METHOD FOR MANUFACTURING A MICROFLUIDIC SENSOR [0001] Priority Claim; This
application claims the benefit of the filing date of United States Provisional Patent Applications Serial
No. 61/123,248, filed April 7, 2008, for '"METHOD TO MANUFACTURE A MICROFLUIDIC SENSOR"
and Serial No, 61/124,121, filed April 14, 2008, for "METHOD TO MANUFACTURE A MICROFLUIDIC
SENSOR", the entire contents of which are hereby incorporated by this reference. [0002]
Technical Field: This invention relates to devices for interrogating particles that are entrained in a fluid.
It is particularly directed to a method for manufacturing such devices. [0003] Background: The
principle of particles cauSHGTE AR’ Mid EE MpEHE RS MEE-BQRIHEEDB6rHENSCOIR aperture
between electrically charged {884 Erioiisclosbein Uniteal Seites garentd2e5a608 talng H,
Coulter. Since publicafl®i 8f kigiisdtéfrce Stsidariicletfor harlsaerrasrstddte @élddpit and
refining sensing devicédcgppating idef theMIBLHEN DAL MIA NRETdaht BRitdd States patents include
5,376,878 to Fisher; 6MBHIBLE AN @Ralang, 297255016 Kidrediéhidear il 26, 698%0 Mehta;
6169,394 to Frazier et'al.; BIEEH ORL TR VE\ M Bd6TiH Rirely MR OB 68 B U S 1SN $ARet BE; 6,794,877
to Bi.omberg et al.; aneMi& PPUIE IOV 1A by dbsvedetetencdisdstifmshts are hereby
incorporated by reference, ad MOk etmismh Kstdinliv tHeveatapattscidp drvilcais@bsures of
technology and varioud!SEs3f BB aRGERe st are wz@ffmaa%mfy BritepmiruahicEsds it
radiation at a different¥/agheddp s dppneé swskeraxistsfrequency is commonly known as
Stokes-shift. Recent United States patents disclosing structure related to interrogation of such
phenomena include: 7,450,,2@@&?%%%#%?1&? PTNEAD] D BBRY ARSI BE S ShAMSRIB 74 to
Gerstner, et al.; 7,416 700116 BIRSERRSE &t H15Y 22ABdS67PY (B S rERPEEETS BEBIEB00 to Bell, et al.;
7,221 ,455 to Chediake gt @icaly¢haesrgdassdsay el eted inAirgetha aipbpalsatéientdatotdiments
are hereby incorporatéd By Forernics. AVRSYGH e hEPeIAh tRBN Ghtbltie<orbPindRdisclosures
of relevant technologySNAHOSVEEIEBE AR BIREHED cPAQRSTAHOR I ErmERUHhe

independent claims. S%Wi‘éiBl&i8&%?@%%@&%&%%%6&%%&%9’%ﬁ%ﬁ@ Hipehdent claims.
Disclosure of the Inveﬁt@‘?”gw to Gascoyne et al.; 6,437,551 to Krulevitch et al.; 6,426,615 to

Mehta; 6,169,394 to Frazier et al.; 6,454,945 and 6,488,896 to Weigl et al.;
6,656,431 to Holl et al.; 6,794,877 to Blomberg et al.; and 7,417,418 to
Ayliffe. All of the above-referenced documents are hereby incorporated by
reference, as though set forth herein in their entireties, for their disclosures of
technology and various sensor arrangements.

[0004] The ability of certain particles to emit radiation at a different
frequency than an applied excitation frequency is commonly known as Stokes-
shift. Recent United States patents disclosing structure related to interrogation
of such phenomena include: 7,450,238 to Heintzmann, et al.; 7,444,053 to
Schmidt, et al.; 7,420,674 to Gerstner, et al.; 7,416,700 to Buechler, et al.;
7,312,867 to Klapproth, et al.; 7,300,800 to Bell, et al.; 7,221 ,455 to Chediak,
et al.; and 7,515,268 to Ayliffe, et al.. 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.

[0004a] The invention is defined in the independent claims. Some optional
features of the invention are defined in the dependent claims.

Disclosure of the Invention
[0005] The present invention provides a method for manufacturing
microfluidic sensors that may be utilized to interrogate particles suspended in a
fluid. One operable method includes the steps of providing a thin film
substrate; applying electrically conductive ink, by way of a printing process,
onto both sides of the substrate to form at least one



[0005] The present invention provides a method for manufacturing microfluidic sensors that may be
utilized to interrogate particles suspended in a fluid. One operable method includes the steps of
providing a W T BeBEtrate; applying electrically conductive ink, by way drGgrziY08?dcess, onto
both sides of the substrate to form at least one WO 2009/126257PCT/US2009/002172 electrode
disposed on each.side thereof: and forming an interrogation tunnel through the thin film substrate. The
method RIS B TRGRE R e TSR RR IR Aa4URSERARLR) BOMPL RUE e iRsions of
individugtignesbefrthe clbetrogasdanag sisgindick: abthempubistataolmsgme eases aatleasiarg
circuit-forming contact is disposed in e|ectrical communication with an electrode, carried on the
oppositecgfaglﬁf”tﬁ’élgg6m95§?/g;946¥'§ﬂail%?ﬁ n%ﬂﬁﬁﬂaﬂ?éaﬂﬁgaéf&gle st Fhe method

may alsgipsikle adheringeastisshehasnehdayiesin-rpgistationwithsangpvsiel oh klecsubgtrate to dispose
a first channel element associated with the first channel layer for fluid communication through the

interrog &AEHIHRIAHIIE AT £ 56 tBAe CALIRTEPTalNsrIRRRY IS B ilforl Withsts e PRINELPIRY substrate

to disposg-asesvneschannglfigmant associated with the second channel layer for fluid
communication through the interrogation tunnel and with the first channel element. The method may

further include §/9964iAgermrdiod dembalsiiivd e s Rdiiste bnshta¥e i iNd SRWIAGaR TH&irst
channel glemapty piid GisRASIPIAIFERARG SIREURSERLISHY 1he subsiraithttheentachilHidflowing in

the second channel element. A further optional step includes disposing a third electrode for contact

with fluidaswing hegvespnmaifasion detpugh Bisdtiraresebor Wimelottheaig asshgudinbamestirst
e'ectrod?a?ér}gﬁh%gﬁgﬁmedaﬁ{r&%lﬂ&%faéowm%asf&'w?&ﬁ\@&%ad pedion LiERpeRiNERSsociated

channel efements effective to dispose a surface area, sized in excess of about 5 mmz2, of each such

electrod esmcwﬁdaﬁith/iﬂkﬁfmm)ﬂ@\ﬁmgmmgh Méﬁﬁm@nﬁmim ﬂ_lrm@hdbﬁ' onfgrsiepiviudes
d'Spos'”er%feq%(?Oﬁ]ﬁﬁt{ﬁedﬁxf%%%?ﬂﬁ%gj%m@'%HQ‘M&%&‘*% Shied ?ﬁélﬁb%cﬁﬁggﬁa%%datﬂ?ﬁ‘eco”d

electrode. he met may sometimes include configuring electrodes, g the printing
process eiacirpdttearridibppshe vobstoparatentittt 8ypdrflowioandler fmsrehehaeindtmementdeffective to

permit elpettically based jnigrogalion of ayknpwn alume o I Wi ing sensor, Fhemetgpd may
sometimes include configuring electrodes, auring the printing process, In a pattern etfective to permit

detectiontnhaddiglaténdicatinglarivptioha ficisl ivvel vdel dintpmts i gaahindogsittiordinfthhe sansowiilthe
method may sometimes include configuring electrqdes, during the printing pracess, in.a pattern
syt i e e e el A
method gleytralioanéindecishosiRgtivthiid Bieaitegedion agtpet ivith deit flavidngobedwretitbe first
electrode and the second electrode; tfmol_ disposing the third electrode upstream o(gliﬁh%interrogation
tunnel sASIPURSTBEN 6 BIBESEINEBS RIS thALHART ABASSHH TP GG IR Rngth of the

third elegtratle beferesfloyinairia-the tomeal Wid mathadwiay iRUER tispRSHIgHEMIgEelectrode for

contact with fluid flowing between the first electrode and the second electrode; and disposing the third

electrod &XgOR BN 6?9?\@&%@%6%?@8@%@%}&@9@3%i@ﬂﬁ%%ﬁ‘(ﬂfﬂé@%f%ﬁ”ﬁﬁe length of
the thirdRleairade Lafereiconiacting e seeprd-riacyade.

[0007] The method may sometimes include configuring electrodes, during the
printing process, in a pattern disposed to cooperate with a portion of one or more channel
element effective to permit electrically-based interrogation of a known volume of fluid with
the sensor. The method may sometimes include configuring electrodes, during the printing
process, in a pattern effective to permit detection of a signal indicating arrival of a fluid wave-
front at a known position in the sensor. The method may sometimes include configuring
electrodes, during the printing process, in a pattern effective to permit particle detection in an
interrogation zone comprising the interrogation tunnel. The method may also include
disposing a third electrode for contact with fluid flowing between the first electrode and the

second electrode; and disposing the third electrode upstream of the interrogation tunnel such



100081 The invention may be embodied in a method for manufacturing a multilayer microfluidic
sensor. One such method includes providing a plurality of layers of material configured to permit their
stacking to MWV@PIEAR5A first cap layer, a first channel layer, an interrogati®faliAFe0Aee73econd
channel layer. The various layers are stacked and cooperatively adhered to form an integrated

multilayer sandwich. Desirahly, the first channel layer carries a plurality of first channel elements
Cisposed Gh LA TR SEOCLE I URETTE BTG TP e ey P R e A B L or the
interrogatianelayEhdarzalind anply atitydef dispoe] relenianis: tispose tbspaned apat Aloddlevéngth axis of
the interfogation layer, and for the second channel layer to carry a plurglity of second channel
elementg’ ??l‘gﬁ%ébg fﬂéﬁ:é\ﬁcéﬁéi% 3@1‘5‘%\5@?@@ K r%&?h%"@e‘i%ﬂ&%f%ﬁﬁeﬁé@é’ ?cllﬁ%(fﬁethod may
further inRJudetcepRGItiRG A Rkbakiyoaf sanspssdrafntiriRpNewicty B ENaLRaghIseRamtedfsensor
includes a lumen adapted to permit fluid flow there-through, such lumen including a first channel

element s PBELAIGS AT BEFAR GRRAGBRAS thotfgAn €lfifEPEefement, with a second channel element.
The first channgh g riand sesansh chanpelavsamainhedferrsaddram Aemnblarsided selfiadiesive film.

Sometimes, stacking and adhering includes use of indexinéq structure effective to operably align

element& S RAHE SFR¥HsPeestigRatedrredes RIPidIaa AdEr 1y edilaprys i#dd includes
using a geAga:eIGas ARl Slerlieresonin e erRaRiondpyesin A RAlRrRIAiAGl S (0

dispose a plurality of electrodes spaced apart along a length axis of the interrogation layer such that at
least ondnétEegatandayrieshiasesaBr sepuieitydenkbr. \ouSHakyCthateettakedand disposed to

contact flyigh dowing, ERue el imen: im%ﬂz}smqmayémud@i%ﬂp'ﬂ@gaeigi,%ifzcm_@ﬁa%me

interrogation layer in a pattern that is repeated along a Ieéngth direction of the interrogation layer. The

method tgpecamyrinerigbsabimmdithiechiuvzgitglomernindiwesné spesitbaiajtialong plengtyares efectrodes

the i i ) ti ; ; trod
orining. Ve B B B B e B e e B e

applied tobuthesiden ofdispintdrspgetibapayetpapd bundtcexcontfdbt etotrogiemonayaty adefside of the

interroggfion ayer. 0, suoh cases. atleah ong surface contact eleciiade, mavbe n clectrieal.
communication with an slectrode carmed 'on the oth&r side of the in erroga ion;fayer way 5fan
electricadlipogndengitteaxia. oFhkersattiod charynbel pyactidéd iy threl faay iyt bée ine hidcasgaciaieg avith

certain layers.in a reel-to-reel operation effective tp form.one or mpore componentized layer, and
stackingMAE K8 RSB S TIT MOCHASN U BB SEERRATBHH tHECARRRS AUPSvely the
method ndaytbe forpeiiaadinydofiefopiagiatamprnischskestatad Mithgarfain ByeieirtRkeekto-reel
operation effective to form one or more compaonentized layer, and,stacking discrete lengths of one or

more coffFRMTERHZI ARG HEHEAHRN SRR AR RSP A RTGaeh oM el ®te

substratefie therstaane thannatlayeind chiddillalbest fertsancadvwantagesicandedtRnative aspects
of the present invention will be apparent to those skilled in the art from a consideration of the following

detailed HESSHIRBHMaRMMF QiR A Bt RAATHE SR RIS REe SEFSH Y5 the

Drawingg, opel@01d1|priRe:Araningsnwhichdlystiaie what aereuiantik considetaddr g the best
modes for carrg%agut the invention: 100121 FIG. 1 is a cross-section in elevation taken through a
r

multi-lay§588R rRSHaA ant ldes HEp SR PRANIRBIGFSEs de comlingl estredesipniRifdples of the instant
INventioRy e ol RT3 GG % i i ErPleded RsRemly eIl ABP YR ARSI, REESPESHYR fdsensor
that may be manufactured according to certain principles of the instant invention;

a length axis of the interrogation layer such that at least one electrode is included in each

separated sensor. Desirably, that electrode is disposed to contact fluid flowing through the

lumen. The method may include applying said electrodes to the interrogation layer in a

pattern that is repeated along a length direction of the interrogation layer. The method

typically includes forming the plurality of tunnel elements subsequent to printing the

electrodes on the interrogation layer. However, tunnel formation can be done prior to, or

even during, electrode printing.



[0014] FIG. 3 is an exploded assembly view from below and in perspective of the sensor illustrated in
FIG. 2; 100151 FIG. 4 is a plan view from above of an interrogation layer component of the sensor
illustrated inN¥@G0®/12623D016] FIG. 5 is a plan view from below of an interr&§dtibrI49€PBGnponent of
the sensor illustrated in FIG. 2; [0017] FIG. 6 is a cross-section in elevation taken through a

multi-layer senngggqrﬂ%p@ggtggg@g RRY QAR IR A6HeHAING i6, SealaInAfipciples of the instant

invention; [0018] FIG. 7 is an exploded assembly view from above and in perspective of a sensor that
may be mamdaetoethrticerdnyriocateaingiiripledes vmernhstamtsideerftion; [00T0EFIG Bysran

explodeq, agnerallVimNQDRElN-B0ddR RaSREGRYE RIDBRNSOE USRIl 1) FIC
plan view from above of an interrogation layer component of the
an electrode carried on the other side of the interrogation layer by way of an electrically
conductive via. The method may be practiced by pre-forming elements associated with
certain layers in a reel-to-reel operation effective to form one or more componentized layer,
and stacking that componentized layer in a reel-to-reel process to form the sandwich.
Alternatively, the method may be practiced by pre-forming elements associated with certain
layers in a reel-to-reel operation effective to form one or more componentized layer, and
stacking discrete lengths of one or more componentized layer to form the sandwich. The
method may include applying a discrete substrate to the second channel layer.
[0010] 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

[0011] In the drawings, which illustrate what are currently considered to be the best
modes for carrying out the invention:

[0012] FIG. 1 is a cross-section in elevation taken through a multi-layer sensor
arrangement that may be manufactured according to certain principles of the instant
invention; .

[0013] FIG. 2 is an exploded assembly view from above and in perspective of a
sensor that may be manufactured according to certain principles of the instant invention;

[0014] FIG. 3 is an exploded assembly view from below and in perspective of the
sensor illustrated in FIG. 2;

[0015] FIG. 4 is a plan view from above of an interrogation layer component of the
sensor illustrated in FIG. 2;

[0016] FIG. 5 is a plan view from below of an interrogation layer component of the

sensor illustrated in FIG. 2;



sensor illustrated in FIG. 7; [0021] FIG. 10 is a plan view from below of an interrogation layer
component of the sensor illustrated in FIG. 7; [0022] FIG. 11 is an exploded assembly view from above
and in perspPEGtRAI2825énsor that may be manufactured according to cert&QHBHAHIMEY D Ehe instant
invention; [0023] FIG. 12 is an exploded assembly view from below and in perspective of the sensor

Hlustrated In PGt (84716 A3 is s A e e ave alan S Tagelon yer gomponent o

the sensor illus ated in FIG. 11; 1l41sa p an view rom elow of an’interrogation layer
componentaptineent that may be manufactured according to certain principles of the instant

invention;

[0018] FIG. 7 is an exploded assembly view from above and in perspective of a
sensor that may be manufactured according to certain principles of the instant invention;

[0019] FIG. 8 is an exploded assembly view from below and in perspective of the
sensor illustrated in FIG. 7;

[0020] FIG. 9 is a plan view from above of an interrogation layer component of the
sensor illustrated in FIG. 7;

[0021] FIG. 10 is a plan view from below of an interrogation layer component of the
sensor illustrated in FIG. 7,

[0022] FIG. 11 is an exploded assembly view from above and in perspective of a
sensor that may be manufactured according to certain principles of the instant invention;

[0023] FIG. 12 is an exploded assembly view from below and in perspective of the
sensor illustrated in FIG. 11;

[0024] FIG. 13 is a plan view from above of an interrogation layer component of the
sensor illustrated in FIG. 11;

[0025] FIG. 14 is a plan view from below of an interrogation layer component of the
sensor illustrated in FIG. 11;

[0026] FIG. 15 is a plan view from above of a componentized interrogation layer
manufactured according to certain principles of the instant invention;

[0027] FIG. 16 is a plan view from below of the componentized interrogation layer
illustrated in FIG. 15;

[0028] FIG. 17 is a schematic in elevation depicting a manufacturing arrangement
operable to make sensors according to certain principles of the instant invention;

[0029] FIG. 18 is a cross-section in elevation taken through a via;

[0030] FIG. 19 is the cross-section in elevation of FIG. 18, with conductive material
printed on one side; and

[0031] FIG. 20 is the cross-section in elevation of FIG. 19, with conductive material

printed on the other side.



sensor illustrated in FIG. |1 1 ; 100261 FIG. 15 is a plan view from above of a componentized
interrogation layer manufactured according to certain principles of the instant invention; [0027] FIG.
16 is a planWiewHtBElow of the componentized interrogation layer illustREgdiR @152 [0028]
FIG. 17 is a schematic in elevation depicting a manufacturing arrangement operable to make sensors
according to certain principles.of t ’E{mgllr}géa?t [ entlon Q)()?tg]hFlle18 IS a cross-section in elevation

taken through a via; 1003 the Gross-t CthﬂtIn eleva t|f)0n of FIG. 18, with conductive

material printed @B32h& sickenaadvill nfd0Bi nkd . @Chs thevenasshsedtioh theelaviatiorlehfel®s a0, with
Conductl\f‘ee Epl%%%%lnp\gm%% gxnvgr]lengmeerrlcszﬁjgésignations 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. The exploded
assembly drawings are internally consistent to-scale, with components and elements being
aligned along the axis of explosion.

[0033] Currently preferred embodiments that may be manufactured according to
certain principles of the present invention provide low-cost, disposable, sensors operable to
perform analyses of various sorts on particles that are carried in a fluid. Sensors
manufactured according to certain principles of the instant invention may be used once, and
discarded. However, it is within contemplation that such sensors may alternatively be reused
a number of times.

[0034] Certain sensors that may benefit from application of certain principles of the
instant invention are disclosed in: United States patent application Serial No. 11/193,984,
filed 07-29-2005, and titled “DISPOSABLE PARTICLE COUNTER CARTRIDGE”; United
States patent application Serial No. 11/452,583, filed 06/14/2006, and titled “THIN FILM
SENSOR”; United States patent application Serial No. 11/701,711, filed 02/02/2007, and
titted “FLUORESCENCE-ACTIVATED CELL DETECTOR”; United States patent
application Serial No. 11/800,167, filed 04/04/2007, and titled “THIN FILM PARTICLE
SENSOR?”; United States patent application Serial No. 12/001,303, filed 12/10/2007, and
titled “METHOD TO CONFIRM FLUID FLOW THOUGH A MICROFLUIDIC DEVICE”;
United States provisional patent application Serial No. 60/995,752, filed 09/29/2007, and
titled “INSTRUMENTED PIPETTE TIP”; and United States provisional patent application
Serial No. 61/004,630, filed 11/27/2008, and titled “FLUORESCENCE-BASED PIPETTE
INSTRUMENT”. The entire contents of all of the above-referenced and commonly-owned
applications are hereby incorporated, as though set forth herein in their entirety, for their
disclosures of certain operable constituent materials, constructions, and ways to use sensors.

[0035] Examples of analyses in which embodiments manufactured according to

certain principles of the invention may be used to advantage include, without limitation,



WO 2009/126257PCT/US2009/002172 Best Modes for Carrying Out the Invention 100321
Reference will now be made to the drawings in which the various elements of the invention will be
given numeM¢aR¥sIgeaflons and in which the invention will be discussed sRCASUREWAE Bne skilled
in the art to make and use the invention. It is to be understood that the following description is only
exemplary of the pyinciples of the present inventjon, apd should not be viewed as narrowing the claims
oo TP RS R R A ey S O bl el Bients anc
elementsdieingl alignadialong theisxis ® beoqlasibn (R BAHABR) Euridtdlyl podfesiBd BiBlasgiments that
may be manufactured according to certain principles of the present inventiop provide low-cost,
ieposaS R BE QIO BHEABIS ottt A AU LR AR B e R R i
fluid. Sengis MaRuiativiedpecareingtin cerrin arnsdipiesmdidheialianicsvenilosesiaydleinged once,

and discarded, However, it is within contemplatijon.that such sensars may alternatiyely be reused a
number BETTARE! SValBHA0R SrRaiie Seiigo stﬂ%h%%’ff %éﬁé?ﬂqfél%g%?ﬁﬂ’t%ﬁg}%f%g iPPprinciples of
the instamdrbugatian aensisdipsaddnfdites Siatesmpatestiapplication &eripiNond poiI8IG4réiled
07-29-2005, and titled "DISPOSABLE PARTICLE COUNTER CARTRIDGE"; United States patent
applicatiiitSerid1 ! ng LEpEBarkAE B BBHUAERO8! A iR fild L AN IRILMRERSes PUREd States

patent applicabtionSeidoNRed/dQhréh tefiled PP 20Pihcanthitlethdndd ARESSENGEMGIH VATED
CELL DETECTOR"; United States patent application Serial No. 11/800,167, filed 04/04/2007, and

titled "THANPRINABARY eoprbige Rrabydemapisdnasistusedase apsnedadnindniased thoioganos, filed

12/10/2Q07 ARshtigd AMFTHQR TR CONGIRMEL WBL RS QUY THONG 'fbjsé\%ﬂ% HAHEUEIDEVICEY,
United States provisional patent application Serial No. 60/995,752, filed 09/29/2007, and titled

"INSTRUMENT BB Py REd Formpma g risddBSiatat provisi S Codiddercapplic dfioh foehien No.
61/004, 630 e Ad42A 42 MR R UHE S Fl P OB ER SENGR AT R T NG REMENT". The

entire contents of all of the above-referenced and commonly-owned applications are héreby
incorporadedtesstenpayive et foredne idgiestsarecrireriedoethuirtaiddlosibds of certain operable
constituent matgyial nstructions, and tq Use.sansors. JQ\Q SénEx mples f analyses in
hich embocim e e e o e e B B
advantagetincttictenevitboubtinditetion o f\W a200 /A2 6257 PRIFHUSB200811002 % 7@ tcotmtieg, toHaracterizing,
or detect] 9 memetrﬁ af an cultur?d cells, and in ;):l{:\%icular bloo 6ﬁetllczélga% h as counting red

n ses. s

blood cells aﬁgﬁ“‘s(} an%/l(r)l?t\?v t’| él‘fﬁ%%’nclé’”%%éfs ) corrﬁ%?gfgzb ood counts @%@g}lﬁﬁti/CD8 white
blood cethaoufatingdd adtbidiipdiviptiatsplvh ole il analysisisper mseduinplysendetesamages: and
generallyéhose nacl?yseg involving numerical evaluation Oéparticle sjze d%:sr‘%ribu ionfora .
particle-BERATH fidid GntTh G HBRbIBIGaT EAHBBEHSER Bfﬂ’ilé“fﬂ\gecﬁﬁ ﬁ?afg?ﬁé“%‘é‘&d’%tt?ﬂcﬁvide
rapid anghpeibicpisGasestrstingsinclugingehaive tpakehbippditiagnosiicoesinlfsestain embodiments
may be used as an automated |aboratory research cell counter to replace manual hemacytometry. It is

within cArtERTHTRAEN 1 COMSREHEBAIFRtS Man R brdt b RBTeIm P EsARERIEE Htant

invention withiadditianalhaonrestic e tents murNER AUTaRCERGRIEQ @ﬁéﬂéb’i%@i@ﬂ??&@d cellular
analysis and counting (such as CBC with 5-part WBC differential). It is further contemplated that

em bodirﬁ@?ﬁ%ﬂ%ﬁw Fadss ChsidNe b g Beihbass e ARshciRap B BeEe drtBPodide a low-cost
fluorescepge activated celt SOReh %@}C@netimes be referred to as a diameter, for convenience.

Currently preferred embodiments of the invention are adapted to interrogate particles found in
whole blood samples, and this disclosure is structured accordingly. However, such is not
intended to limit, in any way, the application of the invention to other fluids including fluids
with particles having larger or smaller sizes, as compared to blood cells.

[0037] In this disclosure, “single-file travel” is defined different than literally
according to a dictionary definition. For purpose of this disclosure, substantially single-file
travel may be defined as an arrangement of particles sufficiently spread apart and sequentially

organized as to permit reasonably accurate detection of particles of interest. In general, we



[0036] For convenience in this disclosure, the invention will generally be described with reference to

manufacture of a particle detector. Such description is not intended to limit the scope of the instant

invention in W21 212/ recognized that certain embodiments manufacturB8HESANG2 Drinciples

of the invention may be used simply to detect passage of particles, e.g. for counting. Other

embodiments may be manufactured.to determine pa t'glepgh racteristics, such as size, or type,
%8%%(# : rtg Ci

thereby HAMhitAh SR RATHER SR ERNd R BN NS HEA BTSN @ By be used

herein tqrRNGRMBASEH sk mixHpchié) @ & fbaidebasenamned naneear morgadiuents and particles of
one or more types suspended or otherwise distributed in that fluid base. Particles are assumed to have

a charadeiRgmadeally GasrentiRty sridiritio Ay bR Rer fBraed Wi splrtioniag iR KB Burrently

preferred £modimantsof therimeRtMA6Q BEARIGAMR inieegRte-RaisIes fonmst k wheladigod
samples, and this disclosure is structured accordingly. However, such is not intended to limit, in any

way, thePhppREatidbn HiiRedtvanmon T AREICTRRUS IAWAIFRITRA QRN RATSHRIE RS PAgRIFIB G er or
smaller 5izeR1 28 [RMPRLEAHoDINRT £eURampl ORI Elin-ihia fisclesie o SiRgie:is: tiavRleds defined

different than literally according to a dictionary definition. For purpose of this disclosure, substantially
single-fildeiiEedigyhpecdetiredi wioseddn Ahg cloaHnenifariassreanive miylsidsamplsahanag a
sequentially quianized as:i0 RetMEEABERARN 26641318 BetsalisnchAticlas ofl IMaEsstHin general,
we WO 2009/126257PCT/US2009/002172 shoot for single particle detection at least about 80% of the
time. WierisAosperticiestheeordanefithe segadonred htoad trdldamed itistealédbincidence, and there

are ways to majiompticall SoRGL a1l GRINAIIN RS PtorsdysiRg selfions having a

known particle y (e.g. solutions of la s having a Characteristic size similar to particle(s) of
interest)cAisioyctiloniof Dphectrastictes sapafitinkdaredhnday sonoitsutEl todony dwizirsgrpaiticle travel. As a
non-limitin ample, it is currently preferred tg use sensor,devices structured to have sizes disclosed
i this ARy R oo FC SOIAL RS artere e et d i henween
about 3xbadocaiveshBrd @blagts/mi, tierghthe lpanticlersiz@ipiosl heaongiler frbthe@izenofreetkad blood
cell (e.g, Simto 201.1.m).. 102 81 A entgor c%m&%/onﬁfrﬁta{ormed bl?\{ the.instant pr?@sess.m be
used in EOALHIRTERSH A PaRSer bENEI S ERrATHRY ERIS AR TELSTOERIRA 7O b BRISH S ncludes
particlesandnebiolagicaltells iprt Are figpicatiy-sticle tdadcandhnasdireskindrconaeative saline
solution. Aﬂtclhrough-hole or. tunnel (typically ranging from 50 nanometers to 200 microns in diameter)

formed A EHSF af e RSN SUFF MY PRE GO BHE A Fiselr drslintted s ibeiriifPEmete file

flow of pasticlesnaatyeemihandisk pesedtirsppd SResRISf I8 halsen | eebi AuranhisorpRyed to driven,
or stimulated, electrodes (typically formed from_conductive ink and disposed on opposite sides of a

polymer BB OFeB1dm iy IiRRiT8 darrnERRbEIs SH g fBsREItY I MitBIERO8RIRR & Sroperty in
the interpagatign#RNey&31theRantidlesieailsclavwHRrasiahidhe,6rY iMerogationzaneathsy cause a

momentary increase in net impedance, which is measured as a change in voltage at the one or more
interrogdigRAsfebtrsidMPRAADettalRich i Be s B e hicdainasd v SRIpeR atdhardle WoRATkctive ink

interrougianslagiRdR dRRseHaAn NG, Ot hgil. Bt kiR sBRAR B ollage

change is proportional to cell size. Currently, the preferred sensor embodiment utilizes 2 driven

surface dlkdtisHogabaroppeisidesidassfdion substabethoprorhscel thesnbrritelcbhdomaaversd(that
fl th int j itional, int i d |
WS W&%J%@ﬁ%ﬂ%@&%‘%ﬁgﬂﬁ?J‘@Ql?%i%érgﬁg%ﬂﬂ tﬁgﬁé?etﬁéﬁ A %@&J?ﬁ%’t es (also on

opposite sides to make a di voltage measurement across the cell
interrogatibeschdriven $QG3g e Graditis) siraoep e itainlopef ttio mab detwil scop @ dureenthynpraferred

tant boN o e e S B e R A S D e e Do ecively
denoteditxgmogasoal 1020 d6A(alwood 68paritt tiesfodmhdopHarbaiioonmhRyerdifferential voltage
measurement across the cell interrogation zone.
[0039] FIG 1 illustrates certain operational details of a currently preferred sensor
arrangement, generally indicated at 100, manufactured according to certain principles of the

instant invention. As illustrated, sensor 100 includes a sandwich of five layers, which are

respectively denoted by numerals 102, 104, 106, 108, and 110, from top-to-bottom. Layers



WO 2009/126257PCT/US2009/002172 102 and 110 are sometimes made reference to as cap layers.
Layers 104 and 108 are sometimes made reference to as channel layers. Also, layer 106 is sometimes
made referéMOe288%4L @ interrogation layer. Equivalent structure to a selecR(INSHHNBRIZYer may
sometimes include a plurality of constituent sub-layers. [0040] A first portion 112 of a conduit to
carry f'“‘@?&%ﬁ% I6h§esse§r§18 (RIS HAE er%o%é%éorsr%gﬁ f%L%X.eﬁr%oegstiBEPgﬁdﬁjo% iéﬁéjisr’osed parallel
to, and within, the layers, and may be characterized as a chanriel, or sometimes, a channel element. A
second poniemmickAaidthee fiirich codastghassek ] tycosig A layda 6o, (End tberefonesmaylbethranaeterized
as a tunnel or a.tutnnel etlem?nt. A ird\p?rti%)ntﬂ? of %he flulid C nﬂuit is fo lined in layer 104, and
again m&y be' CAAELEEAZEE S84 chERNeY, OF SBhEHRes 24 BIERTER LTIt frow TATEOSH the

< CRAEENEALRY BYE cHARhEY OF SBHERES? ATRARR
conduit imdhcdeatgdubyiiayrofeAsauand slib8laktutid flowing through the first and third portions flows in a

direction generall rallel to the layers, whereas fluid flowing .in the second portion flows generally
perpendicular ti@‘w@?&@ §§t'ﬂ‘?§1é’fbrij,§féj¥dl fi8 Hﬁhﬁf’d:ime&‘ﬁgt f)‘@’[&?&b@r‘? SHIRMAE 38R channel
and struchyesfymisgia el 08. HORMH 1t 5 iwihiposeatemplation dhatdve orimars akthgdllustrated
layers may be concatenated, or combined. Rather than carvingi a channel out of the thickness of an

entire |y R RAHACCER SR ARl BE SRR B Sy R et By HERhifisECorL R al LA&nel into

a single {Ryeraiarddy/MbRssRInuiaiding thedayrd iadnaiiden pRaceAHadaadosa dndisngpgional
formation of the substantially Elanar layer. For example, illustrated layers 102 and 104 may be

combined < seenaainnd i irakdbe fyedcendudtis formeddy by sepideaadigaisingle,
concatenyedelaygh teriz094¢h MR FANBRYSH LRIRES NI RLFe 1 dmRliA ia fRY Blo bOR RIS IER@ Plurality

of surface electrodes arranged to dispose a plurality of electrodes in a 3-dimensional array in space.

For purpssilvit ihindiseted rearosurfab addiddelidigdieatipe thrinlothg Sutasd, thivd forms only a
portion GleumMSCHRING;A £hARBELA' %Wﬂ?BaﬂHﬁ%ﬁ@%@qx&éﬁ%&g% Wlﬁ'é;if’?&@iﬁ%%)thg luid flow is

"over", or "along" a surface electrode, genérally parallel to the surface on which a strface electrode is
carried. sacsodtpestion dhearh et eteditoperrgpibailiecicthmdeyives Theremietlw £lonamagl. Fluid flows

generalIﬁiﬁmg}ﬁ%}égiequ%g%]%{rg@ﬁyeo%%%ﬁ%nca?é%%gﬁggil%gé%{ JPe %%yn\r%{:gu neYvhich the channel

electrode Is carried. It Is within contem ata (or its equivalent), may carry either, or
both, types of €l@@#iddiess Withalsmmithipl zoomehmlatiovtonformo {éhg i Pusttatepagi)satestiades on the

cap WO 2009/126257PCT/US2009/002172 layers 102, 110, to supplement or replace the. electrodes
carried bC)? %%aéeg? 5ot s ér'lstétl) ?ate%rirag%lgfig}hapa%/aerrv e © an&é%ﬁf %%‘&%H%gg,ssefg&?o%g%re
arrangedhi@pearchiriheie Rieetitoabe v founicaiion yitiflelactital muciaethpgaineciorg digpesed on a
single side of the dwich, as will be explai elg,further below. As illustrated in FIG. 1, fluid flow
indicateé‘]ﬁ?/aaﬂ'%fg[%ﬁraﬁrdbi'fén A5LBL 852? gitst QY HA MF RidRa9281q 2 |r8§61et’[ively.

HowevediifcalRinaivenembedinients MidinLonempation. ang exdhprethauatalerctioses §20, 122
may not be present. Typically, structure associated with flow portion 114 is arr%rqlgled to urge particles,

which arRddREEaY fseaabiaalin ,SH‘Flle)%%%n@éﬂ}}'léf%léuﬂ%rﬁ‘ﬁ@élamfédgﬁ AdhiBg%isn zone

associateghmith 8pe ofnPlboth QtegiRcdrades 120, 122. Therefore, electrodes 120, 122 may
sometimes be made reference to as interrogation electrodes. In certain applications, an electrical

property, such HO42dufYath copttaped refsieraert bFimpeanidiie ingcafisacatnza anteaBhmay be
measured ReIaER RIE GRS % dipoSt RETERR Ve RLASROT 9% SHERRRGIRPdRS AR @

reference.
space. For purpose of this disclosure, a surface electrode is typically carried on a surface, and

forms only a portion circumscribing a channel along which fluid may flow (e.g. a side, wall,
or a floor) . Fluid flow is “over”, or “along” a surface electrode, generally parallel to the
surface on which a surface electrode is carried. In contrast, a channel electrode typically

. circumscribes the entirety of a channel. Fluid flows generally “through” a channel electrode,
typically perpendicular to the surface on which the channel electrode is carried. It is within
contemplation that a layer 106 (or its equivalent), may carry either, or both, types of

electrodes. It is also within contemplation to form (e.g. print, deposit) electrodes on the cap



100441 Certain sensor embodiments employ a stimulation signal based upon driving a desired current
though an electrolytic fluid conductor. In such case, it can be advantageous to make certain fluid flow
channel porisha0appredmately as wide as possible, while still achieving cohéJlats2008t082i7af the
stimulated electrodes. Such channel width is helpful because it allows for larger surface area of the
stimulated electrgd nd lowers total circuit impedance and improves signal tg noise ratios.
EompIo L oHD GBI S e S e e AR, e abour
0.10 inchesr@gatiom ayidd @hd about 0.001 inches (0.025 mm) high in the vicinity of the stimulated
electrodes. Whmggivi%%ﬁ:urrent trl%ou an electrode, it has beegéoui]d desirable to limit.current
density to less alb TR/ RIRST gr%rﬁ)?gaiﬂgggrigiﬂeggﬁtst r§ fifise 80&%W38%g?guch as
electrodesdth24eatiit d12%1ifhéd Connertordisispoestonpiesarlt aidetieths Wiatei eicasinvEkeess of about
1/10 cm2 to the &Eid lowin there-gﬁst. On ed sepsor includes stimulated electrodes

having aSWRIRES Brvgrés Qﬁ%ﬂ%soﬁﬂ%rgnﬂfn%ﬁi?ﬂmmcﬁﬁg B%é@ﬂ“é“ohk?d%?gt?ﬁ

concerngweitabitityagfaine eiestiesdercibaame aspettaiecaieRannebheightiamddiiitike electrodes
may not fully wet in some areas, leading to unstable electrical signals and increased noise. To a

certain pOIOHSBISCHERHEFS HEIBRBHABe QRTURE QUNEH S FIRFFRE Shdbilidy. BRsRabRE especially in
the casepptsMVO 2RO 62RERIET Ak 20/ NORITAINsHRAat N £ lasiRdasosides toasidewetting

essentiall)él%ccurs by the time the fluid front reaches the second end of the electrode along the channel
1

axis. Of BoNfBersverting dperflvichairdiup pitadadygtaabatyisiaglsrbile, vl tirsatiiion an electrode,
to achieyg GHditapal WREINGLARBEUIMN one HOPLNAWMUIRIGIARNSR 19 TICTRe PR hat electrodes

120" and 122’ are illustrated in an arrangement that promotes complete wet-out of each respective

electrodélﬁsﬂeﬁéﬁé%% B imavfreungioaghatmeadmieseronasiiy Fon perestionideqredds, i certain
preferred ephogigieats, 106, e IR0 &lgareds é%ﬁé?ﬁoé&‘f‘aggéfgsﬂpa}‘

583%] or downstream
of the tunnel forming flow portion 114. In such’¢ase, the "length® of th ctrode 5 defined with

respect inpedaris ondioaiesl ony a ok iion waheccopivitad betvatetdesieetisd fedidesormmwesult of the
illustrate gr@n& ﬁln(gflsshh%t épe%t%%gsrggg gsrat I%%gg §ubstantia|ly fully wetted independent of tunnel

flow, and will therefore provide a stable, repeatagfe, and high-fidelity signal with reduced noise. In
contrast, a surfiiiddleCtnogie bensogeanturhielgpassingliyreugmitkelbmaypicvidedapomsidhlegsignal as
the Wett%d areeds\c%prarrll &S oV r time. A|SP ong or more btubblle may be tra%ged in a dead-end, or
eddy-aregséfspose Hear e tanael é%é}élﬁtlaﬁi/ Vo |ﬁgoaov{/ln5§f?e§ﬁ1seﬂdl ﬁ%\?ﬁ,%‘éﬁwvﬁably

reducingdheaketiathbuffatbfireechimtil poelpengiatedrelediy odeyidad ppdesitidywhitoduting
undesired noise in a d?gt?a signal. éloom I %g ral, dispo in(hthe electrodes. 120 and 122 closer to
1§e If&ﬂi]ﬂj? § &

the tunn&THEYI¥ PP Rt 9F Bl BRdpeds WIS, Ptk system

would alsecwaekivdtivaydb alactodasdoeing disnased faithdacroyd Simianywasticiulatigusignal
(such as electrical current) could be delivered using alternatively configured electrodes, even such as

a wire plEERIANGREM IBNEFRR IS SR SMROHE RS HEXTIRIARIETRRLEBS Yo necd I IBlfTO8RRay be
deliveredifroamsiaiyetananay chuiABEpsasene s tatabae mepdistans e s glpaiicallyarestigtive

nature of the extended channel will begin to deteriorate the signal to noise ratios (as total cell sensing

zone imP&MHBshrf8ESsnm) higlhiethoviisinirseinte sirulaiedetectrrdes, Wbsrsliyin® is disposed
for contactwithiiiddn soeduitdlewpariandla, Fiearads, k28 isdispases nsapiackudth fiyid in flow

portion 116. It is currently preferred for electrodes 124, 126 to also be carried on‘a surface of
interrog@heHt14)erAGEN althBRIgFBthEY COfiBseasors diaalasdwiekabreshsiehthaekestiodssdgdtion

layer, sugfy 4s @fhatie/nate Isusiaieg slagle, 'aved A ARG Made e Sout 1/10 cm? to

the fluid flowing there-past. One currently preferred sensor includes stimulated electrodes
having a wetted surface area greater than about 5 mm?®.

[0045] One design consideration concerns wettability of the electrodes. At some
aspect ratio of channel height to width, the electrodes may not fully wet in some areas,
leading to unstable electrical signals and increased noise. To a certain point, higher channels

help reduce impedance and improve wettability. Desirably, especially in the case of

10



WO 2009/126257PCT/US2009/002172 a plurality of sub-component layers, potentially arranged to
dispose one or more channel electrodes to encircle the circumference of the tunnel portion 114. In
general, eleBttbd¥8/126257.26 are disposed on opposite sides of the interrogBfi&A YN8/ 080 may
sometimes be made reference to as stimulated electrodes. In certain applications, a signal generator

128 is placed into. elegtrical communication with electrodes 124 and 126 to input a-known stimulus to
the sensB SO B e S Ry S AR BB o o be
present iealtestat wepdraideos dinsorscmatrudbmipribd acaoreingito Cfitainrprjveiplieg afthesinstant
invention. In ajterpati nfigyratjons, any electrode.in the sensor 100 may be used.as either a
it S8 ol R R S S RS N O i
sensor, genengllapabdidated at 132, that may be manufactured according to certain principles of the

present inventi or 132 includes a pqttiqn structured similarly to_the cross-section illustrated in
F1G. T With pal I3 e A OrEsE B RN 4: SO SETHAS el bt 2 i TSt
sandwicthinglugingdirsircapalayenisids ostsleennet layesflathirigreegatientaysiclid8epeaanst cap layer
140, second channel layer 142, third channel Iﬁyer 144, fourth channel layer 146, and third cap layer

148. O fyb ey donsidhe e LRHBING HAY RAEHRNtd 4 b1 d1 Bcesdin RifiREFlements
extend t@mmmiﬁ@&&%@ﬁéhgﬁw @y@&&%@m&w@wﬁe@mm S deIWHRtEHANGf

assembly of sensor 132. [0051] Channel layer 136 carries tunnel elements 154 and 156, as well as

channel BfHaReh S o RorEss 184 Uherascassehrl tersiyh thiafdssieads df drERARRI layer
136, andfipcligRasaugnig i duringasss Ml ehasnsaniaen Ghaneatsiemanicss also

extends through the thickness of channeglayer 136, and forms a portion of a lumen, or fluid-carrying

conduit, Ekecisaihgoihvesughsiersd parapgemerdos Hiahterrelgetiode iy e leas sebestialndiblements 160
and 162, and £|6GUicAl GUIHRHYERIGMERISy PG A3 LeFECRCONAME apRsrall indicaied at 164,

and surface electrode 166. Tunnel elements 160 and 162 extend through the thickness of interrogation
layer 138 dahty feigoabwidls rhigaedarnistrubiaentiasing siwdernishparastnisairing 2. tTeeblwstioge elements

el oL D B s e I e  ckness
of cap layembd49bihhinehsidr enspté SnandeA¥En2000£1A6 267PE TP 820091002 1tthel

(essentially avoiding downstream fluid flow), thereby variably reducing the wetted surface

area of a tunnel-penetrated electrode, and potentially introducing undesired noise in a data

signal.

[0047] In general, disposing the electrodes 120 and 122 closer to the tunnel portion
114 is better (e.g., gives lower solution impedance contribution), but the system would also
work with such electrodes being disposed fairly far away. Similarly, a stimulation signal
(such as electrical current) could be delivered using alternatively configured electrodes, even
such as a wire placed in the fluid channel at some distance from the interrogation zone. The
current may be delivered from fairly far away, but the trade off is that at some distance, the
electrically restrictive nature of the extended channel will begin to deteriorate the signal to
noise ratios (as total cell sensing zone impedance increases).

[0048] With reference once more to FIG. 1, electrode 124 is disposed for contact with
fluid in conduit flow portion 112. Electrode 126 is disposed for contact with fluid in flow
portion 116. It is currently preferred for electrodes 124, 126 to also be carried on a surface of
interrogation layer 106, although other configurations are also workable. Note that an

interrogation layer, such as an alternative to illustrated single layer 106, may be made up from

11



170 may be used as alignment structure during assembly of sensor 132. Tunnel element 172 serves
as a sample entrance port, and may be regarded as the entrance opening of the lumen extending
through the WEhHWPA2R25Tunnel elements 174 and 176 communicate with tREIERRH%AHE Tay be used
in series to draw a fluid sample through the sensor using an applied vacuum. [0054] Channel layer
142 carries tunnel elements 178, 1?0, 182, 184,,% 6, 188, 190, 192, 194, 196, and ]198. Al\II of such
tunnel efeRURILEREeHD FRBIRATRE B RRNBLS BT ERaATRISETdP LA Ot SRE IR PS! 180, 182,

and 184dmaithiRdeeehanAlignanerdusifeettce 0o assapdhical sensos gezerilrnekelessants 186,
188, 190, 192, 194, 196, and 198 individually form portions of the lumen extending through sensor

132. Ther&trs, HeRestmaRRerEfetitsn ! 185 M58 8210 929 TB%Y STCTER AT BRSS be

regardege@s&hanaelelgmented cleclifdRd] Ghannshlayshiddrd carisgiunpelalirsrans R3a2d, 204,
206, 208, 210, 212, 214, and 216. All of such tunnel elements extend through the thickness of channel

layer 141119 SIFSEIEAC AOSHIRUDEE 052V B B A T P06! ATadPBe aede Uk Strdtrdaitfifng
assembhepdrenrpr kddelennakalements o platbrethd: 8ddonpeiR b6 dndivisiuallytorm patipns of the

lumen extending through sensor 132. Notably, tunnel elements 208 and 212 function as channel
element80t be nissB] nRAisHatiag apered aese i msrés ek acsrrding o septabvprineigles s ang

230. All gf.sushsunnelpismentaisiand e tedckneskef shannaldaras 4B oTuapekelements

218, 220, 222, and 224 may be used as alignment structure during assembly of sensor 132. Tunnel
elementdsed@apidhops sHaniatad gl s HAdSRINMEHREABPR FEtH@dGmen extending through sensor 132,
and therefore, maydisade segRidafsAm saRIRShalemats, TUARG! slermant 3% arY beigsiuded in
certain embodiments to facilitate impinging radiation into the interrogation zone (e.g. for Stokes-shift
interrog&hiemufydze ictes flowvired teeradingiogtertain JOOSTGay thyewr48tdamiat eondeinsioments 232,
234, 236,,33 240, All of such tunnel ele extend ught ' of c el layer 146.
Tomnel b 3 T B e oy o
sensor #2tidulmnelfetementd PA0sriagsbinetimes 15 imalyite defor et po sensititéayto tandelielement
230. WO 009/ 202510 CTNS2009/002112, | 100SBL Wit reference nwilo FIGS 4 and.8
interrogartllcon ay%r T38aes aJpI’uraﬁty Stefectical y con UCtive Slements generally indicated at 250.
Conductivé alerordich2ixbk1rialed e £le diiidadteoinid disy gehet aftyuitid idateck htale4 | 46 thadririce
electrodes, such 1’:\ surface electrode 166. In general, an electrical contact forms part of a connection
operablg% e g?fe or more electrically conductive element of a sensor in electrical communication
with interrogatipoosug Uity digpRsed Bxderiakioinasensaenihestlustatet eleekicalcoetagienirdicated
at 164 are configured to interface with an edge connector that is commercially available under part No.
SEI-110%5R8R! 3H1§aﬁmfé%}q%a\9ﬁ@%%93ﬁ¥§§é tbradiuaches ot BRI SHIP YRR 44HE New
Albany, JNdybBloREmINeRAddress of www.samtec.com. [0059] Sometimes, an electrical contact
may communicate with an electrode disposed on the same side of interrogation layer 138. For

example, in FIG00Sd|&ctpngldaneadeosreismminet sledenth inaterrsy btorrs irellces shastpstie 254.
Other tinges & BARCIICALCPPIAREMEY SP TN YR alRIR13R SIRH RO SHIRRESEHr ¥R thRPibpL,Side of

interrogation layer 138. For example, electrical contact 256 communicates to stimulated ‘electrode 258
by way dPEledgidanciwpepalignment structure during assembly of sensor 132. Channel element

158 also extends through the thickness of channel layer 136, and forms a portion of a lumen,
or fluid-carrying conduit, extending through sensor 132. |

[0052] Interrogation layer 138 carries tunnel elements 160 and 162, and electrically
conductive elements, such as electrical contacts generally indicated at 164, and surface
electrode 166. Tunnel elements 160 and 162 extend through the thickness of interrogation
layer 138, and function as alignment structure during assembly of sensor 132. The electrode
elements will be further detailed below, in connection with FIGs. 4 and 5.

[0053] Cap layer 140 carries tunnel elements 168, 170, 172, 174, and 176. All of

such tunnel elements extend through the thickness of cap layer 140. Tunnel elements 168 and

12



100601 FIGs. 18 through 20 illustrate manufacture of an exemplary electrical via 260 according to
certain principles of the present invention. In FIG. 18, a tunnel 114' is formed in a bare substrate 106'.
FIG. 19 illustr@29piidg conductive material onto one side of the substratBCEAISING/PHatétial flow
244 at least part way into the tunnel 114'. FIG. 20 illustrates subsequently printing conductive material
onto the ?er side of substrate 106', causing material flow 245.into the tunnel 114'. An overlapping
porton 217 DI ENy L BEVES SHUELHTE JBFIRG 27 TAL By SOt oS AGTIRAE |72

communigates dhroughptbe ihigknessrofdne mubsikate dayeat 106 entiQR&LhWithgeferentmagain to
FIG. 4, an el?eétric?glrcontact may also_form a p%rtion of interrogation circuitry. For example, electrical

contact SEERIRE BRIEDEDIRIFEE A Htjal DSBS e eiBriHatpis ceL s Bifsor 132
in-circuitjiibrexier e iiegntipfAks Wk QUCR @A Mrapeemeaimay he dsadioeladsioaly validate

correct and operable insertion of the sensor 132 into an interrogation device, for example.  10062]
InterrogatfGH'18Yer 138 also carries a plurality of tunnel elements, including previously discussed

alignment strucfypeajLeand| 16z MErQeation e 38-alsq gariigs, g Inteyiogagonsiinng generally
indicated at 264. Interrogation tunnel 264 is structured WO 2009/126257PCT/US2009/002172

similarly ¥824uhttel P04 andE188-1AH pinaichennad eieaisgis slens thiengiribe iltskoerptiirbiesgbdes 254
and 266 ayeapplied iR R4bsirate; of inieriggating im%&f%em@drmmmm%wme' 268 is

a fluid via permitting fluid communication between channel 158 and channel 196 (e.g. see FIG. 2).

[0063] FHBENg #sreudhy 10, ssnePL 3 Wadtenel stemerisridn 48Pet?d of Bhditbri&temmsiddSsensor,
genera"mmﬁ%@%%&ﬁ%%mﬂémg magff@&%qg%lﬁﬁ%t%ﬂge&?s&? it4n RANEIRIGS QLihe pipsent

invention. Sensor 280 is embodied as a pipette tip adapted to electrically interrogate a fluid sample.
Pipette tip2Rbdienses 18 por§8nl SPutbtetPdiniRarignd tA8 trasslsrbioagiiubuatedianme. 1. With
particulaéléggg{ﬁ:gce to FIGs. 7 and 8, sensor 280 may be manufactured as a multi-layer sandwich
including cap layer 282, channel layer 284, interrogation layer 286, channel layer 288, and substrate
290. While the {0@stvht€tacap] thyaniéhandistemugddeniayer3Ee20hiealy Z060as from, thir film

materials,, if is_currently preferred to injection mold sulystrate 290 from a medjcal gra lastic, material.
0064] 2o Lt B TS S e BT Bl M e
alignmefuahthe layenssatd SpOKt e, dudrgassentelywiithesiack aftcornponreatiayesssenbubstrate.
Channel element 302 permits fluid to flow in indicated direction 304 along.a lumen, or.fluid conduit,
v T o DO B BIABnCANG 1L et 4 rie ALY 1ErPe GO B
particle haseminglatgethintaa RiesoyabioNtabE, elamgridadisatedoaneralyrat dQh Kuid is first

inspired into distal end 310 of the pipette tip 280, then flows along channels 312 and 314 (as indicated
by arrowd 31 8BS before encountering the filter. [0065] After flowing through interrogation

tunnel 308, fluiqoiiaep taian sbanned elemant348 arindicatas by,arroy 320, bhideantinyes along

channel 322 as indicated by flow-indicating arrow 324. The tunnel element 326 permits electrodes

carried By thiektbgbtih speebgsmerisisnduravehdimbicianse of shanngklazaohdsrofiienarly be
applied Qprexigl €nd 328 (e o LHIARIGHDAIR 329X iR savhe duid e ihrguaidhs pingtte tip's

lumen, as desired. A counter bore may be disposed in association with hole 329 to furiction as a small

rgsgrvoiFQ@S@étb}?srﬁan@h@Qm ﬂ%ﬁjagdrﬁgﬁeiﬂﬁvidvemoﬁompabgmbmgms eletheddewnlt is further
within cotemplationR.inciads:an9 A are: SEUa) g R oUARYQn S IEMERY BiEhaRa PTFE plug,

or filter, film, thaT is effective to permit passage of
Tunnel element 230 may be included in certain embodiments to facilitate impinging radiation

into the interrogation zone (e.g. for Stokes-shift interrogation of particles flowing there-
through).

[0057] Cap layer 248 carries tunnel elements 232, 234, 236, 238, and 240. All of
such tunnel elements extend through the thickness of channel layer 146. Tunnel elements
232,234,236, and 238 may be used as alignment structure during assembly of sensor 132.

Tunnel element 240 may sometimes be included for purpose similar to tunnel element 230.
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WO 2009/126257PCT/US2009/002172 gas, but resist flow of fluid. Such fluid-stop element is desirably
disposed in association with hole 329 to resist flow of fluid from confinement inside the sensor-pipette
tip. [008BPALIRNARETed in FIGs 15 and 16, alignment tunnel elements BSB/HRYBE®Z be
included spaced apart along a length axis of a ribbon of material 340 to assist in alignment of

component ele h.a thickness ot_rihbon 340.during application qf,patterned electrically
concuctve elert o S T na S P AL A b B g Gy o
the sanaWick ofitlaybrsdodiarita skmsatissgmizadiy ipidietiedipt 280. Thendodore 3fridustédted in FIG. 15

and 16 carries patterned elements of individyal successjve sensars that are spaced apart along the
oo 10U e TR S RSO ET Y dORRF Al GBS AR S BF Do MOy Ry be
formed iglecterletvag el ppeaesd, anadecai dineoack forsReRled thtognassembyrabrenspiise
Alternatively, the successive groups of co ponent%(or elemenis) may be applied to a substrate, such

as the riBBoRT SHIRSHRFEG N SORIT e LSRN 'of H5BSQE AR SiECtrical eRBURICAHAR SR preferred

manufaghieigdaasestciPhomspads scspgolethtossanst rilvhen matatiadl gastrrAridanthat applies
electrical elements to one side of the ribbon, then re-spooled for storage. In a second step, ribbon 340

is again tHISH§01801R SR centigHes Wdnterrson b Belacsaaseirethtbs s ctasidaliooled for

StOfage-aEHlﬁiBletﬁ&i@#'bﬁﬁ@ﬁ&ﬂ@]ﬁ@ﬂﬁ@i@ﬁ@ff&b@@dﬁ&ﬁﬁHVHf%‘%RQ@iﬁQsQ'éHH&& raakdgsreel
manufacturing process to form the multilayer sandwich sensors. Of course, it is within contemplation to

apply thieertedritdl-SleRrentd 4lrMgrathany-UR 47d il dadieh s9datig bperyatiste 4 eiing

simultaneous-siggse)rsyaRaaies- st RiNgs b8 Blectisaly FROLLGHYE sinkicisagnarayseured (at
least to some degree) prior to back side printing. [0068] With reference now to FIGs. 9 and 10,

in_t_errogM¢WQ§6@§?@§@BMM@W6Ié&triE@Tl?’t%ﬁ@l@ciW@ Klethelnstnsy apringleddih a pattern
d'Spose@&ﬁxﬁé’ﬁw&taﬁ}dﬁﬁeﬁegzﬁmalffac@%?él@flil%hg%@!zﬁtﬁéﬁtﬁﬁ%s%m&@c?ﬁm%%%@a' end 328

in registration to be exposed by extending proximally beyond the proximal edge of channel layer 284
(see alsFYGomMEIBeicH soslact ada depnasdrmoatesotivsside elbutitredgdti@uB orjliddpraiement
348 a“dg&hﬁﬂgt#[%‘f%?c'ﬁ%ﬁ?éc\('?5%%%3%&'@%5{{%%'t%oé‘ttﬁﬁﬁl%?e% SLIRL0 §‘%{fae|%?‘e”t 262 on
layer 138, such an arrangement permits verification of proper registration of the sensor 280 with
respect tdeamiivatevragation device. WO 2009/126257PCT/US2009/002172 [0069] The

interrogation tu is f d after, interrogation electrode 356 and interrogation electrode 358 are
applied 10 the SN b G i o AT R S L SR CREIALS EBEEETIIA 1 Lanne
304. StinudaigicheteatepdmIvhisplispdate peesomtacidhtidnn BhArGel §1Bwhrguer £1efiradiss64 and
366 are disposed to con g;tj;\rﬁ in.channel 318, Such electrodes mayaie employed to detect the
arrival of ARSI S D Rnou ORI eSSBS e IUERF S THE be

monitorediketweansieh elacHadeswand achangain signatdare tmpedance)gan ieilsed-asa trigger

to start data collection, or as an input for other data purpose. Trigger electrode 368 is disposed to

contact PYRFEAYTNLY SHMHIE S6T AU Yo WRIG A MALRs 89T BideR6aubsBa!ss AR peREINgownstream
along thg, sRRSPER WMEN;HRCIHE g R PPIHONAQL shanas a2 dorishcastberelongrIgvidadusgsond

signal indicati.n(r; the arrival of a fluid front. Such signal can be used, for example, as
material forms an electrically conductive via 260 that communicates through the thickness of
the substrate layer 106'.

[0061] With reference again to FIG. 4, an electrical contact may also form a portion of
interrogation circuitry. For example, electrical contact 262 forms a jumper between adjacent
pins of the edge connector that places sensor 132 in-circuit with external interrogation
circuitry. Such an arrangement may be used to electrically validate correct and operable
insertion of the sensor 132 into an interrogation device, for example.

[0062] Interrogation layer 138 also carries a plurality of tunnel elements, including

previously discussed alignment structures 160 and 162. Interrogation layer 138 also carries

an interrogation tunnel generally indicated at 264. Interrogation tunnel 264 is structured
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a signal to stop collection of data, or in combination with a start signal, to verify inspiration of a known
volume between generated trigger signal locations.  [0070] Another exemplary sensor, generally
indicated at¥880la2m4aY be manufactured according to certain principles S8CtHER8&ARIAYention is
illustrated in FIGs. 11 through 14. Sensor 380 is a multilayer thin film sandwich, including cap layer

382, channel layer 384, infer, ian layer eA 1388, and cap layer 390, .[0071] Cap
ayer 305 B B A R T R i 000
394; saraigigrodtis @ 3D&ndKiricakpphine ¢tidhewindow S0 8 raadoganioadeyings 800 anc sokhiiap layer
390 alsa,carries a plurglity of thrqugh-the-thickness.elements, including, alignment tun 404 and
106: and g B ab S e R R M A D SIS o
through-thentlickness glesedrits, Hjcluding: alignment tunnels 410 and 412; channel elements 414,

416, and 418; flyid yi 0; and electrical connectipn window 422. Channel layer 388 also carries a
plurality of throL%%%ﬁi‘%cﬁ(r&%’goéﬁ%%e '[%n%‘ll u%?fﬂka’l‘ HFERCRIHRRRSA SN 49 “Ehannel
elementsx¢2&ringd 4300 andietlidad catdeatZ80tindorad 82 manifRTZtd niessadatiap dayaim386

carries a pluraljty of through-the-thickness elements, inclyding: alignment tunnels 434 and 436;
channel RIGFIBIEE S0 ARG IO 0R T SERrAB LGS GetichRRTHEI'P2aR e Ken element 446

is illustrieein APt :plocknassagp el ungesiably sarprisdachputidasthiquat Buid i 440 (see
FIGs. 12 and 14). Electrical contact elements 164 are carried on both sides of layer 386. Note that

interrogdfidhF EETSasioM trsarsh Peo8 TP c WIS Re6erots 195 ASCHRT K30 AréndRiRsaRAck” from
the intersggation sungl Wdnldesstomu e eft&aledmaﬁrmmga&xgqa\yef Qgﬁ,saca’i’a%&i&%&uctured
y

similarly to the arrangement illustrated in FIG. 6. Electricallgécon uctive elements carried

interrogdtidnifgErasermier tehtabrwekirzareddRdinsteubstras2 IRt Mduktibs Blostggdsuus and
450; stingilgied slaqiRigs drmanekiode Hosen slesirdesdnatniriandAatuand ivmpenglement

462. [0074] One aspect of the instant invention provides a method to form an inexpensive particle
sensor doEipGadinR faiegdenrme ispbsapie 2Rt fimm sensdicehprde B fogising electric

impedance-ba rijic hi ' fetect lysig. T, [ viding
conductive inkﬁéﬁlgﬂgelg %%itl @%g%ﬁﬂ%ggwonto acés%sgtragt’(? ?g’ﬁafc%ﬁ%ggﬁgg %%%%%Jﬁl FIG.
17). An tp&abletinkligoineds tBiVeytSilvad Qitlotiake dotinipassudhlnsDipeatk 87 0ohupdgedt. Certain

o oS S IR IR eI AN b e oA e
Conductileng adbnaiogie $]Uid vimglaity €y siigh| deapepeat hitp28awlnaoadtletivetedodendapted to
receive a filter to reduce chance of a particle becoming lodged in the interrogation tunnel
element indicated generally at 308. Fluid is first inspired into distal end 310 of the pipette tip
280, then flows along channels 312 and 314 (as indicated by arrows 316 and 316') before
encountering the filter.

[0065] After flowing through interrogation tunnel 308, fluid flows through channel
element 318 as indicated by arrow 320. Fluid continues along channel 322 as indicated by
flow-indicating arrow 324. The tunnel element 326 permits electrodes carried by
interrogation layer 286 to contact fluid in channel element 322. A suction profile may be
applied to proximal end 328 (e.g. at through-hole 329) to cause fluid flow through the pipette
tip’s lumen, as desired. A counter bore may be disposed in association with hole 329 to
function as a small reservoir to catch small amounts of fluid sample that overflows past stop

trigger electrodes. It is further within contemplation to include one or more structural fluid

termination element, such as a PTFE plug, or filter, film, that is effective to permit passage of
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[00751 Conventional screen printing techniques may be used to print patterned conductive electrically
conductive traces on the front and/or back sides of a thin film substrate to form an interrogation layer
468. The cu¥@rYPreddited substrate is made from a polymer material, su®¢B3/pIY¥ae2t73t is also
within contemplation to incorporate a sputtering-type jet printing apparatus, such as an ink jet print

head, to apply the canductive.traces to a.substrate. Line resolution with printed electrodes is similar to
that obta%f%’ah/ B%sfr?al%to n(\)/vé'n(%lfﬁ%lgf%nn‘f%%la}f\ﬂ%ﬁt%’cﬂﬁ%%}.s Lﬁséraﬁhﬁ ésé)ﬂfxe‘fdg&??ﬁ 608 Xithare
possiblehiflis3@oneradlyspfeferddiihidtfragile @fthspreingsidt te sembepipanddip.mm for most

applications. 6] A.conventional screen printing, process is used for printing of the conductive
inks in acurren{@&?é)éf éﬁ‘ggﬁ% o) 8&3@%&5%‘%&&%&*%&%&%‘%&%& et th RNy

applicatigasa dnciedingashirbpitintineh o’ RAgkiNssRaGficHbiver holdsia saeandial astaiaamenegative”
of the pattern to be printed. Screen mesh materials_ include metal wire, polyester, and many other

polymer&! FREBERSBh B ASHAEh RiBIIRTESH URRRD 740 durfserRRtinaUen ofieraghch (each

"thread” ifeaniexeyidaiMasieeifaniip Mbsowiho ntkeiah dnk s thersueed nuyface wngits
viscosity limits flow throug}h the screen. The screen is brought into contact with the substrate and ink is

pressed $HEHE 2GR liHhe sy WD oblsgers s Soprarsensoncumiorpinsdstireedlontdane
substrate;FBe setepRdhipkass s Aeteines dhathicknessrlitbe slestricpihurnagducive dypically metal,

or metalized) traces. Uniform trace thickness is desirable in electronic printing as variations may result

in nonunifBsrelBatdisienssrd Rt alongdby ribbavel epgBeaxis. prstisseesmpdaniiofas: A preprinted
pattern @&%ﬂx%@é@w@éir%m@sﬁlé@%mxaq&ﬁﬁw&%%@osﬁ{%%eﬁn&é&%m@een

pre-treated with a photo-Curable ink. The screen arid mask are exposed to UV light, curing the ink in
the areasherg@ddtme. gsl lighspio ke dvdishngtepseindlarebss hiocked lgrtiat valyskh@ghaaersslerace pattern)
are "opeped-in th e 1e.underlyi esh.remain blocked: and obstruct
the o BB dL e B S oy
Capillanflgffegts etpremrtshssekdnd fikesunstmate surface may be employed to draw ink through
electrical vias t a front-to-backside electrical connection. Vacyum may optionally be applied to
assist the ink fligvaﬁ‘jjgbng one %trp 5?26\1}588&] %%?c%g r@&?ﬁﬁcﬁgtéﬁ)a Oéla%ﬂgésp Sy 82% ‘?ﬁg side of the
substrateengpiishitenthmterinigd s u fatadotabsaspl v d ketticd breksidetspakeihgddftiicibasilows
through the vias. The substrate magerial can pe held in contact with a support surface during printing
using vaﬁ?&rﬁeiﬁ%% f?e%l%ﬁ{:?f&ﬁf,‘ il %{Fé’er@lg%;‘@dﬁ@ﬁ}é‘ Hs30Yed ORI of mechanical

contact tgebmigaledementbO6ly Hel Bthemedeasate GBE inAalc MU e S50 PHIKING edipment
may be usgd in the process to print electrically conductive electrode patterns on a substrate.

ThroughthH¥ SPE'ERREHIRFAIRST QPR IR<E ARIR Sl RRISH AR IBR 3SR TeTh PBmNER YRR ques
such as yyiiBeaswalRirigthstarl s digamHorh digsoRANAPLBNigs i £lcihiR iRt RARgIM(§ 9. discrete

lengths of one or more, corggonentizeq layer) can be dried after each print step in an industrial dryer.
Some prRRY thxslsrd catslrmrtedurigrta SegeipriraAl T RAIE vORMHBHPRSIFACRIT]) BAMSCCur in

a web-tygﬁlm%@ﬁﬁ@@Ii@és%}«%%gg%amaeamuﬁﬂ%gn’fhe%{@fﬁl&my%@&m@giﬁﬁe_'rgcgéﬁséauy

processing. [0080] With reference again to FIG. 17, a componentized length of interrogation ribbon
may be GAeHEH|ERstdaseaes dgerer)tbeosubdtrstesiBBpEMbtcalready componentized, elements may be

printed, and chweis,\m[}p%f?ergl%%s ﬁé&, as¢! i@&g]ﬁy l?r‘ﬁ é‘ gg,i% Ogrlgfé%%sactﬁ%ocessing stations

472 and 474. A currently preferre strate for ‘an interrbgation on inc fRéx 342, from
Dupont Phijial i6ilofS; I betviog) s pladeoisusimeestictHiedrat 3600 Bistoraryiostdopevaeh, 0dfAL23860,
and a W%Ri%&l‘%?%@asﬁsip%, electrical contacts 164 are carried at the proximal end 328 in registration

to be exposed by‘extending proximally beyond the proximal edge of channel layer 284 (see

also FIG. 7). Electrical contact 344 communicates through electrical via 346 to jumper

element 348 and then through electrical via 350 to electrical contact 352. Similar to jumper

element 262 on layer 138, such an arrangement permits verification of proper registration of

the sensor 280 with respect to an interrogation device.
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WO 2009/126257PCT/US2009/002172 www.dupontteijinflms.com An operable thickness range in film
for such substrate material in currently preferred sensors is between about 0.03 mm and 0.30 mm.
[0081] A ribMdh 28P¥H20A@1 layer substrate 476 is carried on reel 478. If ribbBAUYE2HHe2172
componentized, channel elements, vias, tunnels, etc., may be formed at a processing station 480.
Similarly, a ribb channel substrate 482 | rrieéi) on reel 484. If ribbon 482 is not compagnentized,
channel e|emer@‘?é£§ﬂ%hﬂ&%?%%%ﬂ“n%%%@@gﬁﬁe PO R R SIS r.ogﬁgéﬁrg’lnlayers such
as 476 angeAB2dnay dedmadieIsemrsinpiitichateriakubAisrently & ety retighanral Subst@ig ficludes
self-adhesive, doable-sided Eggre 3%445 3$e, available from Adhesives Research, having a place of
df R

businesdIGLREIFALAGBERA n Rockrpiatedelectzode 3025 difRogd ieseogfact

www.adfRsiVRSERSRAEED INNT A aResablritiigkness rrswa-dndfilpy fed syebmpbstrate imataratin
currently preferred sensors is between about 0.03mm and 0.3 mm. Tape liners are spooled onto reels

488, 490 4025 WrlhelrsArqdes uan iy mployedgg e taef o ay donh s dzeet ahp KAP&YUO6 is carried

on reel 438abRunrantlensefersed tantlayah sukstiade Inslboas My ai difosuataseMelingx 342, from
Dupont Teijin Films, having a place of business located at 3600 Discovery Dr., Hopewell, VA 23860,

and a wélrsitadsadrd 2 ShanRes B HBRtEHBIMBSBRF AT YpBeaISRIRT KHESEFAAGETA AR for such
substratgdnatetial i syHeMpuprsfesned aﬁmﬁf'@sbefv\@ggé@ae%@d@% 5 76h0s30 @y rfakipbon
u

496 is not pre-fabricated (componentized) to include the necessarP/ elements, one or more processing

utility mdyeabemet dretheomBnidraeing  pratass kiR dibirssele péféadisopasd downstream
sandwichgRmRRCUIgPI ke e ARnREAl Y IASALe Ak RB0s oIS WALbIR sRgRIBHIANdba! another

cap layer ribbon may also be applied to a side of a sensor opposite cap layer 496 using substantially
the sameegrocesigntrarhestieattiifuetriaadfor fhydings. Anehrragnelyaards ascilustraeunpl&l®. 17, a

di t 0.in.Fl - I . i ' 1] to th
exposed A o R, T e e
then remd\aekh(ery did wot; btleamdgeffesephragstinignatéojetiondaser, etc.), from sandwich ribbon

504 with processi tilit %06. Sensors may be deposijted into a.c in r108 d waste ribbon 504
can be wound dad LLe BHBe X BB WIS S VAT aH AL el SHadiA P artcular with
referencenionfartaire dlustoatéebambadimeniacigilehds thetpriemnd advtalioitithd seapedahtReGrvention.

The present WO 2009/126257PCT/US2009/0021.72 invention may he embodied jn other specific
Mt i N e A R A R R Attt A
fabricatgdyagcsulingdaseriain Ipy@cigiesiohing ingtanBR)eatiep byypripding one or more electrically
conductive element on any two surfaces of a multilayer thin film assembly where one of the thin films

(not necessarily WHd b frlpvelaads ta Mty shimanebilR-Horkerpielsme ys: Rstusiegssarily,
with a diginataeiessdthas ﬁ@w@@mwﬁfrefwm B398 HUQHEN LeRmdbERARIRIR detegtigRazone).

Operable embodiments may be fabricated by printing one or more electrically conductive element onto

at least ORBtQFEER DI A0 @ ORa indrrsSitiraipcagdeniginrhiere b Brirhgihiflimesthot
”ecessaéiléﬂﬁelﬁé(,%%ﬂgg UABRALR AHRALBleSHP98s CoMiaR: @ SINalHMAsaNhRIg.IQr4hgd to pass

there-through. An operable embodiment may also be fabricated by printing one or more electrically

conductive elerffhi2bkierond tnitadé4rranacsroritmia)iof of threuthrieathinlioessclederdstion zone
:E:gﬂgﬂ:ﬁg}ggﬁ@ ARRRRIARAhIRASH PP G LAV SIP SHRLG RUE PRRIRIES SRR LW,
and electrical connection window 422. Channel layer 388 also carries a plurality of through-
the-thickness elements, including: alignment tunnels 424 and 426; channel elements 428 and
430; and electrical connection window 432.
[0073] Interrogation layer 386 carries a plurality of through-the-thickness elements,
including: alignment tunnels 434 and 436; channel element 438; fluid vias 440, 441, and 442;
and interrogation tunnel 444. A screen element 446 is illustrated in position to block passage

of undesirably large-sized particles through fluid via 440 (see FIGs. 12 and 14). Electrical

contact elements 164 are carried on both sides of layer 386. Note that interrogation electrodes
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[00841 It is further within contemplation to include printed electrically conductive element(s) on one or
both capping layers using a similar multilayer construction (possibly in conjunction with printing
electrically d¥Ad9efivesdiément(s) on the "interrogation" layer, as described HEFEIR28BBU)L7AN operable
embodiment may also be fabricated as a 3 layer structure (the center one containing a through-hole
defining a,detect] zonce}) ith printe ngductive elements dis d an either of the twq surfaces on
both sidé% gof1 li’ﬁ?e%gtaergti nuﬁgaeg.aﬁ% cg?%ﬁ?nﬁé%gggfrﬁ%rﬂﬂ?dt%%%eﬁggz' cgﬁeﬁeégfé?r%e% puaS|h%ea hot
embossiimgetecgatiquepimtanyadfstimsdayéfsisTuadayers sinayabe hotHaminatedniagatharratédritable
embodiments Iso he fabricated by combining gne or more portion of ? abpve-disclosed
el o S R S R b R e MR R iR
substrate] eftpidettentljc 280 Jat Tt rigidrbahyioreyi alsodis dispased 30 twieail dtia dikotiayessis2 100851
Therefore, lescribed embqdiments are to be considered as illustrative and not restrictive. The
scope o?fﬁiellﬁw\/’etﬁ‘[ﬁ%‘?ﬁglﬁ"&f8§f§d4 g@’t %a%‘b%ﬁé@ﬂé#ﬁ?%‘tﬁéﬁ’?ﬁﬁh the foregoing description. All
changes which [gomg witkiasihe roeaningsand rangeioh peiualencahsdacRimsArmiehaanbraced
within their scope. Claims What is claimed is; 1. A method for manufacturing a microfluidic sensor,

compriskYTSISSRTRY SAMPCRFAIApLEaIR RERTRGAEZRIA IR SN ARRIR Ah§ BB fective to

resist fluiteanit pagiclanavaktarpuah st eippiat PeLPasEoase-ahdanpiying. elertticaliygonductive
ink, by way of a printing process, onto both sides of said substrate to form at least one electrode

dispose(ﬂnﬁh)g%ﬁ:ﬂrgfaélﬁg Ssanflugibggrik electrodes that are “printed” onto a substrate (e.g. indicated
generally at 466 in FIG. 17). An operable ink includes a Silver/Silver Chloride solution, such

as Dupont 5870 Ag/AgCl. Certain other operable inks are set forth on the world wide web at
http://www?2.dupont.com/MCM/en_US/PDF/biosensor-H9156101.pdf. Similar printable

electrically conductive inks are available from Conductive Technologies, having a web site

located at http://www.conductivetech.com.

[0075] Conventional screen printing techniques may be used to print patterned
conductive electrically conductive traces on the front and/or back sides of a thin film
substrate to form an interrogation layer 468. The currently preferred substrate is made from a
polymer material, such as polyester. It is also within contemplation to incorporate a
sputtering-type jet printing apparatus, such as an ink jet print head, to apply the conductive
traces to a substrate. Line resolution with printed electrodes is similar to that obtained using
conventional printed circuit technology. Line widths and spacing of 0.2 mm are possible. It
is generally preferred that width and spacing not be smaller than 0.3 mm for most
applications.

[0076] A conventional screen printing process is used for printing of the conductive
inks in a currently preferred sensor component. Such process is analogous to that used in
many applications, including shirt printing. A machine-specific fixture holds a screen that
acts as a "negative" of the pattern to be printed. Screen mesh materials include metal wire,
polyester, and many other polymers. The screen desirably has a known mesh value, i.e,
number of woven "threads"/inch (each "thread" in an exemplary screen is a thin wire with
~1mil dia). Ink fills the screen surface, and its viscosity limits flow through the screen. The

screen is brought into contact with the substrate and ink is pressed with a squeegee through
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forming a first tunnel through said thin film substrate by removing material from a portion of said thin
film substrate to permit fluid passage there-through, said first tunnel being sized less than about
0.2mm in a BO99096E1643TY length to promote passage there-through of partidled/GiSAEYee1ir?
substantially single-file travel; and providing channel structure configured such that all fluid flowing

fom a peersf eAacL WSt eSURds fisAgRes AR skl B IR g substate mus

pass through said first tunnel before encountering a second electro Isposed on the opposite side of
said thinefitairsetbbtesed i tived tyratals astekdingeadized) rafgshémitomprising thorknisy wircuit-forming
CP”taCtSdéﬂé?rS ?&E%Ceé}ﬁé’t?‘%{}%g%%'&ﬁ‘g g %ﬁﬂ&%ﬁé’% l‘é%ﬁ‘%‘%{%'ooﬂ% 8&@%1‘&%'8%{:%‘1%%90@? single
side of said substrate, at least one Circuit-forming contact being disposed In electrical communication
with an electrod@0Zajrige sorthe spposiesside 6blsaid substatanted wayeal aregiectriaallthe

communicating via. 3, The method according to claim 1, wherein the step of rovlgin channel
structuredg%l?ﬁ(grﬁ%egtgf g ﬁeee%? é’ lzlat flsrgiil%%eéfn%‘é Igfgﬁennrrengﬁ\és\{?é\%rgﬁiﬁ?%l res'igj a&? &ig*éﬁBgﬁ%ﬁé to
dispose aufubtechédnrichelementadsoashtec withosadd ditshchigihmehtayerioidluid denamagnication through

s e IR speops el bresgraie b e g gm0
through saiddpanel"andhwitorsaid fist ekhposel siemend; thedinderlying mesh remain blocked, and
obstruct the flow of ink during the printing process. The screen may be reused multiple
times.

[0078] Capillary effects between the ink and the substrate surface may be employed to
draw ink through electrical vias to make a front-to-backside electrical connection. Vacuum
may optionally be applied to assist the ink flow through one or more via. A porous backing
material can be placed on the side of the substrate opposite the printed surface to absorb and
reduce backside spattering of ink that flows through the vias. The substrate material can be
held in contact with a support surface during printing using vacuum pressure (suction),
electrical charge (static), adhesive tapes, or a variety of mechanical contact techniques.

[0079] In some cases. conventional, automated screen printing equipment may be
used in the process to print electrically conductive electrode patterns on a substrate. Through-
vias are currently drilled with a laser (although they can be formed using other techniques
such as with a water jet, steel rule die, punch dies, and rotary dies, etc.). Printed panels (e.g.
discrete lengths of one or more componentized layer) can be dried after each print step in an
industrial dryer. Some printed inks are cured with UV light. Screen printing for high volume
manufacturing can occur in a web-type, roll format or sheet feed type applications,
nonexclusively including reel-to-reel processing.

[0080] With reference again to FIG. 17, a componentized length of interrogation
ribbon may be un-spooled from reel 470. If the substrate 468 is not already componentized,
elements may be printed, and channels, tunnels, vias, etc. as required may be formed or
applied at processing stations 472 and 474. A currently preferred substrate for an
interrogation ribbon includes Melinex 342, from Dupont Teijin Films, having a place of

business located at 3600 Discovery Dr., Hopewell, VA 23860, and a web site address of
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disposing a first electrode carried by said substrate to contact fluid flowing in said first channel
element; and disposing a second electrode carried by said substrate to contact fluid flowing in said
second chaMAABKREAT. 4. The method according to claim 3, further coMpFidiRg08{8¢7d<ing a third
electrode for contact with fluid flowing between said first electrode and said second electrode; and

configuring sai st elpsiinde and seic secand eiectiods.Jnhamany it aysspselive lagal portion of
respective assoclate Channel elementratfective to ISpoS€ a surface area, sized in excess of about 5
mm?2, ofieacirrsudh pletinedesdosavnsadsttwittnfahdutdna grirend . 38ichohannel portion. 5. The

methodacco BRI LIRSLERRULSTS dopeoi b Aectate P s 1

further castposipghentized, channel elements, vias, tunnels, etc., may be formed at a processing
station 480. Similarly, a ribbon of channel substrate 482 is carried on reel 484. If ribbon 482
is not componentized, channel elements, vias, tunnels, etc., may be formed at a processing
station 486. Channel layers such as 476 and 482 may be made from similar materials. A
currently preferred channel substrate includes self-adhesive, double-sided ARcare 90445 tape,
available from Adhesives Research, having a place of business located at 400 Seaks Run Rd.,
Glen Rock, PA 17327, and a web site address of www.adhesivesresearch.com. An operable
thickness range in film for such substrate material in currently preferred sensors is between
about 0.03mm and 0.3 mm. Tape liners are spooled onto reels 488, 490, 492, and 494,
respectively.

[0082] A ribbon of componentized cap layer 496 is carried on reel 498. A currently
preferred cap layer substrate includes Mylar film, such as Melinex 342, from Dupont Teijin
Films, having a place of business located at 3600 Discovery Dr., Hopewell, VA 23860, and a
web site address of www.dupontteijinfilms.com An operable thickness range in film for such
substrate material in currently preferred sensors is between about 0.03 mm and 0.30 mm. If
ribbon 496 is not pre-fabricated (componentized) to include the necessary elements, one or
more processing utility may be inserted in the manufacturing process and disposed upstream
of the sandwich-compacting pinch rollers generally indicated at 500. It is within
contemplation that another cap layer ribbon may also be applied to a side of a sensor opposite
cap layer 496 using substantially the same process arrangement illustrated for layer 496.
Alternatively, and as illustrated in FIG. 17, a discrete substrate (such as element 290 in FIG.
7) may be applied at desired indexed locations to the exposed adhesive of channel ribbon 482
using substrate installation utility 502. Individual sensors are then removed (e.g. die cut,
sheared-off, separated by water jet or laser, etc.), from sandwich ribbon 504 with processing
utility 506. Sensors may be deposited into a container 508, and waste ribbon 504 can be
wound onto reel 510. .

[0083] 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
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configuring electrodes, during said printing process, in a pattern disposed to cooperate with a portion
of one or more channel element effective to permit electrically-based interrogation of a known volume
of fluid with WAPYEAS6?S7 7. The method according to claim 3, further comBEdiG2eeHGiTihg

electrodes, during said printing process, in a pattern effective to permit detection of a signal indicating

arrival of.a fluid wave-front at a known position.in said sensor. = 8. The method according to claim 3,
further cgﬁxﬁ?ﬁé?ﬁb@ééirt%?gﬂﬂ ﬁadé‘fgéﬁé’a%%r, Sd)ﬁﬁﬁzcsgﬁnﬁr ‘ﬁ&%%@é@?ﬁf@ﬁ’a‘ﬁ%m‘gﬁ&tive to permit
particle deteatiahdhagaviatiBtiogationezangromptistighenisl iuyngl fabdichhd metiathaceeeding to claim
3, further C.omErising: disposing a third eéectrode for contact with fluid flowing between said first

S tectrod® AAEH RIS LA o B SO B RS S 85 R EF SClrisAy SCNANE NS SR AR such

that fluidigwe eeurpletelyfalong g tengih Bisaicdhitdyelaairodadefore flawimgnhotasaid tunnel.  10.
The method according to claim 3, further comprising: disposing a third electrode for contact with fluid

flowing HSEFERAIEARTFIS: e PR QRASASRI LS AT BRILHBARS ARG 8iEyBSALYs&itt #itd electrode
downstrepaeahsdd winesaabrthatfiuichflanscamieiel s ongithe Janalt A said dhindk glggtrade

before contacting said second electrode. ) o
detection zone). Operable embodiments may be fabricated by printing one or more
electrically conductive element onto at least one surface of a layer of a multilayer thin film
assembly where one of the thin films (not necessarily a layer that includes one or more
electrode) contains a small through-hole for fluid to pass there-through. An operable
embodiment may also be fabricated by printing one or more electrically conductive element,
onto one surface in the proximity of a thin film that includes a detection zone through-hole,
and disposing at least one conductive electrode on the opposite side of the fluid through-hole.
[0084] It is further within contemplation to include printed electrically conductive
element(s) on one or both capping layers using a similar multilayer construction (possibly in
conjunction with printing electrically conductive element(s) on the "interrogation” layer, as
described herein-above). An operable embodiment may also be fabricated as a 3 layer
structure (the center one containing a through-hole defining a detection zone) with printed
conductive elements disposed on either of the two surfaces on both sides of the detection
zone. In certain cases, the fluid channels can be formed using a hot embossing technique in
any of the layers. The layers may be hot laminated together. Workable embodiments may
also be fabricated by combining one or more portion of the above-disclosed exemplary
structures, and also including one layer having a rigid body (like the injection molded
substrate of pipette tip 280). The rigid body may also be disposed between thin film layers.
[0085] Therefore, the described embodiments are to be considered as illustrative and
not restrictive. The scope of the invention is 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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11. The method according to claim 1, further comprising: forming circuit-forming contacts, as
electrically communicating extensions of individual ones of said electrodes, on both sides of said
substrate. 12. A method for manufacturing a multilayer microfluidic sensor, comprising: providing a
plurality of layers of material configured to permit their stacking to form at least a first cap layer, a first
channel layer, an interrogation layer, and a second ¢hgnel layer, said interrogation layer comprising a
thin film substrate configured as an electrically insulating barrier effective to resist fluid and particle
travel through uninterrupted portions there-of; printing electrically conductive ink onto said interrogation
layer to form elegtragdps thiat@resdisposed spaced apart along, and on both sides of, said interrogation

layer; stacking and co%)eratively adhering said layers to form an integrated multilayer sandwich,
1. method Tor manufacturing @ microfluidic sensor, Comprising:

providing a thin film substrate configured as an electrically insulating barrier effective to
resist fluid and particle travel through uninterrupted portions there-of;

applying electrically conductive ink, by way of a printing process, onto both sides of said
substrate to form at least one electrode disposed on each side of said substrate;

forming a first tunnel through said thin film substrate by removing material from a portion of
said thin film substrate to permit fluid passage there-through, said first tunnel being
sized less than about 0.2mm in a cross-section length to promote passage there-
through of particles of interest in substantially single-file travel; and

providing channel structure configured such that all fluid flowing from a position of contact
with a first electrode disposed on a first side of said thin film substrate must pass
through said first tunnel before encountering a second electrode disposed on the
opposite side of said thin film substrate.
2. The method according to claim 1, further comprising:

forming circuit-forming contacts, as electrically communicating extensions of individual ones
of said electrodes, on a single side of said substrate, at least one circuit-forming
contact being disposed in electrical communication with an electrode, carried on the
opposite side of said substrate, by way of an electrically communicating via.
3. The method according to claim 1, wherein the step of providing channel

structure comprises:

adhering a first channel layer in registration with one side of said substrate to dispose a first
channel element associated with said first channel layer for fluid communication
through said tunnel,

adhering a second channel layer in registration with the other side of said substrate to dispose
a second channel element associated with said second channel layer for fluid
communication through said tunnel and with said first channel element; and

disposing a first electrode carried by said substrate to contact fluid flowing in said first
channel element; and

disposing a second electrode carried by said substrate to contact fluid flowing in said second
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wherein: said first channel layer carries a plurality of first channel elements disposed spaced apart
along a length axis of said first channel layer; said interrogation layer carries a plurality of tunnel
elements that are formed by removing material from said interrogation layer and that are sized to
promote travel there-through of particles of interest in substantially single-file and are disposed spaced
apart along a lepgithrxigGhsaid interrogation layer; and said second channel layer carries a plurality of
second channel elements disposed spaced apart along a length axis of said second channel layer;

further comprisifig: sepatatfghePRACOFY T LARHR Fr &R qUBRENAS such that each separated
sensor inglydrma lumen adarige 16 eenmi figh firig thevarnb e Be S aiskliime sl €Qropéisingsaifirst

channel element disposed in fluid communication, through a tunnel element, with a second channel
element, said IufFEMBEIRGEAYEHEY such that fluid and particle flow from said first channel element to

said secudfehannelalementisrusideasd thiauegbonaietunbet elamentnd3viling rmgihed @csaiding to

claim 12, wherein: said first channel layer and said second channel layer are formed from

double-sided seMHHHEQIVERFHU Y% 2 PRETHBANAEL BT tocdlafvE 0 WiBRsia surface arca,

sized in excess of about 5 mmz, of each such electrode for contact with fluid flowing
through said channel portion.
5. The method according to claim 4, further comprising:

disposing a fourth electrode for contact with fluid flowing between said first electrode and
said second electrode.
6. The method according to claim 3, further comprising:

configuring electrodes, during said printing process, in a pattern disposed to cooperate with a
portion of one or more channel element effective to permit electrically-based
interrogation of a known volume of fluid with said sensor.
7. The method according to claim 3, further comprising:

configuring electrodes, during said printing process, in a pattern effective to permit detection
of a signal indicating arrival of a fluid wave-front at a known position in said sensor.
8. The method according to claim 3, further comprising:

configuring electrodes, during said printing process, in a pattern effective to permit particle
detection in an interrogation zone comprising said tunnel.
9. The method according to claim 3, further comprising:

disposing a third electrode for contact with fluid flowing between said first electrode and said
second electrode; and

disposing said third electrode upstream of said tunnel such that fluid flows completely along
the length of said third electrode before flowing into said tunnel.
10. The method according to claim 3, further comprising:

disposing a third electrode for contact with fluid flowing between said first electrode and said
second electrode; and

disposing said third electrode downstream of said tunnel such that fluid flows completely

along the length of said third electrode before contacting said second electrode.
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said stacking and adhering includes use of indexing structure effective to operably align elements of
individual sensors through-the-thickness of said sandwich. 15. The method according to claim 12,
further comprising: using a printing process to apply said electrodes onto said interrogation layer in a
pattern effective to dispose a plurality of electrodes spaced apart along a length axis of said

interrogation laygr suchipahahlRPstQngielastiodsis, insudedomaaghseparated sensor, said at least
one electrode being disposed to cantact fluid flowing through said lumen. 16. The method according

to claim 15, furthEBA RSt OAMINE G YA efe SSHACAll SOPRIBIFBHAGSHEIHY pattern that is

repeated along a length givesiionafsaiddrtersegatiey) iavssih skiés brgafaaihwne-ascording to claim15,
further comprising: applying said electrodes tq both sides of said interrogation layer, and applying

surface contact HectroGdBEPariRF g i Bitaidaai g R il prast SRR E8: contact
electrode,RAINGrH L|9GHIGE 6PMyBLNigatiNeVItbHN Sleelrasisaaitiar PR iR Atherside fisaid

interrogation layer. by Waﬁ of an electrically conductive via. 18. The method according to claim 12,

further comprisiAdUTHARNGYELE BriahgPBeiaeS HldRiehRe i LyaEd bifting shainsbectrodes on

said interrogatigayley&hid interrogation layer comprising a thin film substrate configured as an
electrically insulating barrier effective to resist fluid and particle travel through
uninterrupted portions there-of;
printing electrically conductive ink onto said interrogation layer to form electrodes that are
disposed spaced apart along, and on both sides of, said interrogation layer;
stacking and cooperatively adhering said layers to form an integrated multilayer sandwich,
wherein:
said first channel layer carries a plurality of first channel elements disposed spaced
apart along a length axis of said first channel layer;
said interrogation layer carries a plurality of tunnel elements that are formed by
removing material from said interrogation layer and that are sized to promote
travel there-through of particles of interest in substantially single-file and are
disposed spaced apart along a length axis of said interrogation layer; and
said second channel layer carries a plurality of second channel elements disposed
spaced apart along a length axis of said second channel layer; further
comprising:
separating a plurality of sensors from said sandwich such that each separated sensor includes
a lumen adapted to permit fluid flow there-through, said lumen comprising a first
channel element disposed in fluid communication, through a tunnel element, with a
second channel element, said lumen being arranged such that fluid and particle flow
from said first channel element to said second channel element must pass through said
tunnel element.
13. The method according to claim 12, wherein:
said first channel layer and said second channel layer are formed from double-sided self-
adhesive film.

14. The method according to claim 12, wherein:
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19. The method according to claim12, further comprising: pre-forming elements associated with certain
layers in a reel-to-reel operation effective to form one or more componentized layer, and: stacking said
one or more componentized layer in a reel-to-reel process to form said sandwich. 20. The method
according to claim12, further comprising: pre-forming elements associated with certain layers in a

reel-to-regli @RRIAIRD SllleLiMeil IAtRQRAY MoRaSIBRANRHIERIfRYRE RNsheidkingiscrete

lengths of said one or more componentized layer to form said sandwich. 21. The method according
to claim 20, furtﬁl?ﬂ‘lf‘é‘rﬁ@ﬁéﬂfﬂ?‘ﬁﬂﬁ]ﬁﬁ&%%@&?@@'§%§@ﬁ@%ﬂgiéﬁ%%%ﬂm"%nneI layer.
15. The method according to claim 12, further comprising:

using a printing process to apply said electrodes onto said interrogation layer in a pattern
effective to dispose a plurality of electrodes spaced apart along a length axis of said
interrogation layer such that at least one electrode is included in each separated
sensor, said at least one electrode being disposed to contact fluid flowing through said
lumen.
16. The method according to claim 15, further comprising:

applying said electrodes to said interrogation layer in a pattern that is repeated along a length
direction of said interrogation layer.
17. The method according to claim15, further comprising:

applying said electrodes to both sides of said interrogation layer, and applying surface contact
electrodes on only one side of said interrogation layer, at least one surface contact
electrode being in electrical communication with an electrode carried on the other side
of said interrogation layer by way of an electrically conductive via.
18. The method according to claim 12, further comprising:

forming said plurality of tunnel elements subsequent to printing said electrodes on said
interrogation layer.
19. The method according to claim12, further comprising:

pre-forming elements associated with certain layers in a reel-to-reel operation effective to
form one or more componentized layer, and:
stacking said one or more componentized layer in a reel-to-reel process to form said

sandwich.

20. The method according to claim12, further comprising:

pre-forming elements associated with certain layers in a reel-to-reel operation effective to
form one or more componentized layer, and:
stacking discrete lengths of said one or more componentized layer to form said

sandwich.

21. The method according to claim 20, further comprising:

applying a discrete substrate to said second channel layer.
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