FLUORESCENCE-BASED PIPETTE INSTRUMENT [0001] Priority Claim: This application claims
the benefit of the filing date of United States Provisional Patent Application Serial No. 61/004,630, filed
November 27, 2007, for "Fluorescence-based pipette instrument", the entire contents of which are
incorporated herein by this reference. [0002] Technical Field: This invention relates to devices for
extracting a fluid sample from a bulk fluid container for subsequent or simultaneous optical and/or

electrical interrogation Ofﬁﬁ]ﬁ?ﬁfﬁ%ENé Bﬂ%@rpﬂ%?gggﬁ%mﬁgﬁ which are used for

precision fluid volume measurement and delivery, are some of the most common and widely-used
laboratory tools|é8ilpBidoigci€htints fbhiaapplarayi pnadenios ekerbepuifin g fobe-idlogndaftued handling of

biologicgl and.chemical liquid s les rely on theig,ea f ecjsion and repeatahility to ensure
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available pipettes are often multiple-channel, allowing for precise fluid metering of up to 12 different
samples SRR LI VA RIS fREIBSSush of a button. Typical pipette instruments rely on positive

displacement syg§en)sKectntithariaimanyqlin eorlatedipibngrisysteforahanalastromispump) to
generate the pressure required to urge a specified fluid volume into, or out of, a disposable pipette tip.

Once théBpip o gjbutkdluib sometretifPrsHisEana OstHRRIRARME ASIFRk A Her EATRFiES are
capable pfarcuately Mmetedagiluid volumes of less than ImL, and employ servo pumps for volume
control and fluid metering. Digital displays with integrated electronic controls improve the pipette

instrument's eab¥83LiIBaskeimarpeidesdheld [ﬁgﬁmﬂnﬁh@%ﬁr‘ﬁﬁ)@pi@&mgﬁﬂ)wmund in
wet be”%ﬁ&é‘%ﬁ[&%“"ﬁ& aoare Used i EoraHess {Ud-metaring 3RRUIRRLONS HRRaiRgr B {luid

mixing to sample isolation and preparation. In experimental cell biology, pipettes are routinely used to
isolate savailaldkimecespsnsiolas.oMails irocedtures. tenonmef dve mbsnedmiddaptasgdiires, manually

counting,_(under microscope opservation Il portion of th lIs.in.a. precisel me
w2 A R e L R R B PGl
Unfortunatslye poopsingoosiisamdeperimioncd qopecssing t@isnapproathijsttes\atime aludblesoarce

intensive, and count uracy depen holly on the humber. of cells a user.is willing tq actually count
i tho o AT o X BIGRIRG LA S SR lBRe DA Lery TeEBnce
deviationesaugecbmnpacikisaflailibly thiretgh arsofathapeltipie-beinegnaivovion faingrs sk dladdrically

ductive fluids is disclosed. jn US 2,656,508.to \V. H, Coulter, The inventor i
oA B R AL AP T AL ALEFAASE 1 e AL A B occlude

portion of ype-aAnapette iSinampuklieation pbdiis/palisplacansiderakieetiost babdiean aeviied to
developing and refining sensing devices operating under the Cowlt&er principle. Relevant US patents

include BR%818% BN ETE RS E7 65 B1 Y6 CREDYRR P AT A S A BB R S RIS AT S A & 426 615 to
Mehta; 63&9RMaFiatighelab; 61408 15 angBAR8 Bp6toYeiohet @k 6.ARAAS L tbe)lEt al.;

and 6,794,877 to Blomberg et al. All of the above-referenced documents are hereby incorporated by

referencBIPSEEHEUGHISSEIERth nEALHGh theeht BRI tRLSIEI ST dcfoBaRls raechAtibyy and various

Sensor 3 aReRF AN volumes of less than 1mL, and employ servo pumps for volume control and
fluid metering. Digital displays with integrated electronic controls improve the pipette
instrument’s ease of use for the operator.

[0004] In the laboratory, pipettes are typically found in wet bench environments and
are used in countless fluid-metering applications ranging from fluid mixing to sample
isolation and preparation. In experimental cell biology, pipettes are routinely used to isolate
small volume suspensions of cells in culture. In one of the most common procedures,
manually counting (under microscope observation) a small portion of the cells in a precisely
metered volume allows a user to make population and cell viability estimates for the entire
volume of cells in culture. Unfortunately, counting cells under a microscope using this
approach is very time and resource intensive, and count accuracy depénds wholly on the

number of cells a user is willing to actually count in the given volume.



[0006] The ability of certain particles to emit radiation at a different frequency than an applied
excitation frequency is commonly known as Stokes-shift. Recent US patents disclosing structure
related to interrogation of such phenomena include: 7,450,238, 7,444,053; 7,420,674; 7,416,700;
7,312,867; 7,300,800; and 7,221,455. All of the above-referenced documents are hereby incorporated

by reference set forth herein in thejr entireties, for their disclasures of relevant technology
. aﬁo Rﬁﬁ HER d&viatitn tec! )
and various se s@%ﬁgﬂﬁeeerﬁrelﬁtgor ! ﬁ g\%ﬁ?%‘%rgb nnll%aﬁ%\l/negn"énrﬁetoarﬁ?gv%\gaalB?eC|S|on fluid

interrogatiosedpparatic ¢h dols iegnhblagdf metetingseuyeisesisegueaniitesmofeashilildcidcd]gxtract a
fluid sample, and interrogatjng.that sampl ically / ectrically), to determine one or more
charact S B GHSEH o IECSGEN o SO hodr Gt gbiie. [PRBNTEE & araies da%hnce for
the appasaiesatedriembepiescas @dppaaagtsaasiper dhengdggetcaid idippasatdadege. Disclosure
of the Invention [Q008] The present invention provides an apparatus and nﬁtho for interrogating

particleLEHHEFRRIFIGHOIdRLARETEIE e R IR CRIPESAY Pt e AR Fb AR R RS § L0 488 such
sample fQm @ebéﬂlé&f?ﬁ&@%%;ﬁhglﬂﬂd %Hﬁ%ﬁ‘é')!eﬂ%%ﬁ%:&%dieéﬁ%@fﬁtﬁ@%ﬁd@r@l@@@&lﬁé@ perform certain

tests on one or more portion of the fluid sample, such as Earticle count per unit volume, and/or may

verify a DBRSHEHCRIAS OB SR A 20 878 ORI HOTBS0 KhiBridPstAER G shahons, Tests,
or interrggakoss MaKeRIMARSSANG 25 HTs o rialos, deseivg, pRORIEGHCARIOPSHY Sy@luation.

100091 A currently preferred embodiment forms a pipette tip having an elongate body stretching

betweerf & prSamis Srrigdst . dfstaltehil icthlalfiaidpaandidBts tHebB ghefiah fofrethe distal
end tow?f@&ﬁ'&@?%ﬁ%jlc%ﬁ%w%aﬁ GrEad LIPAIMERLIS SEYGREELIR RRIMEARISSIRRRT radiation

emitted from an ex , or stimulated, particle of interest that passes through an’interrogation zone. In
general hareintirtbgatimtizaive, i©dibwosdiddioprssinfitpdonshegtd confignsresn soramyenganionds into
approximately sipgle-file travel. Optionally, certain embodiments m lestrically interr e fluid
flowing along tﬁ%ﬂ%@@é’é#ﬁﬁ@&%ﬁ%@ﬁ%&%% fﬁa(ﬁ%}gglgégﬁs%fe(ﬁr% nent a?let:arcl:é&rl{figured
and arranpgpéddexigtetimniegokmogitic partiold chootiSontedkesshifie Fensot OGmppenent may be

comou e o dher e e o oty sl g goreparcr
arranged 1@ pO8Bitéreraimatian @f a0l 7id finsorate, sdorgpthatiiti JaS55. 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 and various sensor arrangements.
[0007] It would be an improvement to provide a precision fluid interrogation
apparatus that is capable of metering very precise quantitie-s of a bulk fluid to extract a fluid
sample, and interrogating that sample (optically and/or electrically), to determine one or more
characteristic of such sample, such as particle count per unit volume. It would be a further

advance for the apparatus to be embodied as a low-cost, one-time-use, rugged, and disposable

device.

Disclosure of the Invention
[0008] The present invention provides an apparatus and method for interrogating
particles entrained in a fluid sample. Certain currently preferred embodiments may extract
such sample from a bulk container of fluid. Currently preferred embodiments are operable to
perform certain tests on one or more portion of the fluid sample, such as particle count per

unit volume, and/or may verify a volumetric size or flow rate of the sample, or a portion



[00101 In some cases, the body is structured to include a plurality of layers configured and arranged to
provide at least a portion of the fluid path. In certain such cases, a workable sensor component can be
formed by part of a first electrically conductive trace carried between first and second adjacent layers.
The first sensor component can be formed by a first stretch of the first trace being disposed to contact
fluid flowjng_along the fluid path. Furth second el tiri%allg( ondyctive trace may.he earried
betweegha?gfgt%%%%é{‘)ﬁe?ﬁ,l %\rlﬁﬁneftt feast z%ssfrsét(():w%t trﬁ%()egétegoh ??ace Eﬁe{rﬁ% dl%gosed to contact fluid
flowing addigithediitidtpatiaad e sedoaldpsepsty eoshpoant. Sometimes, the first sensor component
and the secong,l or component mpa ge spacged apart along.the fluid path and carried hetween the
same layers. ﬁ@btjn%g?%%@}’s?r ??1%8 Sglr%%%rr{leerﬂ?g%m %%1 goﬁéll gel:%lgtl)? %Irlné[:)%n h trjlor%gvgpaced
apart alqrgtihenfiidtpatn andsarmmigc-he tmaendiitidrant laykrs 18iplpaalitiolgticheskoadpr components
may be provided at a plurality of desired lgcations,.as desi 00111 In certain embodiments,

part of tREARNSAR theredlsind iewatd Bramsesimal & rSiggiﬁff KARORHA @bBtween distinct

points. FuriERI-3a05FRMIRRREIR SRR diaiaRAsRE Ahgke BtistihedpeinsHaifteiyetoioricate travel
through the pipette tip of an amount of fluid comprising a sample volume corresponding to that known

volume. HREESbHGPRSASS (HREMER FroMTERRRIE SoRSor B SifiERle ATS I THER A8tRERRFdDart along a
fluid chanpekbaying ko v&@{m@tme%m%m%w}ég sassth ReipprIRARM et liow rate of
ip structure

an interrogated sample. [0012] A pipette in accordance with certain principles of the

instant ifeatioRPHAPDE Lesstrtp embaftagathesndbasticmivwiticarpaseB uithilRasamienedsnd
arrangeq fo,coupleryii 05 REITEAR %%q}?o?;a%ﬁfe Upn BeSUARYNGAURING Mg R daHae pipette is

effective to orient an interrogation zone to permit application of excitation radiation to the zone, and
detectioarsingnvgssidatesdiatom fromtricpashelcaowsll Semspaanitepisivaticaropsnetionay beproximal

: f i . It | . | - ;
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pipette to place a sensor cdmponent in-circuit with electrical interrogatio
embodimanisutaajoiratiodelstrgcher8@dapidd thpersitdedeviion bt apipstetupattentwy te is installed
in a pipette..Different pipette tips may be structured to have different detectable identities, e.g. different
resistanggn\;P bnéesfl ggtﬁae%ua be wé%ﬁeéégtﬁgg cérﬁ%&n poac? leg ggmﬁfeﬁoggr%%cﬁ%gd%g eing disposed
in direct electrifadtopimsmicatasesywthichahn betusadakttrigghrde whiclior eklypleconfigiredised to
perform payticular tests depending upon the obtai e(ﬁti identity. 0014].A device ma used by
Couping BpTERETL AU JeEh e 15 ERAlR BHRIRS of fra R et T R
cooperagfghyr ssugivredt Ripete Rifeciveytpplada he pipefiecifl yriendasitianiatdrtatiegation of

particles passing_through an interrogation zone_of the tip by interrogation apparatus, and to place a
proximaPeWEEER tHSHRIA SREanthPEIRSHThEYE S ﬁ%ﬂrﬁ%‘éﬁﬂfﬁ%ﬂ"é’?ﬂ&?&n § ﬂrgéef% ,f%St

fluid-motiverpnessueerisepplicdeieatiy tediavatsanmpla iNtaihg aipeitedPAd [ast Fperden of the
sample is interrogated as that portion flows along the fluid path and past the sensor. component. Data

collected BSFENE S1LBFAbNTOBARAE YR d(AER AV RA G s RPN Eesrd st dovsite Wit hdshibette,
and/or transieriedHe P bermthapdata eollsetien mlavieriarfurther mpalysisatsigrage.

Subsequent to completion of fluid sample analysis, the used pipette tip is discarded. [0015] A

preferreGeRRah SENSPLEPRRRECRcSAEHERM RS JES Ge R AfAT RANERERRS LG HFEATHESBIRE that may
then be dawpsrRapiairt Ry Sipdgt sﬁﬁﬁﬁfg'%rﬁdfwiﬁﬂg&ﬁ RipElte effestiveta arPlnik Fafikst suction
|

pressure operable to draw a sample into the pipette tip; and ii) a subsequent desired suction pressure
profile o@heintignes, the first sensor component and the second sensor component are spaced apart

along the fluid path and carried between different layers. A plurality of such sensor
components may be provided at a plurality of desired locations, as desired.

[0011] In certain embodiments, part of the fluid path is defined by a length of lumen
encompassing a known volume between distinct points. Further, sensor components can be
disposed at such distinct points effective to indicate travel through the pipette tip of an
amount of fluid comprising a sample volume corresponding to that known V(_)lume. Time of

flight for the fluid front between sensor components that are spaced apart along a fluid



[0016] These features, advantages, and alternative aspects of the present invention will be apparent to
those skilled in the art from a consideration of the following detailed description taken in combination
with the accompanying drawings. Brief Description of the Drawings [0017] In the drawings, which
illustrate what are currently considered to be the best modes for carrying out the invention: 100181

FIG. lis a schematic of a cross-section taken through g first embadjment illustrati neral principles
of oper T S 6D TOUMBT RIS L e S DI P b SR v s O o
[0020] RI€CarRiigcrrorassdsastisle.in elevation illustrating certain details of a workable plumbing

arrangement that may be associjated with ¢ertain structure ,ogan interrogati n pl,[aHlorm; 10021] FIG. 3

is a top view Oﬂﬂ?&ﬂ%@@tgﬁgﬁé@ﬁgm I0AFSeAdaIcE jpdthycertain prificiples of the instant

invention may be used to advantage in combination with a pipette that is configured and
arranged to couple with the proximal end of the pipette tip. Desirably, coupling the tip to the
pipette is effective to orient an interrogation zone to permit application of excitation radiation
to the zone, and detection of emission radiation from the zone, as well as to permit
application of suction to a proximal portion of the fluid path. Furthermore, it is sometimes
desirable for the act of coupling the tip and pipette to place a sensor component in-circuit
with electrical interrogation apparatus.

[0013] Some embodiments may include structure adapted to permit detection of a
pipette tip when the tip is installed in a pipette. Different pipette tips may be structured to
have different detectable identities, e.g. different resistance values caused between electrical
contact pad pins, or different contact pads being disposed in direct electrical communication,
which can be used as triggers, which, for example, may be used to perform particular tests
depending upon the obtained tip identity.

[0014] A device may be used by coupling a pipette tip structured according to certain
principles of the instant invention to a cooperatingly structured pipette effective to place the
pipette tip into position for interrogation of particles passing through an interrogation zone of
the tip by interrogation apparatus, and to place a proximal end of the fluid path through the tip
in communication with a suction source. Then, a fluid-motive pressure is applied effective to
draw a sample into the pipette tip. At least a portion of the sample is interrogated as that
portion flows along the fluid path and past the sensor component. Data collected by the
sensor component may be shown on a display screen associated with the pipette, and/or
transferred to a computer, or other data collection device, for further analysis or storage.
Subsequent to completion of fluid sample analysis, the used pipette tip is discarded.

[0015] A preferred method of applying suction encompasses generating an excess
suction pressure that may then be down-regulated by structure associated with the pipette
effective to apply: i) a first suction pressure operable to draw a sample into the pipette tip; and

ii) a subsequent desired suction pressure profile over time.



[0022] FIG. 4 is a cross-section in elevation illustrating certain details of another workable plumbing
arrangement associated with certain structure of an interrogation platform; 100231 FIG. 5 is a view
in elevation of a currently preferred arrangement for certain structure of an operable interrogation
platform; [0024] FIG. 6 is a view in perspective of an assembled pipette tip structured to interrogate
particles entrained in a fluid flowing therethrough and to permit detection of fluorescence,of certain

such particles; [001@b5Bfse tsatiiesa I pRIERFErIRE PISEIEN YD BPRTE 98, SR esedB YR ers

removedy{ip92GLE4nd i R RNARRd AasemPiiam \dsHin-ReISROE!NE Rl IhRiRPedtaitiRl of FIG. 6;
[0027] FIG. 9 is an exploded assembly bottom view in perspective of the pipette tip of FIG. 8;
description taken in combination with the accompanying drawings.

Brief Description of the Drawings

[0017] In the drawings, which illustrate what are currently considered to be the best
modes for carrying out the invention:

. [0018] FIG. 1 is a schematic of a cross-section taken through a first embodiment
illustrating general principles of operation of the invention;

[0019] FIG. 1A is a plot illustrating frequency vs radiation wavelength;

[0020] FIG. 2 is a cross-section in elevation illustrating certain details of a workable
plumbing arrangement that may be associated with certain structure of an interrogation
platform;

[0021] FIG. 3 is a top view of the plumbing arrangement illustrated in FIG. 2;

[0022] FIG. 4 is a cross-section in elevation illustrating certain details of another
workable plumbing arrangement associated with certain structure of an interrogation
platform;

[0023] FIG. 5 is a view in elevation of a currently preferred arrangement for certain
structure of an operable interrogation platform;

[0024] FIG. 6 is a view in perspective of an assembled pipette tip structured to
interrogate particles entrained in a fluid flowing therethrough and to permit detection of
fluorescence of certain such particles;

[0025] FIG. 7 is a top view of the pipette tip of FIG. 6, with the top two layers
removed;

[0026] FIG. 8 is an exploded assembly top view in perspective of the pipette tip of
FIG. 6;

[0027] FIG. 9 is an exploded assembly bottom view in perspective of the pipette tip of
FIG. 8;

[0028] FIG 10 is a cross-section through a device structured according to certain

principles if the instant invention;



[0028] FIG 10 is a cross-section through a device structured according to certain principles if the
instant invention; [0029] FIG. 11 is a view in perspective of a pipette structured as an
interrogation platform for use with a pipette tip such as the tip illustrated in FIG. 6; [0030] FIG. 12 is
a close-up side view of a tip-interface portion of the pipette illustrated FIG. 11, partially in section; and

[0031] FIG. 13 is a view Iin perspective of an interrogation. component arrangement for a pipette tip.
Modes for Carr&ﬂﬂﬁ%mﬁwep IrkSehigny in pfﬁ??.?ﬁﬁvﬁﬁ?éﬂe%t%ﬁf%\%“ﬁg AT AR R TFREARings in

which the pasiovselemaents afghedevgntiothwilkhe wiviandmegrigatideignations and in which the
invention will be discussed so as to enable one skilled in the art to make and use the invention. It is to

be understood A3 & YoHdwilip SeewiBRSHIR BRYY S Hipiats Ean B PHABBIES OPIPE Bresent
inventiok); aiad shatg nat Bgrg@yy,qq _ggcggﬁr;%ﬁwg the claims which follow. [0033] As typically used

in this disclosure, and uniess otherwise obvious in context, the term "fluid" may include a liquid alone,
one or more ligl9831ih H@ikturea ononénmpensoestiriid amnpartiekimempainedest suspaeiedttherein. In
certain Gases iae%i&:lwill have electrolytic properties. A bulk fluid container is simply a container sized
to hold an an?o%n of fluid sufficient to form at least one fluid sample to be interrogated with an
embodiment of the instant device.

Modes for Carrying Out the Invention

[0032] Reference will now be made to the drawings in which the various elements of
the invention will be given numerical designation§ and in which the invention will be
discussed so as to enable one skilled in the art to make and use the invention. It is to be
understood that the following description is only exemplary of the principles of the present
invention, and should not be viewed as narrowing the claims which follow.

[0033] As typically used in this disclosure, and unless otherwise obvious in context,
the term “fluid” may include a liquid alone, one or more liquids in a mixture, or one or more
liquid and particles entrained or suspended therein. In certain cases, a fluid will have
electrolytic properties. A bulk fluid container is simply a container sized to hold an amount
of fluid sufficient to form at least one fluid sample to be interrogated with an embodiment of
the instant device.

[0034] The term “particle” and its variants, is intended to encompass a small piece of
matter, nonexclusively including a live or dead biological cell, and a molecule. Unless
otherwise apparent in context, “pressure” and “suction” is generally intended to be measured
with respect to local atmospheric pressure.

[0035] By “controlled radiation interrogation zone” it is meant that at least an
operable measure of control is exerted over the travel of particles of interest in the zone. An
operable level of control physically organizes particles into an arrangement sufficient to
permit detecting emitted radiation effective to distinguish, or quantify, individual particles of
interest traveling through the controlled radiation interrogation zone. Such control is in stark
contrast to uncontrolled radiation, such as would be the case of excitation radiation impinged
into a test tube containing a plurality of particles of interest. In such case, the Stokes-shift

radiation emitted from a particle might be detected, but would be uncontrolled, and one could



[0034] The term "particle™ and its variants, is intended to encompass a small piece of matter,
nonexclusively including a live or dead biological cell, and a molecule. Unless otherwise apparent in
context, "pressure” and "suction" is generally intended to be measured with respect to local
atmospheric pressure. [0035] By "controlled radiation interrogation zone" it is meant that at least
an operable measure of contral is exerted over the travel of particles of interest in the. zone. An
operablél?égéﬁtbr}g:ué?ﬁr&rpﬂ%lﬂgi égfryl %rlgvé%ﬁlzagg ?)rgﬁ% e(?s%lilr?ttgrgrr%ga??gre\gcg rl#gnetxs%jaﬁlfc?éllhjx %égpermit
detectingafritt ecfsaciaiiantaiietive dce distéagiLisheopatialesiyf incividuml partistesiod. interest traveling
through the controlled radiatjon inter[)og tion ne.g%lljch control is in stark contrast to uncontrolled
radiation, such 9044 BEHGE RGSe Sf%ﬁfét%r?? A0 SASRTPRASE A & ?gré]ioﬁ%récég’ﬁ%aining a
plurality gfRastcleseefi i esasbdn stieh Sastad parbinkest shifi-éadiadion RRIUBY tompadgarisle might be
detected, but would be uncontrolled, and one could not distinguish, or quantify, individ%al particles of

interest. SSHORS8RPER PRI SRty G iR hRAHEABR TR tHre o 985 LEEHLARIERof interest
in the test g mendORBSH AR ifice maan Pg ristingrRpvpsllyii-cNsanpRSS @R sartiet eenstricting

structure effective to organize or arrange particles of interest into a desirably compact cross-section as
such pattitgeesteagerasbigriravsbifich Pal pRISASITRIGH SirgtufHsRrA g bleta wRsIRIdRGent, an orifice
is essengighy.a hole-through-a-plate. Desirably, the particles of interest are urged for travel in at least
approximately single-file order by structure of the orifice. ~ [0037] A schematic illustrating a
generalized op8BTd Arsshgemtenilbisstatiorirccenspbyed opwehisiareanponirneptstorehEdnvention is

indicated generally at 100 in EIG;. 1. illpStr i ' ember,
emararer o i R e A RS TN
Sometinidsstopedjusmbedibent] 0X nmajudesrmadpagie neroebto, asmmalcindgatishalal/@?, dispasst layer

102 is associated with an interrogatipn zone. At least one orijfi 08 is.disposed in opague member
102 to oPETHE L AAAA Retoeay mdradinugR S AN e AOnERE Tl ST T
generallylpdicated aiadd 2c fxfice (h08 meinteerchatiantkyzedbasahaviagea thisgizsaxistdéd 4vetlong which

fluid may flow between the first and d sides 110 and 112 of ber. 102 tively.
100331 FhHEAHLE, 1761 AN BHAHIE BRG] Ul QN AEELHeeae T Bt AR YT picaly

sized in agwepRntbaitheansizeref adeaicleril yritairatdo aronptmsingledild tidvepeidhdlparticle
through the opague member, and to have substantially only one patrticle inside ﬂe olgice laj%.a time. In
f SHember

the casdWHAHEHE Hipatriitissd HEdurin bRIEFATE 04T LR R AFINRRZEE O tHE OBEY

may typigally radehebuerk RRRUE A Anictepsnansdaboub 30d micronspie méniekness of about 125
microns being currently preferred. The diameter, or other characteristic size of the orifice, may range

betweed @Bt % hhd 200 microns, with a diameter of about 50 microns being currently preferred.

[0039] An operaiig$)PaRIt EBRETI 08 MAY FRGH MReiibBAEh dR KEAKES MR GRNTY, ffRHMary
radiation 118 (or sometimes, excitation radiation) that is emitted by source 104, which is received and

detectedtifieaarstionierits siaed Obagapmay radiatsive 8 ssrmtitiafidusrest i P malinyg e rection.
Desirably; sybgLagiialy I‘%!mé1@1@11%@1@{%6%@{&%&#0&%&%m&rgﬁﬁé?ﬁiﬁalgem%@y the

radiation detector 106. In any case, operab . .
particle inside the orifice at a time. In the case where the apparatus is used to interrogate

blood cells, the thickness of the opaque member may typically range between about 10
microns and about 300 microns, with a thickness of about 125 microns being currently
preferred. The diameter, or other characteristic size of the orifice, may range between about 5
and 200 microns, with a diameter of about 50 microns being currently preferred.

[0039] An operable opaque member 102 may function, in part, to reduce the quantity
of primary radiation 118 (or sometimes, excitation radiation) that is emitted by source 104,
which is received and detected by radiation detector 106. Primary radiation 118 is illustrated
as a vector having a direction. Desirably, substantially all of the primary radiation 118 is

prevented from being detected by the radiation detector 106. In any case, operable



embodiments are structured to resist saturation of the detector 106 by primary radiation 118. As
illustrated in the arrangement depicted in FIG. 1, primary radiation 118 may simply pass through orifice
108 for reception by the radiation detector 106. Therefore, as will be further detailed below, certain
embodiments may employ one or more selective radiation filters as a measure to control radiation

received by detector 106, or alternatively, direct primary radiation at an angle with r t to the
detector” Tébo tme f)ﬂf?] T gﬁ%ﬁhoerﬁel%rtnﬁé?rf&r}lﬁ?s%gt?e%chﬁpﬁé&%%aﬂ%%%a%\é’%eng eslrﬂ??n 122,
carrying/esfitkiseaasihin 1R4 aliapgsedaniéipst sitln F1IG, angrarsegoadiaiatingil2aydisppsedas second

side 112, An alterpative core element may be fqrmed from a core element having.a coating on a single
Side. THMUSHATAREo S SSAPL2E PogpE AT Tt or (TR S P
radiatiodbnegbelae cosa gleaess didRndimaysapibisoals owithie soetempiadiarida alterpatvely use a
bare core element that is, itself, inherently resistant to transmission of radiation. One currently

preferreBM e E eI GRS FAGiE PRSREE Rind e eraHnRE AHSKNREHNS Ny U HORIGRARE film, so no

metallizing; A{AtheE BamrielSIRMEN riS fedubate dawayerogertain embodiments may even have an
interrogation layer 102 that is substantially transparent to %imary radiation 118. [0041] A workable

core 122 for usMYeldeinppspsamenber JAridiusteaiedie fdfmddHndes theisonsRenfildZsuch as PET
having g 1Rickness; Qf abAULD PRPHRERES: S ShsPolIMeronatg ialdsosd -d'@lliwafgggééaeo%p

radiation, 2%0 e or more coatings, such as either or both' of coating 124 and"126, can be applied to
such coreavradeyiide, it de edltAnatinabicccdemegtinideSermrd dron dlegrot iperis hvinesh be

applied a hin layer sby s ing, vapar ?E&’Si%n o, %}Qg(,é{y kknowp. technique. Ideally,
such a Igéae?riﬁ 8‘&%’%@“@%&% ;Pg{gd%gﬁr%%% %@?ﬁgg as the w%(\)/e ength o)?tﬁe p%{lvmanl/ radiation, e.g.
about 1 fpansmossonpeiektéaimbodiiagon Tireugstitingmmetediceid Akn Mbgobesesseantitibybiervious to
transmission of radiation, except where interrupted by an orifice. Aluminum is gne metal suitable for
applicatﬁaor{1 %ﬁn g%ﬁ%’ ﬁélgegn g%(l)%yﬁﬁlgs elﬁaéﬁ(‘?forre .em th?&lsZ]ﬁf %’é%%garregtﬁi% rf8'((§{|asnz:stt)0nfigured to
urge a pitaradity sofopesticielsalid@.irOsiehsiartidlypstfetediethioobhl erifipaq 1O ®oly partel8liBthaypically
passes through an exgitation zone as, the particle approaches, passes thyough, and departs from the
orifice 18" RorEXALt |é%]i’i'b?EI8fu§'ajrh€i ! eaSrPnré%ﬂrﬂllec?%%\%\}ﬂ a@ré’zﬁﬁreﬁ%ﬁ‘é?rﬂéc ?8%’ through orifice
108. AnreyaitatiorHzons éypiealiyn reliddsnibat throygivehhanehdafioad Lyiornfioged 082 Amt éxcitation
zone may also igailude a volume indicated by lowe céoud 134, which encompasses a volume in which

a particl R LN A AP HE I CRHIAN AR Padiation. An excitation zone may further include a
volume indicatggoay URPRbAHAYE ¢8R VPDighralseianesppassamp Yokimricikicnabpasiglednay

reside and be in contact with primary radiation. . )
from a thin polymer film, such as PET having a thickness of about 0.005 inches. Such
polymer material is substantially permeable to radiation, so one or more coatings, such as
either or both of coating 124 and 126, can be applied to such core material, if desired. A
workable coating includes a metal or alloy of metals that can be applied as a thin layer, such
as by sputtering, vapor deposition, or other well-known technique. Ideally, such a layer
should be at least about 2-times as thick as the wavelength of the primary radiation, e.g. about
1 pm in one operable embodiment. The resulting metallized film may be essentially
impervious to transmission of radiation, except where interrupted by an orifice. Aluminum is
one metal suitable for application on a core 122 as a coating 124 and/or 126.

[0042] The apparatus 100 is configured to urge a plurality of particles 130 in
substantially single-file through orifice 108. A particle 130 typically passes through an
excitation zone as the particle approaches, passes through, and departs from the orifice 108.
Of note, the direction of particle-bearing fluid flow may be in either direction through orifice

108. An excitation zone typically includes the through-channel defined by orifice 108. An



100431 In certain cases, e.g. where there may be a plurality of orifices, the term "zone" may include a
plurality of such distributed zones. That is, it is within contemplation to perform interrogation in a
plurality of hydraulically parallel zones. However, the appropriate meaning of the term "zone" is
believed to be aduceable in context. In the excitation zone, primary radiation 108 impinged upon

particles causes certain partjcles to fluoresce (under Stokes-shift eby.emitting radiation at a
Citeren A RIERGRTE PRS0 B THE o pLhy ST 58 KAeEr SUNSATae T SN B dstace
directionsvdlngfupresiencpdaitirtinayeruitchhy teaseoatiainpdriciemis théatietiectad by the
radiation detector 106. 0044] .1t should be noted, for purpose of this dis¢losure, that the term
"WaveIeﬁﬁ?ﬁq?ﬂlﬁ?@&l@‘@fﬁ[ﬂr&%d'?%\“ﬂ%ﬁé@ RV dica Lé'nb‘é’%eﬁlé]f’&%i;ﬁg%%ﬁ%@'?ﬁ8 wavelength,
but rathehsaapaaeeMPaRm® SRIVBIRE WanRIRNGHIsesRied abaHicambaractarisiiaasy representative,
wavelength. With reference to FIG. 1A, the characteristic wavelength Fl (e.g. excitation wavelength) of
the prim’é‘y%{ﬂ’fétion 118 is sufficiently different from the characteristic wavelength F2 of the
fluorescence (qgyAissiapaauaiendtty) mepaple-diffarantiztisn-heteeniheivpetethesnare, the

difference between such characteristic wavelengths, or Stokes-shift differential, is desirably sufficiently

differentt@Xetishieein Reralify srhbesdidisHiS uise aonss: aldwleistelpusdimesriranpéHitethveen the

radiaton, s SRR AR ECION AR AncHearhiagk iansmisaien fiBuma Fclaigiaerd the

g transmission of the fluorescence through the selective-pass filter to the
detectormeani{@oABhovittmétaresices hghaved © & adukeablabodimisnt.100thesxedsboniaipde disposed
in a suitably sized containgy that.is divided intq.two porti . W0 Jlgid (and
particlesp gr%%’n@&?%‘&na?ﬁg iﬁ??h‘%ﬁ%’%“ﬁ?& %ﬁég efoB %%%I]gegté lfr:bosnatgr@ﬁgg %{/ﬂ § EC% egreeﬁ?(la Fn%ressure
betweerSthkawshdiyjdeetgortiongingoadiaanrtaisadpitatytdesia dngslp rovigeratoie the prohayer the flow
path of patrticles in.the vicinity of the grifice 108 than such an.embodiment would permit. Faor example,
a clumprgfllﬁlgﬁflclie]%@cﬁggérslesg% r%%ltr]“aanyean Fgﬁ%eeo(g?%)%ltf 0 lfﬁ%lgﬂ |C%Pli%gl%(g5f§ esrhl%ﬁ?%aﬁlgrrﬁcle of
interest &nimdidpriosyyeadiatpanitls io i elktentchby lhoredcenceddaesond6éccur, thereby causing
a miscount, or ing detection of sych a shielded particle of interes 0046] The multi-layered
cmbodiment, oL FISAEE BP o Hh RSB WS o R AL oo
that is styabaediapRSIEd pattiRlecstdrmpingmesietbacerdite bQBsiapit cpaseruentiaklagk, afudetection of
a particle of interest. Multilayer assembly 140 is structured to urge fluid flow through the orifice 108 in a

directior A i€ 8% S8R AR SR SR HRYTRH SREN T AR ER RRIHIB S A % Tand upstream and
downstreginQinthe eriieecldg:(Puehifiidirnderistsciacking ehraliclesitvathidaess digegtion of

the plumbing arrangement 140, and thereby reduces likelihood of undetected %articles of interest.

100471 PiaHaGIoR WRrshishe st 1o nRansae it &S &b ireathndi SrsngEanbthsrm a channel
system effgcliveiQidirerkigyamastet brRngdhid Eymem YRR ehamhah ] f2.Aappsigh orifice 108

in an opaque member 102, and toward a waste chamber 144. Desirably, a depth of fluid guiding
channeldiifgsearatpacd araasn dbeiivge nevahsgrasmdnt ditfergngs detvepnrticiechamasistist "stacking”
particlespRafdigiIRl e 8. Kilid sahedap vedahauhon e dane A0 puienasiog s difference in
pressure between chambers 142 and 144, or across orifice 108 disposed in opaque member 102. For
exampleeatpositveogiassifemabiding apslredi v wrsstipphelamgnbbetyeznAhe radialion sauiegative
bressurq a3 aBRlIRd 48 IHRUARBCBIARE A BolVPRFIG AR EORING ReRRIER Y D
applied, in certain cases. Alternative fluid motive elements, such &s one or more pumps, may be
employeshideguertroitpeg ticiestrassebthed tighfo paigtee me thbarghObe seldgdaspaskHdtaghidodih of supply
chamber%égtgnd waste chamber 144 are illustrated as being open to the atmosphere, it is within
contem[ﬂa ion for one or both to be arranged to substantially contain the fluid sample within a
plumbing devicf)@4a] iNcitidescacnudl tiigygianeBiGent fitdeniltediofernte)@itguehaatafiydown fluid flow is
illustrated in FIG. 2, flulcg#fl?w m?/ be estabéff,?ged n egggsr direction throu%h rifice 108. In one
reverse-HiSRPEEH G ArAHER YHe SR SRYRE6F b?)flm 010 0P RS RY RS BRI UEARSIRTY simply
be reversravfetfiihk{aillpiigicdspasitons in ihat dlide)ativaippvdeseriivy a0pegampatdhedirsitions of
the radiation s,(t)fLeJrce 104 and det%ctor 106 would é),e reversed fron]_ltheir illustrated positions.

by a difference in pressure between the two divided portions. However, 1t is typically desired
to provide more control over the flow path of particles in the vicinity of the orifice 108 than

such an embodiment would permit. For example, a clump of particles disposed near an



[0049] The multilayer plumbing arrangement 140 illustrated in FIGs. 2 and 3 includes a top cap layer
154, a top channel layer 156, an opaque member 102, a bottom channel layer 158, and a bottom cap
layer 160. Such layers can be stamped, e.g. die cut, or manufactured by using a laser or water jet, or
other machining technique, such as micro machining, etching, and the like. In a currently preferred

embodiment 140 that is used tQ interrogate bload cells, certain, of the various layers are typically made
from thif HERRTERTHINS SRR AT BBRetr aﬁémsl?&mw.geﬁ%frmay%&efggaﬁmgﬁ@é%w,

the thickpgsg,qhatlaast the ehannekiaedseiat beeuareheretyeaisapof thechatasteristiensiag of

particles of interest to promote single-file travel of particles through an interrogation zone. A workable

thicknes@%ﬁ%i%’rﬂ%% W@W%W@*@H@H‘@é@?&es used to interrogate blood cells typically ranges
between about jh3 4pjcransand-ARRHBORBBIRIABS:, cendPARCHIM ARYLCASE RhIRASHARAEIAR Of bottom

layer 160 is adaptedto form a bottom window 162, through which excitation radiation 118 may be

transmitfd@iRopsevidasitindiniong agimigarmeniohaajesnBauice] tolsesis ieatisnerehamming MALIBW 164,
through which E'Hg,fs%q%%ﬁﬁe ol msgﬂaﬁgagg@%%ﬁﬁe%ﬁﬁ{@@g&.lﬂfeumgmgmwm a

window permitting radiation to pass through its thickness. Such window includes window portions 162,
164, ceridif igcttiorisred changeRuld Sanwditdsaishosatia 08 vicindtyestiorfibet 198ssgntiatie orifice 108
itself. Radjation can therefgre be directed through the thickness of ass | in theeviginity of
the orific%r{%g(.ma?tﬁ)ggﬁ e brfugrhn ‘fﬁgp gr?gh%r%rﬁg}r?tcﬁmg)t’a%gé ¥ %?T%;a‘ia %@? %@%%gﬁy i§d icated at
170, inchudfscal 63p [Byet ldR] fidnichesatsismekoarvwdpatitiusithftothi charnsealitcedioBotfdhe cap layer 176

similarly inclydes a carved-out channg) 178. Opaque mempber 102 is adapted to dispose orifice 108 for
fluid conRﬁ%H%HﬁiS%‘&Rﬂéeéﬁ L%erﬁ?&ei*ﬁ‘g’ﬁﬁ%‘?ﬁﬁ%s @6‘?‘ r%"ﬂal;?er“ g‘?é’?Fogr%a&i r%grr?%afrr‘?]%ff’esﬁal that
permits transm{sien ofltadhatio ariat @R Apldte bples vl ig e pabldigueidtiod ataatidhes, which
pass through an excitation zone associated with the grifice 108, by primary radiation le%eW layer
172 is fORABA FBARE heXtETRIGHEE her AR PSS M IO Bt T SR U fwoapﬂéﬁa ¥ 5B to

enable tiansppigsion & fllonescrNge I tewrid eradiatigl delestds. Wandayambé? may also be
adapted to resist transmission of primary radiation 118. A?ain, the fluid and patrticle flow may be in a

directionevEreld #dsntihat fikishating chippes)lAS AnssTfes s BTe e Eu AFEEBSHILW g
arrangenpent skigh A8 Ar 3506 ealid* ARy Pesotniat tar dassaciater Withia cadisdigmneeyrce

and/or a radiation detector by way of a fiber optic cable 182. A fiber optic cable 182 may be disposed

to operatdousa [hsdemestiAd tbycampareng adbEriates PP wEsbrasseranbsrisiifttdddtittigh the
plumbing arrandemant 168-Alratielpihe thanoatifoelemerimayisimpyspine pAatiendgyard, or

away from, the excitation zone to permit disposition of a source, or a detector, at a desired distance
away froma ainplextiathersepple. chamber 142, Alternatively, a negative pressure may be applied to

the waste chamber 144. Both positive and negative pressures may be applied, in certain
cases. Alternative fluid motive elements, such as one or more pumps, may be employed to
control particle travel through opaque member 102.

[0048] Although both of supply chamber 142 and waste chamber 144 are illustrated
as being open to the atmosphere, it is within contemplation for one or both to be arranged to
substantially contain the fluid sample within a plumbing device that includes a multilayer
element 104. Also of note, although a top-down fluid flow is illustrated in FIG. 2, fluid flow
may be established in either direction through orifice 108. In one reverse-flow configuration,
the positions of supply chamber 142 and waste chamber 144 would simply be reversed from
their illustrated positions. In an alternative reverse-flow arrangement, the positions of the
radiation source 104 and detector 106 would be reversed from their illustrated positions.

[0049] The multilayer plumbing arrangement 140 illustrated in FIGs. 2 and 3 includes

a top cap layer 154, a top channel layer 156, an opaque member 102, a bottom channel layer
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[0053] Because fluorescence propagates from a tagged and excited particle of interest in substantially
all directions, the primary radiation 118 may be directed to an excitation zone from a side, instead of
only from directly below such zone. With reference now to FIG. 5, sometimes it is preferred to apply
primary radiation 118 at an acute angle Al to axis 114 of orifice 108. In such case, the opaque member
102 may even function substantially as an operable filter to resist direct transmissiorllegf rimary

radiatior 24:¢15' & PiaRbTRSIEE O hs THIBHIAYER AR RRIRIANIBE o F 1 8164 h QTS NARIEF I Phss
through yonRebal Ik Bt rarifies 0% Mither ke g ifeiReleaRY 'adintionHele slat Hidth g elvrver, when

a tagged particle 150 is present in an excitation zone (such as orifice 108 as illustrated), the resulting

fluorescanédhedikenap stirpebtacesertsd shedimgsh G dabisisedvrmes WR&’&%@\HE;]I@’AI may
be betwegn,thandiR0 RISy i FUBRINPIRIRIEGH AT ARGIS INHS BEhSWRRA akowEdS and about

75 degrees. 100541 A radiation source 104 may be formed from a broad spectrum radiation

emitter, bandﬁdstqgv&h@etﬁg‘énsdbfc@ulﬁlguehaéa@@blyis%Mﬁi@fé‘@iéﬁmﬁnﬁaﬂkﬁﬁlﬁiIter 188
adaptedc‘r?aﬁ%ﬁf(l’)a E&%@%ﬂ%i@g‘l‘a&?ﬁ@ W4l rRl2iNel RAsaw Handenes {pg.ihg gharacteristic

value require xcite a’particular fluorescing agent associated with a particle of interest. It is
generallpramgordsidgk-oltimivieofpartitieoflappgkdradietiogativd tearis duvsidabheteicsingtival
wavelen ﬂy reduce likelinpod of undesired saturation of the radiati t [,@n equent
inability %C e‘i:%’(:etr%g}tlcc Iérgng ir%%erggfg dsev[l(%%gﬁ(r?{gnlg tgrrﬁ a(g?n%é%rﬁae? a%tﬁ?gﬁe%aro%%ie blood
cells, it isaturemtpqrefornedtoms sadated diddenidsensand to include a short pass filter (after the diode

laser) that pas jmary light radiation with wavelengths shorter than about 642 nm. It is also
currently prefeﬁ@xﬁﬁ%&%‘ gcaas%aaﬁ eﬁﬁts% l?fﬁ%'roflpﬂo ?%‘?Hﬁg}%%é@l‘é&@? i an%%ré%l? Tt atches a
particulaxtrieeted | ubresck nad deatciaomeadtidly avsilabletdyesenaiytbe iahiaineddiaving
characteristic fluorescent peaks at 660, 694, 725, and 775 nanometers. Lon%_gas filters are also often

used in pKe STBHAYLAR fBard pridhbidse HRoTBAREMBIE AL I RE - TUBUEY ¥ P1hd "substrate”
can alsohe desigpechty actiamanticad fitgrsdeaidipe alisinsle the Resrhigethe aditionahexaitation

and emission filters. In this disclosure, "Post filter" may more conventionally be referred to as an

"emissidPFTRERNE radinsing) URRSE SARAMEBd PefirkREEs oS Windgiwdirtuder e pderspetitinclude a
post filtef ¢b0Q ghat Lpsists drADRNVSIRMAL FadiRlian quis ige Jhe shataecteristigwavelenatios! tha

fluorescence 180. Such an arrangement reduces background noise and helps to avoid false readings

indicativi1®Ppifiese Hed ibtedl p Rardietion sesrEsriioin keisatnd sorgh s, Ty dasst o Bistaining a strong
signal, a&&%@@l p@mg&aﬁ@p&ﬂgg S188s 2, can be included to gather fluorescence 180 and

direct such radiation toward the radiation detector 106. lllustrated lens 192 may be characterized as an

aspheric colleclffdnEhopioubies)aancespicalijlisteispsbiseblito fbansl esnepdinindiutied mside the

orifice 1(1)90, includes a top layer 172, which carries a carved-out fluid-flow channel 174. Bottom cap
layer 176 similarly includes a carved-out channel 178. Opaque member 102 is adapted to
dispose orifice 108 for fluid communication between channels 174 and 178. Bottom layer
176 is formed from a material that permits transmission of radiation in an appropriate
spectrum to enable excitation of particles, which pass through an excitation zone associated
with the orifice 108, by primary radiation 118. Top layer 172 is formed from a material that
permits transmission of radiation in an appropriate spectrum to enable transmission of
fluorescence 180 toward a radiation detector. Top layer 172 may also be adapted to resist
transmission of primary radiation 118. Again, the fluid and particle flow may be in a
direction reversed from that illustrated.

[0052] As illustrated in FIG. 4, sometimes a plumbing arrangement, such as

arrangement 170, may be coupled to, or associated with, a radiation source and/or a radiation

detector by way of a fiber optic cable 182. A fiber optic cable 182 may be disposed to operate
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[0057] It is within contemplation that a device structured according to certain principles of the instant
invention may, or may not, include one or more sensor component, such as an electrode, disposed in
various patterns, and at various places, for contact with the fluid flowing through a conduit in the
device, e.g. for impedance-based particle interrogation. Selected operable arrangements of such

interrogation strucgure is disclosed in United.States patent application serial No. 11/800,167, titled
THIN R R SRS PTG Sh AUy B Q0P e Bt fE COHNL UL hereby
incorporgligdiifdhewgbesttonhohessiorinisctytitetfiber ofIAb8EMEns nta dltupliatepdatailatii
construction of a currently preferred, embodiment structured according to certain principles of the

instant iFREATbIRT FHEY%HBARSERISLAL ORZRRS (D PHERE LR S0 IS REpOAHE SFE1L & le use,

althoughyéieLr@iffReemefim20 Bayheusaméenore than once. Pipette tip 200 is formed from a
plurality of thin %gnher film layers carried on an injection molded substrate 202. In FIG. 7, the top cap

layer 154 and t Reenusylpse erace PRRRRRAGH Auminiagaadand excifodpartiviaridrirasite to
FIG. 6, 403N 8@ R ail Aing Ve % R AR CARIBE R 9 Y'gIRchio a2 SR aie 2x SRRFSR D6 RO,

effective to assist in installing a tip 200 into a pipette. As illustrated, the proximal end of grip area 206

may be Bonfiguidel ioseash of shbufden depeitaliezos sethezave tMithitefarmmserier depl¥te promote

consistegh SEFIFA F99MEADE O 105 U AR0DSING NG IPEUPRRSEMDAROSKS o 1APGP1 Cerain

components that are opera ct an“apparatus according to certain principles of the instant
inventionrafigectMSmbrsiadly casailtisl @ pRonexsmpks, IKReonopesubieisatiros siftrsidiviily 204tincludes a

red diode la llable under number.VPSE-0639-035-x-5- . h, having a
place of%ﬁéﬁ&aﬁ%&? ed A q%%a{éfaar?tsrgl %l nt g%r_ ré, m'ﬂpritgls?tgf bggg%&%%%e g?]%eieletcgé f’88, 190 are
avilable Ao Gregh Apticain vaving d pleoe af husineb® Ipastddaighl @magyalDridelifice

Campu attleborq, VT 01. Preferred. filters include part number 660N85$an pass fiter), and
A0AS AR S R e S S Rasor T R able rom

the HanmamateuntQoposation] draxing épthcs otificsine8aidtatech @t RaBdesthilhR AudBesiganater, NJ
08807, er part.number H5784-01. Malecular Probe lvision of Invitrogen Coyporatiqn,

b 5 s e e S A R R U
particlesbefvirter esifo vntRiFagalinisusing e poclisaedtsositgiared rcse klingta tiw indtaahivention.
In particular, AlexaFluor 647, AlexaFluor 700, and APC-AlexaFluor 750 find application to interrogation
of blood®0o. PHEEEESes are also commonly used in flow cytometric applications and have specific

excitation and ¢gOS${OR lBEAGHEEISHES. FEACK AyBeCRAha) FRsHY 000k 0gIeE tonapiiiadias for labeling,
or tagging, different cell tyzes. 100611 The illustrated pipette tip 200 is operable to interrogate

particle<SOEHG-SHRBA pEglyrshusTesda steh srBoihimtesislnasisredd qinsinded Bsaque
membergiQ2 (§emelimes altatoativelnsalied Antarsaaation Jaxer o SNeRILCRIHES electrically

conductive traces, e.g. 210 configured to form an electrode sensor component 212 in electrical
commursieetignarsthsih e riegsc ke el o Mz dseecKite 7 paitcadhinesemgsatiunicate with

Interroogua ee i SyeilePaRLRn CEDAEANDE N ARG Ech AR RATIon of 2
currently preferred pipette, or other interrogation apparatus. 100621 The contact pads illustrated in
FIGs. 7 apieligd gesietiainy I3 Bgharesconsigarids rxenrirtace avitlenetoinrshesaljkalibvadief10-pin edge

connectap susDASPAIONTPRL SRR @veiiable lomeSamiern Aavioaslace A Rsinges located

at SAM USA, P.O. Box 1147, New Albany, IN 47151-1147, and a web site 0 .samtec.com.
The edgateorstector may be placed in-circuit with electrical interrogation apparatus in conventional

fashion. Other yygaEble Con G BRI SRS AU BLRP BRI A & SR preferred
to use a red diode laser, and to include a short pass filter (after the diode laser) that passes
primary light radiation with wavelengths shorter than about 642 nm. It is also currently
preferred to include a band pass filter (prior to the photodetector) with a peak that matches a
particular selected fluorescence peak. Commercially available dyes may be obtained having
characteristic fluorescent peaks at 660, 694, 725, and 775 nanometers. Long pass filters are

also often used in place of band-pass filters prior to the photodetector. The pipette tip "cap
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conductive, contact-forming probes known in the art. Of note, contact pads 214 may be provided on
one or both sides of an interrogation layer, such as interrogation layer 102. [0063] In general, the
term "fluid" is used in this disclosure to encompass particles entrained in a fluid. Sometimes, that fluid
may be an electrolyte. With reference to FIGs. 8 and 9, fluid is typically drawn into the input reservoir
220 by tion i Jthe flui ity QF ai . Di [ fluig fl . r oir 220,
nd o T e o B e B . Pl
channelf@@thistoelirainy éncitadah tmfheitiiateoui Sllizin inshm ple oo WPrrof Bteip ety timorand limit (to
the extegt rf)vos ib}l%)ne@os&we oﬁ{_ﬁ) kgtjéng%gi.(e:%lisamrp}ﬁ tec%,the exposed adhesive. Fluid flow continues
transverse y%ﬂrlgug Hord a8 , an optiona?sfll er etiem'ent 228, and fluid via 229, to the distal end
230 of channel[B836i Veitarcdhtiniydeedore afcioid Novs jsahatimek 28ik isrdfielicates iat Ardow A32.

[0064] Flyid flowing in channel 231 wets a first driving electrode 233 and.first interrogation electrode
234, in éLlijés‘.% %F‘tpfﬁ‘s‘ﬁg}rﬁ%ﬂ’ﬂ&%@&l?%ﬁ? ﬁ&ﬁ‘ﬂ?égﬁff&g‘iﬁ WT%‘%&%WS&E&@B&%H@%%?OZ, fluid
then flowisalengdbe ipdicsirg gif astinge2aénttéhecehdaceb3addisnesed Relpe daiiema ehsanel sheet

158, and wets second interrogation electrode 238 and second driving electrode 240, in series,

[0065] Actdingistadicat e sressannarl sawrtiche A drtescatdp srerciiiongf Ak edhdssidctfode

250, in %?ﬁ%i@%@fﬂﬁ&%?ﬁﬁl@ﬁﬁi aretentisved caepasalivgly 19indicaie thawiesence of a fluid
front at a known position along the fluid conduit extending proximally from the distal end of the device

200. Asgrthsrflearesrsarseds 2a8 drrrosisk spdiatipmtevtireddhp sdntiordetiead@® of fluid at a
known pesiliandessantigdyalthe &ﬁ%’ﬂ&‘?z@ﬁ%keaﬂtﬂ%ﬁ@ﬁ@ r&%h%‘é&%sms&ﬂ b HigeBplaHate 202). For
example, impedance between electrodes 248 and 250 may be monitored to detect a change from an
open-cifepicedrdiidapaisd mdniteread sigatlt ohidedsineids BeliwebaedUly from an open-circuit value as
the fluid bound 0 MAY: lgger si start recording or
processing datgd tyoé?l tté%rrfggg?g%u&?éjrlgé%?ﬂf(%? (f?ﬁj%lg%ontind%gs#gi%?ﬁ%%%%ﬁtogt%%@éﬁ}ce 200. An
impedampcasighaldiehwesstauchvelsotrotey maybe monitohett tondetevtaitisenwitaadipgmmtyailing fluid
boundary edge. Duge to the close proximity of stimulus electrode. 248, an electrical signal available at
bl e e G B e R R T S Tl e
bubblesfinithé sampltréggeacemfat irailirgibokagdagy fignapedanbe-bsed temarityifiteadgatiaf.bubbles
in a fluid,.sample, am other uses, 100661 Interrogatjon of a.flujd sample be terminated by
 subsort BRI GO B AR o RSV, R LSt R o  Sa L bIBCU BF S8 Bgation of
a knownpyeuinapmiciich ketheNbsti#se0,devjci1200 Taflar BIKM WA ROICHE GIOMASRe ami dfledectrode
250, and indjcat rrow 251) has entered the substrate channel 252, the associated fluid front wets
O ot b e Sy e T BB SY R RGBT, RALPT 3 vorume
confirmaféesi flindgiang@érextends through bottom channel sheet 158 to permit fluid in channel 252 to
wet confirmation electrode 254 when the desired known volume is inspired into the device 200. A

trigger signal 3938 5btkined ENMSTEHRGRIRIHRE AABEREHOR BEAVEFERIBCRSfersE £ DR UMY of

electrodgs A& QS 220r@nABRArINEheIRRIE RN RXGasH AReuRt ahinspirditihidimay be
contained in storage chamber 255. 100671 A trigger signal from illustrated confirmation electrode

254 mapheitstn eensiHivA80s thtios dispreeble aficvertinglp veecdidopalcmedtyn e dioH I a
pipette, S5OHSY IUNQIRRNE AaKI6RcOY Bipid dnaRireR FOMRIRIE i JaroHaN IR FeriRe 4Ry Hdp also, or

alternatively, within contemplation to provide a fluid resistant barrier or membrane (not illustrated)

disposefili ta%pss fiaed ﬂammﬁammhépd aésﬁmla@atidn ﬁl@e%ébezge,cg@dﬁm b2 4Anéxit from
storage t%g)g‘gﬁgﬁgeﬁg,é% ﬁggrgpe%%wg& ?&rgg&i%mltaﬁﬁrt}molecules to pass, but resists passage of

the inspir uid, to resist drawing inspired fluid into the pipette, or other interrogation device.
[0059]) With reference to FIG. 6, transversely protruding wing structure can be

provided to form a grip area, generally 206, effective to assist in installing a tip 200 into a
pipette. As illustrated, the proximal end of grip area 206 may be configured to form a
shoulder, generally 208, effective to limit an insertion depth to promote consistent seated

engagement of the tip 200 inside the pipette’s receiving socket.
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[0068] Structure to provide a validation signal may be included in a device 200 to confirm proper
installation of the pipette tip 200 in a pipette. For example, an electrical continuity signal between
electrical contact pad #1 and electrical contact pad #10 may provide the desired feedback. As
illustrated in FIG. 9, electrically conductive trace 258 communicates electrically between electrical
contact pad #1 and electrical contact pad #10. Proper insertion of the tip 200 into a pipette may

therefore gene 98] deditaia sampansiielabark g ¢dReansUPeb AR FBRT R ISASBERREER such
contact pagsin Pri:ﬂ@fb@@s] Y refarenceveaMb PR Go AntSHRIN LIPS HOSFRRQ A iBCHHde structure

adapted to facilitate removal of in installed pipette tip from a pipette. The illustrated ramp 260 provides

a workirgpeaablesearas, ofaneiaiigmbi4 Hydndss wirchdipretasse fivg Sl tindeniayteniabRy to remove a
tip from g pgFelgs9_03K0Q7 Ol 'fﬁorﬁ%ifﬁésﬁlg%eé-e‘éi%ﬂﬁﬂlﬁ@ LAPERMS L IRIe alY 0811 $AtprTOgate

particles that undergo a Stokes-shift. Radiation-interrogation arrangement 264 includes a thin film
assembije266 Caxirie Dovea Mikpstraté 2683 08 Sudrdiatyelsmfatre tBSub8trare 268k érireatidPrmetded from

a polyc ate.material, .althquah o ri r . t esirably is
structure (tz({)l fa)ir’o}\l/aeVlsnL%ﬁ CIIj é%%er%ﬁg iltlﬁltrtg)g %gn@%ts%crln §I32/’ai 2%?1 tgcg ggﬁi@%@nﬁ‘tﬂm%%ﬁr% ?%’5{3071] As
illustrate@bdOFI Rrifdradvinidoni 28 5du aglb e prdeide AN BSI{fde drass rittan ca b a0ra8iation beam

(e.g a laser beam) for impingement of radjation 118 onto,particles located in. an interrogation zone
ecociat B Bfca o R PR s S e Rt L e AR hotiom of
the subdirate tA63]anshprovidesparaiicach sngsirpiethicknessin theatddinitycof Foethilfi®el 108. In an

alternatiye.arrange t (not jllustrated) a thin fil j over e provided .over a.window 265
Croator T e e R T e g O o st ProBaR S i
assembliy 2ok ditstratpsk it bl Ga-hivipelivde sntopogan.chestihdidon shanng! sheahibseopaque
member 102; and bottom channel sheet 158. Desijrably, t(r)#c{c,hannel sheet 156 and bottom channel

sheet 158 13B!foioh SEF B R EHRE CCHRLL BUEARSIRF TEHES RN EHSTTRERIRT ATHgIGRRURER That fluid
guiding ghrasneba 3dconddiid SeidintehanestidRt Brestzradio Avsidrlvnpig Afdatticles wiinterest

near the aperture 108. A width of such channels (into the page, as-drawn), may also be sized to resist

such clufging. Agdrrai luRbdRPHEA St At dTtEEtRETS Of AERIQVb SMHa- 28Dy B A6lf9ed from
the illustggipeh GHEQHRAS ATRN AesRAtME YkapleAERAIBMEYcific excitation and emission

characteristics. Each dye can be easily conjugated to antibodies for labeling, or tagging,

different cell types.

[0061] The illustrated pipette tip 200 is operable to interrogate particles using either
impedance or fluorescence, or both in combination. The illustrated opaque member 102
(sometimes alternatively called an interrogation layer or sheet) carries electrically conductive
traces, e.g. 210 configured to form an electrode sensor component 212 in electrical
communication with an electrical contact pad 214 (see FIG. 7) that is adapted to comfnunicate
with interrogation circuitry. Such interrogation circuitry may be, for example, included as a
portion of a currently preferred pipette, or other interrogation apparatus.

[0062] The contact pads illustrated in FIGs. 7 and 8, generally 218, are configured to
interface with a commercially available 10-pin edge connector, such as part number
SEI-110-02 available from Samtec having a place of business located at SAMTEC USA, P.O.
Box 1147, New Albany, IN 47151-1147, and a web site of www.samtec.com. The edge

connector may be placed in-circuit with electrical interrogation apparatus in conventional

fashion. Other workable connectors include touch-down probes, and other electrically-
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[0073] It is currently preferred to manufacture a thin film assembly, such as assembly 266 in FIG. 10,
from stacked sheets of thin polymer films that are bonded together using known multi-layer
construction techniques. Channels for fluid flow through an assembly may be formed with
micromachining techniques, laser or water cutting, stamping, or the like. It is currently preferred to form
an interrogation aperture 108 by way of a laser drilling operation. Certain layers may carry pre-applied

adhesivEOBIUiEs RRNAC T RRAPB READSE KOS SRS Ao 2L B9, RURFERKIOF EOMBBRENt parts, such
as condF%mé@&@ GG sileBeyaRa HistibaiRA QuRE thecaran flearshaes 10k @plurality of
i

assemblies 266 in a group when sheets (typically thin film) are assembled in stacked registration.

Desirably, aligrl#}]segansealstpeosiaedivithe rikidadhihdistd aerradmereostReriTH IS per
registration yyitadiaefnk Skegisamplurlitn afdnaiy dealassemiles Mavhhaebesepaigdgirom the

group assembly. [0074] In an exemplary sensor assembly 266 used in connection with
interrogatiér? oflbiddel tpifsliy idravrentythesfarve tessrse B3 by madeiorpPladdarhibie Briklylar film. A

workablg (a0 {Bltkosee L ERNAB G IRHETS InfRUsinbe hmuRd kel in apout 500

.
microns. A ¢urren olyamide cap layer 154 Is about 52 microns | ness. It is currently

preferredhmnehi@ 4Hferimiat ioghtibo taye Gh@mﬁmm@blﬁmm@@ﬂwcﬂl alva@y, bl@rrféﬁi_ﬁbqlmmlals,
such as f?%l){eate%qr%m 95%?8&8@3&?'@@%?%&’%5a?f‘z?x?ﬁ[‘)%xep%rghﬁ'é%é" Qrkaole, @gfﬁ]@tfﬁ‘,‘%ﬁeg&f?f about

125 microns Tor a channel layer as been 16 be workable i sor use
interrogéte thio exitedd iso Dddirnlelyy dherthicka bis @fitihé sapadernttatyer ds mppdoadheatety ditutdellonster of the

particle size.of the dominant particl be interrogated. A wi ble range is gurrently. belie to be
Within a0 A A S HOTBER T i ol Bl L 2 e e by also e
feasibleto the @@st5] dridie2cA0iAtidAHALE 2B Paii by as seMM MY réoddn & QuitDfioaludedmrabEions source

104, such as a I?fser, which is directed to impinge on particles of interest 270 at a radiation
interrogé‘ﬁ‘gfia}‘c’) 8! BENafiof 180 emitted by an excited particle in a Stokes-shift transformation may

be detected by @oggjationdriesty iHAhasuenas aveRaigidiogeyibires drawesihhe seanected to the

appropriate electrical device of an interrogation circuit in conventional fashion. De_sira%lé, a light
enhanciHYETRRMIN slfciadeidnd. 10 5eTisdisPEsE AR BRIBRPaYSk iR ALhdbectiticed0 ¥dP detection

by t.he. dﬁ{;@%@éﬂ%‘[i@ﬂ%}{%m@@j ﬁl&%«ﬁ&%_@@@&lﬂ%@i%ﬂl&%&% @i@é’éﬁf)ﬁ‘ s fﬂt@{e%@,{gélexcitqtion
radiation filter), may be included in the radiation mterroﬁg{;)atlon assembly. With an appropriate post filter,

the excititfordisrasgibin thehatgpeharasiahentd oty arfongls sgramdriteom ggtomalartiadstédSangle of

attack A&M&gﬁh@{g{%@%%d@@%i’qg detector 106. [0076] FIG. 11 illustrates a particle

interrogating pipette tip Z76 installed in a pipette, generally 278, which is structured as an interrogation

platform. The p%hﬁéﬁbﬁﬁiﬁ&#@éi%ﬂwﬁ@taﬂ_@d Rr&é,tﬁéidi@l%tﬁé}ﬁwﬁmtmﬁé@é&mﬂ@slip-fit. A
Clectioal B g
includesiladwgrdakredmmcsuxﬂa ﬁblstfemt mkmwmesmmmm@c@wmmgutmcﬁmgﬂor status,
e o= TN AR B AR Ay D emAlg L
commuriichtetwitheaoorapoferltadiegneidgspdd dblingaird dnrogatiors deta fersstordbeatathd/arteaditional
processing, A sc ay. orgsg fiandle 262 and depress ANngs 294D A umb 1o gxiagt a sample

electrodes 248 and 250 may be monitored to detect a change from an open-circuit condition.

The monitored signal, which shows a discontinuity from an open-circuit value as the fluid

boundary wets the second electrode 250, may be used as a trigger signal to start recording or

processing data to interrogate fluid as such fluid continues to be inspired into the device 200.

An impedance signal between such electrodes may be monitored to detect either a leading or

trailing fluid boundary edge. Due to the close proximity of stimulus electrode 248, an

electrical signal available at measurement electrode 250 can be monitored for the duration of
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100771 FIG. 12 illustrates certain structure of a workable pipette 288 arranged for interrogating
particles in a pipette tip, such as tip 290. Pipette 288 is adapted for interrogation using fluorescence,
and/or electrical impedance. Fluid is inspired into the tip 290 by a reduced pressure, or uction, applied
by pipette 288 through lumen 292. 0-ring 294 forms a sealed joint between tip 290 and lumen 292 to

permit communié;ation with air vent 222 %r}?fdgﬁ cﬁ)nnecti)r Zgg IS desiéab?/jgclu ed in certain
pipettes2E8! 19 S5 l55te S RIFIEAF F0E AB FAPOIES R SRy HRBIS s QRS LA RIS T IR hipette), with
Sensor GsRRPaREE Gasted aRidyiRetsrtipbyulBl oficarlaet witthRNemsmateomeast pad 214, if
such contact pad is present on the installed pipette tip. [0078] Interrogation structure may be

arranged in altdA980 drisReaigBER S SABRieEY 58 HEBIERESY toHRSFRHAERRRSN from a

more regiela] AN CE MO IANAr S ARRISHeJRtIRIERIR: SHIERIBRA FNERMEH MR PEIMEwAnstruction
of the distal portion of the pipette 288 to present a more slim form factor. Similarly, such cable may be

employe®iianeffitide HetheddustepsasyieecR@fonties h thevmErbGRaitH Yo1E 18 *Emotely
disposed cRaiHonBCIRAN dEOfed ar JATGPD 51 PhakHiURIERIES ARarIbhazsemBlediragment of a

pipette tip providing an alternative radiation interrogation arrangement, generally indicated at 300.
Radiatiorssaearted idh aprdnyrsare pealoradielsdrogiyfaif Giesukl (as?) teodgrmd sivatietontafned in a
pipette) rt t of fiher e ing: j R Wi ge. The
Cioposal S s L e i the
pipette whamthelpigetts tip psimsefted] Mhehfitver] 262 tn thet dispovadiepgbedteotp Witt bdeaHtwviched

between,layers.of laminate. . .[0080] The fiber 302 (or light pipe) in.the pipette.tip. wi iver the
laser Iiglq? ¢ freedzh?%‘éwtlh\éoi}fgﬁiﬁs/ 16[\‘5%{36 é?e%t%%égr\fﬁ%ee%g& gnlplggigﬁglgtr}eﬁg ?yaﬁé?o%atwgqﬂi ice 108,
essentialhytitmivethe tmpadadire tiioweaehfkitt tode Sthendrifidesd 08¢ Pariidies2é8 oeRSPwH aflow
through this_é{gqh%.gath as trl1ey Xavel into (or out }the dgt ct%ﬁn ori{)ice 1(%8. B&cau e the excitation
radiatiod 118" 18" Ensitt e & airdctior & s%%l}la(?y%?rléﬁel o' rg?xte?r%%% Tohof alyesr Tﬁ?ﬁethe
transversiehynlegalés. detector 106 is out of the path of such radiation. Therefore, layer 102 may even
be formed from a material that is entirely p rmea?flfﬁtf}l)‘? citation radiation, Radiation emjtted (in all

directions) frond Prlcre SgRea i8Ry Bosrdruste R8s By b B0 B8 YA ain, a lens

192 and{gmadiltersi@bmayphednslfasdnaSZeairfdist poldiitl tdaaritastRrusiurphaesseing to
certain principles of the instant invention may be employed in a method for interrogelat_ing one or more

particle. ofBen M sHOFRINBLIRY isheby It BRI Lol v tuh Shrader iR Wd dbite Seultured to

urge paﬁi?éﬁ?a_tﬁrétfy@}i_’&ﬁ%iﬂ &ﬁ%&ﬂ&ﬂ%t%ﬁ%&@h@a@ﬂi@ﬂ@ﬁéfﬁ&f E{é@ﬁgpﬂr%ﬁ%&faﬁﬁ(ﬁ&v ice, _toward
substantially smgle-flle travel to permit detection of emission radiation that is emitted by a B)irtlcle

undergoifgsiateekdisresad rorrtish it il rd dhtid dorme adesiiediosatinn isslenicaidlide to extract
a fluid saplgsireah By sRRBIASE Rhilkife 113 exciighon radialianrreryuising A kRl characteristic

wavelength, would be impinged info the radiation interrogation zone as a portion of the fluid sample
flows théperpy® Ul IRidsarrsiagaihia ssedrd Enitacaestcdimviels mtpired i srEiHg to emission

radiatiorb{ %H?e%?%'iﬂ‘éﬁﬁl@%é%m Aikes-shift, would be detected effective to gain information
about the {))arti’cle. '

[0068] Structure to provide a validation signal may be included in a device 200 to
confirm proper installation of the pipette tip 200 in a pipette. For example, an electrical
continuity signal between electrical contact pad #1 and electrical contact pad #10 may provide
the desired feedback. As illustrated in FIG. 9, electrically conductive trace 258
communicates electrically between electrical contact pad #1 and electrical contact pad #10.
Proper insertion of the tip 200 into a pipette may therefore generate a desired validation
feedback signal (electrical continuity check) between such contact pads.

[0069] With reference now to FIG. 9, certain pipette tips 200 may include structure

adapted to facilitate removal of in installed pipette tip from a pipette. The illustrated ramp
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100821 In one use of the device, the pipette tip 276 is inserted into the distal end of a pipette 278 to
form an air tight seal for air vent 228 and to establish the necessary alignment between the disposable
fluorescence-sensing pipette tip and the pipette optics. Next, the plunger 284 is depressed to draw up
an excess volume of the sample to be analyzed from a bulk fluid container. This sample will typically

be storegifn (he. iARUL 1 SANOI2AARARLIO.ANANR(E- &lthoLgh similiRRRoUs A0ANSIN (R RASSIRIe- Then,
the pm%%%%}%% ea?ed‘,n grfé%cr)rs a seco dﬂquttéi §\r other contro# may be actuated, to start the cell
countingngagterogation.aAipdriroliepipeiteium profile will desirably be applied to the sensor/pipette tip

276 to draw ce the fluorescence detection zone. Single or inle, color fluorescence
detection methf)%ogggﬁ ’elqﬁi%ﬁﬁgigfead‘yﬁfggggesggﬁ? %%%Fagsgg?gr [eplétc edtgﬁgq%%a%?gid. In general,
a fixed ysittiokr oftHfiyichidetigie i Sgsitest sHifis Rualidoie tonerepitaily atagiagdaullplérledieodesiand
electric impedance. This enables volumetric cell counts to be performed. Analytica| results may be
Cicplay cb B3 SHAlY S 61 280 O BIRA 4125 forth G EERIHGBTATSH SEAE oI Fdiy (1B pipete
tip is disgided from DBERIArbsalesredteiaiactinfapRiyvirg suelionciaeempassasgienesating an excess
suction pressure that may then be down-regulated by structure associated with the pipette effective to
apply: i) TG ASsHERYAS Hperisre {9 BFSWé‘éfygﬁﬂﬁ{E fﬂﬁ&ifﬂ’etﬁi?)‘éﬁ%sﬁﬁ%haqg subsequent
desired pusliphdessyuse il over time to cause a desired fluid flow through the sensor portion of
the pipette tip. [0084] Embodiments structured according to certain principles of the instant

invention may 8004 d il kistratasbimidibs: VRripdadapiemaprnpeairiiieddmiBe®tibbles); estimate
or monitQy sample oy (Al&HGABHTERAR (D SPUSLLYPIMNR) @'&Iﬂﬂﬁiﬂﬁeﬁ%@%ﬂéﬁw@&ff@cﬂ}ﬁ@ual cells

in a liquid suspension of known volume; ic éntify/det.ect Specific cells stained with fluorescent dyes (i.e.,
antibodypeditieg desdtely &s praimec torsiminadhe grosiated with theovasisentnakhe brugtsiedule in a liquid
suspens| f. , %3 } Q ﬂ \Q%%ti% éjescribed in
P B e e o e YRR ccope o
the inventibree® elptegenbiciumston tayibeigyifotecrificth 68 spe ifi elfiernasi vdtiwan gepenting from
its spirit or ential characteristics. For non-limiting exam , alayer may h nap-fl
contorm SRy ) D Honea BbRToria S AL MENU NS AR s e
embodimeriist arectolbe cbrsigendd-dikkassiluStrativetmng not restrictive. The scope of the invention is,

recore, e SRS A L e e deorpEn Al o

scope. top channel sheet 156; opaque member 102; and bottom channel sheet 158. Desirably, top
channel sheet 156 and bottom channel sheet 158 are formed from sheets of substantially
planar material having a thickness such that fluid guiding channel 231 and fluid guiding
channel 236 are sized to avoid clumping of particles of interest near the aperture 108. A
width of such channels (into the page, as-drawn), may also be sized to resist such clumping.
Again, it should be noted that the directions of flow 226 and 232 may be reversed from the
illustrated directions in an alternative workable arrangement.

[0073] It is currently preferred to manufacture a thin film assembly, such as assembly

266 in FIG. 10, from stacked sheets of thin polymer films that are bonded together using
known multi-layer construction techniques. Channels for fluid flow through an assembly
may be formed with micromachining techniques, laser or water cutting, stamping, or the like.
It is currently preferred to form an interrogation aperture 108 by way of a laser drilling
operation. Certain layers may carry pre-applied adhesive, or adhesive may be applied
between one or more layer. A plurality of component parts, such as conductive trace 210 in

FIG. 7, may be distributed over the area of a sheet to form a plurality of assemblies 266 in a
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Claims What is claimed is: 1.In a pipette tip of the type that may be coupled to a pipette to extract a
fluid sample from a container of fluid by inspiring the fluid sample into a conduit stretching from a distal
end toward a proximal end of the pipette tip, the improvement comprising: fluid guidance structure
associated with said conduit and configured and arranged to provide a controlled radiation

it . ) o " ; ation.emitt ficl
of mter B R e B S R cture
comprisebgnivanietrtivatis sybstadtidly Spagdeviduekshaticradaidiiats saukihgdngerdgerce structure

being conarat 1o, o838 o ehange I 4scan R I eL Moy Rt sopdity 2 The
from the group assembly.

[0074] In an exemplary sensor assembly 266 used in connection with interrogation of
blood cells, it is currently preferred to use layers made from Polyamide or Mylar film. A
workable range in thickness for Polyamide layers is believed to be about 0.1 micron to about
500 microns. A currently preferred Polyamide cap layer 154 is about 52 microns in thickness.
It is currently preferred to make the interrogation layer 102 from Polyamide also. However,
alternative materials, such as Polyester film or Kapton, which is less expensive, are also
workable. A film thickness of about 125 microns for a channel layer 156, 158 has been found
to be workable in a sensor used to interrogate blood cells. Desirably, the thickness of the
spacer layer is approximately on the order of the particle size of the dominant particle to be
interrogated. A workable range is currently believed to be within about 1 particle size, to
about 15 times particle size, or so, although a larger range may also be feasible.

[0075] The radiation interrogation assembly 264 in FIG. 10 includes a radiation
source 104, such as a laser, which is directed to impinge on particles of interest 270 at a
radiation interrogation zone. Radiation 180 emitted by an excited particle in a Stokes-shift
transformation fnay be detected by a radiation detector 106, such as a photo diode. Wires 272
would be connected to the appropriate electrical device of an interrogation circuit in
conventional fashion. Desirably, a light enhancing element, such as lens 192, is disposed to
collect and focus fluorescence 180 for detection by the detector 106. One or more filter, such
as emission filter 192, and/or a pre filter 273 (or excitation radiation filter), may be included
in the radiation interrogation assembly. With an appropriate post filter, the excitation
radiation 118 may be directed directly through aperture 108 (vs. the illustrated angle of attack
Al), without saturating the radiation detector 106.

[0076] FIG. 11 illustrates a particle interrogating pipette tip 276 installed in a pipette,
generally 278, which is structured as an interrogation platform. The proximal end 277 is
typically installed into the distal end of the pipette with a slip-fit. A pipette 278 may be
structured to interrogate particles, typically carried in an electrolyte fluid, using electrical

interrogation, radiation interrogation, or both. Desirably, the interrogation pipette 278
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said fluid guidance structure comprises an orifice disposed in proximity to said radiation interrogation
zone, said orifice being configured to urge particles of interest into at least approximately single-file for
travel therethrough. 3. The improvement according to claim 1, further comprising: an orifice
configured to urge travel of particles of interest into substantially single-file for travel through said

barrier. . 4. The improvement accqrding to claigm 1, wherein. said pipette tip comprises rality of
stacked" i‘l‘%ﬁﬁ &Y dnd le?epgﬁlcona%fg <Sid" ?b%dtfl st%?lee Eén Cf{i&&%ﬁtﬁg ?Sgn%é‘ﬁﬁsat%z%ﬁ one
thin filmdayey, sail ehaanalhavingppiengthdixksmal g wisichAldidpik g omstriadnedsimftalirinte direction

Resociad B OH OF S YRS TR L A b B L S e VB S e Ghission
therethronghsaf@xeilaiion tehaiioncote Mghmpoavamend geeanding dadital i e ribghRmatirpiising: a
O e ior ol processing. A user may graso handle 182 T Whpress inger IEE

with a thumb to extract a sample from a bulk container.

[0077] FIG. 12 illustrates certain structure of a workable pipette 288 arranged for
interrogating particles in a pipette tip, such as tip 290. Pipette 288 is adapted for interrogation
using fluorescence, and/or electrical impedance. Fluid is inspired into the tip 290 by a
reduced pressure, or suction, applied by pipette 288 through lumen 292. O-ring 294 forms a
sealed joint between tip 290 and lumen 292 to permit communication with air vent 222. An
edge connector 296 is desirably included in certain pipettes 288 to couple electrical
interrogation circuitry (that is desirably carried within the pipette), with sensor components
carried on a pipette tip by way of contact with one or more contact pad 214, if such contact
pad is present on the installed pipette tip.

[0078] Interrogation structure may be arranged in alternative ways, e.g. fiber optic
cable may be incorporated to transmit radiation from a more remote source 104 toward an
interrogation zone. Such an arrangement may permit construction of the distal portion of the
pipette 288 to present a more slim form factor. Similarly, such cable may be employed in
alternative devices to transmit radiation from the interrogation zone to a remotely disposed
radiation detector 106.

[0079] FIG. 13 illustrates a partially assembled fragment of a pipette tip providing an
alternative radiation interrogation arrangement, generally indicated at 300. Radiation
interrogation arrangement 300 includes a "pigtail" diode laser 104 (desirably contained in a
pipette) that has a short segment of fiber extending toward where the pipette tip will engage.
The disposable pipette tip will have its own fiber 302 (or light pipe) that "butt couples" to the
fiber in the pipette when the pipette tip is inserted. The fiber 302 in the disposable pipette tip
will be sandwiched between layers of laminate.

[0080] The fiber 302 (or light pipe) in the pipette tip will deliver the laser light
directly to the vicinity of the detection orifice 108 and shine straight across the orifice 108,

essentially transverse to the direction of fluid flow in the orifice 108. Particles (or cells) will
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radiation onto particles located in said radiation interrogation zone. 7. The improvement according to
claim6, wherein: said window comprises an area of reduced thickness in a substrate on which said
stacked thin film layers are carried. 8. The improvement according to claim 1, further comprising: a
first electrical interrogation component disposed to permit electrical interrogation of fluid flowing along
said conduit. 9. The improvement according to claim8, wherein; said first electrical interrogation

componBfridhsaugh iy ighs aatiatdiesting A MARREI BT L Blhe HistRsHAR BHRS P8 pRRFRURS location
along sajgk cQRANI{on radt@idihe IRRrOYeMaNhaceREdINe 6 RIMSa I WharRINe ISieh IRt eiRGEHGSh

interrogation component is configured and arranged in harmony with a second electrical interrogation

compont&ietd %rhn @%@ﬁﬁ?ﬁéw _ “a_?fﬁﬁ’idlfﬂéﬁ% Gisyisafidhmunatpahsuch radiatigg improvement
according, [0 GG, Wheyein 50kl 8t SlRalEaaH IS AARTRN GAMBRRRIERerfiabiedand arranged

in harmony with a
excitation radiation. Radiation emitted (in all directions) from particles undergoing a Stokes-

shift will still be detected by detector 106. Again, a lens 192 and/or a filter 190 may be
included, as desired.

[0081] Devices structured according to certain principles of the instant invention may
be employed in a method for interrogating one or more particle. To use the device in one
such method, a user would be provided with a device structured to urge particles, entrained in
a fluid flowing through a radiation interrogation zone of the device, toward substantially
single-file travel to permit detection of emission radiation that is emitted by a particle
undergoing a Stokes-shift in that radiation interrogation zone. The user would use the device
to extract a fluid sample from a bulk container of fluid. Then excitation radiation, comprising
a first characteristic wavelength, would be impinged into the radiation interrogation zone as a
portion of the fluid Sample flows therethrough. Radiation having a second characteristic
wavelength, corresponding to emission radiation from a particle undergoing a Stokes-shift,
would be detected effective to gain information about the particle.

[0082] In one use of the device, the pipette tip 276 is inserted into the distal end of a
pipette 278 to form an air tight seal for air vent 228 and to establish the necessary alignment
between the disposable fluorescence-sensing pipette tip and the pipette optics. Next, the
plunger 284 is depressed to draw up an excess volume of the sample to be analyzed from a
bulk fluid container. This sample will typically be stored in the input reservoir 220 prior to
analysis, although simultaneous analysis is possible. Then, the plunger 284 is released,
and/or a second button or other control may be actuated, to start the cell counting or
interrogation. A controlled vacuum profile will desirably be applied to the sensor/pipette tip
276 to draw cells through the fluorescence detection zone. Single or multiple color
fluorescence detection methods could be incorporated. Fluorescent particles are detected and
counted. In general, a fixed volume of fluid is interrogated. This may be done optically or

using multiple electrodes and electric impedance. This enables volumetric cell counts to be
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second electrical interrogation component to permit verification of passage of a known volume of fluid
through an interrogation zone. 12. The improvement according to claim 8, wherein: said first
electrical interrogation component is configured and arranged in harmony with one or more other
electrical interrogation component to permit determination of volumetric particle count for one or more

particle of interest as flyid.is inspired from said bulk container and int id pipete tip 13. The
proveRTE HEdor AR E R CREY QR SR G RGHE oG Btk 54 g an
air-vent gpeHidtehsoid sanduiblist BRI te ¢opermimnicatiditefakl pipette through a surface of said
pipette tip, said surface having a normal oriented generally transverse to said length axis. 14. The

improvement a8t BseéraiR Methask [RRRIRAYICH A GRIRIARSHALST R ABA NS wiched
betweenyjaygFsfRITNIAY BRIFRIPALS R 80@n-regulated by structure associated with the pipette

effective to apply: i) a first suction pressure operable to draw a sample into the pipette tip; and
i1) a subsequent desired suction pressure profile over time to cause a desired fluid flow
through the sensor portion of the pipette tip.

' [0084] Embodiments structured according to certain principles of the instant
invention may be used to: count particles; verify sample integrity (e.g. freedom from
bubbles); estimate or monitor sample flow rate; confirm an inspired volume; determine
cellular viability of individual cells in a liquid suspension of known volume; identify/detect
specific cells stained with fluorescent dyes (i.e., antibody-conjugated dyes); and determine the
presence of a fluorescent analyte or molecule in a liquid suspension of known volume, among
other uses.

[0085] While the invention has been described in particular with reference to certain
illustrated embodiments, such is not intended to limit the scope of the invention. The present
invention may be embodied in other specific forms without departing from its spirit or
essential characteristics. For non-limiting examples, a layer may have a non-flat
conformation, and may only extend along only a portion of the length of a pipette tip. The
described embodiments are to be considered only as illustrative and not restrictive. The scope
of the invention is, therefore, indicated by the appended claims rather than by the foregoing
description. All changes which come within the meaning and range of equivalency of the

claims are to be embraced within their scope.
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configured and arranged to transport radiation toward said controlled radiation interrogation zone.

15. The improvement according to claim14, wherein: said radiation conducting element comprises a
fiber optic cable disposed in parallel to an interrogation layer of said pipette tip such that radiation may
be discharged from a terminal end of said cable in a direction substantially transverse to a direction of
fluid flow through an interrogation orifice in said interrogation layer.  16. The improvement according
to claim 1, further comprising: a hand-held pipette, said hand-held pipette being configured and
arranged to couple with said proximal end of said_pipette tip effective to: permit application of suction
to a proximal portion of said conduit; and orient saitf' Fidiation interrogation zone with respect to a
source of radiation such that radiation from said source may impinge upon particles entrained in fluid

flowing t%ﬁggg a%id ggdisation interrogation zone.  17. The improvement according to claim16,

wherein: pipette comprises a radiation source and a cooperatively arranged radiation
detector.l. In a pipette tip of the type that may be coupled to a pipette to extract a fluid sample from

a container of fluid by inspiring the fluid sample into a conduit stretching from a distal end

toward a proximal end of the pipette tip, the improvement comprising:

fluid guidance structure associated with said conduit and configured and arranged to provide a
controlled radiation interrogation zone effective to permit detection of Stokes-shift
radiation emitted by one or more particle of interest that is entrained in fluid inspired into
said conduit and wherein said fluid guidance structure comprises a barrier that is
substantially opaque to excitation radiation, said fluid guidance structure being
configured to cause a local change in the direction of flow of fluid through said conduit.
2. The improvement according to claim 1, wherein:

said fluid guidance structure comprises an orifice disposed in proximity to said radiation
interrogation zone, said orifice being configured to urge particles of interest into at least

approximately single-file for travel therethrough.

3. The improvement according to claim 1, further comprising:

an orifice configured to urge travel of particles of interest into substantially single-file for travel
through said barrier.
4. The improvement according to claim 1, wherein:

said pipette tip comprises a plurality of stacked thin film layers; and

a portion of said conduit is defined by a channel formed in at least one thin film layer, said
channel having a length axis along which fluid is constrained to flow in a direction
parallel to said at least one layer.
5. The improvement according to claim4, wherein:

structure associated with one of said layers forms a barrier that is at least substantially opaque to
transmission therethrough of excitation radiation.
6. The improvement according to claim 5, further comprising:

a window configured to facilitate transmittance of excitation radiation for impingement of such
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18. An apparatus, comprising: an elongate body stretching between a proximal end and a distal end,
said body comprising a plurality of stacked layers; a lumen in which fluid may flow, said lumen
stretching from an opening disposed at said distal end of said body toward said proximal end of said
body, a portion of said lumen being defined by a channel disposed in at least one of said layers and
configured to cause fluid flow therethrough in a direction parallel to said at least one of said layers, a
constriction of said lumen being structured and arranged to urge particles entrained in a fluid flowing
therethrough toward substantially single-file travel; a radiation interrogation zone disposed in operable
association wittPHH CoMLHRHSIY Hr Rl RoA AR S ERQRe“eBRfigured to permit
transmission of7emissitit iagiatiemdiion@pPartclecunaergadiagia:Stokes-shift in said radiation
interrogatio zone outside of said bop}/é d%ngdstﬁc&nd radiation tr nsmis]sﬁgg Sstréjcture g(g}rlllfrilgured to

permit excitation ré”dlcé)trflé)ﬁl o iMpinge on a particie present in'€4id radiation |nflérrsc’)t6(élffon zone.
film layers are carried.
8. The improvement according to claim 1, further comprising:

a first electrical interrogation component disposed to permit electrical interrogation of fluid
flowing along said conduit.
9. The improvement according to claim8, wherein:

said first electrical interrogation component is structured to permit detecting the arrival of a fluid
boundary edge at a particular location along said conduit.
10. The improvement according to claim8, wherein:

said first electrical interrogation component is configured and arranged in harmony with a
second electrical interrogation component to permit estimation of a fluid flow rate along
said fluid path.
11. The improvement according to claim8, wherein:

said first electrical interrogation component is configured and arranged in harmony with a
second electrical interrogation component to permit verification of passage of a known
volume of fluid through an interrogation zone.
12. The improvement according to claim 8, wherein:

said first electrical interrogation component is configured and arranged in harmony with one or
more other electrical interrogation component to permit determination of volumetric
particle count for one or more particle of interest as fluid is inspired from said bulk
container and into said pipette tip.
13. The improvement according to claim 1, wherein:

said pipette tip is elongate along a length axis; and

an air-vent aperture of said conduit is disposed to communicate to said pipette through a surface
of said pipette tip, said surface having a normal oriented generally transverse to said
length axis.
14. The improvement according to claim 1, further comprising:

a radiation conducting element sandwiched between layers forming said pipette tip and
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19. A method for interrogating one or more particle, comprising: providing a disposable device
structured to urge particles, entrained in a fluid flowing through a radiation interrogation zone of said
device, toward substantially single-file travel to permit detection of emission radiation that is emitted by
a particle undergoing a Stokes-shift in said radiation interrogation zone; using said device to extract a
fluid sample from a bulk container of fluid; impinging excitation radiation, comprising a first
characteristic wavelength, into said radiation interrogation zone as a portion of said fluid sample flows
therethrough; and detecting radiation having a second characteristic wavelength, corresponding to

said emission radiS S8 AR ES G L R OR AL A B RIS OB I FHEaH B ovement

according to claiirrto mitieficione.
15. The improvement according to claim14, wherein:
said radiation conducting element comprises a fiber optic cable disposed in parallel to an
interrogation layer of said pipette tip such that radiation may be discharged from a
terminal end of said cable in a direction substantially transverse to a direction of fluid
flow through an interrogation orifice in said interrogation layer.
16. The improvement according to claim 1, further comprising:
a hand-held pipette, said hand-held pipette being configured and arranged to couple with said
proximal end of said pipette tip effective to:
permit application of suction to a proximal portion of said conduit; and
orient said radiation interrogation zone with respect to a source of radiation such
that radiation from said source may impinge upon particles entrained in fluid
flowing through said radiation interrogation zone.
17. The improvement according to claim16, wherein:
said hand-held pipette comprises a radiation source and a cooperatively arranged radiation

detector.

18. An apparatus, comprising:

an elongate body stretching between a proximal end and a distal end, said body comprising a
plurality of stacked layers;

a lumen in which fluid may flow, said lumen stretching from an opening disposed at said distal
end of said body toward said proximal end of said body, a portion of said lumen being
defined by a channel disposed in at least one of said layers and configured to cause fluid
flow therethrough in a direction parallel to said at least one of said layers, a constriction
of said lumen being structured and arranged to urge particles entrained in a fluid flowing
therethrough toward substantially single-file travel;

a radiation interrogation zone disposed in operable association with said constriction;

first radiation transmission structure configured to permit transmission of emission radiation,

from a particle undergoing a Stokes-shift in said radiation interrogation zone, outside of
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said pipette tip is structured to permit fluorescence-based interrogation of a portion of said fluid sample
while said fluid sample is being extracted from said container.

said body; and
second radiation transmission structure configured to permit excitation radiation to impinge on a

particle present in said radiation interrogation zone.

19. A method for interrogating one or more particle, comprising:

providing a disposable device structured to urge particles, entrained in a fluid flowing through a
radiation interrogation zone of said device, toward substantially single-file travel to
permit detection of emission radiation that is emitted by a particle undergoing a Stokes-
shift in said radiation interrogation zone;

using said device to extract a fluid sample from a bulk container of fluid;

impinging excitation radiation, comprising a first characteristic wavelength, into said radiation
interrogation zone as a portion of said fluid sample flows therethrough; and

detecting radiation having a second characteristic wavelength, corresponding to said emission

radiation, effective to gain information about said particle.
20.  The improvement according to claim 1, wherein:

said pipette tip is structured to permit fluorescence-based interrogation of a portion of said fluid

sample while said fluid sample is being extracted from said container.
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