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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
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El ectrical and el ectrochenical detection techniques
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he@ﬁ?ﬁ@éﬁ%&%ﬁ%‘gw@ﬁﬁ%@guI es attached to the
surface of the electrode (often referred to as
"probe" nol ecul es) and nol ecul es present in a reaction
m xture (often referred to as "target"” nolecules) in

co ode. Exanples of nethods and
de\rﬁlggg q\gltﬁ_lé [ﬁ\{éh%fée@t rical or electrochemn cal
detection of bionolecules are disclosed in U S. Pat.

[006Rk. ThepasentinventiaiBredaies generally i6 A% clechdNiclH3,

31 37, ,630. [0004] El ectrical
eletoctibmical HeRietiph o Bibs DR SR ar AaRaIsS: Fadh giase 1 he
pariiduiartimortirageudedia saoh defectiba. use of radi oact ive or

fluorescent |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 BAGKEROUND O THEXINVENTION ous regul atory

requi renents. The devel opnent of m crofabricated
[0003] Methods for electrical or electrochemical detection of molecular
interactions between biomolecules have provided an attractive alternative to _
detection techniques relying on radioactive or flﬁorescent labels. Electrical
and electrochemical detection techniques are based on the detection of
alterations in the electrical properties of an elecfrode arising from interactions
between molecules attached to the surface of the electrode (ofien referred to
~ as “probe” molecules) and molecules present in a reaction mixture (often
referred to as “farget” 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



arrays (mcroarrays) of bio- and chem cal nol ecul es
has led to further inprovenents of traditional

ana%%ti cal techniques. Mcroarrays of bio- and
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array electrodes cannot be addressed.

[00606] US Patent Application No. 20020090649A1 discloses a high density
-addressable array for electronic detection biochips. The array, however, does
not provide for true four-ferminal electronic detection for high S/N ratic and



not provide for true four-termnal electronic
detection for high S/INratio and 2 WO 2005/ 095991
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drﬁ%'@{jq%@rlﬁ' [0010] In accordance with the present
i nvention, addressabl e bio/chem chips include a

[0009]ur aTherg tos icpming adeedJor ar imprayedcoliinamandgash
add?e%%%ﬁrc'esc%%n?lbzychip array for the electrical or electrochemical detection
of molecular interactions that are effective while reducing the cost of
peiforming 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 molecuiar biology

research.

SUMMARY OF THE INVENTION

[0010]1 In accordance wrth the present mventlon addressable brolchem
chips include a plurality of isolated fest cells or regions, each addressable by
at least two electrodes for measuring elecirical characteristics of probeftest
‘molecule interactions. in one embodiment, electrodes are located within a
channel to allow for four-terminal measurement. In another embodiment,
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at least two el ectrodes for measuring electrical

char acteristics of probe/test nolecule int eractl ons.
In one enbodi ment, el ectrodes are |located within a
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anot her enbodi mrent, 3 WO 2005/ 095991 PCT/ S&005/ 000111
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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.

f0013]  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 elecirically 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.



provi ded an addressable chip including: a substrate; a
plurality of counter electrodes forned on the

substrate; a plurality of working el ectrodes, groups
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enbodi ments of the invention in conjunction with the
acconpanyi ng figures. BRI EF DESCRI PTI ON OF THE

DRAW NGS
BRIEF DESCRIPTION OF THE DRAWINGS

{0016] In the figures which iflustrate by way of example only, embodiments

of the present invention,

{00171 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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[0016] In the figures which illustrate by way of
exanpl e only, enbodinents of the present invention,

v%(?Ol? FIG | is a perspective view of a bio/chem chi/g
8% %enpl ary of an enbodi ment of the pre8ekpG2005/000111

invention; [0018] FIG 2 is a top schematic view of a
FILG

i f Dbiol hi f FI.G, .1,.[0019
100330 < PioSekinde 4 B st Hactomsiot R bigicean Ep ANy
ex@hpialy &f andiéh entbodifeRP i Grostht irfventionr i

cr%ss-sectl onal view of bio/chemchip exenplary of
anot her enbodi nent of the pres‘gnt _invention;
orp

5 WO
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i nvention; [0022] FIGS. SA is a schematic diagram of a

[0028)/ cFI3S. 3B 5 an enlprgedeviewsf iy caintanworking elestradeent
esept.inyention; [0023] FIGS. 513 is an

. 0f the pr.
aaaéﬁ?%”éee%”eioéﬁ"a‘fwl"he count er - wor ki ng el ectrode
addressable chip of Flu. 5A; [0024] FIGS. 6A and 6B

[0024F SFIGSIEBA and 6Buirerssheinatie siagraik of tdst icblis obfhe/ chem
rray o 4B;, and [0025] FIG 7 is a

. chip f _ELGS.  4A i
b'OIQF%ﬁBIF?H'R angay PEEIGRy 441@“@3%5?9#vi ty of test cells of
the .bio%em chip arrays of FIGS. 4A and 4B. DETAI LED

[ooiﬁscﬁtlﬁw%lal[g}ﬁaﬁ}uuﬁtraingltmmty af last chllgsitthat es a

four-term nal” addressabl e bio/chemchip array 10,
biofebeimpship prrgys ehFtGS AR BBAYEL! the present invention.

[0027] As illustrated, array 10 includes a substrate

12, and plurality of wdth w se extending

m crochannel s 14a and 14b (individually and

col | ecti velzl_gE m crochannel s 14). Substrate 12 is
f oPRIMNBED DESGRIFHOMg mat eri al such as plastic,

ceram c, glass, rubber, fabric, printed circuit board,
[0026]' | FIB. Q'schematically illustrates a four-terminal addressable

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

Jo027]  As iliustrated, array 10 includes a substrate 12, and piurality of
width wise extending microchannels 14a and 14b (individually and collectively
microchannels 14). Substrate 12 is formed of an insulating material such as
plastic, ceramic, glass, rubber, fabric, printed circuit board, silicon or
combinations thereof. Microchannels 14 are formed in the top surface of
substrate 12. Example microchannels 14 may be formed using conventional
etching or embossing techniques, and may have widths on the order of 0.1
pm o 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
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conbi nations thereof. Mcrochannels 14 are forned in

the top surface of substrate 12. Exanple

m crochannel s 14 may be forned using conventi onal

WP 2R enbossi ng techni ques, and may havePREGEAWS/000111
on the order of 0.1 mto 2000 m and depths of 0.1 to

2000 pm For clarit depicted array 10 only includes

coluien slectrodemmd&indifierentimicrechansals, 4, asfugher Hustated
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furth |IIu‘stra,te .Gy, ZA,,.,Asl,JIusI,r e,q“, in
Adgiiasale samborainde Srrbtec ookt okl hinmensh
chaviribl afd istdted flomn @@lhumelebmde"sotsesm&)amr@lmaﬂlmmdas

conductive strips, each one runnin rough the | ength
16,018 arecelectisnllydsalated fromg 'é?redf'?'a%ggpif 54 smbodimeh

of ﬁréewmmﬁefégﬂ &iéé’ﬂ/s Yrd ﬁfrﬂl%d%érffrﬁl‘é ae%-néfﬁillfibtﬁﬁ”

serve as reference/counter ectro
corxdugtivé padmmtbml raicrecitanoals 14qer Example alterpatehshapes for

el 0

cout SELFTRtS wifbS Sy spperet §5 g brfiorlh Sribefi BRI, FEET
exdifihieSlebirédds 161 %mdlﬁ‘” fopwed 2d gwdettmy reblengumi end stftare

18 are electricall é g each n t{]
conglustive parsaRigat in Bl §1 @dé%g% 9 e

dER n i

claﬁtg md@ﬁl aﬂ] crocxgm I's 12?‘#6&3%%&23%5 ?grﬁgﬂta\sbﬁyapes
s:zedasubsrtr@w @2 eny indiede Bayvipumberof sisaitarinfonped revieledroges -
4 PETson of ordinary skill. For exanple, electrodes 16
and 16" formed as generally rectangular and square

conductive pads are depicted in FIGS. 2B and 2C,
[0028F peRbaidotrodagaléhmal doe provided tay spaeipge badha pr@; of 0.1

pm $0 380 T o roraplen wEgunteg Flecodg 1R, b nave pBge bryiap,
ord&O5F 601 i 18! 5% jud@Mich can be fabricated by conventional -
lithography or nanolithography technologies. Examples of the row/column
and voltage electrode materials include solid or porous gold, silver, platinum,
copper, titanium, chromium, é!uminum, 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 fo as “voltage electrodes”) are located in microchannels 14
" outside of the éddressable rowlcoiufnn (x/y)'electrodes 16, 18. inthe
depicted embodiment, one of the pair of voltage electrodes 20, 22 is formed
on either side of column electrode 18 and on either side of each row electrode
16. All positive voltage electrodes 20 and negative voltage elecirodes 22 of
array 40 in microchannels 14 may be elecironically interconnected {ogether at

7



16. [0029] Row el ectrodes 16 may be provided at

spacings on the order of 0.1 mto 500 m Exenplary

row counter el ectrodes 16, 18 have sizes on the or

P 2958%2%!m t 0 500 m which can be fabricated BQT’SGZ"O&"'OOIH

conventional [|ithography or nanolithography

t echnol ogi es. Exanpl es of the row columm and vol tage
twe[igRs.r ode materials include solid or por ous gol d,

silver, platinum copper, titanium chrom um

00%1;”” WE&cti'Gﬁtv?éw BrIhEGowiBldhn €M dWod8s 16248 9Rd voltage

phi t | 'erene, conductive plastic, conductive

e!epnfomzv, Eaawaichuan@ raa@a’tad &rem thel qureans elestrodesfonteue fore

t her eof 0,
terbsl) Eaentsorts < HOMIABR B PG 458 vih pRbeiRpaRr
each/paif 8DwIRige Sledibaes 20222 prodeéedn Ieteomcul ﬁeha‘onﬁilﬁ- 14

out side of the addressable row colu gtrodes
terminal !twedwtemeawe@fédaaﬁﬁmﬁ?%ﬁed frameth@fx-y ﬁ§ fgeable
ele&?od’ég‘i eI ectrodes 20, 22 is forned on either side

col urm el ectrode 18 and on either side of each row
el ectrode 16. All positive voltage el ectrodes 20 and

[0082hat Binse\the fungion bé veliagresleotrodas 2Q,r32:g 1a estaplish an

elofHE BRRIA Blfindet R P OB PR PR R 850 o

testingﬂuid shopikl Thuse altematlveiy,vwabh‘agemotmdbscﬂwﬂﬂ can be

emigebiediBioupatpiesfs o dEtpleBtit FIB.3; SREHReln ol "

conﬁﬁéﬂnq foaf fBritinal BRAHEHE Eﬁﬁta‘éldkésslabletkiétééﬁcﬁﬂwltﬁ highGigr-

become apparent, each pair of voltage
to nelsgds:'l&)or@go 20d simplerpyitinlexing-deteetian fos §|gnpﬁq@nﬂy fesjucing

Te) fiﬁlé!ﬁr term nal inpedance neasurenents,-and are
I'solated fromthe x-y addressable el ectrodes 16, 18.

[0032] Since the function of voltage el ectrodes 20, 22
[0033] t dndke atrahgemeants oflbeth FIGS: 3Aandi 3B, cielrma elecirodes ey

16 {8 RePatethibiciorb ety Tac iy Uity o8 sBlin.cPlid o ©

isoled@d cRpaib of araystitteelcolobmn eleblsd:da 16,148 con be bdaterssédd
mdepender%y, wﬁhouﬂlaesfng :eﬂu%nced or ﬁuencmg measurements at other

pairs of row/column electrodes 16/18.

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

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

self-assembly, etc.

[0035] Samples containing analyte that may confain 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 furn generates a lateral electric field within each
channel between electrodes 20 and 22, and between electrodes 16 and 18,
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conducting four-termnal electrical and addressabl e
detection with high signal to noise (S/N) ratio and

Si g@l e multiplexing detection for significantl ¥
eP™g°1 1/ 0 1ines. [0033] In. the arrangemeRtT/SEF005/000111

both FIGS. 3A and 3B, columm el ectrodes 16 are
separated by m crochannels 14. As as col ymm
In fiechresenresofdpunohilized arele Melesales 'aﬁ'wﬁlr todpraet F&Lx?%‘?%nn
prﬁuﬁ%ou@fi%&'f\lﬁg , 1 i®3d r&f?gh@%&ﬁﬁnn eRAGDaELT619/,

uenced or. I nfluencing neasurenents
cuméntahire flowbetweernthese i andi ﬁ'hmv\eam comamseleattms 19084 ]

ok P
presBAB of théqﬁm%bm*edmrepfe Hﬁﬂ&m&/\én@’tﬁgé’{fmd!&&m% in
m crochannel s 14 by |inkers _or of, her nodi fication

Alterpatively, impedaned c@wm’c ™ 2l B '\ in] vomt ansl eRjumg electrodes

|, L
lnﬂé{% muﬁc't%d%g]m gg’ln,bl%gg‘v%glhl ‘E{ﬁ'ﬁgﬁg&gﬁg fem Ei#{uuu.?f@na

mommeﬁargdtm@ebulmbmnarsnsa)rokmm rowtcolumn elactfoge pair
annel s_14. ereafter. the c Is ma
16,38 i SaBiicry iy BLR bBERS Prhgmast Ry IR ™

e!e&t%b%@'!ﬁ“‘%o' tage is applied across el ectrodes 20/ 22,
during or after flow of the analyte. This voltage, in

enerates a | ateral electrlcfleld i.f hin each

t
[008FlannEhalie: melsulsr dteiastiens bewars the Immalbiizes

B o AR e o s

map be deteutdd as aalifférencelin ﬂ)etde@mahﬂgm dBwIEd @irtbﬂl mat e

cortegbording Rof oy pREcHe AL 08 ey BRI,

apphéd irsedadsf tﬂb@@hlﬂ@@drdﬁem thesESmicfochemnielsonhan
nmeasuri ng eqw ment ‘%H%* ct this cur%%{gt to verify

addegsabley arlkahean ?febwat qi¢ ecul es and
target nolecule. Alternati veI y, | npedance changes at

[0035]9 | Adwilnisk bppPrecRite® e AOhER ofbaRbleadRat mERYebe

détected or, other conventional manners. Absent

independently testedwsing array 1B aavals theguimben e electrodes
sincE ML CORI PO an IO X TRb Gt LRTbiRb A HORBHAR b

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 elecirodes 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 molecuies, array 10 is
particularly usefu! for biomolecule detection. Conveniently the number of /O
lines for multiplexing is reduced and can conduct different electronic
detections. Hydrophobic coating or additional isolation parts are not required.
The design may thus result in higher automation performance, shorter assay

" fimes and lower manufacturing costs.

T T
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16, 18 no significant current will flow between

proxi mate row and colum el ectrodes 16, 18. [0037]
‘J‘R%B) s, ol ecul ar interactions between the

"%%d probe nolecules and target nol ecBFEECHgEpoo111
bi nd specifically to the probe nolecules nmay be
ect a, dif e.inth lectrical si.gna .
rofiicc rdG- 2R SremangaRiffden " lnft ifesiae Themivio
ch@I ey TObefok Bse ég afn' élﬁé}kﬂ?ﬁé clRemAfddtib Bl test asdarkmsiod.
0

appl i"ed instead i quid el ectrol }/t e at these 7
Arriay 308dnelkdes 8 substiate 1408darings oenerafly planan sydace and an
arréggf to@?é 1 tggﬁﬁ[rﬂ'n SSﬁ'n% gfgﬁg’pﬁﬁecg LI'%Q&&J /%lb‘é’tr]a{e 0

mdymmnq&mﬂuy dre:eawdi wuth a@ydro;ﬂupbnibmngl :Art insolubleber
t he colum channel s ar.e

row el ct I ode
laypk, SPAAETIS 08 AT Rc; SRR B Clapt e diads
162 AR o o QR3S e AIRBLALROVES Sor QAeIEHOAOf 22E6AYeNL On this
enabl es trug four-term nal I npedance neasurenents
embpdiment.teagh elpoiraiyeipadrifi2 fh!l’tbﬁl GOVEES 8 pxigaie eeiiMtni ¢

e trochem cal array sensors. The applied
elegtfcg%etjp cal field between pairs of voltage el ectrodes

20/ 22 may al so enhance the diffusion rates of target
[OOM]) noPads 82 may lzenassd tusatitach: mrebeam@isculﬁsxl Pads 462 anay,

for SXghERnte Sy ol ges iR BlelSde At BE et By
prinfiRg lor dispansing Y Faleriatively ;iad@wrmmylb«e fdphed bf on.
Conveni ently the nunber of Ines for nultiplexing

polyagnfamisie-en pas @BWM@?!B%GIWWQC@SJHFO‘W‘E by it geposition
of aqﬁfxﬁﬁ% sBitfion ¢ HIMRL ébry?]@ﬁﬁdé‘ﬂn@ %tr%ﬁﬂbgihﬂ?ﬁﬂ/ onto the
esi gh may thus

Ion parts are not eqwre
arrayed ubw electidgh difteali\bouaring the sireptavigin g0l g @e assay

oo BB A et 853 3m8 4R SR P ER
biotinylated ?gig@? Nmoaﬂohﬁrlvﬁﬂﬁuadﬁbm godups ﬂlbhgdrhinﬁ or(H_yerxyl
grouRsp! RS Toks SGacRpeRCarRIP REI Ge0. AleAENRI 110
elecgﬁ}yt%‘ fad 102 \Wbé rorﬁie%fmerwa;@@ﬁaaﬁmemﬂon & Ghpaik dgrow

um el ectrodes 116, 118 forned thereon.
row/solunn alestrods
[0042] Pads 102 can be used in both gas or liquid sample detection. After
incubation of samples on pads 102, excess liquid will flow out. Different
arrayed cells are isolated by hydrophobic plastic substrates.

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

attached at each pad 102, as desired.

[0044] As will be appreciated, arrangement of row and column electrodes
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may be hydrophobic, or coated with a hydrophobic

coatlng An insoluble layer, for exanple, in the form
solid, sem-solid or polyner electrolyte pads

W%z@gﬂ?%%ll on top of each electrode 116 for foFﬁytSf%‘I‘Ism(’“m

of a tact cell. In this enbodinent, each el ectrol yte

1985 418 poe s ik 0S8 30708 et CliteRirt, IHRad i AR ©
colﬂ?h;%h‘n'a?%rraﬁ@éé i RemERIs waye, mﬂh&ﬁﬁ'&ec’thﬁié‘s@ﬂ@@bl@rﬁn

cross-|inked hydrogel, and can be forned by printing
elegtrodes fEersongeciag {egioaps @i padp 183, witheaely pBd 108r ned of

w/ col unm el ectrodes
’“‘B%"Il'ﬂ%éh df”%%%%’éc Pgﬁprgf a m xture solution of
nonomner acryl am de and streptavidin only onto the
[oG48]ay dd analleriade ermbodimeitdepidied ¢uFIGR), 6A hed 6B, an

I I
ccgegBg HitlReT Bl oS aPhfont B OB Bl Rpetsounsr
eledffvde RbAiplexet 2020 HichRforkihgreounte: felattiddel songiier 20R
roups such am ne or hydroxyl groups for praqtein

23 singlg caHBier elasi Odﬁgaskﬁé‘”@é@éed V@e@"ﬁﬂ?ﬂf @Iqj’k'“g he
t f
e*eéIrﬁé%% 2145 1RAF 1L Bn P, PBTESCITLAED IREARES o plytalty
of WwOrkir) elBetrisd b2t 6aaﬁ16b us(é'mﬂmdudlyt ancgedle@twdalqurldmg
t ect Af t ' f I
elegfodez . Sitiofl whcibhte pleliodR 2200t nF Y Giphty BAET
coufitér Sedfdid 318, ndHe Aepltyst embolbinter) mtwazks-ugtaétmm
é 0043] Conveniently, array 100 may be easi
21 qumangmaw;ple Abertreach sosptel Rlestodsc J‘%P%ﬁ%&i%ﬂwkmo
elelegO &F 21 ?lﬁ‘iﬁ' lcBR %eqmﬁéIy gﬂﬁreségﬂi bg%ﬁ@@ uh?éf
nve rme

I ent i nsol u

eleqimqﬂra‘lh 8 6l an:t a singlecwprking alectiom 816 M/ glseri @farqlmplat EoiMn
t

e 0o LA e o BofSping amBkBBE
CorWéhiemtllyshké?bﬂslmdmklr@eé!ectfbdésemfaﬂtwmkmglmnwrobe

nol ecul es may_be attac_h at e ed.
cleqlieomalonss 204 ma i Blarsomecian. kst dntgied B iEn
- gAcolum el ectrodes 10 WO 2005/095991 PCT/ S&G2005/ 000111

'[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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116, 118 and pads 102 need not be strictly Cartesian.

I nstead, rows and colums may arranged in nunerous

ways, Wit h row el ectrodes and colum el ectrode
W%%{@F’@?ﬁ%‘ect ed to groups of pads 102, with eagﬁT’E%"“S’OO“l“
102 interconnected with a unique el ectrode pair.

&&(])4 In an alternate enbodi nent depicted in FIGS. 6A
[0 6B robs mcd@mﬂamwé)ebm@mmddmﬁnmm%ﬂwf gAgkd

ity of working/counter electrode conpl exes
“mgg%seggﬂﬁaéorklng/counter el ectrode conpl ex 202

i ncludes a single counter el ectrode 218 surrounded by

[0G19Y 1 0 Ghip 200k anigresslable chip 400244, sigsifibantly reduce the
up_incl udes

19 00
nubF LY G oS BB tor T merg dop BRE PARsireieRs and thus
reshlthdw ﬁ%hfa)éttﬁlh@ coRtd, e@bweahantwo alé Etgthe%y@mhéﬂﬁﬁs

Optional reference el ectrode 220 furt her

arfamerbmtd)fmhng elaotiodes 2116 aboylsounter elpﬁtr@qlﬁg ABitheed
oA Gy Ert IR0 P bERL Ryoalof BoBiroas i o

216218 tw2chwerdiestplyte Iresistande, qbainbuﬂdr%@tﬁoniarcohmonents,

eto ok IS8t SRIFIAEE R ORNELe AAISI0 PEUNP EBCoRg I Are
ndeﬁidéﬁtoéé’&{@ﬁéﬁsms%ah@a :ﬁ&hrﬂw: Fdﬂbﬁﬂe@lﬁ%f@@e 5 of

counter electrode 1 nvenlen posi ti oned

meagitred signalse dnraggitionoeveryigrawep R wgrlwamlﬁétmd@ 216 abgut a

oG8 PRLFET PRS2 AR il g
eachnmhmgg%mtrmb&é@c?smay detect vatifferent tan@eﬂh;?lggﬁwlﬁsrfod e
more S Egh oD eliindg el il G PRpobiized pito

auﬁgﬁéb?dbél&ofé%ﬁlé conplex 202 from each ot her conpl ex
2. Channel s (not shown) may also be formed in a

bstr 2 ide |i t
A A N
c:rcﬁ?ﬂoémbcﬁm&\gv off a'piasticf ATt NINMAE depRied embodiment,
wor ki ng/ el ectTode co | exes 202, respectively, and

Qenerailylremctwgdmmalyd b@untes slestredes 246 ‘eﬁ:ﬂn%tnﬁ%rmﬂpects
ore AN BBhEAUS BRAE R B S sIsRliPA O WSfate 210 may
be oftiné sameahaietial susiimstrate 104hNunigous other conflguratlons and
fabrication techniques will be understood by persons for ordinary skill. For
example, electrodes 216, 218 may be generally round, square, rectanguiar or
the fike. 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, catbon, 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 formsa =~~~
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covered by conpl exes 202 may be covered, or forned of
a hydrophobic substance or layer. 11 WO 2005/ 095991

PCT/ SG2005/ 000111 [0048] Probe nol ecul es may be
WO P%ed proxi mate the tip of each wor ki ngPCT/562005/000111

el ectrode [0049] Chip 200, |ike addressable chip 100,
I/ O lines

fi d t h f
i b Ao sa R B B e s
result in | ow manufacturing costs. Conveniently, due

[oo 6|t heQRydEREY hes bakh Hrabaratin the Wt Sanple Hid wasiesd,
about counter el ectrodes 218, the electrical

armdr@gr(@uaaﬂb@ﬁv bepised sogether will IMpRIancediRestipseapy to
ceRE P AR P oL Hes ONIrASHRPEY Bl bnangs,

resistance

prdmmatmleéo?mck:‘réssm ool arehcalumaslectrodenpaie1 46,5118y be
to.eac

colmpguptivg SBEiPIe pat 218 £18. oPlichidbalikaidity thebinding
beRBAS S8 rget itAbsuled SaRddichbAges SV PeYsdlitinPelebtrody Ki ng

. electrodes 216_about a counter electrode 218
intesfacegmpgdatice. oBM@haaGtQﬂangel%@nmp@dﬁm%gp%mwm daiding can

be@g 't el ectrode 216 may detect a different target
romolécules for nore flexibility. Each working

el ectrode 216, in turn, can be imobilized with a
[0068] qudhat isheactpaddrebsad fosdediimacalectsadehpair 446,01 B06F nay

arrg 106 05165 Ay o b0 theifRf 86 AINBimBHr G test o it Shown in
FIGI GA siic8Be Coafieiivrking efgttrode Ipaire) 218wt lamg 2004FIG.
SAXITEN be S 391?@@1% Bleroehaspesn dop Boved tes sample
andiHBTbWEISctrote TRY ma?%e%o&él%dsé’é@ deBbRULGEr ﬁﬁJcttére.

substrate 104. Nunefous other configuratlfons an

NO\?',atm iznedance é)@hrﬁqutéls mpstiproxdmatel sow vod Coiymp elactindes
218
116, $1a A4 Nen T ety W ATHY SouBb SRR P 2

er a
expl'éslsedaé sui tabl e bi ochip 200 may be fornmed using

lithography and ceramic, and the substrate naterials

can be plastic, ceramc, silicon and the |iKke.

WO Ir&Ki-1Rg~ counter electrodes may be fornmed of(fjt

| east one@éf pl ati num
‘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 — Rg)/R;, 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)/C, electrode can be used for target bio/chemical
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gold, netal, carbon, carbides, nitrides, conductive
pol ymers. [0051] In operation, array 100 (or array

V%gg‘?? | Ssohd irst incubated with test sanples and then
&> Hemai ning water is renoved fromthe FCT/SG2005/000111

hydr ophobi ¢ surface, not covered by insol ubl e pads
1%. S'eg e[ this surface is hydrophobic, water can

ma P\eﬂ B9 oved. Thus, array 100 (or array 200) can
be treated as a free-st andi ng conponent for electronic

[0055F Ct Howeveért, BeksitivitynRap be ihgrovel! icarmmsius®s %’put in senes
i nterference, since everé detectjion site _forns

WlﬂU’(b@ﬁG@’SE@P'WTﬁ@GE’GdEﬂG oli18, asidepicied in FiG 4B @Déﬁ@d or
coﬁﬁgetgv% i 'e%]lzstrc@@%ﬁs 878! ?h@ﬁeﬁ%ﬁwﬁ) &%fsqgstscell[rﬁ%?%b

en [ ncuba

caladied as [d(IZa-ngJ)&Dogj(O] / Bﬂﬂb]ldlmg(f)]bblecae?b ls ﬂgshh}mdamce kDf

the, eehAdE-SelRn 1uBRReE tad the RGOSR ERE P b Soeg place

z :9 "tﬁé( rrmé@r@éqh tRéldicero@slsointommefada amy tHecintineteewhah'
or counter/working el ectrode pair 216, 218.

blﬂdmgmﬁs’ﬂﬁﬂﬂ% and f isfeequeRsy-bi ndi ng  behavi or of target
nol ecul es causes changes of the sol ution-el ectrode

er fegge—i ACH i %ﬂa‘ﬂﬁ?
53’gct rFSrgn T“I ndi ng cgr{% g@gé'%gﬁ o?a{l%g%%?l érﬁr?gt

thmeaemmmsdeetor 920 (IIG. 6B).crstinrtbe @bpaince Qﬂleduqtmswﬂ

00 (FI G 4A - el ects.0d
LB i 4 S el o TR B Bl 0
anﬁﬁd@@? rfolldﬁrimlgl ?@gn’tr&ﬁcﬁzs&ﬁ taes faaaly@()ﬁt i§ léhrﬁent ﬂﬂ}t thmg be

ar nodade e he in et we
rellygmpRHANGS SRRItehAGar Of e PRlRoIITS SIRGHrHes Io4eR | od
pre@.én@e Mirﬂubﬁif% rrﬁfchlﬂﬁéﬁérr%ad\@n‘é refdiﬁe'r&ﬁgﬁﬁeé @han dge of
bet ween he nost pr oxi mate row and colum el ectro
thelsystemwhou%mdwﬁtgn anddrotiy thef festjlie ats corglated willy each

oth%ﬁpl ied voltage, can be expressed as Z=R-j 1 (1) coc
iere Ris resistance, and Cis the capacitance

bet ween the row col um
[0057] After addition of an inductor, L, the impedance between row and

column electrodes 116, 118 will be
.1 ) 1
Z=R~j—+joLl=R+ jlol——) (2)
wC -l

[0058] Thus, there is a specific resonant frequency, fo, at which Z
approaches the minimum value of R, and [d(}Z - Zp|)/dlog(H]/ [d]Zy)/dlog(H)] at
Sy will appfoach to 0. A measurement frequéncy, f can be selected to very
ciose to £, and to have very small A f = f-f;. Since [d(}Z - Zo|)/dlog(N] /
[d{Zol/dlog(h] value can be extremely large when f approaches:to J,, 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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el ectrode 116, 118. As will be appreciated, there is
no material inductance termin the inpedance

vﬁﬁz Sﬁ%% for the doubl e-layer structure, and tﬁﬁ
‘g‘ ?C/)‘npart i s always avail able. [0054] WhERTPHPWS/000111
test cell is used to detect nolecule binding, the

TOBEHE 45 s AR salelL e 48, ) RSB BESY 4Bl shls
patifof-a Be) Afsaratus dehea bing@eindpios 420 triemdaABE&a MeAsuring
where Ro is the electrode-solution interface

devics; AZipasieprehPaits of mueriumaielactindesd 16, 448 proximatae
paflh 40k' @éﬁﬁ)@%ﬁf#g@ﬁgﬁd‘ﬁg\lﬁgﬁgg% éﬁéﬁn%@%@ggaﬁks the form of

presence o
a gamventiarial onpedanse felgpency dpalyser, and radysinchueled variable

change of the doubl g-1ayer ,capacgitance. .The rel ative
frefiHaMgC/ UPCR QLIS Fsyar AriaRSE RS shaWAL Rowlsgies
selebRfs nosend Anshsapsaafd WhitRr@a@todl SIB6RERbait 3180118
. .2005/ 095991 PCT/ SG2005/ 000111 nol ecul e det ecti on.
is iptsoeennesteshwith meapuiing devige fdy abany iptanesdin tinen

i nductor is put in series wth the row or colum

Ct QR éb]z%t %ﬂg ' qu% 3, or
[oo?ggnt er/ vv%r é’?’ﬁg e e%rtg?lo e ‘gg@gi gil% tﬁ!‘?ﬁge@nm F\e}fl"t y of
interhprneact measeting davice d 22dalcach avwitohunn gair 116, 118. For

cadhiiohieliiigr {16, Yuf SheRsBRbdeine B4E mab e BecBSomectent
to thatkeed/eslumhpairmit 6) Mngiand dyelcesthpiughea rangd 6f fidifuencies to

edance of the electrode-solution_interface and the

deteibe s mpRiEncaich dEPWEREPaIE 116 5HB #s pdunction of
freduePye ﬁﬁé-re&uﬂﬁ@ﬂ-n&éo%ncéldlf "%‘Fﬁ YORIcBRINY 61%%?&?%% 116,

sensiti-vity of 7a test cel _array 100 ]
118iney bedveagured vaingoneaswingriagices 122, tadetdrminatheabsence

teclonk? P b e fobl uieip i e ol

solution. Vetensativelyo shandasdiniimpedaficd Atormedry f,emal bel rBeasured
evident that the relative inpedance anplitude change

for edcht low/caluwnoaliectrodel pedt 11H6]ck18. n Oplegatiqr afyewd@lohnan
ive ance

i hdu ri ch, higher. than t rel a esl
seiecfilh Jekane”dRATy Gediflng Bt 1331 Bed be SanlSliet hifene
genees puipbsarconiputing|daivice wdeh seftdare edMesl; in manners
understood by those of ordinary skill. Results may be tabulated, displayed

and/or further processed.

[0061] As well, use of exemplary arrays 10, 100, 200 is not limited to
detection of biomolecule interactions; it can, for example, also be also used
for detection of chemical analytes. The exemplary arrays 10, 100, 200 may be
suitable for a variety of applications including for example diagnostics, drug
discovery, pathogen detection, food sens;ing and environmental protection.
The arrays 10, 100, 200 can be used fo defect molecular interactions s:uch as
- nucleic acid hybridization, protein binding and other chemicallelectrochemical

reactions.

Example 1:
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[0057] After addition of an inductor, L, the inpedance
bet ween row and coI um el ectrodes 116, 118 will be

\égggdsp%%ﬁ, Rt (W.- -) (2) OOC [00581 Thus, tlﬂ%&‘gcizosos%oom

esonant frequency, fo, at which Z
appr.oaches the m ni mum value of R and [d(]Z -

/ f aid.| h t
[oo%QT) ‘El&&i‘o‘tﬂa a[rgyé?déﬂh .,(a‘y%iogg@%etlg)e l,ag saiggpach 3
corcﬂammg 0. ci I\ﬂ pyao!é purchas/@:l frenyAIslnah)l +/RPBS buffer wag pregiared

as aitiand: A3chihn Wianbe sypisikadpifared o Bitifio Pl &
antEAPRCHE DL Qhﬁﬁmﬁlo§ 884 fh tr8athitt N REIS Ee1 00 ug/ml,

(inddctance 1s fixed rom target and probe nolecul e
purbhastid-igemdiigmst iofel? ubnfssoletm @nﬂfgla,eemqayb%&%} i ed at

et ST B AR BBt s
n é%%%‘g**é‘iéth?b& ebés’gég" Iﬂf?@ﬁbt@%tégled?@ﬁmﬁw @0hi=Aiog byrrole

and 87 g eaeeponamiea) drpostion. 5 plagnyadel diapuehs

targ%?sur‘faéé aﬁa@chm%%pfhelé@ hﬁH%’A@ﬁA@@Ib&c&oHﬁW&ltﬁ@d

ce 122 to selected pairs of row columm el ectrodes

as ropeand agdupneiectades, iespsclily. EkHGR{ poteptiastal was ysgd i
conp B B BRTR Lokl 6 10V RInge) FERE RS

for eiectr@tiﬂemlcélrsqqtmarsyme Ianag!eZ"s‘ wasantappgedin mmlwyr(ai@t

film @ﬁ.ﬂaﬁ prqh%) '3'/8 qghﬁr{g d@f‘% 3‘%‘0@10}%’2@2 %ﬁﬁ@e@@pm o
molsElIE P SANHGH. %ﬁeﬂﬁé“pdlg?ﬁ\aﬁ l@m/pﬂéﬁem debodited on the

i nstance in tinme col unm selectors 124 and

: mlcmglﬁqimsietshéﬁc%eﬂ'éyasa'if@@dt\@th PRSQldions 8 SolRHE ng

h
e e SRR T R nd e B0 1207
wasuuebd rto m@me impedhaace r Hwidbe G _elm‘tnodejms PBBlBuféerd
ol gh S apeahafork s el HHGAEIS Yol TEEBEIAR
| prepfg.;@tgby Bried :Ilftfoﬁqﬁélh%)d PE%yfre%rgi-MTIémmev@é

ow co um el ectrode pair 11
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 — Rp)/Ro vs. concentrations is shown
in FIG. 7 as denoted. [d(IZ - ZoP/dlog(n] / [d| Zo)/dlog(f)] values were calculated
with step of 0.001 and shown in FIG. 7 as denoted. As illustrated, [d(|Z-
Zo|Ydiog(N] / [diZol/dlog(f] is more sensitive than (R - Ro)/Ro by almost 1

order of magnitude.

[0064]  Altematively, the sensitivity enhancement by adding an inductor
onto the detection circuit can be conducted by introducing a virtual inductor to
process the results obtained by conventional ac impedance measurements.
For example, in most electrochemical sensors, the components in an
equivalent circuit are res_istance, the real part, and capacitance, the imaginary
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118 maybe neasured using neasuring device 122, to
determ ne the frequency response of the row col um

in the presence.of a test solution.
‘ﬁé?@#hggﬁbely, changes in i npedance at or neaPCTSCANy/000111
be nmeasured for each row columm el ectrode pair 116,

8 ratian of row col umm el ectors 4 and 1 .
e, eRtiPhaPadinace Par oyl Mebler sy intgdhiped during
procassing amy ERESIAtAP ARG RGPl Rt R the SN Waidhfication

control, in manners understood by those of ordinary
matppd deseghid alovigay be tabul ated, displ ayed and/ or
further processed. [0061] As well, use of exenplary
ay i i o4 t. '
Loges]™ Qfchurshrine idys Beliboet Mubdtimitits 18 iEhUE 1 The
illustrativeiemly antidn ndavaclimiting.oThe ldestritsd embbylinesnts ghe

| | 10, 100,..,.20 be ..suit abl f
cafipfeug e AL Gh 8 g PRty ARdiigsings of form,
arrghgament 6ffarisdaEils Aha ORIEHOf opBaitidad %&ﬁ&&ﬁrdn? thhéixg@éj

..sensjng and environnental protection. The arrays

intensted tomcerIpags all seah modificetion witbindtsseape, as elefined byis

th iheds nucleic acid hybridization, protein binding
and ot her chem cal /el ectrochem cal reactions. Exanple
1: 15 WD 2005/ 095991 PCT/ S&005/000111 [0062]
El ectrode preparation using array 100 (FIG 413): A
solution containing 0..1 Mpyrrole, purchased from
Aldrich), + PBS buffer was prepared as solution A A
sol ution for probe synthesis was prepared by adding 1
pl of anti-AZT ,281 D, thym dine analog used in
treatnment of AIDS, at 100 pg/m, purchased from
Sigma, into 99 pl of solution A A glassy carbon (GO
el ectrode with 3 M was used to immobilize
pol ypyrrol e/ anti - AZT probes by aLochemca 1Y d.JVAJ |
depod | I V1~ vvnition with thw. e precusor solutiu~ on
containing pyrrole an elCtiU VtA 11111 1iu un...va, uw
.av.u u' M" and AZT. During the el ectrochem ca
deposition, a platinumfoil with much |arger surface
area than that of the GC, and a Ag/ AgCl el ectrode were
used
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as row and columm el ectrodes, respectively. CH 660
potentiostat was used to conduct cyclic voltametry
(CV) over -0.1to 1.0 vs. Ag/AgCl for four cycles for
el ectrochem cal synthesis. The anti AZT was entrapped
in the polypyrrole filmas the probe nolecule to
detect AZT, a |ow nol ecul ar wei ght protein nolecule
j i . After the polypyrrole/protein probe film
WHA-E[:%@%WE% the mcroel ectrode surface and was
rinsed with PBS solution, a Solartron | npedance

Fr, e%légnc lﬁnah. zer 1260 with El ectrochem cal Interface
128 799(g5sale SAPGMASSDET e t he i npedance, Zo of the GC

ebhaobstedde having?Bpldnal berface; Sol utions with

CBPEPA B R e Slpo bR AR B el Rl ™ " 7
Palplyrglity @f eblifin eldifoddise shdtpfiepetvaited ssidprmagedfade gdfimate a

[, of so)]utions w Lfferent cqongentrations of AZT,
row elggtg%&cqu pgiric %3 ﬂsoia%‘?h@ﬂ?rs?.'&?w e‘%’f?g]eﬁ;l ectrodes were
walebieslyte paBBBovaringrezich v sald bow B ciiddesa pebxphats attolumrP8&ctrode;

o RA ARG R aREES G S otes s komossof BB anatage gource, to
generﬁb\C]éZpé’t/eaBalCfel?ldétedﬁolr{ d‘(cﬂéml&@b)glicdl ?@?é)&ind/ talt'gr?t mtcdc-zculef interaction
: 0 0 ] val ues were calc ed W step o
proximi?t8 96t 32k ity of Faleirew S ol Rk ediotens | 1 1'ust - at o,
[ Wherdin ptotigrisddfeaid pldndr suifdetoddtdbogrét bl skiRl paals @re hydrophobic.
sensitive than (R - Ro)/Ro by alnbst 1 order of

magni tude. [0064] Alternatively, the sensitivity

2. - eTharbiprehtiaby Bddierginasaid pnet Gurfacatop shlesaetraet isoformed of
e conducted by introducing a virtual

ircuit, can b
hydméﬁ?&l?c'{'%tﬁna‘o process the results obtained by
conventi onal ac inpedance neasurenents. For exanple,

ih most el ectrochem cal .sensors, .the conmponents in a .
3 o Oy B Ta oL PO oo A GarLaIbep AR o tgaled win a
hydroglmpdayeance, the inmaginary 16 WO 2005/ 095991

PCT/ S&005/ 000111 part. An additional imginary part,

the virtual inductor could introduced during
4.  prloeebipi ofgargndf clainesull abi 3)gvlidreinespaeingstehaderdedid roivt dlectrodes

i AT R e e (o

i ntended to be

1.

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

plastic, ceramic, glass, rubber, fabric, printed circuit bbard, and silicon.
7. The chip of any of claims 1 to 6, wherein said electrolyte is insoluble.
8. The chip of any of claims 1 to 7, wherein said electrolyte is selected from the group

consisting of polyethylene oxide, polyvinyl(alcohol), polyvinyl acetate, polyacrylamide,
poly(\_/inylpyridine), polyethyleneimine and their combinations. |
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illustrative only and in no way limting. The

descri bed enbodi nents of carrying out the invention
are susceptible to many nodifications of form
arrangenent of parts, details and order of operation.
The invention, rather, is intended to enconpass al
such nodification within its scope, as defined by the

claij . 17 VWHAT |.S CLAI - 1. An.addressab] e chi
o caftoriin B il SR e Bieile el Tof idtconnects
allowipg indaperidenbmeaswericat i aneat flaw betdieah epcls anel opsaidh eow electrodes
| i,ty of columm el ectrodes, each fornmed

a“d°§$é%§§§PH&BB§%%$°QE-face proxi mate a row el ectrode

and electrically isolated fromsaid row el ectrodes;

10, o TBichl o o GRS 7P BB Giarv ol B BRI generany

rectangolageguetecartdrodlesinfshiape.nt er connection with a vol t age
source, to generate a potential for detection of
chen bi ol ogi cal probe and target nolecule interaction
proxi mate each of said pairs of said row and col um
el ectrodes, wherein portions of said planar surface
not covered by said pads are hydrophobic. 2. - The
chip of claim1, wherein said planar surface of said

~substrate is fornmed of hydrophobic material. 3. The

chip of claiml, wherein said planar surface of said
substrate is coated with a hydrophobic |layer. 4. The
chip of any of clainms 1 to 3, wherein spacings between
said row el ectrodes w thin each channel are between
0.1 pmto 500 pm 5. The chip-of any of clainms 1 to 4,
wherein said substrate is forned of an insulating
material. 6. The chip of any of clains 1 to 5, wherein
said substrate is forned of at | east one of plastic,
ceram c, glass, rubber, fabric, printed circuit board,
and silicon. 7. The chip of any of clains 1 to 6,
wherein said electrolyte is insoluble. 8 -The chip of
any of clains 1 to 7, wherein said electrolyte is
sel ected fromthe group
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consi sting of polyethylene oxide, polyvinyl(alcohol),
pol yvi nyl acetate, polyacrylam de,

pol y(vi nyl pyridi ne), polyethyleneimne and their

conmbi nations. 18 9. The chip of any of clains | to 7,
further conprising a plurality of interconnects

al | ow ng i ndependent neasurenent of current flow

bet ween each one of said row el ectrodes and one of
said colum el ectrodes. 10. The chip of any of clains
1 to 7, wherein each of said row electrodes is

Ii. Aeokrral-and-rowe atdregshbie, chigeamprigingci rcul ar i n shape.

12.

I3.

| 4.

15.

19 I'1. A colum-and-row addressabl e chi p conpri si ng:
a sub tr%&e_; a plurality of channels forned in the
sub%?'ﬁlﬁ?” 1€a plurality of columm electrodes, each-one
of the plurality extending along a |ength of oné of

t hea plheifebichamnelsorhid jh ik siibstrate;r ow el ect rodes,
wi thin each of the channels and electrically isolated

fromthe coJu el ectrode of ,the channel: .at | east one
i PR S AaIEE S odp R L ARt B Pl TG g
SOWIGHRY a IePight bf bisébf thel dhdhaélgd from the row and col um
el ectrodes, and positioned to generate a w dthw se

potential across at |east a portion of one of the

| CRRlcRBA Rdied frofh B CAGRA e[l) ftrodefbrahe BRARGL o Wi th

age’ source conprises a ity of palirs of
el ectrodes within one of said plurality_ of channels,
onat leastcenshpair of alegtroges fos injercongesliarewith avaltageisgrrce,

el it 1l ' ' ' rality
of SERERARy Woldted 3 feHafy i SlsinBiefdics, Bhf| 2, |

ot pesitiorradiie geéndrate & widihwiselpatential acrusstEt heast iadpatien of
sal d oE sai d P‘l rral ity of channels. 13. The chip of
cl anePiheshadnglsm | z, " wherein each of said at |east
one pair of electrodes for interconnection with a

v oTheBRip 7 ¢l {1, SwiksTerdsiidl 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.

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

within said substrate.

The chip of any of claims Il to 13, wherein each of said channels has-a

width between 0.1 pm to 2000 pum.

The chip of any of claims || to 4, wherein spacings between said row |

electrodes within each channel are between 0.1 pm to 500 pm.
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16.

17.

18.

20.

within said substrate. 14. The chip of any of clains
It to 13,wherein each of said channels has a wdth
between 0.1 mto 2000 pm 15. The chip of any of
clainms | 1to 14, wherein spaci ngs between said row
el ectrodes within each channel are between 0.1 mto

S0 TR e bt Afy of BBt ¥ whBlei el RitRald s simiel o an

matigsalating méteriﬁhe chip of claim16,wherein said
substrate is formed of at | east one of plastic,
ber,, bri c It boar

d
C e ship 85 C3 46 Whawin 5 Swiostlp omied fbst lepg ofp of
furdihare, esmamiic sglés,% ﬂlﬂﬂéﬂrﬂbh&,ymﬁﬁed RrSUiFBBARAC bAd silicon.

al I'ow ng | ndependent neasurenent of current flow -
bet ween each one of said row el ectrodes and one of

sa.waec@:mﬁameofecé@lmdb@ ITifgrtheneorppriging @ RIHlbE ofc| ai ns
lintk Inﬂaszr cf- b lﬁﬁéﬁbrmen? ﬁ%é%sﬁ%gﬁﬁe&téﬂl%ﬁf’hb\ﬁ

genera y ang square or circu
20 beMeerﬁehtc&scmﬂod)fesm rqiw elnqubdes agd one ofigaid c«ai’umn a
plug¥$|té of counter electrodes forned on said

opes- a plurality of working el ectrodes, groups
of said plurality of working electrodes encircling

eaThe Ghipséf hyldf ¢lains | todB, visisinesaohl sfalaid eRe eldttrodes is

electrically isolated fromsajd counter el ectrodes;
pagererally Ean A BRI RATIEIRYIAE ILERaRRes f or

i nterconnection with a voltage source, to generate a
pot ent i aI for detection of chenl biological 21 probe

ang ta cule interaction proximte a pair of
saf' @ a@?@&'ﬂPﬁP '@t rodes. 21. The chip of

cl ai m 20, wherein sai d wor ki ng and counter el ectrodes
ar g 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 elecirodes for interconnection with a
voltage source, to generate a potential for detection of chem/biological
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formed of at |east one of platinum gold, netal,
carbon, carbides, nitrides, and conductive pol yners.
22. The chip of any of clains 20 to 21, further
conprising at |east one wall' isolating fluids

proxi mate each of said counter el ectrodes from other
onesyBhe SAtdalgRt loficuft! REdra&itRSprosimattiep&ifbPs4l any
of clains 20 fo 21, further conprising at |east one

t r ereohunterbverkingglédtiodas. pr oxi mat e each of said counter
el ectrodes from other ones of said counter

2 SHIEOE o A EB Py o SN T r

pl agbimed obatdenst,ongl o piatinumy lpeld, rietiat, icarbqi, icathides,
circyit board, and silicon. 25. The chip of any of
cl ainigides Q@r%da”f’th‘fqmyms%pri sing a plurality of

i nterconnects allow ng i ndependent neasurenent of

Z7CUr eRtcHip BPanPSt iRk FRRIL Niateér colhghising at Rast one wall

el ectrodes and one of said _working, elect r(%%efs about
sai éalating Tids proximate eaeh of spidtnteisigelrodss frorpotasr

of @pgsgésﬁg?ggﬁteggietcgo?é& wher ei n one wor ki ng

el eCtro each of said counter electrodes is
i nterconnected with one working electrode of each of

23sai Thechippsf anty ofwiaiing $04p &3t fwthar copprisingatlragt @1e any

£ ool a , . . _
ol cfiefitielrobdursaplifief B8R 5hr g Hferibifidtes from
ci r stieRbnés obseid eount2Belethrodedii p of any of clains
20.to 27,. further conprising a plurality of

20.5) S5 S B PR 295055 RS SaBloR s e o

el egftieastne atPladlic! Ssrhniie) RpasY, wablsarTiibri] ponted circuit

substrate, 22 a plurality of pads forned of insoluble
matkaard) andsiligothdi ng to  sanples of interest, arranged
on said substrate; a plurality of working el ectrodes,

25.€2CkhePERiS ¥ dnP bR ERlnhd Y0 % 240fUfHeS comprising a plurality of

26.

27.

28.

28,

interconnecis 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 compriging a piurality 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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30.

31.

32.
~33.

34.

el ectrodes electrically interconnected to first groups
of said plurality of pads; a plurality of counter

el ectrodes, each of said plurality of counter

el ectrodes electrically interconnected to second
groups of said plurality of pads mherein each of

sai d pads_i g Lnaterconn ural i

of wor ki n@p@p‘%@y Pg ngq{ grf’g %?E@JPH’W&Q
counter esgmnples defiterRsienSngbd @n@@w Sibsdtefie:measur i ng

el ectrical characteristics at a sel ected pair of sai d

counter and rklgwgﬁqect ode nal yse an anal yt

pr oxi mat € Bty R C?S‘P %Ie?f; ohpaidlyrality of WOTk‘"Q
| nt er conngedfslicdl didict é’é}ﬂ/ lﬁ &ﬁﬁ%@te@l"’lbrf irSf rﬁﬁ?é’ O?Q?i@t er

and working e ectro e test ap
claim 29 erahMcérpadenpru SI ng at | east one inductor
i nterconnected between said neasuring device and said

ItO :isltr gropa g W#ﬁ‘&q@t%%& Ef{%“f‘% a%zﬁt?ﬁ@ligi&tﬁoﬁgmﬁter
devi ce  mismtrodes eldvtridaligdnterconnecteddosecoid griubs of said

sel ect ed E@‘l{‘ E gl d working and counter el ectrodes.
32. The PRl BR3%us of claim 29 or 30, wherein said

pads are fornmed of electrolyte. 33. The test

appar at Ugzhefei BcR bf §éi§|ﬂﬁis?@irﬁ&caﬂneé‘tﬁéwbﬁeiﬂ'sﬁldoads
are fornmed of cross-linked hydrogel. 34. The test

appar at uBluflitaatwerking ﬁieﬁﬁoé@ﬁ ary gpe of paklailvraliti o pads
are for% 1RO, @é‘slryl am de. 23 35. The test

apparat us of “any o ains 29 to 34, wherein said
measuring device neasures variation in inpedance of
sai d sel@0wea8uring devicedar measwingelgctrichlcharstietisticaiata

near a re3eied balr'st SRSt £ Wofking Bletrodes, to analyse

an analyte proximate said one of said plurality of pads
interconnected with said selected pair of said counter and

working elecirodes.

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 28, 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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selected pair of said row and col unm el ectrodes. 36.

The test apparatus of any of clains 29 to 35, further

conprising row and colum selectors, to select said

selected pair of said row and colum el ectrodes for

i nterconnection to said nmeasuring device. 37. The test
parat us of any of_cl ai 29 to 36 erein_said

p .
Sreaslhe est aeraiatus Ay efglaims 230 3, whereippald mpasuring
vol t @ifeeSRBaSfres 4ariation in impedance of said selected pair of said

row and column electrodes near a resonant frequency of said of said

selected pair of said row and column electrodes.

36. The test apparatus of any of claims 29 to 35, further comprising row
and column selectors, fo select said selected pair of said row and
column electrodes for inferconnection to said measuring device.

37. The test apparatus of any of claims 29 to 36, wherein said measuring
device comprises a variable frequency voltage source.
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