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‘&’8001 This application clains benefits fromyU, S,
P2 BREI Patent  Application No. 60/558, 115CTPGEHs/000111

April 1, 2004, the contents of which are hereby
i ncorporated herein by reference. FIELD OF THE

I NVENTI ON ( i j | at es
general |y thﬁ?eE%%%?Egﬁ?‘gMéw/@F@% m cal
detection of bio- and chem cal nol ecul es, and nore
particularly to arrays used in such detection.

BiACKGRQJNlD OF THE | NVENTI ON [ 0003] Met hodfs folr I
i CReS SR e REE PO Ben e bATIoRs: ded an
attractive alternative to detection techniques

[00GYi Ng Phis apgiiRiohl AR bdricfity Renans. Prdadidnal Patent
El ectrical and el ectrochenical detection techniques

Applicatipn ey 69/558:H1 &iied Anrib i, $904.dhe epalentsref which pee
he@b?%édr;?&latégﬁ [ﬁm%\?l%fglfe'neg. el ectrode arising from
interactions e en nol ecul es attached to the

surface of the electrode (often referred to as
"probe" nol ecul es) and nol ecul es present in a reaction
m xture (often referred to as "target"” nolecules) in

co ' ode. Exanples of nethods and
de\rﬁlgg‘? %@_{%B\?\’%Niﬁe%t rical or electrochemn cal
detection of bionolecules are disclosed in U S. Pat.

[0002k. Thepmsentinvenliasredalts generkliy (G B3 elbcBABICRA3,
elegorgpica HeRalPa ey B AL GBI RGYES: FENTORT ¢ he.

paritii@tiverdrageusedie sedh defectiba. use of radi oactive or
fluorescent |l abels to detect interactions between

probe and target nol ecules. Electrical, or
el ectrochem cal 1 WD 2005/095991 PCT/ SG2005/ 000111

detection is safe, inexpensive, sensitive, and is not

bu BADIGEROUND G PHEXNVENTION ous regul atory
requi renents. The devel opnent of m crofabricated
cul. es

-[Oﬂlﬁi]; al)@%t“?gg %?qu%%ﬁggl o?felebcltrodchglqgcaﬁ %{gc?igln o?lr)rlio?ecular
interactions between biomolecules have provided an attractive alternative to .
detection techniques relying on radioactive or fluorescent labels. Electrical
and electrochemical detection techniques are based on the detection of
alterations in the electrical properties of an electrode arising from interactions
between molecules attached to the surface of the elecirode (often referred to
as “probe” molecules) and molecules present in a reaction mixiure (often
referred to as “target” molecules) in contact with the electrode. Examples of
methods and devices related to electrical or electrochemical detection of
biomolecules are disclosed in U.S. Pat. Nos. 4,072,576, 4,098,645,
4,414,323, 4,840,893, 5,164,319, 5,187,096, and 5,891,630.

[0004] Electrical or electrochemical detection eliminates many of the
disadvantages inherent in the use of radioactive or fluorescent labels to detect
interactions between probe and target molecules. Electrical or electrochemical
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i nprovenents of traditional analytical techniques.
Mcroarrays of bio- and nolecules (e.g.

(%onucl eotides, nucleic acids, proteins, i
?2 APHodi es) have utility in a wde variet ECMSGZ 05/000111
appl [ cat| ons in which nolecular interactions between
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same way as optical scanners do and requir
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caff b Srpffeotitl Z kPR NG oY MLREIWL ffiddbve,

- delegtibatirategiet. Midrbarayy adtiress thecderapudssfoc itiexpensive, high-
GRS nn%&%%p%?éﬂéwm | oignsie &
alsgga%\ﬁae aleWicest aﬂ@hugﬁuh RS fop deRsttio ofbhéﬁm:ai

I ces have significant |sa vant ages. For exanple
spadies. Thete awe, Bbwevers P@hi?mE@@@PG'@ftedan"th ¢lgcigeal OIF%!PGtromc

sys'é\%f\ﬁ ﬁgsglég }:Irggl\%e Egnﬁot%g?&%@% sé@ggﬁy 5’5%?[?65‘? scanners go

and I’e&;fwréenslﬁplmfan? r’ﬁd: bean dftermttcﬂeotmnt&ets;ﬁlm}rmn@deﬂeehon
ul ness o

syskiigs SlsgTaaulan Aciohds (et spBt ethabi) Merltbienic, .y o

lsol%héﬁhf diffeRirR dBteRti6A spotseiitipal t i ng substrate conpri ses
a p urality of test S|tes in eI ectrochem cal contact

a set of ortho ori Cg .
[Oo%hevéﬁhom hipghipar 5 g 89'\' {? BR&f at us
mofe@ﬁ!a? kﬂtﬁa@ﬁédéﬁéﬂﬁgn'mﬁu émdlémféiﬁeﬁl mbléﬁu!éﬁ have been

te 1s in-mcroarray chips, in which
pronew ﬂnere@ devmasd;av&mnlﬁ@amglsﬁwﬂ@tags@ E@ﬂ?&%@@lﬂi the

oot P PO B3, 0009052 1

cangbtbé natleccoliahr-andaowbion &)by’paddirmahler s llmntuag dine
does. not provide for tru f our %rmn? electr{)niF
ess of the apparatus. In

denglly eEihedestiesii fie ajray AR e
U.S. Pat. No. 5,653,939, Hollis et al. disclosed an x-y addressable array

wherein a solid supporting substrate comprises a plurality of test sites in
electrochemical contact with a set of orthogdnally oriented electrodes.
However, Hollis et al. does not provide an apparatus for eliminating the ionic
shortage when an electrolyte is applied in microarray chips, in which case, the.

array electrodes cannot be addressed.

[6006] US Patent Application No. 20020090649A1 discloses a high density
addressable array for electronic detection biochips. The array, however, does
not provide for true four-terminal electronic detection for high S/N ratio and



WD 2005/ 095991 PCT/ S&005/ 000111 high sensitivity,

and does not lend itself for use in high density array
Vﬁg s W t hout isolation channels. [0007] I npedance
a@%W%hts could be used to directly det ect PEHEG2005/000111

I npedance changes after bionolecular interaction. Mst

d I
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wmhatjeg@@hb@&ﬁandé@edance can enabl e | abel | ess
detection. However, the sensitivity needs to be

A L T L
im BIdhRGEE BRGDiGBRIOLRS Tératioh hmt skﬁéhram;m

|ng, counter and reference el ectrodes) for
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toohif. Blachonieptaletrotteiia sEosib seddie U eisfifies
wcﬁkﬁ@tdnﬂ%ﬁnféﬁéi%réﬁcfefeﬁé&mde%i’bHiHr@é‘ eleefroaba pr6rking,

restlting 1n additional noise and difficult data
cow@metgﬁjenq:@ebgyrocmé fer deigetignemeppdremaite.d Existingn
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referRte eRRroNS, DI obted Sinrfopes Pt Rist S palicH TeSus T
maﬁ;ﬁékhﬁé&@ﬁan@ﬁ@h rﬁﬁ:‘ﬁkfﬁ@@mng RestEChpgfon euritéedrrefiiénce

have wi de "application in the fie|lds of nedicine

eleramgie@emlﬁe difesent seprtiva esistascs resyiting isadgditional oo
aiffisht g{gﬂrgygggy [0010] In accordance with the present

Invention essabl e bi o/ chem chips include a
plurality of isolated test cells or reg-| ons, each
[0008]dr cBhribIthusiemains rawed fonan @newedd:@ MR-ENgeaWUr i ng

RSl B ) 9158 P B R ecion
of moteatimdnisriadiions shatcha effebtiveowhilé ceduciny thewost of ni nal
perfom?i?larv%rrt:gﬂé anéll?rsgsn %t t&ethate can allsg%e éasily and cost effectively

fabricated. Such devices, and methods for their use, may have wide
application in the fields of medicine and genetics and moiecular biology

research.

SUMMARY OF THE INVENTION

[0010] In accordance wnth the present mventlon addressable bio/chem

chips include a plurality of isolated test cells or regions, each addressable by
at least two electrodes for measuring electrical characteristics of probe/test

- molecule interactions. In one embodiment, electrodes are located within a
channel to allow for four terminal measurement. In another embodiment, . . - .
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3 WO 2005/ 095991 PCT/ SG2005/ 000111 el ectrodes are
arranged in rows and columms and i nterconnected wth

te pads used as test sites. In yet anqther
‘ihg%%k%%¥¥ el ectrodes are arranged in Ce||S?8Rp§ﬁmymm1u
each cell |nclud|ng a counter el ectrode surrounded
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one pair of electrodes nt.erconnecti O
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ona6f mbqahmiahtyrmﬁendm@almy a lnngwméhwohﬁana% pleiality
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frorh 4hé s6Rimrpelebtrotddbf Ihbé ohianhelvanad ea:terasd ene fpalmﬁ «bl&iﬂtrop!es
| anar surface luralit

the p of eIe trodes,
for inderonoFotion Wiktna volosseHTas: Qlettisaly EPETETD Be ol
an<F+ i) E‘n%%%t?dmﬁsehﬁ& gbélﬁéﬁéd’ td gelethRta Wd%ﬁ%ﬁééﬁodt@ﬁf al

éctrolyte pads  covering each t he
across akfeast portiovas oneobthenchannels.ow el ect r ode pairs of
the row and col um el ectrodes for interconnection with

I
ool P AP S pHEDSTH S Bt e
providbe Gl sridredsable thip nnqh.ldmg amubstrate hdving acﬂla}naf quﬁ’ase,

oluiafyor 5w slpcesfeeinmiet pishtas Pl Surpided Blusity of
colLﬂﬁxﬂ) efdctrdbies "éadh fBRAEA atopvasidlatar stdﬂ%te prexwrmt@alrdwd an
dressabl e chip |nclud|n a su rafe; aI|
clogodecani epctrepbLpBRSL TP Be dodFledodss ebeRplid gadd
cov@ﬁr'trﬁ @%}él‘i 4f ﬂ)l% %&rﬁh RibchbBEL [ S1ERnats raOWeleefro&é*%agfs of e

r ki ng el ectrodes encircling each
the mvw ant |cby1mr|i etestmodes for dteronpectiomwith@ witagessuree, f0

genera?e E ot Tt Ao brheRlBoId 4 Srobhhd ttbet Ne
molecule interaction proximate the electrolyte pads. Portions of the planar
surface not covered by the pads are hydrophobic.

[0013] In accordance with an aspect of the present invention, there is
provided an addressable chip includi'ng: a substrate; a plurality of counter
electrodes formed on the substrate; a plurality of working electrodes, groups
of the plurality of working electrodes encircling each of the plurality of counter
electrodes and electrically isolated from the counter electrodes; pairs of the
counter/working electrodes for interconnection with a voltage source, to
generate a potential for detection of chem/biological probe and target
molecule interaction proximate a pair of counter/working electrodes.



counter/working el ectrodes for interconnection with a
voItage source, to generate a potential for detection
"?{’1 ch rribl ol ogi cal probe and target nolecule

£UP gﬁg?bn proxi mate a pair of counter/wor ki hfT/562005/000111
el ectrodes. 4 WO 2005/ 095991 PCT/ SG2005/ 000111 [0014]

| n_ accordance w th another as t of th ent.i on,
Pt fiopdie

[0014) ¢ In2ospEiAnge wvith another aSpartAT e nyen
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eleaippdesent to those of ordl nary skill in the art upon
revi ew of the foll owi ng description of specific

od| o e
10035 o rHich ' pis e Ry b dtaEARiRTIoR e Sord
ap@%Wth&Hoéé)Gﬂxﬁhmbly skik inf thg aresparhreafiew bf thetfoblowingly way

of. exanpl e only, . eabod,i s. of the .
descripion pomeqisaApSRmEnts of oS infationn BGRRan,ith the
accBh/PRig figirds.array, exenpl ary of —an enbodi ment of

t he present invention; [0018] FIG 2 is a top

schematic view of a portion of biolchemchip array of

FIG1; [0019] FIG 3Ais a partial cross-sectional

Vi ew of bi o/ chem chip array of

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] In the figures which illustrate by way of example only, embodiments

_of the present invention,

[0017] FIG. 1is a perspective view of a bio/chem chip array, exemplary of

an embodiment of the present invention;
[0018] FIG. 2 is a top schematic view of a portion of bio/chem chip array of
FIG. 1;

[0019] FIG. 3A is a partial cross-sectional view of bio/chem chip array of
FIG. 1;

[0020] FIG. 3B is a partial cross-sectional view of bio/chem chip exemplary |

of ainothér embodiment of the present invention;
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FIG 1; [0020] FIG 3B is a partial cross-sectional
vi ew of bio/chemchip exenplary of another enbodi nent

%#Og%rgsent i nvention; 5 WO 2005/ 095991
85/000111 [0021] FIGS. 4A and 4B ar ePCT/SG2005/000111
schematic di agrans of a b| o/ chem chi p array,
an er e f th en
063 ani5S. 3008 Bre SR ERboBima. A5 PlodE phin 2o

exémalé?%ﬂaﬁéihér anbadiment sEMe! preserifinisigibher enbodi ment
the present invention; [0023] FIGS. 513 is an

ed view of the coupter el ectrode

[0@%11?2%4@@ 8Ads apﬁcaemﬁt@dla@ﬁam\%@&w‘%bﬁ@@ :BA‘TEHOI/ GE
oxEfiery o dher lhagliAgh: & mbpibsait iiveron "2, ' 9 T ooh

graph illustrating the sensitivity of test cells of
[oomga Hescaans ao lenjarged vigw afithe cagiienwoskiag siscirode

ED. DESCRLPILON [0026] FIG | schenmatically
o

aa?’?ﬁ%@?’?ﬁ?’@s‘” oPf termi nal addressable bi o/ chem chip
array 10, exenplary of an enbodi nent of the present

[0024) enFIGS. 6A A BB amsschematicrdiagrdmsaofiest cklls ohtHeudes a
wi dth wi se extendi ng

. Substrate 12 plLural,ity of
bioerAia e of EISS b BBl 1 sl |y and
collectively mcrochannels 14). Substrate 12 is

[oofesr rrepil@f'i R graphliRistratn eemnﬂltnmyciﬁ test celid obihec,

m c, glass, rubber, 4% printed circuit board,
b'°’§h¢meﬁhlptﬁ"ay§(9ﬁﬁ‘ﬁ§t‘i‘ﬁﬁ’é‘dt reof . Mcrochannels 14 are
formed in the top surface of substrate 12. Exanple

m crochannel s 14 may be forned using conventi onal
etchi ng or enbossing techni ques, and nmay have w dt hs
on the order of 0.1 mto 2000 pm and depths of 0.1 to

200 MLEPRESCRIPTION depi cted array 10  onl y includes
two m crochannel s 14a and 14b. However, a suitably

[0026]2¢ eOFIG‘ %%bﬁ{a%&ﬁ/ NBratas byoar-Ravir ﬁ’ﬁ&fassﬁlﬁle
sim larly fornmed m'crochannels. As well, in the

bio/ehaih chisdareash 8l exemplanyi of spcembediment of @ﬂmﬁaentrla\fﬁré@@e
to edge of substrate 12. However, m crochannels 14

[0037Y N MuSiEBadarkaY 16 Hdildes a substrate 12, and plurality of

width wise extending microchannels 14a and 14b (individually and collectively
microchannels 14). Substrate 12 is formed of an insulating material such as
plastic, ceramic, glass, rubber, fabric, printed circuit board, silicon or
combinations thereof. Microchannels 14 are formed in the top surface of
“substrate 12. Example microchannels 14 may be formed using conventional
etching or embossing technigues, and may have widths on the order of 0.1
pm to 2000 um and depths of 0.1 to 2000 um. For clarity, depicted array 10
only includes two microchannels 14a and 14b. However, a suitably sized
substrate 12 may include any number of similarly formed microchannels. As
well, in the depicted embodiment, microchannels 14 extend from edge to
. edge of substrate 12. However, microchannels 14 may only extend partially

between edges.

[0028] Exemplary array 10 further includes x-y addressable row and
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bet ween edges. [0028] Exenplary array 10 further
i ncl udes x-y addressable row and 6 WD 2005/ 095991

‘gﬁﬂ‘é g%%?;/ 000111 colum el ectrodes 16, 18 i
ni crochannel s 14, as further illust PS?@S”?"F("OOI”
FIG 2A. As illustrated, addressabl e column el ectrodes
co@%eé%&@%ﬂ@'éng%ﬁ%é%gﬁ&%ré argelsult o arlagh Pstrated
in Tf’@ t‘ZﬁgoF\s lllﬂ@.ﬂ'r'lﬂegl Eﬂgl‘é%ﬁ%@%ldnﬁﬁ@fe@treﬁeénl g4 ofgipnnel s

um electro thus provid relatively
(mldmc@laﬂys and aoﬂemwela coiurg Ieiaa&ndes 48)/erecdesigned as

o GivE ST, Aach aha fulting RS elehhndrdeidcRafhets 14
Coﬁlrﬂlﬁ eléwoué@ 19 suPpidRiden relailely lardesurkitevareh] whithaan

channel and isolated from colum. el ectrqdes 18. Row

seadwsa@faiﬁmeéc@mterd%iégtm% Wli@tﬁ sangicapt pelagzation.
AdR R BTy QIHERRAIE, cn 18 A BN, Sl umpeti R hen

r'ow are
chamrm éng mmﬂtadi FronT celuchn elecithdssi 16 Pawsand udhjlmn electrodes

16 0} i cladcally i pieT IR e firy d s HERER4 Ghpadifidy

of P& 2880y Slsbkrbded 18 arcforiptits Miite Gizeddpsnellly RiMd16"

fornmed as generally rectan uI ar. and square conductive

consiugtive padgiwihistraigroohapnels 14 B Eﬁamﬂbamﬁf@& apes,for
ro @H%déso{ “m@édé 'X%E’B/l‘?\ Sul ta SI zegin&%gﬁlrl'g? nglZ

our row e ectro
example] elettoobiesatt) andrédt foohed m@eaterqllyfrecmguiaomd square

corf BRI rehairn 8t FICT a8 G A, SPohecivel ikin dor

claiftii d@iﬁé’ﬁ |lafday mm mohidds felieriw eldeodés 16.8 Ahsuitabhi zes

on th order of 001 pmto 5 which can.,b
sizq 2 maydaﬁlueﬁﬁnwwmbefnq ﬁtsb Fanianfsvrra?d row electrodes

nanol i t hography technol ogi es. Exanpl es of the
‘row coluim and voltage el ectrode materials include

solid or porous gold, silver, platinum co

[0029} anRaweledtrasies #6 may b mgwpqu gPagiRggen tlp@pgder of 0.1
pm 5500 161, ERRRRYY (/BB siccltouSs 818 BANCHEL ¥R the
ord&OHN0IBY F umo 0T Whichcarl kefbaitated by conventional -
lithography or nanolithography technologies. Examples of the row/column
and voltage electrode materials include solid or porous gold, silver, platinum,
copper, titanium, chromium, 'aluminum, metal oxide, metal carbide, carbon,
graphite, fullerene, conductive plastic, conductive polymer, metal impregnated

polymers, or combinations thereof.

[0030] Additionally, pairs of electrodes 20, 22 for imposing an applied
voltage (referred to as “voltage electrodes”) are located in microchannels 14
outside of the addressable row/column (dy) electrodes 16, 18. Inthe
depicted embodiment, one of the pair of voltage electrodes 20, 22 is formed
on either side of column electrode 18 and on either side of each row elecirode
16. All positive voltage electrodes 20 and negative voltage electrodes 22 of
~array 10 in microchannels 14 may be electronically interconnected together at
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[0030] Additionally, pairs of electrodes 20, 22 for
i mposing an applied voltage (referred to as "voltage

‘§+e%tﬁ}odes ) are located in mcrochannels 14 outside
2PRERdr essabl e row col um (x/y) el ect r odeBCTEG20pgI00111

In the depicted enbodi nent, one of the pair of
| tage el ectrodes 20, 22 is formed on either side of
h”%gnﬁ%n el ectrode 18 and on either side of each row
electrode 16. Al positive voltage el ectrodes 20 and

[ooBgat iA Sectiph Ve oPIhRTbiisiaImA 21éttrodas M8y 18 @ntrvoltage
m crochannel s 14 may be el ectronical l é&l nt er connect ed

electigdes 20, %awmcb@remt@@m hecyrent eEsirodes for trygfeur-
t
tenlé\| ecmeo%egé&%ﬁéi%ﬂg‘%tgﬁ voI PW; Oj'%l ggt“?'@%é%%%fgr%i ch
ead‘f pair sbleitagd diesirodeb@0¢ 22 rpeemlded; an elentrics! field for foair-
our: term nal neasure is.iiﬂlu& r at ding(IjG 3@.
termg NP aAicn AR, Bnd 21 ISoits By gddréssable

cle8irSddy P6le. 20, 22 provides an el ectri cal field for
four- term nal inpedance nmeasurenents, and are

isolated fromthe x-y addressable el ectrode&@i
IOOF%szﬁlmﬁeéfquﬂ@ﬁwﬂw electierest % ide e 5'26” 22

h
clelfi TR A1 oy Ehe Kokt "@T BeHerng 148 07

testirgniivid sanipless , Tralst aﬁermtlvﬁyyvolkagbtai@cémeleecﬂ& @2eanie

emiSidentSsy SRR 4 8s N Rai G, B Tn@ o Bt o

contlQdling RURtEIRlin |eﬁ§1itrl’ dat ahd @@I@r@sﬁ@bmbblﬁ)rﬂﬂttﬁ htglmﬁgnal

W th h sig to no ratjo and si
to nﬁﬁ@t(ﬁmﬁsatlﬁ@né@d@elq 'BH'f'Pfﬁx"y @(#PP#!% ﬁwmft,f@agy FRpuaing
uohlgg@ [0033] In the arrangenents of both FIGS. 3A and
é columm el ectrodes 16 are separated by
m crochannel s 14. As such, as columm el ectrodes are

[003330| dndhe arrapaements ofioly EIGSo3A cpd 3B collwpn elpiiodes
16 afr% fsrgggraﬁ’gd Bg%&% Shind1899P A0G A Ye c\ﬁddiﬂ?éfec HEg are

enced or |n uenC| ng measur énments at ot her
lsolaiéd,ra)m:mf amayed sov/coldem dietit@deq mslq cambepddesssed,

indepRROSTy, RRET Beii inffhsoce B EERHDS M Bl afbiner
paird 6OOWIBbiBmnectrodes 16/18.

[0034j In operation, different probe molecules or sensing layers such as
DNA, proteins, peptides, etc may be immobilized at or proximate row
electrodes 16 in microchannels 14 by linkers or other modification methods
such as adsorption, covalent binding, chemical affinity, surface monolayer

self-assembly, etc.

[0035] Samples containing analyte that may contain target molecules is
flown into or through channels 14. Optionally, thereafter, the channels may

be washed to remove any excess, non-bound analyte.

[0036] A voliage is applied across electrodes 20/22, during or after flow of
‘the analyte. This voltage, in turn generates a lateral electric field within each
- . channel beiween electrodes-20 and 22, and between elecfrodes.16-arid 18.
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el ectrodes 16 in mcrochannels 14 by |inkers or other

nodi fi cati on nethods such as adsorption, coval ent
surface monol ayer

‘gélg&ls&gsggﬁgl(e;n Cglt cafEIOBISES{, Sanpl es cont ai ni ngPGNAFge000111

that may contain target nolecules is flown into or

in iesArrapace ay mebilesc reBbe B bARY B /ollet mclSouies,

r&%a@féﬁ“ @xéwlgby b lth[aQﬂ%@]ron‘ aYl@'doﬂﬁﬁn blécﬁbﬁés Qd 8, 0SS

el ectrodes 20/ 22, ur| g or, after flow of
cusend may flowthetwoen thege " and i'uraw geeh @D&lmelacvmeeﬁr 4% and

1555l Sy P A B Lo vt e
preb@ncs of R0 RE RIS A0 Gk gdt mblectilee

resence, of |mmb| l'ized pro lgecul es bound to
b ?'gf?

Altermatieely ipinesianes changesat I oM d. colpipn %'?W%q?&
ﬂJgtﬂé &&%‘@E% cHa m&ﬁ%‘ﬁ%}*ﬁﬂ%ﬁné@ ﬂ&%e. nf %...S‘Sﬂlzéﬂa,‘é. Jie

tween these It row and col umm el ectrodes 16
mohw:e/mmetmeuﬂemnﬂ:tnat@asmrpnngwquowfmmmmgectr@deww

16, ik FERERM BT ] ot PR BT e soturn

eleétréismg,ifgel y, i npedance changes at the ith and jth
row and col urm el ectrodes may be detected in other

100581 e bt aglieulis B BoR heRE R bR arebe
moleeifes @nﬂﬁﬁr%@t ﬁ?dlé&ﬂ@s Rt bindspecitRalPtcstheirbbe Aitlecules

current | ow bet ween proxi mate row and col um

maybe clefenied as @, dlﬁqenp@oetrqe efegitical signal detagted at the
btk
COﬁggés{'(gﬁge@nm ecu es !% %ﬁ%blblspem I Caﬁ%hd{égicﬁ:? Q%

appiied stear eﬁ:bhbdlqu:ddacttrdyté@tt élwaednaxomannbfseﬂaane in
correspondi ng

t he ctrical at t he
addfeigaflecanidy G b8 et TS gt dotfpoyifier Dol g

el ectrolyte is appl i ed |nstead of the liquid
[Oﬂﬁ]eCtAsﬂlan Ise appideiaed, the hatben otsamplesahat mdgbessabl e

indeS0RUpIAR S VI3 a3 DS Beie T 1 W oo

sincERE cBE%rPShaﬁﬂE@E@TQSIQEéMr&ﬁ%M Siférfer aéteiod OF

equal s the nunber of row el ectrodes since the colum
dlﬁ%ﬁﬁrmﬂeare i solated fromeach other for detection of

[0039] Advantageously exemplary atray 10 enables true four-terminal
impedance measurements with a high S/N ratio for highly sensitive electronic
and electrochemical array sensors. The applied electrical field between pairs
of voltage electrodes 20/22 may also enhance the diffusion rates of target
biomolecules in analytes if the target molecules are charged. As DNA and
many otﬁer biomolecules such as proteins are charged molecules, atray 10 is
particularly useful for biomolecule detection. Conveniently the number of I/O
lines for multiplexing is reduced and can conduct different electronic
detections. Hydrophobic coating or additional isolation parts are not required.
The design may thus result in higher automation performance, shorter assay

times and lower manufacturing costs.



di fferent sanples. [0039] Advantageously exenplary
array 10 enables true four-term nal inpedance

ts with a high SSNratio for highly
‘g@g@‘#{“?@gpa ectronic and el ectrochemical arr&yT/SC2005/000111
sensors. The applied electrical field between pairs
ctr 0/,2
Foft oG ApCecBE Rl e g Bl teRind QORRSSRR e e
chtd‘@rrégﬁ’l&@for ek e Ureslestiénic bacmdriockls irli¥At apshrattargg.
ot her bi onol ecul es such as proteins are charged

Aray Wun@lslde%\a@ayst:{@tﬁ 110 heying % Gfeﬁﬂ%uy lﬁ’m |Su age and an
an?}r EHH %o[éffﬁ lfebﬁ‘adem gjrﬁd § s%xté 110
nes i an an cona

OI‘ nmu eXI ng t1s re UCG

may b bydmphmﬁle,ojrrwatad wille adydraptobidahtiogh i msoiubtel ng
uire

fav%ég&dd%@et 1008 Rt oo Fe -0 R ot efefolyte s
1028 ERNIERBA op éﬁ@é&'ﬁé!em‘”& fardarmaditibr] shablest cell, In this

manuf act uri ng costs WO 2005/ 095991
embm()%ﬂléiﬁdiﬂyte[mmz fariger govears parraximate |c9lumn

tes an alternate addressable chenibio chip
elegirrér)%@ﬂ%o for use as an electronic chem biochip in

test apparatus 99. Array 100 includes a substrate 110
[0044} i nBads d02enay by upbditmatiach probe raeleculas. Redayi03fmayw

for 8RAfuB R, B tarfisil b O iet ngkftBad 0BT ot BE B fd by
sy gAY OBy e S <
polyacsyiamins e pals of roweelumn %@%@@eso{ﬁ“&s%g 55 the, dgposition
of ae.hrrg&ﬁcré%ﬁnfbﬁ%ffn%n&ﬁér@érylaﬁuaé afd fsﬁébta%ﬁﬁﬁ onlyBrid e

ment, each el ectrol yte pad further covers a

arrgyedowelectrasley nﬁteréﬂ\é@urla@teth@ﬁyeptay@m]nmeq@@ may
ontPp A ER R LAV EE B b8 sl st Tl b
blotbwieft@d prsbedyA nmnunerwgtrgifundtlsrm ;rg:mun@ StNhgmglrl]nato;\r?rgy%xfyi
aroieh ok Bidie RipBS agpuBeRtian ASa s ATeReRo kS of

elecoNjite Pﬁd q@btthap Be $brmiE Mt prabé ttaBhentd top of pairs of
streptavidin only onto the arrayed row el ectrode.

TOWl&P{l@ﬂn glectodeng, the streptavidin nolecules are
entrapped in the polynerized polynmer matrix and can be

[0048 69 PRIL{dPEAh BB Yised in both gas or liquid sample detection. After
incubation of samples on pads 102, excess liquid will flow out. Different
arrayed cells are isolated by hydrophobic plastic substrates.

[0043] Conveniently, array 100 may be easily and inexpensively
manufactured and reduced numbers of /O lines are required due to the
addressable array. Conveniently, insoluble pads 102 when formed of a
polymer electrolyte provide -a bioconjugation platform for the attachment of
different biomolecular probes for the detection of target molecules, such as
proteins, DNA and peptides. Different or like probe molecules may be

attached at each péd 102, as desired.

+-J0044]  As will be appreciated, arrangement of row and column electrodes .. .

10



bi oti nyl ated probe. A nmonomer wi th functional groups

such am ne or hydroxyl groups for protein probe
t

can al so be used. Alternatively,
@é@%{bgﬁg{e pad 102 may be forned after probegET/SGzoos’{m0111
attachnment on top of pairs of row colum el ectrode.
l..R i Lol QU
16, 138 e aie0e 193 red] PEpE Sty L tisrd R siag, LA Hng
coliifins mayesmnged i duwerdushways, alith. roWi diéetradds aml calyied

cells are isolated by hydrophohi ¢ plastic sybstrates.
eleitsisp IiSFrPBAPERE |t99¥oaspﬁ£f Pfgéqﬂéywﬁ'é 8asi prd 120
inte MR ' ; d reduced nunbers of I/0O
lm]bl nesgglr%g\(’}ﬁ{e%%w@gg ue Htég‘é:bﬁzm addr essabl e array.
Conveni ently, insoluble pads 102 when fornmed of a

[0@48]y mdn al alternaie mofirnenfd&emptgd srblGRA rod 68, & or m
aclflshRE pRIORERTFR 200l sranged ap LGRS PhATRU e

elggtrotieicompldiss 202d Haehtvwehking/dduhterradedironle dorkpiep202e ;
102 i red.

I, h d d
incligloR A SIAGIeVRRLIMEB IR BHE A SAToLHPA A AP OF RS
ol U 25806 5 trd G PHIOBH 085893 T 00 et

and pads 1 need not rict Cartesi an.

of wngém,ecn;m 246a. 2860 nms(indiyidualivansbeoliastiveliasting
cilfifdas 21 el LR SRA008 2oy BRI S8l1RAp gocn

Fcon
courfdér eledtradec218) elnitthd depidtediembodineerd) thetwarltingpelectrodes

045] | | t t e, embodi ment. depicted in.FlLGS,.BA
216, fRimgbpaial Sk B RN B, SesT CoulferANeing
elegtgozcﬁe BhiHR98/24 B cah bairidinay aadfissed bylpsihglodtRuRtsrP! exes

. Each wor ki ng/ counter” el ectrode co¥ ex 202
elestreda dt8 Crand a ginglecworking elerizeds 346 Vin s-armmasmplact ¥y

- addipRled P ectl S ABLEEMS of EBunef plBbae 1.
Complemidrdly] like pasitionedhiongingl eleciratbssof2dlavorkingétounter
i ndi vi dual | d cql lecti [ .2l ect
ool 8 Bine 257 i Bk s AR P o
A surround each counter electrode 218. In the depicted
enbodi nent, the working electrodes 216 forma parti al

1004, 1§ et B Pt 565 AlBe vBRSLS
working/elecirode complexes 202, complexes 202 may be physically isolated
by one or more upstanding walls or trenches separating each complex 202
from each other complex 202. Channels {not shown) may also be formed in a
substrate 210 to guide liquid analyie to each complex 202. Alternatively, a
solid or semi-solid electrolyte pad (not shown) can be formed on various
working/electrode complexes 202, respectively, and complexes 202 may be

isolated from each other by hydrophobic surface between two neighboured

complexes.

[0047] Again, any portions of the fop surface of the surface of chip 200 not
covered by complexes 202 may be covered, or formed of a hydrophobic

substance or layer.
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el ectrode pair 218/ 216 can be uni quely addressed by a
single counter electrode 218 C, and a single working

r 216 W For exanple, CIW,b addresses_a
‘géﬁ@téfﬂ?%ﬁl at working el ectrode 5 of counter eF&IfFEYaO00111

1. Convem ently, Iike positioned vvork| ng el ectrodes

of wor ki ng/ counter el ectrode co S
[094ﬁ]er d’dﬁh@é’ﬂ‘é@‘?u*%%”@é@le lmm%[;@l @’&X Xfesﬂ tip ﬁefw

w&QQé@e&n‘&d@rder to all ow i ndependent assays at the
varrous working/ el ectrode conpl exes 202, conpl exes

202 may be physically isolated by one or nore

[0a49t arﬁ‘ahllp §00glikesadsiressablechip 198peamsignificaaihrasihing it
nufir of UG ThEE R tor SR e s SRR RER Sl it 81T
resuitah Yove mluﬁmgfmfxggﬁﬁemﬁlt%?ngﬁm thed symmetrlml id
arrgéaééénnﬁf?wpgkmeﬂec ws'ra%m&/ 2L L %@ﬁ%ﬁ)@%ﬁidbe
e ARAPE P 1 ARIAAERL B3 DRrRYchinet S foad o
216721 g,rmmhrmb;le@m‘m?eaﬁstanpeodlsqrrbngm elechapicompaientsf
et il Rl ine B ol ol Sietibrin 298 e
e shioetey, TS B opo TR 501
mepsirad SNk 19 SkHioR: BVENSToV OE MOBUR IRGTRAR 218 about a
sinGib Sty %ne[c%é}@]z1§*eaa dsed io‘%té&%‘ﬁééﬁ@é&nﬁ!&%@n&oo’

an signifticantl reduce th nunber of I nes

ead@qumoeleciroda Zﬂ@ wey tetedt @ diferest targelhinmoleowes fens

oy oSt NG BRLR 0 R SRR LRRbbzod
a udidiGe phosbe meleenleer el ectrodes 218, the el ectrical
background contributions at each worki ng/ counter

[00§01CT AGTEsSS coip AeCmay ba Bie8eT LSy tERanal prpted

circliit B2 teberciogy sﬁhgaéstwswa@fe .Pindke Riepited ﬁmmt@Eﬁ'nent
each ot her

counter electrode 218 are identi 0
generally rewid WoHking aed RPVRter flsichpdes 246, sﬁ@ fRg jiergpnnects
are efched in conductive material atop a substrate 210. Substrate 210 may
be of the same material as substrate 104. Numerous other configurations and
fabrication technigues will be understood by persons for ordinary skill. For
example, electrodes 216, 218 may be generally round, square, rectanguiar or
the like. A suitable biochip 200 may be formed using lithography and ceramic,
and the substrate materials can be plastic, ceramic, silicon and the like.
Working and counter electrodes may be formed of at least one of platinum,

gold, metal, carbon, carbides, nitrides, conductfive polymers.

[0051] In operation, array 100 {(or array 200) is first incubated with test
samples and then washed. Remaining water is removed fromthe
hydrophobic surface, not covered by insoluble pads 102. Since this surface is
hydrophobic, water can easily be removed. Thus, array 100 {or array 200)
can be treated as a free-standing component for electronic detection without
the problem of cross assay interference, since every detection site forms a

12



measured signals. In addition, every group of working
el ectrodes 216 about a single counter el ectrode 218

ed to detect different sanples and eac
%?@Qﬁg&dg ) ectrode 216 may detect a different F(ngg%uosmomu
bi onol ecul es for nore flexibility. Each vvorki ng

kRGeSt b Dotaloh: piBor b BV Rtk 96dhads, 200 may

be fabricated using conventional printed circuit

[0052) d Oredanhyhus beer ingubateddn shiokist sbmplesnartdwashed,
and

d t d odi t | d Ki
a2y J9D(o" 3POKA Heod S55eNey WA B ARSETdScaRY 40
defiick B%dmb!écﬁmH%bVﬁJdﬁaéseDNA' rnéicﬁ ter Pﬁﬁélﬁtb%d?ﬁéé

Substrate 210 ma t he sane al as
praximatereach a@eswmm @n!wan elemirddgupair 16,1 18nor

cofpHiyBRMEPbEGIF paY 23518, MR FribafinechSiRIRG]

behanjiotst tgrjet hidléoulsDendes Shanges of hetsdhdidhaglecirodd he

i ke. sui tab i ochi ma e fornmed usin
'"t‘?rf%%d@P&HHQC%néy 88?%96 zunggﬁg "i'ﬁ@ ftﬁ%?ﬁ’%ﬁt%‘"hét"gqm%%" :
be §efbchey Pl astic, ceramc, silicon and the Iike.

W.‘)rkl ng and counter el ectrodes may be formed of at
| east _one of platinum gold, netal, carbon, carbides,

[00R31 r i dbat lsfz@afaueddreaswow%m@mn[&b@@&qdq PRID LS. 1801
arr%{a jgc}’ (A &049\‘?@@{] Bc\%gﬁggéd af%ﬁeétm%%@%?geapée%ghé@? in

and
FIG. 6anandéB. Gpdnizphaitkicg slecirade pamﬁ'lﬁc 248 oédriay 200 (FIG.

SAWJRY b RUBIA Ratefed. SRS B e tiadt utBoyn test spmalp
andife roW'eladtiode PEhay @@nn@@elreﬂ%t@doameaaﬁéreﬁrﬁmadl ng
conponent for electronic detection without the

Novp, 151 ERegiang? bsiweanithe mestaredmaie eow P elpctrodes

116584433 8 Rurkibf of feliBiertey (o) 0P oA Spplip ¥8hage, can be

exptessediasn, addressable by two el ectrodes. [0052] Once
array has been incubated in the test sanples and
washed, ray 100 (or 200) may be used together with
I mred®ne ectroscopy to detect bio-nolecul e(l)
bi ndi ng, ®tch as DNA mat chi ng and protein bindings,
proxi mat e each addressed row and colum el ectrode pair

'wheﬂelﬁ is i‘éﬁ?staﬁée Mﬂt@ﬂ'(é’ﬁﬁﬁébﬂ&'l@ Bé&twWeRMnBabiv/cohfinn 218.
In such I'i'cations, the binding
elecirode 116, 1 . As will be apprec;lated there is no material inductance

term in the impedance expression for the double-layer structure, and the

imaginary part is always available.

[0054] When this test celi is used to detect molecule binding, the relative
sensitivity is usually characterized by the dependence of the relative change
of the resistance, (R — Ro)/Rq, on the target-molecule concentration, where Ry -
is the electrode-solution interface resistance when no binding takes place,

and R is the electrode-soluiion interface resistance in the presence of binding.
‘Bio/chemical melecule interaction on an electrode surface also resulis in
change of the double-layer capacitance. The relative change of double layer

- capacitance, (C < Cg)/Cy electrode can be used for target bio/chemical

13



behavi or of target nol ecul es causes changes of the
solution-electrode interface inpedance. By
j zing the inpedance spectrum bindin
‘@2?@3@%@51[0053] That is, each addressed row ggf@ﬁﬁw%amn
el ectrode pair 116, 118 of array 100 (FIG 4A) may be
a two-electrode test cell as shown in

del | S
mgFe&"eé%q%%mGls Count er/working el ectrode pair 216,
218 of array 200 (FIG SA) may be simlarly nodell ed.

[005s] | nHewéae@ seRsits MABe impradet! disdn maoploe is @utdn bees
row el ectro 116 may he del |l ed as a, doubl e-| ayer

Wi§”t thedpurar colmn elasdoffdBahitt agcapisiad imBlGndR and 68, or
h@flv&ﬁ?hﬁ% feg}ért@@%eér’]l?yﬂ?% ?h?%&ﬁ&ﬁﬁtérp? %te ]t%’égllgrg ?gn

uncti on

calptilated ps edfled Zﬁs)lcﬂog{f)] / [(dlzow;dlogm%eﬁeréa Jods thesimpesiapee of

i,S t itance.bet
tn Bclrpiis sbllfigh HiBERea ST kg itr Wgn nxHifieing kes place.
Z i8ehé"Rhpedamicel of dhis blebirede-belltidn Intérfecd amethirductor when
expression for the doubl e-layer structure, and the

b"’l%ﬁﬁ"?ﬁ??'ﬁ?&r and Lisfre@ipBckyai | abl e. [0054] When this

test cell is used to detect nolecul e binding, the

[065@% at ipye, 7$lﬁj%iésvﬂié¥elbﬁvé‘§éiﬂtﬁﬂty@i'%r 6L &l FradtrV100'm

endence the relative change of the resistance,

the presemes wfﬂadu@nr 120 (Fig: §8), ansl indbe ebsemescof induston 120
(FIBOBAS, B, 4 ST 6Pl R ELREA S Bnoen
antibozig), rfoﬂmr}nﬂguidneeniraﬁcgisfc?ﬁm analymt wl'ls ewdllent that the

n 0 em c ecgul.e .
rel e metnRe BPIBIcbarpe gL Phlcalian Sietidas g the
preSEAGDSF 41 irldutch MIRIuRh InfHRE tePhel rbﬁdﬁ@? resh Qﬁngzé lcRbhy& of

change of doubl e | ayer ~ capacitance
thegiysiem wﬁbowaﬁd%@ouﬁ@ bl th%ﬂeg@lts praiceripiedavith sagip
Oth%pOS/ 095991 PCT/ S&005/ 000111 nol ecul e detecti on.

0055] However, sensitivity may be inproved if an

i nductor is put in series with the row or colum

[00ETE ct Atieieaddition ofian ingictde i, dhe impedana@ befBeandowndor

col@ﬁ#{%&%&,@p@%5:159@&@{3%0% 216, 218. The sensitivity of

zZ =R-j—]—+ja)L=R+j(a)L-—-l——) )
oC - wC

[0058] Thus, there is a specific resonant frequency, fo, at which Z
approaches the minimum value of R, and [d(|Z - Zy|)/dlog(H] / [d|Zol/dlog(f)] at

J, will approach to «. A measurement frequency, f can be selected to very
close to £, and to have very small A f = f- £,. Since [d(]Z - Zo])/dlog(f] /
[d|Zo)/dlog(] value can be extremely large when f approaches to £, the

capacitance component change in the impedance (inductance is fixed) from
target and probe molecule bindings or interactions is significantly amplified at
a measurement frequency close to f,. Thus, this method can be significantly

increased the measurement sensitivity.

Y
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calculated as [d(l1Z- ZoJd)/dlog(fl] / [dJZoJd/dlog(t)].
Here, Zo is the inpedance of the el ectrode-solution

ApBEEhSg 200 he | hductor when 1o bLnd og L oK feppsnoonn
i nt e;face and t he inductor \l/:vhen 7b! ndi ng t?kes pl ace,
ates
1OPEPL ; b sUEf SRy PTG B8 ancaddres e hFay 6 forms

patrh@f Pt eppaa'atds 9g)da einple ihElchFHGO nﬁBbconﬁ@dtﬁl mn"téaeurmg
usj ng .the sa

absence of inductor 120 %
deyjes 14%tosaireted Rairnef f@W@Q!@meelw adlesr @m‘l‘iﬁmomwate
t t h
peRBH02° Bhdamgl mekRlify Betie8 1221ehaY. i Sxcthole it Yorh
a @draregboml impedansoa/foaguenny ahalysen ded may mlc:hsdepa eambje

an i nductor |s ch hi r,t tlve
reflefy wiliagesRirstat 51 aAeBE ol b RoMRREE . and
oe!@@tdas %02 shasastaneenitslwittintRdcnliuhih Slastiod®phri16, 118
[0057] After addition of an inductor, L, the i|npedance
is iptargeRiectsd \aﬂame@@um&]d@Wé@ﬂ?@@é@nn@tan@lwme be O

Z=R-j C+jo)L=R+j(roL- (2) [0058] Thus, there is a
omm fR&u/&aammeétb.%Wd 186 mé}lthéﬁ 'b@fbp%rated to

proaches the m nimum value of R
mtqggl)mnt@gqasypng dpwgdzﬁdw@(:h)@w&mlumn mlrlﬁﬁpﬂﬂ&adﬂort o}

cadiProleEAPHETTE, 1BTHEENho devi 28§ ihfobinaitd
to thdg :bﬁr/eolM)ﬂaiﬂ IS, 1B and ciwﬂbﬁlﬁlgmsﬁgbwangﬁﬂgmmcm to
detEiine e eusdaie ot doe runERyE Pt A46; 14fkasAdunction of
frecg é?{éycﬂ'ﬂBQSsmﬁnd m%aarkwneabﬁwwcom BleRRBdEpfoH e

indings or interactions is significantly anplified at

11&mgk beuneasired usisguasrsuringgdaviea122, to teterming the net hod

frecBRel FesrBe o el B DR B et

solUtidpo %Ite@natisze(;h changed inusipedbace ahoFhéar ABmage measured
addressabl e array 100 forns part of a test apparatus

for each rawfeolyne dlecttasieqrain 216,i1#8er &mmrBOfa'owémﬂumnng
seleﬁcngcl?f%%l {oi} %@4 él%taggnﬁﬁdééicg 1:1 ZEWéf Be %Brpltroheecf Br gdes

generat purpose computing device under software control, in manners
understood by those of ordinary skill. Resuits may be tabulated, displayed

and/or further processed.

[0061]  As well, use of exemplary arrays 10, 100, 200 is not limited to

detection of biomolecule interactions; it can, for example, also be also used

~ for detection of chemical analytes. The exemplary arrays 10, 100, 200 may be
suitable for a variety of applications including for example diagnostics, drug

discovery, pathogen detection, food senéing and environmental protection.

The arrays 10, 100, 200 can be used to defect molecular interactions such as

nucleic acid hybridization, protein binding and other chemical/electrochemical

reactions.

Example 1:
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pads 102. Exanpl e neasuring device 122 may, for
exanpl e, take the formof a conventional inpedance

\{'69&)%55]5@(1 anal yser, and may include a vari abl gﬁg\%ﬁ}oosmoom

réquency vol tage source and an amreter (not
Row'.colum Pn,1 . to selectors 21 124 and 126 nay

t ' : t
10827 BloolOHB L UsPhg o o IOy Nl | <

contaimirgn¢ M pymlaepurcpeml)!rowwh)um?% bufferoras prepased

as GAOIGOA DEOL o8 SORSTh Bk AT nTais IAT hrep RSy JEARYT A%r
anti-A¥Co8 4 tﬁﬂhrdnribl&ald@&sa@aﬁmatmrm efAIES, 12 qu;glbfk,

i nterconnected to that row colum pair 16 and
purclyaﬁe@bfrcpmrsﬂ:ga, intor 3 geofoolitianytieh glassy car Qﬂ\e(tc'éé)m

eje(fl “ncecl on 2‘?&' re%%égﬁtgy)wiliréggsb |rf1°éé{|éﬁ%ggance o?by

an dachochanticslldepositibe etithdlie pragusot $6!,ut=o=1 tentaining pyrrole

anch R atiing theeeenamica| depunian 4 artbodsh BHE et ne

largBF §|§ﬁék5‘eear%fa tRan it of 8@ GU, @Ad ﬂglﬁg@éle\é&bde w&nam:sea
ance at or near . neasured for each

N1
as romrgijmn@l&mdeaereﬁae@fn@e CMl@O rejentigstaiwas used to

conf 3 Rl Phardfipt [ Ufiover” 01 NS PUUAGORE tall e ¢
for elestravhernickl rsynﬁfasma'ﬂ’he @olitADl wasentrapped in therphiypyirmbel

fim g% 4 Bse malRanis o A2 T, ATouAnb o URY wBr RIl 7

molé@.ﬂe Qf SEIROTR. Afdér e W?p}irfblelb&ﬁem%ﬂﬁbe $ilm depbsited enl theo
detecti on of bionol ecu

e inter % ns; it for
- micreglgetiode stirfgee gad waggingsdvith Bg oea?lgm éﬁs‘ﬁ? iR ni cal
:mpgq}lﬂ{aéégﬁgqyéﬁam raf%o%mzfec%.%ché%al RRGHAEY 1287

or “a varitety of a cations Including for
was aisadiio enatisagnthet m‘m@dadcﬁgzo ithe &l egﬁctfpde v &% buffer.

SoluffpS afthpacealetias o s oy FLHLTa iy B PBS SR

|:are|:JEPéd351&vI bafied Bﬂlﬁibﬂfrﬁétﬁﬁa PUR/Pyasle/dMIcAET elavtiodes were
di zation, protein_bindi ng and ot her

| submﬁ@@dd&l%@lb&@fmium with dlff@aewqmgn refonspfA4T, 15

respectively, for 1.0 hours. Then the electrodes were washed by PBS to
remove unbound AZT and placed in PBS for impedance measurements.

[0063] The impedance change of (R — Ro)/Ro vs. concentrations is shown
in FIG. 7 as denoted. [d(|Z - Z|)/dlog(A] / [d|Ze}/diog(h] values were calculated
with step of 0.001 and shown in FIG. 7 as denoted. As illustrated, {d(|Z -
Zgl)ldiog(f)] / [d}Zo)/dlog(H] is more sensitive than (R — Rp)/Ro by almost 1

order of magnitude.

- [0064] Alterné.tively, the éensitivii;y enhancement by adding an inductor
_onto the detection circuit can be conducted by introducing a virtual inductor to
process the results obtained by conventional ac impedance measurements.

For example, in most electrochemical sensors, the components in an
~equivalent circuit are resistance, the real part, and capacitance, the imaginary
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WD 2005/ 095991 PCT/ SG2005/ 000111 [0062] El ectrode
preparation using array 100 (FIG 4B): A solution
ining 0.1 Mpyrrole, purchased from Al dr| +

v%%gog)ﬁ%glr was prepared as solution A A sol h{??%ﬁzqog/poom

probe synthesis was prepared by adding 1 pl of

ti- ..281 .D.  t hym di I used in trea t, of

' Sedigeg) imagity b fhe R EEMRHERT epdih o don e
prodessiigudnddalbulatng thRsspefiniche dafQhith BeeSIN aﬁ%hﬁﬁéﬂanB

nm was used to i mmobilize pol ypyrrole/anti-AZT probes
meifod feserhad aayem dep. . ition ... 1,411, the recusor

soluution containin p n Vrrole |ca. uLUdn ic.+a

[ogesye” F\Of ddufse, tHY dbBue d@édr’ﬁ@&\émbodum %e%% %‘{d b

| ect rocHem ca dep03| t1on, I num
illustrative only gad is nofveaydinaiting. Fhadestrd:edrﬁmbh@n@ﬁis ahd a

| d
califin B L RSO ARty ErePtR rodRan) MEfiteior S P . used
arrhfgern@ garl%}’dé!aﬂs‘aﬁﬂbﬂiﬁﬂiﬁbpe(a@ﬁh qherinvéhtibnt fatheis

vs. Ag/ Ag for four cyc]es or_el ectrochem cal

in @ﬂﬂdﬁeﬁ@omm& aﬂtsucm%ﬂ%wtaw&mqwe; as defined by

thd%% ¥Ryrrole filmas the probe nolecule to detect AZT,

ow nol ecul ar wei ght protein nolecule in solutions.

After the polypyrrole/protein probe film deposited on
the . mcroel ectrode surface and was rinsed with PBS
solution,a Solartron Inpedance Frequency Anal yzer
1260 with El ectrochem cal Interface 1287 was used to
nmeasure the inpedance, Zo of the GC el ectrode in PBS
buffer. Solutions with concentrations of AZT from 10
pg/mM to 1 fig/m in PBS were prepared by series
di [ uti on method. Polypyrrole/anti-AZT el ectrodes were
subnmerged in 200 pl of solutions with different
concentrations of AZT, respectively, for 1.0 hours.
Then the el ectrodes were washed by PBS to renove
unbound AZT and placed in PBS for inpedance
nmeasurenents. [0063] The i npedance change of (R -
Ro)/ Ro vs. concentrations is showmm in FIG 7 as
denoted. [d(I1Z - Zoe)/dlog(t)] / [djZoj/dlog(t)]
values were calculated wth step of 0.001 and shown
in FIG 7 as denoted. As illustrated, [d(IlZ -
Zoj)/dlog(t)] / [djZoj/dlog(fl] is nore sensitive than
(R - Ro)/Ro by alnmost 1 order of magnitude.
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[0064] Alternatively, the sensitivity enhancenent by

addi ng an inductor onto the detection circuit can be

conducted by introducing a virtual inductor to

process the results obtained by conventional ac

I npedance neasurenments. For exanple, in nost

el ectrochem cal sensors, the conponents in an

equi valent circuit are resistance, the real part, and
WHAT EpACAMEBRES: t he | magi nary 16 WO 2005/ 095991

PCT/ SG2005/ 000111 part. An additional imaginary part,

the virtual inductor could introduced during

1. pAneddmsissgplantipeahpubiagi ng the experinmental data with
the S/N anplification nmethod described above. [0065]

P EB?}\'% t he above descri bed enbodi nents are
Iatpﬂmﬁlﬁﬁoitcbdn&r eldctrogéy fatrhed oo bhiy sab@tratet no vvay

’ nbodi ut
t AP o1 BorSiE aDBtet goubs o rigie) Py | apensfRg gipctrodes
encircfi®y @ach 2f rsarypREdlity of cpaites elededddsl andirdbotrioddty isplated from said
coun ST S LT e i B S oy coumer
electratief i ned by the clains. 17 WHAT IS CLAIMED I S: 1. An
e chi

SO PR SRS ke 6 ARSI o Wi Brce. o

gener@ﬂeu{ atbﬂehtyaldér vetestiongofedhent/biodgizal Frobe Emdabrgetintblecule interaction
af, wor Ki el ectro enci rcling each of

P'°X'"%£?apﬁlﬂ9¥a 91‘39”@?”‘6’&" e dio g@frodes and electrically

isolated fromsaid counter electrodes; wherein the
r Ctr s is at an ua dlstancefr
2 oofellp o sl Fomer i Minahine ERTHBLF R S formed of at
least @learf blatifer®, fold, matak camoneedrbides wittilesy andlcbagiectise polgmers.
to generate a potential for detection of
cheni bi ol ogi cal probe and target nol ecule interaction
3. pThJe(blniﬁtoe afy @aicramé 1gaix] fmment:ampntmng iahpast evd walll &selating fluids

proxinfate ok SRl pfhe Slatirade ot Fiby RS of Ak pOG Gyetroces.

pl atl num gol d, rret al , carbon, carbides, nitrides, and
; C?h cti v Héf
4. |p o an)P 0 s to 2, further comprising at least one trench isolating fiuids

proximate each of said counter electrodes from other ones of said counter electrodes.

5. The chip of any of claims 1 to 4, wherein said substrate is formed of at least one of

plastic, ceramic, glass, rubber, fabric, printed circuit board, and silicon.

6. The chip of any of claims 1 to 5, further comprising a plurality of interconnects
allowing independent measurement of current flow between each one of said counter
electrodes and one of said working electrodes about said each one of said counter

electrodes.
7. The chip of any of claims 1 to 6, wherein one working electrode about each of said

counter electrodes is interconnected with one working electrode of each of said groups of

working electrodes.
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3. The chip of any of clainms 1 to 2, further

conprising at |least one wall isolating fluids

proxi mate each of said counter el ectrodes from other

ones of said counter electrodes. 4. The chip of any of

claims 1 to 2, further conprising at |east one trench

isolating fluids proximte each of said counter

el ectrodes from other ones of said counter electrodes.
8. 5Thd bhlpodﬁlapy of c!ams bio T |vehenmsinleatio oflsaitMoeurdemnelscetrodies is generally

tr i s.f at | east one of plastic,

rectan%;ﬁl% q@%.% ?rc§r§8IaFﬁbs§§Pe fabric, printed circuit board,

and S|I|con 6. The chip of any of claims 1 to 5,

f t her ri ! a, I r.c t
% o Piegd ARepCra R Tl cBhbg o BHERS] 3, prectotte pacs
each hnetlam@n opactlf eaid ofurder dlectrondseand et currodsdngrpogmnedf working
ebcﬁ<£ said worki ng el ectrodes about said each one of said

EGnter electrodes. 7. The chip of any of clainms 1 to

6, wherein one working el ectrode about each of said

counter electrodes is interconnected with one working

el ectrode of each of said groups of working

el ectrodes. 18 8. The chip of any of clains 1 to 7,

wherein each of said counter electrodes is generally

rectangul ar, square or circular in shape. 9. The chip

of any of clains 1 to 8, further conprising a

plurality of electrolyte pads, each covering one of

said counter electrodes and its surroundi ng group of

wor ki ng el ectrodes. 19

19



