WO 2010/016807PCT/SG2009/000277 CONTACTLESS CONDUCTIVITY DETECTOR
FIELD OF THE INVENTION 5 The present invention relates to a contactless conductivity detector, and

more partic%lymla}dtl&% exclusively, to a device for analysing and detec};i{:?ﬁ%@[%ég@iéionic

compounds using capacitively-coupled contactless conductivity detection KGROUND
OF THE INVENTION Lab-on-a-chip (LOC) based device requirements for analyte detection are
sensitivity, universality and portability. To.this date, these conditions have not been fully met and
detection remains the main challenge in the development of LOC technology. Optical detectors,
including fluorescence 15 detection, have demonstrated the highest sensitivity. However, optical
detectors are not universal and noF@ASIRFH&RS FSIHIE HUEYPEEESTFORf the light sources. The use
of electrochemical methods is well-suited for integration into portable systems, but they are less
sensitive andpEaDeTHENYENTION, From the group of electrochemical sensors, C4D detectors are
the most gppealing as they fulfill the requirements of portability, universality for charged analytes and
acceptable Z%Sr}%g\é;‘tym;ren\g c}r)wrirggkglse 82 C4 ip combination with electrophoresis will now be
described with reference to Figure 1. Iélg_qun PSSR SRR BTG e RSP Hetd) lectrodes
100a, 100b i SEEEPrIRATRY TS Ioh WRIsHAS Etfe<Bp araliis enianisePToRurs usilcrodhaidiceghip 104.
The microfluidRPE chijetGscenmindbely taoqioh@eP)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 pesndsekibenecoarpievvearita 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

microfluidic ctcla% 104 are filled with electrophoretic run buffer solution, and a second sample 30

reservoir 1131858 Wit t e tARAITREE (R SRR prbEs detesttvcatssenslviin Buifkssalilution. A
separation volEgeTE ben Epihire datfethesercehdiisasordeseahpte réderveir dtiZamdithedinshsamaple
reservoir 109nzhistdtieres 'pluigs defdopsdri Aintocthecsenaratmniehasrelld 2. hdhsarueatbhthe
separation voltagds, apnliechhabraes thensn R iRgeMoi-107 &%F%Q&éé@%’é@%%f‘é%!&e%1# with all
other reservolys floatingy, This,cauReS N PHIROLINNG i 19, P driven towards fne electrodes
35100a, 100b f(%r detectlg)n. , ‘ o " - mica

methods is well-suited for integration into portable systems, but they are less sensitive and prone to

interferences. From the group of electrochemical sensors, C4D detectors are the most appealing as

they fulfill the requirements of portability, universality for charged analytes and acceptable |

20 sensitivity.

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 microfiuidic chip 104. The microfiuidic
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 sample
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 sample 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.



WO 2010/(1168(17PCT/SG2009/000277 The two external metal electrodes 100a. 100b and the
electrophoretic separation channel 102 together form the C4D cell or detection cell. When the

upstream/egtipg pigsivode 100a emits an AC signal through the channgld@gxdédmgapacitively
captured by the downstream/receiving electrode 100b. The electrodes 100a, 1006 are in the same

plane and are attached to a top plate 5 that seals the channel 102 and are typically placed in an
ant-parallel configuration with respect to the lencth of the channel 102. The applied AC signal (typically
50-600 kHZ%H@%J*&@Jth&ae's@%é%&@ GapRGHy iy ggu%%ﬁon@se@amomaw 1492 to the
receiving electrohde 100t Fgltlrl g in da sm a S r(ﬁ1 tt at 'Ss%@ ' ?g an.amp Wﬁr 1pn€3ts rectified and
offset- correct,‘i’gﬁt eélr?éma r%ctl é fe fered and nd rgoes cq U|S|t|on using a daata

acquisition t861 HIROMOHEM §inaeARHy 1%t dédcﬁ?aac'&‘)‘?%piﬂﬂ%‘ﬁ%ﬁngcg‘ildf‘%?sgﬁ‘?évrgi’SPé\’bge device
as a DAQ grigiroTd @4 Dheallechrrbe Coasidtrericas BTaTsiRRISRThpacHiseesisteiopapiiBitor (CRC)
electrical cirgiit svahere theneteatipdes 460mick0pbiard thanchanaellzicladiyicaloubl® layprcfoom the
capacitors, adth §%€%§H‘dﬂ§&h€a clianret Hgibetieerdhe piralirdesddRia:) 1Rbh ferasithg resistor.

When a 15 plug of ofis I L4 s driven gl dhe,seeon aLinpshannel heweendip slecggdes, the
C

g & BCK
measured |m d?ance 0) tf‘lé’ an es mstantaneous ecauyse of ch an e |n the resistance due

to the d|ffereﬁei?‘&ﬂ?%?dﬁ(i’tﬁm‘?}J B'F"(?ﬁ é'?bl?czi‘ et SngnArslH ¥Hg Eield 88 URA RESB SRS SUnd
electrolyte. |n jeesiticEBtdinisd a1s ededer @%%E}éﬁcé%ﬁ@’éqﬁ%é SRFPRAViISERY RAPBECOAYe or a
peak inthe RAGgIRpstoBycileztrophairesisyise pizatethpluysaoé isnscanaiz driveshthrough the C4D 20
cell at different times and the corresponding signal recorded, thus obtaining separated peaks

according to-{je Uipes,pLUNEN e ianacloss ddrab el Easiarek uslpietRr e fea specific

ion, and the area under t lat, %tot oncentraﬁlon of th &S ecif ic | tge

combination SHRA é’l’@%‘i?é*b%%ggg?gﬁﬁéf@fbre p?r%'\‘/(?éesmﬁgﬁastlvgcgﬁtf Quantitative anal‘i@ ac'tSEThe C4D
cells reportedntbtomsectior diks Share s BRIKeRD SRRV E0thd WJarandis &rrittiel VIR Bxample is
illustrates in pPiguiaen? (ai) dndtiyk), tavbigh tespstitivefyhstrbanreifmigpetthesidewdeadhsl aeade@r of a
conventional;ggiggtian Rl hsicrotagngasliesaptenisosesetbia, o @oinge convesntianakdrteciors are fixed
o a top plate,4Q0 ihatseal%: M(heofs‘?&’rﬁéaé s@%egk&%a@q are tXE&n%UMaO'@ﬁ?CiH@ sacRgtioRarallel
conflguratlon with respect to the ch arme lea 2 cl)ré tgdg conp%uranqpé E@gﬁev qﬁcp V%ﬁagglépgng to the
solution in th%?ﬁi{%ﬁe\nﬁ?ﬂga‘mtg iCent an requires a figh-fre uency and

oltageto couple the
signal to deté’@?lﬁwt%ﬁé@rﬂﬁad’ﬂ'bﬁys%{%ﬁf@°ﬁ?§h5ﬁ8ﬂatgﬂ(‘?i'é%s ?deé\?@P bﬁ%gmﬁih”g fﬁg Bsatitance
having aomoresisiginitseet dffest aGhdirng eeriesrhedtontigngiviRgooteth efss| RGN SPRAFIEANPFESUlt in a
small change.@ysiithecbaskgrauadvaignahes3biocrestite onblininatethestraydapasitdnceicdifferent

strategies hay&gﬁce‘enegm'mx%%tl@%n@la@am@rgmng RlannRARRetwess dhartasiradesnl00a,
100b to shield their.direct, cTpsplallo(@s, W%%%%%%@QZ&%%&%QQ36998%% SORuE in Figures 2(a)

and (b)) Hovx?g\r?e'rnaw 18 thege s rategies ecrease the stray capacitance somewhat, the resulting

detection sensitivity remains limited.
25  The C4D celis 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 eariier, electrodes 100a, 100b in conventional
detectors are fixed to a top pléte 200 that seals the separation channet 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 jow concentration samples. High frequencies,
however, result in stray capacitance having a more significant effect. Changes in the conductivity of
the soiution 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 glectrodes 100a, 100b to shield their direct crosstalk (as

2




One alternative option to improve capacitance is to increase the magnitude of the AC voltage. 5
However, high voltage levels are difficult to produce and are not safe to handle in portable systems.

Another opt)%t to Qavg thcreased capacitance is to use relatively large ell, ?3 %&egectlon lengths,
but these approac es severely decrease resolution Without compromising resolution, one effective

way to increase sensitivity in capacitive coupling 10 detection is to reduce the distance between the
electrodes and the detection area or the section of the channel between the electrodes (also known as

the 'detection cell volume Known (;%g %ement e achj eYed thi eit er Sﬁ; scnbln off some
lec

ever tle he e s ate ecr ase
portion from TR %hn it ace odes can be g Rearer to

mcorporaﬂn@@l‘éﬂﬂ%d@% WH‘HH%H@%P& R ERIeRD i Btftng the mlcrofabrlcatlon ) that they are
close enough to the channel. 15These approaches are either inaccurate (for option (i) above) or
require complex fadHsaROspREA e SeRR(totpptiamdd)ialo wer=Sd M AR iOde BHiEel MU ENEYAN 20The
present iveplionis @t@ﬂ%ﬂa&t@%w%mm cleims Seme ARtianabirayLes ;safntme RygeARL invention

are defined I {he, d;gt%% B2 Moeaedd SRASIANETLS, (1S RUBRELY INENUBNIBIAIS? B hbiee o

emitting electiSaes postioned or postionable adjacent fo an on opposite si es of a microfluidic
channel, and%ﬁHﬁ'@?c?ﬂ?&%%é&fﬁ@h‘t%ﬁa 158%HIBAed or positionabie on opposite sides of a

microfluidic channel. in one specific expression, the present invention relates to a contactless
conductivity detectiesneetnteimprisingoa, micrefhgitie shipthavirgsa chaativey defimmedityg cheginel walls,
first and, gecopi GRitting sliaetredessand fsniandnsasenddeceiing alassiodesawhersiadha frst
emitting elechgdg. and e rspeseliing.elealiodeals adiarentadesl channehial, adhie second

emitting elec fode and the second recelving electrode are adjacent a s ec?rom% annel w, ﬁall the second
e

channel waII%@?ﬁfﬁﬁﬁ%gﬂéetﬁehﬁyﬁdctﬂﬁn’neﬁ'\nfalI(' scﬁ?é‘ﬁef%bﬁ YIRS ARG SlEctSaes's W Feceiving
electrodes arbas@lsstedeiaitgpRmPRASE ISR SPaliGaiRP PRI a el tb'e%%PP@th‘ére'Wes within the
2010/01680 78 (@ (RS20 M) 2iTing the microfabrication so that they are close enough to the channel.

15  These approaches are either inaccurate (for option (i) above) or require complex fabrication
processes (for option (ii) above).

SUMMARY OF THE INVENTION

20  The present invention is defined in the independent claims. Some optional features of the present
invention are defined in the dependent claims.

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 channe! wall. '

Preferably the emitting electrodes and receiving electrodes are substantially planar and
35  substantially par'alle! to each other.



Preferably the emitting electrodes are placed one on top and one at the bottom of the chip passing
over the channel, and are configured to act as electrostatic image of each other to concentrate and

focus signajsdramsagg-other into a detection cell volume of the detectigi-¢alaivAilRsy; the receiving
electrodes are preferably placed one on top and one at the bottom of the chip covering 5channel, and
are configured to act as electrostatic images of each other to extract coupled signal from a detection
cell volume of the detection cell. Preferably the electrodes are each positioned at a distance of

petween 75p0.00,BOGRM al, er@c%%e%@@es'cée%mﬁe@bsxdtaﬁe@mﬂwm MiRRAB pallipkness in

the range o Prefera Oytct) e aet%cté?rnstca((fg !frggt ner.comp oaé(];IrStrﬁr ound, plane
between the”¥th ﬂ%ﬁﬁ‘%\%%tﬁé‘aééea“ﬁaﬂ S eI e o L e roun metal ousm

containing tifesensignss é{e@tﬁﬁ&esm‘fﬁre‘?&élﬁﬁ@%@bﬁ%ﬂé@“gﬁd%@@ﬁP&‘%‘fr‘tﬁ?ﬁnﬁ?‘b@ﬁ@ 21 F‘F@ferably
the detectioreceillifyrthrercenprgestassbcpackyonmehjlarmeondiguiesdomitoniefldithenensitigiticelectrodes
and the gecejving:eleriradasiigirinic Heranecestfsentielertianic eompaacbtsiratsedirdrggiounded
metal housing whilgkesning A Vel FlRserlisigRcgiPetween the receiving electrodes and the receiving

amplifier encased in a second shielded housing. 20Preferably at least part of the channel between the
emitting electrodes and the receiving electrodes has a restricted submicron-sized or nano-sized

width/cross-BeSaBRY IRABCIOATS FRPAFRPARITINNAY BladRRIsAaTNEIN LovaLing RIS idBd Gre
preferably antsmgediuhporférabivtite plaieioficdimicod tigiosssip, thh@neperéfivihe $88bnd emitting
electrodg and the second 25 receiving electrode are adjacent a base of the channel. In another form,

the first em'tBF@e%lﬁ@t{r%d@e@a%ﬁfb@ﬂ‘mg@%n{mg&le%@ge@r@dm‘%eamramaeg%g@a&@m@ne side
ofthe chanmel She asi G second eIRA.slRgnde, Ackihe SREancbistRy g flosrade are

arranged adjacen an opposite’ si 30Pref rab% e detection cell further comprises
multiple pardﬁé?'&ﬁ%ﬁﬁéﬁ@dé%lﬁ’l‘f’%fﬁﬁt@rﬁ%ﬁﬁ%epaw of emitting electrodes and a pair of receiving

electrodes, wherein all of the emitting electrode pairs are connected to a single input. In another
specificiexpreasiemifheepieseitninee niror T etatedses & pertalgreledtptgreoretigwidr 35fddie system
and a contacllpgs cUAusIMtY HelRcHoRIRYS BB CaIBP iSRG @RI bR iRgRRiIORERRaeniigured
to receive a rtpclggg ui h% %xt‘clﬁn':}é‘&’ Ingcaffl o@%ﬁ@%&%@f@%&@y a%%pagge\’@éﬁm% between the receiving

electrodes and the receiving amplifier encased in a second shielded housing.

20  Preferably at least part of the channel between the emitting electrodes and the receiving electrodes

has a restricted submicron-sized or nano-sized width/cross-section.

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 muliple 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 microfluidic chip having a channel defined by channel walls, a



WO 2010/016807PCT/SG20091000277 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 positioned adjacent a first channel wall,
and the secBRFUMIEAY electrode and the second receiving electrode aféEoSGtEY 16 be positioned
adjacent a second 5channel wall, the second channel wall being opposite the first channel wall.
Preferably the cover is configured to secure at least part of a microfluidic chip between the cover and
the base of the opening. 10Preferably the second emitting electrode and the second receiving
electrode arépEsRGfi@degrsostaidast Prat Bhise ePEREDfEhang sPeete —kibijnthesiiodesmmthijlectrode
and the first redesergelectivde arstpostioneeedn trafifFcenittag idtetnaksantace dirsheecaviey.
Preferably thg«coues inelusitguahaldss gbstiwdatamakrusiace canthd Swaherrinnthe:isst emitiigg

electrode 3”9é@@oﬁésér{@?ﬁ‘é‘éé&rﬁl%QU&QF%G‘J&BB&E'%%Q{%LH%‘& holdes, Brsfesaflythe holdsr s

resilientl couRIed pethcover IS ¢ ﬁ r%d t(gié)res first em(Lttln electrode and the first
receiving electro agalngtsgc?ﬁ'lcro icehip. 9 © lfera% VeHSEHErE N system further comprises
one or more slots to allow a mICI’OﬂUIdIC Chlp to 20be mserted into the opening. Preferably the cover is
selected fronf@fgrblipticopsistingoffigu el ttabiereostdeashdad dictauicalfladgover. 2bReafthrablysthe
emitting electeres rrdicrtibep@sejving electrodes are movable along the channel. Preferably the
opening is configured to allow a microfluidic chip to be movable within the opening. Preferably the

detectlo%sysg |se a curr Irotdgo X8|¥§9§ c%rgjverter adjeq.gg%nt and 30 %one c?cted to the
0

gr com'p
e Seco i eie receivin rod og/ on or
receiving electrod and a recﬁm TB pass filter, an t circurt connec edet%

current-to- voﬂ@@%e%ﬂ%?ﬁ&of%f’&%ﬂw the detection system further comphses an alternatlng current
function generator adjacent and connected to the emitting electrodes, and a miniaturized high voltage
power supplyrriekeienalnby fibecchetestorisysien tueher ecomprisestiedeclio pleckonics atiarged on a

circuit that coppHises ateRdayel-alRden battaablpyR«ihe iRdayerRrismisplaiad2pigmthg.pottom

layer. 15  wherein the first emitting electrode and the first receiving electrode are positioned on the hoider.

Preferably the holder is resiliently coupled to the cover and is configured to press the first emitting
electrode and the first receiving electrode against a microfividic chip.

Preferably the detection system further comprises one or more slots to allow a microfluidic chip to
20 be inserted into the opening.

Preferably the cover is selected from a group consisting of: a pivotable cover and a detachable
cover.

25  Preferably the emitting electrodes andlor the receiving electrodes are movable along the channel.
Preferably the opening is configured to aliow a microfiuidic chip to be movable within the opening.

Preferably the detection system further comprises a current-fo-voltage conventer adjacent and
30 connected to the receiving electrodes, and a rectifier, low-pass filter, and offset circuit connected to

the current-to-voltage converier. 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 tayer, the top layer being isolated
35  from the bottom layer.




WO 2010/1116807PCT/SG2009/000277 In yet another specific expression, the present invention
relates to a capacitive coupled contactless conductivity detection cell comprising: a microfluidic chip

having a cRagngl,Anddetection electrodes placed in a top-bottom georpgl ) gaidolgogiose proximity to
the channel. 5In still another specific embodiment, the present invention relates to a capacitive

coupled contactless conductivity detection cell comprising: detection electrodes placed in a top-bottom
geometry in a housing, a detection area located within the housing, a Faraday shield, and a grounded

metal housin Wher in the electrodes are shield dfro['n |§ 0sS 1 talk.or extemaé qpala%ggy the
Faraday shi '?d LAt ersr%cdﬁ: 8 metal ﬁ%‘ sr?r?en 10 Preter ég? e de ng%%cgfgctroges comprise two

emitting eIeGﬁ?ﬁT@@"é’nﬁW‘%cﬁ?\}lﬁﬁ'@?@ﬁ%dﬁsm'crﬁ?éﬁ?aﬂﬂf’ tﬁ'@"%lﬁlrfé‘aél%eétr%‘ésd‘ét?é thced one
on top and cirstedtiseibestiompddatietisagrraichng g e densRjerEttdrdes eferlectrostatic images of each
other to concentrate and focus the signals 15from each other into a detection cell volume of the

detection cefl, Ripferahly thespcebingarieatrafe sy plaresnieriaoand epadtthedptom of the
channel, and e FaaNanRe R AcLas BlecUPsiAlin) gﬁeeﬁoeasmmgtgﬁéuaﬁt Lomplsgbsignals

from a detection ce vo ume of the detection cell re eratgjg he detec Iect § é)mprlse two
Ioc

emitting eIe&?B’H@tédec?t\RPd‘?ggel?/lﬂ@teeﬁtéo&r%aaeéocgﬁgrafé‘@ byt eLEQPacfapaéﬁ &la%a St€d in the
grounded metRHetSHsi! housefanasmMtHe ﬁ@&@ﬁﬁ‘ﬁsh%@&eh*ﬁérffﬂ{@ldﬁ‘@%ﬁ?ﬁﬁs‘éﬁéﬂ e %holder
within the em¢itiagyamdr2Breoeivielg @le tteatesderefeldbbusing. emitting and receiving electrodes are
placed glose to the separation channel, and are movable by a cover to adjust a detection cell volume

of the detectipgel, sARIRliaPtisdlelerioR AR ARk LRl e IR guGaldic chip

within the emitting and receiving electrodes. As will be appreciated from the above summary, specific

aspects of the present invention provide a C40 cell with improved sensitivity and detection limit
compared to%@?é%ﬁ%ﬁ‘%@l‘lﬁ%‘ﬂtﬂé%’?&@ gfetﬁ@ced 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
15  from each other into a detection celt volume of the detection cell.

Preferably the receiving eiectrodeé 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 cell volume of the detection cell.

20
Preferably the detection electrodes comprise two emitting electrodes and two receiving electrodes
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 close 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
CA4D 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




35art. 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 WO
2010/016807Pet/S62009/000277 made adjustable in accordance with certain embodiments of the
invention, ¥R WRIER%ection cell length and thus the limit of detection HGBSHATEN G termines
sensitivity) and/or peak separation (which determines resolution) can be fine-tuned depending on
demands of the specific application Where a shielded housing is provided containing all the necessary
electronics and the C4D cell, an 5 enhanced signal-to-noise ratio (S/N). is able to be obtained, which
results in a highly sgusiiveielectiapheretic devicenbaiodiments ofhiedpresent inyestanalso provide
a Cg_? detecﬁ@%tﬂ%ﬁ%ﬁﬁﬁ@ﬁ@ﬁ%i@?’o@@é{ﬁﬂ r@@b@,r?ﬁ?@ﬂtéetlgmld@g:%ﬁ@ﬁ%%@g%@ﬂ%%@@%ﬁ?;@| be
readily apparent to skilled pers rom cription below, D

FGURES N R e EL e SRR el ot
with referenc® B B REEEHPARNRG RGUILS TP URRINS F5 R IS T L EeFaiRaRY IR ramcat 3"
conventiénal $rOADceH BeaRERr ek 7t ® o pRKIHG bp exatrrspMbidticesdivaratioiohictersiiPand C4
ID detection electspoi@stic devidglEmsRmpendf 2{b rarediageaiios efagonyeatizmadi<iztivdetection cell
electrode arrangagIesy 2ewiguseRds éhdiagmrnatibad Hhdetactinngehalectrosasmagament of the

present invengian, Eégggn% Ads, %g@gggmogfb%electrode arrangement of the present invention and the
output signals from the electrode arrangement of the present invention, 25Figure 5 is a diagram of a

conventional electrode arrangement and the output signals from the conventional electrode
arrangertfent BREG RESIRIPHIANIPEIMB EIFIY R signal intensity obtained using the electrode

configuration of the present invention arid using a conventional electrode. configuration. Figures 7(a)
and (b) are solpmatics eheotrsbiciofAikaatantioniseliconliony atempEigyre(c) anchmt) @ie
schematics ofdfae geometrypfthemaldawsed fRrdiot embossing the restricted detection cell.

15  Figure 1 is a schematic diagram of a conventional LOC-C4D analytical system comprising an
electrophoretic separation microchip and C4D detection electrodes.

Figures 2(a) and 2(b) are diagrams of a conventional C4D detection 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 signais
fram 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 cell configuration.
Figure 7(c) and (d) are schematics of the geometry of the molds used for hot embossing the
restricted detection cell.

35



WO 2010/016807PCT/SG2009/000277 Figure 8 is a schematic of a further embodiment of the
electrode arrangement of the present invention.  Figure 9 is an image of electrodes of the present
invention fowaed ) fseembossing together with 5the cross channel priggdiliagowsiifa@@enductive
material. Figure 10 is a schematic showing a C4D shielded housing.  Figure 11(a) is a schematic of
C4D housing showing the top and bottom electrodes disposed on a 10retractable electrode
mechanism. Figure 11(b) is a cross-section view of the housing of Figure 11(a) with a microfluidic chip.
Figure 11(c)ds an aglternative embodi f the shielded housing. 15 Figures 12 are graphs
respectively%%uors;/i%g‘gs naoisscg rg\g/g' gifoﬁgﬁ%&%%%ggﬂlg?cf S&gﬁoeu%?ﬁ%d%nag%q}?gpﬁé n‘ggFl %P?en%ﬁ%%%éed
housing. Figll¥&"{%is a schematic diagram of the LOC- C4D portable electrophoretic system. 20
Figure 14 is a schematic of a multiple detection cell arrangement for parallel multiple analysis. . Figure
15 is a schemgaitie gliagreimaghoiiagratesniline wentactiessicoivduetivityhaystenssigd Eigriner W8hs a graph
showingselegteapbaraticanahssindivadscpaisier-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

electrophore;gi‘c analysis %%d con uctome(&%dﬁtelgtigﬂ of inorganic anions in a standard mixture
containing 1 TANFor ea@RT6H Wit SleCHode distance at .

Figure 11(2a) is a schematic of C4D housing showing the top and bottom electrodes disposed on a
10  retractable electrode mechanism.

Figure 11(b) is a cross-section view of the housing of Figure 11(a) with a microfluidic chip.

Figure 11(c) is an alternative embodiment of the shielded housing.

156
Figures 12(a) and (b) are graphs respectively showing noise level before using the shielded
housing and after using the shielded housing.
Figure 13 is a schematic diagram of the LOC- C4D portable electrophoretic system.

20

Figure 14 is a schematic of a multipie detection cell arrangement for parallel multiple analysis.

Figure 15 is a schematic diagram showing an on-ling 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.




30 Figure 18 is a graph showing eiectrophoretic analysis and conductometnc detection of inorganic
cations in a standard mixture containing 1 - 50 ulVI of each ion. WO

2010/0168Q¢E Sl 6G2$091000277 DETAILED DESCRIPTION OF THERPRERFRRRE
EMBODIMENTS Referring to Figure 3, the present invention in one preferred embodiment comprises

a capacitive.ly- coupled contactless conductivity detector comprising a microfluidic electrophoretic chip
(not shown) 5 having a separation channel 102 thereon, first and second emitting electrodes 100a,

101a, and first and second recejvi t : chip and adjacent the separation
channel 102°BANER PE 5%?3%@%3&%0@%&%&&8,81%% %IB(? SFeceiving electrodes 100b, 101bis a
detection area generally indicated with arrow 300. As will be described in detail below, the first and
second emitRatpeiect Gies: BO0®, rTesEataredionfig eredssdmniedinaiprrersmitcabridivPne another
to 10the detegtinpiapaRes andiheifirstanc secpnsnpeeeivingueie cirodes deibehDbbt aneveonfigured
0 X SOplnFIRR SR AR ian e soan GRSl hakorseparnien e
is define channel walls, wi S itting electr St r ectrode
100b being LB RCEh e ey i Bl e e ot the
top plate of tREMERY SR AT EH FieciREesdBh d UmANA Y R IEctr o St s R d e ARG 48RRI
electrode 10%tsmgerirelténtineipacwitt arswciiid eparihes drsRrived nmineh ps'eppbeiieiredmaehannel
wall 302. Thisratiaysiderdamaxiotam ceneentsatiprdnd @xtrattenstfnsig ralitavitin the aleteetion area

300. Theyrecgiyingalscurdesd QAR +LOAL are disslacadialena-hie dengibwh the £bapmrlaladrom the
emitting electch;es 1OQa 20 r‘]ﬁoc?eglec‘{mha@?ﬁﬁea in the channel 102 between the emitting and
Jefection. .

. from t
receiving eIectrBﬁte%gaEé mrﬁ\r& t tection area 300. The second channel wall 304 forms part of the

base of the channel 102 in the preferred embodiment. For ease of reference, this arrangement or

geometry of dleatrerieeeIPRETEHELE PaTdIPeERTHE A Bo s JerRd Y Craees RtV thiSirst
emitting electietenififlndeartop EInitting ke dtsodmetiieg seetndec ittirngiedcotateteatiddenis difsottom

emittingsglectioggeths st 35 aaivingealentiot oARkis R ttendie erivibgRleatrerl@ianatiensecond
receiving elecliods JOARISINGBAIATLISRPNIGElROLR ISR IRt RARGOLIETRIRER A A1Bitting and
receiving electrodes will goPl ectively be referred to' as ete%tlon Fle tr%ge.? All fth;e det(;écth%l
electrodes 1088 408 D 1R 191 b AV STISBPSR Ay plahSr- paralle {5 sadh 3 °5ther, and are
arranged in chosespraidmayct G ciRateE sk LA 0o iR & Te FBUPNAGSGFHS SESHEHS signals
into the channettl 02 1andetdigrievansitogstsf spthals toelsbamraiatite domHbedisifinocebeltosiee i tb
detectiopeelegipsieaamd thasGhanrnalisarefe e setweanntifhldm :6opn. skkiniss hetmeyanea

non-limiting fag& 85 dhe distence may e setanIe B fhenkdt siel0QQamHeRending.on ayariety of
factors (e.g. Cpr!arf)etrre!g kenrr?bso%‘lnrwggtt.h 9r %];géeo rl%%?egcl:%?%rigear}lt'ér?‘gpﬁwhe%?t!)?nggoen‘?’clar{reydo?t&zsbtrodes will
herein be referred to as a top-bottom geometry. Accordingly, the first emitting 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 etectro;ﬁes.

All of the detection electrades 100a, 100b, 101a, 101b are substantially pianar, paralie! to each

30  other, and are arranged in close proximity to the detection area 300 to enhance the coupling of the
excitation signais 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 1pm-1000pm 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.




35To avoid direct coupling or crosstalk between the emitting and receiving electrodes, a ground plane
202 is provided. WO 2010/016807PCT/SC20091000277 The separation channel 102 of the preferred

embodiment is,fabi ?%;ﬁd in a thin plastic (e.g. 30pm- 1mm, a non-limitipg-exanmNaReHg a 1250m
polymeric) or g%ass ilm with the detection electrodes being disposed (e.g. by sputtering) on hot

embossed sealed channels on the film that are arranged 5 to allow positioning of the detection
electrodes near the detection cell volume. The use of thin microfluidic chips allows the placing of the
detection electrodes in close proximity to the channel so as to achieve a large capacitance, and thus, a
larger signal output. It is, however, not essential that the detection electrodes be printed on the
microfluidic Ehipesedtionnhanerhifii el Blaceieat srpriment s iret Bl DAIASEC (&8cPBEY in further
detail with rafereroedartiiepertaile detecioizi0embudarmiet gielidgimeiB hrsiaiiting slspretsated from
Figures 4 ang;, the Rleciedeyaparaagienhahavedingr exesitheacauptinghaneh extvactiareafethe signals
through fhe lelgelin Gl olym: ERlindR:A e e picrsaaRsseraiti ARaNS capabilly.
Specifically, ?he ?|gures show a comparison gf the o tput sial glsmlC ggg}g{w%% osgillatgr between
the cell georMSIRT T HFR 5 81RMR % aSS‘&iPnérﬁ?Ee[lecu'?e 3fgaan that of a conventional detection cell
(Figure 5). @Wé?ﬁéi*ﬁﬁ?pﬂj‘?@@ﬁé‘?%ﬁ%@ﬁ?‘lﬁqi,“B‘G'\?gﬂ,g?ﬁé‘%m&‘ettdf’tﬂ%wﬁ?bﬁf’%‘?é’ﬁ% ‘Slft[ﬂ"waé preferred
embodimenttis att6@drkbletOBE be Arisiediler ot ineicorivdatibri SlerrberRreneRidit (with the
same electrogde gisnansisneand tbe saspeetetiectioneyalaaie)valseprotcestsn muthls ¢E6GokHZz but at

only 04}9 Vpp, 20, The yaliage amplitude increase in the output signal in the present invention is the
result of abetter coupling between the electrodes placed in the configuration of the present invention.

One reason for this is that both the top and bottom emittir] el%ctrodes 1OO§1, %gv%ai %r%\gon&gcted to
one source dieXBitBtiGRRERGIRA WATRH 4RSS A0S emifted g'férﬁa? oM IRE Top eiectrode T00a to be
repelled and @Eptamemntrinstion e tisesgeaschion 2 die SPRRECHFSHNEFTE2' By HhE BB &iERode 101a
and vice versag ki eiiher averds, dhexslectBpdaicdlg0 s e1Lfsrahay uresirEl desscbEhRdUEE Yaitding as
electrosfatic images Qf sackkathendelienting dbe plesbivarsigneisdinte thexstetectiofigell 4alume, thus
concentraling eng Lefeasing I aslesccpinRs n ieeAeleotion cellaralsng. disasaai fhareeceiving
electrodes 100D, @15, the chances of losing si nals ar req?ucq%&)sk ot ﬁgptrg%%i 409039 and
101b are Me?é’ﬂ‘j“&ﬂI@é’i‘?ﬁétﬂﬁ’ﬁﬂﬂ’?ﬂé’fﬂb&r‘f’é%?” STRSUITF the' increased nufhiber Ot aloctric field lines
in the detectitr celiveolianat elerireHe ASENIBRTRSEER Sifh AR BECEractRansIvSr S8 a8 gRiaTe

interaction angisignal@xtigctiarpareimaade Eossit60fidin Byethprthrfe/passing through the

20
The voltage amplitude increase in the output signal in the present invention is the result of a better

coupling between the electrodes piaced in the configuration of the present invention. One reason
for this is that both the top and bottom emitting electrodes 100a, 101a are connected to one source
of excitation signal, which causes the emitted signal from the top electrode 1002 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 2 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

10




detection cell volume. 35It 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 WO 2010/016807PCT/SG2009/000277 increase the sig wever, at the
same time, |t$W| 9I%so r(';le?duce resolution or the ability to discern benNeengg/{/rcl)gé%%Eaéré}teHdﬁ plugs, which is
important in order to identify and quantify analytes of interest. Depending on the particular application,
these two parameters (signal intensity vs. resolution) will need to be optimized simultaneously and
balanced. In the preferred embodiment, 5 therefore, the displacement between the emitting and
receiving elewtierse $is Saljeistadsieitby REsiAg Atieasiom&sait bdabledirsrigstiesepargmiithannel
This allows adjustmestvaltheyceteatiorn gt (efficien cypatadyor peakosepeitatonoresioletiempsepending
on the dem%dﬁ@é&h%p&@t&@ InplicatinnukPASsreRmR BXpeietakpaly sigeiRearied out to
demonstrate g (IR N SDaDld '%éfbgtwmtsmnak&wap@mgﬁ%&@ﬂ.ﬂ%@'ﬁ&%@%ﬁ&@(mg the cell

geometr%oft epre ent Invention. During the experlme ts, other (?OFI IIOF]S Wer ble%t xactly the
A&

same: irput SRYRSI SR WFRTES5OkREY® W em'?'”&eﬁec{%ﬁ' IHGRREST S BTaERoGe W f’ﬁn 1mm),
buffer soIut@ﬁ@%ﬁé@mm@é’a@m@?ﬁl‘ﬁ?lWaﬁ%ﬁﬁ@%ﬁﬁﬁﬁ%”ﬁﬂﬂ%gﬁ%ﬁ§fﬂ%d8§wm
concentratiogfikasanadyzied byaslecraptorasiscduith 5 dtrerdisalting thég Hatsentisreot coeraestiiin an
electropherogygaigadssing a DAD system. The following were the electrophoretic separation conditions:
separation buffer, 10 mM His/tris buffer solution; L injection protocol by applying potential of 4kV
between the first and second samﬁI e reservoirs for 25 trolled switchi {0 run lt)uffer

ompu

reservohoané\tf?é’eg:‘r%ﬁ)ffgdnb et es}%/l?rlejscl%m%&f%o? g2 %?Sa{ %%r%hseafm bl 0165 ﬁ cations (NH4+.
K+, Na+, Li+91928 =IgarEng §1’fbﬁ}§’?ﬁé’ Eﬁhﬂﬁ%[ﬁ%’ﬁh%@t%%@ﬂ‘ ﬁ?é“é‘?@ét%ﬁ‘ﬁé’f%@efﬁr‘ﬁVSB‘t%“nBH'ﬂ%m the
top-bottom ctafigueatentofatier prefdiined fonm (EPeBa0ly drrl thet divve aldoRalsteigiralomitliine 602).
The experimenig) resstizinsligaiemmpertagesofid@ %t insyease iithenpeak height opappretiimately
0.2V increasg g%wﬁ%eéé(nié(ﬂnnﬁffﬂ”'u? &Hmy%@@@hﬁ%&é@m&l@n fpssthraReakdyelabt@fkssit #@ PM 25
concentratlorrtbgtlgeng%na 1S Increased fr rg .%%%"Véél%??ﬁ%;o A0S %%%AQ%}Q&@ ® foflowin

concent’r%tlo %een ecreased from 2

IS accor roves the
detection I|m}’t’e(‘eé“%?@?\R}QPBBWE%ﬁﬁ@f@ﬁ‘b?ﬁ‘@&?ﬁﬁé?%%\ﬂ?s‘ﬂ‘ﬁ?éléﬂtWﬁ?Sﬁrﬁc%“geﬂssg‘éYﬁﬁ’agl
output). 30Iniseditiopr tEicvidiprlyadaeibBrRbeh CohHgureiche EriFodiRtens BMA. RSt iRlention
also provide gadﬁiﬁmaérimtpftmlememt&tmgCﬁe’-lEarcedlf@emmeudesanReferg'mgwdﬂed:d:gﬁwtasage(ra@iaumhéa) a chip

104 is shown,wj %%%tlgwp@@%ﬂqqgu@]ptmgf lensid14iand pairs of detection electrodes 100a,
10la and 100b loft. The detection electrodes are shown adjacent the detection cell volume of the

separatzon channel 102, with at least part of the detection cell volume belngl gcaled dow

35submicron 4 @Hof FAPBSITE VR TRR RENVESD ! ar FRTERPRERIr T 2RiARFY 69T s psec Oh/width at
or about the detéstiatvaesahd Reeiessgicerve @rmAPRI 22 R SLYRRIFIH AR B Mg PP si8fance

experimental results indicate an average of 20% increase in the peak height or approximately 0.2V
increase for every volt of the output signal. For example, for the peak height of K" at 50 uyM
25  concentration, the signal is increased from 20mV fo 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
100a, 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




WO 2010 6807PCT/SG20091000277 but also functions to enlarge the change of resistance from
background to analyte. A higher change of resistance over the background signal translates to a

higher outpiisignallgye! i.e. the SIN ratio. The restrictive channel 102apgpay g fabyisated using the
molds shown in Figures 7(c) or (d). which respectively provide two peripheral restrictions (La around

an obstruction 700 in the centre of the 5channel 102) and a central restriction to the channel 102. In
another embodiment, as shown in Figure 8, the detection cell of the present invention comprises
emitting electrodes 100a, 101a, ground shields 201a, 201b and receiving electrodes 100b, 101b that

have been irﬂ@@‘%?é‘ﬁ‘ﬁq?ﬂst%effhrﬁelﬁﬂ deng thEraRirisiamgeNe b iR aRIAS PRI 4MPEEb 10 in
addition to tHeé gRaRIeRovRIdhsHirtZORdRdpadraediatss farhisheheutrrhyiomb seitbsctrel 6@ reticoupling
through the bukkrpolymermateridkbetaceibeamittision ehe cheodes:A00R, Qe HBbregeniog
electrodes 100B:40dp plagh RaIbefslasiredasiispositionss atesaliidparallel fie-dhe Rairs are
parallel ig th%ﬁ%ﬁﬁ@ﬁ%j‘gﬁ ’ai@eﬁtpa??e?r?%&mytﬁ@ ihe s alrag_el 102 and are bonded at the same time the

channel and top cover’'of the chip are bonded. In another approach, the electrodes 15 can be bonded
between the plastic sheets (top sheet 104a and bottom sheet 104b) that form the chip 104 before the
assembly is g AP PYRER DD ARG [sise & oP paRIPRN STt 6f e Rirseat HuenissEeEgroove
may be provideitiito éxcitnate tifezalighmerniubefivie!trobtiinRdhthis esndcoineentotize topbelectrodes are
essentially omaneeidecafiiheshanielnarithedoiiomneleciindenaremoqraimopperiesiseo?d Figure 9
shows gqmogification 1 the |airLal SlReUaHe emPdimentditinismodiicalion. sack\RLesal RAir is in

the form of encloisedﬂllzglggrgll ggabrm(elsoyvhlcr:h are in %I%ag Rr xmﬁyt ttto th ste()%ara%)n cgbﬁnnel 3.02 and
which are filléd'With con c%lve Matbral almoug"ﬁ only one ﬁalr U8R SRR g LT ) 1R ﬁgrticular, the

electrodes béFfVAS Elrarivrss HOPebdssat iR H&'eripise ihacsiionedifperaly Ispamish thettdoss
channel is horenressedelandheheamsaddes. Throeresigrinesvdotitie gagte! th ehdrrebaedaitdred using
the mold, hosembessing grocessnancbhondingieoBritiorsdatiee ithashannelisare feraetasd sealed,
the changels are,cORRRLIBENR LR BRI RIEEAREA Qb e Hauia: LIRS WD HRBAHGRY S IasRrAL(e.0-

silver paint) wjic %‘?&9%” wDeGome conductive. slecirodes: The dl S&%%S%%&‘?){%??am&
electrodes ard the channel achieve In this con,igurapflon, IS pm? %y 3 d’ptlmlzmg‘t e%ot embossing
and boding cHRBRRRFTSIAREYRD PRy Sl PAlRA T Umem SRt e RRgire. ¢ s A efdition to a
cell electrodeigdomrigriyodae gireeantiplerition: 4l4e edhspisesaaskidie ddthoughstiokss e @4D detector
of the eiectroghiosatieid/stem. A schematic of one shielded housing of the 35detection cell is shown in
Figure 3. The housing 1000 acts as a Faraday shield tosfteid only the detection cell within the

separation Cr}?&ﬂ? %ngg%a%kn&iéQ§O£Q§R% lgtc]eerarlné%grﬂo%gjé% Q(iiﬁn%rcw)t{lm this modification, each lateral

pair is in the form of enclosed lateral channels which are in close proximity to the separation

c!{annei 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 fime as

25  when the cross channel is hot embossed, and then sealed. The design and the gap to the channe!

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 Sum. By

30  optimizing the hot embossing and boding conditions, the gap can be scaled down to even smaller
sizes (e.g. Tum).

in addition to a cell electrode geometry, the present invention also comprises a shielded housing for
the C4D detector of the elecirophoretic 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

12




WO 2010/016807PCTISC2009/000277 accessible for input of fluids and application of high voltage for
electrophoresis separation. The housing 1000 substantially eliminates interferences from external

noise sourges, from t&%PC power applied at the terminus of the channeIL é Q{Jb(ﬂ dllng
operations, such as sample and reagent injection etc. Specifically, a first groun ne 202 is provided

to eliminate direct coupling between 5 the detection electrodes, and a second ground plane 203 is
provided to isolate the detection electronics from the C4D electrodes. In the embodiment illustrated,
the first and second ground planes 202, 203 are in an anti- Farallel e, pe}é)endlcular con%%uratlon
with respectGEsel (5%&*’”1‘%%%@%%8{?&?%‘ HEENWRIBETSPhSEEBP ISR SFRTWINth' Preferably
extends perpeysificifAhsaG asishedinptron e mieL tanisdoaiees saracipaes i aRye1004 in
which the deﬁﬂﬂla@atel\ecafomos dine clrauitls positoonehdiiteodetathorsele ety oagdesm agpapied on a
circuit that Cﬂ[&%ﬁﬁ%&t\w@em@@ b @rstQpoand apttoroopeiptedaccyitinoadd (rézBioayeisetedop layer is

isolated,frong, i RRlioNLIaRan Lo pRAess ad?o%nsraaf?@%@%oa IRlg30dexcRAngRARRJREdback

resistor fo convert current to voltage e iﬁerys Hort coaxial cable transfers the signal fram the 15
receiving el&EFSANESHTRSLYR ST SR ap a5 enr{ b AT arta Usltage Signal 1S ¥ansferred
to the bottorﬁ*@eﬁ?@?‘?&%‘e’cﬁﬁd&ﬁbﬁ”ib%ffi%@ ?IIﬂ?f Pfgj‘d‘c?ﬁﬁrbﬁge‘@@‘é W%ﬁ%iﬁ?@%hﬁﬁ?égﬁﬁﬁ'to bring the
level of the output signal to zero. An alternative shielded hausing 1000 is shown in Figure 11A. As
before, the hasingidRORiRFHy deso 20nitapseteat etlesh08a; LOOE merd-hnjtereeleptipdesci@ia and

101b t‘fﬁeth% Wghe%gqﬁ%nﬂeome1%925%@599@3@%1@%&&09 @Wp\mdr{%wl@é%e&mtlon
electrodes and the detection agea bet ween thee ﬁegeseiél(';gon shie] degrh s&n éFgg&ge A further
0

S gl
includes a p?)S?%Tgscoa\')erCffﬁ Fo"RTow access to the detection cell. In-on em iment, the cover

1102 include®BrERahleTe difo P ARLRAHREPLEES, SHFIE PRETEoh Gl rBD SARAMRYE icrofluidic
chip in the hizosieg TOOE 5ot ygprRISSCHMPHSR et GReEbetrd deslifigand erseaeerpiiyisagidtten the
cover is clospgiggras @aehieuedHiosessipreximitgrantdo enoddl autyapsnsietseensiedétection

electrodgs a%éhﬁ&%@é&'ﬁ%%@@ 9@ el The &@t&agt@éye@&ctm@ mechanisE 14! thereferred
embodiment |ncllir1%‘rr sa h(ghd Om ‘30 thfa |§e |I| tly&g gsd 19 % nge({nﬁ,s%%@eeo;gegg@ of the

cover 1102 alfdIRAf secures e top mittm rece|V|n electrodes: 100a, 100b. The resilient
coupling is b§“RRIFSSPERIFYY ihfd%"%@féﬂ?) pfﬁ 'T—‘?Qﬁ‘r@ 18 Figure 118 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 openisgaf.thaidesioninitR Mo whicwihe fiptton £léstreties the haysi@l19ed edbdated. The

cover 1302, ¢hin, 1410 andhaseod zhd berechovain Figure 1948 having Gens dhareheiesn, for
o e oot b2 et B YRGBT LR GROUSIENOR Ll AtaROSmeRt dia R ue | by

having the cover down £0 as to press an secu % ' 'P ¥ (iLe uvottae aoserlﬂh
Another aIterH%W@”éﬁ?ﬁé?ﬁ?ﬁg?ﬁ i %‘H?&B%‘E AR 0L fﬁ%"fdé% “rtgﬁbvvcn HESIEEF e Nousing
to allow access to the detection cell. In one embodiment, the cover 1102 lncludes a retractable
electrode mechanism 1104, which is configured to sandwich a microfluidic chip in the housing 1000
25 and to press the detection electrodes against the chip tightly when the cover is closed s0 as o
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  that is resiliently coupled fo 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
channe! 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, 101D 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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51000 in this embodiment is similar to that of Figure 10 but includes a detachable cover 1102. The
cover 1102 is arranged to press against a resilient spacer 1114, which in turn presses the top
electrodes 100 gainst the microlluidic chip 1110, This in turn pr. j e bottom
electrodes %C%lgqlﬁg@ﬁhus optimizing the proximity of the detection ele%sf‘?c%%%%)@ygetection area.
In this configuration, the chip 1110 is slid into position via slots 1116 in the housing 1000. The 10 top
and bottom electrodes 100a, 100b, 101a, 101b are positioned such that when the chip 1110 is slid into
position, the top electrodes 100a, 100b are automaticall?{/positioned on one side of the chip 1110,

while the bofBRISBEN GG T2 1y1174r8 L6 E™aLLH BERAMELOATR PSP HE SPthe chip
1110. 15In tiséimtidPgehebrsst thehousing 1000 of Figure 110, the chip 1110 is placed as close as
possible to the electronics in the housing 1000. The housing therefore includes a cavity or

compartmenhA&R4 ieniaienbeipiestmic onerRANRNLR 91 tbe idenie, ilkeythe atbeeiremof Figure
10. A first grogpel; shigld-(NQkSDRW NS A TARGE: e ss IDE-RINEINY ARdyaseing flggtiqdes while a

second ground shield 203 is arraFged to se a{ate the etectloq cell frorcﬂ the electronlct%)gomponents.

This arrangef;%‘?{t1611I(?(%v{;5salr ?H?r%%l ‘Jsi%rre]%ﬁ GEEES AN sf‘r'ﬁ'érfs@raecﬁ%e1f1r6'mwrr'1'0|s‘8 é‘fénngﬁ%sﬁ?gm outBide the

detection celP'eCtoRATr &P J(P4318) esPERNIF ShBW 'd TIMP ATk RBFERS RBIESHEFAWMRout and
with the shiekdenttdiesiStig. Yithobt e st Shéeldexintio wsitng, dtleckretisfiredisetdcdhen dsigri@inof
300kHz, 2528¢pminkebramioto Hatvipwhieivsiia the shietdet botsing ihisewalusnisieduned to 1 to
2m\t/- 'nalﬁggo% Q@B'%yoﬁfm@%at%e%@éﬁw%%, ti@é{ﬁfﬁ@ﬁ&%%@g&_&?ﬁr@%ﬂ%ﬂéﬁ!&@ @H@W@Qorles}&
system at is configyred to sandwich.a c not show at is locatable in.an openin
haroin onin ST gS T e oy R T B AR S B LB R e
30moved alohtf Shshdfots 88T SHTR%E T PBEIOHIRFAIAB YL RBTIAPEY Bt He RIS TS Bbrtable
system 1300tiechio @318 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
i'ﬁ;ﬁ;md%f 1Q§%ﬁwﬂhgﬁ@t%ﬁ@tiﬂsh@|ﬁb@@%ﬁ&d%meth¢d9%ec%thﬁl@kmieﬁﬂm %&&Qﬂes%%éeﬂe cmﬁrA
is closed, the two halves, make u ?}Wnﬁ! i Cc e embadimen ure :
a retractable té’lékcetr%%cg %’gscrl\%ﬁs?r%} ?gsbrf%?}i ed mgthggmc%ﬁléeg%f%é to C{x;%g a C%Qwoog = pg‘%enkg

2010/016807P8H SESHHB/HOGEFT it SR RREIEH LILEF5YES H50ae £o1B LR M Al FRPm&kte Férfect
contact with threusHighielsetiahehevie RIS AhGtaeenres BiaittriRon iyl clapiedst e The
portable systesschdOgtalsd snelddessbattanmeeiedtiodespa@ia tik) bbteniar adjatent the basewt the chip

slot 13045 Theapanasment afdhadeteciionalasiradagendiecaveiaiihednss AsRstghkhat when
achipis from outside the detection cell.

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

Thé portable system 1300 inciudes 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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Splaced in the chip slot 1304 and the cover 11 02 is in its closed position, the detection electrodes are
in an operative arrangement described earlier with reference to Figure 3. Next to the housing 1302 are
encased detector electronics which are shielded from the detection cell and from external noise to
provide mimMa AYE%ha/or signal loss and easy transport. The 10 porfggllg(%fé)\(}%@of%o also
includes a switching mechanism for alternating electrodes in operation or toggling the voltage in the
reservoirs between sample injection and ion separation using high-voltage DC electrodes 1306 for
electrophoresis. Also provided in the portable system 1300 are: a display 1308, an optional ground
electrode actitrgchdharioplelsritodaoipehtd Elhiek it tetetain redett sdelsdrofith dieebipovishinge and an
electronic sigoalr piaaessing sabiteompisingnaasigisal dt Shg eneraior. amd porptificsytrel uditgaao
potentiometef 4310 59&&@8&@&%&&50@@%8% R %,reema&@we?@g’smA@agamﬁ@Hp%oanﬁh@
miniaturized Jigh YOS RAWEL. SRR Swsiem, Shecllizallys (AL R Leneling file, a Patgppowered

current-to-voltaga Converter is row e acent and connected to the rece|V|n e ectrodes and a
rectifier, Tow-PHES MBF, ARF Gk a‘iﬁf‘gl}ﬂe Y IAR8 GEY FrhrE LR LRE: tgﬁgﬁfgag%ﬂﬁggﬁﬁsr 2o the
emitting siden&@berterip avrsEsh et SATativg BRI UFRIIBRCRP §8ET dtor is provided adjacent and
connected to the emitting electrodes, together with a miniaturized high voltage power supply.
Connections)s3ilé ae rivigedon inerfasedheipatabieraric arid0faithraompLtingsdeise. By

providing porigpljly  8RISHAN IRV SISV R A TIEC LRl %m&g QfHSEsYRiRGBRviates the

need to transport samples back to a Ia(ljborator ne emP ment, rtable device 1300
further éBmpPgEaglﬁ/ﬂ%'i'égé RSB aesf':”i' nl?/n} és\r/]?cgrfkﬁaat' eE)etrcc:)on igUTEd f 8"'s&nd
signals wireldsgiingotize persendr di@t@saéfg@téﬁfv(ﬁﬂﬁf%p@n‘f&?ﬁ%oﬁ@ @'bé?%ﬂ&%é?&gdi‘%e like.
This may be inpierdeniedusasg 20edtrorscschbviegsa Bheaivuited mWiEbenetlaleygenmfitiifeatdcesend
and/or receiv@sgignaipaviselessdyaiTheuwde\deerbdd teasy Alse eperaieywiielassyiauchthakaample
Injections anfé:éa%ﬁéy%%nﬁ@& . Bli eé;i.gvasaeéaaé%ﬁﬂbg QH&QJJ@S% Myrsmsl%w&agh@rs; nal
embodiments, suc it shown In ure :{,en he po @Pcef‘or guic Flsyrowsse nwﬂQ muI detectlon
capabilities u%?ﬂa'aﬁ?ﬁﬁlp %fr'gréiﬂ ' S SRS e Where B the SRRITG bans A é C are

connected toyEthisF &Pé%‘iﬁ@fé’“hmnﬁﬁﬁﬁ%iﬁfﬁﬁ? 198 568 RRNEISHRG ‘b@i?éeﬁ §8§'§??ﬁyﬁ°éﬁée
connected toreedinmgLrdes,er eafiery-eowplificrsranidprotrassiagvenet teanividddi ediacanti ansingnaesieryle
analog-to-digisahs eeoeprey {AEXCIst 404 witbcambllipie-taps feansha SHQA Giraieas léfewith oA
2010/ Q]‘Gfi07gigg_r{t§gggggéo&gggr?er. For the emitting side, a battery-powered alternating current function

20 generator is provided adjacent and connected to the emitting electrodes, together with a

miniaturized high voltage power supply. Connections 1314 are provided to interface the portable
device 1300 with a computing device. By providing portability, detection or analysis can be carried
out at the point of use, which obviates the need to transport samples back to a laboratory.

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 of WiFi module configured to send and/or receive signals wiralessly. The device 1300
may also operate wirelessly such that sample injections and switching on and off of the device may
30  be controlied wirelessly.

In other embodiments, such as that shown in Figure 14, the portable device is provided with
muiltiple 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 electronics 1402, and using
a single analog-to-digital converter (ADC) 1404 with multiple inputs and a DQA system 1406 with
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multiple electropherograms, each corresponding to one sensor and analysis. This may be carried out
by providing a microchip having multiple enclosed parallel cross channels all in one chip, which is

inserted intgvithey ehipeglot of the portable device to be operatively couplegyqariadabierhe multiple
emitting and receiving electrodes in the device. A miniaturized high voltage power supply 5system

1408 and relays 1410 are used in this embodiment to selectively activate the separation
electophoresis in the multiple enclosed parallel cross channels. Another alternative embodiment of the

C4D detectiog&%] agearding e Rresent inven on IS an a Ilcatl n of the bottom conflguratlon
in an on-line con ucgvﬁ éjdmor(ﬁorln T gvuczcerrees Onfd %ngnlgnﬁ%r 3 otar?ai?'s's‘q’olqg% TEMi28 G206 bs in

water sample¥! W}fgod@tﬂ%é’ g @ﬂwggﬂ%fﬂﬂ i’?tlE/“%lgsi%ﬁmﬁeli‘fﬁﬁﬁedl@”?*ﬁé'ﬂ%\?fb‘ecb.‘somﬁbludes
the top and btiBitremitim i eeirre9esi1tbeponela, demigetie topperdtiveitonuredeaivimpidettibdes 100b,
101b. A groundifieren20?2 mdlsogiioyidedrtogethanavitiviee shieldrel asing D@0 Fvig EapgRonitoring
will enterghe gledgerateamintela}&02: flaw daawmthesraisselinicie shanaaldlPO4iiadhe lletiR06. As
will be appreg,@teogrgye,g,g%etqe;ﬁugg[ésgg@og&epgg,tpergggm%%d device has applications in, for

example, on-line water quality control, on-line monitoring o yS|s water treatment system, on-line
conductivity monitoring of haemodialysis process, chemical concentration control, etc. EXPERIMENTS
20 The experiRREAE AL RIDIAIMAVEFIIER FAR ARSHIln PRl PEBRISAECR B8 RSEMiNE0teniBEn

Specifically, tatnlipatiorofitiitc tebipsitone o fédriatinte dnbgn hot-lembossicty iynpolicaghdsvate ERCloor
polymethy! methasiyetea( RN SBeats vttt anthisleness monhs1RBiams JRemkessfkGiard PMMA,

a hard stamp@aérw%ttte@Icmélugt&eect@anﬁéxueet%%%at%w§&%JQ&@R@@&%&L9%6@%?-55 were

heated together ron %p (%Ltom a etceen\)tr)‘er tu e ftér the stam mer

1?%&98‘\@6 }\ erg-uo

sandwich reached the-embosem ?ure 3 tnifonn prassute oI sPEIE sk W&g%ﬁﬁﬁéj&‘to the
chip area for PEFARIES WHEH hﬂ??é’@stﬂ?%ﬁzﬁf iddormeuirsnany il set¥oBretP et ah 0! S8h reaching
this temperatfipw, dhenfdrecnipsaiividle betnahtbifeteriisovdistl Gulbstratavivas depramdtiadoSedlidg of the
embosses chemstels wasopeirformeddiydoondiagrassepnpaisusirate wheignatiBoraservaitihave

been drilled Iraoﬂfanctmwa%m&t@greedmgn@en%mﬁpm@tﬁwm«a SEIIRg BN Ng: chip

area at 14OCJI [ 20.minutes, hor erform d on the plastic chips. Initially the channels
were precondi gonedagnd EtTt Ces? lIe rph%t?&ﬁ%ﬁrea%% %mrregervows with separation buffer: 10 to 30 mM

MES- His (2-N35morpholinoethanesulfonic acid/histidine), 2 mM 18-Crown-6, and pH 6.4. Reservoirs
107, 109 and EMFERIMENA$L6807PCT/SG2000/000277 111 (see Figure 10) were filled with the
electropkoretic run buffer solution, while reservoir 113 was filled with the sample mixture (target ions

dissolved in thgsseparatiaisbisifank present invention began with the fabrication of microfluidic chips.
Specifically, thin microfiuidic chips were fabricated by hot embossing on polycarbonate (PC) or
polymethy! methacrylate (PMMA) sheets with a thickness of only 125 pm. 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 Tg On
reaching this temperature, the force was released and the embossed substrate was de-moided.
Sealing of the embossed channels was performed by bonding a second substrate where inlet
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  morpholinoethanesulfonic acid/histidine), 2 mM 18-Crown-6, and pH 6.4. Reservoirs 107, 108 and
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After an initial loading, the sample was injected into the separation channel by applying potentials of 5
+1000 V (cations) or -1000 V (anions) for 1s to 5s between reservoirs 109 and 113. This voltage drove

the ions ele&g I& ‘/?HEQ(W through the channels intersection, which Werep%i%&fbﬂ liy-separated by
applying a separation voltage of 2000, to 10,000V between the reservoirs 107 and 111. 10The C4D

detector was formed using a pair of emitting and receiving electrodes of 1- 2mm in width displaced by
0.3 - 2mm in distance. Typical AC actuation signals for the thin plastic chips and top-bottom electrode
design are 10 - 100Vpp at 100 to 300kHz. Experiments were then carried out to detect sample

inorganic catidriéesfiosisidRsVerefige & bR SSTHRARPTE o &t O Eerdom e s ArashtPAtida Bfeach ion
was 0.1 mifedmitilthe asrahiowtinefigaed a6, diiseeedie the seracaieditiefies) were: injection voltage,
3000V; injection time 2s; separation voltage 4000V; running buffer 30 mM MES-His pH 6.;sinus input
\favef OFf m mﬂﬁe@afm&%%@g kAL i .&@%@@&@%aeﬁg&m%@mg sgr?@tragi@rwdth t
mm. For the o de ions, the concen ch io erimen
conditions Were&é)n?l cﬁlgrcﬁ%%g?i%gﬁ) %rrggnq%c%[a%’%‘%egﬁve er}(]mgt eﬁﬁgﬁﬁéllﬁ?ggr%o mM

MES/His, 2 Prwelff‘%rt?\?\?n %GCHPF@B‘?E?@&FBW‘{RSHA@% hRPR t‘&’sg%tﬁara%ﬁ‘v% AT oM
detector: sineergeatedomPolBUD K PERAAKPT S0UFsS, eiecifSde b@s@&%ée‘ft’?ﬁw“%ré‘éﬁwﬁ \Rﬁ@tﬁ“dl 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

e'ectfowaemﬂ{a@zxsfgg %ﬁw%fs? Jﬁ%%rl}éﬁxﬂ%g AN LI g Uigdudx s Rsaeands and

y-axis in millivolts ures show accurate determinations of the Lar%m lons. Referrlrd]g to Figure

18, the eIect?&BﬁB?glji’é gﬁa@g]g‘ I AEsaubB ALt MR R LR 8GE ST P EriRGTdEnic cations
in a standardsiruatecketftariag AesOPVOSY e2E AR 3Ie’r‘?l-ﬁﬂé“xperlment 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 ipgudwamsTr Wikt acirageneyo sk saand ROVamR: eleetodaddistoncerdSmm;

lect d h t trati
g Oesl\zo ?ng'lé%%(fqgﬂt [ %&@%&.@9&‘%%&%}{\;@&9@ getegrashspacha Fﬁm taentewvwg_l%ﬁmg%g r(i ';)Q.S;

in seconds aﬁ@“fa@s |'?1e\%ﬂ§ e ﬁ?épditg A5 & ISR Va\é?gct?égr?%c?‘ At %‘ﬁ% a e it a%cpetectlon
(LOD) of the\@kﬁﬂﬁﬁﬁ%@ﬁa‘l%@lﬂlﬁ“ﬁ@ ooy &ﬁ?tﬁmﬁl@r spyenRgY HRYATB B0 Vil P/ 386088277 1 pMm.
The inset of kigune B8\shavestadn adghifiedspeotram ¢édhedd pidtsdmple ¢lifie ¢808neantpeeted to that of

the 50yM sagplgs(line L3N -Aslvantagepaisinghim-thexpsasentdmsamtional derappasenbfrom the
foregOng de?&&%'@ le‘: ?orta!/effective length; electrolyte’ solution 30 mM MES/His, 2 mM 18-crown-6, pH 6;

injection voltage, 1 kV for 1s; separation voltage, 7 kV; C4D detector: sine 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 volis). 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 milivoits). 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 &; sinus input waveform with a frequency of 300kHz and 20V,
electrode distance 0.5mm; electrode width 1mm. The graph depic‘{ed shows the detected spectra
for the following concentrations: 50uM — line 1800, 10uM — line 1802, 5pM ~ line 1804, 2.5uM ~ line
35 1806 and 1uM - line 1808 (x~a$<is 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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5 example, it will be appreciated that the top-bottom cell geometry allows electric field lines from each
emitting electrode to be confined or focused in the detection cell volume, and signals from the

detection c&}b\%%m&g& be optimally extracted by the receiving electrodgsy {hisdigiiges the present
invention with improved sensitivity (i.e. the ability to detect smaller amounts of samples) over existing

rnicrofluidic based electrophoretic C4D systems. It is important to be able to provide 10good sensitivity
at the same time as portability and be able to extend the analytical method to a bigger range of

analytes including those minor el nts like heayv . VA I Y

embodimentd’df 1h& lfqns\?eﬁfti%}ﬂu{ﬁaﬁ%&% in mic r@?fﬁ FE%%%?%%S{M;X %lﬁg%ﬁﬁ%md%% cgﬁ?)n r?ééelg ctrodes to
be in very cld¥&isSRAYMSIRB'RHRAAEPIL improve capacitive 15 coupling between the AC voltage
and the solution in the detection cell. This can be contrasted with known systems that use thick
microfluidic shigadie. arkemanithicknessre/nemtbe wilcrechipssaréamdte foktvick frsiyirtion shiets, the
electrodes are placed Atlaperdisianes fremgheehnsnelemiichnauserdiie Rxpaeisaneestardrop. To

address this, conventional SYSIEmSs. QY62 UANG! FEERENIRBHLASIUA! iRarRYE syfficient
coupling betweer?tﬁe electrodes. In enerﬁal, this Ite c{)s t%ZO higher s{tra@/ ap |{[san‘g%i&r}dt%verall loss
in sensitivitﬂ%ﬁ%‘iﬁeﬁﬁﬁd’ﬁ\‘}‘é’?ﬁi6?15%%%%% VEIS T0 nclease The 'rrﬁ%éarﬁ?u?é of the AC signal from
typical valuesestRonvatonty SDOPEYES 51 Y Do dhh BRI & SRtsTHREGIE PRRHURF SFTRIRE point of
view of safetyansidsnimpiaciicst inepetteibizosyeteinS4Phyy e TR0 © aaR/adars4dem with
optimizgyl seRsifivihskRAHEEHOMATEINPYISqovoliageard thabipre dassiytienployed tostckiave low

detection limyie, Tk {9, SeDiINEIRARRY HhsopLAGHAMeR LaRagiaage by placing the detection

electrodes in ggfeop- ottom 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 housinﬁ to
eliminate crosssiiktaiRPERISTPRN SICHARIPHORE B DrRRGSHNAVEHTBHR TEAYIBRS0ErBe 6h a lower
power. This ksiavpertictdetiby iempordgst BOadvarnagedo pisitabdosisterasnsiiedp i aecisttage is
dangerqxis t@Jipiglecanstihed RERRBtATIN egjuiketitohpratitensietHThig besignatsteatedwith
phrohilt_)i(t)i\[/)ely Pn‘%l}&%sl‘%ﬁ!@ﬁ{%tﬁ‘a?%@%ﬁ& hﬁgﬁéﬂ%ﬁm@%%&% inméimWWﬁKQ&hmrﬁﬁiVity and
thus can be obtained since t tection cell i r % e,
environmentﬁ\aﬂ%gé%gﬁg %‘F’ﬁ%‘&%‘?%ﬁs‘e ‘ggtﬁoiees g(r)?fr%‘;sgtg%(bgiﬁeﬁr%%ﬁ%m%zeﬁg%‘thz;?go not

implement a cShiReRibE FRAGSHAGSSHE MR8t AR EBRERTR IS CRAYRUPRRTRA IR GRYIPE A BE W0 T0/0

t6807PCT/SGROA0Y1BROAATH achieve sufficient coupling between the electrodes. In general, this leads to
20  higher stray capacitance and overall loss in sensitivity. Another conventional alternative is to
increase the magnitude of the AC signal from typical values of 20 - 50V to 300V,,. Such a voltage,

however, is difficult to handle from the point of view of safety and is impractical in partable systems.

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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Where the electrode arrangement of the invention is implemented using external electrodes (i.e. not
integrated with the chip) with adjustable distance integrated into a shielded housing, a robust and
low-cost pr&p&%ﬂ"% ) \gided for the fabrication of the detection cell. This,ayRidsihg.62st and
5complexity of micro-tabrication processes. The foregoing describes preferred embodiments, which,
as will be understood by those skilled in the art, may be subject to variations or modifications in
design, construction or operation without departing from the scope of the claims. For example, while
most embodiments have been 10 described with reference to electrophoresis, this is not essential. As
described with reference to Figure 15, the detection cell or detection system may be used for
non-electropNosesismiagiode er(engemauiief drr BRI BIRY SRR ARMICESHE BRI SR ASRT! Also, in
terms of elegtrafg-arangesaim, wihileljieatiguiesstonegleet ddes afigied touHescharine this is not
essential. Al fhatis srauited isdandhas ecradesteceveantbpadiacanttheorhanseksodinat signal
coupling.is 15 achieved as d ' ier..The position of the electrodes with respect the channel is
not criti?:sal aﬁ%fnﬁligg)r(? I%ggfjgﬁh%gﬁggrﬁ?e&%gggr%splished when the electrodes cover totally or partially the
channel width. It will also be appreciated that while the term top-bottom has been used to describe the
electrode gebmdargaehe HEseTRFSPIEHERdPRIOERETR WY Wl RS ERsEeW: the erAitiEr 8n
opposing-sides piacemeataiseshovwariaifigure®difisdtoneircaepipassudtrxlien eherseiopdEyeed 20
not be positigeghfigt emtheenigieflvidiachiphet maysanpee nreessary ondasiked bevpasitioned
vertically,(ie,50 1he SRS LIRE Blealnganate adiaqent Bachannel.hmabars wasiaans, for
instance, are_Intended to b(? ctoverelpotgydgpeec Scope gf tpn% c@rpssé de%; (&&{AQ!%% %Kbo\rgggt&ﬁ&esggs
conductivity G8HEHE BRIFESRI SRS a riarofiuiit Chip having & channel defined by channel walls,

first and secéné eififiing OBERSIRY. afa <t Aif SRR FLAEVIRG eftiRfrdhelsms O elecirode

arrangement, while the figures show electrodes aligned to the channel, this is not essential. All that
is required is for the electrodes to cover and be adjacent the channel so that signal coupling is
15  achieved as described earlier. The position of the electrodes with respect the channel is not critical
and signal coupling can be accomplished when the electrodes cover fotally or partially the channel
width.. it will also be appreciated that while the term top-bottom has been used to describe the -
electrode geometry, the invention is not limited to the top and bottom areas of the channel, an
opposing-sides placement as shown in Figure 8 is also encompassed. Also, the electrodes need
20  not be positioned flat on the microfluidic chip but may, where necessary or desired, be positioned
vertically (i.e. so the edges of the electrodes are adjacent the channel). The above variations, for
instance, are intended to be covered by the scope of the claims.
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wherein the first emitting electrode and the first receiving electricale are adjacent 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, The detection cell of claim 1,
wherein the emitting electrodes and receiving electrodes are substantially planar and s%&?ﬂ}?lly
parallel to each other. The detection cell of claim 1 or 2, 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 cBrft¥ftrate and focus signals from each other into a deteckon tell volume of the
detection cell. The detection cell of any one of the preceding claims, wherein the receiving electrodes
are placed one on'top enntk@iaes abthectvditoprobthe/clvamnetgand are configured to act as electrostatic
images of each other to exiracicoupled=signats freendancetegtioames-melume of the election cell. The
detection cgll of any oneref he presedingclainmdahierein the electrodes are each positioned at a
distance of between 75um;ands100Ramdpmsthe channel The detection cell of any one of the

prececing claims, where[, e TICiAUIES1UR.085,  AkNeSS ILiTG tange ot 30pm o Jmm. The

detection cell of any ane Qf thq\p{gg%%gl‘h lai %Aﬁﬁ?%&&%@‘ﬁ@'{b%g% fgrz}t{g{}r&ggd@ lane between the
lectrodes, and® “a grounde metal

emitting electrodes and &‘énpeecelvmg e a ousing containing the

emitting electrodes, tAE PSEERNNG B0 SHRY A thiasir eI rotiRaplare 2569 RPEULEP S he detection
cell of claiff 7, furthe&31tipriging a second ground plane configured to shield the emitting electrodes
and the receiving electrodes from interferences from electronic components housed in the grounded
metal housing. 592 THesd&tectionceellf ofzany . omerof the préveding elamsy veheremeatiedst part of the
channel between the emittingrelectredce s anddhaneceixing elestrodes has a restricted submicron-sized
or nano-sized width.
15 3, The detection cell of claim 1 or 2, 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 signals from each other into a detestion cell

volume of 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 bottern of the channel, and are configured to act
as electrostatic images of each other to exiract coupled signals from & detection cell
volume of the detection cell.

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

6. The detection cell of any one of the preceding claims, whereln the microfividic chip has
a thickness in the range of 30pm to 1mm,

30 :
7. The detection cell of any one of the preceding claims, further comprising:
a first ground plane between the emilting electrodes and the receiving electrodes,
and '
a grounded metal housing containing the emitling electrodes, the receiving
35 electrodes and the first ground plane.
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10 The detection cell of any one of the preceding claims, wherein the first emitting electrode and the
first receiving electrode are arranged on or in a top plate of the micrefluidic, chip, and wherein the
second emitting etectrode and the Second receiving electrode are adjacent a base of the channel. 11
The detection cell of any one claims 5 to 0, wherein the first emitting electrode and the 16 $ikdt”
receiving electrode are arranged adjacent one side of the channel, and wherein he second emitting
electrode and thessecg)ngli Eect,eiving elelc,troglef are arraﬁﬁged adjacent an opposite Side of the channel,
12. The detection’cell 5t Ay ORe of tha Precddifg EPTIRS LR R EORBRSIRG hERIE 2P parallel
channels, each chanfi&' hdVing Hipaif 8Tty SlechEUdy HRF et arrEtesift 8l défodes, wherein
all of the emitting eleBfOREPHTPITESAPREEIE RO WM& P UIPLEBIA portable electrophoretic
contactless conductivity detection system,comprising: 25a platform having an opening configured to
receive a raicrofiutdicTohipelrasingail channehdefinrediyrahanaehaalissacavergonfigsred to close at

least part of the openingntirstaeehsscendirmidingclesirdes.andditsland seeondipeeaiving
electrodes, 30whereig, the firstiemitting electrode,and the first receiving electrode are configured to be

positioned adjacent a first channel wall, and the second emitting electrode and the second receiving
electrode are conﬂigu‘r%i 5‘3@% Opogéﬁ%ged aglj_‘acg B% S%%%Qﬂ cg%pnrgel Wall, the sfectond, channel wall
being oppasite the first channel wall, 3514. The detection syster of daim 15 WIHEr&H P cover is

configured’to secure BXTERStHEr: BF a@rﬁﬁi%fYﬁﬂ%i%’%ﬁtfﬁﬁdﬁéfﬁv@EW?ﬁ% Bo¥ef dhiiratizé o the opening.

MCSElp microfiuidic chip, and wherein the second emitting electrode and the second receiving
: electrode are adjacent & base of the channel,
11. The detection cell of any ane claims 6 to 9, wherein the first emitting electrode and the
15 first receiving electrode are arranged adjacent one side of the channel, and wherein the
second emilting electrode and the second receiving electrode are arranged adjacent an
opposite side of the channel.

12. The detection cell of any one of the preceding claims. further comprising multiple
20 parallel channels, each channel having & pair of emitting electrodes and a pair of
receiving electrodes, wherein all of the emitling electrode pairs are connected to a

single input,

13. A portable electrophoretic contactiess conductivity detection system.comprising:

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

a cover configured to close at least part of the opening,
first and second emitting electrodes, and
first and second receiving elactrodes,

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

35 14. The detection system of claim 13, wherein the cover is configured to secure at least part
of a microfluidic chip between the cover and a base of the opening.
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15. The detection system of claim 14, wherein the second emitting electrode and the second receiving
electrode are positioned on or adjacent the base of the opening. 16. The detection system of any one
of claims 13 to 16, wherein the first emitting electrode and the first receiving electrode are positioned

on or adjacent an internal surface of the cover. 17. The detection system of claim 18"WtN/E6§§iwe
cover includes a holder on the internal surface, and wherein the first emitting electrode arid the first
receiving electrode are positioned on the holder, 18. The detection system of claim 17, wherein

the holder is resiliéatlyreotgitetbtosthercoveramd 45 soatipuredstadpressithe; finstiaydinguwelectrode and
the first receiving electrase against-amiatcfisidiochip &% The-aetastian systemoi-gny one of claims
13 to 18, further comprising one or more slots to allow a microfiuidic chip to be inserted into the

opening. 20wl e leleciianmisiemal ansonadl dlaims Lida.dq. Wheein e cover is selected
from ZDa group consiglig.ofAaualae.couel and adefachatle.cover e, Afie detection system of

any one of claims 13 (t:gvgp, wherein the emitting electrodes an e recelvmﬁugﬁ%ﬁjé%s are
movable along the channél, 2522. The detection system of any one of Claims 13 to 21, wherein the
opening is configured to allow a microfluidic chip to be movable within the opening  23. The detection
system of any one'6f LIgiATeAB G RMTEHARP dEmpiisiitga eerentitdvoldgeieonvestereadjacent and
connected to the receivitdgeeRigtradesy) dadint revitifiar BOtove-pashiilten, andvoffsateticuidreonnected to
the currentdto-voltagerestiverten tZdhokkke detection system of claim 23, further comprising an
alternating current function generator adjacent and connected to the emitting electrodes, and a

miniaturized high veltagedereter SyapYer3RiR2 726nd0R ASIREIPR SYSIem), of @y Qng.of glaims 13 to 24
further comprising defggtion-algeitonicsAraRRd onA.SiLeuitthat comprises a to 'egc%rda”d a bottom

layer, the top layer bejn isg%l%ggr%i m pe bottom layer. 26. A capacity coupTg contactiess .

g .~ &g . - . .
conductlvq)o( detection ceﬂ comprising: a Picrofluidic chip having a channel, and
19. The detection system of any one of claims 13 to 18, further comprising one or more

slots to allow a microfiuidic chip to be inserted into the opening.

20. The detection system of any one of claims 13 to 18, wherein the cover is selected from
20 a group consisting of: a pivotable cover and a detachable cover.

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

25 22. The detection system of any one of claims 13 to 21, wherein the opening is configured
to allow a microfluidic chip to be movatile within the opening.

23. The detection system of any one of claims 13 o 22, further comprising @ curent-to-
voltage converter adjacent and connected to the receiving electrodes, and & rectifier,
30 low-pass filter, and offset circult connected to the current-to-voltage converter,

24. The detection system of claim 23, further comprising an alternating current function
generator adjacent and connected to the emitling electrodes, and a miniaturized high
voltage power supply,

36
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detection electrodes placed in o top-bottom geometry and in close proximity to the channel, Wherein
the detection electrodes comprise two emitting electrodes and two receiving electrodes, the emitting
electrodes being placed one on top and one at the bottom of the channel, and being configured to act
as electrostatic images of each other to concentrate and focus signals from each other intoféCddtieétion
cell volume of the detection cell, the receiving electrodes also being placed one an top and one at the
bottom of the channel, and being configured to act as electrostatic images of each other to extract
signals collectively 4Pomth&eROtEBIRIFCR PV rPRe o thid tieféctiott delinel Somriandatsssiivfe coupled
contactless conductisityrdetectiorrtell sormptitag cermousingunduding @ rmteoflaidictehiprhaving a
channel, detection electragesoplaceohinha topbaettem geometry in the housing, the detection electrodes
comprising two emitting electrodes and two receiving electrodes, 20 the emitting electrodes being

placed oneson top a8d RBgafthe-RItam,Akie LoABNGLIABELRINGFORfigHIEM o act as electrostatic
images of each other to concgpirate;and.foghs $ignals,fam each other into a detection cell volume in
a detection area, the receivin% lectrodes also being @éﬂgg&gne on top and one at the hottom of the

. detection electroges placé eomet 10 1N close prox .
channel, and belng configured to act as electrostalic images of each ‘ether t6 extract the signals

25collectively from thé HEtEEN K OfUTRE OPHE HRESE(BRCER 6L AT WRRRTHHRE HSULMhg, a Faraday
shield, and a grounde& RIERIPIRETRIFRy he emitting electripR PaRTY tHECBettt Rie'SPafe shreRI&RF from direct
crosstalk df external feise BiABOME ERrAE &Y SHiIRIGEIRE thet'Trotipriesaifcrrdse asme 28 The
detection cell of claim7owtityeres rthdotwio sEmiitti igre fectroties isind twervéerewwingleiectfdtes are
separated by the Faraeayishiedtl anddatatedinithegrsunded metal frausingy 3bdnge MOSLLP
‘ ' bottom of the channel, and being configured {o act as electrostatic images of each other
to extract signals collectively from the detection cell volume of the detection cell,
15
| 27. Acapacitive coupled contactiess conductivity detection cell comprising:
' a housing including a microfluidic chip having a channel,
detection electrodes placed in a top-bottom geometry in the housing, the
detection electrodes comprising two emitting electrodes and two receiving electrodes,
20 the emitting electrodes being placed one on top and one at the bottom of the channel,
and being configured o act as electrostatic images of each other fo concentrate and
focus signals from each other into a detection cell volume in a detection arsa, the
receiving electrodes also being placed one on {op and one at the bottom of the channel, '
and being configured to act as electrostatic images of each other to extract the signals
25 collectively from the detection cell volume of the detection cell located within the
‘ housing,
a Faraday shield, and
a grouhded metal housing,
wherein the electrodes are shielded from direct crosstalk or external noise by
30 the Faraday shield and the grounded metal housing.

28. The detection cell of claim 27 wherein the two emitting electrodes and two récelving
glectrodes are separated by the Faraday shield and located in the grounded metal
housing.

35
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20. The detection cell of claim 28, wherein the emitting and resolving electrodes arc placed close to
the channel, and are movable by a cover to adjust the detection cell volume 5SO. The detection cell of
claim 27, wherein the detection area is adjustable by moving the microfluidc chip within the emitting
erd receiving electrodes. 31. A portable capacitive coupled contactless conductivity detectioringeé\tifg in
which the detection cell according to any one of claims 26 to 30 is incorporated, 24

29, The detection cell of claim 28, wherein the emitting and receiving electrddeé are
placed close to the Channel, and are movable by a cover o adjust the detection cell
velume.

5 30. The detection cell of claim 27, wherein the detection area is adjustable by movmg the
microfluidic chip within the emitting and receiving elestrodes.

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

detection cell according to any one of claims 26 to 30 is incorporated.
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