraviolet or oblique white light. Utraviolet light is enployed
to take advantage of the facBA(EKGRQHNE@FmH}WEDH}IQN:I es fluoresce.
Alternativgy, whi t a% ﬁ huneddtovva s t he t.est %\%?:‘age at an angl e
'so as to produce re %'6‘[" Hen flgfgytiop and gRantHication reauirements fave BeGOme \hi ¢ e

li ght techni quincteasigblydipbitartDsaetic@ns Wl!thlﬂletd%}ﬂdle\}dlkﬁldﬂ dﬂh@gﬂ-&b@hdﬁ@ﬁmwe
t hey, both suffer from the sanme limtations hese vi sual 1nspection

t echni ques onl %2Rl Rheseaicongpstor wdpwothas devsioned sechpolpgi o peasiselyinspdiicingh ey
do not ~ provi d&&HQQ&&oEﬁ:tdeYrﬁzeg rgé‘tﬁ Pelial prrgdlﬁg chi PORRE, h%ﬂlgr gﬂ;@hﬁquef

- 'at best, only detect particl es are ger an ‘twent
often desirabl @mmmmgwmmlmmbe mhmamﬁﬁnwe@rbMOmfmmtme m cron.
Anot her i nf(pectl on' ech ogtL{ es rermV| N ar t i.cl es@j r,om a_.t est
surface, by for exa Y é i 'auo\’%énf%’ﬁ HEEEREL  est
surface. The 'ppﬂ’oﬂuaioﬁipr@%sst, hﬂeanrooms" are frequenﬂy used. A cleanroom is a room in which

the air filtration, air distribution, utilities, materials of construction, equipment, and

-
-

~ operating procedures are specified and regulated to control airborne particle
concentrations to meet appropriate airborne particulate cleanliness classifications.

25 It is important to monitor the cleanliness/contamination levels in a cleanroom,
especially for detecting particles on a cleanroom surface. Visual inspection techniques
ha,'ve been used with ultraviolet or oblique white light. Ultraviolet light is employed to

| take advantage of the fact that certain 6rga.nic particles fluoresce. Alternatively, white
light is shined towards the test surface at an angle so as to produce reflections that can be

30  visualized. While the white light technique is slightly more sensitive than the ultraviolet
technique, they both suffer from the same limitations. These visual inspection

 techniques only allow a CUTSOry inspéction of the surface conditions. They do not
- provide quantitative data. Also, the visual inspection techniques, at best, only detect
particles that are larger than twenty microns. It is often desirable to detect particles that
'35 are less than one micron.
| Another inspection technique involves removing particles from a test surface, by

for example, applying a piece of adhesive tape to the test surface. The particles on the



I 1 MAR 2005 WO 02/ 23155 PCT/ USQOL/ 29162 tape‘ are then manual I{ qmﬂtbé ised -
by putting the tape under a mi croscope and visually counting ﬂe 0

particles. Thi fni que al lows the detection of particles g _
appr oxi mat el ss;(??zlt/z\?gmm crons or larger. The primry di sadvan_tg U PRht%s -
technique is that it is very tine consumn and that it is highly

sensitive to variability between operators. 5 A third inspection technique
is disclosed in U S Patent 5,253,538 whi.ch is express|ly incorporated
herein by ref ert®fc&® thFHé“a”B%lg’ Prapt o0 by Bt the Sape o mihatoons Ml Hakedy
scanner havi ng [ I 1% j I anpl e
c%&nté@atiﬁé p&HiSle© PERL Bhhidhe AFHH tHe E&e&%h%?hﬁﬁlés og (@Oﬁﬁcﬁnﬁ 915513

surface. The scann s connected to a tube having first and s end
The first end fof mikmns oblerges Thopeneoddisadvatizgesf thistachmgae tshbat dtas very tiared
of the tube is connected, to.a.10. rticl.e counter. that enploys optical-

Taser technol ofRSUFHES,FRA a&?tés SRR SEPSTYR 10 ygHeb tyk\?&?fﬁ% BFat or t hat
causes air 5o flow fA ghndtifpesestitechnidgiielig @Rclbbdan NS (Hagns 5268688, wilidH gugh
the tube and into the particle counter, where particles_contained in the
air stream ar eXBiSSHY ingorpprried Ipmein by sefsranceyi Thel ‘53%patent disskysett floycatBithod

o T2 %) Sl Al B o UG 51 b BEEEB

particle |evel Zzero 1's € scanner” near
t he  cl eanr oom supfpdey Thierscamer is akimegtedep eaibedaviag dirstgsd saontbgnds Tk diritiend an

optional zero-cqunt, filter in . th article, countet. he hand- he] d
scanner is pas 502 eo‘i‘}g e ?glegsﬁ??’%?& %nda 53088515?‘?6???%? Hftbg 1 ‘E)cfnnﬁc"eﬂo 2
predeterm ned tRsicle Rted that dhFlolEEpticaY k& tédhnsibay.! TRE Particle Shitiér ihéleddstan
switch, which i's |located on the- scanner. The particle counter counts and

reads out a nuiMeeuR generapidhel auses giritp dopdrom the sgmplesntese hroughihe scpragrper
it . The; ' | | j '
Ut f ace o eas. TSRERR bk i i3 dho £ RAR LGS WALS puldiR RoncBinpllth AL R
“I NVENTI ON The presamtedi The\§38opatéent dasclbeasi anandpectionanethodthapiavolived the usmofdhe
| face. The 25 .deyice inglud havi t | east
openi ng for T odBrAEBEps et 4 Pasembund apticl Ievel PLeseo B fistesblisd Byt or
for counting paldies @ seaneetbat thecRiabfddDstippRy 2 g Wiking ﬂeﬁ&&@&rmﬁlhm&bﬁnd

“connected to the scanner and a second_end connected to the particle

counter, wher eilpstilieg aneptionel Fepe-rems filter indhe paaticle eowwer. Negbdhe banddwlr and
a controller. r.i.i i JCi
airstreamfl owisgg ?%r%%%s&gsg%qgéggaa%{r%% Q‘?ﬁﬁ?ﬁ%&’ t ﬁr oﬁ%h E%g&g ?érég?gteﬁgégt :
t hr ough t.he parperiol.e Thotestoycle imstartdshlioyk pushing ke rus centolg whichaistlbataiamahe t ube,

Sensor moasur oSeatih: Ehasteq S e s P Eepdi S mBtstar o B e

2005 20  average number of particles per unit area. The process is usually repeated several times

. along adjacent surface areas, each time yielding a "test reading”.

SUMMARY OF THE INVENTION |
The present invention is a device for counting particles on a sample surface. The
25 device includes a scanner having at least one opening for receiving particles from a
sample surface, a péu'ticle counter for counting particles passed therethrough, a conduit
having a first end connected to the scanner and a second end connected to the particle
counter, Wherein the’condlllit includ.es first and second tubes, a sensor and a controller. -
The particle counter includes a pumlﬁ for producing an airstream flowing from the
30  scanner openiﬁg, through the first tube, through the particle counter, and back to the
scanner via the second tube, for carrying the particles to the particle counter for

quantitation. The sensor measures a rate of flow of the airstream. The controller



. WD 02/ 23155 PCT/ USO1 /29162 3 controls a speed of the punp in response to
the nmeasured rate of flow of the airstreamto nmaintain the &i {3 R2MHRt a
constant -flow rate while the particle counter quantitates the, particles
-7in the airstWedR34H anot her aspect of the present inventi oPCHEHEVEG ce

i ncludes a scanner having at 5 |east one opening for receiving particles
froma sanple surface, a conduit having a f3rst end connected to the
scanner and a second end termnating in a first connector, wherein the
condui t i ncl udesntfoly Sipead of the pamg i rdspaise B thanicanired owoltiiw oftheditsteando
indicia, and a controller. The particle.counter count er‘g)?]rticles assed

t her et hr ough, BAMI3R the pikstream gt ponstep lovppate ynile thepartic niehAHEEtEs tahd a

punp for pr Odugéraglegfhtﬁgléﬁgtf@ﬁ{nflow ng fromthe 10 scanner opening,
t hrough the first tube, through the particle counter, and back to the

scanner- vi a the sechrahothepespetionf theepresentigventiionpthe dedbemchides hissapner hirghg at

counter for antitation. .The electroni ¢ indicia isdisposed.in .at |l.east
o of |t ha i riEESkcisk RRtRs for ke M Tedeh O snBre slpefte R PN RvRE £ PG
| east one char gt @minsdted tothe bda@n&Gad B eécond BRY teg@ithatifd inef firdeéc@béctor! Wherein

el ectronic indicia via the port and first.. connector, and con‘t_ré)l,s the 15

particle count®e cordyitigghdesiissbandisecond tehes:crpasticle o elpgieaniq iadiciananged  one
nore aspect of eﬁfené j: i ?@r&' i i rg@,ﬁﬁ-] ?ﬁg}&{ : ing -
at | east one o%clied%nﬁ%lgf'for aééééeiigg%%&g%‘?’%. e@&%@g?ﬁdgﬁ ésarrp g’s%{ra ace,esél1 ¥
particle counfoeredepringthelfirsticognestor tidd pemp &y prdduchgraptaimswesghflowing feom the
conduit haying a first .en conne to,.the anner. and a segcond. epd
connect ed ¥% t?‘?@%?{ro?ﬁ%lf%dtm# g}e%$&gbec@ﬁ%‘tﬁhtstﬁ35mﬁﬂg COHE cfbsaf’g 591@’35 econd
tubes. The. par §dagh& vithetseont MEtelfhe Sardyifkiil paficlddnetheGartitlcdountet fgt ream

“flowi ng fromthe scanner_ opening,. t_h[o,u%_ the first tube, through the
particle counf¥antitation. e kleponihindiciais disposer An pgass aagpfihe fise coqnggtor, the

carrying the pafdiiglags telschifer f&qaénhﬁlifg &Qééh@{e Sle chmeteﬁaié&ﬁh@%%&t%e al so

includes a particle detector for counting t particles 1n the airstream
com ng from t heomdlandatectaithtieleconic mdiaid vig thaymrt andfirstiegphnacbircind26ntrole the

airstreamflows_ after passing through,the.pariicle detector, and a filter:
cartridge g er‘r?ﬁfgﬁlﬁfo%@ﬁﬂl@&%’(?n%eéo ede%lcfefigfe%g?lfﬁdg‘d% port for capturing
the particles in thk yeiohsmoeedspedt bethe lpedsag itvntioe dhdyevidedn¢lades iaGtgnner

detector. Othey objects-and featyres of, the present inventigon wll_ becone. -
apparent by a {‘%‘@%W@FO’F%@%’&SLSLP‘T@E%Y‘P%H, e, ﬁﬁlaaﬁﬂlpg“pﬂgﬁa%éw es. 30

1 1 MAR 2005 %Mr%%éﬁlyzing particles passed therethrough, and a conduit having a first end

connected to the scanner and a second end connected to the particle counter. The conduit

20 includes first and second tubes. The particle counter includes a pump for producing an
airstream. flowing from the scanner opening, through the first tubg, through the particle
éounter, and back to Vthe scanner via the second tube, for cmyir@g'the parﬁcles to the

- particle counter. The pérticle counter also includes a particle detector for counting the
particles in the airstream coming from the scanner, a filter cartridge port through which
25  the airstream flows after passing through the particle detector, and a filter cartridge
removably connected to the filter éartridge port for capturing the particles in the
- airstream after being counted by the particle detector. ‘
Other objects and features of the present invention will become apparent by a
review of the specification, claims and appended figures.
30



PCT/ USCOL/ 29162 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. |Ais a perspective-. -
view of the particle detector of the present invention. Fig. 11 BMAR 5095
partially bry way view of the particle detector of the
i nvention. »5‘%?"3@3"2/4 and 2B are top and bottom per spective%@&gﬁl@?lﬂzhe
scanner of the present invention. Fig. 3 is a block schematic di agram of
the particle counter assenbly of the presert invention. Fig. 4 is a
schemati c di agram showi ng the _airstream in thep&%{ti cle detector 10

at h
of the present invention. FWD@SGRyiﬁQHIQ@m WINGSVi ew of the
particle capture fi K AG }g&?, . j M e Fi g.
6 is a partially exip#g‘géégg\%éﬂs 0 x?ﬁ%wqﬁtg{p %?Igggg&ggﬁﬁg%ﬁeg%&%e&g% t he
condui-t and the parFig B isepatielly brokembivyy wbwtdf¢hqpastiade detectorofithopresehd -
Figs. 7A and 7B are schenmatic di agrams showi ng the pneunatic tubing and
el ectrical w r}nr‘@n%qn'the conduit for the scanner head and purge filter
head, respext ivel yFigsOiAbh€2BRAs©OPand Bamm%&@pecﬁbgsiews/c\fth@ s8dnneF 6f the ont
views of the. control panel and display of the present invention,
illustrating tbheesemdir@nlorcreens produced by the display. 20 DETAI LED

DESCRI PTI ON OF THE E BBEB T j. L ' [ n

i nproved surface parﬂg’zgl e ef]g%@(%%ﬂ?g% %gﬁpgbgﬁgﬂtggﬂ;ﬁ#%&g%lygﬁ or

di scl osed in UpfesedPadvention, 253, 538, which is expressly incorporated herein
Cosner oo e, DAy« BRER AR R SR b RS
conveni entiy SapeipRGentialdntigh€s on a wide variety of surfaces, while also

providing relative quantitative data wth a high degree of precision and :
. repeatability. In bFigad is epasally brekemewas view of theq capise apaidgopnbf a
state-of-the-a t G r connected to one of a plurality of
speci al l'y desi Brtﬁ%gﬂz]ilﬁé’%ssl%%te wggﬁ%l ing scanners via a flexible conduit. In a
preferred 30 enbodi Fignb is hpartisliyderploded sridw\of the fuick beleasa nohnettdot bdtwedn the r es

for supplying and, .returning.air to and fromthe sanple.surface and for
powering the sem@dﬁpﬁf&ﬂﬁPou%Eia@W%Q&BP@% Y8HOLnd 1 exi bl e tube
design al | py parti CRRysSAATRh T8 a8 schBRMicldiad¥Rs SARMRg the pneumatic tubing and

electrical wiring of the conduit for the scanner head and purge filter head, respectively,

of the present invention.
Figs.' 8Ato 8Fv are front views of the control panel and display of the present
‘ invention, illustraﬁ'ng the various screens produced by the display. o
20 ' o
| DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is an improved surface particle detector, relative to the
particle detector disclosed in U.S. Patent 5,253,538, which is expressly incorporated |
herein by reference. The present invention advantageously employs in operable
25 combination three primary elements to provide the flexibility of conveniently sampling
particles on a wide variety of surfaces, while also providing relative quantitative data
with a high degree of precision and repeatability. In broad terms, the invention involves
~ the combination of a state-of-the-art particle counter connected to one of a plurality of
specially designed and sized sampling scanners via a flexible conduit. In 2 preferred
30 embodiment the conduit has two air tubes and electrical wires for supplying and
returning air to and from the sample surface andlfor powering the scanner. The light

weight moveable scanner and flexible tube design allow particle sampling on many



- WO 02/ 23155 PCT/US01/29162 5 different types of accessible "trfﬁ es. The
sanpl e surface may or may not be substantially flat, and. maf/ oM ilbot
‘be snmooth. Figs. 1A and IB show the primary conponents of the particle
~“detector 10 Wgr"méﬁal yzing particles on a sanple surface. THETROH2HEL ect or
conmponents include a 5. particle counter assenbly 12, a housing 14 .
surrounding the particle counter assenbly 12, a scanner probe 16, and
~conduit 18 connected between the particle counter assenbly 12 and probe
16. Housi ng 14 diffeseniderss af argesibie surfaceh aPeassampls sutfoes mapor may pejbe pl ate 24
Wi th an apertyr.e..26 Vi em i d a handl e 28." These housi ng
conponents ar eg&%gtég%l%’ggatt%, gé%ﬂ g&t% e?%{c;’bunt er assenbly 12 in a
smal |, |ightwei ght, Figer tAbhd1Pabbwmdglee prinidre chmpsdent of dlie paniidieldecadotdafosi Nk
for dissipati n%ptleat enerated inside the unit, - Preferably, housing 14
includes a snaPPARFPEPATHEEHOP § 53RlE SHERGPa Tihs @0k GeteciRnromRPFTES IFIHAS e t he -
-unit so that t i e : i i
scanner probe Toren Pl ety dect HERing b SRopah g pacld ol Ssfniyya2
scanner base 3@ sbhamerprbot 1@ rnd comiudll § gmnéaddrefwesnige pirtitle comtgasgsinbly 12
;surface. The scal neé Egse 3 0 is perpendicularly connected to a scanner
handl e 34 whi cA™ PeFadtes a control section 35 having run switch 36 for
activating the part Housingle4 éxtugies abdse 20) a kiiped toplovér Bl & fohnglateRdtwithadnt i cl e
counting is in progress. The condujt 18 incl udes pai r. of tubes 38 and 40
(supply and re@B?fH‘rﬁgégg)We@‘éE%a ’a?Piaﬁ(ga%W %nﬁ%%@ﬁﬁ%"@ﬁﬂ‘?n@?@ Ahe
first ends;gf : : - hg(g,gb nd
t he secondl@en%is?ﬁ)zfl}lagtp éc\%}lo%ggt eglefdgﬁ%&gggrgtgﬁggqlzhﬁ%E‘g%g%fﬁﬁgéﬁ%m’c unt%rpa ékag@.
assenbly 12. THikeborsihg ¢anigcludesoheaisyalt fod dissipstmgthentcgeneraiediinmydedthe whit.c h
electrically cqnnects the. scgnner ,probe 16 to.th article counter 12. The
scanner probe %6&%"’1 lg, ?ngggaflé@‘é%%aacﬁ%anl%mrlﬁu?%énﬁgﬂ%rimr? BT eéaggrﬁ
“storage. 25 ThénshaBe Wit 4o thix tBOunit dbéenos odiheat. probe 16 has two coin shaped
portions 46 and 48_which are fastened together by screws 50. The scanner
enbodi ment shown i nFﬁsg@a‘Z{ﬁ?%Hg-’S%tq © graanss REbe Jpi Yraich mrludss 2 sibstantgliup
particles @bl Blond 54058 Aelsalrnkr bds130 HAME bélifhn sV Y inte fif tRfsamiblier
shapes which afe specifically designed to conform to non flat sanple
surfaces coul dsuaifare. Bbe sesaner bass 30 sinemeddigalrtly oonnsgedto 2 snanuas dandle 34whishse
30 is also referre . I , } er abl f
mat eri al whi chﬁ;cgu |Sarrg(rug%or%g?cfggﬁ\?’ms{%ﬁ%gﬂl?%%%ﬁsﬁﬁ T %%%%ﬁ?lgidgﬁftgf fuﬁdg
" substance, for agk#EDlight indivatinptiac kartioleedinbg iginprogres WheRoddil rincludes a
| mpregnati on, tp%/i?%f t?lbescs*!isagﬁsd 4% (sun;)plly and rcempxg (2155es 'ea-clz-ﬁﬁaving a first and a second end.

20  The first ends of the tubes 38/40 are connected to the scanner handle 34, and the second |

(O

ends are connected to a port 92 in the particle counter assembly 12. The conduit 18 also

includes electrical Wiring 44 which electrically cdﬁnects the scanner probe 16 to thé

particie counter 12. The scanner probe 16 fits into a receptacle 15 in the housing 16 for
~ easy storage.

25 . Thebase portion 30 of the scanner probe 16 has two coin-shaped portions 46 and |
48 WMGh are fastened together by screws 50. The scanner embodiment shown in Figs.
2A and 2B is designed primarily for picking up particle's off of a substantially flat
surface. However, scanners of other shapes which are specifically designed to conform
to non-flat sample surfaces could also be used. Coin-shaped portion 46 of the scanner

30  base 30 is also referred to as a face plate, and is preferably made of a material which is
impregnated with a friction limiting non-particulating substance, for example, hard black
anodized aluminum with Teflon impregnation, type 3, class 2, mil 'spec A8625D. The



11 MAR 2Z WD 02/ 23155 PCT/US01/29162 6 scanner handle 34 has two bores 56 -- -
and 58 for receiving the supply and return tubes 38/40. Anot hér MABI 5080 i s
provided in . dle 34 for receiving the electrical wirin 0 t he
conduit 18. The ;s}g{agﬁner base bottom side 32 is designed to 'iﬁ‘ffew alzzgﬁg\)ith
the sanple. surface. 5 In this embodinent, (fhe bottomside 32 has a hole
62 which is | ocated approximately in the center of the base plate bottom

side 32. The hole 62 i sonnected to the e 56.in .the scanner handl e 34
which is conne&@?emwgﬁr%%ﬁ%f?%é%ﬁdg%"éé??&ﬁ"r“fgt{‘ su ??’F@e dm t he
sanpl e surface @)® AHkREhblargous brivitkd iR R hRhdé 84 P&'r@ce@ﬁng e élé%&idﬁ%ﬁﬁx?&wf
counting the particles in the particle counter assenbly 12. The base plate

bott om si de 32 fian tesondids1® plurality of smaller holes 64 which converge

o Lhe scanner handl g0t eval bonoMlEN e SRANPEI AL WIS ol odiiBBliee

t
tube 38 of conduit IS supp rom particle counter-asse
12 and del i $er dd thihembglimehte tHedwetopl sides3 Ziak @ o4 20oxiich isliecatshampleximatelydae

for dislodging and fluidizing particles, so that they may be sucked thr.ough
face plate hol éﬁ%‘?nfeé P% &\?E’ﬁf‘? Plgte bottem S&_iea"’cze jgéﬁif)%rﬁzéﬁ fesngsted It%é‘_e %8%3 LA
i ntersecting gnROMSsner handi634 Wmﬁl@@&%kbﬂ%@?&g@k&ﬁﬂ%ﬁm &f &nésit l@tﬁrﬁfl&e )

plate hole 62. Fig. 3 schematically shows particle counter assenbly 12,

whi ch 'anl udes f@lin Q@s@aplg\m?famre@mk@d thspughGhe Bacepletedioje 6 &rdhe mopese of | er
" 72, l4, i. i-al- ; ,
2% aser parti crpyg bt bR SR SoaRiT 05 TR b BEENGRA B 32

" col or f“ splla?/ &ﬁsloiiiadapmﬂ%tjlibggﬁﬂt@lhbleﬁmmhmMcbﬁ*?lge ﬁ&%sbﬁ@iﬁdm?ﬁe 58,
control panel, all controlle y.a systemcontroller 90, A series of ports
are  also pqnn@&l%Sﬁ%n%%@déemer%ﬁ w%f&ge@e%‘ﬂcamgma &msupaﬂ%é%&q 92,
~a calibration a&&f’écouﬁélé% Eééé%mBB’][ iz e%ﬂiadeﬁ\é%%@gmﬂfgh%@fac@ﬁfa{e s At SHBOST

conputer data port 98. preferre odiment, the controller 90 also

i ]Elcl udes Is_of t wespmplesnrieasrfordislodgingant duidizitg pﬁéﬁ?@& sscdthatghey mey be SRCbeChﬂmmhs
Cechar geanl o bareuy® AR AFARRENE Fike vl FARR Spa 1B Ra Bhreectiliioares,

cont i nuous 18se gsrfoSchamuliagidislodpetdphrticlds &itoFict phte kide62.The system can al so
run on AC power for, st '

.Statjonary _applications. The syst i.s target to
wei gh | ess than 16 F%?W@W&P@?"Wﬁ%?@'&@eP?‘&ﬁ?f\ﬁéﬁegf‘hyéﬁﬂf’m%ﬂwg es a
conveni ent car ragLisg VRODE coRtef %,'arbaﬁergr_rcﬁirée cRRIGIRPYE alibktbr ;%:JEEW,V! A
enabl e the user. to access areas that previously were di'fficult to” 30

~access and to rdifierensial pressise sqnsed Tk 2 VERGBM punig) $Q, stlaser particleaictecios B2.gadisnbat h
of the par ticl ecogt%lfé? 3% E‘or%%ﬂrgﬁiné Qi'coilg?%isplay 86 and regeiving input from switches 88

20 located on a control panel, all controlled by a system controller 90. A‘series of ports are

=t
-,

. also connected to the controller 90, including a smart probe port 92, a calibration signal
output port 94, a u_s_é; printer port 96, and a host computer data port 98. In a preferred
embodixhent; the controller 90 also includes software for converting numbers of detected

~ particles to numbers of particles per unit area relative to the sample surface.
25 . - The rechargeable battery pack 74 allows the unit to run for about 2 hours of
 continuous use or 8 hours in normal intermiﬁentuse. The system can also run on AC
power for stationary applications. The system is targeted to weigh less than 16 Ibs. The
- battery powered, lightweight unit and convenient carrying handle results in a truly
~ portable unit that will enable the user to access areas that previously were difficult to
30  access and to reduce the setup time.
FIG. 4 illustrates the airstream path of the particle detector device 10. The
airstream plumbing is a substantially closed loop system, where clean air is supplied to

-~



. alrstream plunbing is a substantially closed | oop system V\/nzrﬁ | ean air
is supplied to I 1 MAR 2305 WO 02/23155 PCTIUS01/29162 7 th é60%r obe

16 and particles are returned in the air streamthat feeds the particle

-‘detector 82.WRA22#S8ke of the vacuum punp 80 is plunbed to tHE/H0YEHET ge

.side of the particle detector 82, with an gptional particle capture filter
104 pl unbed between the vacuum.punp 80 and’t he particle detector 82.

~ Plunbed to the discharge side of the 5 vacuum punp 62 is a (HEPA) filter
100 that filt eths seamnenpriobe ¢6 and partiphes e rethmedl igthe ir streane thagreedd the pasvicle

| | oyt . e ‘ |
Toasur oot he- Pador on i b Bfhg BOTE Al e KM bcifed (tLof the
Dl Ubed 10 the oupply. Lubn 38t o coomv Tt Lt erad A r e P epanat ho es
u ! » : .
24 of the sc anﬁ%ﬁ“‘e%rﬂ%w 4(sandihe ?ﬁ’é,“’f;"&{?&ﬁm BanPlughed fo.the é%scg“%%‘@q off tg‘?/ acuum

through thes Pa{z&&jﬁﬂnﬁ%ﬁ@ @ffs%r(ﬂﬁ*\;%gcﬁluﬁf’ %Mb&%&rﬁ&t?&r&%m thé Bowfaid Gnd h€

scanner opening 62. partia mdraws air fromt anpl e surface
to the parti cl en sicflove peasi@ementivegive (sichaed diffatvhtialprésagersentiogd8 thdtinggasures

scattering coupter, kno: in th rt that determ nes, patti.cl.e count a
o o O 1, OO e Hen SF ok bl RlelsyS R tofi ComeBlicy Bicei e SR 800 .
ei ther by capt ghedikttat@ sidOdf the fikbr HBRApibb@ o the Quppiiebeas E@ﬁugpllsiﬁﬁltered air

airstreamis returned to the sanple surface via smart probe 9
Differential ptdhegraustdioles 647 thescanmes §abRdOr at e of -airfl ow t hrough the
system  Ceptrol | erpf hitSiudng 8@ ceRESH ol aﬂﬁf"c a,u@tﬁ& drfcIEBLDL:E £b, t he
flowrate at the des‘?‘r’e . &%ﬁ Ffow ra{’el%l\éﬁtro h?s, rrp_o?tacnt or several
reasons. Fi r st retdrotutectusfaoeddod 1 $read to theecanser dpheing b2wThapatisihveciuh drwshe,

sanme for each r.ticle nmeasur t for a Lven scanner. prob CQ

T Ter ont pr obBE s e RS SRR G hetiaptis ey ap s Hefiiy diR Hoce
accuracy. Thir Hght\wbgtteribh @omitemieno¥d ih SheSEORMACTRRITRS Particle colitfag size. After
additional pressure (back pressure) is inposed on the s;g,}t em bgth
initially as tHePprisls areamaieddhgnare fiffered diompeiesirapm cgheribyesapase e 184 or
shape of the SHEPAGHI000RRerbhitd: Bt diBfefAetuled S 1R SmbPRIEHR:] g ! ant
to maintain the proper and constant flow rate throughout®the entire scan
to effectivel yprobeB%e particles fromthe surface and maintain a high

sensitivity for th m T icle tu il ter i ' bie
filter elenent i nsgjr)?}%%&&?]Plf)eggﬁggén%érﬁsst?ééag‘%e%%t%ﬁgttegk%%ﬁﬁhéo?%gh%%ﬁI es
in the airstrea@onttdlRt b au@stsisd speadsPdclin pugp sancimattdie e foournteed thy the

-laser particle detector 82. This allows the user to not o peasure
P des?re(? fevel. Flow rate control is important for several reasons. ﬂrgt, or accurate

20  measurements, the flow rate should be the same for each particle measurement for a
given scanner probe. Second, different probes 92 will require different flow rates for
maximum accu.racy.‘ Third, when the probe 92 is scanned across the surface, additional -
pressure (back pressure) is imposed on the system, both initially as the probe is placed on
the surface and as the texture or shape of the éﬁrfacé changes during the scan. It is

25 . therefore important to maintain the proper and constant flow rate throughout the entire
scan to effectively remove particles from the surface and maintain a high sensitivity for
. the system. .
The particle capture filter 104 is a removable filter element inserted into the
airstream path to capture the particles in the airstream that have just passed through and

30 been counted by the laser particle detector 82. This allows the user to not only measure

the surface cleanliness, but to capture the counted particles for laboratory analysis and

identification. In the preferred embodiment, the capture filter 104 is a membrane filter



the surface cleanliness, but to capture the counted particles - -
| aboratory analysis and - identification. In the preferred erﬁogg‘%ﬁ%rﬁﬂ%t he
~capture filt px 1';samanbran_efilter 1 1 MAR 2005 WD 02/ 23; ~

PCT/ USQL1/ 2912@ %eﬁ”emsnt that is disposed in a seal abl e, diisi|&o§o/s%z§1%]'l/2e9162
cartridge 108 that inserts into a receptacte 110 connected to the system
.airstream as illustrated in Fig. 5. The receptacle 110 and cartridge 108

" have pneumati c_ qui I sconnect con tars 2 tha to connect the
filter el errentel%aﬁé\tglbgtl%éls%‘gf??m %ﬁaﬁgferﬁ _S%%ﬁﬁgﬁéﬁnﬁo%%’ﬁ R Rartri dge

5 108 can be n@paprddie/1 RRERRECted tthe Bt diaifbteRRIACRIH QM tHAE 55 YTtk 880chficle

prevent contam nation of the filter elenent 104 until | aboratory anal ysis

can be perf or 8§ anfsartrifge Q8 hayg ppeuneniie qupk dissonnest gonneetorsrld 2 thatdataitoby
means of a pul i i [ L T r ops
partially out 40%%‘1:% egﬁl;;eérieg% %glt]g"i 1%11:8&; \513%{5% %Ks&%?%aggoﬁ%ﬂofsoﬂ%loﬁ?ge ?g&ﬂfﬁg@
depr essed. 35ThelO8raay b Mhnuslly bappedraferdeing disehpaped femethe spaien thprevetovabl e 10

filter cartridge 1Q8 can i.nstall ed removed, A d cartri dge

i dentical to AL t58e bl TPt 1 Wtﬁtlé?orét_ YSISCRAD Spdertiesn Te
inserted into 418 chREER! AR i8 irkldlled hihd RMOYEPHY ERahd &»ﬂa?ﬂuﬂ%@f‘trdyslm%‘é{%jsimﬂar
Sensors, preferably 05) |l i'dentify the presence

i'cal sensors, autonatlca |
or absence of tPRCRRAVL ddedraydid paprepanallytave frony the irergptacind 1 Qwben arelédset er

104 or is ad g el TH ., [ n A e e
record. 15 Th (Law\%’g uﬁ?ns‘{)%%gsgﬁd !‘tsée&ga gcltei |4 \l/s:ttthélg &%P‘g%% @algto g?ngna’eiﬁdtstg%ré%g’ (%18 .
ghe cartridpe ﬂl&ﬁlchﬁﬂd@emlmnb \Maeﬁmaueﬂ?r/mdadve?znmdm:ﬁ‘ fyMgh e$dentitilio i t can
‘be sent  to an anal ytical | aborat.or or _anal ysi s .the contam natiqn
trapped by thefiidgetl ‘eﬁ‘authmhﬁqywéenefeﬁﬁ%w@ﬁ chR PasFriadHatodBngseR2d8 1 Hhd

the particle %H@EE‘;Stu&%ﬁ&‘e?ﬁbX is seeddd! 'Séﬁ§o&§,&>gé2feﬂaﬂly': diflica] Gensots) HitSmid 8

rel ease connector 116 and snart probe port 92 are used 20 for both
el ectrical anddentifpthet presanom pediseasaof theisartddgeduand whethesthe eratridge ingludhea

port o2, each i 108 SER A BimhEailiE: THE GRRPebe RIS e e BPR e oy
connect i ngl3 heTlai vacoup Puyhpa8itis degetiviaisd ifubeartdddedi deteclebeThe caripidpe 108 ist he

- particle counter, assenbly 12. Preferably, these quick discannec
connectors 11gcaled PFe’é%‘éq%i %?e’*ﬁs" algbepn ke %P@Qéﬁ@é@%kﬂ’ﬁ%%ti on

of the syst emﬁf&&ﬂisﬁ‘s%?&zb‘%ﬁﬂmin@%ﬁ‘&&ﬁp@& by%ﬂeﬁﬁl?é?%&ﬁimg)z al so incl ude
el ectrical connectors 120 for supplying power to, and gathering data and
signals from the Preoipang¢@ionibgtwesn dthe conduit£8 midtthle paiticlenpunier gssemblytio
operate LED 54 ifc I r..116.in e [ el but ton
122 for qui ckl%lléér}etéed;lg‘ifﬁgéh%néghﬁlg%?%%ﬁgr%é’?nmfééq%gﬂggﬁpl%begm%aig‘re s

20 for both electrical and pneumatic connections. The conduit 18 terminates in the quick

release multiconnector 116 that releasably engages with smart probe port 92, each of
~ which has pneumatic quick disconnect connectors 118 for connecting the air supply and

return tubes 38/40 to the plumbing of the particle counter assembly 12. Preferably, these .
quick disconnect connectors 118 are self sealing when disengaged to prevent

25  contamination of the system airstream tubing. Connector 116 and port 92 also include
electrical connectors 120 for supplying power to, and gathering data and signals froﬁl,
the probe 16 via conduit electrical wiring 44 (i.e. to operate LED 54 and run switch 36).
Connector 116 includes a release button 122 for quickly releasing the connector from the
port 92. ‘

30 Different sizes and types of probes 16 can be used to test different sized or
shaped surface areas. Each probe type/size may require a different flow rate and/or a

different set of calculations for data analysis. For example, % inch, 2-inch and 3<inch



.30 Different sizes and types of probes 16 can be used to testqi' hf ﬁreg%
. sized or shaped surface areas. Each probe type/size my requ1re AR 2
different flowrate and/or a different set of calculations for data

--anal ysis. FoWOMRZMFe, 1/2 inch, 2-inch and 3-inch 1 1 MAR RSGEUSAB287 23155
PCT/ US01/ 29162 dianeter scanner probes 16 have been used, sonme of which
need different flow rates to operate correetly. The 1/2 inch probe may
need about'/2 cubic feet per mnute (CFM flowrate, while the 2 and 3

i nch probes nagiametsd sqangenprobesolddwve beasgiped; somea lof which ngerpdifferept Bewe satpeioause

‘they include electronic jindicia.t I Y, troll to
automatically P%e(’:'%tﬁ ﬁloggctiaz ngfh%rg%pg}oa%g!}%\é}fegé ?@%ﬁéz&g?& f%%& e%” cl)"bugg,' ((glijc as
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thereby. The. controller a tica I splays the probe type/size on the
control screenandl® typer Rhededttomioiadiaiaroopldrie aB8JCtchipy eetricalsirchierypr spaply f | ow

rate, and applies the proper. formilas fqr. calculating th rtigle .
det oct i on 1 esuPIFRCIGHHERS Prabinpiets Bh Riegtric] pin Fpmertils i1 the piPoeI®, ndhie craui,
control | er 90. 1&id3 themhultibormsttonl Bsthidie uhighé Ohe sidé/GPe anprobt &rhtifienl :
W ring 44 runni ng between the nulticgnnector 116 and%egr_o e head 1 i gure
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filter plugs i e systemin the.§ama wa _ 16 does, al though™ there
si's no need f or farmebisforedlculitingibe phaticlé Hetettonwesnlis giveh themlgotroniciindieln j t sel .

‘Purge filter 124 .completely closes, t airstream | oop of the system which
can be-run to fq%fnt’ﬁ?% egxéemﬁ?t{fﬁlgfg@ in the systemusing purge filter
124, the HEPA filt eFigh@O7Akithstrars fharntbias 88/20 asdlksitical Wifif44 Addingibetween

connected). Preferably, purge filter 124 filters_particles out that are as
smal | as . 3 ni Hespaticamectophté #id npbedpadilfy Figyro R tlivstastesa P@&Béﬁ?fz@“t

absence of {or { NG el :
o ¢ geeatpafchémtiﬁe @;ggegfdggfeyag%g% fRudY Bt PartichG HM NE atBePH 86

filter, and run the system ac ) or exanple, the vacuum punp 80 is
deacti vat ed i f systenpr hepange filtienplugs ihtoghe systenint the samee wasprohe 1@ deesi dthough

counter assenb 12 incl ) [ . di anel i ; y
Che aper tur e oEiereitpdipd RE HsPrulchinR AR B RAPE nd Borklthe! el PAAR P

Fi gs. SQ to 8F;l_gL42 g@?plbfw cloes tige aiﬂsiﬁédxﬁido@rofﬁibl_’rsg@ﬂ@m}ﬁrfﬁichhﬁ%& ﬁmrtg;ékemuttamuch
screen buttons 128 for operating the system preferre odi nent
includes five §E‘i‘1§]§ﬁ%ﬁ’9is§%?mé‘ﬁ‘%58%rétef1_%4%?&1%@-?‘* tS?T{qqaﬁPg P"frg&‘ént

SC r_eehs (Mgpn: cﬁﬁ@:‘éﬁﬁl&l‘ 26X [iL¥biAbctSHS T?&&Eﬂy?pmé@\hlte@h'iﬁ&}s particles out that are

as small as .3 microns. The controller 90 will automatically recognize the absence of or

type of probe attached to the system, including the purge filter, and run the system *
accordingly. For example, the vacuum pump 80 is deactivated if no probé or purge filter
is detected.

25 The particle counter assembly 12 includes a front display panel 86 that is exposed
by the aperture 26 in front cover 24. This front display panel is shown in Figs. 8A to 8F,

| and includes a multicolor screen 126 and a series of touch screen buttons 128 for

operating the system. The preferred embodiment includes five screen navigation buttons
to select from five different screens (Main: shows overview of system (Fig. 8A); Collect

30  Data: shows current or last particle count data (Fig. 8B); Data Mode: allows user to
choose normal full screen (Fig. 8D) or enlarged data modes (Fig. 8C) to better view
critical data; View Data: shows previously recorded data (Fig. 8E); and Alarm Setup:



30 Data: shows current or |last particle count data (Fig. 8B); D%@ Mode: -
all ows user to choose normal full screen (Fig. 8D) or enl argjsci alllbdes
(Fig... BO @ qekigr view critical data; View Data: shows ?gg/yg@%i&
recorded data (Fig. 8E); and Alarm Setup: 1 1 MAR 2805 WD 02

PCT/ USC1/ 29162 10 all ows user to set up alo?'(?m limts for each particle
size (Firg. 8F).) There is also a Punp On/ button (for :

activating/ deactiivating the vacuum. 8 Cl egr. byt.t.o for . clearing
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serial and Et hgrideys gﬁmﬁlk@@gislgrags@eﬁQ&Adch;éeﬂ{shﬁze;tg@ \Acg%ﬁy P& 198, SO that

coll ected data can be  inporte nfo a custoners' or host conputer..

Data port 98 can al Jbe galibsationtpert UYraliowsa aabibmation teehmciathtopegform amermelr k or

directly with ‘ ‘ | ot ess .t uni t

and t he dat as%%?’é %ﬁé?@%lﬁe‘@éﬁ%"@%@m gtﬁﬁgp{ﬁ%%ﬁgﬁg%%éupﬁam can.be

di IspI a?/-edI o i’iccld)aasmdf ! tietheﬁ@fjoeahn' 'tﬂ'dmrﬁddﬂefdetrecteﬂ%@rm' Sefitha8 RS2 32Netisidad

mul tiple | evel s _of passwor rotected access (e.g. factory, owner, user,

‘etc.), with eaﬁhe%fggwamﬁ‘gﬁpe?@ﬁ Wn\ﬁ‘aéhef‘%@rl&‘if?%ﬁ Sy Resedliscicd datacambges to

the system or LQp@ERaaS LCRkioiers’ neidik oFH@stg&ﬁ%ﬂ&{ Iih@é;?‘or?’ﬁ% baﬁl_éigoezhﬁmlalely
e

perpendi cul arly connected (but could insteac 0 be attached in a paral
fashi on) to thdoitaenveapunisgiethsouh apatwnrk orcliraetlyswish therntewiet, vehicht world sow
havi ng the run | ' for indi.cating whether the
device is counf %‘E %gbregﬁqg ?gésjwﬁﬂ%ntdﬁg%b ‘!ilt%g{ of %éh%ﬁ’ﬁpaso%?lg%fd%%?rt%sﬁm OB fgat
control pab®l cacbe disgfleyed dofsccongpuiss stRenPTE prefdired Bmbbdittlest 416 intladésor a :
m nute or two before daltﬁa is co]lected. In pr.ef erred enbodi nent, of the
i nvention, act F*Fitfﬂl?lbev? é?fPifﬁWQ_ REgIFCies agipes S ECiqp QKPS ST Sicnwith gach
standby node (Pé’éi.%fﬂ 18041 Rhvihs! BiFfdpéht Ridht 8 lak £ Ls‘ang%tth@%rsﬁﬁi or BGbdealethin
causes the systemto go into its "counting" node where particle
measur enent s Fl@ﬂae pl ace for a predetermned tinme period. (e.g. 3 seconds)
and the LED |ight 54] ' the expiration of _ .
predetermned tine 32% ?0331?& %ggﬁaécgqgr%%gﬁrpgfpéﬁ& aﬂ%ononea%d‘(gu%ould instead

20 be attached in a parallel fashion) to the scanner handle 34 which includes a control

section 52 having the run switch 36 and an LED light 54 for indicating whether the

device is counting particles. Activating the pump on/off button on the control panel
 activates the vacuum p;imp 80, which should be run for a 'minute or two before data is
collected. In a preferred embodiment of the invention, activating the run switch 36 while
25  the system is in its standby mode (vacuum motor running but particle counting not
activated) causes the system to go into its “counting” mode where partié:le measurements
_ take place for a predetermined time period (e.g. 3 seconds) and the LED light 54 is
activated. After the expiration of the predetermined time period, particle measurements
cease and the LED light 54 is deactivated. Audible signals can also be produced to
30  indicate when the instrument is switching between its "counting" and its "standby"

modes.



- cease and the LED Iight 54 is deactivated. Audible signals can also

pr oduced to 30 i ndi cate when the instrunent is swtching beflwk AR r2§05
"“counting"” and its "standby" nopdes. 1 1 MAR 2005 WO 02/23155 PCT/ USOL

129162 11 Th¥WOJHE& described above is used to obtain a relP4I{{A81/29162
cleanliness level by quantitating the rel eaised particles from surfaces.

Exanpl es of possible test surfaces incl udé -t abl es, shelves, walls,

cei lings, benches, Er oduct containers or virtually any ot her kind of

surface. Different Eeaferie dpsaihed ebew isusedie obipis aoplative eleanlinetsdeyelbig the 5
device to the 8&”&. Sl 3o I%Pe%'d% ds3estn glrfac%t %ﬁ&%ledfgoésﬁa‘ﬁ{‘{é&t%&a&@” be

used to verify* Cl'eanfPiness prio o und INg s clean room
procedur e. - Theinchdb wmeSMS wdllspcdﬂmgs,slmichas ®odliot abreainers comipaekey adyeother

ef fecti veness of .vari qus ani ng techni ques an rodu In a ferred
Srbodi ment o oid o Hrbie: DR e n b cAS bereHIOHS LG e pEiR e
surface pargic ceatB(ih Mﬂ&%ﬁ&t%%ﬂﬁekﬁ t’ﬂ‘lﬁt&ﬁﬁﬁqh@bﬁﬁbé’ﬁkb&tb weriy

“ fluidized by the air. artlc | evel s are neasured and recorded

particles per demhnwtmost@qm:tebngsom@mpppﬁﬂe@q@em prvmdu@qa‘ézpé@hmguﬁgan
optical/l aser t.echnol res .

of detecting p%lls?l %P%e és‘?v%ﬁ% gle Ehe’ e@?%ﬁ;gnes?.ﬁévagogyglga 'SPE er eé&g%gho 2
m crons and suppldueel t o the scanner head where the sane amount of air

pul 'ed 15 through the scC he d to the. sensin temfo and
sizing. Prior to cotht gefﬁgm e ‘é‘?nt?‘%fg e UyeRtian, g’ﬁ?!yﬁq?ﬂ“ﬁ‘}sg‘ﬁmo %e‘gged f or
'Zero countidg smacbgmcm amsvéc%ﬁﬂ%teﬁ%qe&tm gq\%. Ie"s‘%zh&‘éheﬁé‘ﬂﬁﬁ%ﬁ%

~air and taking repeated counts until the |evel re below 5 partlc?es per
i nch squared. EmePMdevelmgmeasn@dmd reqsadesianl partigles perecestinpliers squatdioe at a

rate of 10 LFPM LI P g %C)C{Jﬁr%dggrgggg%ﬁ/ag %%38{0%? Ehggev%c% 2gls re%elﬂF t est

cycl e 1s st art% e scanner
~ The scanner prﬁlbenticfﬁ1B$:ap‘$!ﬂfdletegﬁkiép‘arﬂﬂém3niahessﬁrrﬁm$a3‘m&tstﬂltbyedﬂoe

fluidizing air, As this netho ves rel at anliness | eyels

i medi ately, i92 @cmééﬁméﬁgﬁé s%’&?’lhﬁ@i Ng‘ﬁY £ AP %"‘E‘EP%I%}F Betlied ¢
hi stori cal jglat ﬁn@if‘ghpcﬂe Eé%ﬂﬂ&%eﬁ@fotﬁ@kién@i&ig sys%éiﬁi‘&%%ﬁntﬁig%ﬁ@. ons in the
clean room It is also recommended that a m ninmumof six 25 readings be

taken for any gi venPagwa m@gm%ethpémlssw Rk bameherkad fonease sowiting| e

readi ng | evel s am | @a?g] It is
to be under st o‘%gﬁ{"ﬁgﬁ‘%e pregsﬁggcl{ %a{/%g% %i«?]{nlrg&ﬁoﬁbgli %ﬁt%g% g%él%ed ‘
enbodi ment (S) eamtyudtié thecdlbwalearabeloiv 3 peticled el idvarsquared. blle semnhmlsemeany
and all passed over the sample surface at a rate of 10 LFPM (2 LIPM) for a period of three or six

o

20  seconds. The test cycle is started from the run switch 36 located in the scanner probe 16.
The scanner probe 16 is moved lightly across the surface assisted by the fluidizing air.
As this method glves relative cleanliness levels lmmedlately, it is recommended
that routine monitoring be performed with historical data being logged for various
surfaces and locations in the clean room. It is also recommended that a minimum of six
25  readings be taken for any given area with average levels and maximum allowable single
reading levels being established for the various surfaces and areas.

" It is to be understood that the present invention is not limited to the
embodiment(s) described above and illustrated herein, but enco:ﬁpasses any and all
variations falling within the scope of the appended claims.

30 i



variations falling within the scope of the appended clains. 30 1 1 MAR 2005
rul/Vv7 Ul C7 10 G 1PECS 0 5 NOV 2002 12 What is clained is: 1. A
device for counting particles on a sanple surface, conprisingl 1aMARaZ(§6r
havi ng at | east one opening for receiving particles froma sanple surface;

5 a conduit having a first end connected to the scanper sec
termnating in a first connector, wherein the condui ﬁ“ﬁd‘gg ii‘??glggg’
second tubes; a particle counter for counting particl S

t her et hrough, the particle counter including: a portWSegg Uionvg Ztﬂﬂ%
first connector, and 10 a punp for producing an airstreamflow ng fromthe
scanner opening, through the first tube2 through the particle counter, and

back to the scanner via the second tube, for carrying the particles to the
particl e count eWhitayclguaiit:i t ati on; el ectronic indicia disposed in at |east

one of the first copnectpog..the & g it..and__the scanner for identifying at
| east one characteristic O c'% ecosé;:}{zg1 ﬁzkeér’c;lesé)ﬁas%eas“c38?1t°?mcﬁnlﬂg$' for detecting

the el ectronic indi @SAMErbeving at lgsshone eparing for reeeiving mertidesdiom a sample f or

controlling thesupageti cl e counter in response to the detected electronic

indicia. 2. The device of. claiml1, wherein the at | east one characteristic

i ncl udes a gi ze of atc?f’élmg%aé{'ﬁﬁ%%te?e)c?‘eﬂfﬂé"‘f)"e’\?‘i‘"ﬂ‘gaﬁ‘ﬁ SE?%??H%L wherein the

control | er adj utstningtingingfigse conuectot, wbereip theoriduit indledsofistand ecdnd ibeket ect ed

el ectronic indicia. j4aidd&ufleMbretuntth i w%%g r,m,pl ed by the
a‘i) u n g]ﬁl‘tﬁ e?}r)alsed bgh, {11915 3 eac%uﬂt'c?

controller to 25 calculate data analysis omthe counte articles is
varied in respoREBdPg the detected electronic indicia. 5. The device of
claim1, wherein the fi rajorté®riedhdhe ido@détbr, maal t hensel ves when

di sc O.nn.eCt elef rom each OJPFJ%E {c}g‘ g%duQinFThaelﬁggz«l\rﬁ fﬁ)vevin%ffro%lﬂlaelscrgm}e’r ogellilililé, her
conprising a rel ease button unfPat ches
through the first tube, through the particle counter, and back to the scanner via
the second tube, for carrying the particles to the particle counter for quantitation;
electronic indicia disposed in at least one of the first connector, the conduit and
the scanner for identifying at least one characteristic of the scanner; and
15 a controller for detecting the electronic indicia via the port and first connector,

and for controlling the particle counter in response to the detected electronic indicia.

2. The device of claim 1, wherein the at least one characteristic includes a
siie of the scanner,
20
3. The device of claim 1, wherein the controller adjusts the speed of the

pump in response to the detected electronic indicia.

4, The device of claim 1, wherein formulas used by the controller to
25  calculate data analysis from the counted particles is varied in response to the detected

electronic indicia.

S. The device of claim 1, wherein the first connector and port seal
themselves when disconnected from each other.
30
6. The device of claim 1, further comprising a release button that unlatches

the first connector from the port.
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the first connector fromthe port. AVENDED SHEET | i MAR 2005 PCT/ US 01 /
Z 916 i t PEA/US 0 5 NOV 2002 13 7. The device of claim1, further
conprising: a purge filter for filtering airflow passed therq pm}g@m}[ﬁa
second conduit having a first end connected to the purge filter and a

second end 5 termnating in a second connector, where

i ncl'udes first and secong tubes, and wherein the..s,,ecohtfliﬁgﬁ-o}J églb(
connectable to the port so that when the punp is acti PM Q

filter filters contgrri nation fromthe particle counter?’ i sd 3@@"’?2@2
counting particles on a sanple surface, conprising: 10 a scanner having at
| east one opening for receiving particleg froma sanple surface; a
particle counter for analyzing particles passed therethrough; a conduit
having a first end connected.to the scanner and a second end connected to
the particle counter, wherein the condU|t i ncludes first and second tubes;

15 the particle court er devirg &belaim 1fypher qogprisiterduci ng an ai rstream fl ow ng
from t he scanner opemiggfilter fdn fildsigp aitfloer phdsédherdthidagh; t hr ough the particle

counter, and back tc&s&clafdc%gcgﬂﬁ%ﬂnrg Itﬁ'stelgtpcg chqggmfé §eeﬂlte1fa%5a(s"’e%<§1{d)éncpg the

partlcles to the particle artlc or counting the
particl es i n 3t héempinting rr@émoemton wbmm the cantuit inalusipyfirst andsseondl tubgs, f or

filtering the alaﬁﬁwemaeéoga&nséaﬁ,rﬁlc&ﬁmmmm%omcmemesdﬁﬁusscanner a
filter cartri dgefu@ hroufgrer the airstream flows after passing

t hrough the par Jepues ﬁlffés%’étf’ﬁ)‘f‘@%ﬁ%fhﬁgmf‘ﬂlﬁ%ﬂ% the filter, and 25

a filter cartridge rem)vably connected to the filter cartridge port for

capturing at |east spne ga‘g{“e?{"%ﬁ‘&‘bﬂ”?%“sQ"m‘%g}%?’%e & %ﬂ@{ ter being

counted by the partl cle cla "wherein the
filter cartritdge i ncdseee havinga keest ona praniag for reguiving partisley feonf pvemplabor at or y
anal ysi s of partsirtk€s captured therein. AVENDED SHEET

a particle counter for analyzing particles passed therethrough;
a conduit having a first end connected to the scanner and a second end connected
to the particle counter, wherein the conduit includes first and second tubes;
15 the particle counter includes:

a pump for producing an airstream flowing from the scanner opening,
through the first tube, through the particle counter, and back to the scanner via
the second tube, for carrying the particles to the particle counter,

a particle detector for counting the particles in the airstream coming from

20 the scanner,

a filter for filtering the airstream before the airstream flows back to the
scanner;

a filter cartridge port through which the airstream flows afier passing
through the particle detector and before passing through the filter, and

25 a filter cartridge removably connected to the filter cartridge port for
capturing at least some of the particles in the airstream after being counted by the

particle detector.

9. The device of claim 8, wherein the filter cartridge includes a filter element

30  suitable for laboratory analysis of particles captured therein.
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1 1 VAR 2005 PGI/US Ul/ e91l6e. | PEMIS 0 5 NOV 2002 14 10. The device of
claim9, wherein the particle counter further conprising: a sensor for
detecting the presence of the filter cartridge in the filteq cMAR P§ige
port; and a controller for controlling the punp in response to the sensor.

5 11. The device of claim 10, wherein the particle co rher- -
conprising: a dummy cartrridge renovably connect abl-e mf/wf I]'(Zréglb‘
cartridge port for passing the airstreamw thout fil trmwwsmv 2
sensor detects the presence of the dumy cartridge in the filter cartridge

port. 10 12. The device of claim8, wherein the filter cartridge port
includes a sliding tray, and wherein thesfilter cartridge inserts into the
tray. 13. The device of claim 12, wherein the tray includes a |ocking |ever
to 15 secure the trRy i Thepledcsof claith 9, Whaeinlthe pazticiecourtdr AirtertOmprishagr ei n t he

particle counter furf gs;,rtgpmth%grﬁzpfes&ceso%?(rggﬁrfcg_&idggg&grﬁit%gg?,idéﬁte of flow

of the airstream and a contro or con I'I'ng-a spee e punp in
response to the MBa8dred rate 20 . of flow of the airstreamto maintain

the airstreamat a coOdatkled fof doRvéling iR pifip in@eshdnse to BB Ednkcz) € counter
guantitates tg1e particles in the airstream AMENDED SHEET
11, The device of claim 10, wherein the particle counter further comprising:
a dummy cartridge removably connectable to the filter cartridge port for passing
the airstream without filtration, wherein the sensor detects the presence of the dummy
cartridge in the filter cartridge port.
10
12.  The device of claim 8, wherein the filter cartridge port includes a sliding
tray, and wherein the filter cartridge inserts into the tray.

13.  The device of claim 12, wherein the tray includes a locking lever to

15  secure the tray in place.

14.  The device of claim 10, wherein the particle counter further comprises:

a sensor for measuring a rate of flow of the airstream; and

a controller for controlling a speed of the pump in response to the measured rate
20 . of flow of the airstream to maintain the airstream at a constant flow rate while the

particle counter quantitates the particles in the airstream.
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