ADDRESSABLE CHEM BI O CHI P ARRAY CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clains
wheowsipiosl from U. S. Provi sional Patent ApplicaPCDRG205/000111
60/ 558, 115 filed April 1, 2004, the contents of which
are hereby incorporated herein by reference. FIELD OF
THE | NVENTI ON [ 0002] The present invention relates
general | y ADDRESSIABLE CHEMMBIO IR ARFEY cal
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
el ectrical or electrochem cal detection of nolecul ar
| nbﬁ@ss'R@ﬁghﬁN@#@R@mmh@Memcgw' ded an
attractive alternative to detection techniques relying
on radi oactive or fluorescent |abels. Electrical and

[00Q4] ect r o hisrappdicatien claims henefitBdram ésSaPeovisieral Ratenhe

et.ecti O Lierat|ons J eqel ectrical. properties
Apofigadf NG helbafa 18 el AG .ol s EGPbCeryBiigREre
heréW'tﬁ@dtb@ﬁaté&hé?éiﬁ%ytréférél%éurface of the el ectrode

(often referred to as "probe" nol ecul es) and nol ecul es

present in a reaction mxture (often referred to as
"target" nolecules) in contact wwth the el ectrode.
Exanpl es of nethods and devices related to el ectrical

or ction of bionol ecules are
dlg@%@gﬂfﬁﬁ{l}qgﬁmﬁwm 4,072,576, 4,098, 645,

4,414, 323, 4,840,893, 5,164, 319 5,187, 096 and
[0002] 89 Thegmes¢idoventisnaeiates generaligite the elestronicar

et,ectio [imn dvant S
elecfiitiErbiclysieriiu L 63 BRI EnBhuddl Fudle e i ke
partit@BaY fo hRrags Ligsd in SicH astecats. bet ween probe and target

nmol ecul es. El ectrical or electrochem cal detection is

safe, inexpensive, sensitive, and is not burdened with
conpl ex and onerous regul atory requirenents. The
devel opment of mcrofabricated arrays (m croarrays) of

bi BACRERGOND OF THE!IRGENEJNS ed to further

i mprovenents of traditional anal ytical techniques.

M croarrays of bio- and )
[0003] Methods for electrical or electrochemical detection of molecular

interactions between biomolecules have provided an attractive alternative to ‘
detection techniques relying on radioactive or fluorescent labels. Electrical
and electrochemical detection techniques are based on the detection of
alterations in the electrical properties of an electrode arising from interactions
between molecules attached to the surface of the electrode (often referred to
as “probe” molecules) and molecules present in a reaction mixture (often
referred to as “target” molecules) in contact with the electrode. Examples of
methods and devices related to electrical or electrochemical detection of
biomolecules are disclosed in U.S. Pat. Nos. 4,072,576, 4,098,645,
4,414,323, 4,840,893, 5,164,319, 5,187,096, and 5,891,630.

[0004] Electrical or electrochemical detection eliminates many of the
disadvantages inherent in the use of radioactive or fluorescent labels to detect

interactions between probe and target molecules. Electrical or electrochemical



nol ecul es (e.g. oligonucleotides, nucleic acids,

proteins, peptides, or antibodies) have utility in a
woras/oempi ety of applications in which nol ecul B€T/SG2005/000111

i nteractions between target nolecules in a reaction

m xture and | arge nunbers of distinct probe nol ecul es
detdsionds safel éfaxpensivegansitivef and ssubotthudenecwitbeomplex

si mul t aneously assayed [ | ectri tical
ancfonsraus OABTON BB IReats ol e EonnenL RRye ol 8l
for | e R ' ti
arragg?gﬁj%%ﬁggﬁlogrb@ %r act i'gﬁ'smaﬁgggegﬁg%?@mr oar (r:al gn
impravenderie opiraditioalanatyticablechaiques. Ijlcrearraysgihio- an

| at f f d [ .chemni i es.
molReiies 4.9, RO BIRPIIeS RUBRIE AR, Aot BouAIEESop = " ©
antiﬁ&%%\ﬁé\)&utﬁ%ﬁh%lid@vaﬁi&? of pplicedioR IWhichahericulane
sane way as dptical scanners do and require
interalmtib'ns be‘giiieign target cavlediiles & sneadtionosintise apsolesge
ect fqnj.c .detection | SO [
nunecSbF SRl Ses oS el b A8 Ml o syt
can'[b%(&iﬁ‘l]hltﬁﬁ’e&fslﬁéiéa%éﬁrl}sirit?él@@fric@n opliGdls oerddioaave
0005 Nt_hOl,ll\%g brrochi p arrays for the el ectrocheni_cal
detabtivn stratagies. mr@ya@dﬂmﬁ%@td%w%efpﬁé@xpsnyve, high-

/ heni cal, .
ol TR B iR BELRF P iBol o B8R itroh L oan
alsolgrevide\d lw chist ahashgh-throbgigeut piatfarm for metéclionRdichehiical
, 670,322 and 5,532,128 cannot _be

spegies. Thery'eye iauesaoblenihagsqqiated Wi sleetidahar foctai
oyl 425l g QB Gk S phe a0
and dequiteomeitiptexing o schir differnit detectian spots: &lectronio detection
oy HRSES RS Bl i, i e

isolé%{ohfﬁ%@mbhﬁ/détéb@ﬂ §sbislcpgeslodes. However, Hollis et
al . does not provide an apparatus for elimnating the

i oni c shortage when an el ectrolyte is applied i

[0005] cr Addthoaghdipghip arrayséirrdhe eleciiochgmica! ﬂﬁf@l"@_@?r odes
ol A SRt O Wotheabnhoes ool
propasedythise deliees hane cightficznit disadvaniaigeps FoT lexamplethe
devigg \g?s\é?ors’ed%%/eégger et al. in U.S. Pat. Nos. 5,670,322 and 5,532,128
cannot be made column-and-row (or “x-y”) addressable, thus limiting the
density of the test sites in the array and the usefulness of the apparatus. In
U.S. Pat. No. 5,653,939, Hollis et al. disclosed an x-y addressable array
wherein a solid supporting substrate comprises a plurality of test sites in
electrochemical contact with a set of orthogonally oriented electrodes.
However, Hollis et al. does not provide an apparatus for eliminating the ionic
shortage when an electrolyte is applied in microarray chips, in which case, the

array electrodes cannot be addressed.

[0006] US Patent Application No. 20020090649A1 discloses a high density
addressable array for electronic detection biochips. The array, however, does

not provide for true four-terminal electronic detection for high S/N ratio and



not provide for true four-termnal electronic
detection for high S/N ratio andhigh sensitivity, and
walo®s/opvl | end itself for use in high density BCT/8§2005/000111
chi ps without isolation channels. [0007] | npedance
measurenents could be used to directly detect the
high seresitivityeand dogesobiend itseif éoroisecinl igh densityearaynahipibst
sensors require labelling (such as
W'thPPBF@@'@HtC%?gl\QPS) to report bionol ecul ar

i nteractions. |npedance can enabl e | abell ess

[oo@bat eqh anE@Whrarﬁ@ﬁs%@ﬁ bé Vis&Y té aﬁééuyt Getoet the

the | mprove [ 0008] Electronic or el ectrocheni cal
impadarser Ghar@qea |after bisnaleadar istrractionr Mosypeatein and DNA

sensats Friits Feslingaruch e PRRSRRBbebLld fsRulibgitttiar
interd@tised.| Rﬁpéﬁﬁér&ﬁ%{ﬁable lEbicfitddGetebion.” PloWever, thy
sensors are desi gned to have either two or three

sensitivityt nestisstodre fortberimproygd.det ection site, or are
desi gned to have common counter or reference -

oody < e BB PRI auRet giysios

(WorkigLarat Eouintegreferehce Slwutodesponthese electreties Qmomng,
sol ution resistan

I trod d
courteE and FefgraNGeRIRAUGAAIO réﬁt%g'%meawr@ﬂ&ntﬁ fristing
eIecﬁBl‘?ﬁ%ﬁféy %qsk&ogg Q@{e‘ﬂ r'?ﬁlo%r'iﬁfe@ d18¢trédes at
I nproved co W a ressa

um an e chembio chip
everyrarmy detectidresits, ec aré desigoed & bave comamdrcadunter ect i on

t ti t ff I
referBogh &leryocke. IR OOR IR PRGNy PoEiaRbnls bipiFgdesSisin
man? 'é?éct%!ésadn‘éi%&l‘? nfa’#ﬁjfédtuﬁﬁ@ c69S tCehhRA Eotfiitdr or reference

abricated. Such devices, and nethods for their use,

eleciregescauselifferant spiudian resisiance iesyliieg insadgitigralincisreand
nd nol ecul ar bi ol ogy research. SUMVARY
dmm@%ﬁ%&ﬁwgm [0010] In accordance with the present
i nvention, addressabl e bio/chem chips include a

[0008] ur mhbtatmfs repdirg @ deedSor arirmprovedoeflimnsandemnh
wo, el ectrodes fo

e B s S R T el

of molecular interactions that are effective while reducing the cost of
performing various analyses, and that can also be easily and cost effectively
fabricated. Such devices, and methods for their use, may have wide
application in the fields of medicine and genetics and molecular biology

research.

SUMMARY OF THE INVENTION

[0010] In accordance with the present invention, addressable bio/chem
chips include a plurality of isolated test cells or regions, each addressable by
at least two electrodes for measuring electrical characteristics of probe/test
molecule interactions. In one embodiment, electrodes are located within a

channel to allow for four terminal measurement. In another embodiment,
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mol ecul e interactions. In one enbodi nent, el ectrodes
are located within a channel to allow for four
W e¢oFiopsab1 neasur enent. | n anot her enbodi nent , ePE/SGHSB00111
are arranged in rows and col ums and i nterconnected
with electrolyte pads used as test sites. In yet

elecﬁBGéQ @fe Qﬁ’@ﬁgéd'ﬁﬂbwseélﬁ?&dilam A Eintsreamyssted withel | s,

each ce I ncluding a counter el ectrode
electrolyite)pads:dsechﬁasrtes;tesdeby myelanaiher embpdimant, gleotrodss | n

ae SRS b, M 3R ER0 i D 5 Bl e

encirdléd Bgl\,ﬂg-k modibSidRise, a plurality of channels forned
inth subs rate, a plurality of colum el ectrodes,

each one of the plurality extendi ng al ong a Ien th of

[001dhe dn acherdanaeméihsan aSRﬁFQﬁ chthe presentipyeation, dwe

prov@e&% @lgﬁr? 9}% §§Y"[ah[°%gé% {:Ilﬁg |ﬁ$\ﬁ8lﬂ 'as?lgcf:gti?aé%,ea gluralﬁy

of clidimenieformeddn ale belssttatere ptnmalrty of celueut eledtredésreach
ectrica

i nterconnection with a volt sou ) \
one pEfiecplutaiiy BXendBoralongAdendii ot o) ol dhe 85%%"6'%% plufaiity
of sq%gcggﬁowagc{rég%%ﬁ g;?tfhgin &ady o ﬁbwaﬁﬁﬁrﬁ*éte@{m@w Rohatad
fromatheqrouarnn eledttodeaf the peannalf andat leastene pamoé @!eqtﬁodes

for IygEEPNEE UM Fvalge Frros s ie Sl o Mg op,
and @{)I% Qféﬁﬁofi Gﬁ’és‘iﬁbﬁﬁem Rjetedted MdtRwisefpdtbhitiall i ty
urm electro each formed atop the planar

acrossiat hast amodiomokone pbihedheonelsde and el ectrical Iy
isolated fromthe row el ectrodes; electrolyte pads

100138 B SaReS it Sebalger R isthepeRicH Bicie2
provided a:mé?dnféleefabletdrm{nmludmgaa}subﬁugke lmun@a plamar@mbcatz
a potential for detection.o e ogi ¢ e an
plurdlif ghiow Blectafes FTMEa-0p S BIATEY UTEc R OLirelY FB1 y1 «
f
colur?izlgé%%tg@d S, %Eﬁh %mﬁeﬁbe%t%?atﬁé 8Ie§1§r sHPfRcB Prosimaté attoly

dro I n accordance with an
electrsgeand @‘Iecrtﬁmllyrlscslatetd fromdhe irow, elQCﬁFQd@SI, slesirebitelpadan

addr essa i ngl udi,n rali
covelngsahe colfn dEetpHr RO R e b siePuBus! dhits &
the rBlwar oM eleBlrsdérdioe |irﬂéto"oﬁdeetiorgmmasvoltage source, to
generate a potential for detection of chem/biological probe and target
molecule interaction proximate the electrolyte pads. Portions of the planar

surface not covered by the pads are hydrophobic.

[0013] In accordance with an aspect of the present invention, there is
provided an addressable chip 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
counter/working electrodes for interconnection with a voltage source, to
generate a potential for detection of chem/biological probe and target

molecule interaction proximate a pair of counter/working electrodes.



of the plurality of working el ectrodes encircling each
of the plurality of counter el ectrodes and
web@sieioenl |y i solated fromthe counter el ect rpdESG2005/000111
pairs of the counter/working el ectrodes for
i nterconnection with a voltage source, to generate a

[00P4]t €Nini dcofdncdatiffahsthePhsrt of tieohognticr, tiksrelie and
t_ar et nol ecul e I_ nt er_actl on roxi mat e a par_ o

providedh edestanparaiys m@udln@@@.bpggﬂ]a nlwaéiat@ffmerwﬁ Rf

. h —af the | ' ' i ded

inscftdg iR BaEB0 bindingl GeiPieS ol Aot BrenbBaRtiehd

subé?ﬁ’éiéf b PlUTRRty Of working Wi dtrodie ceact of ihe plimditynef warking

sanples of interest, arranged on the_substrate;_ a .
eleqtﬂodeaIQ"QG}THE&‘"WMIBRWWGQ’(@Q&?%MPUB%\QE’S'@P'l-' ﬁwfm%ﬁ%’ fly

plurBfty 8 ity BleopRE Each ihe piahy of Bofhfer pRetioRls! 0
eachphlipLpasts siaspaReeiadtosmeidle Pifelivial welkho cifges
and \%glrgiqf'rt]ge gpféglﬁtﬁ OFBEGAEH efe%tr%?s ;%ré{e%?uﬁh?‘ balick Yor°

odes and one o urality of counter
measlfing etebtrical ehammtaristiog atleselestédpainefithe counter and
el ectrical characteristics, at _a.selected paif o
workGeg flestiodes, WATAIVRS & BERY i RISXmae dhg pett dne Blupllf o7
pad®@ifi&idBRhEcte St heNeldditd BaitoRtid Yo@itePankd working
I nterconnected wth the selected pair of the counter

elecimdeswr ki ng el ectrodes. [0015] O her aspects and
features of the present invention will becone apparent

t i_nar ' ' r; Al f
ootal. AahEsdpnelEebBmaRl Srhe drdferfihvesiEh Jif beeth
appareat {ohese iobrdinayakillinthé ant updrhrevies af tenfploingg

figures. BRLEF DESCRI PTI %Q: TI—A\EHDRAWNGS 'OOlghtl n

desqripdion;qf spesifigenttpdimeqts; 9Tibe Inyeniia) M FORVRRIWER the
Ji f the present invention, [0017] FIG 1 is
accoj‘ﬂ%erslp @{’ﬁ@g view of a bio/chemchip array, exenplary
of an enbodi nent of the present invention; [0018] FIG

2 is atop schematic view of a portion of bio/chem
chip array of

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In the figures which illustrate by way of example only, embodiments

of the present invention,

[0017] FIG. 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 chip array of
FIG. 1;

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

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

of another embodiment of the present invention;
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FIG 1; [0019] FIG 3A is a partial cross-sectional
view of bio/chemchip array of FIG 1; [0020] FIG 3B
WO 2008/0p9pt i al cross-sectional view of bi o/ chenPChs@2005/000111
exenpl ary of anot her enbodi nent of the present
i nvention;[0021] FIGS. 4A and 4B are schematic

[0024] agTRIGS. 4iA and 4B/ arbecheinatic diagagmsef entribichermochip array,
anot her enbodi nent  of t?g.'gr esen{). i nvention; [0022]
exemplasy obanethepeRPRdimentof f1%BESANbINVENEPH/ chem chi p

array, exenplary of another enbodi nent of the present

[ooiﬁveﬁég?Sﬂig%gﬂaeﬁéﬁé-dééﬁahﬁoﬁé‘b%?é!?é@%ﬂip/%?%of t he

unt er-wo ectrode” addressabie chip i G BA
exerhpRAADS &hdther &rbadiing oftfe preisentinventiorigr ans of t est
cell's of the bio/chemchip array of FIGS. 4A and 4B;

[0023323 ﬁ:?gé?k?ﬁlﬁ%"t%géégaI"?eré"?gfﬂlle:wéeou‘%ﬁ%r? \tellﬂﬂﬁ?gt g%clpﬂ?r ays

add@g gg;g%hyﬁem@l 5HB3. DETAILED DESCRI PTION [0026] FIG 1
scﬁ al |

emat | y Il lustrates a four-term nal addressable
bi o/ chem chip array 10, exenplary of an enbodi nent of

[002dhe FIGSecAA and@Rware schematipiagsams ofiestselisi of ther ay 10
. ,kncl S S t n lurality of width w se
b'°’°§‘§f’bﬁ'§§ﬁ§%\%#&§ aﬁlg\e%@ ﬁaggﬁd 14b (i ndividually and

collectively mcrochannels 14). Substrate 12 is forned

[0026? aFIGNE libéba@irairg‘l glasmtirm t_helscelénsiiigity) Io_&tets'ré csalls.c:I of ﬁue: c,
ass, , rubber, ic rinted circuit board, silicon

b'O/CgP“béh’(ﬂ ?ﬁQYQ)ﬂ%'L@éI%PSd crochannel s 14 are formed

in the top surface of substrate 12. Exanple

m crochannel s 14 may be fornmed using conventi onal

etchi ng or enbossing techni ques, and nmay have w dt hs

on the order of 0.1 mmto 2000 mm and depths of 0.1 to

20IBTAERBESCRIHION depi cted array 10 only incl udes

two m crochannel s 14a and 14b. However, a suitably

[ooz§j'of§rgldé U'P§Eﬁ%’rh5ﬁéa%l'yg?.ﬂ)§£sa‘?é‘é HesurdRymmarBearddkapleni l arly

‘'m ¢rochanne )
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 techniques, and may have widths on the order of 0.1
um to 2000 pm and depths of 0.1 to 2000 um. For clarity, depicted array 10
only includes two microchannels 14a and 14b. However, a suitably sized
substrate 12 may include any number of similarly formed microchannels. As
well, in the depicted embodiment, microchannels 14 extend from edge to
edge of substrate 12. However, microchannels 14 may only extend partially

between edges.

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



well, in the depicted enbodi nent, m crochannels 14

extend from edge to edge of substrate 12. However,
wor@sogivannel s 14 may only extend partially beP@BBRG2005/000111

edges. [0028] Exenplary array 10 further includes x-y

addr essabl e row andcol unmm el ectrodes 16, 18 in

conﬁ'ﬁﬁ éfébﬁaaemermmﬁe@t Hicroahahtils e ab flinssrrimistehtéd
111 ustrated, addressable col unm el ect r odes

in FII(B.aZA 135 |I(ustra1tad ddlaressablricoumnelesivedss 'Biﬂ,u"rﬁb

(nd ey A g e B s PR PO B bR 91, ”"

conGAUiNE LS CaR S rllﬁnh@liﬁrdifgh\/thé%m%th f mlbmhﬁnhas g4,

surface area, which can serve as reference/counter
Colghe eleatrodes A8t thus previde pireladinely janggrsuriacearea, which can

Add bl hand,
senVEi 48 E RSP Rieh SlaclipBER wfERt Sniilnt otafiaii, 12"
Adafsisapie RWEG) EREESES 16RoW tha diivhama, ai@mwhedeatm@ adlR

are electrically isol ated fromeach other. In th

channsliantideplateddnmeaiuran efgcgiodes 130@@?’ é‘é‘ﬁi rQS’M’E" P@%W"Qles
16, @\# FEE %Ieﬁﬁ'lc%c% tgﬁa&é{i ﬁ%h asgj Bﬂ‘le]'ry Ih a%(’é(?

of FIG\2&®¢ elcetieded @6varcifohmed aatﬁnitg smeriagemeﬂaﬂyorommﬁer s on

of ordinary skill For ele an
condustive pads vgm%mnoy Sesladgul SExambleaErae BBy ¢

row %fé%?ro@é? hl: |l %Eﬁ‘gabi"y gbﬁﬁen?—% @B@rs%ﬁ ofr (ﬁaﬁ’ﬁﬁ? éNFF' For

cted array 10 only i1'ncludes
exarhply eran:tvodéedsr addesl Grﬁorrnect asg@be;allyureetangul@standtsguaze

condjefve Rl era BEbIERIDF s 2t Bbi 2K eo Rty ghbain, for

clang< Gﬁgﬂ%ﬁ &lray R0GnREmcRIliesTeuLictesleefroded 16TA suiliifly mm

ry row counter electrodes, 16, 18 have sizes on
sized subsirateri 2omap inguderany Gusier @k simikaryHoraad sew electrodes
16 fabricated by conventional |ithography or
“ nanol i t hogr aphy technol ogi es. Exanples of the
row col um and voltage el ectrode material s include

[0029)] | Raw efeetrodes déirday belprevidegladspacings ooghe |order of 0.1
tltanl um_chrom um al u

(o1 e, IRy GniGRHIE! SRGPEPS A6, T8 Btk Seg.on the
ordel? 081007 i 90 $06nf SwRRhYIHR be fRbtdd BY ESNARdNal -

lithography or nanolithography technologies. Examples of the row/column
and voltage electrode materials include solid or porous gold, silver, platinum,
copper, titanium, chromium, 'aluminum, metal oxide, metal carbide, carbon,
graphite, fullerene, conductive plastic, conductive polymer, metal impregnated

polymers, or combinations thereof.

[0030] Additionally, pairs of electrodes 20, 22 for imposing an applied
voltage (referred to as “voltage electrodes”) are located in microchannels 14
outside of the éddressable row/colufnn (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 voltage electrodes 20 and negative voltage electrodes 22 of
array 10 in microchannels 14 may be electronically interconnected together at
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pol yners, or conbinations thereof. [0030]

Additionally, pairs of electrodes 20, 22 for inposing
wa@roogfpopioprd voltage (referred to as "voltage PCT/SG2005/000111

el ectrodes”) are located in mcrochannels 14 outside

of the addressable row colum (x/y) electrodes 16, 18.
two lireg.he depi cted enbodi nent, one of the pair of voltage

el ectrodes 20, 22 is formed on either side of colum

[0033° 4 Regish View o e ?@23@@3%?@35 46 M endyalingd
elecir@g)@“/é%% ?ﬁ %ﬁcfhoﬂgsif@gt ST tAY c%ﬂeh?el@bﬁb&%‘ﬁﬁriﬁ]esfo%

ectroni ca L ORNectad  toget
tern’ln?aﬂ eﬁeaddL@@r&é]gtsAs gmtramd ini FIG. GA.t As \Anlbbémmhe @pparent,
el ectrodes 1 18 a e el ect 0,, .22. whi ch
cachpalr 0E UPIAUSIIRFERHAED cAF PENIIGH Bbeleshice! ikl oF b
t _
termi@il PR mEBERSHTIRE dnd &rd isbldfed fofine  bifiredSable

eleckbdes 16018 20, 22 provi des an el ectri cal f| eI d for
fourterm nal inpedance neasurenents, and are isol ated

.he d I I
10033] e S, e HBRES SToioroge g AREY. s isstapdétn,
elecﬁﬁtf@m irﬁ&haﬁ‘fheﬁ‘l&%éx eahitd idolafet o @k chdnnehey agdn be
i sol ated fromthe channel 14 and testing fluid

testing figidessampis.s Thus t alienaativedy, wolt\age elgpdrodies A0 @doante

oS0 S PBRE 19 ML U R8T T hidhe,

condt%icﬁﬁg rf¢mabrmmd| elétdrrrcaSalgzu edd&?ssablefldetmudn with high ggahl
0 noi se i 0 t t

to naiss (SN rii0 St VPIP G P IGRIG At PURLIOY SEOMENN refiieing

/O 'lﬁFgangemnt s of both FIGS. 3A and 3B, columm

ectrodes 16 are separated by mcrochannels 14. As
such, as colum el ectrodes are isolated, a pair of

[0033} r ajrether avangsinents of both BIES. I8 andBB,uelwan sdesteagesd

1o o ERTAET M S B, 8 A SR ™
isolafe?, H%pait OCafdyddronpesiatnnosleciibdd<16M8 pawbe amlr&sddes

or sensing layers such as
independently, without'being influenced or influencing measurements at other

pairs of row/column electrodes 16/18.

[0034] In operation, different probe molecules or sensing layers such as
DNA, proteins, peptides, etc may be immobilized at or proximate row
electrodes 16 in microchannels 14 by linkers or other modification methods

such as adsorption, covalent binding, chemical affinity, surface monolayer

self-assembly, etc.

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

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

[0036] A voltage 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 electrodes 16 and 18.



DNA, proteins, peptides, etc may be imobilized at or
proxi mate row el ectrodes 16 in m crochannels 14 by
W@ 2ovkeP®IDr ot her nodification nethods such asPCT/SG2005/000111
adsor ption, coval ent binding, chemcal affinity,
surface nonol ayer self-assenbly, etc. [0035] Sanples
In theOpYeabREaef iniabbiliged prsberaylecalesdiounddo daigetmictecilies
is flown into or through channels 14, %ti onal |
proximatecter exampler dhe haandl sromegnd eolipyhelgciredss v’é‘,any

XCess - ity e th[ |t ' hed
cur§HEEE neR R REHAIGRA, Y 1 LBl Coifit HitrodesPRPphe
18. @hitlvehBondlthSasiPingagmiprhentiriay detsvt this earrent wtveridy the

electric field within each channe] between el ectrodes

presgpce of thepimmabilized peobe replesuiesang tegoeiipolegulen t he

AERREN° e P AehEe ER0SmR oG58 B9 ot
mayl Sedetesteans ctibionvehtioial ocrmets, AbSgniimmebilizathgrabeow

moleEMSESG=\CDRFEHIA GBS, T TELR [ DHERLT S eGRDRe pa
16, H‘hé s%ffc%?ﬁ FE:‘?eNﬁM'Il“f%vJ Eﬁw%f@%ﬁ%eﬁé réW @ndEeRkthhi zed
pr obe ecul’es and target nolecule. Alternatively,

eleciroghesid@ctB8.changes at the ith and jlh row and col um
el ectrodes may be detected in other conventional

roo3{f e het e antriet BrRectt B aBaR AR BEhiRcERIe oo
moldtalds diftl tat§ettRoRiclRisith&Ebihd pEEifivallyNol the forolve hriloaass
proxi mate row and columm el ectrodes 16, 18. [0037]

may bexdeteetedrasl a diffesenaenindhe elecical signat dateckad at the
i il Nea t &r | :
corsErmOlng. B¢ ot BEBrFE L BREOEE 1B A8, el FRCRE Yidirdlgts
appligﬂiiﬁatbag ofithaligliid etoctobte 'gnthd!se ralm%ﬁairmels 4 gnal
etected at the rrespondj ng .r I | ectrod
addrggsabie TRy Canga TADFICERRITn ARG PG £ eq | OO
instead of the liquid electrolyte at these

0038) C' A& B REMBBI Bf Sdmplesanst i
[0o ?Lbr?‘cg'fﬁg%a?%é?ggét q;% compounds. B[ 8038] %bv(\a/i 1 be

indepgiently dested using aman i egualsthpiniunieraf raweleeirodes
sinc%ﬁ\ggqjﬂ%ﬁgc&{%gtsg:eﬁrgqs&gie'&%&h R &R LR tddEn By Tber

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 other biomolecules such as proteins are charged molecules, array 10 is
particularly useful for biomolecule detection. Conveniently the number of /0O
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.



since the colum channels are isolated fromeach ot her
for detection of different sanples. [0039]

w@\doanmgeousl y exenpl ary array 10 enabl es tr urCT/SG2005/000111
four-term nal inpedance neasurenents with a high S/N
ratio for highly sensitive electronic and

[0040]ectFIG: Adrschemativadly ilsetratessan alternafephddréssalde chemd#dio

field between pairs of volta e el ectrodes 20/ 2
chipargay Hihis userascar slectrenisFhesveiocsip gﬁafeappafaésw

Arrag, hgﬁﬂ%ﬁ&@sﬁagé H@ﬁav.h taf@eﬂéémfengﬁ?r §GH‘é affd &n

bi onoD
arrap roﬂ@w andaofunoh etegmtd)des I1616u fi 8 foravedathetdbri. s Substrate 110

| ar| f f le d
may@%@%f“»eﬁ%m% SreoAEuEh hVIPERSPREoSFRG” A Psolbble: ng
tayek, Fof. %ﬁ@ﬁ@ ﬁ'{j@g?@ﬂﬂ%@ggh@tse%fsfo%%tp g)lne&téue&rayte pads

obi'c Coating or additional
102 |.$o¢ated on ippof saah elavtiededd§i foe thrptiondd <4 tgat oally Inthis

L L T I

qegi cally illustrates an alternate addressable

elecﬁﬁ@% bio chip array 100 for use as an electronic
chem biochip in test apparatus 99. Array 100 incl udes

[0044] s uRads=402 may beagasfoatiashdirabe gmcpje@m% Padp 3102 raay

for eRRmple b Bl SRSy B SN 414 8ot B ordgls b o
printitigt & disperbinghahematioallyipagls 192 mayduleubrraedj ajer, for
polyaylemig praail rowbauma e dipds Toipned bydhe B8pdSon
of a fli nggﬁéé QHG Jr?@f Frﬁ’hef'%{;%l%'dg ard 58EHta%Riin bAIyLdHtS the

yte pad 102 further covers a
rra;mdavawraléetrodeu dvitee WAL Curing the strepuitin niRideleule9areray be

d .t tt b I I 0
entrafpendhS pebasfred RavRPESuss and B8R i b atielhany
blotnli’sﬂat%ﬁ fﬂ’éﬂe by tﬁbhﬁiﬂe'ﬁ Wil fultSarN grops Aidredmie Meﬁysdroxyl

pads formed of pol yacryl am de on _pairs

groups f@rqupteim p@@:eﬁmemtd}anoalé@ bgyisese Mt%egﬁl\ﬁhbrth@f a
ctecy g 168 12N R M B KA Er 6 o g o

row/é6lumih al¥eteade.ng, the streptavidin nol ecul es are

[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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entrapped in the polynerized polynmer matrix and can be
used to attach any biotinylated probe. A nononer wth
wo eovsp39pnl  groups such am ne or hydroxyl groupGI/862005/000111
protein probe attachnment can al so be used.
Alternatively, the electrolyte pad 102 may be forned
116afi18 randrpziie 12 rethmottbeostritiypCaftepianr dnstead protwsohndm
el ectrode. [0042] Pads 102 can.be us n,_bot h S _or
col LW%WY&?JF&S{ ddR NURIEraHS WaYS SWith Hw fﬁqtmeafar@a yigg

I f t
ced B 5eiipestinoni it 101 s s o o

intemdnsiecedesith  QDitRie «ledvede pairl y, array 100 may be
easily and inexpensively manufactured and reduced

toodf5r docarmtierartegmbasisit HERIR TR FIES sth BRT 87 oo,
addﬁ%&%ﬁbé PidyERerA chib m WHirafyeRFas alphiraligy @W&er@/counter

conj ugat i on pI atformfor the attachnment of
eleomode@omplexemzﬂﬂ eCathawoptingissunter elasirodetanriplen 202

inciygts S inafe EfiteReleqadh 218 Buthfindsd oy % ol & SRirkige
elechd@Bs 246, 49 Bestdpugiraéd arFIG. @H‘Eac‘kﬁgﬂ&uﬂ mblades a plurlality
pr eci at ed, arrangenent of row and

of weﬁ@m elegtiodes 21625216k pa(ugim@lzalwe%w ?@{ecséelytw%my
el 3187, QpUSH TPl 31 QBB sy RIRY SERGEHa cBon
cousteeelectrdds Z1Bf en d:lwdeprbmdi dzmbgdlmqu the warttingl€lactrodled
216 iy o e S SR o S R e A
elecﬁb@#&@?ﬂ'@ @&Tn 88 @i&ire@féa&%sgé@bwﬁmg@ doutest i s

arra as a urality of worki n%écounter el ectrode

electrode 2483 and 2 suEglethrvkrrlg glgeitedm2E6 V. cbor examplenth ¥

saofid ST A GRURLGL R BES AR Bt fgp 20

ConVéhléﬁﬂ){ 3ike %osnloﬁb@w&ﬁng@sﬁrwm aunndmku@c@mter

[url |ty of working el ectrodes, 216a,

electrpde commlpyas202vaay die intarcQsEigh 38 bﬁgstél!t@ér@it% BsFIG.

BA. 216). Optional reference el ectrode 220 may furt her
surround each counter electrode 218. In the depicted
enbodi nent, the working el ectrodes

[0046] In order to allow independent assays at the various

working/electrode complexes 202, complexes 202 may be physically isolated
by one or more upstanding walls or trenches separating each complex 202
from each other complex 202. Channels (not shown) may also be formed in a
substrate 210 to guide liquid analyte to each complex 202. Alternatively, a
solid or semi-solid electrolyte pad (not shown) can be formed on various
working/electrode complexes 202, respectively, and complexes 202 may be
isolated from each other by hydrophobic surface between two neighboured

complexes.

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

substance or layer.
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216 forma partial circle about each counter

el ectrode. Each counter/working el ectrode pair 218/ 216
W@ amw50259ani quel y addressed by a singl e count erPCT/SG2005/000111

el ectrode 218 C,-and a single working el ectrode 216

Wh. For exanple, CIWh addresses a detection at working

[oo‘gaectm%e rRolebule8 Withyehe fheebilized poxifary 81 nbf gacH i ke

)0si tioned working €l ectrodes of "all working/counter
workihg eleatibdeconpl exes 202 may be interconnected, as best
illustrated in FIG 5A. [0046] In order to allow

1o04g 5 SR F, B BfsRall RoIR 00 o Sl shE Agleste
numb&P bil/ediny reqeired forelrplepaiulislex hesglrementstanenbbes
separating each conmpl ex 202 from each other conpl ex

resumi% lowomamigaciuling cosiRofoNVERIENAY sduato thesysymeticy
< t ; J
arralggienf okl eio a2} b GurRlind iR FE IR O

elecﬂ%’é{(_f)é@fgr|§i]ln(it\t!\lfidr:]l’tﬁil@ﬂtidnsI Atosamtdworkingdeountsr electrode pair
21623 Apsushas cstralp 1RSI UsiIPIIAN SRENOTE RN,

. - i |
etc. Fé&&}ffg%ﬁt Ee?éﬁlf)ﬁ%geg’ FGPSt Eﬁngﬁr% ggﬁ’ﬁ’ﬂéf %ﬂec@r‘é 2P8esre

gain, any portions o h surtace of the
identicdilftaeachfothdri (ThidEamsignifivaetiy inpsovedheSéNaatiea0f nay

bGP b fol ORI SPHBRPEES ot
sing%rqcfc&?gn%rtoée tIFtEdet 2198 B4n BAW3eWTb detért RlifsrEhPsEmplR84fid

_ ‘ e addressabl e chip 100, can si?nificantly
each wdtking electroderi24f noay detect ardiferestiargeidiomoleauigs or

mord bbb FRERGTE SRR A 57 e A ftbiize i
a unRUEPrbbé gndlee@agenent of working el ectrodes 216 about
counter el ectrodes 218, the electrical background

contributions at. ea /cougt er electr

100551 6 Aciessable o Z08I0AE P (EOREIFS USSP BT e
oro SR8 BHIQTRITS M byl S ppnt estnen.
generally round working and counter electrodes 216, 218 and interconnects
are etched in conductive maferial atop a substrate 210. Substrate 210 may
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 one of platinum,

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

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

the problem of cross assay interference, since every detection site forms a

12



identical to each other. This can significantly
inprove the S/Nratio of neasured signals. In
wa@adasnden, every group of working el ectrodes 2REI/86m05/000111
a single counter electrode 218 can be used to detect
di fferent sanples and each working el ectrode 216 nay

minitgtiixdd isokhitdd sk hication, peldréssainie by bive ®ldatiodesr e
flexibility. Each working el ectrode 216, in turn, can

i bili h ob I | e. 0050
roogﬁd'reﬁ"!‘ésélaﬁﬂw 5 g Tekad irklia st Samblerapd Washed,
amel A 207 a?;%ééﬁ% Pﬁﬁ*@éé"&"‘?f‘*e%d‘sﬁ%%?ﬁee%%‘?@by%
dete;mem-mdlecme)bmdhng)rshc!mgswmmmg aickoroteio dindings,

218 d t t tch i d
proxizls Paph B00/5Sad T And DI Segtrgde PRI 8,80 be. of
couﬁi@?%rvlﬁ‘lﬂﬁ B @FddR! pAs2F8) 298! ah3uth h&w&um@s;hsmg

con t| ons and fabrication techni ques W |
behawdeoﬁiao@et rbglepeies @agse33¢h@?gﬂ8rgfrt9e§roiutlon a#eqatr@lwnpl e,

inteffa biviciaRcSo By i etang B RbSered Sityradiifly oo

be detddred, usi ng |ithography and ceram c, and the
substrate materials can be plastic, ceramc, sili con
and the |ike. Wrking and counter eI ectrodes ¥
[0053) nelchasfis, achasldressgd rey/salumn.lestress pair 1264118 of
C
arraf 3RBIFIG AP e fHobENESS i&&e?éé%fgﬁea%%%%ré?gh?rpsr
FIG. 6& ahdt6BI %uﬂtet/wetkrngaalpbeeda pdirt21én 248 < aray R2O0(FIGN g

t he. hyd ob f t
5A) By e srmiary borelise Thegtelhee HEtiaE, 9 odgy et sample
and méﬂrowefélatedew%%ar BA nfGfelled d¥€a HBUBMSHyer&tH oturd, I ay

O (or array 200) can be treated as a free st andi ng
NOWc dhpcmeadamczﬁ betweenrtbeaineodd @rexiniaie rew @nduroluma elgalisides

16 Y45, B3R o Bbe B TED &1 Rl RRIBY orals, RS

expragggce§§abl e by two el ectrodes. [0052] Once array has
been incubated in the test sanples and washed, array
100 (or 200) may be used together with |npedance

Dl\% C,:_gy to detect bio-nolecul e binding, sygh as
he@g and protein bindings, proximte eac

addr essed row and columm el ectrode pair 116, 118, or
‘where R is resistance, and C is the capacitance between the row/column
electrode 116, 118. As will be appreciated, there is no material inductance
term in the impedance expression for the double-layer 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)/Rq, on the target molecule 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 — Co)/Cy electrode can be used for target bio/chemical
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counter/working el ectrode pair 216, 218. In such

applications, the binding behavior of target nolecules
weawsess9ghanges of the sol ution-el ectrode i nt eP€EEE2005/000111

i npedance. By characterizing the inpedance spectrum

bi ndi ng can be detected. [0053] That is, each
mok@dieedstectionow col um el ectrode pair 116, 118 of array

100 (FIG 4A) may be nodelled as a two-el ectrode test

cel l shown in FI G 6A and 6B. unt r/vvork
[00&Pkct ?iewst%..%enﬁmsﬂy ey sy ImprevgAd EO@@ '(‘ ¢tor U ﬁ%?eﬁ%s

witlffHé' rofd/ 6ry calif éil?ﬁrodg‘ﬁd “I"'I@'rée‘;1 Eéd’\ﬁqf]ébll@ n%@g Igﬁé or

est sanp e row él ectro
couaterhvathmbleéed:teqcm 218,r218t urhe se!xksrhwtyrw thlﬁmaesiaueﬂemay be

ca ST Sl e TS s P P o

the %ﬁ?ﬁﬂo@g-s‘bmtmﬁteﬁéﬁﬁ A 1hE MRS Avisen fio :bn%lﬂ% takeb) pl4e,

I's resistance, and C1s the capacit
Z istibe mapedarice mfdhb@l&dmdeesoqumﬂ&m anldlme mduw)r wheb

iated, there.is no material inductance termin
b'"‘f‘?@%%é’é%?ﬁc@%f’&?%ﬁﬁ % or the doubl e-Iayer
structure, and the imaginary part is always avail abl e.

[0056]054#|G/\Vremuétt°atés tes felSiRle sdritivie of ersiteéer dredyerol i

bi'ndi ng, the relative senS|t|V|t,%/ﬁ
the presenee of inshigtasy1 20HEIGePBh @sdda t abﬁ%“%@%ﬂﬂw@toéﬂaﬂge

(FIG, e oG ARG anelviey EbihRo gMfecl BBk oo’ ©

antlb@dﬁr forvarioes cehcertratiohs of the dnaigientt is akielenpthat the and

Ris the el ectrod [ution interf cer SIS nce
relat'\reemm%we@reﬁ itygie &ﬁﬁ@ee of thedRiFalym &s in the

predahc8 A Sh!if B%HBF&W ﬁ?h@gﬁqaﬁtth&%%tl% ?é’s&&ﬁ%tcﬁahﬁe of

change of t er capacitance. The relatiVe
the symngeyvlﬂ"fovﬂ dmtuoéort and boﬂaw@diesalm:are ¢@related) witlpeach
eI ectrode can be used for target bio/chenical nol ecul e
thefiet ect i on. [ 0055] However, sensitivity may be inproved
if an inductor is put in series
[0057] After addition of an inductor, L, the impedance between row and

column electrodes 116, 118 will be
Z=R- '—1——+ oL =R+ ‘(a)L-——l—) 2)
B HPE=oe

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

/, will approach to «. A measurement frequency, f can be selected to very
close to £, and to have very small A f = f- £,. Since [d(]Z - Zo|)/dlog(H)] /
[d|Zo}/dlog(f] 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.

14



with the row or colum el ectrode 116, 118, as depicted

in FIG 4B and 6B, or counter/working el ectrode 216,
WQ2®5/094%e1 sensitivity of this test cell may bePCT/SG2005/000111

calculated as [d(|Z - ZO|)/dlog(/)] / [d]ZO|/dlog(/)].

Here, Z0 is the inpedance of the el ectrode-solution

[0059]) er Aasacirab itlbstrated i FiG. m;ean addmssdblegartagkeﬁo forms
he_| rrpedLgi] ctrode-sol ution

pardo (lpfaqi%sgggp%rﬁ 59 A rGgNpeRts & meagewing
devft‘:'édﬁz fosseflécﬁgé}' Bfry of c%’/é@iunﬁ gtec? Ppéé 496! ﬂ@ﬁi%gﬁlaﬁe

rel ative sensi IVI test cell "of atray
pads H2priecende méasmndgcdemcelm (rialyCfor@&Xpmde; dtake ‘tlhda éorm of

absence of i duct r 120 (FlI ? 6A%P usin B
a oinanyeRlPREdEN IR ATE T AL R kg arpble
|
freqﬁ@ﬁé)f)%iga)gg §dUrc QF\H mbﬁéh&ﬁﬁ qf{o@vh‘%h?rﬂ?ugée

I'S e e | mpedance anp
selectmad@4aind 1‘25 mWaeclrohwh shaow/arennislecthudeppais dlbe148

. d h h h | at
s infetep Qi wil R oS 12het A bt e diee.  and
both the results are correlated with each ot her.

[oodd]OSHO\chﬁrmraéélebww 128 o 12804l Ahen be dgegaicdrgdance
bet ween row and colum el ectrodes 116, 118 w || be

intercopBegt measiiringriavics 122 tegach fovscobwanpat Hbedd8nbpr

cact By 080 DR AETLE AT g

to thap povw'eolintropair 146718 end nyoledithegigbre yangecof fréuencies to

selectedto ve |l ose to./ 0 and ave very snal |
detefinine thefmped gpq%g? mrpw/colmpegq ‘b‘iﬁ,/ 8¢safunctlon of

freq\[.@Hc?o r[g R tm;; @baﬁn&sﬂef QScr??‘dW/%BRer{n b@c%d i 118,

approaches to e capa0|tance conponent ge I'n
118 may bemteaauml ysingl umaanmegioevfdam t6 deterniing dahe and
ons

be nol ecul b|nd|n I Q act
freq%‘?‘{ﬂ(. TPPRAMY ?/'E‘QﬁﬁPWf &L @?r@ﬁ?s‘?'}‘:&q‘lféhl?ﬁt
solufiéSAltéMatively, dRHtRyesti H'nﬂp@ﬁéﬁ@aﬁ&%é& #i ﬂfé\ fbe?ﬁl%talsMred

I ncreased the nmeasurenen senS|t|V|ty such

for eash irdbw/edluna efbctrodEpair 145, A 8ad dpesativd 6f r@W@MuﬂrﬂD
art of a test A singl e inductor

forns par atus 99.
selegtors 121 apd azﬁ@adsmsaﬁ%rp 49 6eYige d@¢ineay bezongoled byaed
gend?d puipBie LOMpEARY WRvREIdeP Lefwaridcortitdl, B PahABlE

understood by those of ordinary skill. Results may be tabulated, displayed

and/or further processed.

[0061] As well, use of exemplary arrays 10, 100, 200 is not limited to
detection of biomolecule interactions; it can, for example, also be also used
for detection of chemical analytes. The exemplary arrays 10, 100, 200 may be
suitable for a variety of applications incluqling 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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pads 102. Exanpl e neasuring device 122 may, for
exanpl e, take the formof a conventional inpedance
wo e@quessey anal yser, and may include a vari abl BCT/SG2005/000111
frequency voltage source and an ameter (not shown).
Row col um sel ectors 124 and 126 may control which
[ooezpw/ Etsairadedireparatidn usitigratays 108 (BIG.4B)h Aeidelifihect ed

contiiptnge] T A EBfRu Tt Eeed Ford AR, £ PTG RS s BRepared
as s&ﬂﬁ?mﬁes& éd?utidi‘ﬂ%f Eﬂfﬁée@ntﬁ@ﬁ§ Wais e fanaiddasy é@cang q maﬁh

pai r For each row col um

anti-AZ%,, 2819, nuaammcm gnalogi @i@dlmzre@webtwﬁ AR, c’%ﬁ@@d{%@l,t 0

purchaimsk o S N BB bh Souuteh Aok PR @ 7

electF Wwith Wnpﬁbé usdd to iNModiliza polypyriotetant -AIZTepmbesy:y
e resulting i rrpedance of each row col um_el ectrode

c.pat. ochiarsicalldspasiticroithihe prasysossoytion ﬁgrl‘.ltlafmr@s B¥sPlee

ant 428, Do S B Falc SRR, AR 5w

large? ghﬁéb@ Grea“iﬁaﬁrthatt of\thée YGC Clwadh geﬂig/AgCl ebetl‘ede weie used
near may be neasured fo %9 row,coj. u el ecté(gg
as ropsand ml@mmqlsctrqﬂﬁﬁ 1esRAFtively: dul BG0RAISalRsTet was Uged fo

H}’é}@}k@ I
condggld%fcér a Epur pose é@gr)p\%t?yggpggﬁc\;?u d@?@%? R\Slu\lal:rcg,élegy
for elegn?dlzhérgcah?;{mhms sThmdeh—@tZJongy:gtrapped m;l ther %t;lywr;ole

| esul ts at,e S n
film amhferpépb% n&&%%t&ggg d %%J 'wmo'eaé’“@ Yeqt f%éﬂ
molegulé%f %in% ond ORsterdfl8 rio?yﬁ%ﬁolé/bfﬁtéiﬁobrbbe fifh Qrefpbgme@f)n the

onol ecul e interactions: it can, for exa al so be
micraslecirageeslifane atet was |r|orae@wltmaﬁ$cealutmaay$@§rtrorhe

o GERE YT Aoy 1380 i Bhod 07

was @m@agﬁe tHe Uapeuanes, oyof maﬂco gmnddeen B8 bufferod
sensi ng and environnental protection. The arrays 10,

Solutm wnzmooa@entwélong@a% faematd pa/inlde di ug/m! in BBWeths
C \ g
prepii] by e Elibn B io R oY By et ABT Rpctodes iR
submerged in 200 pl of solutions with different concentrations of AZT,
respectively, for 1.0 hours. Then the electrodes were washed by PBS to
remove unbound AZT and placed in PBS for impedance measurements.

[0063] The impedance change of (R — Ro)/Ro vs. concentrations is shown
in FIG. 7 as denoted. [d(]Z - 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|)/dlog(f] / [d])Zo}/dlog(f)] is more sensitive than (R — Ro)/Ro by almost 1

order of magnitude.

[0064] Alternétively, the éensitiviiy enhancement by adding an inductor
onto the detection circuit can be conducted by intr_oducing a virtual inductor to
process the results obtained by conventional ac impedance measurements.
For example, in most electrochemical sensors, the components in an

equivalent circuit are resistance, the real part, and capacitance, the imaginary
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Exanpl e 1:[0062] El ectrode preparation using array 100
(FIG 4B): A solution containing 0.1 M pyrrole,
w@oeosiged from Al drich), + PBS buffer was preper/e62s000111
solution A. A solution for probe synthesis was
prepared by adding 1 ml of anti-AZT ,281 D, thym di ne
paranah additiead! lmagimagtp@ﬁnthewlrtmll[vﬁduabr add lmidﬂuced during
rchased from Si of solution A

u : A
Pm&wa'&%ﬁﬁ lHlating: h%P&QWB@'@ab\ﬁj@ﬂﬁ withihena/dN a@@!jflffﬁﬁmn
P‘H% @yrrol e/ anti-AZT probes by an
met'h ect rg}é emagé ‘deposition with the precusor solution
contai ning pyrrole and AZT. During the el ectrocheni cal
[0066]posOf caurseathel ahdvelﬂest[ibded einbodimetiits lare geended fobe

th at of t / AgCl el ectrode were
inusfiafiie Gah s s vey Iiing: JOTs dedbendmedimpets of o
carr@iﬁ d?.ﬂ’ttﬁé‘mv% i@;‘ aY@§uéb‘é%ﬂbKe%9€£1Woﬁf\9d%§h§)ﬁs of form,
arraﬁgemeuyof psrts’. aletailseard mdlaenf o@rahpnx FreensvenTba rather, is

AZT was_ entrapped | rrole filmas, the
e ol LB obobdi BT Ao, o ey
the glaiphgei N nol ecul e in sol uti ons. After the

pol ypyrrol e/ protein probe filmdeposited on the

m croel ectrode surface and was rinsed with PBS
solution, a Solartron |Inpedance Frequency Anal yzer
1260 with El ectrochem cal Interface 1287 was used to
nmeasure the inpedance, Z0 of the GC el ectrode in PBS
buffer. Solutions with concentrations of AZT from 10
pg/mM to 1 ng/m in PBS were prepared by series

di luti on nmethod. Polypyrrole/anti-AZT el ectrodes were
subnmerged in 200 mM of solutions wth 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

measur enents. [0063] The i npedance change of (R -
Ro)I Ro vs. concentrations is shown in FIG 7 as
denoted. [d(|Z - Zo|)/dlog(/)] / [d]ZO0|/dl'og(/)]

val ues were calculated with step of 0.001 and shown in
FIG 7 as denoted. As illustrated, [d(|ZZ 0O])/dlog(/)]
/ [dlZ 0]/dlog(/)] is nore sensitive than (R - RO)ZRo
by al nost 1 order of magnitude.
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[0064] Alternatively, the sensitivity enhancenent by
addi ng an inductor onto the detection circuit can be
wa@oeovdiogved by i ntroducing a virtual inductor tBPCPREL®S800111

the results obtai ned by conventional ac inpedance
nmeasurenents. For exanple, in nost el ectrochem cal
sensors, the conponents in an equivalent circuit are

WHAESS SLAMED tSie real part, and capacitance, the
I magi narypart. An additional imaginary part, the
virtual nductar could i.ntr during processi ng

1. A&R@"“@h?‘%ﬁ%‘%’ﬂﬁ@’ﬁ?@ﬁe&ﬁ’@?. ﬂ&ﬂ#g dat awth the S/IN
anplification nethod descri bed above. [0065] O
coyls@isstrdtéde above described enbodi ments are intended
to be illustrative only and in no way limting. The
descri bed enbodi nents of carrying out the invention
arapliiaity pt channelsformed indhe F&l&t?@t@hs of form
arrangenent of parts, details and order of operation.
The. i .
SUEPRAERb! B8l RI0B des” opEh SIERA h pRASRPRRENSM e
c | adomg a \tgth lobofk A tibchahnels; A coI umm- and- r ow
addressabl e chip conprising: a substrate; a plurality
of cha els forned | the substr ural it
c A RIHFR ﬁ?ﬂé&%’s" gﬁtr%qges thf ég?ﬂ ﬁF &e AN Q?Ye?m ng
a'éPétﬂm?aliy%@hfédoffrorﬁr’tﬁe@Bldﬁ}eelébﬁbdéw thélchantie} i ty of
spaced row el ectrodes, within each of the channel s and

electrically isolated fromthe colum el ectrode of the
ciadinast ongpairaf aleciradespr intgreanpratiopguith ayoltage source,

; ;égﬁggsgwéné&% #brhthé rih 'aha%RIghH re%tm%iggcgﬁaca' ly

the row and colum electro
ppositioned do gengmte navidtravise potentiabagross @t ieslst aqootion af
| east gﬁ‘;\tl o of one of the channels. 2. The chip of
Ioéi'PrFlzi11 P said at | east one pair of el ectrodes
for interconnection with a voltage source conprises a

2. Phweahid ¥t 8birkal Whepdin SbRIEAt 16880 pair B élé@tr@ﬂe§ ford
plurality of channel s, one of each of said
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 voltage 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 to 2000 pm.

5. The chip of any of claims 1 to 4, wherein spacings between said row

electrodes within each channel are between 0.1 um to 500 pm.
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pairs on one side of the colum electrode within said
one of said of said plurality of channels, the other

woRosaeiynf said pairs on the other side of theCTSGLINH000111

10.

11.

12.

el ectrode within said one of said of said plurality of
channels. 3. The chip of claim1l or claim2, wherein
eathe chipsafiatyalf clamst! o wieereinodaie Isabstratds féramed of an
|nterc nnectl on with a voltage source i s enbedded

wi NYIRtRg Mptei@st rate. 4. The chip of any of claims 1
to 3, wherein each of said channels has a width

beTH\@@Hqubf%lém‘G WO S8 sﬁbst?é’[@ i§ drmhedf o?é”t){eégt one of

cl ains , Wherel n spaci ngs between said row

el @lasticy deranics Gass,aabher; Halnics [printed Gietuiiszeard, andrilicon.

500 mm 6. The chip of any of clainms 1 to 4, vvherein
rate.i f an insulati

S, LAy Pr RS TR, S AR R 4 T

ofinfircdrfitels AiiRg intlepehdent RasGictnerttl cEsireht B! |
fabric, printed circuit board, and silicon, 8. The

cthaiween @ﬂyh ene s saiskrow electrodes and ene«pgid eelHmna

pl i nterconnects all ow ng i ndependent
ejéﬁkd(#%ht of current flow between each one of said

row el ectrodes and one of said colum el ectrodes. 9.
Thinecthip opbnyof clafms o8 whereinGachiufrsaid ree electbdesisl
row el ctrodes s general ly rectangul ar, square or
cigeEgr Wr?ﬁta!%‘ﬁkl{% squafg or gficulagine ‘e chip
conprising: a substrate having a planar surface; a

p'AHé&drb%sé}fle%ﬁlﬁ @drﬁﬁ,tig,ﬁges fornmed atop said pl anar
surface; a plurality of Colum el ectrodes, each forned

atop said ﬁl anar surface proximte a row eI ectrode and
elae%iih&tréiiﬂ gving @ rleear sutaeesai d row el ect r odes;
el ectrol yte pads covering each of said row el ectrodes,

PRI offrow electrodes formed atop said planar surface;

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

electrodes;

electrolyte pads covering each of said row electrodes, proximate a

column electrode;

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

said row and column electrodes,

wherein portions of said planar surface not covered by said pads are -

hydrophobic.

The chip of claim 10, wherein said planar surface of said substrate is

formed of hydrophobic material.

The chip of claim 10, wherein said planar surface of said substrate is
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wo eoogempat e a potential for detection of PCT/SG2005/000111

13.

14.

15.

16.

17.

18.

19.

20.

colum el ectrode; pairs of said row and col um
el ectrodes for interconnection with a voltage source,

cheni bi ol ogi cal probe and target nol ecule interaction
proxi mte each of said pairs of said row and col um

el gehtcddgith a\Mydraphobrdayéons of said planar surface
not covered by said pads are - hydrophobic. 11. The

chip of claim 10, wherein said p|anar _surfa;(sve of ﬁi d
suBbberchireof any efr Glaitnsot0 19,12 MMIBINCShAGINGS Rtweed Saig,ow

cubleftonts Moot ErRelaROhRRATT] it 65481 7.7

chip of any of clainms 10 to 12, wherein spacings

betThe eRiBai shy shelfinecty ROES Widrbinsatdsbbstratereforared of
between 0.1 mMmto 500 nm 14. The chip of any of

c| anipsulaingomateriahher ei n said substrate is formed of
an insulating material. 15. The chip of any of clains

10 i iSaAl ol S f t
onEh8FHfy AR €0 gk il el Ml
pr atleast one ofpiastinaetamigngdlass) iubber, faliric, Fiiatechcipoulf

any of clains 10 to 15, wherein said electrolyte is

i NR@RYpPRd SHIZON-The chip of any of claims 10 to 16,
wherein said electrolyte is selected fromthe group

COfiRd _%higwf éhér ST ©15, Mtiiein 04 Bldcisltalsinboluble.
pol yvi ' ny] acetate, polyacryl am de,

pol y(vi nyl pyridi ne), 1poI yet hyl enei m_ne and their

cofie ahipi efrany of glaimed Octei 16, athesaip said elesirplyta is seleatgd

o1 T he SPAHE b2IE® S hing od®, PORIRBREIEoD.
besoipeinyleretatenpolphcryrintide opolp{virnlipyoidise)and one of
said colum,_ el e_ctroges. 1%.§%The chip of any of clains
100Qlyethylengiraipgianddhes combingtipnsoy el ect r odes

The chip of any of claims 10 to 16, 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 10 to 16, wherein each of said row electrodes

is generally rectangular, square or circular in shape.

An addressable chip comprising:

a substrate;

a plurality of counter electrodes formed on said substrate;

a plurality of working electrodes, groups of said plurality of working
electrodes encircling each of said plurality of counter electrodes and

electrically isolated from said counter electrodes;

pairs of said counter/working electrodes for interconnection with a
voltage source, fo generate a potential for detection of chem/biological
20



w@bkasapiory of counter el ectrodes formed on sai BICT/SG2005/000111

21.

N
N

23.

24,

25.

26.

27.

28.

20.

Is generally rectangul ar, square or circular in shape.
20. An addressable chip conprising: a substrate; a

substrate; a plurality of working el ectrodes, groups
of said plurality of working el ectrodes enC|rcI|ng
eaplobef amhtaﬂgepﬂ molebuleynteracdwmr@mmt@ca paidetsaidd

el ectr,icall d fromsaid counter el ectrodes;
paFPuntg/w §¥ gﬁﬁ?é??morklng el ectrodes for

i nterconnection with a voltage source, to generate a

pofrﬁetchﬁio?ff érémdzo aghérelh sdid elekingi srdoeabpslebodeare

t ar get ecuelnteractlon prOX|rrateapa|r of said
comrnmd/w&atlkeas@ onk &f plainum, gold, metab ceppen, sarkidas.m 20,

vvhere n sai,d ounter el ectrodes are forned
of NE qsegggcmgucglf %@Yqﬂﬁﬁsm gol d, metal, carbon,

carbi des, nitrides, and conductive polynmers. 22. The

. ChTTRe @hlpmfarqforcummszm 21 fartier dampiising @b feast sha gvalt

| east one wall |solat|n flujds proximafe each of said
c oisatating dluids preyiate of gaid %@'}%?’eg{i?’@e% A Qther

el &% faﬁd c%ﬁnte}_léfe ?’BPB of any of clains 20 to 2 1,

conpr sing a east one trench isolating
fI ui ds proxi mate each of said counter electrodes from
ot 'mae cmpem‘ arfy ofailaims@ihitoc? 1, dudloen caraprising at i|gast ohep of

Foleh GRS EIS PokEiasF el it Culifr HeBuegom

ru@l*ﬁ%ﬁonéﬁ@fé&td douhtdrfbdtiodesi t board, and sili con.
ip of any of clains 20 to 24, further

B
orS B AR o R, BTl 1

el issdrdoded silizgbn. The chip of any of claims 20 to 25,
wherei n one worki ng el ectrode

The chip of any of claims 20 to 24, 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.

The chip of any of claims 20 to 25, 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 20 to 26, wherein each of said counter

electrodes is generally rectangular, square or circular in shape.

The chip of any of claims 20 to 27, 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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about each of said counter electrodes is
i nterconnected with one working el ectrode of each of

wa anod/ogveups of working el ectrodes. 27. The chp@r/eé2as9oo1ll

30.

31.

32.

33.

34.

of clainms 20 to 26, wherein each of said counter
el ectrodes is generally rectangul ar, square or

ci rcul ara ploraiftppepad$foried of imgolulfle amatefiél] for dintingtd t o
27, further conF,rl Si ng a plurality of electrolyte
pads, ed&@WRIBS &F Inigreshargngedion seidavkstrateact r odes and

its surrounding group of working electrodes. 29. A

test ap I: S te.oai [ ;
pads 1 oraegrafy REBfHin) BRcRodet: T of i atitdliy bfwBhing
sanpl es efdctiodesredstirically integeshnactexhiodfirstigiupstaf sail
pluralit oL wor ki ng el ectrodes, each of said

pl ur al i PWrBHYP&dRg el ectrodes el ectrically

i nterconnected to first groups of said plurality of

pads;  a iuFmby b¥cAintésiBirsded) 8aEH Of8sid RarditPbf Shinter
plurality of counter electrodes electrically

i nt er cofanttodéstalecidecallydnigreanmectsd tosgatopdigraups f sdid
pads; wh rein(ﬁac of said pads is interconnected to
one of OHAMYAIPEABty of working el ectrodes and one of
said plurality of counter el ectrodes; a measuring

devi ce iwperéinasichi ifGat] pady isdmtercdimetdPlo Gitd 66s4il a
sel ected pair of said counter and worKki ng el ect r ades,

t o anal phuality of werking elecisedeseadaiiejoltaid gfurglity of

pl urali aLer connected wth said sel ected
pair of Eégi r%?li’ﬁtogrgg’and wor ki ng el ectrodes. 30. The
test apparatus of claim?29, further conprising at

| east oaeneasiuiigodevice for cneaseicing ctléciticalahasagtdristics at a

ggﬁf]? ; Q%ng%\lﬁr @%ng gaia acbgn &P ahd ?A];OI' %Igdelggtrrgéensg 8 grqalyse
an analyte proximate said one of said plurality of pads
interconnected with said selected pair of said counter and

working electrodes.

The test apparatus of claim 29, further comprising at least one inductor
interconnected between said measuring device and said pair of said

working and counter electrodes.

The test apparatus of claim 29, wherein said measuring device
measures the frequency response of said selected pair of said working

and counter electrodes.

The test apparatus of claim 29 or 30, wherein said pads are formed of

electrolyte.

The test apparatus of any of claims 29 to 32, wherein said pads are

formed of cross-linked hydrogel.

The test apparatus of any of claims 29 to 32, wherein said pads are

formed of polyacrylamide.
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3 1. The test apparatus of claim29, wherein said
nmeasuri ng devi ce neasures the frequency response of

wa@ adod/oswbect ed pair of said working and count ePCT/SG2005/000111

35.

36.

37.

el ectrodes. 32. The test apparatus of claim29 or 30,
wherein said pads are fornmed of electrolyte. 33. The
t eg'heft@ﬁaer rtu§ lof 8RY oP blaihai2mBo s, Whebdin st frRiaufing d
pads are fornmed of cross-Iinked h%dr_ogel. 34. The test
appaviae measiuresyarigtion iniimpedenee oBsaid\gelacied paiiof spislds

are forned, of | yagryl am de. 35, e [ . pf
aniPAngeafan B aB6eY neg BFedihant MeohERby PPRRE TR
Ne3SIERS P4 RS Fow BntniRdRRefedtfodeal d sel ected pair
of said row and colum el ectrodes near a resonant
frequency of said of said selected pair of said row
andihe ¢éstrapparatus pbaey of sims RO to S5 THIRICAMIISHIY ERYY

£ oclai e . ot .
ot BofiEnr Sesbore to SBldh Saict RIRLLA pal, Sr e Ry T
angblaainuetacitd s fop fHterdophetiidrefocsaio @odasuning alesdded
nmeasuring device. 37. The test apparatus of any of

clainms 29 to 36, wherejn sai uri ng .device )
coThe asi aPRStAls BEABY PF CaiTan29 To o Erain S Measuring

device comprises a variable frequency voltage source.
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