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PUAhI Patent Application No. 60/558, 113CT’SF%@5’00°111
April 1, 2004, the contents of which are hereby

i ncorporated herein by reference. FIELD OF THE
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detection of bio- and chem cal nol ecul es, and nore

particularly to arrays used in such detection.
BACKGROUND OF THE | NVENTI ON [ 0003] Met hods for
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attractive alternative to detection techniques

[o0caYi ng msra@ﬁn@ai@hldﬁn@rbédewmms Pe&BsiBnal Patent
El ectrical and el ectrochenical detection techniques

Applicatipn Ny 69/p5811&18led AN, 4604, 4he epalenisnaf which see
el ectrode arising from
he’i%%? ﬁ?&?&g%ésyﬁﬁg[ﬁmégﬁaf%nggul es attached to the
surface of the electrode (often referred to as
"probe" nol ecul es) and nol ecul es present in a reaction
m'xture (often referred to as "target” nolecules) in

COnHae l-rfg_l QWE Node Exanpl es of nethods and
devi ces rel 0 ct rical or electrochemn cal

detecti on of bi orml ecules are disclosed in U S. Pat.
[0062k. The presEnbinventiosrsgaiss generdlly 13 AB elecBanic’93,

elerochpnicel emstfh af B BB e iy S dhipors L e

partbulativMardrageusedin sath defectiba. use of radi oactive or
fluorescent |l abels to detect interactions between

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

detection is safe, inexpensive, sensitive, and is not

bu BAOKERGUND GRPTHEINVENTION ous regul atory

requirenents. The devel opment of microfabricated
[Oﬂtﬁig; a?f\@%t&g]g c?;?qu%@/c? for electrochgrwca I&%{Te]c%on o?lr)no? Ccl:JlllgrS
interactions between biomolecules have provided an attractive alternative to
deteciion techniques relying on radioactive or fluorescent labels. Electrical |
and electrochemical detection techniques are based on the detection of
alterations in the electrical properties of an electrode arising from interactions
between molecules aitached to the surface of the electrode (often refetred 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, 5,187,096, and 5,891,630.

[0004] Electrical or elecirochemical detection eliminates many of the
disadvantages inherent in the use of radioactive or flucrescent labels to detect
interacticns between probe and target molecites. Electrical or efectrochemical



i nprovenents of traditional analytical techniques.
Mcroarrays of bio- and nolecules (e.g.
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U.S. Pat. No. 5,653,939, Hollis et al. dlsclosed 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
‘not provide for true four-terminal electronic detectignufgrﬂhigh S/N ratio and



WD 2005/ 095991 PCT/ S&005/ 000111 high sensitivity,
and does not lend itself for use in high density array
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diﬁ(gﬁt&rglgﬂrwgé% [0010] In accordance with the present

rnventiton essabl e bi o/ chem chips include a
plurality of isolated test cells or rng ons, each
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el e .
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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 w:th the present invention, addressable blo/chem
chips include a plurality of isolated test cells or regions, each addressable by
- at least two electrodes for measuring elecirical characteristics of probe/test
molecule interactions. In one embodiment, electrodes are located within a

.. channel to allow.for-four terminal measurement. In another embodiment,
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3 WO 2005/ 095991 PCT/ SG2005/ 000111 el ectrodes are
arranged in rows and colunmms and i nterconnected vvlth
el ectrolﬁe pads used as test sites. In yet anoth

VeBBaitre

each cell including a counter el ectrode surrounded
encircled by working el ectrodes. v(([130011] In accqQ dance
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anne
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frorfi Yhd 86RmrPeleBlrdda bf ﬂ‘l}é chanhel\and @@le"a@d efe pairt dlcatroges
t he planar surface pluralit J&J& eIe trodes,
for mﬁonmm withop vph@gqf#aﬂa@ eje%/ff'aelél 5P efa‘oo
A e

acrosd aﬁhaﬁlaepmttodeﬁ,onploémmdt@r@!& ow el ectr ode pal rs of
the row and colum el ectrodes for interconnection with

toofl o brfoRick Syt o pHBRE S U BoRehffibfiod there s

proﬁdédi el sRidresabie thip inguding eeubstrate kving aqdla}n&r susfdee, a

plurgRof 3pe Serdicsiondentd pigdap Binal SuoAtht BLm LY ob
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dressabl e chip includin a substrate; Elurall
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cov@tjt 3%1&}{ OF i‘PnIe %&rﬁh 'éﬂecﬁjog%% &gﬁﬁna@ Wa!e@fro&é‘ﬁ)alrs of

rKi ng el es enclrcl I Ng eac
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molecule interaction proximate the electrolyte pads. Portions of the planar

surface not covered by the pads are hydrophobic.

J0013]  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 isofated 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.

el ectrodes are arranged in cells! CWSF?P“S’O““IH



counter/working el ectrodes for interconnection with a
voltage source, to generate a potential for detection

of chem bi ol ogi cal probe and target nolecule

WOLUPAYPbn proxi mate a pair of counter/ wor ki B§1/5G2005/000111
el ectrodes. 4 WO 2005/ 095991 PCT/ SGZOOS/ 000111 [0014]

I n accordance with another aspect, of the i %entl on,
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f |
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wopking eleriroges, do analyse anEnAbi% pryimatedbersgef the puaty of

paqd B IRRILE Wil thd SabuEAaRlof e cBLARPBhd WARRY! O

eletirede.t upon review of the follow ng description of
speci fic enbodi nents of the invention in conjunction

roofbl" hen SRR tebfren 8 R oS Ay B R

appsRentab tﬁdﬁ’@l Srdinairy skilt nbl(hélaremcm reniew béther feﬂamhg
7 I nventi on, OOl?L El G er.s ect i ve él Qh
dessTiERenehTeT Anbagmepkeetihe ipaTton g conbE LR g

q@tlréglventl on; [0018] FIG 2 is a top
a_ccgaﬁﬁleaﬁg“ c view of a porti on of biolchemchip array of .
FIG 1, [0019] FIG 3Ais a partial cross-sectional
vi ew of biolchemchip array of

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

[0017] FIG. 1 is 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;

[001 9] FIG. 3A is a partial cross-sectional view of bio/chem chip array of

FIG. 1;

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

of another embodiment of the present invention;
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FIG 1; [0020] FIG 3B is a partial cross-sectional
vi ew of biol chem chip exenplary of another enbodi nent

of the present invention; 5 W 2005/095991
“é@%%é‘s/ 000111 [0021] FIGS. 4A and 4B ar ePCT/SG2005/000111

schemati c di agranms of a biolchemchip array,

exenpl of anot her enbodinent of th
002 Hon 68 3AEEAB presthenticao i iea PloTahemy et asrava
ex@#nﬁ(ﬂ@ﬁéﬁ&h@ré}hf)@d‘men%ﬁﬁ@ éérﬂfin\@?ﬁ!bﬁer enmbodi ment

e present Invention; [0023] FIGS. 5B is an

enl arggd vi ew of the counter working el ectrode
[0022] r e GBI BAdH Bschematicdiagrem pheig/chemshiparand 6B

e j ' : the bio/chem
o GhPERLOFIPH Shagimih &ine Fes i nfom " &' 7' o
graph illustrating the senS|t|V|ty of test cells of
[0023¢ BIGScHBIs an khlarged dgw afthd-CaBiienwoddng éRctrode
PETALLED DESCRLPILON [0026] FIG 1 schenatically
aaqu% CRIROTEIGLPA. { or i nal addressabl e  bi ol chem chi p
array 10, exenplary of an enbodiment of the present

[00124%6 NFiGS. 6A bAQBH abSschiiiatit l’dﬁgrdmsa:ﬁ test cifls bfitHeudes a
strate 12, and pl ural wi dth wi se extending

biolghemazhiaray of ﬂﬁsdﬂa’l‘qlﬂgﬁﬁgl vi dual Iy and

collectively mcrochannels 14). Substrate 12 is

[0025Y TAIR(7 8% gl%ﬁHhIﬁIstraﬁig?ﬂ*feeéér@ltwﬁy@ﬁtéﬂ celd 85thkeC,

ceram c, gl ass, bric, printed circuit board,

biofghemceiip @irays of FIGS: 44 88ddRer eof . M crochannel s 14 are
formed in the top surface of substrate 12. Exanple
m crochannel s 14 may be forned using conventi onal
et chi ng or enbossing techni ques, and nmay have w dt hs
on the order of 0.1 pmto 2000 pm and depths of 0.1 to

'ZOQETMEWESCWPT@N depicted array 10 only includes
two m crochannel s 14a and 14b. However, a suitably

[Oofdj ZeGesY b%’n ﬁnfggcé}ﬁz Jﬁ?é( d18Sh ‘f%‘r-i%ﬁ%:ﬂé‘l‘ Sﬁﬁfess%le

m lar' m croc annel
blo!dmn chwcaramwu axemplanyiof au&mbmbmnlnf %mmﬁaentnmrﬁ@ge
to edge of substrate 12. However, m crochannels 14

100279y AV MuSiiE8 L4 40 Mlclibies a substrate 12, and plurality of
-width wise exiending microchannels 14a and 14b (individually and collectively
microchannels 14). Substrate 12 is formed of an insulating materiai 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 technigques, and may have widths on the order of 0.1
pm to 2000 um and depths of 0.1 to 2000 um. For clarity, depicted array 10
only includes two microchannels 14a and 14b. However, a suitably sized
substrate 12 may include any number of simiiarly 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.

.. f0028]  Exemplary array 10 further includes x-y addressable row and



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

PCT/ SG2005/ 000111 colum el ectrodes 16, 18 in
VP PH0OER! i crochannel s 14, as further illust PEIEG2(0/000111

FIG 2A. As illustrated, addressabl e col urm eI ectrodes

18a, 18b (individually and caollectively co
coblrmelectuwmﬁ 1o dﬂ‘é@'ﬁgﬁ@wr@@awshoﬂﬂ;ﬁS\f@ﬂ&?fr'l%%ffaTed

in E% hZIgoﬁs ﬂ@gﬂ?@t %E@%ﬁgﬁéﬁldﬁ??%ﬁ@&egﬁ ?{é Iofz?tifc 2 IeIy s

(intidaalip end aokedively.colme b!ammdes ésyareams:gned as

-ref erencel counter el ectr 0 si.gni fi cant
copdudlive siinspRach mrm% ﬁﬁ hézf?? angels 14.
Coilif gté&gbg@@@ém ﬁo(rra(e@ﬁéwwehy Br acéfm@aewhmd:an

i sol ate rom col um el ectrodes Row and col um

seneastetaiesce/adintaelectodasayithoud aigmf qagbp@ltaﬁaatfq«'b m eac h

oSy QeGP Y e oFL B acr

chérﬁwﬂd?d m:miya froecolams e’lBt?ﬂ'odesma: r Iatl'sdwamﬂeicdurﬂnfll glectrodes
e alternate shapes for . ro ect rodes

16,18 a%e@pcﬂﬁrﬂa@eﬁd@%ﬂ@aﬁgﬁw dp s depi %RIPW meﬁsr
of HEMHA ow &E@ﬁc{?&dﬁa@fmﬁﬁa asGinitb Yz SHeraRNOURL! Y

rectangul ar and square conductive pa s ar e “depi ct ed
cornduciivepadeBithindn2z@chanpelsci4. veEyamA liernatgrshapesiion v

ol GBS FERpo el et BBbY 173 ik S B AR O
oot e oty s
conglugtive padspare ewﬁt?ga .{)58%5“#18 @833? ApSPaciplo MR, for
o feaarif 1i5ug gl o Shooasete, Mallly o

sizad whs@raé@mnmy ineluge ianyawinebanof sialiaily fogmed row elaghiodss

16 of the row colum and voltage el ectrode materials
“include solid or porous gold, silver, platinum

copper, titanium chromum alum num netal oxide,

[0028% al Rowrddmalmdesaiﬁauay begcrrepuded @t spamn@s endhe order of 0.1

pm S B i Exemaiaty, Fa ESIEF blekipfgt 16718 v Sps ondhs;

ordéYBHd, ﬂl?)ﬁﬁiln' b 5d®a;hrh8wﬁfch%a@ﬁsé RARBaRA by’doriventibR@Iosi ng
lltho%rr]a;rgypor nanolithography technologies. Examples of the row/column
and voltage electrode materials include solid or porous gold, silver, platinum,
copper, titanium, chromium, éluminum, metal oxide, metal carbide, carhon,
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 located in microchannels 14
outside of the addressable row/column (x/y) electrodes 16, 18. In the
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 vbltage electrodes 20 and negative voltage electrodes 22 of

~ array-10-in microchannels 14 may be electronically interconnected together at
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voltage (referred; to as "voltage el ectrodes"”) are
| ocated in mcrochannels 14 outside of the
addr essabl e row colum (x/y) electrodes 16, 18. In the
WRA1%ePE enbodi nent, one of the pair of vol t af€T/SG2005/000111
el ectrodes 20, 22 is formed on either side of columm
el ectrode 18 and on either side of each row el ectrode
twadines | positive vol tage el ectrodes 20 and negati ve
vol tage el ectrodes 22 of array 10 in mcrochannels 14
[0 (I!ﬁg ben sb@phvisi BRI olichisA RS foRids 160 %8 @lﬁﬂ v@ﬂta%ewo
5/ 095991 PCT/ S&005/ 000111 two lines. [O
elestroden R0)\22whish are ésolaied fionuthe eurent elegdodes forﬁweamr-

e

eatiepain bEveiige elf]ctrddbsm ag q:lmowmestﬁeleB:mcgd\ﬁew fot fdupcone
[ ent eacC palr o volta e o
te"ii‘f"t% irpRadatice dneasuremgntsy ag gr g isolat %ﬁf om @Prﬁ y,gpgiressable

greasurenents, and are isolated fromthe x-y

elebHRIME elI
addr essabl e electrodes 16, 18. [0032] Since the
function of voltage electrodes 20, 22 is to establish

[008R] eflwerthe func@pa of Holagmelertrades 20,22 is4e establisbaat ed
eieétfl? Befdy .cﬂE 1% ohﬁéag‘%‘q‘ hd ;&t%‘gdogéﬂ fr%%ﬂh@ﬂ%ﬁﬂle?‘%t angus.

ernative y
testingofluid esdmipleso Huiss alternatitdly amlicgeedectmided 20n 2210an BB.

Thi [ I t '. - 1 nal
eyt b SOREHE BB, T e o
contlcity BRr-(crrifal eficufcat BAdsiddpésabld déteetfon Wih %f;}h?ﬁﬂhéln
for significantly reducing, /O lines. [0033] In t
to ngised 9§n6f8=rﬂaleﬁnpitfe§x"mad%iﬁaﬂfyg‘or stanifieqntly reducing

Vo fh&ctrodes 16 are separated by mcrochannels 14. As
such, as colum electrodes are isolated, a pair of
arrayed row col unm el ectrodes 16, 18 can be addressed

[0033]de gBitte arrapgempntscafibotfe FHES: #A and s column eleaitodesng
16 g R HARaThS poroCholflels 12 A8 flopl S CERIMATTICELBRLE BREC
isolated s& pair ofjairayet owoclhnaseletiddep1@tHE cen bpadtiratsed
indepgFiSl BoEFEREIRS bianeho B rRLBSHR rarampemantrh SHEE
pairdBEtow/EallimPreiS&F st 6/18.

[0034] In operation, different probe molecules or sensing layers such as
DNA, proteins, peptides, efc may be immobilized at or proximate row
elecfrodes 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 confain 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 voltage is applied across electrodes 20/22, during or after flow of
the analyte. This voltage, in turn generates a latera! electric field within each
channel betwsen electrodes 20 and 22, and between elecirodes 16 and 18.
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such as adsorption, coval ent binding, chemn cal
affinity, surface nonol ayer self-assenbly, etc.

‘{,(22 3%0 Sanpl es contai ning anal yte that may contai
é’ "%t ecules is flown into or through chgﬁﬁépéow‘m‘”“
14. Optionally, thereafter, the channels may be
shed to renove any excess, non-boun nal yte. 036]
s/pesaRee Piimipehiized niebe gl el b o}t q!%étf
pr&&mﬁfé for ef(érﬁ}ﬁ’lgt?the i‘“ha‘?ldg‘" bt aRid cbilintn é@cﬁ@@lés 16 ms, ur n

generates a er al trlcfleld wi t hin each
cutrepimay fibethebwecrtheseiDdad L mvaand solummelepisedaseth and

10 SR U o R 8 vty e

prdyaﬂb@ ofledaiméisilielmobé mdledded andtagel msleculel oxi nat e
nd col umm el ctr

exanple, the ith and r oW,a Ees
A!tqmatn_@y, tmmeld@ﬁ@e ﬁB@"Qqscﬁkdé%t vRitchi tIeusandg F‘P\‘UW et

ina %ﬁcbw E%}Leidt‘eé'l‘i%u u:u W u;ﬁ% ;‘lkﬁl;:o‘a%\u'lhem -uuﬁﬁ ed FO
asuri ng eC]UI prrent ae tect this current to verl f

mdetwlelﬂargeiemﬂecmié cohﬂamamnb; proximite rowisotumre elgcrode pair

> bighiian oufrens Wl e Boihe el RREaRE SR

eledﬁé@“stW'llsn ot her conventional manners. Absent

i mobi | i zed probe nol ecul e/target nolecul e
el.ectr

t t | [ 16,
T S S A T T el
moFe@We@ %d%lbé'i‘?ﬂo!@étﬁéé ihag Sﬁxd%@ecﬁﬁallﬁ @Qﬁ@]prgﬁ@hdiéoules ,

l'ecul ar interactions between the i mobilized probe
mayrbe delgoted ana difergoce mhémﬁﬂcalmnabdﬁ@cﬁsb@ﬁ thecal | y
corp o SRt BB B85 4 S ke
applied instezniholi thg liqold eimtrcﬂyﬂamiﬁaﬂeentarmﬂmnhéls #Banlf a

acclissable SaLtatps il lodb el ALy an

addressabl e array can be fabricated to detect gas
[oo:nﬁrmqu be Q@&%]ma@@d \thé hulbenpps@aprsenat mhy baumber

| t hat d dent|y test
indepenagnibiiestasising AYaK RSoB TP Y oy SecR.
smcg e EB!UH{WCI‘FJI'\?%I? e l%tﬁtéMrﬁte%éhfdtﬁéF 8RabBteRlie bf f O

__detection erent sanpl es.
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 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 biomolectle detection. Conveniently the number of I/O
fines 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.

C e e



[ 0039] Advant ageously exenplary array 10 enabl es true
four-term nal inpedance neasurenents with a high S/'N

ratio for highly sensitive electronic and
P BBk cal array sensors. The applied el BETSH2HF/000111
f| el d between pairs of voltage el ectrodes 20/ 22 nmay

| so enhance the diffusion rates of tar
[004Qiol KiGh Flé‘esqnen&ﬁilﬁﬁw lustrates AB Aigmpse aHgieseableshgmibio
gj%fépns are char edlegﬁa?}g% ﬁ&ﬁ?ba@érﬁm %yéﬁﬁaéﬂ&msﬁs

arra
Aryrtli0cintladey ambé.inatef'uro Havinghh eenewlly @Ieertansurface and an

aney o 8 8B4 s R Elo 1B T o Bl TR 1Y
méﬁjﬂi@ﬁ;&dr@ﬁﬁobrbw*dwmbbwnh ediidratthobic estdingi (mﬁinsoluble

i'sol ation parts are not required, The ﬁl% D’Y t hus
layes Jor @xamplﬁ; gHbe form @m!rdoﬁemlswits# ?ﬁmlwﬂe&

«2A0d,. LOWeE 08N fnSati 9
103 1R8N i 1B o N HRRERAE 11 GirTatich IIQ &SP RO AR

embbtinsgnt adach elecindlyterpaal H2flidthes savgre at proxinte columrp

a{gr@/ tgo for use as an el ectronic chenfbiochip in
elecade l%ar at us 99. Array 100 includes a substrate 110

havi ng a generally planar surface and an array of row
[ooan} cphdsnoglesy bedesd idﬁﬁadlﬂﬁrob@m‘ralécnlher Fexs 102 may,
Substrate 110 rmay bem%/ *%obl C, at ed h
for ﬁWBEhBBl%”%%P‘ ?f@ss ahavirageleand 59@ e fogped R¥ iy e,
prldtf%gtdi“?lls{ﬁérngi (ﬁ i\é&tveﬁﬁﬂ&dssﬂh ﬁwa@rrbd)fé'm‘lﬁﬁrof

ctro ectrode 116 for formation of a test
polmrylanide oh pairs 0brovw/solunut eleciedasdipliowed hyrhe deposition

o SRR rs ol 6k bed e MBa RS RsE1

rrd;@dlrﬁﬁﬂbléc‘trc&id. aAfterdlaring) tbetﬁhepta%d sndéQulengre f or
be forned, of, cross-l.i

entEEPPR TG RYVTENESH BT A BHE AL BoAHEl to AAch Y
buoﬂ?@ﬁﬂe& p?oH@yA PfoHoMhemmMiPfuncisha b SEadharhesH Hyareyl

um el ectrodes foll owed by the deposition of a
grmmsmu peotgm probe ttachmenbeat alge by usadd eﬂ«léﬁfaatwely, the

olecichi8 bR 182nah b NGy bE: pBbEAXEENfRA 6h 61 665k of

carin reptaV| in nol ecu
rowfeciunap plettrodet he pol yneri zed pol yner matri x and can be
used to attach any

[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 to the
addressable array. Conveniently, insoluble pads 102 when formed of a
polymer electrolyte provide a bioconjugation platform for the attachment of . -
different biomolecular probes for the detection of target molecules, such as
proteins, DNA and peptides. Different or like probe molecules may be

attached at each péd 102, as desired.

[0044] As will be appreciated, arrangement of row and column electrodes
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bi otinyl ated probe. A nononmer with functional groups

such am ne or hydroxyl groups for protein probe
attachnment can al so be used. Alternatively, the
WPEM8t1 Mt e pad 102 may be fornmed after probePCT/SG2005/000111
attachnment on top of pairs of rovv/ col um el ectrode.

1 09133 rdateds 03 meoRni o SRt ATRpTD  hethogh B Ao

ﬁias&%%d ged Hux‘fibl’dusf\hﬁw Qith: roll e 6 Suds aril EAURRA

I sol ated by hydrophobic pl astic substrates.
el{;mlmﬁe]s igercosneetad iy grcamsaaf pads 192y with eagBipad W2d

. ne c d reduced nunbers of I/0O

’"PF??E@' %8\("? q%PB%gg ?ectt#éggﬁjﬁin addr essabl e array.
Conveni ently, insoluble pads 102 when forned of a

[0p48]y el et atm'malémqnllmenumpletedum Emmﬁandlﬁﬁqlam f or m

acieseha gl PO 290 avGobbse Y i o/ BacRES
el&ftreaaslcﬁﬁn Iéﬁ%md mtw&ﬂﬁmgféadrﬁ@f@eétrafe éorhﬁeﬁmkze

| ecul es may be attached at each

mMSraaang{eomm}erﬁmmwB 218 %m@ﬁatbdeﬁ deﬁd@%ﬁﬂ of
el 216 ot T Sl Fig” 8B EachBrufionEies a plualit
of workires élﬁcﬁ‘aﬂlése?r‘le ag 216bst eanﬂwldﬁaﬂy 3\/m2 lcoliﬂarimglz chg'ylng

cleghpdina1e) RRRLEIREY Slnnllods a7t indy Rl sGiofi sach

couifier eldblrbde2s8 Rote HepictédbRTbOAMIGS S WhikihgPeldbirsiis
el ectrodeaﬁal r. [004 I'n an alternate enbodi nent

216 fqpmca partiahcirgless! ogtaeamop%eterzﬁ{eqtmﬁﬁ dEacieoTterwaking

ele&{?b@? 599 218/236 ' ARGRS ué\&%ﬁf@sb& )bﬁ si fekédiﬂﬁé]o unt er
el ectrode conplexes . Each wor ki ng c nter

eleetrada 2081 €; amira lsewglezﬂ@rkimg] elegtiede 216|Wg| EBocexartple, C:Ws

t d Ki
B e G T N
Co'%me tlé/nmkélﬁ@ﬁti@'ld@ldwwkgig ?linctr@d%s/\@ff alhll waikﬁgi!iédumées

a i ndi vi dua col | ectjve in
elegradle %ee!mqas'ﬁ rram%wa@rcsa%& gthcas et il Xedz'z'oéi v
further surround each counter electrode 218. In the

'depi cted enbodi ment, the working electrodes 216 form
partial circle about each counter el ectrode. Each

[oowu nt kargreer i allpw independent assays at the various
working/electrode complexes 202, complexes 202 may be physically isolated

by one or more upstanding walls or frenches 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 ectrode pair 218/ 216 can be uni quely addressed by a
single counter electrode 218 C, and a single morking
el ectrode 216 W For exanple, Cl WN addresses
VHREWEHOPBHA at wor ki ng el ectrode 5 of counter e?@yﬁﬁwéﬂ’“"m
1. Conveniently, |ike positioned working el ectrodes
of all working/counter electrode conplexes 202 may be
[0048]er dnhe malesuiesmey be immehilizag aximatefhg tip gheach

rder to allow independent assays at the
W%BQ%F&W% ki ng/ el ectrode conpl exes 202, conpl exes
202 may be physically isolated by one or nore
{00491t arChip 200alidesaddredsablecthdp 10@pearasignifjcantbhreduns itlex

202 A h ot | t,sh
nufig g U8 ToeS fefuifed Tor Sl iufPEx e Bg R PG o
restftdh de?n{a%ulf%&ﬁgm@m{sexcgﬁ\?enléiﬁyeﬂﬁ@wﬂ'@éymrﬂetrﬁ:m i d

or sem -sol | éctrol ad inot shown) “can

arrangerseniof waiking @éectmdea mg/a@m eewer %l@ﬁ%wdg@e%wadbe

eleg%%ﬁ?%é%ﬁ%@ c%'ﬁf[rbglgﬁﬂ% I%’té Séﬁlﬁ%rﬂﬁ%lc@.?ntef él%Eﬁ‘B&éj phirom
2161218 hehraaclectroiyie eesistanp O OdigfribAtion elecﬁumcmmpmlmtsgf
ctc o Bhey erpia S Rso S et SPURer SIecR bR A8 re
ideRtidh] ¥ BRBPBIer. THIB %bﬁg;%uﬁ&ariﬂgmﬁbrov@th@@m%ﬁé %95991

PCT/ S&G2005/ 000111 | ecul es ma
measkret isignads Ipm.dﬁitwat @VQW&Q!'PUID OBWOBmelﬁﬁVRd%ms about a

A R i B A B i

eadhaqm]k{ngobléctrocm :mr?ulfgy nlefedt @i @giﬁmawcﬂﬁ]gm:?nwstmus
bkt Fagh weaking pfegtiodn B fim cRh i brbebiized in

au&éﬁe@b&gm@[&aher el ectrodes 218 the electrical

background contributions at each morklng/counter
lectro

| ect [ 216/ 218,
(00U shdreetobie st 416 g b fapvdng Lo rg AR ERianal pdpted
circfi BERRY b6y 8 BIAAR s s, Db BRRICH SimBGtiment,

counter e ect are dentical to each other.

genatally round wiogiig andsounter slpcirodes R46. 218 and infergpnnects
are etched in conductive maferia! atop a substrate 210. Substrate 210 may
be of the same material as substrate 104. Numerous other configurations and
fabrication technigues will be understood by persons for ordinary skill. For
example, electrodes 216, 218 may be generally round, square, 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] | 'lh 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
ﬁydrophobic, 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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measured signals. In addition, every group of working
el ectrodes 216 about a single counter electrode 218

can be used to detect different sanples and ea
WP ectrode 216 may detect a different ?5?@5{‘“05’“(’"1"

b| onol ecules for nore flexibility. Each worki ng

e raRerDobaioh. pflsPal it A arodisn 200 may

be fabrlcated usi ng conventional printed circuit

[0052) d Oasdaabybds @een irdubatadan shié sdst abmpldyand®ashed,
depi ct ed enbodi ne general | y round wor ki ng and

a”@c‘lu"rﬂoefpr 2PRrmay @éélsﬂ 60992_@@ Wi 'mﬂ@@%‘@rﬁf@@f@s‘-’%ﬂy&o
S S ST\ i Y B,

ate
praximste each adﬂtesmm coltien eiemtfodypmt ﬁ‘b&,ﬂwg@r

couriyping Firclianr pai lp. 218, o ibs N el e thohdg]

benaoionb@r 18IS hidlbollEPedbes ThEAESs of méts’vhﬂidrﬁéle@ﬂfrodé he
like. A suitable biochip, 200 may be forned using

interfagempaeRncanBY charmstanzingthe ImpecaneR Bhedtemeiading can

be&%&i( digg Pl astic, ceramic, silicon and the [ike.
I'ng and counter el ectrodes may be formed of at

| east one of platinum gold, netal, carbon, carbides,

[0053] r | dbet ISCemluaduheesq;brmlgmn[ @eettqde paip 36 a115ef
a1 (R0, n il bEdRBlied B8 altorsis LI sF el bt S
FIG. 6Aahd 6B. ttpdntwmmng sloctrade paiva216; 2M6rofdray 200 (FIG.

| ubl f
SA) ey DERIBIET Meteled A RusTraysiert jun bownd tost samale
andlP@ roRelgéticiie Hmay (b@}nbﬁeﬂédeé’é Qﬁoﬁﬁlealaﬁéleﬁnﬁté\%d' ng

conponent for el ectronl c detection wthout
Nows, s isshestance besvegrstie mastarpsimate éowgr\dd@lwve ﬁ}ectrodes

164858 Buielsh o felRefley ) P 2 Selidaidhage, can be

expressetiiasn, addressable by two el ectrodes. [0052] Once
array has been incubated in the test sanples and
washed, ayray 100 (or 200) nay be used together with

I nEedane @ ectroscopy to detect bio-nolecule(1)
bi ndi ng, h as DNA nmat chi ng and protein bindings,
proxi mat e each addressed row and colum el ectrode pair

’whe?'é Ris %%@ista%e &ﬁHJ Blig Eﬂé"ﬁéﬂ‘dbdiggéé BefitPthedbivicolinn 218-

I'n such applications
electrode 116, 118. As will be appreclated there is no material inductance

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

imaginary part is always available.

[0054] When this test cell is used to detect molecule binding, the relative
sensitivity is usually characterized by the dependence of the relative change

- of the resistance, (R — Ro)/Ry, on the target-molecule conceniration, 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 — C;)/C; elegtrode can be used for target bio/chemical
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behavi or of target nol ecul es causes changes of the
solution-electrode interface inpedance. By

ter| zi ng the inpedance spectrum binding can
"g&?@é{% 21 0053] That is, each addressed row ggpgﬁﬁﬂosmoom

el ectrode pair 116, 118 of array 100 (FIG 4A) may be
as shown in

ane,eIG%q %s a two-el ectrode test cell
me|eey ®"813. Counter/working el ectrode pair 216,
218 of array 200 (FIG 5A) may be simlarly nodell ed.

[obbs] | nHewkaee sbﬁsmﬁsfmhja Be hﬁpmea dfdn Balpioe is utdn tsbﬁes
row el ect rode may be nodel | ed as a_ doubl e-1 ayer
Gy#B and 6B, or

Wit thed W, commn e!&vémﬂﬁﬂééa‘h't?e agslepicded imEl
o?uhféﬁmm?k ifg | tfi‘ﬂ% 18 E?g $hé %&ﬁﬁfi«ﬁg of]ti‘xé, Je&ﬂ%l!argéy Be

nction re uenc
calmilated ps e[sl(;lé’d zb@lcﬂgg(f)ﬂ / [quu(Idmg(ﬂ/]hHeea IZol is theelmpadance of

[ t t
tné BlecfiptiS soiigh Tagcaang e A iPEn P ifding kes place,
Z i@Qhé@ﬁﬁédaé‘ice'dl%éEe&fr@de—b@mﬂm ihtérifdod ame g 8uctor when
expression for the doubl e-layer structure, and the

bmdmtakswlq@&r gng £ isgire@Uenckyai | abl e. [0054] Wen this

t est ceII is used to detect nol ecul e binding, the

["%‘ﬁg e, 79 tF] é’ﬂhb%efaﬁv%éiﬂé:ﬂ\mg?ﬂ%f t@%@éﬂ egY100'm

ence o e relative e resi stance;
the( presemg oitoductar 420 (FiG. §8).-ansl ladhe absencseot inducton120

(PSS BT, Ui i AR A b Sl oRe oEL LA Spigen o,

anibqeiy), forearirisiddneaniraficnsf aftiee aaaly’mt uric evident that the

f b Bi o/
relRyedmpetngre BMPICE Hehis SENE fondallian st Edas a the,
pre%Eﬁ&QSf S 1rfdik%tdi“?é’ﬁhﬁ:h'lﬁgf%fr {eAPHe rb@‘m? redi Qt%ngzé lcRBhYE of

change of doubl e | ayer ~ capacitance
thegiystem waoufamdb@toum hadh theategults Breromelatashvith eagip
oth%gOS/ 095991 PCT/ S&005/ 000111 nol ecul e detecti on.
055] However, sensitivity may be inproved if an
i nductor is put in series wth the row or colum
[005YEct Aficleaddifion df 8n irekictiepll,dhe impeda#na@ bet@eando®ihd or

coilflﬁﬁ%%ec@! \(ggggl,lﬁgaiéa@gode 216, 218. The sensitivity of

Z=R-j-L joL=R+j0L-—0) @)
ol - wC

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

Jd|Zo}/dlog(h] value can be extremely large when f approaches to f;, 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.
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calculated as [d(1Z - Z0J)/dlog(t)] / [djZoj/dlog(t)].
Here, Zo is the inpedance of the el ectrode-solution

i nterface and the inductor when no binding takes
WP AWPHON i's the inpedance of the el ectrode- sBFEFHS/000111

interface and the inductor when binding takes pl ace,

[oPBAL: ; 48 sUER A GRtiage DI G 2B apadlre ol 573y 4B6 foyms
pdrh6f PRt epsaatic deﬂ%lzrgle ihdOctoF 120 iftéfdonnab@ 4 mekBaring

absence of inductor 1 (FIG 6A), using the sane

deyics! 122t0(selrcter] pairsof ronwedlumprelegiiasies 1§mﬂg§®ﬁ@€iﬁiat€
g ) _ !
e 102 B¢ sl Beig 1924y, i Bicnplb aBHRe Yor of

'S evi
a coravegtondl impedanme/ fragjuency ehalysenaad may intkidepa earatile

of an inductor is ch _higher thap th el gtive
frefg G VARG SRUHSCA 1 AHSTCISt (Mt eRP Wb ROMRRITB: | and
scheidic 402 JhaHdstfaR bonPAlNiIabIRERE I hih SBERodObERM16, 118
_ [0057] After addition of an inductor, L, the inpedance
is iptereeannectad witlitimeasuiing deviee (1i2é @& any Isstanagingime. be
Z=R-j C, +jroL=R+j(aL-coC) (2) [0058] Thus, there is a

” .
[o0B0E ™ RefubpRRARectoR SN 150 mefy 1l hrferated to

intetooiiiett ovdasyling dpvisgd22db eath ypwizolurhn wairl118p18asor t o
o8l ARG, 50D 537 b
to thelf fofw/coldmg)paill DS, FINB dnd dydje@othrallgod vadge/of frsqueiidago

extrenely | arge when f approaches to f o, the
deterpiaeitha eredgsHdhe rewanlye pait 126 Hfbasadunction of
C b I
Fre - et Infarkcb o ot Ecoliy R BaB AR,
118&may beuneasimed usinguveasurigigedayviesnt2, Widedermine theret hod

ey Fesiche o R iwlenbtblaBaRin Rl et et

solUtipb Altehsatires) chafigéd inlifiipedback ahofhéar ABmagbe measured

addressable array 100 forns part of a test apparatus

for €8ch rawdeoigine elecitoxiegpain 206, 1ie r Openativrsofaromgesiuminng
r odes

devi 122 sel ect ed .pai,s. of, .Low cpol um, el. e
selepfis il 148 A0 Be-RhntS ub%od 122 Rg BrutRlSE o o
genérd} piibsef Dimplitingldevice aidertsbiwhes Bbtrol, in manners
understood by those of ordinary skill. Resuits may be tabulated, dispiayed

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 inclu:_:iing 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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a conventional inpedance frequency anal yser, and nmay
i nclude a variable frequency voltage source and an

w]gmster ;not shown). Row/ column selectors 124 and
928’ bl which row col utm el ectrode pair ﬂ%’”ﬁé"ﬂﬁ@‘]‘"ll

I nt ereconnect ed W|th measur i ng device 122 at any

t 24 and
ook 255l Rmaf R0GA oY LTS, A prauyf 2 o
corﬂﬁ&‘u}r@eﬂ) AR pyﬂoleaﬁml‘rghas:i[vélcgﬂbmrﬁdpdn)c +§1% bmﬁ? WD prepemem

ro col umm alr asuril n ev e
as SN Ondahkian FgPToS SYRRPE VR APl 21 80d0dg 1 Ad
antsz#eﬁ'si Qgglgghudfné ﬁﬂsﬂ@g abed ir?ﬁé‘ﬁtﬁiérﬁ%f Fl\!DS %twgspggm:

e i"npe row col unnuRalr
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Soluggrlag m%cgﬁt% %cﬁﬁff}ﬂm @Pg/ﬁméhﬁg‘}m? in lgBS were
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subrpenrgedrin 200l of solytiens with differemt @ancepirationssefi AéT.on
respectively, for 1.0 hours. Then the electrodes were washed by PBS to

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

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

order of magnitude.

[0064] Alternatively, the sensitivity enhancement by adding an inductor
onto the detection circuit can be conducted by intraducing a virtual inductor to
process the results obtained by conventional ac impedance measurements.
For example, in most elecirochemical sensors, the components in an
equivalent circuit are resistance, the real part, and capacitance, the imaginary
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Interface 1287 was used to neasure the inpedance, Zo
of the GC electrode in PBS buffer. Solutions with
concentrations of AZT from 10 pg/m to 1 g/m in PBS
were prepared by series dilution method.
Pol ypyrrol e/ anti - AZT el ectrodes were submerged in 200
pl of solutions with different concentrations of AZT,
respectively, for 1.0 hours. Then the el ectrodes were
washed by PBS to renove unbound AZT and placed in PBS
for inpedance neasurenents. [0063] The inpedance
change of (R - Ro)/Ro vs. concentrations is shown in
FIG 7 as denoted. [d(1Z - ZoD/dlog(Q /
[dj Zoj /dlog(t)] values were calculated wth step of
0.001 and shown in FIG 7 as denoted. As illustrated,
[d(1Z - Zop/dlog(t)] / [djZOj/dlog(t}] is nore
sensitive than (R - Ro)/Ro by alnost 1 order of
magni tude. [0064] Alternatively, the sensitivity
enhancenment by adding an inductor onto the detection
circuit can be conducted by introducing a virtua
i nductor to process the results obtained by
conventional ac inpedance measurenents.
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For exanple, in nost electrochem cal sensors, the
conponents in an equivalent circuit are resistance,
the real part, and capacitance, the inmaginary 16 WO
ﬁﬁ@a{sﬁ@@@ﬁl PCT/ SG2005/ 000111 part . An addi tﬂ(ﬁ"@ZOﬂSlﬂ[}O]ll
I magi nary part, the virtual inductor could introduced
during processing and cal cul ati ng the experi nental
data with the S/IN anplification method described

WHADE CLAYIER|ISOF course, the above descri bed
enbodi nents are intended to be illustrative only and
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anda euhdrateyf operation. The invention, rather, is
i ntended to enconpass all such nodification withinits
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col um- and-row addressabl e chip conprising: a
s ulzsplusiity, ofaohlnom eleictryden‘ eabla one lof tHeoplmedity extétding

sub trat ur al I um el ectrodes, each one
Fq'j‘ﬂﬁ] &t tté%ﬁ Sa| ong a length of one of

the channel s; a pI urality of spaced row el ectrodes,

Wi tahploratityadf spécédwmw:éieamies aittlin edcboofithe shanndls ahat ed

fro he.co | ec rod of th happel ; | east one
pai c& @8%%5 ﬁ"ﬂﬂ@'&ﬁﬁ%‘g? E{Pi'e\/ﬁhﬁﬂn%" vol t age
source, electricall y isolated fromthe row and col um
el atlcastior: paindf ¢lestrddesferintercaanetion wit avdslidgeisearce,
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a vol tage source conprises a plurality of pairs o
el @B?Pﬁg@schﬁﬂﬂﬁﬁn one of said plurality of channels,

one of each of said
2, The chip of claim 1, wherein said at least one pair of electrodes for

interconnection 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.

3. The chip of claim 1 or claim 2, wherein each of said at least one pair of
electrodes for interconnection with a voitage source is embedded

within said substrate.

4. The chip of any of claims 1 to 3, wherein each of said channels has a

width between 0.1 um fo 2000 pm.

b, The chip of any of claims 1 to 4, wherein spacings between said row
electrodes within each channel are between 0.1 pm to 500 pm.

18



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
wal fetnossla Wi thin said one of said of said pl wealsceyos@borza
channels. 3. The chip of claiml or claim2, wherein
each of said at |east one pair of electrodes for
. | NtEHecehim of4nyoef claitns Btod| wisgeinssuid sshstiteisferded of an
within said sybstrate. 4. The chip of any of clains |
t o insulglingrapignidlach of said channels has a width
between 0.1 mto 2000 m 5. The chip of any of clains
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wi thin each channel are between 0.1 mto 500 m 18 WO
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