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The principle of C4D in combination with electrophoresis will now be described with reference to
Figure 1. Figure 1 shows an arrangement of two external metal electrodes 100a, 100b in close
proximity to an electrophoretic separation channel 102 in a microfluidic chip 104. The microfluidic
25  chip 104 comprises two polymer sheets, namely top sheet 104a and bottom sheet 104b. The top
sheet 104a provides access to reservoirs as will be described below, and the bottom sheet 104b
provides the separation channel 102 that has been hot embossed into the bottom sheet 104b. In
use, a run buffer reservoir 107, a first sample reservoir 109 and an outlet reservoir 111 of the
microfiuidic chip 104 are filled with electrophoretic run buffer solution, and a second sampie
30 reservoir 113 is filled with target analytes, typically ionic species dissolved in the run buffer solution.
A separation voltage is then applied between the second sampie reservoir 113 and the first sample
reservoir 109. This drives ‘plugs’ of ions 114 into the separation channel 102. Subsequently, the
separation voltage is applied between the run buffer reservoir 107 and the outlet reservoir 111 with
all other reservoirs floating. This causes the plugs of ions 114 to be driven towards the electrodes
35 100a, 100b for detection.
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25  The C4D cells reported to date use two electrodes placed externally over the separation channel.
An example is illustrated in Figures 2(a) and (b), which respectively show a perspective view and
plan view of a conventional detection cell. As noted earlier, electrodes 100a, 100b in conventional
detectors are fixed to a top pléte 200 that seals the separation channel 102 and are typically placed
in an anti-parallel configuration with respect to the channel 102. In this configuration, the

30 capacitance coupling to the solution in the channel 102 is inefficient and requires a high frequency
and high voltage to couple the signal to detect low concentration samples. High frequencies,
however, result in stray capacitance having a more significant effect. Changes in the conductivity of

the solution will then only result in a small change over the background signal.

35 To reduce or eliminate the stray capacitance, different strategies have been employed such as
placing a ground plane 202 between the electrodes 100a, 100b to shield their direct crosstalk (as



and high voltage to couple the signal to detect |ow concentration sanples
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adj acent tpmocamw‘nr@pm@li stwve)i des of a microfluidic channel , and receiving
el ectrodes adjacent to and positioned or positionable on opposite sides of

a mcrofluidic n pecific expression, the present invention
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wherein the first emt el ectrode and the first receiving el ectrode are
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In general terms, the present invention relates to the use of emitting electrodes positioned or
positionable adjacent to and on opposite sides of a microfluidic channel, and receiving electrodes

25  adjacent to and positioned or positionable on opposite sides of a microfluidic channel.

in one specific expression, the present invention relates to a contactless conductivity detection cell
comprising: a microfluidic chip having a channel defined by channel walls, first and second emitting
electrodes, and first and second receiving electrodes, wherein the first emitting electrode and the
30 first receiving electrode are adjacent a first channel wall, and the second emitting electrode and the
second receiving electrode are adjacent a second channel wall, the second channel wall being

opposite the first channel wall.

Preferably the emitting electrodes and receiving electrodes are substantially planar and

35  substantially paréllel to each other.
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In one form, the first emitting electrode and the first receiving electrode are preferably arranged on
or in a top plate of the microfluidic chip, and wherein the second emitting electrode and the second
25  receiving electrode are adjacent a base of the channel. In another form, the first emitting electrode
and the first receiving electrode are preferably arranged adjacent one side of the channel, and
wherein the second emitting electrode and the second receiving electrode are arranged adjacent an

opposite side of the channel.

30  Preferably the detection cell further comprises multiple parallel channels, each channel having a
pair of emitting electrodes and a pair of receiving electrodes, wherein all of the emitting electrode

pairs are connected to a single input.

In another specific expression, the present invention relates to a portable electrophoretic micro
35 fluidic system and a contactless conductivity detection system comprising: a platform having an

opening configured to receive a microfiuidic chip having a channel defined by channel walls, a



pairs are connected to a single input In another specific expression, the
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Preferably the cover is selected from a group consisting of. a pivotable cover and a detachable

cover.
25  Preferably the emitting electrodes and/or the receiving electrodes are movable along the channel.
Preferably the opening is configured to allow a microfluidic chip to be movabie within the opening.

Preferably the detection system further comprises a current-to-voltage conveiter adjacent and
30 connected to the receiving electrodes, and a rectifier, low-pass filter, and offset circuit connected to
the current-to-voltage converter. Preferably the detection system further comprises an alternating
current function generator adjacent and connected to the emitting electrodes, and a miniaturized
high voltage power supply. Preferably the detection system further comprises detection electronics -
arranged on a circuit that comprises a top layer and a bottom layer, the top layer being isolated

35  from the bottom layer.
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det ecti on ¢ ﬁ?rtﬁgwewauaefdaq glegleastatit imigesAf| aachfothendo Sxigack C@}fp'qdh%g’&l‘st from a

benefit ofdetebidh@¥Ei ViLnsEsTShd detdctiyn ¢efi. t hat the present invention can be

i npl enpnted using | ower power inputs than previously enployed The gap

di stance between the detection el ectrodes i smade adjustable in accordance

wi th cert direferabh 81¢i detastian PJPCHOREs FAMRERR MEneMilian GlecyInes @ad B ieesivirgeglpctrodes
separated by the Faraday shield and located in the grounded metal housing.

Preferably the housing holds a microfluidic chip inserted into a holder within the emitting and

25  receiving electrodes.

Preferably the emitting and receiving electrodes are placed ciose to the separation channel, and are

movable by a cover to adjust a detection cell volume of the detection cell.

30 Preferably the detection area is adjustable by moving the microfluidic chip within the emitting and

receiving electrodes.

As will be appreciated from the above summary, specific aspects of the present invention provide a
C4D cell with improved sensitivity and detection limit compared to detection cells of the state of the
35 art. A benefit of improving sensitivity is that the present invention can be implemented using lower

power inputs than previously employed. The gap distance between the detection electrodes is



|l ength and thus the limt of detection (LOD, which determ nes sensitivity)
and/ or peak separation (which determ nes resolution) can be fine-tuned
dependi ngworroterresvds of the specific application Wiere &C3IsiGeéwddodiousi ng
is provided containing all the necessary electronics and the C4D cell, an
enhanced signal-to-noise ratio (S/N) is able to be obtained, which results
in a highly sensitive electrophoretic device Enbodi nents of the present
invention al so provide a C4D detection device that has | ow power

requi r emenmedefaiistabligrinl agtolance withategdin caivediragis of thielifvebtmnr iksnde khe depgptoreretl t 0
skilled pel@%ﬂ%nd( fhgéntﬂéql@md@fsﬁéc%d RBOLSIRW é%rvﬁiﬁepgéﬁ%bﬁ-rg rqc:feag?%){ét\ RES

Non-1imti resent i nvention

Wy of exaltIoR SRy R b o e e RBSIerY FMIFLE fSReRie RPEFER o 1
i s a schenWhere achizgledhicfingds pomdentontaiing 4G GeBssanadiydiionias argyise €AD cell, an
conpri s§ ngerﬁgn&hesﬁn'éptgmgrs@trbﬁo W@Eaatb R R %5@5\?& RuiddreSaR iHeS ig%%gnsitive

el ectrodes Fi gures %a and are a rans of a conventiona

det ecti on TRAPPRAE YRR %Wﬁﬁﬁéﬁéﬁfhew@?ﬁ“bm?m'%" ASYPRYFRMYP defrstiemgyvice
det ecti on thatl Has@dvepcbwendeqwremamtgemsﬁ ard othbrerefate@@Ingntagey @il beorRaliiyipberedt ths a
di agram pfsﬁ"ng%g&gtﬂro ?és%ﬁ&%ﬁ%&k of the present invention and the

out put signals fromt ctrode arrangenment of the present invention
Figure 5 is a diagram of a conventional el ectrode arrangenent and the

out put 161 gBRIES DBSCRIRFONGRTE FIGURES el ect rode arrangenment Figure 6 is a
graph conparing the signal intensity obtained using the el ectrode
configuration of the present invention and using a conventional electrode
conf i gur at Ngnindingugneedirens frite peyenhinveion avanqve ke escabadeyt wavt @cexample with
det ecti on @erkdnc€ @nhé Gtbmbbingfigdus B whig) and (d) are schematics of the
geonetry of the nolds used for hot enbossing the restricted detection

cell Figure 8 is a schematic of a further enbodi nent of the el ectrode

ar r ang&nenftigus¢ 1t Wea peheswiic diagiaenol asorvegtional QOCL4bnanaiticse sy$term| eotprisitizen of
t he presentiediByiRtc @BpdrRoRBdlcBdhid ¥ AT RS Gt fggdher with the cross
channel prior filling with conductive material Figure 10 is a schematic
showi ng a C4D shi el ded housing Figure 11(a) is a schematic of CAD housi ng
show ng t h&gures2(arahd2) teeiagrans ofedesvatitismab €4 detactan cell electrode arrangement.

20  Figure 3 is a diagram of the C4D detection cell electrode arrangement of the present invention.

Figure 4 is a diagram of the electrode arrangement of the present invention and the output signals

from the electrode arrangement of the present invention.

25 Figure 5 is a diagram of a conventional electrode arrangement and the output signals from the

conventional electrode arrangement.

Figure 6 is a graph comparing the signal intensity obtained using the electrode configuration of the
present invention and using a conventional electrode configuration.

30
Figures 7(a) and (b) are schematics of a restricted-C4D detection ceil configuration.
Figure 7(c) and (d) are schematics of the geometry of the molds used for hot embossing the
restricted detection cell.
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retractabl e el ectrode nmechani sm Figure 11(b) is a cross-section view of the
housing of Figure 11(a) with a mcrofluidic chip Figure 11(c) is an
al t er nat iwe 2embaasorent of the shi el ded housi ng Fi gures PRE&G200000¢23) are
graphs respectively show ng noi se | evel before using the shielded housing
and after using the shielded housing Figure 13 is a schematic di agram of
the LOC- C4D portable el ectrophoretic systemFigure 14 is a schematic of a
mul tipl e detection cell arrangenent for parallel nmultiple analysis Figure
15 i s a sElgeieasd i adichgynalim of Ifoluthey empasiment 9k theoplecede @gangearedlet theiprgsent
system Fi gueRiod6 1S a graph show ng el ectrophoretic anal ysis and
conductonetric detection of inorganic cations in-a standard m xture
containing 0 1 mM of each ion with el ectrode distance at 0 3mm Figure 17 is
a graph shgwierfyis @neénegenyistecieades ohhalryesest invedtiandathedtbymet emeosgding togethemwithf
i nor gagi ¢ yRrQ3Shadhetorist AMRE Mt codstiveensignt ai ning 1 nM of each ion with
el ectrode distance at 1nmm Figure 18 is a graph show ng el ectrophoretic
anal ysi s and conductonetric detection of inorganic cations in a standard
m xt ur e c®&igue 19iing schematiishoivingf GeficihisldaedDETMI.ED DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS Referring to Figure 3 , the present invention in one
preferred _enbodi nent conprises a capaativel ycoupl ed contact!| ess,
conduct i virtgyregBi@dt & FeneaiitT PGyt éF‘%“I"P%%&i“EP A9RoPg Sirsretss diseriep of fot
shown)10 havétragtabie e@pieodatmeshantdnannel 102 t hereon, first and second emtting
el ectrodes 100a, 10l1a, and first and second receiving el ectrodes 100b, 101b
on the chip and adjacent the separation channel 102 Between the emtting.
el ect r ode$9UF0H (0) IR HOBrF YR VR eV TN PIFaWH HER) WHEIMCPAYIYC PUP-o
detection area generally indicated with arrow 300 As will be described in
detail bel he fir . Lt td rodes 100a, 10la are
configureg%ﬁga@Sﬁggﬁv%épgﬂgFgﬁgﬁgg%ﬁﬁ?%gﬁggﬁgh?%%g'another to the detection
area 360, and the first and second receiving el ectrodes 100b, 101b are
confi gur edidureserdf)agdd &) Fralgfaphs aespbhiRel adhowing ardisarieve! Jfdrd Lsifiithed shisigen
from Figu heaggrarahkgﬂochannel 102 is defined by channel walls,
e

re 3 that .t
with the ﬁPP%Rgiﬁ%%ﬁFﬂﬁ ORS8O a and the first receiving el ectrode
100b being | ocated adjacent a first channel wall 302 The first channel wall

302 forms mpakd 10§ a%&%n{aﬁ@diﬁdr%%f @k Lbbe cab pbeddiddishirepohétia sfdiem second
emtting electrode 10la and the second receiving el ectrode 101b are | ocated

adjac@ﬂt a second channel wall 304, which is opposite the first channel
wal | 302 TFiguse ® ik ewsheiv@tic ofeadnuiipe detection cell arrangement for parallel multipie analysis. .

Figure 15 is a schematic diagram showing an on-line contactiess conductivity system.

25 Figure 16 is a graph showing electrophoretic analysis and conductometric detection of inorganic

cations in a standard mixture containing 0.1 mM of each ion with electrode distance at 0.3mm.

Figure 17 is a graph showing electrophoretic analysis and conductometric detection of inorganic
anions in a standard mixture containing 1 mM-of each ion with electrode distance at 1mm.

30
Figure 18 is a graph showing electrophoretic analysis and conductometric detection of inorganic

cations in a standard mixture containing 1 - 50 uM of each ion.



concentration and extraction of signals within the detection area 300 The
recei ving el ectrodes 100b, 101b are displaced along the I ength of the
channel 10 2broommwgone emitting el ectrodes 100a, 10la, w PaTSSeeo@oee77 n t he
channel 102 between the emitting and receiving el ectrodes defining the
detection area 300 The second channel wall 304 forns part of the base of
the channel 102 in the preferred enbodi nent For ease of reference, this
arrangenent or eonetr§ of electrodes will herein be referred to as a

t op- bot t oMEJABED PESGRIRHOH PfITHE PREEERRER EMBANMENTS e| ectr ode 100a is a top

emtting el ectrode, the second em'tting el ectrode 10la is a bottomemtting

el ectr Ode’Rg‘; he ]; Ie(Engure 3 ¥és ﬁt lﬁv %ﬁ%\gﬁgﬁe ér%?elﬁre& %m%?& Q\Qnt c%ﬁ%? itk QQa?Acﬁn%lr ode

and the se I'ving
Al so for @a@éeddionﬁeetfe@ g@f@gctlvﬂm@et@tﬁrppmhrgsirarﬁjnqe@&@plg|ef$gtr<§:|her@th %@Ot\/ﬁhP‘l"”

C|0| | ectsld V%Mndnssé;ﬁmbrﬁ adanh@ 183 téRdoR (irst@Ad SeRAd EQERG ofctrods 1bbe 1d1%t G@d firgn
el ectrodes

st ant i anar

each ot he" ‘}a?Fah%Feée'fo? §ﬁ§téd(§ief ﬂ&% ?@2’ ro§<°hrﬁ’ £ nda?%ycteﬁ %5fpar¥°n r annel 1b?IOO

t 0 enhanc®etween tegmiftingyeledtrodes1a9Rc10 a@n@theg?@Wm@lqcﬁ@@Sﬂﬁ@b dﬁ%lﬁ@lde@e@nand
to preventyd.Qafedf |ﬁ&hv§€?@d ﬁltﬂ Qr@%@XWsaﬁﬁ 86 adAndd B td@féﬂ BcbR! ME Rt dfiSsecond
detection el ectrodes arblO goe channg ‘i pr ef era@esy ween . 7/5mm SOE‘m Thi s
is, howev&Mting §efofes | PpnP P FYEHLeHE @ YA %?i‘f? PGSR FRE" 1 om
1mm 1000 mhedesteetioh arga 800, any éei fiedt pnd secoad teoeiging elegiraias POt ¢lorres sonfigusethtod  of
el ectrode eg{&@gmfmr@mgldb@@t%gpga%gl red etc) To avoid direct coupling or

crosstal k tween the emtting and receiving el ectrodes, a ground plane 202
i s providedThe separation channel 102 of the preferred embodi ment i s
f abri cat edt dan ba seén florpIF@wte Ttheethg s&mation tnamnelal 0 andéfinad by pitpnesi avafid, evitbdieng a

125mm pol yner, hﬁ:cgnr? Iecgfjoé'%%oéd %}{{)9 tW-btfl(t}t P&@‘vﬂgte%%{rbd%mdﬁbeé\etirrgqg@a?edbﬁjéegntdd fgosed

(e g by sputt ossed sea hannel s on | mthat are
arrandéd tehangel ‘%ZW BsThei 5 ichy 8 F waRe2 dustna e Bhe fardtiate able micluidigehip. The
det ecti on se&dnk emk:wme&hee usea afid theisscandoeafiing eegroaditpso alel ioatedtdumegitaci ng

ot oo B PRSP G 62 rlc] (€ bRREL AT ikl So L AR bwe b Al

4pac ance,
however , mgnceeggentanéleXtrMPH toﬁ é'gd@% iEhin e é?té@lof‘ o’ﬂ%% 3P The rﬁqe@/@goq{eqtrﬁges
m crof | ui dipgp, ql@hlpaietﬁéﬂldcced\@loaé tr@rna@w yEth@inmasen ein thb%nﬁiﬁrﬁg?@édtreﬂbs 100a,

el ectr des ? ? {_n? pv g,‘tal (g n %

portatﬁ d]g\é\%a[\fltg hee%% th%ﬁ ar}nﬁl Gweeq efsml!‘tmgP F& recgwl(r:i gle&gotdgsdd ﬂn?ﬁ?nthe

Fi gures 4 datedtids gred 309. éﬂhe@emmd@h@mpmﬂj‘e%@émfmamv@f ihm@ﬁ%ﬁ/@féhet Henreh A P e and

extracti Orbré?érrédh@m%dgﬁ@ult SFdr HaQa @ rdiétendde iR birsHyem@ht oV §doritRy of @Rbirddea@vill N a

nore precise

herein be referred to as a top-bottom geometry. Accordingly, the first emlttmg electrode 100a is a

top emitting electrode, the second emitting electrode 101a is a bottom emitting electrode, the first

25  receiving electrode 100b is a top receiving electrode and the second receiving electrode 101b is the
bottom receiving electrode. Also for ease of reference, the emitting and receiving electrodes will

collectively be referred to as detection electrodes.

All of the detection electrodes 100a, 100b, 101a, 101b are substantially planar, paraliel to each

30  other, and are arranged in close proximity to the detection area 300 to enhance the coupling of the
excitation signals into the channel 102 and to prevent loss of signals to be extracted. The distance
between the detection electrodes and the channel is preferably between 75um-150um. This is,
however, a non-limiting range as the distance may be set anywhere from 1um-1000um depending
on a variety of factors (e.g. chip thickness, method of electrode placement, application desired etc).

35 To avoid direct coupling or crosstalk between the emitting and receiving electrodes, a ground plane
202 is provided.



and sensitive analysis capability Specifically, the figures show a

conpari son of the output signals captured by an oscillator between the cel
geonet ry Wb 20tven1p80ef er r ed enbodi nent (Figure 4) and tharCoiSGaowoneent i onal
detection cell (Figure 5) Gven an input signal of 300 kHz, 50 Vpp, the
anplitude of the output signal of the preferred enbodinent is at 600 kHz, O
62 Vpp A simlar input to the conventional electrode arrangenent (wth the
sanme el ectrode dinmensions and the sane detection volune) al so produces an
out put of 60CkHz but at only O 46 Vpp The voltage anplitude increase in the

gut put si gﬂ@!seidafétl&m&aﬁﬁﬁaﬁﬂbf lhB\bféﬂérleGrbrﬂ\tﬁ)dHéﬁt i6 @stititedin athinelases (eapBEiring
et ween the el ect 0] 1 tion
ne reasonf”oF' "f"ﬁ['gﬁj?%e’?%"}fte e'n t‘%’g‘m bp’a g %o%%%rﬁém“’??‘e Jesae%ﬁtgehc?‘é oé&g
100a, 101éaeing dispesemhiecd. & smxﬁteamé og@etre;rebqsﬁecbs@@ie@&h@@ﬁ'swg*maﬂ"m it PErPr@aeRse s

the entt %ﬂalwﬁb‘%hlorﬁlﬁ@m Ehg%étédﬂoreb@&iddeéiﬁheéﬂﬁa detectim te@peluhed TRdidse of thin
concentrated jn

th h 102
el ectrode "1%%'%&?&'96@&%”%}5? ngc'i’%g{tﬁ%g‘?te%cgp %s?gtrci%gg% IsE rr%(?jheéﬂ{wg%g@g}l % orm
a quasi clasgesthieonal laedeorapéatenden gnditbuse laderperosarat gutpit. r&ﬁgé@wg\ref é@&:ﬁ%@t\tﬁéﬁ’f‘?t

reflecting &?ec%rﬁ&éétﬂogg b 'pgrﬂé‘é 8n 'th@trﬁlcﬁoh@dng%ﬁlﬁﬁgélp'?\ncéﬁbrlnat‘tﬂ@leE@meﬁthﬂ%e
concentratin

I ncreasi ng .t he el ec ctlo cel
vol ume Al é’éteg‘%i’f‘ ql%eréanill\};engesgp%e& 'Fo E'éer {%36' W'irbiegererfcﬁ fo tﬁ%ﬁ’gg BF eﬁeg{gl ng
si gnalis arembbo@tetedrigse bdt h el ectrodes 100b and 101b are there to coll ect
the incomng signals As a result of the increased nunber of electric field
lines in the detection cell volunme and the reduced | oss &ﬁl\% als to be

r

ext r act ed Asi Whoe\aParesRiFA oM hieresct P8R Stk gleginde %W?%{Eﬁrﬁt IRigR the
possi bl e feogymmEser sxtradiah gethpagsals thrdugh shegdetddtien cilitvelotmeonasudtiglin g olomeeregise

shoul d be ngﬁgn%é,v%@,ﬁ |Jsﬂ PS&S lﬁftépggiﬂ&sﬁy lihd ﬁdwésrghg@taeéomp'aﬁs%ntdﬁﬁlesduﬂﬁﬁgng% put

| ncr easi ng | on I NCr easl ng é)
separ d6i orsapjaigd t?étamé@ﬁ“alt?febeéﬁ’%‘ttP%B@'SQW”Iel‘W F’@a%'%fe e@?‘ﬁ’ﬁ?ﬁ”t (PR & poF
However, aﬁattohe @amn&dalmaebﬁonvwduI(F@Iusos r etlec enriemolsighaioof 390 KHze 5aDIY. ithey t 0

di b
i Idz(r:]'? Ir P y %’TE ta?]e %%v?@ﬁasﬁaﬁ ds tR!e ?é’rre%l‘ngpd JBent lsn%%[)é R o GE \RI ﬂ%rmlfaplnput to

es O I nt on t al’tICU ar
appl i cat i dm c@ﬂvest@nalmeqs@zﬂarﬁémaegegne(nsmgwwthq ﬁ@réﬁsei'chro% d'm@%mft prth fhensame

need to be:RRidNNbiuRE) SidBIbERBE aK ltyut aNEDORAL ameeehy 0146 kig. preferred
enbodi nent, therefore, the displacenent between the emtting and receiving

el ect r2(9des is adjustable by having at | east one pair novable al ong the
separ at i orThealtagelamplitide intreasesin 4 auipupeianal ot the Reserd inveptiop is e fisplt of a better

(effici enCc)éh?llﬁggé%erpﬁ@kele%?@@ésaﬁlédé@ il fre8hfifutabn ofiBp pRkignv@hticnhendesmards
of the SpefgrI this is that%oth thettop and bottom emitting electrodes 100a, 101a are connected to one source
of excitation signal, which causes the emitted signal from the top electrode 100a to be repelled and
25  concentrated into the detection area of the channel 102 by the bottom electrode 101a and vice
versa. In other words, the electrodes 100a, 101 form a quasi closed conductor (acting as
electrostatic images of each other) reflecting the electrical signals into the detection cell volume,
thus concentrating and increasing the electric field lines in the detection cell volume. Also, at the
receiving electrodes 100b, 101b, the chances of losing signals are reduced as both electrodes 100b
30 and 101b are there to collect the incoming signals. As a result of the increased number of electric
field lines in the detection cell volume and the reduced loss of signals to be extracted, improved
signal interaction and signal extraction are made possible from every charge passing through the

detection cell volume.

35 It should be noted that the detection cell length determines the signal output. increasing the
detection length by increasing the displacement or separation gap between. the electrodes will
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A series of experimental analysis were carried out to denonstrate the

i nprovenent in the output signal conparing conventional cell geonetry and
t he cel | woeanwaysosf t he present invention During the eppersicGaentos)27ot her
conditions were kept exactly the sanme input signal (sine wave 300kHz,
50VpP) , detection length (2mm, electrode width (1mm, buffer solutions
and sanpl es' concentration A sanple containing four cations at 0 05 nM
concentration was anal yzed by el ectrophoresis and the resulting signals
wer e r ecolirbexhse theaaignel isebsity pieregeyr atrtha samg timne DAG! siso tredved rasoliiiidnl asiienapilier e

the el ect rt@@@&'?r%ét&ee%%@%@ﬁa‘re%h &&g@dw.bﬁ)@smﬁ&&aﬁaudentohuémmm nW’akﬂ!lﬁéd ps
buf fer sol ution, ot en

Che 111t ChAEsc BRRAEa e GEBPYG: PRPBIENR e I or BPelEiniear BETe o
swi t chi ng résolution) visilihéesr torteseptimged sisvilandpesly rod hdletbeduln|tes preéesied eaibpdimsitng

4kV fok sepatall @8 dls%%%@nt get@éWh@%HlfﬂH@ al(cNécéW' ng éé'@trobl?s"'ls a'dju?tLblE 'bQ‘Hé\ﬁn(ﬁ

shows the conparison between the el ectrophera {

t op- bot t orfit @Bﬁpﬂﬁjﬂ?'é‘t”%ﬂ?'ecﬁ'onﬁﬁ@ sﬁP@F%‘?’P‘éﬁ”‘F%r S(ﬁ”‘i"’f‘?eadéﬁfﬂe"éﬂdh? %eéecuon limit
convent i onefficieranf iagdoratpeain s¢paratien GEBPIuTibE eogeedingrent tle desanids sofi theli patitc an
aver age of, é‘f%&d Jncrease in the peak height or approximately 0 2V increase
for every ¥ of the output signal For exanple, for the peak hei ght of K+
at 50 mM concentration, the signal is increased from201W to 28nV This
means fghata édies baé{kpénmemlwmblyai wer GrigRidut idserh@rnatd erey ieaseemént onth2 dutdat mv

to 1 7Km ns\i{;n;ﬁhéoﬁﬂpg?néoc{oqilé?l%%l &%’é %ﬁ/ 5,{3%9 g%llegcek}ng@u&'tﬁg 6r8£ént ﬁvéfwtiérf%ﬁng

concentr at clent | SCer na
out put) | theagxerinenist Qih?jr@vii‘ﬁﬁfﬁg”%e KRt HEEtYolhe éé’ﬁ? i 1R SINBIN(SINg el iBARES  of
the pr eserlftovl F‘d@t@&ﬁdﬁﬂbr@lhs@mﬁi) @ciigieaddint(1 mmaloufferesioiopgeand sanipiesGbbcarerbtion.

geonetries EREf %é@i) n%a our 9 |I6r(?ssat7(§(?9 mﬂ«'go_l_ngiggtrad& &/Qé Qna éd b? el%gpgnor@éé Qndal

separatlo I ONns
el ect r‘lﬁdesthel&Ga'tmglSlm@ialfawdrelf@%dedllo1613 q1h@roa@qresf@m0ﬁmelae@/c\%dasmame foHemirs

adj acent tfige Ei'%téi‘é&rb&%r&@'slspéf&’oh' BndRfont N paRREY RifeON0 GiVvRRALs 3@ saMtioh; 1at

| east part of the detecti n bei n aled down to su
and/ or narl¥&F12R PHIFR & 7RP ﬂgl pc?iei”(/ag L?%&WS&@H“*&BM”%H%CHH“ Isa”i’% e o
Cr 0Ss- sectdspodrmputkrfroatrolled switbing to ha kldtee caseonir an@@eﬂwnﬂe@wtiettase@o'c Heirthel

102a not ofl YorfsBGLicANSantgR d BSHIRESRnd 8 StrRNKERUS+al so functions to enlarge
the change of resistance from background to anal yte A hi gher change of

resi st#¥nce over the background signal translates to a higher output signal
| evel i e Hifige 9 dhowat the cbhearises teiveen vide cdientmgierdb@a obineth dromalitei ©ateitbm

using the &Rt&%?atl%n%\f\%e ﬂetF }rgcwo?rﬁ IYrECQOOC)? and qge cMédBnd %B@Gk‘tléf@hbﬂe lébgvh'ﬁt.e
two peri pher rest (1 ound an obstruction cent 5\; of
t he experimental results mdlcate an average of 20% increase in the peak height or approximately

increase for every volt of the output signal. For example, for the peak height of K" at 50 uM
25  concentration, the signal is increased from 20mV to 28mV. This means that the ratio
concentration/signal has been decreased from 2.5Km/mV to 1.7Km/mV. This accordingly improves

the detection limit (i.e. a lower concentration of a sample is now sufficient to produce a discernable

output).

30 In addition to providing a top-bottom configuration, embodiments of the present invention also
provide additional improvements to C4D cell geometries. Referring to Figures 7(a) and (b), a chip
104 is shown with a separation channel 102, a plug of ions 114 and pairs of detection electrodes
1003, 101a and 100b, 101b. The detection electrodes are shown adjacent the detection cell volume
of the separation channel 102, with at least part of the detection cell volume being scaled down to
35  submicron and/or nanosize with a restrictive or narrowed-down channel 102a cross-section/width at
or about the detection area. The restrictive channel 102a not only functions to increase resistance

11



channel 102) and a central restriction to the channel 102 In anot her

enbodi nent, as shown in Figure 8 , the detection cell of the present

i nventi orwoanmwiies®3 emtting el ectrodes 100a, 10la, groead/sshimlode7201a,
201b and receiving el ectrodes 100b, 101b that have been integrated into the
chip 104 using thernmal bonding The ground shields 201a, 201b in addition to
t he plane ground shield 202 help to reduce further the stray capacitance
due to coupling through the bul k polynmer material between the emtting

el ect r odespul @oafunctionsate ealadiertereiangenef rebistanaedubechatkiydiynd lcﬁ)éﬂrnlﬁao,ﬁlhugm'r ¢haode

el ect r odesyl 're%s%@é Bdepfh%%ab@}&fnalsﬂg){al'tr@lng%é’-lol §|1\|gr(e'r Sutbmesi QF IE\%I 2 %eF%N al lloel

in the saneg pl ane3 g éw channel are

the sanme tiFecYi ecWéH'??éﬂ Wpa%? ”61‘”91"}? AP ﬁ‘oé(F‘é“ 'ﬂ@‘i’fﬁ%a(c %Qn‘ﬁ’f ‘H’Er
appr oach, resreciakeleroveidaeso panphbel teemididehsjiet. \wesdind i ebgtualikini 2D0SH eetcentld @phe
sheet $04aand, kol Lam S olihatndhpepi e chip 104 before the
assenbly is aligned and bonded to anot her piece of polyner sheet A |ateral
hot enbossed groove nay be provided to facilitate the alignment before
bondi ng | rin bhitser embodiinamnas, shole it Bigure|se bk dedetHn 2&Iofass pratdriinvintion cammissd de

of the Chaémﬁhgcgla?g%dgy%ogoq6‘fémtgﬁaluﬁ<ﬁ;tse8%§§0% "zo?d‘n%r?d‘re%gi?.ﬁ&' e@&ridegqo& QH{

shows a nodi to th era |'ectrode e
modi fi cat ite# "aekaen|iedstad infaine chig 1P usipne thesarPeingnEveodawnd ieits 201z RAtnel s

whi ch 1ar e ih detias® ths @Knigraunt Ghielie20ze palp & redlce iaRgehe 503y aw!acmicé; Quéite

D ed i L0, GRRHEL: e BAC hbhe BRENAEALEN Mo AGRRIlech 21c8MH0. 4 FLAKr @

9) In partic gin as ¢
chip at t eceiingeelactrages90HORAD.¢ ﬁéCFCFPEUs@f sigetprselis positihord leterrdy Serbraligifie. tteen

f,ef' e?m Thepafte SiearanBidn mesag@ppnér@ t.maowaeﬂ@ahy RIthe &rfanhar@d aHd 'aﬂgootnB&j med

ot enbossin ess an ce the c

Bnd Seal e BEedts Hizand ap BRositt PR, TP LB o DO RRArEF R 1 EEEIGHEr
punps & t traa be dnodedtbietneeendheepladiic sheety (tap Ehvagt 1q8ai antl )ootidmh sheet 4 D4k thad fogm Mg,
bﬁcomsI cor},ﬁwow@fo@ ttﬁ'ﬁésfseﬂﬁlﬂs-m@n&' éﬂﬁ%%ﬁdé&%a%%@fb sf%nymeﬁgk@pﬁl%eram\@t the
channel achieved in this con ra i mzjng

obossi ng SHESTIATRY ik P Prieey e, e AMnpetgetre o w1 Bs sTDro R
si zes (e ¢ghdtomelecinoded diet essentially e oel didecdfaitg chadres!, e d thet oftpmt dieetrpdes sendn an
invention(ﬁ%&gegggprlses a shielded housing for the CAD detector of the
el ectrophoreric system A schematic of one shiel ded housing of the detection

cell i% shown in Figure 10 The housing 1000 acts as a Faraday shield to
shi el d onlmgdréie shows a modification to the lateral electrode embodiment. In this modification, each lateral

er

pair is in the form of enclosed lateral channels which are in close proximity to the separation
ch(annel 102 and which are filled with conductive material (although only one pair is shown in Figure
'9). In particular, the electrodes begin as channels hot embossed into the chip at the same time as
25  when the cross channel is hot embossed, and then sealed. The design and the gap to the channel
are tailored using the mold, hot embossing process and bonding conditions. Once the channels are
formed and sealed, the channels are connected to reservoirs and are filled via pumps with a
conductive material (e.g. silver paint) which, after drying, become conductive electrodes. The
closest gap between the electrodes and the channel achieved in this configuration is 5um. By
30  optimizing the hot embossing and boding conditions, the gap can be scaled down to even smailer

sizes (e.g. 1ym).

In addition to a cell electrode geometry, the present invention also comprises a shielded housing for
the C4D detector of the electrophoretic system. A schematic of one shielded housing of the
35 detection cell is shbwn in Figure 10. The housing 1000 acts as a Faraday shield to shield only the
detection cell within the separation channel 102, leaving the rest of the microfluidic chip 104
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detection cell within the separation channel 102, |eaving the rest of the
m crofluidic chip 1l04accessible for input of fluids and application of high
vol t age fwo 2eloa06800phor esi s separati on The housi ng 1000 Psuisstenotone7y y
elimnates interferences fromexternal noise sources, fromthe DC power
applied at the term nus of the channels, and from handling operations, such
as sanple and reagent injection etc Specifically, a first ground plane 202
is provided to elimnate direct coupling between the detection el ectrodes,
and a secepresgridiRidAvt ghluidgnand gppﬁ?etwp&ga'gwonw fat glegtipeheresiv seragayon The

el ect r oni @susfngaoDt sidstaddalie biedibdtedaieridrandes droprexathianBise doulces tibmtteelDC ipheer

first and_g .egaﬂhg{e%n&'s 't@&%nzﬁﬁszan@% Rafauhd] ool Bk AdBle drtiFengent

per pendi cGPEFy “cont gur a
housi ng 1GEBtON#E Spet ot ddrB 1o lPrRRE Wﬂrweﬁrt@ﬁw'www@s&f@w&m between

per pengi Cideaddidttib® eteaeodeengtma Gkcdridegretdppiafed 203 S grroauad&d.sa:atd theclettdes a

'(I:'ﬁ\e/:i E:IZ‘t égtglé%thor}\éc\rygrcom the t-tfach eel rod<'esp r?n ‘31' eerg o%pnlmé:n? |If’a&dﬁté: ui’lrgt n% s%ggr!dt ér&ﬂ%d

ORi €S are art
| ayers, i paneo3d2azfid an@mtaomnbpﬁrﬁlﬂeéﬂecnerrmmculb@a@rﬁlgem)wwhaywest torﬁ%,chtOﬁ]@rI ayer
is isolated fromthe bottom|ayer and conprises an operati onal arrpl ifier

and excha eedba Je tor t {
short coajg?i?h‘ﬁ‘g%q \éouﬂn%ﬁg? [wzﬂc e mg% gﬂfgma\?ﬁe%ﬁﬂ Cgrpr%é} @Wle tSnel S end' Siar}g’
t hr ough a thtieelengsh ohéhet oyip [18d;es gTthieded amém@bﬂseeatt@dltyvmoﬁageﬂfmhgthaldetestlon

transferr eflcfshids NehabQiclie™® lbhasifhed. C"l‘her @@t&étlfoh Ceﬁédtr@ﬁ]es laFéWarPa'TH’Qﬁd fon! 4 fréurgthattnd
of fset/ gai n basel i ne sup ressi o

the | evel the o t naI t
zero An al°PBPTFEE iV 'WRFel 4 eGP ﬁBﬁsqoﬁ%i“ 1‘15'5 djcC BYAR (‘95@' Yﬁr%ultf%ut Qj ore?
t he housi nglaiddG@dni the bbuithes layermEndlcemprised @s cp©Btnnall &owifierrehd l@@ctl"taosyﬁael%faedbed@s
101a and 10300 GSHART coehodydbquINlv &ty A6t 202 ERE ARLAYeRNE shnd 1R In

provided to s tection el ectiodes and the detection area be} ween
the ell@ct rergevgTaectredse i@ ddslenly B tep Jaree I’i‘?ﬂ fiof CAREMEH (PIRgR S'ge! s
pi vot abl e temferedl O thet botahd tayeadaresstiftcatidnh eéovd etaec tfitarimgc @hdl dffisetgaim baseline

enbodi mentg ?#&%‘099y§”8%qgvfwgﬁﬁéﬂﬁa“ g?E%H&% abl e el ectrode nmechani sm 1104,

which is co ured san amc luidic chip in the housing 1000 and
to press the detectlon el ectrodes against the chip tightly when the cover
is closed Aﬁxcaltaraattv@ s&@iﬂb@ﬁ@sﬁbaseﬁsfs spévarXin IFiduye BIAd At Befarepihd haisinggi@ps inbiatieseen

the d ectl 0 r an ti I

ol oct Phde HRURERTE 10 GRoBRR hABRERELAL 1Os SRATIE wobe: (B BEbhe 202, o
that is r@stnaéaVCyhl@d)dﬂP@eﬁ P@Vldh‘é tg ghiedrtae deteetionceleardon 264 thendete@iperare102
and t hat %%F«&é'éﬁ%eteh&n&&@ ﬁi@sﬁqknd@lha&dmgroes.gurwmg felhecihéiees phoRBle cdaPh1d@he

resilient tg %‘]{Pw acc%ss to tgg dV\@thon ceﬁ pIn orr]1 Jblglmené the cover 1102 mcludes a retractable
electrode mechanism 1104, which is configured to sandwich a microftuidic chip in the housing 1000

25 and to press the detection electrodes against the chip tightly when the cover is closed so as to

achieve closest proximity and to avoid air gaps between the detection electrodes and the

separation channel.

The retractable electrode mechanism 1104 of the preferred embodiment includes a holder 1106
30 thatis resiliently coupled to the internal surface 1102a of the cover 1102 and that secures the top
emitting and receiving electrodes 100a, 100b. The resilient coupling is by way of springs 1108 as
shown in Figure 11B. Figure 11B also shows the placement of a microfluidic chip 1110 having a
channel 102 in the opening between the cover 1102 and the base 1112 of the opening of the device
in or on which the bottom electrodes 101a, 101b are located. The cover 1102, chip 1110 and base
35 1112 are shown in Figure 11B having gaps therebetween for clarity. In use, gaps in the
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shown in Figure 11B Figure 11B al so shows the placenment of a mcrofluidic
chip 1110 having a channel 102 in the opening between the cover 1102 and

t he base wo2oAd16607t he openi ng of the device in or on WRCEISGRoN®/0b@7t om

el ectrodes 10la, 101b are |ocated The cover 1102, chip 1110 and base 1112
are shown in Figure 11B having gaps therebetween for clarity In use, gaps
in thearrangenent are mnimzed by having the cover 1102 clanp down so as
to press and secure the chip 1110 on the base 1112 Another alternative
enbodi ment@"GPINEE ¥R ENEE]d ms hayipgythe GoVe"i 1403 RIBMA dPWN ISP gate Prescentheeckie iR ng
1000 i n t hihp 1@ndadiheeade 1132si m lar to that of Figure 10 but includes a

det achabl e cover 1102 The cover 1102 is arranged to press against a
resilient spacer 1114, which in turn presses the top el ectrodes 100a, 100b
agai nst t HNORRERIEMRlNeRTROdIIgRt af theshighiast owsipg,#9P0Fy eeadn Bigwr4€. TheeousRe om
el ect r adestod®hanis bbbdimetitus siopé otk BOFiGe 1prboxmndeys Ddetddisbldled@ET102NThe

el ectrodes 4§ {58 et ell 00 pREEod il LS GRNELANY 114 Qhion G ge%s%l&a%o?qom

slid into 03|t|on u3|n 1
el ectr odeselem@f&s 19@&)5 ,OO%Q%\r)sf fe1micrefiedip 6BiptTit afheT@'sgm &Hn pﬁaﬁemmstt the: beftenp

1110 is S:jéléitrbd'éfsoloﬁ)@ﬁioﬂbotﬂus b;’)’tﬁhlilr@)th@';E&&rﬁﬂdﬁsmé-e&émttoﬂg&tr&fe@ t@ tHeOamdctical | y
pOSI tione on, O

01
Doth oy o ED IR sdirofin, e caRon ok Sty e SeRon o da/adens 360, 1
the arittangemenstbaomisiestrortss PPy 100000, 1Pligareaositiared sétethathifen 1@ & 1pliaced

as close 3s'ﬁd91 RS tHeQop Qsect@dsé:woemm alréwadtaﬁat#aawoagon%%@ Jé;@gélgméaﬂg

therefore jn cav

o on B S Dol ool TR b e ke P SREo ) KeppReers Saah
shi el d (nabe gtiWMP. i s arranged between the emtting and receiving

el ectrodes while a second ground shield 203 is arranged to separate the
detectjon cell fromthe electronic conponents This arrangenent allows

mi ni mel® si'gHEIATPRASEEE! A MF hveiag f Q0 Eute Uin hsicalR 1§1(b'ﬁ£|a§e‘¥ PTG 7 SPFL] he
det ect i on teeld elédtgnice s the (haksiendoadbThe esysiet therefoye mhiodesaa cantip ax icsaparipfent he

noi se | eveu’ooX"& n&ﬂ@tn tﬁ@gle%qtntl# b(ﬁ)o&;'\'ts +ﬁﬁ9d%SfIQQhé¥%%¢§ ﬂgwgﬁ A first

shi el ded housi ol se
bet ween 3 resnd 'G‘WPI 8haxinY s HBN9SA | herwRed th%&ﬁ]'w apchyagelying lﬂecfr@dqseWEeﬁj to
1 to 2nV ldcéraegeuimehiekly 263The diriaRddd € sEpsg&téethé3detédﬂ6n icaw efnt QRe [leavoites a

portagqe e' 15] gh?ﬁletalrrgrggaeﬁrlse“amow?(?mnlﬁ'\hPél%r{a?E)ég U’lF\t%gerterQ esf‘?or;'rg %hix %hi gn

(not an open erein chip s
a pl atforrﬁOIIB@llSldPHEe@ﬁﬁiqﬂOstQﬂt 1304 is confl gur ed to allow the chip to be

Figures 12(a) and (b) respectively show a comparison of the noise level without and with the
shielded housing. Without using the shielded housing, the level of noise for a signal of 300kHz,
25 20V, is between 3 to 4mV, while with the shielded housing, this value is reduced to 1 to 2mV.

in the exemplary embodiment of Figure 13, the invention provides a portable electrophoretic

system 1300 that is configured to sandwich a chip (not shown) that is locatable in an opening 1304

(herein chip slot 1304) on a platform 1301. The chip slot 1304 is configured to allow the chip to be
30 moved along the siot 1304 to allow a repositioning of the detection area of the chip.

The portable system 1300 includes a metal housing 1302 for shielding the detection cell of the chip.
The metal housing 1302 is provided in two halves: one half extending from the cover 1102 and
enclosing the top electrodes 100a, 100b, and the other half located in the base of the chip slot
35  1304. Once the cover 1102 is closed, the two halves make up a complete housing. Much like the
embodiment of Figure 11A, a retractable electrode mechanism is provided in the cover 1102 to
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noved al ong the slot 1304 to allow a repositioning of the detection area of
the chip The portable system 1300 i ncludes a netal housing 1302 for

shi el di ngwohelodatsect i on cell of the chip The netal housPaE/SG2AR/00&7Pr ovi ded
in two halves one half extending fromthe cover 1102 and enclosing the top
el ectrodes 100a, 100b, and the other half |l ocated in the base of the chip
sl ot 1304 Once the cover 1102 is closed, the two hal ves make up a conplete
housi ng Much |i ke the enbodi ment of Figure 11A , a retractable el ectrode
mechani s mreteachtheiPrl elgclrades 11802 d9@ly sq it theyr makearsrfestinontactowith e tohipdeen toDa,
logb so t feawtrtﬁhwbsmheseaﬁéi e@tch@%n d®asdVot thet i 1664, ﬁ'h‘é*b%ﬂaﬁlé"@ys‘%&ﬂﬂﬁod:é@dms
and secures e

h | ot . 1304 The t abl 1
al so incl d’&?&’geﬁ&f’&%’ﬁ] gefcgﬁelsog[ﬁ? i%ﬁb gniﬁgﬁdj%ceﬂt BF %a?%&éﬁ? Cg'ﬁ ﬁ 4 ? "§ he
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cover 1102 is in. ts cl ose& pos. n electrodes are in an

oper at i ve "aft AFGENRATYETE dﬁﬁcd'lt’%éa?elr'feéﬁ”"anrgﬂe?céft%?’85‘(85’ to Figure 3 Next to

t he housing 1302 are encased detector electronics which are shielded from
the det ect\QiuoGRd hoRRE 1f36@%}eeé?k%eﬂadetéb%r%?eofr&ndyvﬁmhdé?e @Bl@l’dgaﬂrorﬂ%eg@et@cﬂgr{ or

signal loss and easy transport The portab devi ce 1300 al so 1 ncludes
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and of f set™&MEHTS APENTERAEE ?e&uf PREMT It 5R dtgf Jagahgad £

t he enitt itn¢pesieckivingelpeftodes. \ang aviestidier. éﬂw-m&sefuterngndcqﬁsetamcu'ﬁ arecednpertesetadbat or

i's provi dedradita¢siabe 8otlef@NRGUhEAmitthd ke, %étt%ﬁy%w@ﬂe@@ltérﬂgﬁ? cukeBaliesn
with g mniaturized h;}f%p vol t age chi)ower su nnections are gvow ded

o T it Hensreih 1S G AT End Fo0 et o, Yos SR hen G CHE R e (SGEr U of e
port abi | i tyipiatdetedctighovpltege povedr \sspey. Camnbaiosan 3idexle puwividad td méerfpos the poftahis e,
whi ch obvi @L.@iﬁdaammeaegbrwauw mg%dt pr%@igﬂ%%%aﬁﬁt@kdét&t:@n bagpar@rscyax bk RaRGE

enbodi nent devi ce er conprises wrel
capabi | it |0éaga m T ekysel ‘(/VhICh obviates the need to transport samples back to a Iaboratory

25 In one embodiment, the portable device 1300 further comprises wireless capabilities. Specifically,
the device 1300 may be configured to send signals wirelessly to a personal digital assistant (PDA),
a smart phone, a portable meter or the like. This may be implemented using electronics having a
Bluetooth or WiFi module configured to send and/or receive signals wirelessly. The device 1300
may also operate wirelessly such that sample injections and switching on and off of the device may

30  be controlled wirelessly.

In other embodiments, such as that shown in Figure 14, the portable device is provided with
multiple detection capabilities using multiple pairs of tOp-bottom electrodes where all the emitting
pairs A, B and C are connected together to a single input signal 1400 and all the receiving pairs D,
35 E and F are connected to individual receiving amplifiers and processing eiectronics 1402, and using
a single analog-to-digital converter (ADC) 1404 with multiple inputs and a DQA system 1406 with
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t he device 1300 may be configured to send signals wirelessly to a personal
digital assistant (PDA), a smart phone, a portable neter or the like This
may be i mnpbenmtie’sd7usi ng el ectroni cs havi ng a Bl uet oot hPor/S@éiv/onedul e
configured to send and/or receive signals wirelessly The device 1300 nmay
al so operate wrelessly such that sanple injections and sw tching on and
off of the device may be controlled wirelessly In other enbodi nents, such
as that shown in Figure 14, the portable device is provided with mJItlpIe
det ecti on mabelbuelempésma@msgeamlqorrpipen@ag fosongfsensnn -abo ahaysise [Tois tmaydessamiedr e
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invention is an I|cat|on of C@ls m con ur at
conduct i vi #37 Wﬁﬁ?pc 6‘?‘1 Hﬁmﬂb(ﬁc‘é'émg é'eﬁtrﬁ‘ WB'PN 08P '?\@rft%ﬁf* dllangi 23 % wlsel Prifeg ed
sol i ds in teptteer vatargsrdsdettionsidg v0@e Fiusd ®howenitosied @edntes atd yevas al 20 hidt 1502,

Figure 15 JMd%VL%em%§99d| Q@EM%‘?%M“?O bPo REd BT L Q'U/F'E'E“' %%lf%feb(:t Ldes

100a, 10l1a, and tomreceiving electr ground
pl ane %02 P%S%F'sﬁ‘ep‘?rb'{i‘?d”éﬂ“”%@?eﬁﬂ‘é‘?e deg ﬁpr&@ﬁn%vruéer ﬁwmlm@nw@ovatarmuahw or
noni t or i ngeantrbl| oeMicemotifoeingl e tiagsigitwatst tielin®ht &, dnlipw cdaumMativith @nonitoring of

T TP OhdenfeBN0E ot erbRick Sty SR00 4 Wi || be apbrec ated by

skilled persons ne moni toring devi'ce”has applications in, for
exanpl e, on-line water qual ity control, on-line nonitoring of dialysis
wat er treagxegRIMENSSEM on-1 i ne.conducti vity nonitoring of haenodial ysis
proces chem cal concentration control, etc EXPERI MENTS The experinments
for the present invention began with the fabrication of mcrofluidic chips
Speci f i cal Ty, exreriments cfeoftieuipthisentcinvgnéiomepegart alith i tbatfeltichijonhoft mémmdfosisi crgpson
pol ycar bongdeifikdn(s) th@r microfluidic chips were fabricated by hot embossing on polycarbonate (PC) or
polymethyl methacrylate (PMMA) sheets with a thickness of only 125 ym. To emboss PC and
PMMA, a hard stamp carrying the microfluidic channel features was used. The stamp and polymer
25  were heated together on a hot plate to a temperature slightly above the T,. After the stamp polymer
sandwich reached the embossing temperature, a uniform pressure of 3.2-4.8kN was applied to the
chip area for 10 minutes. With the force still applied, the system was cooled below the T, On
reaching this temperature, the force was released and the embossed substrate was de-molded.
Sealing of the embossed channels was performed by bonding a second substrate where iniet -
30 reservoirs have been drilled in. Bonding was preformed by applying a uniform pressure, exerting
1.6kN to the chip area at 140°C for 20 minutes.

Electrophoresis is performed on the plastic chips. Initially the channels were preconditioned and

then filled through one of the reservoirs with separation buffer: 10 to 30 mM MES- His (2-N-
35 morpholincethanesulfonic acid/histidine), 2 mM 18-Crown-6, and pH 6.4. Reservoirs 107, 109 and
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pol ymet hyl net hacrylate (PMVA) sheets with a thickness of only 125 mm To
enboss PC and PMMA, a hard stanp carrying the mcrofluidic channel features
was used Wbheosr@asg7and pol ymer were heated together on aChsGplvar@’to a
tenperature slightly above the T After the stanp pol ynmer sandw ch reached

t he enbossing tenperature, a uniformpressure of 3 2-4 8kN was applied to
the chip area for 10 mnutes Wth the force still applied, the system was
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been drilled in Bonding was preforned by applying a uni form pressure,

exerting 1 6kN to the chip area at 1400C for 20 m nutes El ectrophoresis is
per f or med Afier antirgtiahloaging, checsampss Wasiitjiecied iptottheesephtatiorethanigt bragplyrgmetéintialoefed

and then fihdoed Jamrepe;mQ@bevqémsAasefomw B’éDbétﬁeé/H Jebem@aqrogtah@mé)ufhfs%na'lg@ to
30 MM MES- H s anesu on C

18- Ot own 8rova e (PS6oRctRBERER: PEouat ine FBaeiTiereChtre TG pEe THpsapay
filled w sépardted by enriyingpd eepstration rvultagbwlf 2@00 4@ [ U O9dNbetwiken| tee resswpivcol (7 anti3
was filledqmith the sanple mixture (target ions dissolved in the separation
buffer) After an initial |oading, the sanple was injected into the
separation channel by applying potentials of +1000 V (cations) or -1000 V
(ani ong) frae Cib deectoswhelomsarusingsepairaif eaitir@Oandneedin ckirsdes of t-cpemdr o t he

ions el ectd g%géezje(% &?L%{thlﬁﬁlgféﬁéé ;Tg&ca(l: REnehfon éﬁn%rssfgrcthé ik p AL ERp VS Eo

subsequen ‘E %ir ation voltage of 2,000 to 10 000V
bet ween tlﬁ’@ﬁ%%'é?@é?ﬁ%@'gl‘(?feé 1 190M 2180 £4390K3% ect or was formed using a pair
of emtting and receiving electrodes of 1- 2mmin width displaced by 0 3 -

2mmin di nce Ty al u and
Copbot t omEePRElraEe Bobeth roEh gh 6 beitisamBe ' Rirghit? cafial PuTE, £ B2
wer e tlhen egmlmeeuto(ﬁﬁect @at@éQ die cangamrasion ﬁ efANPeE weal oft @rfﬁg’hhlaéﬁﬁo%f” t he
eXPE; ' ”enchgtuFé @ﬁﬂ&%x&ﬁh’ei’tfb‘éndm@ﬁ vfé@émﬁéﬁnblﬁt/dﬂﬁge H00eAGhedtion tive s Qseparaidn( 6
ny as shown e e ri.ment. conditions were, i c
vol t age, ge‘&?@?/“bW&%m“%R“‘?ﬁ’ﬁg @gmgéﬁipgt FESVSY X5E 008 ameﬁn%{%cﬁgf 2% f er
30 MM MESkHE anbso\ap, efsichiore distanee Oviavesfand reiesirede width e éac e skpeBoRNKpAetgpld
50Vpp, el efhrode &'n§én’?r9ﬁﬁl & afmon ¥4 1 ﬁ1ll\/13€mé @%rl%ﬁttdan&trﬂ?% E@Fe HitRorRRahipTENt
to detect anions, concentration of each HWI eri rﬁ
condi 2Pond3¢e2&mm E?Fag?ffeﬁ G '8“%%%“5‘:%%?1?@“%9 Ht"m%-é @tm@eﬁf‘g ﬁep 6.
el ectrol ytigectioh udliage 130/ foivh &/ESpéiation @ditadd, 780 Cartectop Hirg, waveform of 300 kHz

and 15 V,,, electrode distance, 1 mm; electrode width, 1 mm.

The resulting electropherogram of cations at concentration of 0.1 mM (6 mg/L) is shown in Figure
25 16 (x-axis in seconds and y-axis in volts). All analyte peaks of interest were baseline resolved. The
electropherogram of anions at concentration of 1mM is shown in Figure 17 (x-axis in seconds and

y-axis in milivolts). Both figures show accurate determinations of the target ions.

Referring to Figure 18, the electrophoretic analysis and conductometric detection were carried out
30 for inorganic cations in a standard mixture containing 1-50uM of. each ion. The experiment
operating conditions were: injection voltage 4000 V; injection time 1-3 s; separation voltage 10 kV;
running buffer 10 mM MES-His pH 6; sinus input waveform With a frequency of 300kHz and 20V,
electrode distance 0.5mm; electrode width 1mm. The graph depicted' shows the detected spectra
for the following concentrations: 50uM - line 1800, 10uM — fine 1802, 5uM — line 1804, 2.5uM ~ line
35 1806 and 1uM — line 1808 (x-axis in seconds and y-axis in volts). Figure 18 also shows the
detection of cations at the limit of detection (LOD) of the experimental set up, i.e. LOD of 0.001 mi,
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injection voltage, 1 kV for 1s, separation voltage, 7 kV, C4D detector sine
waveform of 300 kHz and 15 Vpp, electrode distance, 1 nm electrode w dth,
1 mm The we=uiwadisgy7el ect r opher ogram of cations at conceRCT&G2019/006270 1 mVi
(6 ng/L) is shown in Figure 16 (x-axis in seconds and y-axis in volts) All
anal yte peaks of interest were baseline resolved The el ectropherogram of
anions at concentration of 1ImMis shown in Figure 17 (x-axis in seconds and
y-axis in mhyolts) Both flgures show accurate determ nations of the t get
i ons Ref eFPMn?jhet'BselfiobﬂP‘érelé heWre? BPELTEC SRRUMET 3" ¢ el SRSIRES A1 QOB h e

pc det ect toanatwethe 5qa sareple gine 18@). | norgani ¢ cations in a standard m xture
contai ning 1-50mM of each ion The experinent operating conditions were
injection voltage 4000 V, injection tinme 1-3 s, separation voltac?e 10 _kV,

runni ng bAfYasiagdDNisNONEES! e PreSENtdnveRton Wil bR 68?8%\/*8?‘&?’%%9[%9 SesBiie Yy of
300k Hzs andxa2ipigp p willedeapipreoaed dhas thenaebditobnay gedreettyraticles evlecmﬁd'flelhrﬂmeél' fnem gachph

de icted et e r cent m -
i ﬁe 18003“%%9&9?& Eo g%ggnﬁﬁgm fo@l]nsfeg in %rgbeﬂétgéulagwgolﬁrﬂg & gl 1§n11%| i
li ne 1808d€€t§@“85k|0§” |Vﬁ'“§‘§ct6n‘ZPs°FHﬁB’”)y§é{5@°£edl by 461 fesgiving gigrteodes Ql‘%@'oéﬁﬁ"?/\g‘et he
de: ecti O_rlp@fserﬁa:tveﬂm vath itpeovéd Bérisitiafy (dettaebbioy t§ LEBYt walibhemaxpesti samples)| .
set u i e
pect um 81 S elgy Bt ARG ERAD Snele i bl BR AR
(line 1Q80©90dAmah\tlta@é§1€a$a"§i e Ay BeTiaPHilY Wé@eﬂ’de tomxéqwutbmawwhpalmet@ﬁﬁa@ent

fromthe bRraesigRGr SRHEEd iRdIUdHY thide neacrBRhRntsilike Méah) megisappr eci ated that the
top-bottomcell geonetry allows electric field lines fromeach emtting

el ectrode to be confined or focused in the detection cell volune, and

si gnal s f Semitivineis disb éuprpee tyeirbodioeateref e inyentiop triakee] tyin @)'tCt"PthCe@ipﬁyaStth%’
recei ;/' ngtaﬁ‘d\nﬁt‘ﬁte [48@EHon Ak SroBE0M I 88 v &ideE %ﬁﬁﬁ‘ﬁlty' fthﬁé"c{\Qmel}Notlrlﬂpﬂo@Eéb‘éaﬁl/e
sensi ti vi of sa r
exi sti'Ag ﬁglt"&"lﬁ ﬁ’%‘i“%ﬁ”é“%ggéfa t%gnee@e? ﬂ'ﬁﬁﬂ@& ik {T?he(ﬁitf z eg'nih'? il %?HE s)tet‘dow'&’ to
be abl e t angnosysi@msghaidissetmsk Micudfitigic &hips liiee. samm thlcmasa)s Wien ttiegbinicrachipaae be
able to e)ﬁji Q0d: thtgﬁﬁé\?ﬁéryéhb&@lthéggaﬁgeé Qe%ia‘ébc@&%rgérﬂf@&c@fﬁoﬁﬂﬁé Wa’%ﬁel WhICh

i ncl udi ng those 'm | enment s heavy netal s Sensitivity iIs
i nproved 9usenBSdRARIIERCEGP iR TS ARASSSE iR cORENtiQeksYsisM3 pﬁ‘?"&ﬂecﬁ “'%nea {rgqugﬂqyps
as they ahdeW\(t: h&gndetoeamﬂeoa sefficieft rooaigisg thetvzen itine wlectyodes. ds egeperalx itd tepds  t he

chann %h H'h%p stP aggtﬁtg%et Ia o%i?:ﬁp |o%£] 9 Q%ﬁ%ﬁp Ar@ﬁep‘goé(\%hﬁ&gﬁ al@?x%tlwl & to

sol uti Ion ce can be contraste known yst ens

that use vwre@Re wpmasﬂﬁqﬁemf ghedki piang frore twicahyalues OkAbs<OY QRERV - H%JCW&/P'&?@H« ps
are made QhwiRl GKaipOlMEBENSREE Sie pbileof@le@Cl E4T6t¢ andis inrhaic@idh pdrtablasgeems.

di stance fromthe channel, which

The portable C4D-LOC analytical system with optimized sensitivity requires lower inputs of voltage

25 than previously employed to achieve low detection limits. That is to say, by increasing the
electrodes’ capacitance by placing the detection electrodes in a top-bottom configuration and in
close proximity to the detection cell volume, and optionally improving the signal-to-noise ratio by
using a ground plane in a shielded housing to eliminate crosstalk and external electrical noise,
the present invention is feasibly operable on a lower power. This is a particularly important

30 advantage for portable systems since a high AC voltage is dangerous to handle and the
instrumentation required to produce such high signals can be prohibitively bulky.

Where a shielded housing is implemented, further improvements in sensitivity and thus LOD can be
obtained since the C4D detection cell is further isolated from the high voltage, environmental noise
35  and artifacts. This can be contrasted with known C4D detectors that do not implement a shielded

housing and that accordingly suffer from much higher LODs.
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causes the capacitance to drop To address this, conventional systens
provi de a higher frequency input AC signal to achieve sufficient coupling
bet ween tWwe 2eloaatsoodes I n general, this | eads to hi gher PETIS&ROAP@ECTt ance
and overall loss in sensitivity Another conventional alternative is to

i ncrease the magni tude of the AC signal fromtypical values of 20 - 50V to
300Vpp Such a voltage, however, is difficult to handle fromthe point of
view of safety and is inpractical in portable systens The portable CAD LOC
anal ytical systemw th optim zed sensitivity requires |ower inputs of

vol t age tMr@ﬁhQ\éie@tkb%bh&rr@r@éh@m&ﬂ tHeQn\RGbrEN Englenéntatient ietermal eiédieddEBd. nbts t 0
Z?Z\ ct P)(; d;gn??qﬁggé?v h hs pltoL\rlTv] h(:% %asolher gla a"r%‘gel ltn r%%dq;(tf) %ls‘?s%llc@g h%DSn@%trg&}sL%

det ect i on leyetdst W@ICWS M'dﬁétf@foﬁﬁalfﬁtylciamr @‘vﬁ1¢|g‘e‘leﬁt@”sqe@n"é'l"3 ifviheecora@ndo by
using 8 greMpiExilorMRJ-Boftatidhl fdddeskshousi ng to elim nate crosstal k and
external electrical noise, the present invention is feasibly operable on a
| ower power This is a particularly inportant advantage for portable systens
since a hiTyh fokeyoingl deagribes prefrired cambadintentshwhich, es aviltibe Hedsarsiead Rintbpzeagkilig in
required tQ pfoslice swéet ttalvgmﬁhgeahadm@dﬁomn RIEOEM, Rbhdtetion &Ldplsbét.Mhemuta
shi el ded housing is inplenen furt

rovenents in sensitivi
t hus LOD @ﬁﬂa”t%’ HB’f‘aﬁhﬁeS&"%% ﬁtéhet Fame4 anelxg(g?lia OWHEeI“IOStl Smg %’3? bi’?ﬁned
from tioe hieghibed Wita gederermevitd refastrepnogdsisn tiissie rehdssantal. fﬁasccd@cr‘lﬁﬂdsmmanafemce to
contrast eg; OQM%]% I‘tﬁ‘@%e%g) ch?BtegétéHilgn Ebﬁém %y%t us'e%r%@ecﬁo%ké%ls%oses

housi ng an at according from much e) CDsV\he é’?

el ect rode (&fr éﬁ@%r@ﬂ"aﬁﬂg‘a{pﬁé Ftﬁ%rﬂ"?“(‘?n congduptiyly éﬁ‘gsr?f V¥ | 'Hgteé‘?ﬁ nfetrode
el ect r odesrbhgeneat, whitd tog fiqiredshawtdiectrbeescdigned toihelthardiel ¢tisibinet elissitah ékthat
| ntegr at eqg 'ré&[:peo%]gﬁ(% tfid g@gtrcﬁgyid Q(ﬁ/e gné ‘Bpléﬁjgoe%p%el PR SE it %E;‘ﬁ§l5cohp°1mg IS

provi ded for rication o etection cell This avoids the cost 6 and
conpl €% t yachivadiasragsaingt ek | Uif AopbeidR elgfRdeopEYERRRG! @€§E?rl”8le'§ N CHYEL 1 ed
enbodi mentgrd siyhal@bu pllﬁt§ cati td adeémplstler Bhante bigctiddes eovekiotaiigdr pattidiip meauhaqnerray

be SUbj ect \/Uistﬁ %agu' Qenngrem%Tgéjkha# %ﬁé %gstellrrp o‘B?o%lt&H ’hag %Qéri:%{e%t t'oocfés?rrbe the

operation Epar or exa
nost enbochlawmesgw Hee WV§@§6r'$ beuhrwtetdﬁo rﬂéef @P e"ﬁé é’oﬁ@“ @r%tqfd%%aé@?'san

'([jh' sis n%p8§®eél I Hés%hacéﬁerﬂ%%cs'hb\bﬁ% mglie & @faﬁb%ﬂ?rﬁnda@seﬁl Bl$b Ethéd Blectrdties need
etectjon ce used for e D

pur pos¥s (et g° P?Sdll?f‘?f} ﬁarcﬁ PBE‘?ﬁ 'Bé iﬂ'%nﬁétbé‘ﬁa‘ 2%1'0%€ r(‘:egﬁs $r G%ts';e% Qgi’gﬁ@%ﬂ
in terns ofertieblydte. cddheaedoan gbtine relectrogeis| ase adiecent @alcb@@howeeﬂb@& ¥@ighans, for

al i gned t o &iliRe Chanrgked th Bk Sovefed With€S@BObI thd cifink. that is required is for
the el ectrodes to cover and be adjacent the channel so that signal coupling

i's
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achi eved as described earlier The position of the electrodes with respect
the channel is not critical and signal coupling can be acconplished when

t he el ectwodem/esngr totally or partially the channel wPdrisGo09wné277al so be
appreciated that while the termtop-bottom has been used to describe the

el ectrode geonetry, the invention is not limted to the top and bottom
areas of the channel, an opposng-sides placenent as shown in Figure 8 is

al so enconpassed Al so, the el ectrodes need not be positioned flat on the

m crof | ui @L-AINHi p but may, where necessary or desired, be positioned
vertically (i e so the edges of the el ectrodes are adjacent the channel)
The above va tions, for intended to be covered by the scope
of the clai C% tfsicongn{{'wgyt egescgonc%en uc TS\'/% detection cell conprising
a microfluidic cha pncmtlwﬂng:hla heviegha ehangelfdefined bwhamahmélﬁ wal l's, first and
secondsem tting efigGhk 965 eﬁ.nﬁgfeuel@@(sde@%dsecond receiving el ectrodes,
wherein the first_emtti and the first receiving el ectrode are

adj acent a first f&fﬁta?ﬁﬂé?coa&ﬁce'v'ﬁ%ale&héjegecond enitting el ectrode and the
second recei vi ng ehaegt thediest amitingi¢leatrorde aed the dicsh ceceiian igisktreggldre adidpentsetahnd

channel wal | bejeORROBHE & &R0Ad érﬁﬁtln@mﬂ&ke el the%egm r@@énﬁﬂ‘gt é18dro8&bte Of

| 1, wh th tt t
st ant 1 a1 BPBFELL 5SS R Eh a1 e oG i) AR SaEiRes P Tt harre

det ectiioon cel | wafl. claim1 or 2 , wherein the emtting el ectrodes are placed
one on top and one at the bottom of the channel, and are configured to act
as electrostatic images of each other to concentrate and focus ? nal s from
each other i#t Jhadﬂtéﬁté’&c%ﬂf /M1 WBEEIREND PG SReiedesi BA r??@l‘q”gﬁe?'ﬁ es are

det ection cel | sobst@migypnmaodnd daestpitieesiralgl to kathnsherwher ei n t he recei vi ng

el ectrodes are placed one on top and one at the bottomof the channel, and
are configured to act as electrostatic inmges of each other to extract

coupl €& si gnal Jhedetertiondet eEERBNT P | WREGFT Fie Ritting SlegiErdes Breghiaeee 1one 8 e
detection cell Af oadyt 88 Bot@im bihee praRa&dimgars kaifigBred W adt @k Rictinestatit edgesdes

are each posit Ieca)tc egh&tto %on%'er?tt %’] gr% fgcusbs%n\gg‘?J&m%%gﬁno@igpinéoaoo%@aiénr é%m/&nrﬁe of

channel
the detection cell.

20 4. The detection cell of any one of the preceding claims, wherein the receiving electrodes are
placed one on top and one at the bottom of the channel, and are configured to act as
electrostatic images of each other to extract coupled signals from a detection celt volume of

the detection cell.

25 5. The detection cell of any one of the preceding claims, wherein the electrodes are each
positioned at a distance of between 75um and 1000um from the channel.

6. The detection cell of any one of the preceding claims, wherein the microfluidic chip has a

thickness in the range of 30um to 1mm.

30
7. The detection celi of any one of the preceding claims, further comprising:
a first ground plane between the emitting electrodes and the receiving electrodes, and
a grounded metal housing containing the emitting etectrodes,'the receiving electrodes
and the first ground piane. '
35
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6 The detection cell of any one of the preceding clains, wherein the

m crofluidic chip has a thickness in the range of 30mmto 1mm 7 The

det ect i orwoebio/mbsoany one of the preceding clains, furtirer/SGamprone&ng a

first ground plane between the emtting el ectrodes and the receiving

el ectrodes, and a grounded netal housing containing the emtting

el ectrodes, the receiving electrodes and the first ground pl aneThe

detection cell of claim7 , further conprising a second ground plane = .

confi gured t & shiedeiedtioreceliffl eloimme fustheceamendising arsecant @rauad piane cryfig@irettorsbidies

from i nterf er enpeserhitingNeRlRsdes it Gh& CERMHINEISCHORLS §Em| ifteli&Hen 3t AMRA e IRk

housi ng The detection Cﬁ| ISB(S)fn tﬁen% one e preceding clains, whereln at
et we

of .t
| east part of the FCRaRhAT eHOYHEY B1RE PPY9d'%I ect rodes and the recei ving

el ectrodes has a restricted subm cronsi zed or nano-si zed wi dth The

detecti®n celd vhe @REHONEIf ah{Bndd6ASES PicBEkicd FhiffE, whMRGH & (Back D&+ I)fidﬁﬁéEhannel.
ectrode are arranged on or 1n

emtting electrode a the first receiving ele ,

a top plate of ?%‘@eef?intg? Smﬁmgd?l?:cnf?ﬂ?sp?”dawa%ﬂ%’f”@iﬁlFCfrﬂ%ess’@E@anStE%Fq BiAycron-
el ectrode and t $izedssoamdsizedoddtyi ng el ectrode are adj acent a base of the
channel The detection cell of any one clains 5 to 9, wherein the first
emtting electrode and the first receiving electrode are arranged adj acent
one side of tﬁe%?n%?ﬁ??@?’) &y ARk EPe PHNE RECE RS ABMSnIVIRTPIR dhefiraicarmitine elsfitpde he
second1 ecei vi ngndethe st cdeiviag eleatradarage drrantjed et iraa tapPae ot e Shictefiuidic &M
channel The det gffHRR:iffklse@nd 2MttifNFedbad lﬁr%ctﬁé 9&%?& %gei%%‘blg&gg{e %Fet%c]j%%ent

conprising nultiple parallel channels, eac anne vin . 0
emtting el ect r%g%? ohihg chan9sl r of receiving el ectrodes, wherein all of the
emtting electrode pairs are connected to a single input A portable

el ect r ophor etyi, cc.0 YA i , tem c risi ,
pl at f or lr?1 havi1|r11'gT%nd%e%g§d %%%égwgﬁalé# %}éo gg’%hgfe@netﬂgf'%‘ly%}q@w &Fagif c’cdlec ?%Eﬁ'éﬁ}i ng
a chanhel defi n€FHYS @?@Wﬁ%?remlan%qd agliaseitene eign P e cleanneloans wiseeimthe [secesd
part of the opesitigg efecircde MAGhS e€RAE reiving i NGtrédeCsit IaRdRFed ARMertishDopsdte

second recei Vi ngdeeéf%cetcrhggr%?,

12. The detection cell of any one of the preceding claims, further comprising multiple parallel
20 channels, each channel having a pair of emitting electrodes and a pair of receiving

electrodes, wherein all of the emitting electrode pairs are connected to a single input.

13. A portable electrophoretic contactless conductivity detection system comprising:

a platform having an opening configured to receive a microfluidic chip having a channel
25 defined by channef walls,

a cover configured to close at least part of the opening,

first and second emitting electrodes, and

first and second receiving electrodes,

wherein the first emitting electrode and the first receiving electrode are configured to be
30 positioned adjacent a first channel wall, and the second emitting electrode and the second

receiving electrode are configured to be positioned adjacent a second channe! wall, the

second channel wall being opposite the first channel wall.

14. The detection system of claim 13, wherein the cover is configured to secure at least part of
35 a microfluidic chip between the cover and a base of the opening.
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wherein the first emtting electrode and the first receiving el ectrode are
configured to be positioned adjacent a first channel wall, and the second
em tting wheotwwaas®7and t he second receiving el ectrode areTsSor6(9®022d t o be
positi oned adjacent a second channel wall, the second channel wall being
opposite the first channel wall The detection systemof claim 13, wherein
the cover is configured to secure at least part of a mcrofluidic chip

bet ween the cover and a base of the openingThe detection systemof claim
14, wherein fhe setetnstonesystam pir'aim dét woereingbrisached emittiva lactestsi aridrige second

el ectrode are posiliigsnettodarepoditnas 6Mbr ddiReMasErRE of HEoRRF NY The
detection system of any one of clains 13 to 15, wherein the first emtting
el ectrode and the first receiving el ectrode are positioned on or adjacent
an internal 3d%rfhgcistegion syatemlany ongef dlaimsct3i to s syeteimthe firscéraiting &6ctraghanei n
t he cowver i ncl udesrsireduliipdiedtBdd 18 pbdMided 8h oSdHdcat@n irddHh WEIEbint B&ef 1 I St
emtting electrode and the first receiving electrode are positioned on the
hol der The detection systemof claim 17, wherein the holder is resiliency
coupl ed to theé ewetection syséere ohtiaigu i ®dwheseip rtiees sovehaclufigsse heltiet b Mg internal

el ectrode and tdufadel a6l WiRei Yﬂéﬂﬂrsﬁlaﬁﬁﬁrggogect%géiéﬂétth@ fifSt GE@hing! BL&GroGliR, The
det ection systergigf egr%ﬁ]toeqﬁoﬂof clainms 13 to 18, further conpri'sing one or
nore slots to &lTOW SS90 di ¢ chip to be inserted into the opening The
det ecti0on system of any one of clains 13 to 19, wherein the cover is

lected f - LSt Ag i - over |
sel ected frong arnglieidBidh)SibSidk gimOf7 @/hQﬂe}ﬁQEé‘ml@erisgrgtgfé;en%’gou?ﬁg?% ﬁ%*&g\%ésnd

cover The detection system of aqy one of claims _ .

entting el ect r'%&%‘gglﬁ%‘ipo?reﬁsﬁae Pratemiting §legredeand dedird receiving sifcodsl asaigsttahe
channel The detobilwdic syst em of any one of clains 13 to 21, wherein the
opening is configured to allow a mcrofluidic chip to be novable within the
openi ng The detection system of any one of clains 13 to 22, further

conpri'Si ng a'tuiNFERECHRSYEeT LHRYOHR EFlRiEE 13dg M &ithergempaeinhenst @ dnarosioth o
recei ving el ectalledemicrefiudiicechipas bé fns€rted ihtowepssnd i | ter, and offset circuit
connected to the current-to-voltage converter The detection system of claim
23, further coqprising an alternating current function generator adjacent
and connect e# t'he RECER VstEMP! @Neeter Gddaims axtd . wheventtos fovedistselghted from a

group consisting of: a pivotable cover and a detachable cover.

20

21. The detection system of any one of claims 13 to 20, wherein the emitting electrodes and/or
the receiving electrodes are movable along the channel. \

22. The detection system of any one of claims 13 to 21, wherein the opening is configured to

25 allow a microfluidic chip to be movable within the opening.

23. The detection system of any one of claims 13 to 22, further comprising a current-to-voltage
converter adjacent and connected to the receiving electrodes, and a rectifier, low-pass filter,
and offset circuit connected to the current-to-voltage converter.

30

24. The detection system of claim 23, further comprising an alternating current function
generator adjacent and connected to the emitting electrodes, and a miniaturized high
voltage power supply.
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vol t age power supply25 The detection system of any one of clains 13 to 24
further conprising detection electronics arranged on a circuit that

conpri seswa 2mpwibayer and a bottom | ayer, the top | ayer Po@iSegoisnod2ar ed from
the bottom | ayer 26 A capacitive coupled contactless conductivity detection
cell comprising a mcrofluidic chip having a channel, and detection

el ectrodes placed in a top-bottomgeonetry and in close proximty to the
channel 27 Axg cd'egeicgen Scotug_ll Zd contozq | ess canductivity detection cell
conpri sing détection el ectrodesd™pPRBEaAT 1 1P opIusbet mrgeinaaetesfion plegronics
housi ng, a det e¥tdnaef e aairfuicthatexpmurises @ tdphieyehans iangttom Ihas a@bpshjeebeing and
a grounded net akolktedifdrithe b‘Mﬂ&ﬁ@y&. the el ectrodes are shielded fromdirect
crosstal k or external noise by the Faraday shield and the grounded netal
housi ng 28 The detection cell of claim26 or 27, wherein the detection

el ectr ddes c@8fph Fapecitiveccospied cantagtiesseonduotidtg detadioh vall dorpakivg Ng el ectr odes 29

The detection cel lh Wrofilidd mpz,%\,m%%g,ml t emtting electrodes are placed
one on top and one a tom of the channel, and are configured to act

t the bo
as el ectrostatic CHAYER SeiradesPRseH AR 2 P GaltaTy Baraaty AWdin falnsa prexieitysto gl s
from each ot herchemeb a detection cell volume of the detection cell 30 The
detection cell according to claim28, wherein the receiving el ectrodes are
pl acedmone 02 tog@gnd one at the bottom of the channel, and are configured
to actlas el 8ttt RPRGIECOpRitRstagHess setfugivie deteqorsalicemprisinaipl ed si gnal from
a detection cel| vetbalioe elettradbepldeidan b itspboiehlgedmdiry T8 negfigct i on cel | of

claim 27 wherein th sk i I r,odes conprise two emtting el ectrodes
and two receiving e gctr%%esléysgggénﬁtg{net% 'E)°y“3'{‘$1e Faraday shield and | ocated in

t he grounded met aP FAGHY Sigthandiet ection cell of claim 31, wherein the
emtting and recehygiongdedinedihogsy, are pl aced close to the separation

Channells’ and are m?é/rglp Itﬁe %Yect"?oa%(s)va?er sEi%ldg'éj Jfr%r?wt diraectd grtogs%;HI( %rr] e():(t?alrr!al noise by the

Faraday shield and the grounded metal housing.

28. The detection cell of claim 26 or 27, wherein the detection electrodes comprise two emitting

electrodes and two receiving electrodes.
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29. The detection cell of claim 28, wherein the emitting electrodes are placed one on top and
one at the bottom of the channel, and are configured to act as electrostatic images of each
other to concentrate and focus the signals from each other into a detection cell volume of
the detection cell.
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30. The detection cell according to claim 28, wherein the receiving electrodes are placed one
on top and one at the bottom of the channel, and are configured to act as electrostatic
images of each other to extract coupled signal from a detection cell volume of the detection
cell.
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31. The detection cell of claim 27 wherein the detection electrodes comprise two emitting
electrodes and two receiving electrodes separated by the Faraday shield and located in the
grounded metal housing.
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vol ume of the detection cell The detection cell of claim27, wherein the
detection area is adjustable by noving the mcrofluidic chip within the

em tting wWOadoriuesovi ng el ectrodes A portabl e capaciti vePcosphed/ooext act | ess
conductivity detection device in which the detection cell according to any
one of clainms 26 to 33 is incorporated

32. The detection cell of claim 31, wherein the emitting and receiving electrodes are placed
close to the separation channel, and are movable by a cover to adjust a detection cell
volume of the detection cell.

5 33. The detection cell of claim 27, wherein the detection area is adjustable by moving the
microfluidic chip within the emitting and receiving electrodes.

34. A portable capacitive coupled contactless conductivity detection device in which the

detection cell according to any one of claims 26 to 33 is incorporated.
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