WD 2005/ 095991 PCT/ SG2005/ 000111 ADDRESSABLE CHEM BI O
CH P ARRAY- CRCSS- REFERENCE TO RELATED APPL| CATI ONS

0001} This application clainms benefits fromU.S.
P88 MNal Patent  Application No. 60/558, 11BCTSHE§5/000111

April 1, 2004, the contents of which are hereby
i ncorporated herein by reference. FIELD OF THE

general Ly +BODRESPABEE im0 EME Rksthen cai
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 ectrjcal or el ectrochem cal detection of nol ecul ar

i nt EREAST-RRFERENCENT @it el AP HEA IONS/i ded an

attractive alternative to detection techniques

[odgla!yi ng A bgﬁ@&g@icmn@rbédewﬁ%g@s W&ﬁéian%r Patent

ctrical ® ctrochem cal tection techniques
Application ded 66/658;11 &ifled Apiribh, 2004, dhe eoatentsnef which aee

ectrical opertjes.o el ectrode arising from
he%hyichﬁqrg}g?h%gmﬁf%pggu| 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 i ode. Exanples of nethods and

deU:itlegt’ %ﬁfﬁ%ﬁkﬁﬂg@f@t rical or el ectrochem cal

detection of bionolecules are disclosed in U S. Pat.
[000REs. Thdprasenbinvénli®iBididits gefertlld t8 Ak elbctdRicd3,

5,164, 319, 5,187,Q96, and,5, 891, 630. [0004] El ectri cal
e'ela_rocgﬁwai 96%&1}9@ﬁ@é@@_@ﬁh&m@mﬁﬁﬁa@%ﬁ- AUHPIOR ¢ he
par@hiafMB HranR uskaNs sabk gbkctibg. use of radioactive or

fluorescent | abels to detect interactions bet\A/een

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

detection is safe, inexpensive, sensitive, and is not

buBAENRSRUND EHTPHEXNVENPIRN 0us regul at ory

requi renents. The devel opnent of m crofabricated
arrays Lm croarrays) of bio- and chem cal nol ecul es
[0003]s Metheds foralegtfical or electrochemical detection of molecular

interactions between biomolecules have provided an attractive alternative to '
detection technigues relying on radioactive or fluorescent labeis. 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 (ofien referred to
as “probe” molecules) and molecules present in a reaction mixture (often
referred o as “target” molecules) in contact with the electrode. Examples of
methods and devices related to electrical or electrochemical detection of
biomolecules are disclosed in U.S. Pat. Nos. 4,072,576, 4,098,645,
4,414,323, 4,840,893, 5,164,319, 5,1 87,096, 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
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i nprovenents of traditional analytical techniques.
Mcroarrays of bio- and nolecules (e.g. :

ol |(%onucl eotides, nucleic acids, proteins,
A PBodi es) have utility in a wde variet §CH§G20051000111
appl ications in which nolecular interactions between

|
deteRivBrs sa%eeﬁx%gz‘?%éy'e' seebEverreanetbidenad it fhier
anﬁe&le‘i’&fﬁ uﬁatérgk?éau[fﬂén@emsarrhe%e%nsph{eamewﬁdrwaaﬁsmad

using elecCtric tical, or radioactive detection

arsays MOmaysMot bmaandybeﬂiml awlecules brsvedds furdier

impReyRBTeR, P Eiraditi) aho ] R Bl le of bigsand
mcﬂé@tﬂe@(@gl @I@oﬂubl@mmhuaam dvids) ptdstemsgpqapﬁdqsl at form

for detection of chem cal

anfigasioariaver Syans W98 yer s ARPIivEIONg i MHH glecular
..—us.ld%u&if.&eg% UL SRUAGP niAIRINIIRIGE! the

as op scanners and require
numblets pﬂ ahsmmg ptabesmalecdiefsfb@uad tto defieed regiprsftassubsirate

{ d t t
cabg oot Bl EekaPOL uNg o b S ok fGkbeve,
: de!egg%r"g]&tr%&??‘s Mrt]érg&fréa;ﬂ adtfrbﬁthﬂlflerﬂanﬂffwrndﬁpeaklﬁe hxgh—I
ou I ocnl r or e electrocnemca
thresaghsst dgiecsen oheEIREn] te@%q@nﬁoq ViguhcDlFreaEaYS can

alsggﬁjé\ﬁ&e ehGRcoal aﬁEPir)?ﬁ Yhidk IQﬁ@r'ih fd?rdéf’étﬁi%ﬁ’ofbhléﬁlﬁ:ai

vi ces have significant |sa vant ages. For exanpl e
spedm Thewe are, bowevers ecobiqm&ggeac:eiedawth elgciical omeiectronic

syl % LR 9BSiGef Bnocs oot i s8N0y A€ oA spanners do

and Reyuirdengitiphexing to sear dEFer@ﬁtrMecmntépetsarﬁlmtrmmddeﬂeetlon

Ful f th
systerps glsgI6auNR, aneleciohie i é‘P@% BELjJ"%Hﬂd& “}P%P@é?s abl e

lso@.{.&ﬁﬁf d%?érﬁ'd@téétu&ﬁ'sb&s%tﬁi@@[t ing substrate conprises
lurality of test Sites in electrochem cal contact

th a set of orthogonall oriented el ect cg
[00pBlc Although Pipshipareays Terdbe alRArQshETIcAl dRIEcHBRS at us
mofzefl{llaée 'iﬁt??a@ﬂﬁﬁéqgeﬁn}éﬁneﬁgﬁ' &nd/SHenfies) MbReuRS have beenh

in mcroarray chi

|
proposss, meme dmmwaadea:gmﬁ@m dmdwentas@s;a&gr gsar@nie the

dovigtcdRgassh bV FBh aEhiS. Bautes BRI EIB 002,120

canfibelé hittieCcakehaindaawbior Sy addidesable, al*yus lirnmag ¢he
does not provide for true four-termn el ectr{) iﬁq

dengity et thedast sitestin fie aray agd fthe Usrfulpess o tneappsara
U.S. Pat. No. 5,653,939, Holiis 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
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WD 2005/ 095991 PCT/ SG2005/ 000111 high sensitivity,
and does not lend itself for use in high density array
chi ps without isolation channels. [0007] | npedance
VR 2510818 ht s coul d be used to directly detect PEREG2005/000111 °
I npedance changes after bionolecular interaction. Mst

.protein_and senso require.label]in such, as
high SArisiiuin, anchesss oL Basiiior bee iRk sty b ehid3

) i edance can enabl e | abel | ess _
“m?§9§§?%@EeQﬁ%W3€§r, the sensitivity needs to be

further inproved. [0008] Electronic or el ectrochem ca

[0007] s orlmpedgute meporerlasia eaidd be ysgeritridirgctndetect the

. counter/.ref : . 4 h r

imiigiiel et ey lob &Y Bnerebioh MRy By DN

SeliRIre eéduire Iﬁbgﬂng @mgtats.ﬂoﬁesé@'t @;}Is; It? Oépomlbi:)rr:mﬂeml}ar

__sensors are designe ve ei r two or thr

intapgens, dewpesance beh Gnatle igpallsss detestion; HoweyPr, dhe

Se,{iﬂgﬁﬂg ds %o B Y& FBrbvegunt er or  reference
el'ectrodes. Two or three el ectrodes per test site

typically results in many el ectrodes and hi%h
[Ooﬂﬁ uf Edealianigoreiesirochgmies seasersdequire g eleshiedes

" ” . . _
(G S et e b 8 leehioBb g iiking.
countercarabiefgrentdoelrodes) fer détectioremeansremerded Ekistingn
elegiFily 48y SeREVE it Drrigted Bt MV SRR anBHT dareqediies at
evepf affBl Aetclibn ishé Soraé desRnklad have cefrntsr totmtehor e

reduci ng the cost of erfornm ng vari ous anaI”))/(ses and

P [ ) v, &
refergage elgrtrades buo eathrey elarrodes Peefast site tpigally results in
maih? e 8UEE andHoR imilrE ring B ORI Burk by el ence
electratlegaraese ciffenent solitivouksistaicelregyiting isadditional Bolgerand
d‘ﬁ”oz éﬂ—% I NVENTI ON [ 0010] In accordance with the present

RCUt 4@ IRCCSRE essabl e bi o/ chem chi ps i ncl ude a

plurality of isolated test cells or regions, each
[0008]dr cFiserklthubremaihs hewst fonan dhpriveddelunimandeaasur i ng

el ectrical characteristics of probe/test . nolecyle ..
addeseablecsegnBlo S1p aitay IrsbarAical F lRchggagigey detéction
of MosAla%dnErhdtions TatEha BFfELtVOWRIld P¥Ucig thewost 6f M nal

measurenent:, |n another enbodi nent, . .
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. 1n one embodiment, electrodes are located within a

channel to allow for four terminal measurement.. In another embodiment,
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3 WO 2005/ 095991 PCT/ SG2005/ 000111 el ectrodes are

arranged in rows and columms and interconnected wth

el ectrol yte pads used as test sites. In yet another

Ve BHSOPRME | el ectrodes are arranged in cel | sSPCHSERP05/000111

each cell |ncluding a counter el ectrode surrounded

encircled by working electrodes. [0011] In accordance
clasiroles areaapangedin rowe apdaoliimns ave iittewannecied aviths

o5t S0 O RSP B s, By °

are.szhk*ﬁéﬁgéﬁ P cefls Pt ahdt delbihcludingran celistet eledizsde sacbundete
the plurality extending along a |l ength of one of

en@iﬁéed:hmmklag elechode®l ity of spaced row el ectrodes,
wi thin each of the channels and electrically isolat ed

[061‘[@ m {0 Sc&é}HHﬁ&é il gﬁ ra%ﬁ?ciocff thd ré&demi iffention Qhéﬁe iseast

pair o tro or interconnection Mﬂt a

prowmadageolsmm-rcw addnessable ghipsiociyding @ subsiaie a swrahty

of likinela DB it el PSR ate d LRGP r3efifind QIHFHGLE BB

on@?f ?ﬁ?l@?ﬂﬁ@idﬂ%ﬁ?ﬁg :i lengihoafratenafeheichanmets s plecality
(e} S I nv |

of weége\glﬁl@fmﬁﬁ witan gach Q%ﬂ“ %&ﬂf&eﬁ %ﬁ%‘:ﬁﬁaﬂy fselated

frofidh Yhd %pﬁ.mrﬁeneei gaé\bf fh¥ c%nﬁ@NVaﬁH%@léa%tieﬁe ﬁoarrra? dicttroles

anar surrtace uraf y col umm el ectrodes
for mnohmctm withop vomqom:rae. @aatnaauy igplajed o the reww

a5 s UG . SN AR

acr6€d aMBagl £pdrtior s onpobttiaetiannels.ow el ectrode; pairs of
the row and colum el ectrodes for interconnection with

oodl 2L G5 o B 5 B b v

proﬁaée %H'éﬂdr@és@bﬁ?&hlp hdRidivg BRsubstrai Isving & @larae saefdee, a
Portions of the planar surfa?e not covere!d k%ﬁ E
plurglityof 0w e%msﬁ@ﬁéwme alo0 8¢ Planas stHReS: R BIWR

cohﬁxz;g r%eigggrg:EFé hégzhdw fﬁﬁﬁ&f agibvtﬁgtﬂiﬂﬁhr durete ﬂr&(lrrﬁlté’&'r&ﬁd an

a substrate; gluralt
elec:tn‘odecanﬁ electneau;cnsolamdsfmmrthedomelectt@d@abgleﬁ olyte pads

ur al rkin r r
couBi 8ok r B i BB B R pcllroddiae
the FdwiBAl icolunat eketroties for dhtemtonndetoranwith mﬂagecmlurge, to
i sol ated fraoamthe counter elg }r Qdes: gjal ré
generate a potential for detection of chem/biologicai probe an targe
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 elecirodes encircling each of the plurality of counter
electrodes and e!ectricél!y isolated from the counter electrodes; pairs of the
counter/working electrodes for interconnection with a voltage source, fo
generate a potential for detection of chem/biological probe and farget

" molecule interaction proximate a pair of counteriworking electrodes.



counter/working el ectrodes for interconnection with a

vol tage source, to generate a potential for detection

of chem bi ol ogi cal probe and target nolecule
WOLYE4ePPon proxi mate a pair of counter/wor ki RGT/SG2005/000111
el ectrodes. 4 WO 2005/ 095991 PCT/ SG2005/ 000111 [0014]

I n accordance with another aspect of the invention,

[001dr e lnsaopozdamwnta anether aspaetaf e inventien.tbers is
priies F SostiapPalioPiliing™s sPftee 3 BB ) of patilified of -

instugIE thatSid For hding go %mp%lsldf mteifesv;/@rrfanggd aretber odes,
each of the Iurallty of rkin ectro S

subxstéa,tmewralgty phwerikdnshelestredes 63&1 PE 16@35 fwering

eldXrdpBS blotirfla Iy ﬁ'ﬁécoﬁned?%d‘fcﬂu*s{ Yrobbs SPHY BlurdhPef pRRcs:

ural count | ectrodes
plwhldy of cma’ntéyeleutr@ieso aaelm oethetpluraliyof¢oynisn @ec&mdaﬁ e

yplural ity of wherei n_  each, of Lh pere ) Swherein
elgcheE q%&ﬁ'ﬁ'é"b"t"é‘ﬁ"“t"é‘cbﬁ%c"é %'H@“%T"u‘f'ﬁli:’l“t'“' 6f‘"\ﬁ%‘r§ h Fein
eaih BFheQHRSS is ichcontediéd t&@l@bﬂhélpid‘xmhlgfof@mmhgreiectrodes
el ectrodes; a neasuring device for neas

ang pee of fhepllraity efdosntas GledosEs A B18asHied ISR of ¢ he
me%gﬂmgfm @G\tq Mr&t@ﬁsﬁﬁ%ﬁ%&%f&ﬁed b@ir%?mpé’é&lﬂ@r anpl yte

FOXI one o urality
womngeeleoinam:a; énlanglyse tih canalarltesptoa(dn@tel ihe ohetaféhe pluralidy of

et fk e SeRRer it of g ol PRAE eleAg”

cledpddesent to those of ordinary skill in the art upon
review of the follow ng description of specific

[ooigﬁog%tq%ggqugym nvent i in corBJ unct,[l on ‘ﬁéecome
dgfé’r\‘é'exgl%s{eo&lc%mbw §Ifil?lrfﬂh§lﬂrﬁ§pd1¢hié’?i’éw bt th‘étfom\emgy way

| e onl nbodi ments . of the present

descriptien o equqmdm@nta ofitge w\@@h@@é&ﬁwenwwm the
array, exenplary of an enbodi nent of

acc?hgaﬁpﬁ'?f@}#nventl on; [0018] FIG 2 is a top

scherratl c view of a porti on of bio%em chip array of

FIG 1; [0019] FIG 3Ais a partial cross-sectional
vi ew of bi o%em 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.2isaiop schematic view of a portion of bio/chem chip array of
FiG. 1;

[0018] FIG.3Aisa partiéi 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; [0020] FIG 3B is a partial cross-sectional
vi ew of bi o%em chip exenplary of another enbodi nent
of the present invention; 5 WO 2005/095991

e #5/ 000111 [0021] FIGS. 4A and 4B ar ePCT/5G2005/000111

schemati c diagranms of a bio/chemchip array,
exenpl a of anot her errbodlmet of the
003 en(IGY: AAGTERAE presrhemet e acrgB Rl blo/cHems Pl FVa
exB(EY A Adhe: ShbaYimenf FHE (53@%3]&%@%@%' embodi ment

e present |nve I on;
enl arged view of the counter wor ki ng el ectrode
[0022qr e F4@ 8| BAdsaschematicdiagrem pbedig/cherahiparayd 6B

xnpighe At B b Pl fiBofon) "r o' 7 T a

graph il I ustrating the sensitivity of test cells of
0021'3¥ PGS chB e as khfarged vipw afthe-t@hiterwoddnlgy éRctrode
DETAIL LED DESCRI PILON [0026] FIG 1 schenatically
adqrepsalie ghipOTEIBoRA: t er i nal addressabl e bi o/ chem chi p
array 10, exenplary of an enbodi ment of the present

[ooz ]éenr-'um 6A Eaﬂe%ﬁ ardSschehisdit dkigramsasfiest cblls ohtHeudes a

strate 12, and plurality of wdth w se extending

blowhemztufaﬁrremflflﬁsmamd& ;i@Adi vi dual Iy and

collectively mcrochannels 14). Substrate 12 is
megef l gﬂ{e%érfat ity OF tet calld BFtheC
lﬂﬂﬁﬂ ﬁG)h? %H ét@ﬁn bri I|lor| nt ed glercwt boar d,

blolshdamcdmp(arraysmfrﬂGSt46m§ldt4%reof M crochannel s 14 are
formed in the top surface of substrate 12. Exanple
m crochannel s 14 may be forned using conventi onal
etchi ng or enbossing techni ques, and nmay have w dt hs
on the order of 0.1 mto 2000 m and depths of 0.1 to

200ETALEPIPESCRIPTION depi cted array 10 only incl udes
two m crochannel s 14a and 14b. However, a suitably

[00%61] ?n € dqus qt}'}%%ﬁ{a@cﬂy ﬂ@é’tﬁét@& E‘fgﬁr- il ?'Pﬂfess%le

ormed m’crochannel .
bio/ciegm chmbreagbwi exemtplanyi of mo&rabmtmeni of thet padetirioverdidne
to edge of substrate 12. However, m crochannels 14

[OO‘ﬁj y %sl MUéet%gtSH,dar?ﬂ I|b ﬁ'lélt}'des a substrate 12, and plurality of
width wise extending microchannels 14a and 14b {(individually and coilectively
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 microchannéls 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 pm. 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 fo
edge of subsirate 12. However, microchannels 14 may only extend partially

- between edges.

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



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

PCT/ SG2005/ 000111 colum el ectrodes 16, 18 in
VP R90808¥P1 i cr ochannel s 14, as further il ust Pal/@g200s000111
FIG 2A. As illustrated, addressable columm el ectrodes
18a, 18b (individually and collectively colum
coﬁjmeboﬁe@eslw o dm*eghwr@@armemtas\fgrté@rr flysfrated

in BF6. 281 Bt BRald) s bR SliBhed B oIl el ©
(indAidiR 1P Bhi *SBective Ry, coling Ieimndesdsyarmes.gned as
reference/ counter el ectrodes w ut.  signlfi

copduclive siinse RaCAQEE E4rnRg Erprgh h@h‘%estélc@ %fe"e‘aﬁ“‘
e e

rom co
senjeas refefence/tGyntéBelackodesavithout signjfidasd paladgatiotom each

other,. In the depicted,enbod nent, .of Fl AL
Adgresspblgow lf)sw&f”f@mr‘a% AP GiF AT, ?é%l%é"%é'r iy o4

chaifiél dnd GUstEE Fore colam dﬂebtl’chdbsm& r Rlﬁh&e{imed(:jcﬂu;ﬁ? elec;trodes
ect rodes

Exanpl e al ternate shapes ro 1
16118 peslerh icalhpaplaird ﬂ'@“eﬁaﬁgr‘g  dn o depigias %IEPP‘W Imegd
ly
of FIKE 2R, By oSG8 arroriBd st EaSTeARIRIAY |
comducﬁbéiﬁadéﬁvﬁbmﬂnﬁ@champbcﬁ ve Eyarrm@ﬁaahemﬂtﬂ shaﬂe?rfon Y,
t 0 [ale
roud gcfoden il be il boRalind 1 & Pein. o it or
exéiﬁﬂeeéleetfm@és’ﬁ¢’aerrid/1é’oromédra@vgseieemyrredmguwanﬂfmaie
owelectro es 16 may %)e pgéwg&;at s on tth
conshigtive prdaTp deRicisdSOBIGS glfnagain, for
e m
claffy. @%%%ﬁ%f&azﬁr%@"'@%"@#%‘%?rE**;’}’E%%W%%ﬁ‘éeﬁ?@‘ﬁ%“’[ ’
sizéd s-lmgm@ 12 noay inghwdii artyoymabenofsioilaity iegned rowelgrifodes
1 of the row colum and voltage el ectrode materials
8, ncl ude solid or porous gold, silver, platinum
copper, titanium chromum alum num netal oxide,
[ooze] al Roardlectrodesatbumay begnmpidiedeat spatings endhe order of 0.1
conductive plastic

g BPb gt Bxbmpiry v BSUGEF elskfefiSs Hnte bt Ses ordbso)
oragfé g bﬁ{‘ iyl SOPufes whictEéifbé pilftRaRl by ofdvintibARIOS| Ng
hthography 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 addressable row/column () 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 tqg_ether at
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voltage (referred to as "voltage el ectrodes") are
| ocated in mcrochannels 14 outside of the
addressabl e row colum (x/y) electrodes 16, 18. In the
eI Enbodi ment, one of the pair of vol t af€T/5G2005/000111
el ectrodes 20, 22 is formed on either side of colum

el ectrode 18 and on either side of each row el ectrode
twa§nes | positive voltage el ectrodes 20 and negative

vol tage el ectrodes 22 of array 10 in m crochannels 14

b gYeYeY ' t WO
TR W A U LTS B eI

elestrotes 20y 22 whish aredsalaied doinuthe eureent elriirodes forigieioyr-
vQl t,age. el eciyodas i re . t he

terfia HecauFEhaa BonGaon SEENPLHR. AeyijBRkpne obardf

caliP pak 0L VBIRIgR élsciidded 20, 2R fovides bf.eléulricatfield fol fdueconme

apparent, each pair of voltage el ectrodes 20, 22
terinial irpaedaycedneasuremants; aed @re olatgd from herkK éﬂg‘ressable

[ asurenments, and are isolated fromthe x-y
elegfgggtgsé‘g‘g,bﬂge el ectrodes 16, 18. [0032] Since the

function of voltage electrodes 20, 22 is to establish

[0032] eSinne the Tanddion of oliagealectredes 2042 isdn astablishiagt ed

4 ' ' I us,
clebiB Tl e, eyt pl RHidiEd fobie GRRCF 34 oY
tesﬁ;@ﬂﬂid@énipié&l Elu.iﬁl hﬁeﬁmtiﬁé!yamltigaﬂectmm 20) 22| can 188.

Thi esi 0 nduct i ng.foyr-term nal
embeadad il fibshiate s LRBREL BHIEE 25, TR P iy nal
cond@chi®d fftirtsintihallcdiédtfen R dSidipe P GERLAN Aath Mitesizhan

for significantly reducing. 1/Olines. [0033] In. the
to neise( ¥ atioansk simplenmpltigiexingndgiegtionsior signifigantly reducing
IIOﬁJ':S trodes 16 are separated by m crochannels 14. As

such, as colum electrodes are isolated, a pair of

arrayed row col unm el ectrodes 16, 18 can be addressed

[0033}d e plrtiieraiapgemientsoafibate FHG S aA ansh¥B ccaumn elecimdesng
16 JERRHRATERLS ribroShiels PR A5 Fiotl A PR RIS BHES BRE S

isolateds& Ip:airrbiﬁ atrayed _s?\@mdmnaSeleBMdemaI 18 oan bpexidreasd
oA, HBCHL AR # hiend & RRC0 epaiements af ShE?
pair§ef [dw/ealunfieIBB6HREES16/18.

[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 microchanneis 14 by finkers or other modification methods

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

seli-assembly, etfc.

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

~ be washed to remove any excess, non-bound analyie.

[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 elecfrodes 16 and 18.. .-« -
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such as adsorption, coval ent binding, chem ca

affinity, surface nonol ayer self-assenbly, etc.

[ 0035] Sanpl es containing anal yte that nmay contain
WaRHB9W8! ecules is flown into or through chBAHEGE005/000111
14. Optionally, thereafter, the channels may be

washed to renbve any excess, non-bound anal yte. [0036]

In ﬁia/masag@e} ?"sirram:bilimﬁ mobelgml@md@a bodubtoderge: maleeylasy,
orimBi B ekt e B b el RO s

cuffBANRaY flbatberrBcetieebi®dad (' fovandd 2aluantelbelrydan16 and

el ectrodes 16 and 18.., 8 WO 2005/ 098,991 )
18pEoruentionsl ongesyiing pAvipmens maySRIscidhisiGwrent 1q verily the

. oxi mat e
pre¥eiBE o it it H6e rdideuies oG A6 Blocull O 101 es
AltéatitSy, impadante shanddsat the itharah"t fovsand colusncelpetrodeasw
_and col umm .el gctrodes 16 and . 18. Gonventional ...
e RGO S SRV Pppott; ATy Pumpelieed piote,
moldtRie/RigSaN6RcE coRbindtivab] prioxmeatareRtolirhe eldcerade pair

target mnolecule. Alternatively, inpedance changes at

' 16,t1£er?¢ signifieant eurrand wilkiiew betwean RIcximatgdey angLplyan

elegﬁ&?é;#féj 4g) other conventional manners. Absent
I mobl [1’zed probe nol ecul e/target nol ecul e
conbi nati ons, proximte row colum el ectrode pair 16,-

[0033] noThatjisi inotegutar interastiensbetwaandhe immoebdizeg posherat e

molebeB Hhe o oo e 3 B ecfany 1 BERroBZndiduies

ma%b@fﬁtérﬂéd g@ di.ﬁér@ﬂf:e irthecléctricaldgna) idgtécea‘deaﬂ thecal | y
to the probe nplecul e e detected as,. i
cor'aﬁSPpeweEee\m%dm@ren Slactabites ﬂgniﬁe < gehorSoud elpetioge is
appggfl HRIGANSf 8 10N ABsraPbHth&lLmidragifankels 4ban! T a

or solid electrolyte is applied instead of the
addrespable aray canbg fabrigatadlosdeiastgascenmpinssi4 an
addressabl e array can be fabricated to detect gas

100SARNE 3 bf AEBkictsy the nuboR R AF R e 9 B
indepandgntl;@t&s&p;cﬁﬁsing llae'ayi diteeruats tthed“;reb@difrfowrﬂectmd?e
. are, i her  for
sincg &Rl ahriy pis ShpbfoR it SBGPP s TIPT Bt ous

diffep@singdinplgsarray 10 enables true four-term nal

[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 molecudes, array 10 is
particularly useful for biomolecule detection. Conveniently the number of I/O
lines for multiplexing is reduced and can conduct different electronic
- detections. Hydrophobic coating or additional isclation parts are not required.
The design may thus result in higher autornation performance, shorter assay

times and lower manufaciuring costs.



I npedance neasurements with a high SSNratio for

hi ghly sensitive electronic and electrochem cal array
sensors. The applied electrical field between pairs

VP 20051098 el ectrodes 20/22 may al so enhance PHESG2005/000111
di ffusion rates of target bionolecules in analytes if

the target nolecules are charged, As DNA and many .
[08401cr MiPopdisshamascaliiiusiates B altamaly adiiparalg chem/bio
o070 55 BY bl oSNy el Hpd s oo
Arfayridf ihcludesih suipsteatizrid 0i Feavireom getieraly ptanar suﬂm&:and an

di t el ect [ d t,i . hobi i
argy of G o el geatodsts b BTl PRy siursiald 1fo
mayase Wﬁrﬂﬁkﬂl@ﬁcbﬁﬂd Wwith 8 ngimbm&mgl @Ih insoluble

erfor mance, S hort er assay ti mes and
iayﬁﬁﬁm@@mmleng the fars ofsajigh me#@@sy@plymer electrolyte pads

105 L SRIBR1A00n L00401e FiBrorthrabhi £l ba, 1n ths

rAUStTatestan afternate addressabl e chembio  chip
embodiment,Gchmiectrdyta pad 62 fadhepcovers Agproxinmie coluimm

tesqs Pé)tarat us 99. Array 100 includes a substrate 110
elegin S general ly planar surface and an array of row

and colum el ectrodes 116, 118 forned thereon.
[00%0D St Patle 162 thaybey ubed twdﬂammbbe malecleat Padeit0OR ray,

or G, P s 9 e B g B ©
h
prif§ e RpEhsipd” fhernaliiely fadtoRi g b RRIBH 8R! i s
polyadnyainidentn paiss bf ivdeelnoinelectedestioliowed byidhe depesiliorn
of JJoBlrEofy o of Mondeiacrfgfuds fnd SRR Gy Hiko B,
arregjéd?a\bvéeled!mdfe() rAtest W—curmg,zthé Ish‘epthviwm Kru{lmtuiemark can
eniigRaed YOBeRAVTEIEL ROUTST METK SH3 91 e UReOn Harh et

buotrr%(té@bwné A RfdnoRtig wiftPuhensihl @Vodd'seslﬁ.ﬂ@ﬁinb'd?mydﬁﬁxy@

m xture sol ution of nononer acryl am d

gromaf@ppmtemmom pitaghment ¢an alge bgyusgdy Me@n@a@%@@
ele@f @ e pad alﬁﬁ%{&ﬂbetlﬁfn rreé T Bb@'aﬂagﬁhﬁgﬁr?@ﬁ airs o,

row/eskoinn elegtrodeh any b| oti nyl ated probe. A rmnomsr W|th
functional groups such am ne or hydroxyl groups for

[00%]? éﬁ"l;éjﬂsf) {}%b (?pna@% @%Q&"ﬁ{] Boﬁadbsaéﬁ%upaeséﬁﬁg' 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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el ectrolyte pad 102 may be formed after probe
attachnment on top of pairs of row colum el ectrode.

&&042/] Pads 102 can be used in both gas or Iigui d
AP ection. After incubation of sanpl eBCHAGHAHER00111

102, excess liquid will flowout. Different arrayed
oo bAS s P ey Pou Py ) AR s S, PR
cord?ﬁl@ﬁl'é?ia\‘r%hged WQ%E%VMS?MthW%rmﬁﬂﬁmh/ O

Ines are required due to the addressable array.
elddirdes iirdercopnedted 60 groups sipsds 402, wisheadh pred 102 a

i I trol.yt ' bi ' ti | at f

nBRseHEd YA RS BE Pl ent b1 ool ecul ar pr obes
for the detection of target nolecules, such as

[o451t eilnan dibfmas emixdiretsidepiBtéd av EIGS.@A hnd 6Byraobe

cclssomBoy o A 0o B

e'%@?%gs@%%}%‘% l2ao1 ERIAGERMBRcouhfer M clRie/ SIN8L 202

3 0111 ~ 116, 118 and pads 102 need not be
inclides @ sipglemountsr glectodet2d8urioynded RY acgnour s wasking

oo 057 LR S8 B NS ooy
of wf&kingélettreiss 2162 216B .. ) (Mcﬁvidaﬂbemtcbcb!lﬂctihzlg vmr?inge
odi men

| ect i.r. [0045] | I t
elogiupias 216 {ohtiaal rebishrn Slstod 220dan CLElEe ShiBhbs eneh
cotfifibield@fbdeS2 8. T RNHE qiegﬁ:t@d &nbbainidnt, b wekifigslbepeddser
el ectrode conpl exes 202. Each worki ng/ counter

216 fosinea padatainl shouioach RsNiRTeletiogen AT aauteworking
clofiraly paf 2183 1o SRLRIMGTC B AL B st Clter

ele@imgquZ'lz &(glbamba singfe woﬂm’ng el|¢ctrotﬂe 206 lmll,n gFng @fampiee%Ws
addipae 4 aeectigt Whkind Sftods 8P REMEFElaHBHE 1550 iy
Corveinidifly, k¢ pesititheRiBfbrkingosistirsded) sfetinesiking!€ouniter t he

depi cted enbodi nent, the working el ectrodes . 216 rm
elecirgsier garaplexes 202 mayda intaepnnasied. & hasd ('JMSBHEleiEJ%%-
counter/working electrode pair 218/ 216 can be
‘uni quel y addressed by a single counter electrode 218
Cl and a single working el ectrode 216 W. For exanpl e,
[00481v% 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 ina
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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addresses a detection at working el ectrode 5 of
counter electrode 1. Conveniently, like positioned
morklng el ectrodes of all working/counter el ectrode
VEQAISE%8%! 202 may be interconnected, as best PCT/SG2005/000111
illustrated in FIG 5A. [0046] In order to all ow
I ndependent assays at the various working/electrode
[owipl dxebe ptdleculesmiagbesmaosbiliaed prexipiate thatip ¢f each
i ,sol a&cf by one or nore upstanding walls or trenches
working eleciipde e ach conpl ex 202 from each ot her conpl ex
202. Channels (not shown) may also be forned in a
[0 st ICHig 280 Qlkécac@mmble chip doaneéryslgnif“oamameduoa#heex
Alternatlvel g?rf r sem - SO|Id d“i10| yte
numasr oo Tigms ipquitet fonsimplan raulipleX aeasiiiements and t
I d
resiif i | APRENGESA ARG (IS Cfonici, QERTte Sttty

arrbugbmgmwlmrktugmordes%ﬁmbpubcwmtghd@gﬁﬂé@es 218, the

oleCERLIEAGrorreebirin® 5t 836 BRHhORAor S5ErbdE poir

21 6721‘8" smﬁgas?élé’ctmgyte hesistones, ledistnbutltf)mermﬂ'oglg: cmrr;)ponents
ic_ substance or. | ayer
eteripmaBees diotion SESCIBMItS BSTAIF cEUTEE SlReyoe 218 are
idehfEERS adk ?‘8%&8?"”%%% sigificarty SpRAEIUTIN B0 of 100,
measured |sgnals daradditione gvery groep ohwotking elecirodes 21\8 @bout 2
er I S
singig b oleblroRh 2B ot el BHAEAYIERELImBRY andl 1o
eac;fg%érktg)gset{m' de't 216 mlaymwmd nt;f?genw;gemcl}mm lesdfos
about _counter. e ro the electr
moteAlaxhiyin Fach Marking o 0g, @aehf%r%w@@ E%Hb@?ed with
auﬁég@b;%g é:[,e 216/ 218, such as electrolyte
etc.

SI Stance stribution eI ectronic conponent s,

fromdifferent detection sites proxi pate a sjngle .
[0050]untAddreseahle ship 200may be fﬁBE‘Pﬁfﬁé gﬁlﬂﬂ&%{éﬂﬂ@?ﬁ{ Srinted

circtit bﬁal‘iﬂgcﬁh&agf bf %rﬁléé’t éﬂ shyfe.t iﬁethé'dﬂpf&éd Qn'f%dlmentg

lon, ever
generaﬂigtromtdewomm abth ubulater 9Ie¢@bdee a[lﬁI% 8 an@mte@eeneqta

are eﬁ:hegt?n %tsagguc}tﬁe %%t\tg? éi a%;gf eén%@&ra?e%.esstﬁﬁﬂate 210 may
be of the same material as substrate 104. Numerous other configurations and
fabrication technigues will be understood by persons for ordinary skill. For
example, electrodes 216, 218 may be generally round, square, rectangular or
the like. A suitable biochip 200 may be formed using lithography and ceramic,
and the substrate materials can be plastic, ceramic, silicon and the like.
Working and counter electrodes may be formed of at least one of platinum,
gold, metal, carbon, carbides, nitrides, conductive polymers.

[0051] In operation, array 100 (or array 200) is first incubated with test
samples and then washed. Remaining water is removed from the
hydrophobic surface, not covered by insoluble pads 102. Since this surface is
hydrophobic, water can easily be removed. Thus, array 100 (or array 200)
can be treated as a free-standing component for electronic detection without
the problem of cross assay interference, since every detection site forms a
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each working el ectrode 216 nay detect a different
target bionolecules for nore flexibility. Each

wor Ki ngs el ectrode 216, in turn, can be immobilized
W 250859 hi que probe nol ecul e. [0050] Addr essBEI/EG2IgF/Bo0LLL

200 may be fabricated using conventional printed

circuit, board technology  on a stic substrate. In
mw%ura@a isplatedtesblaration: adg’&éﬁ%ﬁﬁ% O RIRETaHSPK ng and
counter electrodes 216, 218 and |nterconnects are

[0852"ed0hBe BAAFHES bt IFRLBEISH in 316 R sBHIBRIY APwadbd,

Substrate 210" may be of the sane nmaterial as

arey o0 (or 808 pmay Kigrused degatherowitl tmpe@ancatsp@nﬁowy to
de g bl Alotdtlid B 24 DNANRRHANE 3@ Blowdl BFIREDS
prﬁ%a@iwm'ébsed rownghd eaiumneeleo;tgg:ta?g?uﬂm 18.‘1:8 ot he

Sul :
covntﬁﬁwer'swy 5% E?E%H@pzfgn'@ $Uch anplice %Mgﬂm s
be!\%/i\ﬂ rb@ftﬂgg%gtrﬁdiemﬂ&r é‘él]s%s oﬁthé@Bf ﬁs@dsd:anéﬂé&mde

counter electrodées may f or med
interéanst lrrtnﬁslaoce pchhataﬁenzgm the lmsdance; apesm, dumdjn@ e8n
beg fek s, conductive polyners. [0051] In operation,
P gy 00 (or array 200) is first incubated with test
sanpl es and then washed. Remai ning water is renoved
[0058pm That ishgdmropmrbssedsmﬂmjamnmimtmﬂepmd 19§, 118 of

i I ds 102. hi
arvay) 300 Bl 48 T B8 modeiSab A pugetbbfidi et oiles shownn
FlGl@Qk avd ssr %ﬁn&@@orklﬁgélé@&oﬂé%ﬁm 6B218 cffhﬁ%?rmm*l@.g

nponent for el ectronic, detection w thout

5A)p'ﬂ§16 besimitaidy modelad; alhe inlerface ketweendhe beued tas) sample
|

andifk Teh AR o rdacled e doibraver stpucture,

Now o thet impredande bebyadyt tiebposhpoximsde rosend c[odmmpieﬂrodes

e, iflas 8y ol BEUBBISEHbr el AR ST IARE i

exptegeedaigce spectroscopy to detect bio-nolecule
bi ndi ng, such as DNA matchi ng and protein bindings,
proxi mate each addressed row and col um el ectrode pair
116; = le counter/working el ectrode pair 21§ 218.
I n such apﬂ i cations, the binding behavior of target
nol ecul es causes changes of the solution-el ectrode

: ' pRe, LA i ce
wheld K5 F88E(=pBR ST E9s 1R cATARIEARE bbiidkh B TolBRAHAR
electrode 116, 118. As will be appreciated, there is no material inductance

term in the impedance expression for the double-layer siruciure, 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)/Ra, on the target- melecule concentration, where Ry -
is the electrode-solution interface resistance when no binding takes place,

and R is the electrode-solution interface resistance in the presence of binding.
Bio/chemical molecule interaction on an electrode surface also results in
change of the double-iayér capacitance. The relative change of double layer
capacitance, (C ~ Co)/Co electrode can be used for target bio/chemical T
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be detected. [0053] That is, each addressed row col um

el ectrode pair 116, 118 of array 100 (FIG 4A) may be
nodel l ed as a two-electrode test cell as shown in

VP 2058%9%nd 6B. Count er/ wor ki ng el ectrode pai PCR$62005/000111
218 of array 200 (FIG 5A) may be simlarly nodell ed.
The interface between the bound test sanple and the

mplegulel dedediiofe 116 may be nodel | ed as a doubl e-1 ayer
structure. Now, the mpedance bet ween the nost

[0%%{ .”ﬁbﬁe éiwséﬁ%: %@ krﬁﬁﬁo’il@g ﬁsa gctoil qu?i ugtgﬁ s%nes

ion freque any app
wiﬂetheemwrwwkdnmeleﬁtradnp 106 (118, awhbp&:téd irsFhGe 4% 2aah 68, or

copscbiaifind Festiobeg16aed, Fic S aR BF 6 dlipay pe

caﬂﬂlleﬂ@& asifd |Z| %Ptzﬂ@gggﬁ Hd]l%’lmog(f)]t Rerd, fﬂa%'ﬂiﬁclﬁ"l edﬁmce of

ressi on ayer structure
the trﬁde-,sowapﬂ mtgrfmw%twmwaet whelp oodw]rdm &akestplace,
z k% rﬁﬁédan'cé of elE r&fé S&lbﬂ&ﬂn‘? ﬂiferiﬁd dﬁtglewpﬁn
rela sensitiv I'S USua arac eri ze

butdimge’mhteaptac&faﬂ:&éisrfs&m&mye change of the resistance,
(R - Ro)/Ro, on the target nol ecule concentration,

oy < PR ifskferdhE Mol 3 B CEi Brav 100

thespresénaistindatbr 20 (FIGe Bquqmcr inghe tabs@me dif ihthector 120
&ﬂesence of binding.  Bio/c 3 %k%:

(FI630 B).dising ihesam agalyie (tasin t gf elaclmﬁmﬂ@w

anitit %P{ar b({?)ﬂﬁ?ﬁt?aﬁcﬁ%%f i RAR 2 RQ% evfﬁl%ﬁt SI'%& fd ve

ayer capaC|tance
relailveomdenaeaampbtucls@baﬁge of ewlmlwmamﬁtmesm thaD

SRR R TS AV S SL ot i o

theisydtent adthoat indlicton) apdbotis thewieshits bee cavelatedositiuench
el ectrode 116, 118, as depicted in FIG 4B and 6B, or
othgtyynt er / wor ki ng el ectrode 216, 218. The sensitivity of
this test cell may be <calculated as [d(IZ -

[OOE'F'F) / Aﬂ@ﬂéddlﬂlod of &b FRluCidr A9 (the Imp&dtoe betwesn Y@ and

e of the electrode-solution interface and the
Comfﬂﬂ@@f@fpdﬁﬁéﬂ nbi&wilbeng t akes pl ace,

Z=R-j-t joL=R+ j@L——2) @)
oC - wC

[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]Zy)/dlog(f)] at
_f, will approach to «. A measurement frequency, f can be selected to very

close to £, and to have very small A f = £- £,. Since [d{|Z - Zo])/dlog(f] /

[d| Zo|/diog(f)] value can be extremely large when fapproaches to £, 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



Z is the inpedance of the electrode-solution interface
and the inductor when binding takes place, and f is
frequency. [0056] FIG 7 illustrates the relative
VEQANBOPPty of a test cell of array 100 in tReI/S5G2005/000111
presence of inductor 120 (FIG 6B), and in the absence

of inductor 12Q FI G _ 6A), using the sane analyte
[0P9i bivh vehy asilusiratest indFiCk KR cR ddERSSEPIE Ay DB RS

oo 131G BSR4 G RBLil 90 BB ool gt
devicet 122 tocmle@tﬂdpmrsed)fe'omﬂm“ iefedttoeles 116¢4 8 peoxifata

patih e SR HA S MR AGYER 182 P S TARoB APG FTE o
a d&ﬁéhﬁ@a@ ilﬁpﬁ%fﬂb@'fﬁq@@nw bﬁal?é*@ih an@‘iﬁw inchid@% Yartiuier

tion of an inductor, npedance between row
freaﬁqncxtmftasﬁ seHEeranstis amneeten ot \‘M'IO\Ian eRawiegiumn
82 ’g%téj\g%_ bg-%zsc%?&( Zr)nh'r(!Q "Jrril"[ 99\5.8;!: |m%nnft~aj;}% ﬁalrﬁ'le 1 18

frc resonant’ Trequency, to,
is infzpecamiseiedivith measoning device 1282 aRanypimbtdnt@dn-time.

Zol)/dlog(t)] / [dJZod/dlog(t)] at f will approach to
ected to very

el
(003 o RS Seles i R 126 G thép B8 FeisiRg 1B o) et
intdrédhnect meRishfitl aevicd 122 tb @aéh rdwicolnth péﬁ"ll‘lﬁ ¢98. For

extrenely | arge when f approaches to f

eachondealunpPaickiss AdRmeaniige devicert23 wﬁma@rconnected
to tg‘.laﬂgh{%cﬁur}ﬁﬁ pait 4165993 afnacayc:eu%ﬁﬁ{glhgé; gat eoaﬁ* E{qqe%gs%?

I Nngs or nteractrons rs SI g
detarmipa e mmdanbe@(ﬂ thenrow/cologm pair 196, Taas atfhmdlcmsmmod

frediBhey; Thp Fob pianeP b Ba5T bl PR R EERS pair 116,
118 Map Bk mMeasined using méésmmaiaﬁte 12 ltécdetddming the
ot Rnge f oA Sefikicded pssereal B
sohfipf ﬁffé'?aé“"f R [RRLHAnG ol GheR, f af HRimeadhey

for éé’éh Waolurﬁh e@’cﬂm@ﬂe%ali e 11ge Dperatih ofFoffibigmhi onal
dance frequency anal yser, and may include a

selq:pgprs JBAand 126 and measuring dewce 122 may be controlled by a

general purpose computing device under software conirol, in manners

understood by those of ordinary skilf. Resuits 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 inclm_iing for example diagnostics, drug
-discovery, pathogen detection, food sensing and environmental protection.
The arrays 10, 100, 200 can be used to defect molecular interactions such as
nucleic acid hybridization, protein binding and other chemical/electrochemical

reactions.

Example 1:
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frequency voltage source and an ameter (not shown).

Row/ col uimm " A control which row columm el ectrode pair

116, 118 selectors .LA and " 126 may c i s

WO rws8¥finect ed wi th nmeasuring device 122 at BEY/SG2005/000111
instance in tine. [0060] Row colum selectors 124 and

126 may then be operated to inte npect uring
[00§2]; c Elegirpde preparRian UpIEg BIfw @bi (ch‘i)«l@-ﬁ%ﬁa‘sf-‘%ﬂ each
corf@nsd,§ M pliible, dhenpdePnomamfienior o Bafériad preparsd
as sylolicAt Arsolugion dorrprabe syhthiesisqvamprieparacoby gddiag i Heof

antt R, SR 03RS U8l B AR I
purEifsdd Porh SKHATINE 98 LI efdlwtiin A.JA Glass§ tarboay(BC)

measur ed using neasuring device 122, to determ %e ﬁ)he
elegtrasiguwithe § maywas seddp lmwh'wwvwl%/ﬁ@@%@q RS P¥e

ALESERESi0h RobSEbn wid) tHLin?ébusétESEE:E!;ﬂ*.; L¥Riahing honemss

YR pedance at or near TO may be neasured for each

andrm‘zm?/“ .@l{lmmheleéelantmljenmmi depogition, esplathpemdot! withanuch
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Impednca rageny, Angprer g 0o EIBCtoBheTah ntditges 267"
was %Eﬂ G4 hiasufd fedfipe@Bfcs Hibfake GUEleRtrBdath PBS buffer.

ridization, protein binding and other
Solutibesinithl donceniratmniscfiAZl fromeHtpg/ondo 1mgimbirePBS wigrewo

2005/ 095991 PCT/ SG2005/ 0011 19) I
Prepara aY ashe ARIPRGRaPd, PUGY teletett&s T EIEEloR fugre
submerged in 200 pi 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)/Ry vs. concentrations is shown
in FIG. 7 as denoted. [d(]Z - Zo)/dlog(H] / [d]Zol/dlog(f)] values were calculated
with step of 0.001 and shown in FIG. 7 as denoted. As illustrated, [d(]Z -
Zopdiog(f] / [d}Zo}/dlog(#)] is more sensitive than (R~ Ro)/Ro by almost 1

order of magnitude.

[0064] Altemé'tively, the éensitivfty enhancement by éddihg an inductor
onto the detection circuit can be conducted by introducing a virtual inductor to
process the results obtained by conventional ac impedance measurements.
For example, in most electrochemical sensors, the components in an

'- equivalent circuit are resistance, the real patt, vamd‘ capacitance, the imaginary
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containing 0.1 Mpyrrole, purchased fromAldrich), +
PBS buffer was prepared as solution A A solution for
robe synthesis was prepared by adding 1 pl of
ALYOSAIEPIL 281 D, thyni di ne anal og used in treBERERFEO0HP0011L
Al DS, at 100 pg/n1 pur chased fron1S|gna into. 99 pi
f §£|Ut'°n . | assy carpon ( el ectrode with 3

§dﬁ§feﬂa&@agmmpart ABe yﬁt%y\dﬂsioépam infagugedshising
h
SR AT AR 1 oHBANSH 08 S8t
methed desciited M\fedepo& tion, a platinumfoil with nmuch
| arger surface area than that of the GC, and a Ag/ AgC

[ofasy . Bf Gl ek Bee PRl BPAHEE Seiebdotime

um;rahwe:om? lahamebryay fAviingv Fhe oﬁsdnﬁem ém@o&(&enf@ 6A9Cl
four cycles for electrochem cal 'ynt esis. The

camﬁmg OAtﬂﬂwge%tm %rspﬁé'acwbﬂw Wany piadifinadions of faras t he
e

arrﬂﬁgé}ﬁ WS d{efélilg %ﬁgof' og@ral’&@rl r’f‘?l'e‘%ﬁ\‘p’érﬁfonw?étﬁgll is

intmdeﬁctprembmlqasstaﬂusucb mmh‘” catlbnm&mﬁ sce:qbeo as tlefined by

theﬂgﬁroelectrode surface and was rinsed with PBS

Ston, a Solartron - - | npedance Frequency Anal yzer

1260 with El ectrochem cal Interface 1287 was used to
neasure the inpedance, Zo of the GC el ectrode in PBS
buffer. Solutions with concentrations of AZT from 10
pg/mM to 1 g/m in PBS were prepared by series
diluti on nethod. Polypyrrole/anti-AZT el ectrodes were
subnerged in 200 pl of solutions with different
concentrations of AZT, respectively, for 1.0 hours.
Then the. el ectrodes were washed by PBS to renove
unbound AZT and placed in PBS for inpedance
nmeasurenents. [0063] The inpedance change of (R -
Ro)/ Ro vs. concentrations is shown in FIG 7 as
denoted. [d(IZ - Zoe)/dlog(t)] / [djZoj/dlog(fl]
val ues were calculated wth step of 0.001 and shown
in FIG 7 as denoted. As illustrated, [d(]Z-
Zoj)/dlog(t)] / [djZoj/dlog(f)] is nore sensitive than
(R- Ro)/Ro by alnmbst 1 order of magnitude. [0064]
Alternatively, the sensitivity enhancenent by addi ng
an inductor onto the detection circuit can be
conducted by introducing a virtual inductor to
process the results obtained by conventional ac
i npedance neasurenents. For exanple, in nost
el ectrocheni cal sensors, the conponents in an
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equi valent circuit are resistance, the real part, and
capacitance, the imaginary 16 WO 2005/ 095991

PCT/ S&005/ 000111 part. An additional imaginary part
the virtual inductor could introduced during

prigeel sthClahEMER| B34 ating the experinental data with
the S/'N anplification nethod described above. [0065]
O L courbket € $thea mibpiAt Hese T beks E¥ibodi nents are :
i nt ended to desubstrmste ative onl y and in no way

limting. Theplkesisrdfipads Riaed bﬂiﬁ@étﬁbl@fmat@ﬁﬁ! Fof biHirUh
the invention are susceptl ble to rrana/ nodi fi cati ons of

form arraﬁ@@?%?ﬁod?ef?ﬂ@ga“w%ﬁ’% svptigleer of

operation. The invention, rather, is intended to

enconpass  ald plaksty JTRdiih é{betﬂ-m ‘éﬂéd%h'bfbé
defi ned by t?]e cp(al ns. % © lNE%Dﬁﬁﬂﬁseof@&kmg

test appar at&lget @éﬁ%ﬁeﬂﬂﬁ@ﬁyl@eg‘«%&%{%ﬁ@fr%tqmnsa:fﬁw of
- pads forned firfitpeppatyt € material for. binding to :
sanpl es of interest arranged on said substrate; a

plurality of workin 0.% el ectrodes, each of said
plurality of® PlUgHi gourtereieqtigges; eark of said alurafity of counter

i nt erconnec te%tlbﬂeg éfé&ﬁcﬂl?%@r%oﬂrflec?éﬂ {0 seBbrl ﬁjohéé’ %fga id

pads; a pluralit coun el ectrodes, eac
“plurality oPkﬁdﬁhﬂ%WMBelectrodes electrlcally
i nterconnected to second groups of said plurality of"

pads; where Wi‘le?e@r? E'Tlé?f of%ﬁ*odpm‘?ssmte?cqﬂ%%ﬁ S&;Hﬁé: Bﬁs% do

one of said plurali rx rkin ectrodes an

of said pl uP&I"ﬁ”WOfdfFO io glectredesy amltm'@dlfs;ald mura’ﬂ‘asﬂrl ng
devi ce for I?J,r Egctrl cal characteristics at a
sel ected pair sald counter and wor ki ng el ectrodes,

to analyse an analyte proxi mate said one of said
plurality of Msagering device for measuring electrical characteristics at a

~ selected pair of said counter and working electrodes, to analyse
an analyte praximate said one of said plurality of pads
interconnected with said selected pair of said counter and
working electrddes, the test apparatus further comprising at
least one inductor interconnected between said measuring
“device and said paif of said working and counter electrodes.

2. The test apparatus of claim 1, whéreln sald measuring device
. measures the frequency response of sa:d selected palr of said wodqng
and counter electrodes.

3 . The test apparatus of clalm 1, wherein saxd pads are formed of -
electrolyte

4 .  The test apparatus of any of claims 1 to 3 , wherein said pads are
formed of cross-linked hydrogel

5. Thetest apparatus of any of clalms I to 3, wherein said pads. are
formed of po!yacrylamlde

6. . Thetest a_ppara_tus of any of claims 1 to 5, wherein said measuring
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i nterconnected with said selected pair of said counter
and working el ectrodes, the test apparatus further
conprising at |east one inductor interconnected

bet ween sai d nmeasuring device and said. pair of said
wor ki ng and counter electrodes. 2 The test apparatus
of claim1 , wherein said neasuring device neasures

't hekf r eoﬁ%mymm!r&srmamin magde&aige%&ﬂd Bélette® baid of Shid
“wor ki ng e t rodes est apparat us

of claim %%’]dﬁu} Hjﬂiﬂ (ﬂecgtgﬂd% Spgasa gﬁsgn?rg?tﬁgger@y oF Said of said
- el ect r olspleeteddpalitef shidabwamBRbRIMPelefrougy, of clainms 1
to 3, wherein said pads are fornmed of cross-linked

hyd ogel ) us of any clains 1 to
7 Jrhgﬁﬁ;{%gf%’%ﬁ’?o@ B BP0 6. E@hymr@md@w
6 o Trmdtoemmmmua s@fecﬁéﬁld 0éleStb@ baP oflsdiProw and
wher ei n s® (ge% g (g device nmeasures vari ation
in i mpedER YFCOgey T é“t%@%@le%‘an to e3id Bwisuringslevisad
col um el ectrodes. near a resonant frequency of said

of gai dThe eéstepﬁlaméldf afy ofdiths’ QWoawaﬁé}Ef‘ﬁ'E%'d measufing
electroaes 7. The test g@paratus of any l f

to 6, ?Y’ﬁ%@@?ﬂ?&?l%‘f‘%‘i’@ dRauaney \wirgmeruses. ect ors to
sel ect said selected pair of said row and- colum

el ectrodes for interconnection to said neasuring
device. 8. The test apparatus of any of clains 1 to 7
wher ei n sai d nmeasuring device conprises a variable
frequency vol tage source. 19.
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