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detection is safe, inexpensive, sensitive, and is not
bu BASKERAUND OFPTHEINVENTION 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 aitached 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 defection 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 fiuorescent labels to detect
interactions between probe and target molecules. Electrical or efectrochemical



arrays (mcroarrays) of bio- and chem cal nol ecul es
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[0006] 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



not provide for true four-termnal electronic
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dlfﬁ%@qu%@r}:ﬁ' [0010] In accordance with the present

i nvention, addressabl e bio/chem chips include a
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add?es%ragrc’e caflemlbloych:p array for the electrical or electrochemical detection
of molecular interactions that are effective white 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

f0010] In accordance wnth the present mventaon 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, elecirodes are located within a
channel to allow for four terminal measurement. In another embodiment, . - -
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at least two el ectrodes for measuring electrical
characteristics of probe/test nolecule interacti ons
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surface not covered by the pads are hydrophobic.

[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 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
counterfworking 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.



provi ded an addressable chip including: a substrate; a
plurality of counter electrodes forned on the
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acconpanyi ng figures. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0016] In the figures which illustrate by way
of exanple only, enbodiments of the present

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

of the present invention,

[0017] FIG. 1 is a perspective view of & 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. 3A is a partial cross-sectional view of biofchem chip array of

FIG. 1;

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

 of @inother embodiment of the present invention; -
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[0017] FIG | is a perspective view of a bio/chemchip
array, exenplary of an enbodi nent of the present

i nvention: [0018] FIG 2 is a top schematic view of a
WOLHER8 bi o%hem chip array of FIG 1; [00PEF/SERLEs/000111

3Ais a partial cross-sectional view of bio%emchip
FIG 1;. [0020] FIG .313 i tial .
2L Fes: avand 4B sip e iaiach s BB shivamay,

' BEthRTRESStt invardighi on; 5 WO
exEfBlEAPor STRAL: EMBLRiont BENBIRESI ISR O X Wnd 48

are schematic diagranms of a bio/chemchip array,

[002231p FIGS. 5A ia Ahemab BInaramef adTiofchemyhia afey.
. 165 . iofchemptie. f
exgifI¥BR} ofShathol fbodihidit ofifieifedrt iiEBbRE ©| 207 M o

p array,

of the present invention; [0023] FIGS. 5B is an
[0028] ar FHESYSBs ah enleegerbvinwet thie ckuntgr-ulotiing elbstrode
,addressapl e chip.Qf FIG 5A, [0024] FIGS. 6A and 6B

0[PSR LR P EFr B8r ans of test cells of the blo/chem
chip array of FIGS. 4A and 4B; and [0025] FIG 7 is a

[OOQﬁPIO hFiG?LGHA @aﬂiGEatdwmmt:]Ediagr?%scﬁf téﬁaied iis gf tree of

. 1 he hio/chem Lp,arrays of FIGS. 4A and 46.

bw}smc&mbatseﬁeﬁfféﬁ?dﬁmaﬁ apc 1 schematically
illustrates a four-term nal addressable bio/chem chip

, - - t
[0025] aYFIE).7 E')%f[?g?ﬁggﬁﬁbusﬂfaml’i?tmltmbf @dstices bf @igen

_ invention. Zé As ilTustrated, array 10 includes a

bio/sheyst ehiparmpys o FIGE 4handidB.of width wise ext ending
m crochannel s 14a and 14b (i ndividually and
collectively mcrochannels 14). Substrate 12 is
formed of an insulating material such as plastic,
ceram c, glass, rubber, fabric, printed circuit board,
si DEJAMLED DESHRIRAIANNs t hereof . M crochannels 14 are

formed in the top surface of substrate 12. Exanpl e

[0026]C" BRI hemidicaRYibsrdtes Besunrithat andfsheRAl

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

[0027] 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 technigues, and may have widiths on the order of 0.1
pm to 2000 pm and depths of 0.1 to 2000 uym. For clarity, depicted array 10
only includes two microchanneis 14a and 14b. However, a suitably sized
substrate 12 may inciude 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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etchi ng or enbossing techni ques, and nmay have w dt hs

on the order of 0.1 mto 2000 m and depths of 0.1 to

2000 pm For clarity, depicted array 10 only incl
W%“Oﬁf‘asrs‘%hannel s 14a and 14b. However, a sui ?§H§92005’0901”
sized substrate 12 may incl ude any nunber of

simlarly formed m crochannel s. |nthe
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ondugctive aLagh one running f aro Lhagl.englih
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chdtirey bAg lsﬁ}létféﬂ ﬁbwe?lunhaétleﬂrafesf'fm eRawemgd odhiroh etstrodes
Serve as rererence/ counter, electro S
16,51 fsgaref@@gtﬁpa!b/dﬁ@lmeﬁafmfa feach QffosTe 48 g'?ﬁ QE?'S%d(%@bod'ment
of FIGE S r%%é | ok 1 egr Ed%%te@‘ fod é&d@raﬂ;ﬂrduﬁde ch

channel fromcolum el ectTodes
comlwpaGthmnmnneks 1418 Examplealiernats Shﬁpes Tor

ol SR 1 ) B TS g e

exaﬁfmﬂédelﬁ@tﬂﬁdefﬁ 161' andute? foermad @stgeneraj@dﬁcﬁanghian and square
m cr ochannel s rnat e sha

corgh61Xa BRSTEHRRIHET o RES A P e TEsRocS- haatt 1ot
clal?(gddl ég falyl 10 tﬁﬂg mcmﬁé%ﬁr rovy éfébfr6§@§1é6A SbAo"

er al rect angul ar and uare conductive

sizathslhsinate I awaqludﬂ anvcasim qiﬁummy PEBR@ EQw gigojrodes

16. Again, for cI arity, depicted array 10 only includes
four row el ectrodes 16. A suitably sized substrate 12
may i nclude any nunber of simlarly fornmed row

[0029ct Roﬂ@ecttkﬁies[mﬁay brqwowided tat spasingsomilye puier of 0.1

G 80038 e B R SieBlPtu e, B8 Mg Shad ondfs o
ord&brld}601 um to 500 um, which can be fabricated by conventional -
lithography or nanolithography iechnologies. 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 “voitage elecirodes”) are located in microchannels 14
outside of the éddressable rowlco}uhn (xly).electrodes 16,18. Inthe
depicted embadiment, one of the pair of voltage elecirodes 20, 22 is formed

~ on either side of column electrode 18 and on either side of each row elsctrode
16. All positive voltage electrodes 20 and negative voltage electrodes 22 of
array 10 in microchannels 14 may be electronically interconnecied together at
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order of 0.001 mto 500 gm which can be fabricated by
conventional |ithography or nanolithography
t echnol ogi es. Exanples of the row colum and vol
VEP 25598 naterial s i nclude solid or porous gBFEBGZ
silver, platinum copper, titanium chrom um
alunlnun1 nmet al oxi de, netal carbide, carbon,
twefiaghi te, full erene, conductive plastic, conductive
pol ynmer, netal inpregnated polyners, or conbi nations
od:mr eqa( se&tfaa?xﬁaw Bt bmlumn diédtroies™6ch 8 Ghidftagdo0.
mposi ng an applied voltage (referred to as
e!eﬂctrodeage P, wblcﬂ@n@ssojatad ompthe retttrarﬂi elgcrpdes farriaiesfour-

terfifel pigactrerpilfts R ERGR T FIG 3 Ao A W e drBSiety °°
eacH pxip bf agigel ditrodde 20222 pravites hinefeutricad fiekdi fbh’&mr—s i de

of umm el ectrode 18 and on either side of each ro
teﬂ@fr@itmmn%neaweme@.fﬁ AOd e folaled BPEtiedue addtssable
PSR ?; 40l tage el ectrodes 22 of array 10 in
m crochannels 14 may be el ectronically interconnected
ether at 7 WD 2005/095991 PCT/ SG2005/ 000111 two
[Ooszﬁes.slr[c@dt;qfumtlgwt velinga @ﬁCUQdQ&h%O, refis do egtablish an

e!ecgtbg %@ﬂ}?gﬁ%’ﬂﬁ“ﬁ@cﬁ%é R’ te ﬁ{ fh%d&%Pagf ‘{%ég&"m ch

(%5/000111

ele

curren
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embiiglid RS SRatRL 3 SUstratect FiBa BB This fasidif Giqws

contiQéting foRFMrival 'elHiMEﬁl‘ 8Ad TRRIPGEABR dStecliditwith Bigh s:%nal

isolated fromthe x-y addressabl e, electrodes 16,
to npised&fN Ha&e@nﬁwpmummexmg Jetectipreiossignificaady reducing
1o hr?e§ o establish an electric field in channel 14, they
an be isolated fromthe channel 14 and testing fluid
anpl es. Thus, alternatively, voltage el ectrodes 20,
[003_33 cdn the arrengenierts df both EIGS: 3A@ed3B, olumn eleatedes

16 o8 sbbiateiFhy Mlrpefifiie 1, 1" Supt B8 EUER Gpizodes aro
isolated ha paglof arrgyed row/colonirseletibodds 16,118 canbe addmssed

indegléhtgéﬁtlly?ﬂ:tﬂgutdbéﬁg }r{ﬂ%gnfzgé or lrﬂ’lrﬁle];mlﬁg %égsurrg%%% S a% other

pairs of row/column elecirodes 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, efc.

[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 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 between electrodes-20 and 22, and between elecirodes.16-and 18.
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[0033] In. the arrangenents of both FIGS. 3A and 3B,

coI urm el ectrodes 16 are separated by m crochannel S
such, as columm el ectrodes are isolated

%%9905’8?59%rayed row col um el ectrodes 16, 18 B‘a‘ﬁ’sﬁé""s"“““m

addressed independently, w thout being influenced or
i nfl uenci ng _neasyrenents at ot her a rs of r % Igl um

In thepreperrasofigmabilizedgabe W'%ﬂ@%’??  todarged ®Sbe
profiinfeliof SxahpRefie ""%““ﬁm%‘ﬁ PRI clocss dbotss.
cureriahayp fiew bbbvéen these dt hnd i rémw and bylumnﬁdecisodns 16 &nd

i fi
18] X afona memeu G By BTt Ry e Sd s darepEls ViR the
pre%@h&e BRI TRInNYobiled- prb@@%ﬁilec‘@ﬂé@émmgéﬂrﬁb@wﬂ anal yte

that may contain target nol ecul eg flown into or

A"@"’“ﬂﬁ“@“ igpedABce Cﬂﬂ‘ge@ﬁfﬂ% a@m o g ealimnyalgctrodes
g /‘\a'l%'h lnuu ﬁlllﬂ- nrobe

e d

maﬁh% "budﬁ‘ﬁl gg%a Vi w"Trdb'\’s”ET" ' °" joTtage 1 s applied across
moﬂoats‘lﬂatgﬁsmﬁ@étﬂé ,codﬂuna’ngna,rpmkhmte frowigoklnn eleetrode pair
tes a

16, 3450 PBERR] it WAook PR AR AR e e STl

e;e@d-@d;gtsrw 20 and 22, and between el ectrodes:. 76-arid
8 V\D 2005/ 095991 PCT/ SG2005/ 000111 In the
resence of imobilized probe nol ecul es bound to

[0055} ooThatiscmolesslar =r5eraﬁn%a Beweendha mmobilized prele and
mol@Eul(eQ‘é‘nﬁ'iﬁlg%?HH?t};b fle Lﬁﬂ@%péérﬁcé toGtHé g%ﬁef‘ m%cfsdle‘fil&g’

ween t row and
mawhe deltedan nalifféronce :nmaab¢tﬂ@al§tgnabdemte¢h§t thet ect

this current to verif e f
corfshdnsis SR aph sl peckPde 18 587 Kot orsbly slestomets
appﬁé&.’l(l}I ﬁfst’iﬁ;d Meth?! th?h@@iﬁfﬂﬁemaﬁwgmtmdﬂmgetsma?ﬂ Ph row
and colum el ec e detected in other
addgessable aAgaN, 0 Rl f%sgfgéﬁfeg YAFOBTRIUPAEE- pr obe
nol ecul e/ t arget nol ecul e conbi nati ons, proximte

[0038]W GRY WillbeehFisretRERd, e humber of Sarfiplesitiidt rhay pat

current will flow between proxi mte row and col um

mde@eademmteﬂaisrnmarrﬁmdgﬂqualsameu nyumbgy| of fQw glectrodes
sinchthé ki Ofarls EeNs bR d FEMRidch ZRReMbPE8tection of

different samples.

[0039] Advantageously exemplary array 10 enables true four-terminal
impedance measurements with a high S/N ratio for highly sensitive electronic
and electrochemical array sensors. The applied elecirical 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 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.



nol ecul es and target nol ecul es that bind specifically
to the probe nolecules may be detected as a

difference in the electrical signal detected at
Ve AP 3Hdi ng row and col utm el ectrode 16, 18PCT’\SGE’05’°°“111

gel or solid electrolyte is applied instead of the

1004el; o 1818 Sehpiticaly iiraied hE AMEMAN Soiiestabig hemibio
chﬁboéFP:?*fUiﬁfor Leo §§]anAéle&MH|c Qﬁerﬁm&ﬁfb M 2t aphifattisrgier

| es I ndependently tested using
Arcay 190 |n@u@@ﬂJa|sgbsMeriamtrt9‘a generelly planes surfags anéan

ame Lt 410 PR el 180 MBI Teréan, SbSlraltine,
may drophabic, 2y coBterwith ahytirophobizlcodtiagmAmgihsoluble
layﬁr,éw%”agmng‘:e S0 e ke s eIt e pRrealyteads,
102 m:;u (G 1R MU}‘FQ\'%\;&% ’i*ﬁ%r flﬁkr%f%p%%@f]p ﬁ| !E’%hls

tage ectrodes 20/ 22 may al so enhance t
emboﬁ:mm aachalectralyte thadgtl2 fuphenervsss Rggoximaie aolymrs i f
%E?et nol ecul es are charged. As DNA and nany
onol ecul es such as proteins are charged
nol ecul es, array 10 is particularly useful for
[oo4iDp noPadsie2 eedyelod used tcCaMménbrebelmolehdemu Pads 102 m#)

I f | t ' d d
for gxailec i fared Ssipts TRRSELOETOAR, g G BRPHEBL | ng

prirfihg 3 dispeRSig. IAtRkedtvery ﬁﬁist‘ﬂ)ziﬁﬁyfwétfofrﬁél@bfed The
deSign may thus result in hi %her automati o
¢

polyasrylamide-Rrepaish of fov/celyguele¢trodos faﬂfaw%hwhe deposition

of W@b&t}aﬁ%%@%a%éﬁi@ avndln } galy onto the

arrayet usw edectoden AftardiVietsngdbe streptava'im rrmhécmies amhl p
I t, nm_b hi
ontob i Aos e o e G R00 ot BETAE M B o,
-blotﬁﬁléltélﬂ?ﬁ‘)b@e Pefridniomdiivatrefunetivriza eo@sdsm arfineay Hytrogw
and col um el ectrodes ormed thereon
grounsfor peatein prebe atgciya Wrb%ﬁfasﬁdlseer Rlismatyely. the a
elecHEHAC BAP 102 iPbé RimedlaftdIaRbLE LRach YA on tdpf ofiEERIFe:

ormo , sem -'so or po
rowfebltnn elegtredgads each el ectrode 116 for forrmtl on of a
test cell. In this

[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 isolated by hydrophobic plastic substrates.

[0043] Conveniently, array 100 may be easily and inexpensively
manufactured and reduced numbers of /O lines are required due fo 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 tafget molecules, such as
proteins, DNA and peptides. Different or like probe molecules may be

attached at each p;ad 102, as desired.

.«--J0044]  As will be appreciated, arrangement of row and column eiectrodes ...
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102 is coated on top of each electrode 116 for
formation of a test cell. In this enbodi nent, each

B SERRpH 2,87, 302 further covers 2 proxi Tt g egl W uann
probe nol ecul es. Pads 1|02 may, for e?an'pl e, be forned
1%, 156 2] o0 B pERETREBe RV ol B4R, Blsa

colhieghag farranged &t hiharoudavays, ﬂﬁthrrew@letﬂmﬁsscénmﬂfbiumn
el ectrodes foll owed by the depaosition a mxture

elegirodes éfﬁe'@pﬂﬁﬁﬁgﬂﬁq geius|of pads 184 wikh P@E’E‘ Radd08 only
.mg[yD {a&gd ub QU BbAsppde. After W-curing, the

cul'es are” entrapped in the
pol ynmer i zed poI ymer matrix and can be used to attach

[0G45] i anialpimate enmrodiveentaiepintedist FIGS.16A and 6 mal

aofffeebs BLicheRLHB Ao mAEREL o BPLRTL SrBlbifdnser,

elettio8é complexep 2021 O_éhoﬁwxrorhmgfcmunw el dteydentornsiex 202
attachnment on top of pairs of %ol um el ?ct r ode.

indusies A S'P%!%O!!O’;_ef@éﬁ?"@ée@@&qrfﬁuﬁg?‘liu Y Z9T9HP|qT Yiarking

ere%gaésezf’@ta% és‘?ﬂhzgt%fe@rm FI@CS'BaEé&FgﬂfupSiﬁHiBH%a urﬁéﬂﬂﬁ

excess | ow out ent arrayed
of weiking eleetrodas MGad 2186b hy dénsfividually andheoliastively svarkings .

eleb el {0 SR AL ieferaRES Bleshtfle 228 iy fMticrkuRBting epoh,

cottrit@esledttads 218l Incttle dlep;dt@:! bimbodineksht e&eand)rklr@felegtrodes

Co | I d 2 wh d
216 APaBPLUICI OO SHBARBes SrcliasR, iARN GG ieeing
ele&t?é% Bﬁr 248246 'éﬁﬁtbermquely addresséél bﬁ/%{éﬂlﬁ leRicvmmdrecul ar

for the detection of ‘target nol ecul es, such as

eleqztmdaaz‘lﬂsc. andea singlepwptkingelecinpde 21 M. oFon exeémpiaoﬁst

d d

aadPBL 25 550 B BAREDBInad 838 Bods LRenods 10e<) o
Coravthiatlly Lilike mmﬂenﬂmklnmelmmf(ﬂmmglcounter
SG2005/ 00 16, , 118 1 t

eleGiige.qampIRns 207 diay He ot Eon ot St Reet o1 mgvﬂﬁﬁf'ae

BA.arranged in nunerous 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

3'3

‘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 ectrodes interconnected to groups of pads 102, wth
each pad 102 interconnected with a uni que el ectrpde

air. %0045] In an alternate enbodi nent depi cted
E¥S3RLnd 6B, an addressabe bl o/ chem chi pPQ@’@GF‘g’S/OOOIH

arranged as a plurality of working/counter electrode
conpl exes 202. Each wor ki ng/ counter el ectrode conpl ex
[0048] iPrebadeciecules maydedaumehilizad preximale the tip of each

by a group of working electrodes 216, as
Wﬂé‘é@%@ﬁ SPrated in FIG 5B. Each group includes a

plurlality of working el ectrodes 216a, 216b ...
[0049}di \Gldp mbyll!@raﬂdrmdablﬁ chip|1P0yoaik sigyificahibcraduge the

216) . j f I de 220
nugiet L g FoouiBEIPER TR DX IS U ERE e
res@.ﬁbmﬂvﬁmanufédaﬁmwdéw aCehwstientiie due 2aﬁhe‘ syrnm@trwt i al

circle about each counter el ectrode.

arrgoagement eiovarking elestrodes 248 abaut 02‘1'?##2&'603@@?%%13 the
8
clefificdt Ak ool Eiting oF plth FotHG/EBlntpP pRELDAE ol
21672Y8, snmhcbseeieﬂmiﬁedmlmncem:ambmm elwtrehwomnm&tmf
| ent.|

etey Bom BNt ieipatsitss RPRne B Sigie soHier BRiioad Mg are

rdeﬁﬁ’c!’ﬁ? tex86h fhér. Whlskb%nlg"tjrﬁf s embishe e FRSbtio of
lustrated i.n FI G 004% n order to all ow
o

meamregmlﬁ laﬁ&i;t@naevwarow werking electigdes 246 pbaut a
snn@@'ﬁﬁhﬁ ?%I%c%gegqggaﬁo)b%zu upsE angl ﬁtgj"ﬁ‘)\/\éla}'l1é tsg%nr] %érsear?ghes
eacheparking eigctemdﬂlz'tﬁ)mpyebet@@z differamt taagét hiomelectitasiioe x

be. f
mots flsititly Eaeh e e Mg 46, T ifo @ & Hitpblf it

a uRi@de pdBcemBRicuike! Y, a solid or seni-solid electrolyte
pad (not shown) can be formed on various

o], RS0 5 LS eBReaeh TR htin g inea
c;rcMBBQMEhﬁolﬁ ﬁ‘é}wl&ﬁk\/ﬁﬂﬁﬂ{a@ methsmw@ﬂembodlment
rrpexes al n ortlons Of t eto
genStaly sound oty G FadLh PIatIRoe B46r 218 fad TEplgnpgcts

are %%3 ﬁ%én&@c?cww tQﬁaI%ﬁHﬁ "alesqwsﬂraté 240 S ¥strdte 210 may

subs ance o
be of the same material as substrate 104. Numerous other configurations and

fabrication techniques 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 cne of platinum,
gold, metal, carbon, carbides, nitrides, conductive polymers.

{6051] In operation, array 100 (or array 200) is first incubated with test
samples and then washed. Remaining water is removed from the
h_ydrophobic 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



11 WO 2005/ 095991 PCT/ SG2005/ 000111 [0048] Probe
nol ecul es may be i mobilized proximate the tip of each

wor Ki n%del ectrode [0049] Chip 200, |ike addressabl
W 2(95/8 can significantly reduce the nunbe?cyﬁc?"ﬁ’@mm

lines required for sinpler nultiplex neasurenents and

mtB@gur{zgdUﬁ a@ﬁﬁﬁftlg%/v%%ﬁgg&%Ct ur i ng’ &W%Ié?% qJ%vem ently,

el ectrodes 216 about counter el ectrodes 218, the

[0682Ct rORSE anay kas Beawineabhtedhin tho st 8ampR&hand washed,
wor ki ng/ counter el ectrode pair _216/218, such as

arr@vé&pr(@r ¢0Q) pay beusad @gaﬂh@twmmweﬂar@aé@@pﬁm@y to
def‘e%f'Bf&”.%BIe%ule tﬁh&n fé&ﬂ‘a[@ frﬁQ{c m&%gﬁgerfé hirffings,

proximate a sin coun
prommate eaﬂh adr!resueld rowreend caliime edestrasiegpairf 118318y or

N, r at ed |
colyRYAPEING SEiHac P18 2 br B SH5 SRR GRS, e g
beRavicy mé@e@ mﬂlécﬁﬂeseéa‘i@bé @H@ngés?oﬁme sefutivnesledtrodiet ect

di fferent sanples and each working el ectrode 216 may
intertacedmpgdanes. cBy ﬁhanaateg@mgﬂh@ mp@dm%sneﬁtruwladmg can

lity. Each working electrode 216, in turn, can
beggfél)&hréyobl lized wiwth a uni que probe nol ecule. [0050]

Addr essabl e chip 200 may be fabricated using
[0063]hv efhabisatag addressedoiomietlumbeiectradecpaiot bﬁgyl 18rofa

arrdy T Ui 43 Y e el St SRt R Eol Beles s n

FIG G?\ M?Bncguﬁmmﬂtb 1?9 ei%mz)e% @amm; 243@@3%;1\200 (FIG.
materl a a Strate e ma

sA)gnay he Simierhmodeled, e Bace hatieon e bauiiss! samele

andtRBroR :@%k%su mﬂa%iaél?ﬁbd‘élfeﬂ% A EBDBIbQHf‘ér éﬁrdckuree

under st oo ersons for ordinary skil

Novaxﬁlq)moec@me tbab'm ‘da%mﬂmoxmat@ EOW) end rcalunyn elegirddes
1165318 % = FERBAYY HRhuHey (It oS Bmpfed VoA SR

exptdseedlaisstrat e materials can be pl astic, ceranic,
silicon and the like. Wrking and counter el ectrodes

may be forjyred of at |east one of platinum gold,
metzak g € n, carbides, nitrides, conductive (1)
pol ynmer s. @C0051] I n 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 appreciaied, there is no maiterial inductance
term in the impedance expression for the double-layer structure, and the

imaginary part is always available.

[0054] When this test cell is used fo detect molecule binding, the relative
sensitivity is usually characterized by the dependence of the relative change
of the resistance, (R— R[])IR()',VOH the target melecule concentration, where Ry -
is the electrode-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

‘{% s%la/ubl e pads 102. Since this surface is
@8‘1" Otoi c, water can easily be removed. ThuBSTSF#Ny/000111

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

Cl%nﬁf rt1t tf or electronic detection without the
MBESHPAR ST 0 0ss assay interference, since every

detection site forns a 12 WO 2005/ 095991
[0568] SQREREVE088dskivify rﬁa@bel irpeded fenhddetbe’d 5put in series

two el ectrodes. 052] Once

| ocation, addressable
witly thgyow-05 ool elestrade éib‘a 118, gg depigted; kh éll?aﬂﬂd 6B, or
coWﬁﬂ?lg\%rkm& ’éfé%‘froag %16051 % 0‘991% %%Wﬁg q:feh%ay"bé h

nce” spectroscopy

cah:uia:lem gs [d(JZh Zaﬁldmg%f)hbfdmlldlggﬂ)idera;tZ@umtrm mqnauigmpe of

tnd spehdda Sofon iiirads A e iy dapettes 6 badino s Base
Zis "Ehé mﬁbc&ﬁ@b lof #el @leﬁtmdéleomtmsrd intérfadeediyiherin@iictbPiaeh
nol ecul es. causes changes of the sol ution-el ectrode

binding:tekag placepaerhisdTeadenear act eri zi ng t he i npedance
spectrum binding can be detected. [0053] That is

h r
[06¥RG] P60 PLRltalcR e Rt Sorihig OF st colrdh arcel 1ot in
thet presencs of iadueihbm (FG. BBy argldn dinel absence of inductor 120
el ect 0

IR BR). Uil sl D aiide e BRtlng e 6 ke Foiben
anﬁlﬁidwemr \talmubmmdemmtorsaﬂmheean@lﬂé lth@emdbnelhettrr@de

be node| led as a d IeIa [eiéucture Now
fe'Q‘W@ 'E"Rﬁéﬁ%‘??c%mﬁ lude shange Oﬁﬁﬁm}ﬁ’( ciepglesn the
pre%@hé&‘@f 31 ﬁlﬂh&fé@ %Smuéﬂ ‘ﬁlghlel %aﬁﬁe@ei‘aﬂ@@ ﬁ'ésﬂétaﬁ&e change of
, requency (w) any appl vol t age, can
the@ypteewd oueisntz&c;toq, aod)botho)he wselts;aire wrelet@dsmﬂh@ech and

'Dth%,l s the capamtance bet ween the row col unm el ectrode
16, 118. will be appreciated, there is no materi al

i nduct ance term in the inpedance expression for the
[0083)b| Afitrgdditicrt ofan indactosnd théémpedance between row and

‘column electrodes 116, 118 will be
Z=R-j—t joL =R+ j(@L~—) @)
A woC J / - wC

[0058] Thus, there is a specific resonant frequency, fo, at which Z
- approaches the minimum value of R, and [d(|Z - Zo])/dlog(f)] / [d]| Zo|/dlog(f)] at
1, will approach fo «. A measurement frequency, f can be selected to very

close to f, and to have very small A f = f- £;. Since [d(iZ - Zo|)/dlog(f)] / |
[d|Zo}/dlog(f)] value can be extremely large when f approaches fo £, 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.

P ) P
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I magi nary part is always avail able. [0054] When this
test cell is used to detect nol ecul e binding, the

lLati sensitivity is usually characterized by the
‘géﬁ@%héﬁgk of the relative change of the resngéﬁ@@?mmlﬂ
(R - Ro)/Ro, on the target nolecule concentration,
t { t
U < 3R e 2 b RSB 36800 o
pal 604 feREl8pFaThiukign) A atngué m@actbsqzsirﬁém@nhecfs@measunng
presence of binding i o/ chem cal nol ecul e

devitectZZdoissipcld BwrSepfer@W%ﬁi@ng @editodes 196, 138 preximate

e
paR108° Eanigle pfeBNlfa LaVIES 193006, K ORISR 16 Yo of
a areehfian? impedanecdrapiehoy ahalyger, abd trahiaciucal a ¥Sriale
2005/ 095991 PCT/ SG2005/ 00011 ul e dete tion.
fre0R] VOLBUE OPTCo L ATTRST P BBoWH: BOBEdmEY
scleBbi§ ¥02 ahd 1R6ImaY eI SFhichiduWlIcsiNm S¥cPEdS Bhir e, 118
el ectrode 116, 118 as depicted in FIG 4B and 6B, or

is iptaueeamenisdwitlymensuting devica 422 21 gny Nstaneminitimei ty of
this test cell nay be calcul ated as [d(1Z -

Wﬁ%edance cﬁm‘/ tﬂe%?ré{:t rﬁ%c‘ad s mé?gﬁe?ﬁtgedn}%ré%%gﬁd t he

intérnokrcd masisuring device dizﬁgotealzbso\pmah.mn pdiri1d6t i¢8. For
nt erfac

=T R Roiban 14, A THO ARG Y ineCld Mabioq Blortbinedise

to thae@weeulymn [26S016, FIHGanZi dycledsthiaighsa ke 6 fidduédicies to
of atest cell of array 100 in the

det%ﬁ%g‘glﬁ&':’i%} : edangg of the rowcelpmy pais] 16,518 asafuactigh@ince
frec?fenbj? dtl“ﬁé Phsi; 6’& M;ﬂo@nc@@f eaHﬁ rE\Wchiifnr® @%tn%ﬂé'p‘éﬁrel ’56

bi-ndi ng ertect of chicken antigen to antib
11& way bemeartired Heisgtmeaswing dsviasht22: e dgtarming thes

frec@éh&ﬁfgslpé;]% {h% ro %c@{:b%geléu %taiﬁgﬁe %B&?l i dog hggge

solutiofil Aliefnativel chanlig@mrmﬁob&anééwm orehedri ¥ emig PeShaasded
change of the system w thout i nductor, ®and” bot h t he

for eachuiowéicaluran eledtrdet padr W16, 18ac @pemthmrof rp@@EImAf t er

sl 128 128l g it 524 R S SEnbShaE) o
general purpose computing device under software confrof, in manners
understood by those of ordinary skiill. Resuits may be tabulated, displayed

t"

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 detect molecular interactions such as
nucleic acid hybridization, protein binding and other chemical/electrochemical

reactions.

Example 1:
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Z=R-j CHj uwL=R+j (WL- ©) (2) [0058] Thus, there is a
specific resonant frequency, fo, at which Z

th i Ni I f R d [d(IZ -
BURIRIT 1)1 1) Zoo/ drog(1)] ai T owill apBrEsGROEg
00. ‘A neasurenent frequency, f can be selected to very
. = Si

lodBaf 2 ity Mo Bl Uan b EReyCYOR (FIG, JBE A spulh ' be
corttainingn® W bgurgle, pivehasedifrpmotidliels), +PBS buffeh‘@as prepared
as SR AaAcO O L@ e Y BES i  bre At PO B0 G LA e
antPART 586 DO rthinﬂkfﬁi@éﬁél@@ Sisk§ irbiradthidr aRAIYS 241001 igehl, at

a measurenent frequency close to fo. Thus, this mnethod

purchasdedramdrigmaciain 99 ul pirahationet. A glassi £athunGk)
i iVt 4 . 9
coBB (5 i AR SO Bk o
an ggd&rﬁ&mbiﬁ! duposifich @Bthflthg rp_sezflact so!u!ia.'tﬂ. rentairipg pyatles
. SN e | nguct or . I Nt.er conn S uri
and A4 T D e ISUI G BECA Ao ES B0t o RALRNT A BRBPIThes
larg%%%uﬁéé’esa@%(%ﬁbﬁrma? of BROISCL8Rd SAGPRLE cRBBHE Wtde d8BE CE

take the formof a conventi onal

may, for exanple, S :
as rowRnibeRumReleriEdey. tsaeglively. GHEARRotERtosiakvas used fo
[ . e I t
con{i AR yoll ERR FEVL 8121 10 1 p. ARPGE R BBr el
for db&tﬁ&thbﬁﬁé&l@&ugns?sl Fhe aotiAZR wag kherh pﬁ:elqzbgl thelolypyrrole
i nterecqnnecf e t i evj ce .at. any.
fim P v DS HOJEEHE 1o TR N2 I PRO P Hlera oL FEidHs PR, and
molddfle PYolliisis. PeePRRY BAISYrEdle/prdtbRY SrOBE Fifth depasiked 6 the
device 122 to each row colum _pair 116, 118. For each
- micreglgchoe shrfges and wais rinsgdvesEBSHeldion asSdadramay be
. . q
impgdHfeeHRRBERGH Andifzdr e0n At ERctBEnERidal intEyface P267
was sed itorpestenoe thef impedancey Zodfithe Giaeleclrode in P Sakufter.
Son b WG PR 495,134l 9 TP e
prep??ét?r eqﬂ% gdridS il dioRBASHbHNPoRBYIrSIR/aMIRAZT @idtticeliwiget he

2ncy response of the row colum el ectrode in the
submergedrin 200! o selytionsswith diffentganspntigiions ¢f A€hanges

resphBivellP 39T Bhos. FhefaRt dichifBiibs Rerdiaaitehy PBS to

- remove unbound AZT and placed in PBS for impedance measurements.

[0063] The impedance change of (R — Rv)/Rs vs. concentrations is shown
in FIG. 7 as denoted. [d(1Z - Zo})/dlog(f)] / [d]Zol/dlog(f)] values were calculated
with step of 0.001 and shown in FIG. 7 as denoted. As illustrated, [d(|Z -

Zo|)diog(h] / [d]Zol/dlog(f] is more sensitive than (R — Ro)/Ro by almost 1

order of magnitude.

[0064] Alternatively, the sensitivity 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, thg rgal part, and capacitance, the imagina::y N
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for each row/ colum el ectrode pair 116, 118. Operation
row colum selectors 124 and 126 and neasuri ng

vg(g "%F‘ﬁ?? may be controlled by a general purE se
%’b) P é devi ce under software control, in nBhK&Fa05/000111
under st ood by those of ordinary skill. Results may be
b ayed /orf processed. [0061]
p3iE R rtRipeal Religpadie T bdbiglorFogh m@dqc@d ing
protéBsirefand caldakang tﬁhﬁenﬁéﬁﬁéﬁ'o@@é’{nﬁh ithd 8 g‘ﬂﬁéatio'n
can, for exanple, also be also used for detection of

methedideseribahaliaves. The exenpl ary arrays 10, 100, 200
may be suitable for a variety of applications

el U .
(000, ootk e, (K BB 0 A Skt ere RGN e
i!lqstratlm:omlyrand iffime veay lagiing.0Tha mscrﬂﬂﬁi emboi‘hﬁndmdf to
ecula i nteractions such as cI eic_acid
it T G ot oe IR Ty A raRdiations of form,
anﬁh éﬁié Ei@t“ah@ § drderof apbt thReS
] 0959 1 PCT/ SGZgP)SI 00011?%[%%22] El Eﬁ%’;ﬁg’é" ré'tﬁeﬁ’\@,
edadde ancomnass i sueh mpdifisatiprmathingits scopes et defined by
theccg%[-r%i,ni ng 0.1 Mpyrrole, purchased fromAldrich), +
uffer was prepared as solution A. A solution for
probe synthesis was prepared by adding | pi of
anti-AZT ,281 D, thym di ne anal og used in treatnent of
Al DS, at 100 pg/m, purchased from Signma, into 99 pl
of solution A. A glassy carbon (GC) electrode with 3
mm was used to inmobilize pol ypyrrole/anti-AZT probes
by an el Lca.u oche depo w 5: Fon with th w e nrecusnr
soluutinn containing nvrrnle Ili : a1l ~wernl~u
CWNIVL 3033, L p~.. ... .. and AZT. During
the el ectrochem cal deposition, a platinumfoil with
much | arger surface area than that of the GC, and a
Ag/ AgCl el ectrode were used as row and col um
el ectrodes, respectively. CH 660 potentiostat was used
to conduct cyclic voltametry (CV) over-0.1 to 1.0
vs. Ag/ AgCl for four cycles for electrochenical
synthesis. The anti AZT was entrapped in the

pol ypyrrol e
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filmas the probe nolecule to detect AZT, a | ow
nol ecul ar wei ght protein nolecule in solutions. After
t he pol ypyrrol e/ protein probe filmdeposited on the
m croel ectrode surface and was rinsed with PBS
solution,a Solartron - - |npedance Frequency Anal yzer
1260 with El ectrochem cal Interface 1287 was used to
nmeasure the inpedance, Zo of the GC el ectrode in PBS
WHADff CEAIMERXGP:ut i ons with concentrations of AZT from 10
pg/m to 1 gg/m in PBS were prepared by series
di lution nmethod. Pol ypyrrol e/ anti AZT el ectrodes were
1. s&bn?éﬂ@éablﬁcwo@omp”@ﬂgsol utions with different
I%ESQLE[@II ons of AZT, respectively, for 1.0 hours.
en the el ectrodes were washed by PBS to renove
u ﬁ polially pizoouniad efsicliodes formegsn fsaid subpicaleince

-méa[?lwaﬂi\?gf ﬁrorkuﬂgﬁ%@éﬂmggse é@gﬂ%csealcf E)ﬂ'[g%@ Q‘I; \Krgfks'ng electrodes

concehtrati ons
encurcﬂ@q &aeil of [sa(d pluraliob) caurig electrodgsd addjelaghisglly )s]olated from said

counté’raéi%ﬁ%d\ﬁg;r g‘éﬁﬁ% gfgﬂ%%w?]ogsﬁg tagé QF%W SMhe counter

electrggls; ) / dl og(t)] / [djZoj/dlog(t)] is nore sensitive than

o S IR oy B80r  GRARALUT Y L s,
generatg 4 peolgotial rfor @@ie@ilqnh@ Qﬂ@ﬁé@pi_ogwabpnobmand dangeb eolecule interaction
proxin?é?@gga%tr%g B chﬁtF E@%I@ct%a'd%g ual inductor to

pro ts o

SsS t e resu al ned by conventional ac
i npedance neasurenents. For exanple, in nost

2. e*rﬁé(:ﬁpcd?%uﬁai widreil'said %ﬁm‘%ﬁ ?tﬂﬁér élg?tﬂfbes are foraned of at

equi valent circuit are resist e rea
least Qf@gé@laﬂaw@egofd Heetahwgibear r;artmeemfm%/aog sgmuctwe polymers.
PCT/ S&005/ 000111 part. An additional imginary part,

the virtual inductor could introduced during o .
3. plhlrekipighgny i cleims lta fiitheneomppeing At leasl ongawall igolating fluids

promeP@eaQtéH\bf% %d‘éhf‘e"i“e!e‘&ﬂodé@ftr&ﬁ gﬁ%@éé Bedi fRer diiPBaks.

course, bove descr odiments are
|ntended to be illustrative only and in no way

4. | TﬁB EAiPOF ardy'&r AGSe i tg%dﬂﬁ'ﬁ%r gblﬂgfglﬁ%g lea%%lﬁ%:ﬁ;e{?llglg %Sﬁatlpg fluids

I n\venti’on are susce
proxmla@ﬁ fgch qﬁﬁ&r@yﬁ‘@:ﬁﬁle@fromff@n OH@FQFG%Ofa%dﬂ enuinar efgctrodes.

operation. The invention, rather, is

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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i ntended to enconpass all such nodification within its
scope, as defined by the clainms. 17 WHAT | S CLAI MED
IS: 1. 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
each of said plurality of counter el ectrodes and
8. ellbechipedlahy OP glaimg btp T.rvdareinicach obsaid seudeigiecitngies is generally
rectarpﬁ%&eéqﬂa@@r bt fﬁ%h@fg@.‘:t rodes Is at an equal distance
romthe counter electrode; pairs of said
counter/working el ectrodes for interconnection with a
v i r i al .. deat '
O o AR AN dafhe PEEE: R cDRbShy A plidliy ! AEcioRfe pads
each jcavesingcPhenof paigxrerter gleghipdesofnd aitsd suoawiding \gseug ef working
electr§degctrodes. 2. The chip of claim1l, wherein said
wor ki ng and counter electrodes are forned of at |east
one of platinum gold, netal, carbon, carbides,
nitrides, and conductive polyners. 3. The chip of any
of claims | to 2, further conprising at |east one wall
isolating fluids proximate each of said counter
el ectrodes from other ones of said counter electrodes.
4. The chip of any of clains 1 to 2, further
conprising at |east one trench isolating fluids
proxi mate each of said counter el ectrodes from other
ones of said counter electrodes. 5. The chip of any of
claims 1 to 4, wherein said substrate is formed of at
| east one of ©plastic, ceramc, glass, rubber, fabric,
printed circuit board, and silicon. 6. The chip of any
of claimse 1 to 5, further conprising a plurality of
i nterconnects allow ng i ndependent neasurenent of
current flow between each one of said counter
el ectrodes and one of said working el ectrodes about
sai d each one of said counter electrodes. 7. The chip
of any of clains 1 to 6, wherein one working el ectrode
about each of said counter electrodes is
i nterconnected with one working el ectrode of each of
sai d groups of working el ectrodes.
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[0o.

I"

2.

(3.

18 8. The chip of any of clains 1 to 7, wherein each
of said counter electrodes is generally rectangular,
square or circular in shape. 9. The chip of any of
claims 1 to 8, further conprising a plurality of

el ectrol yte pads, each covering one of said counter

el ectrodes and its surroundi ng group of working

el ectrodes. 19 to. A col unm-and-row addressable chip
conprising: a substrate; a plurality of channels
fornmed in the supstrate; a plurality of colum

& elyrpg@ngd-rogadrgsaably chig CORIAISIG-t y ext endi ng  al ong
a length of one of the channels; a plurality of spaced
r owa@ygsira@des, within each of the channels and
electrically isolated fromthe colum el ectrode of the
channel ; at |east one pair of electrodes for

i nt aplwalyof channgls formeddn thejsukdiatee, electrically
isolated fromthe row and col um el ectrodes, and

00si 4 . . . at
[ oaa PSR of GoliiteiBtfodbe LHHI G T RE) BHIR) RERERG, 7
of albag enlangthwif eneiofi theacharueld; east one pair of

el ectrodes for interconnection with a voltage source

on By G faedoipierdifs fufi oAnSpS TN bl
paiglectdealigrisolateddrar thd eolamnuetactebde of theechanhbl; n sai d
one of said of said plurality of channels, the other

of ch,of said irs ,on.the other .side,of the colum
o &t st Bhe pisfor RiagthoBh o ftetletiretioh it % vl be Sy
C hafugidally lsblatdldrorh the Rw Sh@toluith elecibdésNand wher ei n
each of said at |east one_ pair of el ectrodes for

[ nP@Fi@@W@?ﬁ goneraia A m&dtbwnaea@geaféﬂl @@S%a@ﬁ%cﬂjé@r_ﬁon of
wobﬁ%B{E{gvﬁMrate. 13. The chip of any of clains

ereln each of said channels has a

The chip of claim 10, wherein said at least one pair of electrodes for
inferconnection with a voltage source comprises a plurality 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 10 or claim I}, wherein each of said at least one pair of
electrodes for interconnection with a voltage source is embedded

within said substrate.

The chip of any of claims 18 to 12, wherein each of said channels has-a
width between 0.1 pm to 2000 pm.

The chip of any of claims|o to 13, wherein spacings between said row

electrodes within each channel are between 0.1 pm to 500 pm.
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I5,

l6.

IT.

18.

4.

20.

21,

wi dth between 0.1 mto 2000 m 14. The chip of any of
claims to to 13, wherein spacings between said row
el ectrodes within each channel are between 0.1 mto
500 m 20 i5. The chip of any of clains 10 to 13,
wherein said substrate is formed of an insulating

mat eThéthip b any BEcIaiMdI0 6 12CIvkrBiA Baid¥ifsthft BJbaned of an
substrate is formed of at feast one of plastic,

cer dpplating sgterial. upber, fabric, printed circuit board,
and silicon. |IT. The chip of any of clains 10 to 16,

fur ther oo BpEhith ﬁgwﬁerréwga*di%sﬁ&%éf s@@ﬁpﬁ@;pﬁ%fgzﬁt one of

al | ow ng 1 ndependént measurenen
bet \dasiiceearnmin) glask, adiber,fabrie) motted dissuibibordpandsilicon.
said colum electrodes. 18. The chip of any of clains

10 I T ' f L row el.ectraodes . .is
gend s TP PLEDRIBATED 8o TPhfel EdnBudiid Wb,
19. intercofines aibliag (hdepariant hiiasgienieriwisurehefidvvi ng
ap a@%r surface; %aﬂaurallgt of row el ectrodes forned
at opeYESR §AChPLE & FAfthEaw e %PQ%ﬁnfiynﬁof@ardﬁmumn

el eglecfd@ss. each forned atop said planar surface
proximate a row el ectrode and el ectrically isol ated

fromsaid row electrodes; electrolyte pads covering
eac hhe thipaf any ehcleinag Orte &t wheseisaachtaf said ww elentrodes is
el ; j f [ . C el ectrodes for
i nt rrﬂég%l&erg??dghﬁﬁ?,t%q?%'rg%?i?’g@gfj%% €, to generate a
potential for detection of chenibiological probe and
t arRyeaddiessahlé ehiptamprisingin pr oxi mat e each of said
pairs of said row and col umm el ectrodes, wherein

por. ém%aghwgﬁ%%rsm{: ace not covered by said

pads are - . Bic. 20. The chip of claim 11,
wherein said planar surface of said substrate is
a plurality of row electrodes formed atop said planar surface;

a plurality of column electrodes, each formed atop said planar surface
proximate a row electrode and elecirically 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
voitage 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 pads are --
hydrophobic. - |

The chip of claim 19, wherein said planar surface of said substrate is |
formed of hydrophobic material.

~ ‘The chip of claim 19, wherein said planar surface of said substrate.is
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formed of hydrophobic material. 21 The chip of claim
19, wherein said planar surface of said substrate: is

21 coated with a hydrophobic layer. 22. The chip of

22,

any of clainms 19 to 21, wherein spaci ngs between said
row electrodes within each channel are between 0.1 m
to 5QQ9-184 a8 liP)Rferany of clainms 11 to 22,
\/\herng% sgiﬁ%%ﬂgstfjg% fag;{'orned of an insulating
material. 24. The chip of any of clainms 19 to 23, |
wher €he chigi of asyieé claime 1l $o 1% wherai spagingsbeivashesaid row

G 1 ool Erod S sath ffondsar Betwerid ¢ i ¥ pORRGr o1

2.3 .

24,

25.

26.

2T

28.

29,

claims 19 to Z4, wherein said electrolyte is

| NSOt ibtisip of afy o Haingd 1P to 2 aRkeein Siidisubstktetis fatmed of
wherein said electrolyte is selected fromthe group
cons#rsinsHigling mateRals hyl ene oxi de, pol yvi nyl (al cohol ),
pol yvi nyl acetate, polyacrylam de,

pol g hybN@ims 1PR 28! dj i€ ®rfned of
Conty oo BT BhpLNalims PR Y5 MGBRRAN Sabgnalsts Rired o

f ur et daast onp of plastic. cepamicaplasy, abber, el gintad eircuit

al | ' [ dent neasurenent of current flow

bet &g@ﬁg@&@%ﬁ%ﬁg’of said row el ectrodes and one of
said colum el ectrodes. Z6. The chip of any of clains

1A fibe2bip ehanyeoficiamsHidolo &bivhereiw selicelectrdlyte isiipsoluble.
general ly rectangul ar, square or circular in shape.

24. dressabl e .chi oyri.sipng: . e,

ol ul QP ot AR S B, W spifie B gl s Seibted
S ]9 bﬁbmgme l;grwl.rb?ns?étf:ﬁgyofqﬁ:giwhﬁé?@ oRideg pblgdiﬁy!,(algilspmlps

of said plurali of working .electrodes encirclin
eaCHOIM_Y'“gleﬁC@*ﬁ‘iﬁ%@)’@‘f’iﬂaﬂf‘dﬁmwmyby@ Nedes and 1

el ?ﬁél{/%i??ﬁeh}éin'ﬁﬁQ'aﬂH‘iﬁ?if‘ cembhitidnsount er el ectrodes;

pairs sal d counter/working el ectrodes for

i nterconnection with a L .
The chip of any of claims 19 to 25, further comprising a plurality of

interconnects allowing independent measurement of current flow
between each one of said row electrodes and one of said column

electrodes.

The chip of any of claims 14 to 25, 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 intercqnnecﬁon with a
'voltaée sburce, to generate a potential for detection of chem/biological -
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30.

31

22.

33.

34.

35..

36.

31..

38

vol tage source, to generate a potential for detection
of chem bi ol ogi cal 22 probe and target nolecule
interaction proximate a pair of said counter/working
el ectrodes. 30. The chip of claim?29, wherein said
wor ki ng and counter electrodes are fornmed of at |east
one pifobelarid taryat ngskéclle Mtdratiiorcprdximatecaphirds said
nitrides, and_conductjve polyners. 31. The chip of any
of cPRMeworking &Jectrad@st her conprising at | east one

wal | isolating fluids proxinate each of said counter
el ecfﬁé’gﬁg Jf Rt 29h Yherdi 88idaforkmigCasP BBlifer electrodes are
el ectrodes. 32. The chip of any of clainms 29 to 30,

f ur tfogned ofrpt leasimnenf platipum,gald, metghgarbaw carbidgs.

fl uids. proxi | d counter electrodes from

ot he’?'ﬁgﬁg’sétﬁéiq%ﬂggﬂﬁ@er?%l ectrodes. 33. The chip of

any of clainms 29 to 32, wherein said substrate is

f or i cifip ofkny edsibinen2q tf 2@ fughércorprising @t ledshovg wall

i g prSi el i e 2t oo ifes i er

CONMRYnkes iof9al dtuntetdidctrodks. | nterconnect s al | owi ng
i ndependent neasurenment of current flow between each

one_of said counter,. el ectrodg,s and one_qf sajd working

el edheshisobapef daims Lhion30 igrther comipriging At gast one
| : ) . R . B
ohe e B TR R gt or St Soom

wherelin one about ea sal
counther opke of saidemuntericlacliodesnect ed wi th one wor ki ng
el ectrode of each of said groups of working

el e S ] - A :

hor 0 RS0 for g 25 ie R, WMy A BetEte i o of
r ecablegstl ate ofgslastios ceramic,y glassyrubbers fatpie, prigted difvit
chig of an% g'),f clains 29 to !36, further conprising a
pl UPArd; gNABIliCPRct 1 ol yt e pads, - each covering one of
said counter electrodes and its surroundi ng group of

VoI Rhdlehiplof ahly @ eims 89 té Beflirthp rangirising a plurakty rof
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.

The chip of any of claims 29 to 34, wherein one working electrode
about each of said counter electrodes is interconnected with one
working electrode of each of said groups of working electrodes.

The chip of any of claims 29 to 25, wherein each of said counter
electrodes is generally rectangular, square or circular in shape.

The chip of any of claims 29 to .36, further comprising a plurality of
electrolyte pads, each covering one of said counter electrodes and its
surrounding group of working electrodes.

A test apparatus comprising

a substrate, -
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a substrate, 23 a plurality of pads fornmed of

i nsol uble material for binding to sanples of

interest, arranged on said substrate; a plurality of
wor ki ng el ectrodes, each of said plurality of working
el ectrodes electrically interconnected to first groups

of said P sl ¥ ,sgds%ﬁgéfd 8f :‘ﬂ'e.Hthléf hété%fat! fH b ing fo

el ectrodes, each of" said urality of counter

el ect r odesages of ivtarest, amangacoemsaidstbstratespcond
groups of said plurality of pads; wherein each of

sai d pads .5, t n i ' .
o wor ki ng FptEIbFARIRAG RectloteR: Eadt of i i el B Woliang
count.er ekistinodde electricathpinieicognetied tefifsd gromasefgaid)

el ectri cal c%a}r'a teristics at a selected pair of said
counter aRWRIBY OF P8Y%| ectrodes, to anal yse an anal yte
proxi mte said one of said plurality of pads

I nt er conng @ity of RoGRter cRelr8gds alRioT sald siatlihF Scuiter
and working el éctrodes. 39. The test apparatus of
cl ai m 38, elegiredes elegiigalisinipjcennacied o speondraraups ef said

interc:onnr%{;jaeﬁﬂ(mO ARen said nmeasuring device and said
pair of sal rking and counter electrodes. 40. The

test apparatus of claim 38, wherein said neasuring
devi ce rwhareiresachhef daidpadsisyintecspmectecio arm df said

sel ected ik, Of ' ' d count er el ectrodes.
at. he. PIBeySrsPkhg Mrctds dorr ol il o7 o
pads ar e coanteréledtrodekectrol yte. 42.; The test

apparatus of any of clains 38 to 41, wherein said pads

are forned of cross-lipked hydrogel . .-f The test

Appar at U8 PSSRSO Frespid Hectifrl derdaitics a8

are “selected pair of said counter and working electrodes, to analyse
an analyte proximate said one of said plurality of pads
interconnected with said selected pair of said counter and

working electrodes.

39. The test apparatus of claim 38, further comprising at least one inductor

4o.

4]..

42,

43,

- interconnected between said measuring device and said pair of said

working and counter electrodes.

The test apparatus of claim 38, wherein said measuring device
measures the frequency response of said selected pair of said working
and counter electrodes.

- The test apparatus of claim 22 or 39, wherein said pads are formed of
electrolyte.

The test apparatus of any of claims 28 to 4/, wherein said pads are
formed of cross-linked hydroge!.

The test apparatus of any of claims 39 o 4!, wherein said pads are

formed of polyacrylamide.
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44,

45.

46.

formed of pol yacrylam de. 24 44. The test apparatus of
any of clains 38 to 43, wherein said neasuring device
measures variation in inpedance of said selected pair
of said row and colum el ectrodes near a resonant
frequency of said of said selected pair of said row
and r : ARaER .
of cfi-g!la :ﬂé@%@ b?‘o%ttﬁgp%l}, r éfﬁcé?ﬁ%g%rgpﬁﬂs‘?’n gr %\;ﬁ]\/ é‘%‘% ﬁﬁ%%wu’ﬁﬁ
sel edévices measusssivacintisrirdinsge deticedf gaidrsebécted ipairraf\waid
and colum el ectr%deds for intercolré;i;r ection tg s%ic% .
meastY A gelymnelecipdepnear aesgppalitgaengy of sgidgt said

cl ai $BedB8d LRird? saitlBiaidd sdlfhn@assdddg  devi ce
conprises a variable frequency voltage source. r 25

The test apparatus of any of claims 38 to 44, further comprising row
and column selectors, to select said selected pair of said row and
column elecirodes for interconnection to said measuring device.

The test apparatus of any of claims 38 fo 45, wherein said measuring
device comprises a variable frequency voltage source.
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