WD 2010/ 126459PCT/ US2009/ 002564 PI PETTE | NSTRUVENT [ 0001] Techni cal
Field: This invention relates to devices that may be used repetitively to
extract awpnrenvressvol unme of fluid froma bul k cont ai ner pofr/uskanodo2564

[ 0002] Background: A pipette is arguably one of the nost commonly used hand
tools in a wet chem stry | aboratory environnent. Typically, a pipette is
used to extract one or nore RIPEIFHINSTRAIMENII k cont ai ner of fluid.

Thi s discl i1, erally. nake . ifi f t i pette tip,
o an at @ omgiotiy ToebpieRCERLR THe TeRsORET et GUE (ki teeRe | nst runbht
I tsel f}eLPSeg{a{?% {EextlcPa P%HE%%hﬂhé 4t Mﬁglﬁx?h%ulk”co‘ﬁ%h&.‘b? ffa‘?cﬂf | gurations that

may be repetitively to extract an spense preci sely netered
quantities @0002] Badkgksunder A ipigelty ivarguatdpbre pf the ni@s commontleusedthandand- hel d
nodel s and, bench-top nodel s that may be variously automated, or robotically
cont r ofqodyin a wet chemasirydpbaratosn emipanmeat. ST wpiedlyp apinetts 1Hpsed|to KiRFt 0ae PHUS

Fochst Pt St il SoHE ks SEIR RIWR oitjadte il ¥R Bl Srgein
7, 182, Pefbreher 18U pipéttetip, dh an aferflft/to WtingQishtiRRREBlE tipleb tieGdpdftd t o

Bevirt et al.. Al of the above-referenced docunents are hereby
i ncor posaEEgNbseHaf BipsHessare semmescighly aeailablsrin yaneyseqonfignratinas thabemay bet i es,

for thej i res. of relevant technol o nd vari ops pipette .

ar v ang o1 PRANEROTR 58 ap8 bRlle prEGRIY rEiad Ml 8t Anll "EhmBipriahed 1 n
sel ect grhirbRYspétedfindli® Bk hadd-hél Wedtel OdhdHeAckltSitea&S tha niah deGarioused

I nternational patent applications serial No. PCT/US 09/02172, filed 7

Apri | , agtogmted; o jobaticalfy ammoliedR MANUFACTURI NG A M CROFLUI DI C SENSOR', and

i al No. 08/,112058,..file 6 ,Sept enber., 2008 i t.1 ed " | NSTRUVENTED
o pErTE 1 pOOUaERepi LR sk Ble RS ARE RS BEREHP K Taris A S dns ids
st ruct guag 289 phee! o3 kS8 ftb HIBRARERRA: ALE @@&dﬂ%@%lgﬁdﬁ 9-QWRd

I nternational Patent application serial No. PCT/US 08/ 1300 titled

" FL UORESSENEGEe BNSED, FR2FHTTiE BullsTRUMENTY9 7,86 0tof GCoaehbeng; 2 d Mcb82ritdrtp 2008,
whi ch gl al s Pr Iéﬁ“éft to Uni %ed Sh%t es Provi si onal. Pat ent | i.cation

Seri al PRYTT @004 3%? abeVeggapRAsHIaFUBents sisarerely JpcorppratRddy T fEenchadse d

pi pett g arein i : ; < r eby
Pt paoul Sdt R hercin infthtir BhtieEfIE, ROAKEr LR ARE SR ARAHRIRI e Y o,

f or t heanowipspdtiesumaegenaénts.el evant technol ogy. Di scl osure of the Invention
[ 0005] The provi des a us and net hod for

i nterrogati E@%Bgﬁepé{;‘\e/sgg%‘iﬁg CYres %B@hg%%?‘gﬁg’g‘i i sigstedmspegts ehiheynstant
prefer fﬁgnﬁﬂpﬁ%%‘iéﬂﬁ)sgéir{at'ﬁp%gjo%ea%némamgl%wn}g&ﬁﬁgﬁ&:g sléﬁapngl PETR%
' 09/02172, filed 7 April, 2009, titled “METHOD FOR MANUFACTURING A
MICROFLUIDIC SENSOR?”, and serial No. PCT/US 08/11205, filed 26 September, 2008,
titled “INSTRUMENTED PIPETTE TIP”. Details of construction of certain relevant devices
structured to detect Stokes-shift phenomena are disclosed in co-owned International Patent
application serial No. PCT/US 08/13003, titled “FLUORESCENCE-BASED PIPETTE
INSTRUMENT”, and filed on 21 November, 2008, which claims priority to United States
Provisional Patent Application Serial No. 61/004,630, filed November 27, 2007, for
"Fluorescence-based pipette instrument". . All of the above-referenced documents are hereby
incorporated by reference, as though set forth herein in their entireties, for their disclosures of

relevant technology.

Disclosure of the Invention
[0005] The present invention provides an apparatus and method for interrogating

particles that are suspended in a fluid. A currently preferred apparatus is embodied as a



pi pette instrunent, and may interrogate particles in a fluid sanple as the
sanple is extracted froma bul k container of particle-bearing fluid.

[ 0006] Arwexermpi2edsy pi pette instrunment includes a body eamrruseegoeessour ce of
suction, a pipette tip interface, and a source of electrical energy such as
a battery. An operable pipette tip interface is configured to hold a

r enov apipettpinsttiment, apd axagl interrpgaie pardicles ms & Auldeshnyplpas the sainpleiinextracted
connunicatioq wi th the_source of. Sﬂct'on. Desirably, the pipette tip
interf9@8’4@“5FPQﬁﬁ@B°€E@HF@§@§%n% Udnstal | ed pipette tip in commnication
wth interr i I | af d : I ] i from an
st al led ploase] ah fi picre R iR B e iR uret B et el
capabl e pifette tipuntetfyice) amd & sdurng of elbarivaitanergytsaclaadis bitterpandnapotabteogipertessor
and an _associ at.ed nenor Soneti nmes, a pipette jnstrunent

. [ 0007 _
i ncl udtB H&eqﬁwrlﬁﬁmﬁ%e%@rh%? T%P%Y?é’lﬁ pigetis i ard toplacesansinstalled pipetts fipi d
from ap,i I ¥l [ . L . rt [0 the
ot pet ¢ g BEpMdhReiSH Bihihe (4o el DER, ot AEER (S el il
conmunicCdibpa3e amifstallel §ipetie tiphin @@ AfsEicdtion Wit interrogation tir@uitrpcesialred  of i | e
delivered to the pipette tip interface. Certain pipette instrunents include
a USB preeive éninput sicaal from g anstalledanpelts it Thapipatisiasiiumpnt ahsojacludes a

i ol ouPies MRkl b IER VP P Senbd ikl B S8 A Bk BBk bh Bidcan

t he pi pehdsecibRathidmi®my! and a renote terminal. Software nmay be |oaded into
the menory effective to programthe mcroprocessor to pernt the pipette
i nstrunent {03k Spmetimgs.sapipeitesigstrement includes[20naigphobist karriesctlgmendt t e

i nst ts incl . cont rol bl e, t lect a desired rod
of opelaPra o estthBof: o e AR ins@lES PIPGAP P BRtnng Perdehficinst i e modos.
One  USRItHRPREMeSis@RtihQturdti! Tpichlty, WRsssare AR aelispRadlia start

button. A track wheel can be disposed to interface for actuation by rolling
al ong eorthmmyichtiexvgth dlie midroprgeessorf toamonited atshetion preproreprodile dediverqoabttee body

such that _the.wheel is disposed.in reqistrati ith a distal portion of a
dser” SPRPGHD MATES. GG B RCHE RERPoRsy Biet DB ea b B an | nput
to the.ghR@hic8idMBdvdERNe pblyet@%mﬁrﬁédggggafrérﬂ%rtemna.errfﬁ%tﬂme track wheel

in a trigger-squeezing notion. [ ] One operable source of suction

i ncl udesntemplatiph tesprescie arwirgless coespunication raodhla streguled to peroper abl e t o
down-regul ate thaﬁ sur pl.us .vacuum di sposed for acti.o etween the reservoir
and pi pERRENicaon Rgtwrerthe Ripsiiedpsijume 35‘1? alemate Jedyipdq g%‘@{ﬁ‘m)’ ilein
conmunj ' A [ | j ] be created
By user e B ey R B g e MRt 1y, St pl s
vacuuninsanmahtsto peefonn eatlecteditdsh an el ectric punp. A preferred source of

suction conprises an electric punp operable under control of the

mi cr opr oces W08} PF%%IFWMP@%@.%@P@F@Sémﬂ%ftetwer BYrGl systemapehieipselerea
delive I . bR r i I h i pette
instru%%ﬁ?agu%%g§gkéﬁp§§gF?ﬁgggégdgﬁﬁgwﬂgﬁpgh?%ggégkpg?ééﬁg r%%#%T?ggation
Ci r cui tigey op&rabldaphedl sysemoiatiaded ngaglawhedt] 819 a@utt Batdhr Quglbk avheelpeintte ti p
that is installed in the pipette tip interface. Certain interrogation

ci r cui disposed t@ Hugifacq ferpctypsioniby|rellwgatengrrylengthgaiseita fnges pf & hapehibat is

resul ting.fr i a rring kn t-he phpette Lip. rtain
ot er r 39S b E B eh OB, BBl o el bR S8 bPon o

si gnal s useSUirigen 9ATsoOfie GRLk eieePhy B Birectidee RO PRV aleQGCGHPI tB§hd pipkte pi pette
tip. Desirably, a hand-held portion of the pipette instrunment 1s configured
bot h t mstppeyt by mermyting p dmger tolearess thetedck axhepl wer trigger-ysugering motievei ve a

o tne. {1 OpDL PP BIRehicE Bt by SFERRSah A e PRk D ld £ o
I nvent }@hlaRirpkiBledo Mo ghiate AT Jukslhe va&QURM difishbse PR6t s2HER bomiBR®d Ncl udes

providing a pipette instrunent; installing a pipette tip effective to place
a senseseryoinpod eiretto tiptinterfpéqeffactive iqpplage a desmgdiveanuroprafilein i nt er r ogat i on

circuitry carried by the pjpette instrunment: and using the, pipette

st r ufRHPapseGgn it an rsralled gt O SRS YaRBER mEYHSSRRAG PHET et hod may
al so include generating a raw histogram based at | east in part upon a
second signal received fromthe sensor conponent of the pipette tip as a
sanpl e of particle-bearing fluid flows through the pipette tip. The nethod
may further include performng a determ nation based on at |east a portion
of the raw histogramto obtain one or2nore observed particle count, and
outputting that one or nore observed particle count to a display termnal.
The met hod may al so include selecting a | ower threshold boundary, selecting
an upper threshold boundary, and cal culating a particle count based upon

N . N o o o . ~ .



WO 2010/ 126459PCT/ US2009/ 002564 conponent, to the raw histogramto obtain a
particle count. Certain tinmes, the nmethod may include collecting sufficient
data to. depanmvnessa vol unetric particle count. [ 0@t Z]ustdvemersbeat ur es,
advant ages, and alternative aspects of the present invention will be
apparent to those skilled in the art froma consideration of the follow ng
det ai | didpdesyuernt of abrasedklgmenhassosrdied atithothe hpdh  Sumplusceowpakyn algo e awi ngs.
Bri ef Description.of .the Draw ngs 013] In the draw ngs, which

11 st FEREd AP L€ PR, ry PRI fepiss o SUsiion RSB SR PBFPcar ryi ng
out t hgyd e Rhd& ontrol of thé BitdbproctGor dirdctlydo bEMRhte Uh@BtuadAI8Y 3bdtRA of a

pi pette instrunment structured according t0 certain principles of the

i nst anprofikdeltvieoad; to the pipOtsSiip HitGface. i s a side view in elevation of the

pipette illustrated in FJ|G .1, [0016] FIG 3 is a front. viewin perspective
fromthe ri E‘mlﬂf Dy ePpede insEumSat s Borfardss Ipfedogation clrquity |

di sass * { CREWI | ' ' [ : '

bi pot t braTE ARl Gy | Rty frinkl pEHCIS AP AR BREORP o
al t er ndiat iseéngpalpeel ineheé piptttantip iterfprr tGeatainyintirogasenbir@dtry is adapte@19] FI G 6
I's an expl oded assenbly side viewin perépect i ve %t a pipette instrunent

st r uct Berdalesouptng Mydetertionof signalsresding Bemaytokeseshifh pheppmena peeirrigg 1n

the pipette tip. Certain interrogation circuitry is adapted for particle counting by detection of
signals resulting from Coulter principle phenomena occurring in the pipette tip. Desirably, a
hand-held portion of the pipette instrument is configured both to apply a first signal to an
installed pipette tip and to receive a second signal from the pipette tip, with the second signal
being different from the first signal.

[0011] Certain aspects of the instant invention provide a method for particle counting.
One such method includes providing a pipette instrument; installing a pipette tip effective to
place a sensor component of the pipette tip in communication with interrogation circuitry
carried by the pipette instrument; and using the pipette instrument to apply a first signal to the
sensor component. The method may also include generating a raw histogram based at least in
part upon a second signal received from the sensor component of the pipette tip as a sample
of particle-bearing fluid flows through the pipette tip. The method may further include
performing a determination based on at least a portion of the raw histogram to obtain one or
more observed particle count, and outputting that one or more observed particle count to a
display terminal. The method may also include selecting a lower threshold boundary,
selecting an upper threshold boundary, and calculating a particle count based upon data
collected between the selected boundaries. Sometimes, the method includes performing a
mathematical computation on the observed particle count to determine a true particle count.
The method may include obtaining a corrected histogram based on a mathematical analysis of
the raw histogram and a probability that at any instant there is more than one particle in an
interrogation zone of the sensor component. The method may include applying a correction

factor, incorporating one or more calibration histogram associated with the sensor



[0020] FIG 7 is a fragnentary side view in section of a portion of a
pi pette instrunment structured according to certain principles of the
i nst ant iwoenio/nms9 [0021] FIG 8 is a schematic ofcanse@enadshe
interrogation circuitry arrangenent that may be carried by a pipette
I nstrument structured according to certain principles of the instant
i nvent c@nponent, to tl[eoazﬂjlstﬁg@n © gbaip ageftmiacount.i Cenaintimdsntheanatbok olay e

t { t 0023] FIGs. 10
t ﬁféﬁgﬁnﬂfg%ﬁféﬁ?&? e BB el (lFRE ropise et of a pipette
i nstrunent; These fegtg%ﬁd\r‘ih@gesl%ndi §ltél‘n£tk\%"¥15£g@§ bt ihk IpiSEh@hi&gioner t ai n

steps that may e performed in one exenplary opération of a pipette
i nst r umilhbe appa@eri2 0d Goe 6idBePTThe)8ReoN @2bSdervioiesf the rfol@mmgldnguléllut t he

| nvention . . 0025] Reference will now be rrade to the drawi ngs i n which
the vaffsSURtM @?‘r&’htrbc%‘?b‘f“l‘fé)q \Wﬁmq BROMPRNY IpRdgNIRGS- nuneri cal desi gnat i ons
and in which the invention will be di scussed so as to enable one skilled in
the art to nake and use the invention. It is to be understood that the

foll owi ng description is d&hyfbxmmitwnyofohemawmg'snci pl es of the present
i nventi on, and shoul d not be ewed as narrowi ng the clainms which foll ow.

[0026] W t h[00dBk pthedrayings, &hlcliﬂaﬁaatz what ﬁtepfewetle?wﬁm@ becthgbastng to

cert ai tant invention is indicated generally at
100. Pﬁlﬁ)gﬁjg)lr?Whgéf]ﬁ%‘egﬁ%nggﬁer ally cylindrical, extended body 102. A

surface of poudy] FO2. 1 & aSfréniGhiew ﬁdel%@atfdihrdflaé}mﬁa{eﬁhgfmﬂ@it REuuRA akOdrdaipd a
e ertai prihciples of the stant invention;

[0015] FIG. 2 is a side view in elevation of the pipette illustrated in FIG. 1;

[0016] FIG. 3 is a front view in perspective from the right side of the pipette
instrument of FIG. 1, partially disassembled; .

[0017] FIG. 4 is a left side view in perspective of the pipette of FIG. 3;

[0018] FIG. 5 is a front view in perspective of an alternative pipette instrument,
partially disassembled;

[0019] FIG. 6 is an exploded assembly side view in perspective of a pipette
instrument structured according to certain principles of the instant invention;

[0020] FIG. 7 is a fragmentary side view in section of a portion of a pipette
instrument structured according to certain principles of the instant invention;

[0021] FIG. 8 is a schematic of an operable interrogation circuitry arrangement that
may be carried by a pipette instrument structured according to certain principles of the instant
invention;

[0022] FIG. 9 is a schematic illustrating a workable operating arrangement of a
pipette instrument;

[0023] FIGs. 10 through 12 illustrate data obtained in certain operation of a pipette
instrument; and

[0024] FIG. 13 is a flow chart illustrating certain steps that may be performed in one

exemplary operation of a pipette instrument.



[0027] The illustrated pipette 100 includes a plurality of controls formng
a systemto receive a user input, including button 108, and scroll wheel
110. As iwbustiwatsd, button 108 is di sposed for user actgattisesolby2sa4 user' s
t hunb during one-handed operation of pipette 100. Scroll wheel 110 is

di sposed to fit under a user's finger, such as the pointer finger, and may
be actuated by rolling aMedegs forl GagymeQuetherInyentiomer of a hand that is

hol di ng t he 100. A cyrrentl referred .scroll. wheel 110 is al so

ndapt eq t o 128 BERencS A RO0F hellt BLEF HENARE Brpn P L o o B e ger
tip, SiHfih@&ntibR vallbkightntmighdrichD@@ignafions HRANASHICh de Fhvtisl vigvece 112 may
be included, e.g. toindicate selection choices to a user, and to show data

r esul t discussed so §s00284blAod¢ skiled antdhe aft tpinpaketand veOthesnweintioot ltrietb bo recei ve

f | it f ipette tips,. h he | tall. ti 114. Pi tt
ore O iRy ot e BB PE dsSertotlaR is BT R BnbBto e binwbles orhepigiest P11 °
Provi siRBsicH, End'Bitfuld A6t Be\BewtPadddtrdviing ARRaAIHSViL Folidie Pipette 100 to

interrogate particles as fluid is inspifed through the tip 114. In general,
i nst runent e{DO26p & ittereferpacet th I Gs.obpet Btapipsttehstmcpirgbidcordinstarecemaint are used

once, then discarded. A tip interface nodule, neral ly 116, be

pr ovi dBEGiBles aEfheiEsing lw\@gﬁpaes W&lcmeﬁrggﬁ%réhbﬁt ﬂ’%p?fﬁa%tfeelq]%@flﬂl%t, such as
pi pett i j i il W t h
parti cg?%?gpe epéé\ﬂrll%g’ Jr%gevr\}%t@ %Sé?;gg&z.g)ﬂ;ﬁgﬁﬁe’ &%;eor% aliogq%ée}%lvlacinfrgd (t)(% fdé%ﬂ%ﬁht?cti on
of an gipepiapheaiDpand e fingsit grippeing ark@zenetdally 86 poi nt ed out. The body of

pi pette 100 houses a vacuum punp 120 disposed in-circuit with the button
108 to ef f etd023] dhe tlustratsd papetic]d0dn¢ladess plutaliyy of gontrols ferpiggiaysiermioo,
button ryes as. LAl 4t er \Y i l.
nand- e vsagstiefibldmih el toh 6 460 e HIST AP ERH Blo s |
124 ar gispsed férouseegithaion By Pirs's Wienpdafing énd-haided 9pedanibn efipipees 100.t | me
increment to a pipette tip, WO 2010/ 126459PCT/ US2009/ 002564 such as tip
114. PpereHuyheet Fb(ﬁl§d]dﬁpéﬁ€£tzéitplnévﬁ guser s finger udtkassthe paintsr dingen and 610 ol
syste The enqgj.d valve 128 is. u a ur va to termn a
Stot+ohe AnfPEhy BYlfe dBnt RS e UTR ke ARG KOl BERPAROE

or chesarauRatl P preferRIda@FANWASI 1 Ui €460 h@GREBOrediNt AMSRHYRIpFERHRAE Yhel 30,
whi ch can be variously progranmed to substantially automatically performa
desi r eentire stheelsyith adingemtéy sipilargapulingrthe trigggneia émdsem Yedisplapdegeam t he

i . it the pi i f | d .
[0030] 1 &R Bk indudRE & ciinGieRicRiet o fitices T r patre il o PP U a0 ol y
has an on- bapg] A @saLER! 6ﬂpa§é¢f&umis§iriﬁae§;ado}&em%%@atﬂgﬁaﬁ@tdf@ipd@treessure

profile that is delivered to a renovable pipette tip. To date, three types
of suctippruadyasttbermshdled tipddd. Bupdtte tgntll 4 may belchatictGaredraatan isurumeansedvacuum

usi ng a. manual.ly, actuat.ed air cyljnder. down-regul.ate usin
i cr opPBEGS LBrin SR PHOTBE BF SRS POIBE iR /G SRR SUT\IPE RARaRr . vent
W th a;soleRRl fhriy@bys ndd is@‘r‘n@Dﬁ?&iﬁr& htMgﬁ gglll.?&v i A8 AnYPdMehiéd 8i ette

m cr opr ocessor controlled PID | oop w uum punp (on mand) and
a pr estpy that conpeitecwith a\papetteinstiungens atecused dnoe them. difdardedi A tipanterfaceent | y

pr ef erreﬂ enbodi nent.. It ibs al sé)qggesfj r,lalbl e to include a 'éées,ervoi r tank"” to
danpen™PABlCagierally MAcmarbe pirvidedio facilifgs reghlar mayitenagee pd BIRSEE sur pl us

VacUUM, 5 in SRR R @190! s bl B ARBREUOIoR M oul ate usi ng a

m cr opr ocessor cont proportional val ve and pressure transducer. Vent

t he vacuum {028} Wiklepgrtiodlat eférsnceppiwv @0FIGs1 Bignd4 sedrairodadailsad fensthuctiohi s

| atter case, surplus vacuum nmpy be created by user displacenent of a biased
el enen®f asepsEable Bipetis instramentl (ewilbbepgipted oque . Fhe ripsdtel \WOchogses2i ng a

bi asedvé@ﬁ'uin%p P50 8’1458(9438 et G\fit)u'the button 108 to effect a suction on an installed

pipette tip. In embodiment 100, button 108 serves as a familiar interface to a user of a
conventional hand-held pipette instrument. An air reservoir 122 and pneumatic manifold 124

are used to regulate a pressure profile that is applied over a time increment to a pipette tip,



[0031] Interrogation electronics, generally 132, are disposed for
connection in-circuit with certain installed pipette tips. Operable

i nt err ogavoanieeizesbr oni cs may be configured to detect amdiars2eotersps et
Coul ter principle phenonena, and/or Stokes shift phenonena, which occurs
on-board the pipette tip. The interrogation electronics are configured to
communsuchtas tignid 4o Pressvie teanpaycer 1 20 proyides @ feqdback sjenal dox thg confrel systemy a

resul ti Lan i tip t 1 Cr QRF QC . for data
ront pur By rakRall 198 IR PR Rh iR 6 (B ST ORACATERA ol e ARHS |
Desi r ajld/resé@v6i@MTHA b&itEd] 8stéth K orchbitfitétisbyba biOBra@aisle hbieroprdkessdr bed €SS
transmtter, or other communication device, is provided to facilitate

t r ans pesse¢ialgd aerary dd0.anbich capbo versensty programyneshiel subistartially aytonaatisaly

by & reeramEan e Gk oorrid b obs BE PEGB SR e I p OB IR goneral |y
i ndi Cafmedtoprocds3br tog%WﬁMQ}Ee ipbttd stitbBhtto GRITbANRIsalet @A tesV\O

2010/ 126459PCT/ US2009/ 002564 that the device 100 coul d be enbodied as a
corded devi H930hdhe setionsesiemasecidftedwith aiipgjte instedreertt desigdblyubasiant y, such

I ket . 0033] FIG 5 illust | t ti .
o T AU PSSR SRS G SoRSELomEBirB I P PR HITp BTQfOe Hebis defiered
embodi w&m&&eyg@&e I TAIRE (Rlee TR 'o??s‘n!ndﬂi@ﬁ%yﬁe%é‘ﬁh‘%ééﬁ'cs}uﬂgéﬁd teéred:

di sposed in fluid circuit wth a proportional Vvalve 144 and a pneunatic
mani f ol Gdriedate Pupisuaeutm asggduoeanubllg aptusted descylinf@end aloknsiegulate tsing e

m croprocessor, which i rogra to |y a desired profile to an

i nst al mévdowps%wecomrﬁ!leip%mpﬁ@ngg? -5 &fégg’i%g’f%w BEFT eBb%thgB‘I SQPGPPlﬂ d

Ci 1 cui {140 5eRASSeIHE VA fddfed QRS §hlierdpRice &y B8REd]

profil eé Tub)i ng st reet che@ﬂgﬂ{ést \Ao%fdﬁg ace1 tRe C\‘3arlrous dc%?rppgjrj\g?\?ﬁs%?tg %1 ui d
Ci r cui ¢mdhvaubsepungmidrt dethdnd) awd aptresyuroftransduaert r\édnt evith a solenoid 08I34] FI G 6
illustrates certain desirabl etails of a currently preferred tip

i nt er f ARIS IS @sﬁévsmtpwprﬁf?aﬁe?&ng@ﬂapemﬂst. ISAISPéiﬁFIé?&i%m iBclygelR oRYBPE W P er
150 is i : I / 3 ISt ' - ond .
sel SRS B APUAR, G PR forcHiica U DRRIoR B A Rl OO o)
Ther ef purtp (Stove il ihedkefdrudie) dnel dotvr-egalatesusisd anticraplogesset eom@dled nsi de a
renmovabl e pipette tip. The O-ring 154 is disposed to form a seal against a
face oPrORArtionak valveandmressuredransgugerr ¥gphthgrypewm after thepraftle isappled Psiag
suctio ] A SRE | el [ .bi;as
encour a5 vl s e LER Alerale Tl RP s MEi IEE b Qe th SRR ot g
cooper biksdd1Gheftas@cited Wh thepipette’s bodyd@3b Inechadiad!ly digiladihg a 6faseper abl e
pipette tip interfaces are illustrated in FIG 7. The pipette portion
genér agylipdpreyi diephsegmatetab0 desirably carries orienting structure effective

to facilita ling, .wit r.enovabl Lpette. ti 62. An installed tip
162 mmy be WRIEE Ik Bh Koo RETRERCay BaPibh isbidgdBCesmmiri B st

ef f ect WitR ct@aiR imeledPigdtteia! l(lig:lérsﬁallé GitkdrEdatibR ERcEORTBIMaG BE CORFigMrédIto

el ectrodes carried by the tip 162. Therefore, interrogation circuitry may
det ect deieri Apd/of miterpret Soultenprinsiplp phersingene, piséercvtekes, shifh pbénoosmar whish- boar d
the pipette tj fluid is inspired j.nto the.tip 162 0036,

At e ity e it 4 TREBLGTRaliDh flesdSnfnde samiourt isbambRENEen a
radi at $RMorsRste @Bpl&bsi t&tHeafipétic tf)) ah& $Qhy £ feshfifhg sidia] HOMRE piffe Q‘i?QO
receiver 168 place interrogation circuitry into conmunication with the

pi pet t the miprop@tessof éurtdateemanipulatien and,aypicalty, idisplaymfen ouiud ke slispheyf t

henonena t hat ccur on-boar.d t.he pipett ip as flujd i.s.inspired into
Phe b1 g I nPeiefics comuniation idbuRch ana ) S Griauonl H BurIsst | ¢ cabl o.
whi ch paisHikd 6CoME MRS v, & Pradiiad tPACIRME G8ndforthe AQ0fEd LED) at

a convenient [ocation of a pipette.
and/or processed test signal data to a remote terminal or storage facility.

[0032] Electrical power is desirably provided by a rechargeable electrical power

source, such as a battery pack generally indicated at 136. However, it is within contemplation



WO 2010/ 126459PCT/ US2009/ 002564 Sim |l arly, the receiver may include a fiber
optic cable arranged to transport a phase-shifted signal to a radiation

det ect or wopmsrdssat a conveni ent renote | ocation. Locatcmgrse@nteissns
conponents at a renpote |location facilitates construction of a nore slender
pi pette tip area. [ 0037] An operable interrogation circuitry is

gener athaythendvicatl 60 caild bé@nibodied@s a&ordedriesice phacessas pandr fronoa ylugda
desirably are placed into cqoperating operable relationship with the

i nt er r gEFicAmtidity. i ?V‘I’?@?O%ﬁg or more electrical signal generator 174 is
di sposed to j i I : i

generally 19@?%?“2’ %%%F%\%&t ?B%\rﬂétﬁ{egi?éggélﬁ?rgrﬂwé%%aﬁﬁieg%@%g tﬁée F)I p
114, saelpeastipdJhe embodiment gdietallyindicgted as 040 G idB6 avayuude cylivelend42l t o
apply a radiation signal to an interrogati on zone of a pipette tip. A

si gnal digpesed influldqieHit yy thompiepprionabyalyh i 4end 3 prrumpsicaparsiold 824. | s

di spos I Q e LI es | 0. Si [ LV fr .tip.

[0038] e MM AR e RO L S R R P ol B0t bk it £ ¢ o

sel ect pdghinafitd RUPPIYA 8RN Profile td1en RisREed pifettd tipEl £ plifgedareqard ed by a
tip 114 may be provided to formstinulated el ectrodes to apply a signal to
fluid mchdedin epprahlg Auidarcuitde r¢leasespetipixat die edrepletioniekan snplied prassurea dat a

i | f ' he pi ; d.tri I d h b
i Sposetinty e sRad iR oBAPT G iR bb APy BB IR IRl P ter®

| ocat i gRfitedifoPEasE HliPigrafiogondui t through the tip. Trigger el ectrodes can
be used, for exanple, to start and stop a test that is at |east partially

aut omat ed. F034} Fiddsillustyated sutairedessreblletdstapls of a durrenttyoprefengiditip istegfagt,, f or
| es: . if instal lati f. tip,i.p.the .pipette, t

ot 89 Rty a T o srnfoosari dvioRatie PacBAcD in ROt rvsaBleon

procedyingule 116, arldd8siSth flldFoW el bitbitdedt £33 fﬁiﬁ%ﬁhioﬁﬂe Bipette IRBLUARANL AL 1 Ve

pi pette instrunent, generally ihdicated at . The pipette 210 may
sonet | gasrdbly inditited ed] $2hrthegdfor, ombired 812, is sulehstasbsiantiBBy cetbined insideaa r enot e

data receiver 214, su a personal c ter. Test .data. may. be up] oaded
to t herer"lé’déﬁ\fié’ﬂpeé‘fzilpt ﬁﬂ@@ﬁm@a}%ﬁés g‘fE‘?S‘fgrqg??Frb%P%@? ?&aléﬁﬁca)fa? rﬁ“s‘PStﬁ@?(ﬁg
wirel es; Hig}m i  thel Tl r j article
i nter r@ggt?o tg‘g}% W?{Ehﬁﬁgﬁsrn?lémel a%gg?&e?@rﬁ? g tfgeé%ﬁ@ﬁgr&?gg{lm@pr essure
prof i | mchudad tspravide adiiastiocntolragaproptnasipitectice grad atmadon bbsveen dingpS-t 0 a

substantially constant, pressure of about 20 inches of H O (vacuunm) for 2-5
seconddng hryandaceapsrasieesariagsRiithativi nches of H 0 (vacuun) for the

remai nder o TN | i tiplly as
2 Step. chaniSPhCoigh acAik A Bp R pibdhe kARl 3 WARLERA T RO AL 4R ey
ei t her pipettapgrtion geeraldy inditatdtat 160 deSRdlr @risdridnéing BRycthe Sfactiod tored to
WO 2010/ 126459PCT/ US2009/ 002564 appl anil function of pressure qver any

i ncr endgHitge couplmgrwish a remepable Rietaiipho2. pAntinsallegitin Heemaybe positiared

di ffergnt : rofiles | heed. t {flerent pipette ti.ps, such
st po Bl SERLhE Rl el 15, el RRESIE R Blach R FRbetoB S ihi B o
st r uct ¢orRMubiatidt With @kRir6ddsafeid Batht itipl 163, Mh¥rdf@QUint@rotatlbd EREERY nidyessur e
profile than tips structured to interrogate very small particles. In

cert ai detecigad/or migrpeet Gonkersprinsiple phenamengr whishsicaurs ioattoardta pipaite tirasssur e
havi ng any_oper a J(; ] nilt de, may be applied to obtain workable results
for ma 9/' 7 PSRG9 egippe e tips. [0041] FIGs. 10 through 12 are

screen shot po8H] Aleaaaidy, AfalfRAild ia5@11EPHRY 6 fhayPRIPokRloRed b ReeRd are
representative of data that nmay be obtai ned and di splayed. FIG 10 is a

hi st ogradiasionfoercp 466 and 2 rasiissipers¢averddst dihaispgrce Apeendrdctierhés plast zed

| at ex beads (8, .10, and 15 . ElG .11 il]lustr.at st results of a
suspenSraIP e bHE G AT SrePRpisalPo rhePeR B 5 SRR TR Groch B on
10p, mnkepds -Stad shiffHen¥mefd (Rat Adylotcd I B3R HRBip&ie B RAMiHGE fsplspensi on
containing a population of cultured mamalian cell's wth an average size of

about h6pthe tip 162. An operable radiation source may include a fiber optic cable, which permits

remote disposition of a radiation source (e.g. laser, LED) at a convenient location of a pipette.



[0042] To operate a representative pipette: 1) Press/click the track wheel
to turn pipette on. 2) Pick up a Tip (insert tip) 3) Depress the nmain

pl unger (Wotbmm2848) 4) Place distal end of tip into |i quirass@opbmseh)

Rel ease plunger (systemautomatically starts). 6) User watches as live

hi stogramis fornmed. 7) Test automatically stops and displays volunetric
count Smnlarlyetheaed:emdrmsaybetl\u/éea fibepopt&erablecartanged exctrdrispers aghaidashified een. 8)
The track vvheeI e scroll ed back and forth to npve each one of the two

ines. HeRliAGial I teciorelitnossd RircaFBeBtTemRtelogatton dyocstingrerieel i s
click i e an be
sed (SbETehat 2 K oS AN AR CLTRNRY oA 6] p e HRME et IR

savi ng fil ef0037pnni @eiably ihtdr@gatién sinafigy id gbgerfallb'@ﬁdlcz&édlat)1701131)FIGS§ pabl e
may be used to recharge the battery and transfer histogramfiles to a PC.

[ 0043] méEPRraressereandragiperyoyerdesirahy preshlaged infoc: eienerating ppareblegelatienshin
forth ally
sel ect g@ﬂ’&f/@ %&r{ g@:&gﬁa&?ﬁnw ]1 ‘/;(éjl C@gégrg@redﬁgétflgg s%\r gﬁe?at&e ﬁ]4 dlstp%E)écg [l
wheel w@pwdhgm@fvaﬂﬂ@f@eﬁde tORfoOUR ITBoRALABIAL, deheadnt @g, @h@nﬁﬁhﬁyatdﬁwl ce
112. Aprgtte tipis installed in a pipette, and the tip is dipped into a
bul k chwariice&r agemovabld pirsttedipt dds suth asigdee enmegtoab@‘hédlg@sswm & ed at
step 22 r sr naI obtalne fromthe ette n,.be .used.to
start oay RS0 aRpY AT EUPE heR TbRuBEREhhEo RSl pBeaSima

pr ocesg&sctér, slh&laa%tohaﬁﬁetéﬂ Mndﬂﬁtl?hﬂﬂé’te&bm‘&t hedikpdsedto frtétkshates 1 nNspired,
and WD 2010/ 126459PCT/ US2009/ 002564 generates a real-time histogram as

i ndi catwtespendinggigradgrecaived fronua tipi gger signal may be used to ternminate
data col |l ec s indicated at ste i ed suctr t hen

t er m nat ed, [dgggl EE F YaHat PIs icopnertey | fmﬁ‘é(ﬁqolgh?ﬂ CORBIHY tr?cggle&?ﬁr ection
may beel@&FJd@!i ARPoLA iR il pﬁﬁétﬁ-)/ﬁﬂ Ele@ﬁ@dé%fcaﬁﬂ:fdaoy #p 'lWhﬁ?tbg‘ﬂ)r&hdeﬁt%p 232.
The pipette tip is typicall i scarded after a single uSe. [0044] In a
cur r enform sprreﬂzecd eldcterdso do armiy a signel waflwd $logiagd thfolighf the €pt inadrrogatidmge i n

t he current referre enbo ment) is obtajned fromthe tip.and is

bt | P R S oSBT U G5 (0 B BUPAIG AEEBAT GIRSHO4ES Gl ey e
peak fbé‘&'ikﬁl&e&%uﬁwaﬁeeth@ 191iB9bf Q'ﬂgﬁﬂvﬁmh@h Q&ﬂh@%&%ﬁ&?ﬁa?&red agéx rently,
peaks over a certain size threshold (1.e., voltage thres are tected
and thamdortrtla‘spginmertg) ﬁﬁaggevellettagtesrcan pt as&aldforrexampm ' sthahd sopragegonds to
particle siz rent |y 400, separ at e, bi ns i ndi vi dual bars)
for th&ahisat %@f'téﬁ‘m f’fg ék’ﬁ“f’%f’érﬁ%’r S%h‘iju*i?ért%pfﬁ’r‘@‘i LFQYIWYYi ng t he
sanme p Vj )@gg,?q I t he count
obt ai n%%lfal BLE 0 1@5{ ?\%g&&ﬁ#rggﬁrég@rﬁtgﬁ?gﬁ %t @é\gé&é %r%) htligﬁa(i .e., a

| ower pardcluaquraﬁdﬁpceﬁinmla:lc)ortehpcbnchﬂgrddaewkbambn(pmdbm the user. The observed
count is coincidence corrected to obtain the "true" count. Cbserved counts
are al most K438l FiG %ﬂlaer%mﬂeéat&n A ieprpeteive RipitsaRstFuEnesngenerrily
fudge- t ou f served
count ook B AT LRCoBRN: 260 HaG SoBuiiEl B MilGed G ahie SRR e
corr eCUSBn:aBl@[ toed Radotd dath remrver thshtleas £ persdedl tolphtet. CT@st ﬂhﬁﬁn@gﬂl@é ysers”
by E.J. Wnn and M J. Hounsl ow, Degartrrent of Chem cal Engi neering,

Uni ver @nl@ﬂ,deéfto thermeqivrie] 4 plioyeh keblsRl dear in ceratin eogedioBtg RANg WKreless

[0045] codﬁrﬁﬁ{nkghc}n' may be calibrated (for coincidence correction) using
seri al I'ons ‘of 'l atex beads (as per the above-referenced paper). The
user can ALBO4ORDuRh@E fefrbdthfative partid ierRahtidy REt, Qfls eatrémnAirbRARd khe
pipette x-axis (particle size) using solutions of |atex beads with a known
si ze. armlssa puctian pegsaere ppoitle ¢bas stentsrat abde lambatndispherid pressmes, xheanmamps ®o amt ch

t he kno be res e Ie sti.mul us
si gnal S'RpRNY aj& “tO(B‘StQ“tp‘?rB%SPfJ {)‘fbﬁl’béb ?ﬁgﬁé"@ﬁ'ﬂ‘r"gﬁ%&%i 95 At fifdes a
si gnal raafid talfuR Y0 Gnchet of A, (§Wa[c%ﬁH)YorQB@freﬁﬁz{rﬁ@ertd?tMQtl YA ﬁarﬁpw&&@nd a
sink for a constant-currenf stimulus usi ng one el ectrode di sposed on each

si de ofypwally effertecogiosiaonalbr asfd step clzange eulpisysuae, prigen the ¢appb11113hef tkey is to

pass a rreasuragiﬁe srglrgnaiH t hrough the orifice soneho Wi | currentlé
pr ef er SRPRG apiONFVES €6 “srtaafﬁ{“pcedf’?‘eﬂfa“?'%“rFé’m&F‘érS PEOILIE; P OF sirugiiied t
constant vol tage, although not ideal. It is currently preferred to use a DC

stinmulus, but ACis also possible. At |east one neasurenent electrode is
required. It is WD 2010/ 126459PCT/ US2009/ 002564
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currently
I nt errogat

preferred to use two (one di sposed on each side of the
lon orifice), in a differential node. [0047] Wile the

I nvent i orwbasireessodescri bed in particular wth refereneeTius2aendmsch
il lustrated enbodi nents, such is not intended to limt the scope of the

i nventi on.

The present invention may be enbodied in other specific forns

wi t houappde pay funegor oDpressuse syrr ahy iereraag @ftingl thatiadesitedrin ahy particilae

descri bed

eq_bodlmags are to be S|dered as illustrative and not
restri 6ev® C‘?H'éescg NHPrESHES Py mMhb §4pp lied &9 @'Ff%r‘@t piW&Fé‘@?é&'CB?St he
appendﬁg%&amsé@fomfff&aﬁge@y ADE bR B A gi%cu)p&th@ameédté iftQNgEs whi ch

cone w

In the nmeani ng an

range or equi e clains ar to be

enbr ackegeriphiictestrgi rrequ@@ dlffﬂM@pZ&i@klﬁ@ﬂlE@%ﬁiﬁd&&@l@ﬁfr&D@Sﬁ&n&gab NVery\hat
is clained is:; 1. A pipette instrunent, HBFISIH g: a body carrying: a
fl

sour cesal

plpettﬁh&h

sai d sourc

paréiglesnIn @rﬁrrp%aﬁ@% atf]ap pregsuse Pé&féeé&ﬁ ey centigntPressinovabl e
ga@ﬂé’pe%lé)hﬁgx%n?d% 135 58 lab St LIRS WorPabldeQuit LT UG A8 W th

all, pipette tips.

[0041] FIGs. 10 through 12 are screen shots (histograms) of particle count vs. particle

size, and are representative of data that may be obtained and displayed. FIG. 10is a

histograms of a particle suspension containing three differently sized latex beads (8, 10, and

15 pm). FIG. 11 illustrates test results of a suspension of one tight distribution of a single

population of precision 10 m beads. And finally, FIG. 12 is a histograms of a particle

suspe

nsion containing a population of cultured mamalian cells with an average size of about

16pum.

[0042] To operate a representative pipette:1) Press/click the track wheel to turn

pipette on. 2) Pick up a Tip (insert tip) 3) Depress the main plunger (button 108) 4) Place

distal

end of tip into liquid sample 5) Release plunger (system automatically starts). 6) User

watches as live histogram is formed. 7) Test automatically stops and displays volumetric

count

for the particles between two user controlled lines on the screen. 8) The track wheel

can be scrolled back and forth to move each one of the two lines mentioned above to select

the data of interest. 9) Track wheel is click twice fast to exit histogram display screen.

10)Track wheel can be used (scrolling and/or indexing) to navigate through the menus (i.e.,

saving files, retrieving files, transferring files, etc.). 11) USB cable may be used to recharge

the battery and transfer histogram files to a PC.

[0043] Certain desirable operational steps and characteristics are set forth now with

reference to FIG. 13. A desired particle test is typically selected by a user by way of a control

input,

typically with the scroll wheel and with reference to one or more menu presented on

display device 112. A pipette tip is installed in a pipette, and the tip is dipped into a bulk

container of fluid to be tested. Suction is applied as indicated at step 220. A trigger signal

obtained from the pipette tip can be used to start data collection, as indicated at step 224. The

microprocessor processes at least one signal obtained from the tip as fluid is inspired, and



a source of electrical energy in operable association wth: a display panel
capabl e of visually presenting information to a user; and a m croprocessor
and an aswochaiedsseenory; wherein: said pipette tip inteciaseomwsotsast her
structured and arranged to di spose an install-ed said pipette tip in
comuni cation with interrogation circuitry configured to receive an input
si gnal géneoatessaied!- timsﬂﬁdtd)gdmpaqa'mdtcatediqbstep 2262 A sehendirjpeet Sgnal swaylreansed
accordi n to claim further risi drophobi.c barrier el enent

G S posistmnPre B Collegio S FIAFFER STPoer; AN SRSt pnpadcaven d
barr i efnd?éaﬁéa%@gte ndof waegﬁéd 'cefrfel&abéicair&%h d g TRALd on a dishia H@e

pi pette |nstrurre t according to claim1, furt onprising: au

oper abpieccofidatalas sickicated atpeapeliZe The ppdtecip a tytﬁealbaﬁscrmdw affer apmgm usen of

sai d pipette mstrurrent froma plurality of operable mpdes, sajd user
oper abl e coHi0Ad] %@/%‘E‘E@ﬂt’é’cﬂﬁgt]reﬁ%gﬁﬁ‘bad??eééﬁhﬁxﬂ@él&g“al (dn?ere'lf‘al‘?ﬁ ags; 1dhe o

' NS I UORR O 5ra éf BleﬁJgﬂ{)% ﬁ?ta}ﬁ*aﬁrﬁl%gﬁtgheﬁ Q1dt§ﬁﬁl§h%8§1‘lm§a#agél§pﬂ§§d to

i nterface: ron by ‘rolling a eng RS I nger of a

hand ttheh dl@umll aehdrrgn sabagtbo by timegealn findipi o gilseofindihgalgorithst @l thpor ti on

of sal r?ngrggr%géssor Currently, peaks over a certain size threshold (i.e., voltage threshold) are
detected and the corresponding peak voltage is placed in a "bin" that corresponds to particle
size. We currently use 400 separate bins (i.e., individual bars) for the histogram. These bins
grow as more and more particles having the same peak voltage are detected. The "observed"
particle count is the count obtained right off the raw histogram, usually between two lines
(i.e., a lower and upper threshold) that can be positioned by the user. The observed count is
coincidence corrected to obtain the "true" count. Observed counts are almost equal to True
counts at low particle concentrations. A fudge-factor equation may be used to determine True
count from Observed counts. An operable such equation is presented in the paper
“Coincidence correction for electrical-zone (Coulter-counter) particle size analysers” by E.J.
Wynn and M. J. Hounslow, Department of Chemical Engineering, University of Cambridge,
Pembroke Street, Cambridge CB2 3RA, UK.

[0045] Pipette tips may be calibrated (for coincidence correction) using serial
dilutions of latex beads (as per the above-referenced paper). The user can ALSO calibrate
(this is a different type of calibration) the pipette x-axis (particle size) using solutions of latex
beads with a known size. This is a manual process where the user dials in the x-axis to match
the known bead size.
[0046] A representative Coulter-style stimulus signal applied to a pipette tip by the

interrogation circuitry includes a signal and a ground. It is currently preferred to supply a
source and a sink for a constant-current stimulus using one electrode disposed on each side of
an interrogation orifice carried by a pipette tip. The key is to pass a measurable signal
through the orifice somehow. While currently preferred to apply a constant current, it is also
possible to apply a constant voltage, although not ideal. It is currently preferred to use a DC

stimulus, but AC is also possible. At least one measurement electrode is required. It is

10



5. The pipette instrument according to claim3, wherein: said track wheel
is structured to provide an input to said pipette instrunment by permtting
sai d fing®o2m/deppess said track wheel in a trigger-sqeeeaise@onoisson.

6. The pipette instrunment according to claiml, further conprising: WO
2010/ 126459PCT/ US2009/ 002564 a pressure transducer in comrunication with
sai d ntwranly peefssed toarsd teb § pasdidpased oo eathosidaofthe interrogateasuifeepninti | e

del i ver pi pette tip interface. 7. The pipette instrunent
accord?ﬁé“W@a‘mﬁ 1, further conprising: a USB port structured to permt
conmuni cat i i 8.
The pi pett e@rﬁf%‘ﬁ%ﬁ?ég{c\%ggdtpﬁ%g%ghc%%{rwm? gﬂgrr &ggqrr%t?lrég?%gm 5&3{% rel ess
conmunilgfrated embodienss swuhtis medmtmdpde rdﬁlmltawmpe @ﬁtHeqnvémidne dihe pa¢sdnt

pi pette instrunent and _a renpte ter The pi pette instrunent
accor dinvgntian mayperembodigd tm@tﬁlere:m?ﬁ»fi%fpﬁgs Wstbq»letmlammaétmﬁ§ spiEt Pbaded i nt o

sai d ngsjgyrgtyatl glflirg&%ljl HRs! ?hg El%ga gl%'b?dlme%{soa% & ges éo?%lcfe?edoa%r pllgtra‘?@% dnf! pette

instru O performa se I nstrunent
accor dhcstgeitﬁctedeaﬂmelscopmﬂtﬁe iviventionliss tHereferepfndeatait byl tﬁahpﬁdlﬂé@)tlaﬁﬁﬂpf ises a
batte 11. The pipette instrunent according to claim, wherein:

sai d s&he@ thagrbysthe foregping descriptian o Adl shanges whighicome within beaneaping angnd a
;g?:"oﬁ%a‘é'g? 8qu:%1?\pell§n§%/%f%ev%]a&nesga% & 6 SAbASHVRhASnYRSUED T s di sposed for

11



reserv

vacuum profile in conmmunication with said installed pipette tip.

The pi

body.

surplu
instru
an ele

oir and said pipette tip interface effective to place a desired

12.

petwe 20meRe4saent according to claim |, wherein: sacad/useeolooseyacuum
is created by user displacenment of a biased el enment associated with said

13. The pipette instrunent according to claiml1, wherein:
s vacuumis created with an el(dsims c punp. 14. The pipette

sai d

ment according to claiml, wherein: said source of suction conprises
ctric punp operable under control of said mcroprocessor directly to
gener apB,.f R aklddls.desi red suction profile delivered to said pipette tip

|nterf
said b

ace. 15. The pipette instrunment according to clainm, wherein:

ody carri e pipéttk insthanemagaimpnisiog:r cui try; and said int errogat i on

C|rCU|try is adapted for detecting particles noving through a plpette tip
that i&bPHsEHIM in said pipette tip interface. WD
2010/ 1264595’@'&9@89&%{ 9&)2564 16. The pipette instrunment according to claim

15, whe

a pipette tip interface configured to hold a removable pipette tip and to place an
installed pipette tip into communication with said source of suction;

a source of electrical energy in operable association with:
a display panel capable of visually presenting information to a user; and
a microprocessor and an associated memory; wherein:

said pipette tip interface is further structured and arranged to dispose an installed said pipette
tip in communication with interrogation circuitry configured to receive an input signal
from said installed pipette tip.

2. The pipette instrument according to claim1, further comprising:

a hydrophobic barrier element disposed to resist flow of fluid from an installed pipette tip
past said barrier element and further into said pipette instrument.

3. The pipette instrument according to claim1, further comprising:

a user operable control system operable to select a desired mode of operation of said pipette
instrument from a plurality of operable modes, said user operable control system
comprising a track wheel.

4. The pipette instrument according to claim 3, wherein:

said track wheel is disposed to interface:

for actuation by rolling along a length axis of a finger of a hand that is holding said
body; and

in registration with a distal portion of said finger.

5. The pipette instrument according to claim 3, wherein:

said track wheel is structured to provide an input to said pipette instrument by permitting said
finger to depress said track wheel in a trigger-squeezing motion.

6. The pipette instrument according to claim1, further comprising:

12



said interrogation circuitry is adapted for particle counting by detection
of signals resulting from Stokes-shift phenonena occurring in said pipette
tip. 17. wbeopimeisbe i nstrunment according to claiml5, wreraispooImedsds
interrogation circuitry is adapted for particle counting by detection of
signals resulting from Coul ter principle phenonena occurring in said

pi pet t @prespire fgnsdpper ipicpamuniGaon Mitesid BeEOPIgCergot Mdcdigpased to mpBliei ;. a

hand- hel d port.i on _of sai pette .l nst N igured both: to apply a
first si gna?uc§n88§ﬁesls%r§tp§%f1§geg}'eﬁgq koesatlcli gﬁg‘%ap ?r(l)tgr?%“fce'ei ve a second signal

from sai d pipett @ht pipetts istufiRAPRLoFdiGHNA cliigi 1N Gurthick tompAsingr om sai d first
signal. 19. A nethod for particle counting, conprising: providing a pipette

i nst r uadiSB parhsirusturedtp perpiiprommunicgtidmbeiween fsilppipete instrumgneand afefrete | ve
to place a %ensoi conponent of said pipette tip in comunication with
interrogati 6 € cuitry carried by said pipette instrunent;

8 The pipette instrument according to claim1, further comprising:

a wireless communication module structured to permit communication between said pipette
instrument and a remote terminai.
9. The pipette instrument according to claim1, further comprising:

software that may be loaded into said memory effective to program said microprocessor to
permit said pipette instrument to perform a selected test.
10.  The pipette instrument according to claiml, wherein:

said source of electrical energy comprises a battery.
11. The pipette instrument according to claim1, wherein:

said source of suction comprises a surplus vacuum in a reservoir; and

a regulator operable to down-regulate said surplus vacuum is disposed for action between said
reservoir and said pipette tip interface effective to place a desired vacuum profile in
communication with said installed pipette tip.
12. The pipette instrument according to claim11, wherein:

said surplus vacuum is created by user displacement of a biased element associated with said
body.
13.  The pipette instrument according to claim1, wherein:

said surplus vacuum is created with an electric pump.
14.  The pipette instrument according to claim1, wherein:

said source of suction.comprises an electric pump operable under control of said
microprocessor directly to generate an actual desired suction profile delivered to said
pipette tip interface.
15.  The pipette instrument according to claim1, wherein:

said body carries said interrogation circuitry; and

said interrogation circuitry is adapted for detecting particles moving through a pipette tip that

1s installed in said pipette tip interface.
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using said pipette instrunent to apply a first signal to said sensor
conponent; generating a raw hi stogram based at |east in part upon a second
si gnal reweiadi2b4som sai d sensor component of said pi petrce/use@oms2sas sanpl e
of particle-bearing fluid flows through said pipette tip; performng a
determ nation based on at |east a portion of said raw histogramto obtain
one or nor elébsefhedipete instiuscobarrordingith danimilﬁ; whagisai d one or nore

observed, particle count to di spl ay term nal The tho ording to
ol ai m s Fittrredabn EBily 4F plarteBe e unBaaby téir oD BB G asgre
sel ecting aﬁomkeggﬁﬁzhagdjngﬁ%g%m lﬁxggd?gd %I@tl ng a particle count

based upon data coll ected between the sel ec boundarl es.
17. The pipette instrument according to claim15, wherein:

said interrogation circuitry is adapted for particle counting by detection of signals resulting
from Coulter principle phenomena occurring in said pipette tip.
18. The pipette instrument according to claiml1, wherein:
a hand-held portion of said pipette instrument is configured both:
to apply a first signal to an installed pipette tip; and
to receive a second signal from said pipette tip, said second signél being different

from said first signal.

19. A method for particle counting, comprising:

providing a pipette instrument;

installing a pipette tip in said pipette instrument effective to place a sensor component of said
pipette tip in communication with interrogation circuitry carried by said pipette
instrument;

using said pipette instrument to apply a first signal to said sensor component;

generating a raw histogram based at least in part upon a second signal received from said
sensor component of said pipette tip as a sample of particle-bearing fluid flows
through said pipette tip;

performing a determination based on at least a portion of said raw histogram to obtain one or
more observed particle count; and

outputting said one or more observed particle count to a display terminal.
20. The method according to claim 19, further comprising:

selecting a lower threshold boundary;

selecting an upper threshold boundary; and

calculating a particle count based upon data collected between the selected boundaries.
21. The method according to claim 19, further comprising:

performing a mathematical computation on said observed particle count to determine a true

particle count.
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21. The nethod according to claim19, further conprising: performng a

mat hemati cal conputation on said observed particle count to determ ne a
true partwolelcawmsd. WO 2010/ 126459PCT/ US2009/ 002564 PCZAIS2000@01584 hod
according to claim19, further conprising: obtaining a corrected histogram
based on a mat hematical analysis of said raw histogram and a probability

t hat at anyZ22.nst dhe methodeaccerdmy to daianl S derthes comptisingn an i nt errogati on

f id { . 23.. The. met hod. i 1 | ai 19,
o hepbaii § i eled R IBERR based gp A TR PRSI AL B ciS SR D i R AT a ] o

cal i brati onphjbabifiey ME ﬁ%%??ﬂs‘?érﬁ»’%éf\é {s'm8R tHar® iQE PR R rrodafiof 3bfk I aW
hi stogramto obtai'n a particle count. 24. The nethod according to

claim 19, fufsalil_iasemmmmﬂlmnngt. collecting sufficient data to determne a
vol unetric B?.rt ! %Lee mCe(t)l%Jorgitdccording to claim 19, further comprising:

applying a correction factor, incorporating one or more calibration histogram associated with
said sensor component, to said raw histogram to obtain a particle count.
24.  The method according to claim 19, further comprising:

collecting sufficient data to determine a volumetric particle count.
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