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m xture (often referred to as "target"” nolecules) in
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detection is safe, inexpensive, sensitive, and is not
buBASKEROUND OFTPHEXNMENTION ous regul atory

requi renents. The devel opnent of m crofabricated
[0003] Methods for electrical or electrochemical detection of molecular
interactions between biomolecules have provided an attractive aliernative to
detection techniques relying on radicactive 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 electrode (often referred to
as “probe” molecules) and molecules present in a reaction mixture (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, 5,1 8?,096, and 5,891,630.

[0004] Eiectrical 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



arrays (mcroarrays) of bio- and chem cal nol ecul es
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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 orthogonally 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.

[0006] US Patent Application No. 20020090649A1 discloses a high density
addressable array for electronic detection biochips. The array, however, does
. hot provide for true four-terminal electronic detection for high S/N ratio and
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add?e%%ﬁ%scq@n%fﬁychip array for the electrical or electrochemical detection
of molecular interactions that are effective while reducing the cost of
performing various analyses, and that can also be easily and cost effectively
fabricated. Such devices, and methods for their use, may have wide
application in the fields of medicine and genetics and molecular biology

research.

SUMMARY OF THE INVENTION

[0010] In accordance with the present invention, addressable bio/chem
chips include a plurality of isolated test celis 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,

3



at least two el ectrodes for measuring electrical
char act eristics of probe/test nolecule int eractl ons
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[0013] In accordance with an aspect of the present invention, there is
provided an addressable chip including: a substrate; a plurality of counter
electrodes formed on the substrate; a plurality of working electredes, 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.
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| NEEFIESCRIPTION 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 cﬁip array of
FIG. 1;

[0019] FIG.3Aisa partié! 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 another embodiment of the present invention;
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[0017] FIG | is a perspective view of a bio/chemchip
array, exenplary of an enbodiment of the present

Qven |on [0018] FIG 2 is a top schematic view
‘t A8k bi o/ chem chip array of FIG 1: [361@]32005’00"1”

FIG 3Ais a partial cross-sectional view of biolchem
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[0023] ar gmwam o enlaege:bviawezﬂh@ﬁwntgr-wodﬂmm eléstrode
| e .chip.of FIG SA; [0024] FIGS. 6A and 6B

aa%{'pgsa&%g%tqr&-um % ans of test cells of the bio/chem
chip array of FIGS. 4A and 4B; and [0025]. FIG 7 is a

[0094]ip hFIGS..6A aat i6Barkcsehermatic iagramsalf iesicelis of the of

i.ol che yS, of FIGS. 4A and 46.
blogﬁqmq?gba &f&%dﬁ gfa apflc | schematically
illustrates a four- term nal addressabl e bio/chem chip

[0025F aYFIB).7 |§>ée%f’égﬁ"lms%tl trenderditivity of edst cBils of eent

i nventi on. ustrat ed, array 10 includes a

bio/sherst ehip arays %ﬁl&%-l% #ddB.of width w se extending
m crochannel s I4a and 14b (i nd| vidual ly and
collectively mcrochannels 14). Substrate 12 is
fornmed of an insulating material such as plastic,
ceramc | ass, rubber, fabric, printed circuit board
si DEJAMLED DESHBIREQMNNs t hereof. M crochannel s 14 are

formed in the top surface of substrate 12. Exanpl e

[0036]C" PN RhembhcARYilisrdies BRsuEhithas aaNRREAMBAl

bio/chem chip array 10, exemplary of an embodiment of the present invention.

J0027]  As illustrated, array 10 includes 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 techniques, and may have widths on the order of 0.1
pm to 2000 pm 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 subsfrate 12. However, microchannels 14 may only extend partially

between edges.

- [0028]  Exemplary array 10 further includes x-y addressable row and



etchi ng or enbossing techni ques, and nmay have w dt hs
on the order of 0.1 pmto 2000 pm and depths of O. 1 to

‘%&go mFor clarity, depicted array 10 only_incl
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i
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S, Wit

S s r.ef.er.e unt er,electro ut .
1628 Herd eTivaI PP LD Fach Qi 1 o pepio s Smbociment
of r-“réﬂfzﬂsr%é\béfsctfé&és(w afd RETEA RTINS siZd ddieraly@unfiand,
are V wn oach channel and isolated from col um

corElL@hva pad;s;wml_n rrisvechaangls 14m Examplealiernatesshapgs fere
bR Vo R g B on o o
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'four row el ectrodes 16. A suitably sized substrate 12
i ncl ude any nunber of simlarly fornmed row

[0039]ect Rowmectm@tes[My brdyowided @t sbaginas ondlye peder of 0.1
pm S gﬁb ded xemBIa Pc%/cgﬂnilép Sle%{rggés % 18 fave sizes on the
order of 0.001 um to 500 um, which can be fabricated by conventional -
lithography or hanolithography 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 elecirodes”) are iocated in microchannels 14
outside of the éddressable rowlcolufnn (xly)-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 electrode
16. All positive voltage electrodes 20 and negative voltage electrodes 22 of
array 10 in microchannels 14 may be electronically interconnected tqge’c_her at
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mto 500 pm Exenplary row counter el ectrodes 16, 18
have sizes on the order of 0.001 pmto 500 pm which

n fabricated by conventional |ithography or
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row colum and voltage el ectrode materials include
?|Id or porous gold, silver, platinum copper,
?B&%i um chronium al umi num netal oxide, metal

carblde carbon, graphite, fullerene, conductive
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ative vol tage el ectrodes 22 of
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[ 032] Since the function of vol tage el ectrodes 20, 22

is to establish an electric field in channel 14, they
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| |
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pair§'ef fdwatensintOeldeisdds P718.0r significantly reducing

[0034] In operation, different probe molecules or sensing layers such as
DNA, proteins, peptides, etc may be immobilized at or proximate row
electrodes 16 in microchanneis 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 info or through channels 14. Optionally, thereafter, the channels may

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

- [0036] A volitage is applied across elecirodes 20/22, during or after flow of -
the analyte. This voltage, in turn generates a lateral electric field within each

== channel between electrodes 20 and 22,-and between elecfrodes 16 and 18.. -
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/O lines. [0033] In. the arrangenents of both FIGS.

3A and 313, colum electrodes 16 are separated by
crochannels 14. As such, as colum el ectrodes ar

WQ&?(Q{O%@ a pair of arrayed row col um el ectrBGE@Gi@sf‘“’“l”

18 can be addressed independently, w thout being
i nfl uenced or influencing neasurepents at other ‘ﬂal rs

In §re prospies ohimmaotitzedsnets molagiley to igrgst golesies
pr%@EEﬁPExl ¥ g&e tﬁ@i; f%»ow na%ﬁ.gﬁs e@o@pé? gggig as

ot e
cupemmawﬂamtmtweem maseo‘EI and 1'6rovnami coliotraeletredasii®and

B3 o B EU R TR G o
pr&éh&@@ﬁtﬁmﬁﬁhamzed 158bé& nRISAES And tirget BRBAIe. Sanpl es

contai ning anal yte that may, contq; n target nol ecul es
Alte@auwlmmnadaace ph@mgﬁwzjﬁhe | sroyuandgeluam-glegtrodes

able
ag)r:‘;%e ubl.rcfél'rllll m::l g\hca[ruu?m N%UIO%’, ] \Q%\JSJ%I IF uéugugfhlm.g@\g fb’aﬁ%éd
mohmutﬁtar@tenmleonles:o?r[biml,ondmnowmate rawvicolurhih electrbde paé

Thi I t | at I
16 ad bgiinFea ol Ak ouBebisutRm ge Tandn Grlinoges
g.and between el ectrodes 16 and 18. 8 WO

efodi
2005/095991 PCT/ S&005/ 000111 In the presence of
i mmobi | i zed probe nol ecul es bound to.target nol ecul es,-

[OoaTbx. ‘.E’aatelsmolq%amteracﬂ%s betvesndhe dmmabHized #reks umm
mofbAfel/RArgkR motEeyés e BindBhciitoaly RANEGRENS Rieculdd!
and Jth ro 6 and

unn e ect odes
maybe vefedtehab aﬁﬁsranceugx the lestrienl signal detastad alihe

current ov ify th of ' i ki .
corfe8pRdthg rdw APl ol Blechofe By a0 k.4 881 drBiR adcfie is
applied attemiotihanigar aécttdlﬁelatt thesedmjdrbichiamnetsT4 apl um

el ectrodes ma be q# ]fn ot her conveptl onal
addFRReAb I G be TaPTiaI s 1 dGtostazs GrapR

nol ecul e/ target nol ecul e conbi nat i ons pr oxi mat e

[0038]W CRY YATbE EP?'%% AR humblr of Samplesitaai hiag dat

current will ow bet ween proxi mte row and caol um
indepeadentiftestedsusing array 10 equals the number of row electrodes

since the column channels are isolated from each other for detection of

ele

different samples.

[0039] Advantageously exemplary array 10 enabies 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, array 10 is
particularly useful for biomolecule detection. Conveniently the number of /O
lines for Ihultiplexing 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.



[0037] That is, nolecular interactions between the
i mobi | i zed probe nolecules and target nol ecul es that

b| nd sgﬁcr fically to the probe nolecules nay be
s a difference in the electrical siBRESG2005/000111

det ect ed at the correspondr ng row and col um

ctr 6, .18. If a or solid troI te is .
rorifgﬁ 8 A schgmisticandngs fas?aaeraéterf}agr geidregsd placbamibio
chip STHCT00RR uSe 28 AelcatHiS SRERIFOGHID Wte%ﬁ]ﬁpﬁ’eﬁatus 9.

abri'cated to detect gas conpounds.
Anw;irﬂ@dn@ludds atshbsimaietid0 !wmmgeagraﬂlm plananguiace and an

argy S B E°d bol phEeeReniL s ety B, SUpsierFo

m ysmal Wcﬁ'dpfﬁdlﬂ@ dgraphtaRl With afhytiroptiobit catingf Ardlhﬁélﬁbl%nt
npl es. [0039] Advant ageousl lary arra

layer 48 @?Wﬂ'ﬁd“ﬂ%ﬁ@fﬂfﬂbﬁﬁ ) semﬁ%@u‘ﬁr@ lyrBakele Mresoads

an\h.-I.hG.-anhL. }\gw L84 e MR YoSeRTIn dAPitt 80 NRhE

(L] U

"andel'ecirochem cal array sensors. The applied
embbérmmﬂmchr elettoblytetpadet02oirther coifery al praxyjmade eolunudes

20/ 22 y al so enhance the diffusion rates of target
elesl'lr ‘fﬁ)i‘ﬁul es in analytes if the target nolecules are

charged. As DNA and many ot her bi onol ecul es such as
[00gipt ePads 402 m\abe adedrtd amd}'qsrpbermd;cﬂiés i Pads 102 may,

I | f bj .0 | e, det ect
for B4A0BkE, b fodnathel cassbrkest MFesel i 654 BF R4 BY exi ng
priritr“ﬁ%; 'oP ditpRAsmgd N@%Q%std’ldf a9 He BHAGE bPNI C
detecti ons. dr ophobi ¢ coating or additional
po!yamrlamidmorp pairs oblow/erlumnerigftreses folipwed by it depgsitians
of s fiRdle sl Frorhet By B A S IGO0 i 8357
arra?@d/rmrdhﬁo \Afier U\Dadfing, Fihéistréptawm matieades sre
tr | t t bl he
entigppi iy Bt e o EROlneE REPF B GGRe B dE Ao ARY
bzotir@ﬁie@ﬁﬂﬂfeawmo?ﬁme?\wmffuh@ﬁbndl groRssuthafme g dick!

havi ng a general |l y pl anar surface and an array of row

grouprdoE Braiei RIPRe atta@ryaentlt@n alsg bedisedd Aliesnatiygly, the
o 3 o ity
rowfcolunireelectrodef solid, senmi-solid or pol ymer

el ectrol yte pads

[0042] Pads 102 can be used in both gas or liquid sample detection. After
incubation of samples on pads 102, excess liquid will flow out. Different
arrayed cells are isolaied 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 pad 102, as desired.

[0044] . As will be appreciated, arrangement of row and column electrodes
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102 is coated on top of each electrode 116 for
formation of a test cell. In this enbodi nent, each

el ectrol éte pad 102 further covers a proxi mate co
VEP 2P 118. [0041] Pads 102 may be used toPST’tSQE‘}?SI"WUl
probe nol ecul es. Pads 102 may, for exanple, be forned

1, B3R RS D AEa oD be ALY S Testr, BalReos BIS/2GH e

coitﬁﬁﬁ@ﬁ:a?farrdﬁ@éd%ﬁﬁ(ﬂnéfﬂ&%@% Rathrewle HRMEUA g EbIumn

el ectrodes foll owed by the dep03|t|on of a mixture

et@c&tqdesaﬁe@pnn@ﬁ@m getipg|cl peds 1830wk pagh #ad di0R onl y
t e. After UWV-curing, the
mtgﬁmglﬂégk n ﬁggé%‘e’:&f@grggpraentrapped in the
pol yneri zed polynmer matri x and can be used to attach
Jo@48] Hhanialigirete demhodiment/tlamxrledm FIG$.-6A and 6B, rzal

acfffe3iebe PSR Ao 20 KAERGR as UL bl Farcpintsre

eleRtrBaé ﬁ:ehwesceezz@zl @amorhmgwm &M dtRidelsamsiex 202

attachnment on top of pairs of row colum el ectrode.
incitgles smg!es:oyot;er@éﬁwsée AI8surieunded by asgreup|af yarking
t
clef i 288 Sact usfofelin IS8 EacH pupiARes by
of weilkirg sleetrodasl Zatw 2ih§b hy diimgitidbaity mthsmilactmelpstmhmgs

elepiradea At diporakintmante Rlastinfla 220 side Bifiisr SufBing eppy

counideslodtiSid 218! Indfle %Fid & éimBodinsishtemeabdRing dlédtrodes
Conveniently, insolub ads 102 when formed of a

216l partipbifcle pel qacb\ﬁoy@t% glecdoss; (rpah epyinteriverking
I

el By 44 248851l porees A bLY SRRy o0 L

e!eq:tm;teeZ’t& Ciandia amlg!qowpﬂangaeiecmotﬂé 81eMY,. oo e)temnmieoﬁé/\ls

aadfrina Pl ACu Bk RTE e 537 doliRr ke ® T ove

Corwgil_u SGZO%R&% ;g%sﬁﬁiﬂe@d@ciﬂéln@ﬁ%&h{;&i&%f%&@&kmgkgodum%rt .

ele@mcfe&qrgpe%ﬁq Ry er@%eéawnecg%sg fhﬁsg él“ﬁtefﬁﬁedr}ﬁf'&
_arlranged i n numerous ways, with row el ectrodes and
col um

[0046] In order to allow independent assays at the various
working/electrode 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 analyte 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 top 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 ectrodes interconnected to groups of pads 102, wth
each pad 102 interconnected with a uni que el ectrode

air. %5045] In an alternate enbodi nent depicted i

eSO %nd 6B, an addressabe bi o/ chem chi pP‘EB’éGFOé’s’“O"m

arranged as a plurality of working/counter electrode
conpl exes 202. Each wor ki ng/ counter el ectrode cone{ex

o481  ifrebemalequles mgy bedoumehiizeg preximair thelp of ea
by a group of working electrodes 216, as
Wog@éégh%ﬂﬁs?rat ed in FIG 5B. Each group includes a
plurlality of working el ectrodes 216a, 216b ...
[00497di \Chip 200 Vikeredidozdsiablet ¢hip 11@0ncarksiggificantiyoedude ghe

216) . i f | de 220 f
nughet ot 8 ToeR P o mplT BbBR Bt dnlifle o
resﬁmwmhufabhﬁ: Ewdstgﬂ %@h\%ﬁlérﬁ@e&ue ?olﬁsef@ﬁmam@art i al

circle about eac ounter el ectrode.

arrapgemnentafiwratking elastredes 246 abaut GMW%GW%%‘!S the
elefficdt kRGNS oE b oI ainie BERGAE RaF
2167278, sust disesiasolyie desistance distributiork elegtrehie compmenitsy f

t | ectrode 1. iently, | it
etoy R P renEdate intsTos PRI Brange shitEr BRERbEB AR are
.deﬁﬁﬁapt&és& Shér. Thhis Rani Isigrﬁrm ahbRie tAS SPNThtio of

lustrated i.n FI G [ 004 n_order to allow
meamgémlﬁ la@ﬁdgt@naevw(gmw pbyerking eiRrirgdes 246 abgut a

sin LEF e p SRR R bl o,
eacheparkingi eigptmemmy deictd 2 different m@e‘t !mmeieculaspfbm
mors, ity E3¢8 v Pl PG e, B Gy e Bitablafymiy

a urmfde pAideanBREUNRE! Y, a solid or sem solid electrol yte
pad ?not shovvn) can be fornmed on various

ool AREASE 2o 0P beeaRete B il e
c!rcﬁii’ﬁéﬁrg)f(}gghﬁol 6@8?%@%&’3@ lﬂQhQHBﬁid:Eétﬂembodlment

. ITp aln ortions he t op
gengmi!va@mdawommg @rud c@%@ebele@i/mge& 816 n%‘ts ar&d)lrw@anaws
are %@@E gﬁ géncﬁ%vgg%’a{tgﬁalcéﬁéﬁ %eé?.rbs%té‘ e Subktrdte 210 may

ance
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, rectangular 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, conductive polymers.

[0051]  In operation, array 100 (or array 200) is first incubated with test -
samples and then washed. Remaining water is removed from the
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
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11 WO 2005/ 095991 PCT/ SG2005/ 000111 [0048] Probe
nol ecul es may be i mmobilized proximte the tip of each

wor Ki n%eel ectrode [0049] Chip 200, |ike addressabl e
ERPISABA! can significantly reduce the nunbe?cyfsc?")‘)?ﬁm"l“

lines required for sinpler nultiplex measur enents and

ml&@ungdeﬁtﬂa@ﬁﬁ%ﬂ@g@%ggé@m ur i n ﬁi‘?%{oﬁ%\/em ently,

el ectrodes 216 about counter electrodes 218, the

[088ZCt rOREd akag kas Béaﬁi ireQbhtedin theost sampRehand washed,
wor ki ng/ counter el ectrode pair . 216/218, such as

arravé@flr(@r 20Q) may beusad dogeihali With impesianse speeeseopy to
defF BRARBltule Iﬁﬁ&lpgféﬁﬁ‘e@ bR rrﬁ&&hglg)tﬁgdlg%lﬁ infritfings,

proxi nate a counter ectr
proxieatei emih adn:lresaHd rowreend colrng elestrasiegrairl 11818y or

' N d |
coly BT Bie EoEirhecPoliaBr2 b r B PR ER B, oG
beﬁawéﬂ d’fﬂé@e@ RioRllestRBEE @ﬁangés?oﬁﬁe sefutienesledtfodeet ect

di fferent sanples and each working el ectrode 216 may
mt%'&at@dmpsdamfe eP¥sharagiesieinadhe iwpedames spestrunidinding can

lity. Each working electrode 216, in turn, can
beggﬁ‘{éﬁr‘%obl lized with a unique probe nol ecule. [0050]

Addr essabl e chip 200 may be fabricated using
[0068hv efihabisatagir aqidresrseobnomﬁmlumbcﬁie@m@cmbﬂt@yl Brofa

ey 704 iy 485 ) e ol A R b Bl e st n

FIG. 5 andi6BnCeuniennetiing etuctrode q:hhrdwa; 24 s od aeray \200 (FIG

SAYjTaY he mRN Eodlel. T Gl e hameoh habrdib ! seRele
| andctﬁBfrb\Qlérlé’étde@.f'l f¥hay fb%tiﬁbﬂeﬁiéd% & G@DBIEDIH?ér é&'rddtur@e

under st ood by persons for ordinary skil

Nowsx thepimpedanee bebiren theanost rpoxiaate Eow and 'rcallurpn elngtigdes
1163348 &% = s B Rlutley ()t mpfed Mol 2R T D,

expteh;sedldsstrat e materials can be pI astl c, ceramc,
silicon and the Iike. Wrking and counter el ect r odes

may be forjred of at | east one of platinum gold,
metpak R C n, carbides, nitrides, conductive (1)
pol ynmers. @0051] In operation, array 100 (or array
200) is first incubated with test

‘where R is resistance, and C is the capacitance between the row/column
electrode 116, 118. As will be appreciated, there is no material inductance
term in the impedance expression for the double-layer siructure, and the

imaginary part is always available.

[0054] When this test cell is used to detect molecule binding, the relative
sensitivity is usually characterized by the dependence of the relative change
of the resistance, (R — Rg)/Ry, on the target- molecule concentration, where Ry -
is the elecirode-solution interface resistance when no binding takes place,
and R is the electrode-solution interface resistance in the presence of binding.
Bio/chemical molecule interaction on an electrode surface also results 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
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sanpl es and then washed. Remaining water is renoved
fromthe hydrophobic surface, not covered by

i nsol ubl e pads 102. Since this surface is
Bic, water can easily be removed. ThuBCT/EFR0R5/006111

100 (or array 200) <can be treated as a free-standing

orrBon nt for electronic detection without the
mglegHie GO oss assay i nterference, since every

det ection site forms a 12 WD 2005/ 095991
[oD58Y 3@9\95(1@{0 Qéﬂéltlvﬂ‘ rﬁéyabé‘ irhpReed ¥l rRingtclop i I]It iréﬁenes

| ocati on, dr essab two el ectrodes

witly theyrowas q@&&nn Ble@tmde édﬁ,l & ge depiated mTB{C'eéﬁaﬁdd 6B, or

coWﬁ%Z@%ﬁlgn& e rogig%'lgigh%o%% ﬁ\ﬁ%"%ﬁﬂ rrglt gter%&%a%é h

caloulededgs [d(th andey\(f)]rB[timlldlggﬁHdereqt&I in the ingpetizmice of

r t h ) d | | ectrod
thd e chraais Solion dGHAGH PHR G AUGPLURPE A8 BIRfInG Jes Hass,
Zikthe PRk o Fid QBEtro&élgolQhé}fj in@fad@&iﬁ’ tHeS m&ﬂctbﬁﬁvﬁ@ﬁ

cul es causes anges of the sol ution-el ectrode

mol e
biﬂdinmﬁakaﬁzélacﬁpéddﬁtﬁdre@b@néhar acterizing the inpedance
spectrum bi ndi ng can be detected. [0053] That is,

[0GSRTT G Lot b6 ol SeRIMP R oPBLL ocirarelf Yot iy

thet presenc of inductbot20 (FIG. BB ar@AnaheI aBsé&nce of inductor 1 20

(IERBR) g i S5l e o Sl
tlilﬁidwerar \Fdiﬁ)ti@.%dﬁl@ehﬁﬁﬁor\%&i?m@anﬂ the enmnetr@ﬂr@de

116 may be nodelled as a -l ayer structure.

relatiye Imnséa@ﬁﬁ;emém&haﬂa% omrow%!umteéeqtmegna the
pre%@héﬁ@f & ﬁ?h&ﬁqﬁému%ﬁ B I'ﬂa}ﬁwc?rﬁﬂef}efa‘ﬁ% tréQE‘tggEe change of

requency vol tage,
me@ypmwuomnﬁuﬂe;, Gn(ﬂa)oth thiecresults are corrélatednwith eachi C

othbs t he capacitance between the row columm el ectrode
?16 118. As w il be appreciated, there is no nmateri al
i nductance termin the inpedance expression for the

[Ooabpbl Aftecgudition ofian indectoand théémpedargienbetyeparowiand

column eY Sé:tr%\c/igé lﬁg! ? 18 will be
Z=R—- '--L~+ il =R+ '(mL«--—l—) (2)
=tect SOE5C

[0058] Thus, there is a specific resonant frequency, f;, at which Z
approaches the minimum value of R, and [d(JZ - Zy|)/dlog(f] / [d]Zo]/dlog(D] at
f, will approach to «o. A measurement frequency, f can be selected to very
close to f, and to have very small A f = f- f,. Since [d(|Z - Zo|}/dlog(H]/

[d|Zol/dlog(h)] value can be extremely large when f approaches to f, the

capacitance component change in the impedance (inductance is fixed) from
farget 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.
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[0054] When this test cell is used to detect nolecul e

bi nding, the relative sensitivity is usually

characterized by the dependence of the relative chan?
/00111

"Y)‘? 2H@¥Esi stance, (R - Ro)/Ro, on the target PREPERY

concentration, where Ro is the el ectrode- sol ut| on

OB RS TS B ol e S oo

part aolfegﬁﬁpﬁkfd?aﬂlfs dol Wbiﬁ?le inBUSKOE hﬂﬂnﬁéfcoﬁﬁb&@ﬂ ﬁleasurlng

i nteraction on an rode surface also results in

devicai@a torselavtediprirs of rowyesiuron sieaticdesd 167148 pedximate
. /
pafip 3087 Eenir RiststMidioute 2z il i lamiie ke e fopm of
a cﬁglgghmﬂfﬂmﬁﬁpﬁﬁﬁc&ﬁ%ﬂt&haﬁtﬁﬁéﬂsemghdmmﬁmdmd _ fvamable
wever sensi ti vi e 1 rove | an
froiigron KHIB08 Spilica A PEEIEIGT (ot ShawR byRen el
sclRherd 108and 406 nidBaodifol YRR iRTchnTR SGochdi Pgqui’lé 1-95

count er / wor Ki ng el ectrode 216, 218. Tﬁe sens t|V|ty of

is inlerecanmectedavith mepswing device:N 22 at any instgdc in time.
ZoJ)/dlog(t)] / [dJZoJ/dI og(t)]. Here, Zo is the

oo g e B EASHIAY T20 Hd h B i 1

internqnmm:h omastirind deebe d22do eash Irmwloohtmnapalr fidéc148dFohe
nd f is

oo il 150, b U3 ST 2 i e Prerpomnected
to tﬁﬁﬂ‘éWtbdluﬁ'm pRir Bl6, 998 andl! de(c@‘d tﬁfdt@h d Rbhdeof ﬁétﬁnencaes to

presence. of i nductor 12 , _and |n he' absence

detgming dhr inppedange quegovmlunn@aigﬂw @a@%aéwmtw\eof
b
ek REY apNSe-ulfie fecBhogor €438 (WlcbRh pRonBh paft v,
118amiay batmedmired bsing rmd:ﬁurmg davnmd’h‘i’ﬂ; do d&tén‘rtm@l thechange
f th W/ t des

gl b SHeS B RIS e PSS B e
soluiidAn Peteplativelie cﬁé{ﬁge@Th\&mbBQﬂﬁcé BESChEHr. f,;afﬁaﬁ Belfehdifed

results are correlated wth each other 57] After
for eathi rowdeohaihinafedtrodieqiair 118, ,418h eOpEmﬁmmfe'ohﬁiOMan row

selqcPC@ J'Igaﬂ_angnpgogcé %}Ogggﬁnnlglgéwrl;é qZW may Be con{Q ofled by a

general purpose computing device under software control, in manners
understood by those of ordinary skill. Results 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 sensing and environmental protection.

~ The arrays 10, 100, 200 can be used to detect molecular interactions such as
nucleic acid hybridization, protein binding and other chemical/electrochemical

reactions.

Example 1:
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C) [0058] Thus, there is a specific resonant
frequency fo at which Z approaches the m ni num
R, d [d(JZ - ZoJd)/dlog(/)] /
‘Y‘Elﬁ%é@?sai”og(t)] at f will approach to oo. A PCI/SG2005/000111
measur enent frequency, f can be sel ected to very

seto f and to.have Si nce
toofaf 7 Elctypds BitRRiqisind Birky PP FIG ABT Asquidhy ' b
corfhin@eEh Y bﬁm@ phrehadecpipomoRidhiets), WBS buffedwas prepared
capaci tance conponent change in the inpgedan g
as %aluMAaA@@lutlgﬂFQTﬁe?eﬁV%W%S\SdV@%PFe&ﬁg)%%Bé Ry Tl af e
or, j lnof at
antAZE 297 Dl e A ag d e BPAILYS ATHO0 WIS,
purci&rsddﬁrm @rhadato 99/l ofrenluticned. A glassy sathoni&ie)

cleaERS s SRR TR P AR R frbbes
an e SERRRLA RHbaMoA WRANTRE Predloh soliition teskirfnp pyables

99. A single inductor 120 interconnects a neas

anddeiT. d@uqrmhe@lqémbe@ep% gepasiten.aplatoum el wita MQ'}U es
1

lrggoGuuidesPaiR o Bicf of HR{5C; B SAGRRICE oIEERGHE Wb it °F

as rowpadbcslemhretephedey, respéctively. GHcﬁﬁﬁegotenmsajateNas used to

condi i volaraBp TR (S S 1 S0, RUaGE RRTETb ks

for electﬂoch@ﬁﬂcél %gh!hé&slThé\’éhﬂmzpwéé@htmppe@ irether rrole
air 11 IS I ntereconnecte

P .

film g8 4ke prqhy rae@icul@ to getent Addy 3 lnwiraplesulan weight protﬁ!;bao]
I

ol LB A o8 e g sue o v

- mlcmew/otrode surface and vés rinsed with PBEasiutioowadiamienpai r

Impedatice T RARER ARG 126D Wit B RonRaEiaRIEE Ay 1 ©
was LB 8o Mledsiupsitherimpedahce, Zi;&if&haﬂce elettrotieire PBSClsufter.

the row colum pair 116, 118 as functi on, of
Solutlfaaq u@thcqwncamatpfc’é@lﬂ MTgfrPWthaslaeé tofl 1ok in BRPAEBm
propfLE by 841e0 ioh ithod PR B4R Skl wer
submexggedris 200fui bheolutiorscwith diffeseniccansestrationshef A£Esence

respgz‘.tivaelg}, ?8} 1.0 hours. Then the electrodes were washed by PBS io
remove unbound AZT and placed in PBS for impedance measurements.

[0063] The impedance change of (R — Ro)/Re vs. concentrations is shown
in FIG. 7 as denoted. [d(|Z - Zof)/dlog(f] / [d|Zo}/dlog(f)] values were calculated
with step of 0.001 and shown in FIG. 7 as denoted. As illustrated, [d(|Z-

- Zo|y/diog(f] / [d}Zo)/dlog(n] is more sensitive than (R — Ro)/R, by almost 1

order of magnitude.

[0064] Alternatively, the sensitivity enhancement by adding an inductor
onto the detection circuit can be conducted by intrpducing a virtual inductor to
process the results obtained by conventional ac impedance measurements.
For example, in most electrochemical sensors, the components in an
equi\(a!ent circuit are resistance, the real part, .and{ capacitance, the imaginary
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solution. Alternatively, changes in inpedance at or
near fo may be neasured for each row col um electrode
alr 116, 118. Operation of row colum selectors
AN measuring device 122 may be contrBFWéGz‘B’?’OO‘ml
a general purpose conputlng deV|ce under software
i n_nmanners t hose of ordinary

r ol rst

P BditiofipliTagiANyRAT, LB vile m Flop PR dntradiegesduring

proSEsSy il eAeaEasl (Dbt dle vl tnd B KRB n
meghedrgleseilias abaver actions: it can, for exanpl e, al so be

al so used for detection of chenmical analytes. The
[OGBSIE, O SqutSs, 5 ahre, dStribe uBidhiiBpis3ife yighded 2 b8
1I!umrammsmlyaad mi nbgvawllmlunglsy effhe daatﬂibmﬁan?_?ﬁ@ﬁ@ﬁf flg od

sensin i ronnment a ection e arrays

21§85 BB EnSHon ATB FUPERIBIG G Ay BRiiGHUbRs eF Gy ons
ar@H§émast of'béﬂsetiéta% 'aﬁd BY&Er'd?'oééthBﬁ TREGhe oA @h&g is

and ot her ‘chem cal /el ectrochem cal reactions.
intandegddoinconpsss all so¢h PoHielion sfthivoisiscope) es Aifined by
thé%l rode preparation using array 100 (FIG 4B): A
ron containing 0.1 Mpyrrole, purchased from
Aldrlch) + PBS buffer was prepared as solution Al A
solution for probe synthesis was prepared by adding 1
pl of -anti-AZT ,281 D, thym dine analog used in
treatnment of AIDS, at 100 pg/m, purchased from
Sigma, into 99 pl of solution A A glassy carbon (GO
electrode with 3 mMm was used to i mobilize
pol ypyrrol e/anti AZT probes by an el ectrochem cal
deposition with the precusor solution containing
pyrrole and AZT. During the el ectrochem ca
deposition, a platinumfoil with much |arger surface
area than that of the GC, and a Ag/ AgCl el ectrode were
used as row and columm el ectrodes, respectively. CH
660 potentiostat was used to conduct cyclic
voltametry (CV) over-0.1 to 1.0 vs. Ag/Agd for four
cycles for electrochem cal synthesis. The anti AZT
was entrapped in the polypyrrole
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filmas the probe nolecule to detect AZT, a | ow
nol ecul ar wei ght protein nolecule in solutions. After
the polypyrrol e/ protein probe filmdeposited on the
- mcroel ectrode surface and was rinsed with PBS

sofHAT oS £1goiMER rbh: | npedance Frequency Anal yzer
1260 with El ectrochem cal Interface 1287 was used to
neasur € t1HS T MRRANRES ZPHIT tHE4C el ectrode in PBS
buffer. Solautswnstmitteh, concentrations of AZT from 10

pg/m to 1 & pihralityd?IBSdmmed pf inpshitsiel m2¥erRefor ©fding to
di lution method, P '%EP‘%{&O' e/ anti - AZT el ectrodes were

subner ged i F@ E@Eﬁ AEngRsongaidshstetss ent

concentrations of AZT, respectively, for 1.0 hours.

Then the el w!ummfmﬁmg@éﬁ&ﬂeb%alaﬁﬁf £4ld plueATRY 6F work:ng
unbound AZT edanc

measur ement §?ecgrf)a9%§l§ctﬂ:%!yl '%@Bﬁ'ﬂﬁ;"é@r&@i\'ﬁ}é}r@s(‘lﬁsald

- Ro)/Ro vs bf @ddsons i s shown in FIG 7 as
denot ed. [d:I - Zoe)/dlog(t)] / [dl Zoj/dlog(t).]

val ues were Cpgl@'ﬁ@‘y ged wth step of 0,001 and shown .
in FIG 7 a8 gfjcounter;qlgclredes eaeh of said plurality of counter

Zol )/ dI f !
1)/ 00 ke i

" Alternati veP&Wa'l%@f%"é'ﬁsl tivity enhancenent by addi ng
an inductor onto the detection circuit can be :

conduct ed byhisrir @&Bﬂﬁf%g!d%a\ﬂb“é .H@rcdnﬁéas&%?ﬁ&of said

process the results obt ai ned by conventiona
‘i npedance nilyEalbeefvarking elestrodesaangdiase of gaithpiurality of

el ect r ocheni@iars88tu@k8s; t he conponents in an
equi valent circuit are resistance, the real part, and

capaci tance, the inmginary 16 WO 2005/095991 =
PCT/ SG2005/ H HiPasHringdgvice Ahmamrm@iﬁﬂqahﬂ@raféer}sﬂpaa&a

the virtual séléﬁié@fJéﬁF o%ﬂ Sounidr=pdWiRtn erb fos, to anagyse

processing and, cal cul ating the experi nta h

" the S/N ampf F“QM?|P6P¥’mﬁﬁ§tsﬁl§’opn%§§ﬁidbéufahfboflﬂads{ 0065]
O course, 1h‘%?co<'i‘1|ﬂ9¥t€d AR Sl b AR ddfesﬂfdscoﬂ&%r and

i ntended to be [ustratrve onI
limting. Wl@@@éﬁqﬂbé@s dbiedt amarau@furthemmwmgmgoan

orm ”VZ?ﬁ ABATRE UPET ik RdRY hERbuRE

oper at i on. denisejandeaid i, of saldhveorking snd counter electrodes.

2. The t‘est apparatus of claim 1, wherein said measuring device
- measurgs the frequency response of said selected pa:r of said working
and counter electrodes.

3 .  The test apparatus of claim 1, wherein satd pads are formed of
efectrolyte '

4. The te_st apparatus of any of claims 1 fo 3 , wherein said pads afe
formed of cmss’-finked hydroge!. '

5. The test apparatus of any of claims 1 to 3', wherein said pads, are
- formed of polyacrylamlde

67 . Thetest a'p;?ar_avtus of any of claims 1 fo' S, wherein said measuring

.18



i ntended to enconpass all such nodification within its
scope, as defined by the clains. 17 WHAT | S CLAI MED
IS: 1. A test apparatus conprising a substrate, a
plurality of pads fornmed of insoluble material for
binding to sanples of interest,. arranged on said
_substrate a plurality of morklng el ectrodes, each of
sai d pl (fexiceigegsuragoiakiation indnpedancd ef saitl eelbatod phir vf Sald

'interco s of sai Iurallt

pads; %trngﬁotupnnf Af‘lg %ﬂ?%? E.PQ 't ?@PP%HE@‘! AGY QT 873 [é’ Qgﬁ%!d
“plurali tsplacfedqmu'rufsald rowestlicollfm sb&ides.cal |y
interconnected to second groups of said plurality of

pad f Sald ads is i rconnected to

one§of sa%géaﬁﬁﬁ&gf&tﬁ apy.o ?'msnd fg c BeompRiging faw

of 'sai d aptleolatirt selantors o eleer siad %éét@@ §§lr o?sia'&ﬁ%%ﬂdﬁ g
eristics at a

device f ring.el.ectrical: charac

sel ect egg%g]n eaf%?l{mgﬁg@ r ieRTe Rectinl tagik megswing dlevisees,
to analyse - an anal yte proxi mate -said one of said

pl ugal i e tdst pp@h}afuﬁbﬁéﬁ)@mhﬁd bt \ﬁl?érgm%%fd@ﬁéﬁﬂmn?

pair of §@¢d counter and rking el ectrodes

appar at J&4 %?qrﬂ%rfseééﬁiﬁ'('?g'? agency| veage- smica. nduct or

i nterconnect ed between said neasuring device and said
pai r of said working and counter el ectrodes. -2 The
test apparatus of claim1l , wherein said nmeasuring:
devi ce neasures the frequency response of said

sel ected pair of said working and counter el ectrodes.
3 The test. apparatus of claim1l , wherein said pads
are formed of electrolyte.
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4 The test apparatus of any of clains 1 to 3 wherein
said pads are fornmed of cross-linked hydrogel. 5 .
The test apparatus of any of claims 1 to 3 , wherein
said pads are formed of polyacrylam de. 6. The test
apparatus of any of clains 1 to 5 wherein said
nmeasuring 18 device neasures variation in inpedance
of said selected pair of said row and col um
el ectrodes. near a resonant frequency of said of said
%ﬁlﬁcted air %é row and columm el ectrodes. 7.
eWIEgE d'ﬁé?’r dresgable AP SOMANSING 1 to 6, further
conprising row and colum selectors, to select said
sel g&updiramat r of said row and col umm el ectrodes for
i nt er connection to sald neasurlng device. 8. The test

appar at us of any of ims 1 to wherein said
mead@lyraliy of ebainels B?Fﬁﬁdsiﬁéh%s%ﬁtfaéﬁl e frequency
vol tage source. 19. . 4. A colum-and-row addressabl e

chi g pRRaRY o b&ﬁngl SeSirhiidy] ahsh oﬁem{ mmnpéxtehamae' s

formsdlnt e substrate: a plurality of col'um
el ealon@adgngtbaﬁnneméﬂwclumq!ﬁ ural ity extending along
a Iength of one of the channels; a plurality of spaced

r OVYa fg 18‘6 e %)W dél?&?ﬁésotrvrthﬁ M%?P%Q@elgfan{ihe

elecrlc rom the col um el ec
c haelectticallytisdlatesit fram ¢he aolunof eletiade offthe dhannel;
i nt erconnecti on with a voltage source, electrically

ot RioBh ehe Pairot RigciaRd forferHhrizchich WA 2 yo it sare.

| edcticalg igdlateddfom dnerovl aﬁdileoﬁ;h&nébb&odéﬁz anfhe chip
of claim9, wherein said at | easf one pair

el Popiighed g generain 8 MidRwisa P‘Hﬁ“‘{hﬁ'ﬁ?r W'@%‘@t@ Beftipaof
CORREIo? Bt g,,égidél]sal ity of pairs of electrodes wthin

one of sal urality of channels, one of each of said

10. The chip of claim 9, wherein said at least one pair of electrodes for
interconnection with a voitage source comprises a pluralily of pairs of
electrodes within one of said plurality of channels, one of each of said
pairs on one side of the column electrode within said one of said of
said plurality of channels, the other of each of said pairs on the other
side of the column electrode within said one of said of said plurality of

channels.

The chip of claim 4 or claim 10, wherein each of said at least one pair of
electrodes for interconnection with a voltage source is embedded

within said substrate.

-12. The chip of any of claims.9 to 11, wherein each of said channels has-a

width between 0.1 um to 2000 um.

.~ 13. The chip of any of claims 1 to 12, wherein spacings between said row

electrodes within each channel are between 0.1 um to 500 um.
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pairs on one side of the colum electrode within said
one of said of said plurality of channels, the other
of each of said pairs on the other side of the colum
el ectrode within said one of said of said plurality of
channels. 11. The chip of claim9 or claim10, wherein
c ' i al

P R anE of e of dils PRE R Bherel) sail SHBLERETS ffpd of an
wi t hinsulatinigomaighist rate. (2. The chip of any of clains 9
to 11, wherein each of said channels has a wdth

B e i &f 8! QbR sih st Roeegde el e one of
el eplsstigoserainid) Elaseanibbeha'amé, printeddEiFotiodld lagdsili€on.

500 m 20 14. The chip of any of clains Ito |2,
said s formed of an insulating

wherei n ubstrate |

lent She NP af@nhﬂ?&‘aamﬁg {91 d\Eihion comprigiag giRfuradtypr
SUDHtérdbRndcis éﬁawrﬁg iﬁﬁep’é?'ndleﬁ?ﬁlteagﬁr%nfgné o?!cﬂﬁbhﬁﬁ%w
ceramc, glass, rubber, tabric, printed circult board,
andbgimeep@ach one.of said o electrodes and obe af seidocalomns,
fur rising a plurality of interconnects
allé'%%&e%ependent measur enent of current flow

bet ween each one of said row el ectrodes and one of
I'8.ai The chipofi ang bEclainosi® 4o 16, WheTdip ealh pf shidaow eltctbdess
9to 16I wher ei n, each of sa.idlro.w | ectrodes is
gerdsnerally reetapgillary square QT aireMBr iNShaPEt ar i n shape.

18. An addressable chip conprising: a substrate having

18.2 WMrpaddressubii@ehip conpprigigg:i ty of row el ectrodes forned

19.

atop said planar surface; a plurality of colum

el ectrodes,, each forned atop said planar surface

pr &é%ﬂ@%h%w @IPZ%'Tar"@d@taSEd electrically isolated
fromsaid row electrodes; electrolyte pads covering

eaelplafalifedffow@lestrridefofRed aldspPdidPlehat surface;

a plurality of column electrodes, each formed atop said planar surface
proximate a row electrode and electrically isolated from said row -

electrodes;

electrolyte pads covering each of said row electrodes, proximate a

column electrode;

pairs of said row and column electrodes for interconnection with a
“voltage source, to generate a potential for detection of chem/biological
probe and target molecule interaction proximate each of said pairs of

said row and column electrodes,

“wherein portions of said planar surface not covered by said padsf‘are -

hydrophobic.

The chip of claim 18 , wherein said planar surface of said substrate is

formed of hydrophobic material.

20 The chip of claim 18, wherein said planar surface of said substrate is
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8, wh
- substlecifedssyvitiin eaefnehanngl afe hetwpgndbhan) o

28.

colum el ectrode; pairs of said row and col um

el ectrodes for interconnection with a voltage source,
to generate a potential for detection of
cheni bi ol ogi cal probe and target nol ecule interaction
proxi mate each of said pairs of said row and colum
el ectrqd [ e i,ons of said planar surface
not %%ﬁ%f@@hgoﬁégéﬂ“%ﬁégyg e -- hydrophobic. 11. The
chip of claimlS, wherein said planar surface of said

s uhsTheatlsip iof an{ of ceithois by 5, opierkincsparirgs mdtweln saithrow
chip of claim1l erein said planar surfag of said
@%‘F‘: 21.

The chip of any of clainms 18 to 20, wherein spacings

bﬁ.vmrbha? %ﬁ%ﬁfgf %@h%%r Rgs %ééa@rsamgbarm@ E@fonﬁ\.b_a of

bet ween 00 gm 22, hip of any of clains
18 tan igsWatinghoadgrial.sai d substrate is formed of an
insulating material. 23. The chip of any of clains 18

t erel ' S |.S.f

2 T6p HRECEHY SR 80 P SleRor o Suigasls fofBH of
pri at Rastone of plasiin serbmianglass, | rubber, fabtic, phintedsinguilf
any of claing IS to 23, wherein said electrolyte is

i nsBPafsh 8nd sPisoN-The chip of any of clainms 18 to 24,
wherein said electrolyte is selected fromthe group

QeTFhe bh?%f@nyﬁﬂ'cléﬁhbﬁb&ﬁ%?%ﬁh_@%in Ralddeardi! is aisiuble.
pol yvi nyl acefate, polyacrylam de,

ly(vinyl pyridine), - polyethyleneimne and thei
derheahipitany 25 s 18 1P Fo WharSIN spicslarFalVieds selested
fur I | SA ; [ ihat
wl | roifing SRGHip Siibio R PORelylor oxu ppaRARSLchol,
betpodping acktatecralfacsdanide wobi(doylpyddisehnd one of
sai . s chip of any of clains
18 Q%y %ﬁﬁ%}gﬁé?%ﬁéﬁ?%?ﬁégﬁg&f%w el ectrodes
26. The chip of any of claims 18 to 24, further comprising a plurality of
interconnects allowing independent measurement of current flow
between each one of said row elecirodes and one of said column

electrodes.

'27. The chip of any of claims 18 to 24, wherein each of said row electrodes

is generally rectangular, square or circular in shape.

An addressable chip comprising:

a substrate;

a plurality of counter electrodes formed on said substrate;

a plurality of working electrodes, groups of said plurality of working
- electrodes encircling each of said plurality of counter electrodes and
electrically isolated from said counter electrodes;

- pairs of said counter/working electrodes for interconnection with a
" voltage source, {0 genérate a potential for detection of cheri/biological
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32.

Is generally rectangul ar, square or circular in shape.
28. An addressable chip conprising: a substrate; a
plurality of counter electrodes fornmed on said
substrate; a plurality of working el ectrodes, groups
of said plurality of working electrodes encircling
eac hpx%iae%]%%fdew lddy¥e Pitera6litH Sfoxfhatetd paie of said

el ectrically i"solated from sai d counter el ectrodes;
pai reounterdeprilingelectendesor ki ng el ectrodes for

i nterconnection with a voltage source, to generate a

P i al. for cl QD Of o+ ' j

2 Tt Glip of Bl zBE bhafeir BT lo Rk it cleckbditare
sai dorraed of afléastrdtienaf phatimoit, gedds. matal, cahsorg lkiapbidés,
clai m 28, wherei ai d working and counter el ectrodes
are "'mg?ﬁsﬁquo?m&ﬂ'c WEROYWRES-of platinum gold, netal,
carbon, carbides, nitrides, and conductive pol ymers.
380. THeecHip bPa®y ofdintf 28 tvat qyHudBet &brﬁﬁﬁsiﬁ? &t keist one wall
conprising at 1east one wall jsolating fluid

or odialaling fsidspisinate eachoheaid crunienldeiodes Romataer
oneg, %O?Q%QC%BH%%E ?r'oﬁ g_rodes. 31. The chip of any
of cPal s to , E%c

urther conprising at |east one
trench isolating fluids proxi mte each of said counter

36| edhechipsoffanynof alaiime 2800639, Hitrtheli comiyiging at least one

el egtrades, 32.. The ' - j :
31 FrEE RRIap okt prizus bl b Ralg SR, iftiles from
of giheBbhes of €didoantegelkstrodesbber, fabric, printed
circuit board, and silicon. 33. The chip of any of

cl aj 8 to 32, further, c risi.n Lur.al,i

e BhG SRR 20Y 2 i B!t o b Bhsin SaRL SR e tghhed of
cur 5188hst driviof ﬂﬁ?@é\-am,?!@é@ r@bb&afabrizo prihek circuit

el ectrodes and one of said working electrodes about

sai kpardcandalicen. sai d counter el ectrodes. 34. The chip
of any of clainms 28 to 33, wherein one working

24 efiid OIB of any of claims 28 to 32, fusther 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.

34. The chip of any of claims 28 to 33, wherein one working electrode
about each of said counter electrodes is interconnected with one
working electrode of each of said groups of working electrodes.

35. The chip of any of claims 28 to 34, wherein each of said counter
electrodes is generally rectangular, square or circular in shape.

-36. The chip of any of claims 28 to 35 , further comprising a plufality of

electrolyte pads, each covering one of said counter electrodes and its

surrounding group of working electrodes.
3T A fest apparatus comprising

_a substrate,
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about each of said counter electrodes is

i nterconnected with one working el ectrode of each of
said groups of working electrodes. 35. The chip of any
of clains 28 to 34, wherein each of said counter

el ectrodes is generally rectangul ar, square or

cireular LipisiRcor padl forhfie Gthébl 1e%¥§gﬁé1@'§§r{)ﬁ‘ﬁ1&t§8

to 35, further rrsing a plurality o

pads, eacbamplesrofinterset, arfangaddnceanhsebsiedtect r odes and
its surrounding group of working electrodes. 3'r A
test apparatus.conprisin ubstrate, . .23 a . .
ol ur a1y 2 MBS Pisr a8 Y toRet s i PluBpiy gf working
bi ndi ng téglecBodad elecicallningiresinecisd Riretlgpsaiféaid
substrate; a plurality of working el ectrodes, each of

sai d pl urlMrally efpadsi ki ng el ectrodes electrical ly
interconnected to first groups of said plurality of

pads; a pj Hﬁ.ﬁéiittl&f Bburite 81’(98&06%5?%6@6?%@2#@@ ofSc¥ufiter

plurality of counter electrodes electric ]
i nt er conredectmtiaselecidoally igiescqnnesiedsialn secopt gralips of ssid

pads; wh .. e f said pads is interconnected to
one of sgl'gﬂaﬂylcﬁﬁ%qgty of working el ectrodes and one
- of said plurality of counter el ectrodes; a measuring
devi ce f evhereinsaachny seidpadsd isdihtendvanacteel fosdriecsf sHid a

sel ected paiJ, of. sajd counter and working,e] ect.rodes,
o anal y Boitaliy 3t vt Stdiotks 2B alie stk Blurly F
pl ural it yoghtepefctiogess connected with said selected
pair of said counter and working electrodes. 38. The

test apparatus of claim31l, further conprising at.
| east on@ MeRRIEING deviga Weﬂgsgwfﬁ@ha%%wsﬂcs ata

measur i ”Q?i@@féo‘j%ﬁﬁ%ﬁ&bﬁuﬂé} an@wotkihg eldfdtlelOtcParhlyse
counter electrodes.
an analyte proximate said one of said plurality of pads

interconnected with said selected pair of said counter and

working electrodes.

38.  The test apparatus of claim 37, further comprising at least one inductor
' interconnected between said measuring device and said pair of said

working and counter electrodes.

39. The test apparatus of claim 37, wherein said measuring device
measures the frequency response of said selected pair of said working
and counter electrodes.

40. The test apparatus of claim 37 or 38, wherein said pads are formed of

elecirolyte.

" 41. The test apparatus of any of claims 31 to 40, wherein said pads are
formed of cross-linked hydroge!.

42. The test apparatus of any of claims 31 to 40, wherein said pads are

formed of polyacrylamide.
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43

31. The test apparatus of claim 37, wherein said
nmeasuring device neasures the frequency response of
said selected pair of said working and counter

el ectrodes. 40. The test apparatus of claim 37 or 38,
wherein said pads are formed of electrolyte. 41. The

t est aratu of Al 1 . ' '
pads T ot App el YA G ol e uitpin' 438 Fidstihg
t est daigRmehbdresivafialionin pidamcd bf saiddlestbe pairof saidd
pads are fornmed of polyacrylam de. 24 43. The test

appaiowt aid eplusymelegtrodesinaar repgnant frefvengy Af said pf said
nea ' Y= i ab i< 1 npedance of
sai?ﬂggﬁ%%Pg@¥%§$Pq§ sgﬁgjﬁﬁﬁu?%ﬁﬁﬂggfunn el ectrodes
near a resonant frequency of said of said selected
pd# r Thef tesbiapparatusanf @any off glaims| 3 dordd &gther compiisingew

appar at us. of | al f

co %Qﬁﬁgﬂpg§ﬁ%ﬁﬁ%’@5%%%%8%@1%%?@%QPaﬁBBE%@%%¥”§g?d
sel gehpan PRictrodés futiigterconnettion tosaidmedseeingaiieice! or

i nterconnection to said neasuring device. 45. The test

B 08 anmstls ot ol Pr S ] Jp SRR s B Bsuring

vol Hagiee TBHIpFBes variable frequency voltage source.
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