WD 2007/ 084077 PCT/ SG2006/ 000013 Bl OSENSOR CELL AND

Bl OSENSOR ARRAY [001] The present invention relates
w@eoensdory to bi o-nol ecul ar el ectronics, and POT/RG2006/000013

particularly to a biosensor cell and a bi osensor array

that are used for the det ectl on of rml ecul es such as

DNA (deoxyrBIQSENS ch ENS RR A any

ot her ki nds of anal yt es. Background of the Invention

[002] In the area of biotechnol ogy and nedi cal

apgo1]cat rrheqarew&dm\&intmadelammgmaﬂy tcs bioypbleatilay elesiranics,

for car qQut para cti.on and_ana
and insp peeteulelly 38 Seatisor el 6 HiaRRl e [n5E pleoed for the
de%@ﬁ&ﬁ‘%?%dlébtﬂ%@d?ﬁéy DNA (d&&yﬂwn@mﬁabldﬂetmhdﬂ Ipgoteins and
advent of DNA sensors and DNA arrays in the | ast
anyethed kinds@b@palytasng' a plurality of individual DNA
sensors. These DNA arrays enabl e sinultaneous
detection of multiple DNA sequences to be carried out,
t hereby reduci ngBaokdnoting of tie Inventieri | i t ati ng
automati c sequencing. [003] However, in order to nove
t hese bi osensors out of the |aboratory into the hands
ofoogpd- U$rert|$e a@’éa/ioceﬁotédnﬂﬂrb@ ahd pnedlbajiafm)hba@ns specialized
per f ormance, ( artl ul arl%ry h se

cabipmant 151 bppERHERS HPG RS PRIl AP nd, ggalysis of
spbémﬁ: A sbueit@8dR% given %Hﬂlé’ Ulhﬂfortaﬂﬁ‘é/d%rﬁﬁéhn DNA analysis

|cat| on avenueS are essential for attaini
dlmntgjranp@as ueiihthe pdyersval ONA sensars BRA DD aEgys Hhthe ast decade,

I f I
colf BB B ARl DNACBERLES THLAS R e havie
sirﬁll}lllhm;bus Ormteetpncbf mudtjsie cDNA bequarices riel be arardgd |0¢!a| thereby

b o Lloa MR DR AESHPENG, cCue”™” ©

Det ect i on in Biological Application" in NPL Report

COAM 2 from 2001 The desi of such DNA oarra .

CTR031 5, & Hiovepdb ardar dn praovedhe Sk ik pivage ouf oG8 Htfofdtory into
th@ RSV EOER-is, bc!%—ﬁt?dé%%a@ﬁbfertﬁ pe&iBhg Righypstformance (particularly

i ntegrating together the different components of the
higly sewsiiivitycandh selertivity) givith high, ppeed, sainaiyrizatien, and ‘low cost is

ne%gga Ofnd;%rﬁ&%IQ neWE@ﬂéﬂe H‘!'ic?a'ﬂoﬁ%/bﬁ@és Q@eégéhﬁél for attaining

ection |mt|ng actor In
higre sehsifivityg (dian steneoiew m M@)r@yynamphﬁﬁ@ samples @nd in

sensitiwvit. g % i€ eV| ce (presently achievabl e
96?8%????))’?’% PNgI5Gel%1 detection neans is estinated

to be about 10-15 M i.e. 10-15 nmol / Q ldeally, a 1

[004] Commercially available state-of-the art DNA microarray chip systems

largely rely on optical techniques for DNA detection (see article of Brown et al.:
“Review of Techniques for Single Molecule Detection in Biological Application” in
NPL Report COAM 2 from 2001). The design of such DNA microarray chip systems
pose significant challenges to scaling and automation because of the complexity of
integrating together the different components of the 'system such as the light
source, sensor, and photo-detector. Moreover, with optical and other detectlon
techniques, the main limiting factor in developlng DNA sensors and DNA arrays is
the level of sensitivity of the device (presently achievable sensitivity of optical
detection means is estimated to be about 10™"° M, i.e. 107" mol/L). Ideally, a



WD 2007/ 084077 PCT/ S&006/ 000013 bi osensor shoul d be
capabl e of detecting trace bionolecules with a

wa@leaeos400n sensitivity of less than 1,000 nol BCrB€H06/000013
(i.e. a sensitivity of about 10-21 M. [005] Wiile it
IS possible to increase the sensitivity of optical

biesaisor Shbuld bécdfeﬁﬁlbien@f tdeee@mgumceafm@Me&:Me@ witingal detection

vi g the co own techni que of ra
sefeluby Gregmen Rl Mistest it oot ool Ay HRELERE BBR 1<
unfortunately known to be conplicated, expensive, ti rre

consum ng and contam nati on-prone, thus i ncreasi ng
t (RO3]i kel Whi df I@quSﬁthQ)meﬁ@aS@rih@rsqrw'twmé of optical sensors by

m%’éﬁgl'né t 'nggxtngg rﬁ@ s%ﬂﬁﬁ@%Sthﬁeoco‘?ﬁrhﬁﬂl'?%mfn%%ﬁlaue of

IS reason
palgseéraabl ehaio l'EaOGO[lll (R&R)setm tprmd@refsénsmrying dWAPCR is

0 not uipre the P amplificatian.
SRS o kRbwn, A9 k" deiertegt | Brpsishe ' e, GikBifihg, end
cdrﬁ@niﬂ\@ﬁd)rﬂ-br@léd thhe inerebsing it Akdlinoed est modoahgrerror in the

di agngstic systens, thereby reduci ng the cos

amplfiGetRn pracess ydugh de\;g,ngqﬁ\@opﬁéeq; AYring ng\ c?etectlon For
thRXESE5M, ‘4{3 sHudj rSBI@Qb'f%@EQﬂitré’ Bbhdifile §|8Eér‘r§2)rs T&%NA%M:W do not

commobn nD ecu Il agnosti c systens and rel yi ng
reqjuise &zel PER emnbfcrat@al Mateovert thenaveidanteoef PCR amplification will

Glor, h 0 n
IS P oS 2RH B sEr L S p PR Yholgeuer giprosti
systshs ithapby adéduging the coats aflnsanufastereage on the current
Very Large Scale Integration (VLSI) sem conduct or
technology in terns of the scaling of the biosensors

apeoerenuf B¢ busialigl thereldiivelyess@ensive dndecstnglicated optical set-up
nano-structuri n(g' t echni ques, known from sem conduct or
e

- refdEeth ) efympedneleyar wﬁan%ﬁt@rsyftqﬂnsf ardaelKingingteach pp glectrical
df-{lé&l?)ns SRSLA | o Tdfic¥iti cfork BIPnBR g?r QR rSé’c?c;Lft techniques

For these reasons, | ortan e1ls |ncrea5|ng
shautdhinhprincipe EH@Ndwelrcbhﬁrﬁnd&aSl@I ansratipm. ¢t Qﬂrb%léfhgemesage on

bR EUE (8% SAOPRIAAD V18 oA LAY o
ofgﬁheuqnmﬂng rif ¢h@ hiesergors esd mamdacttiabdity. dfarsexesopls, the use of
ni nd%tctlve bi,osensor s ,and rgsn stive Dbi

Fictinon A8 St s, 40P, $307 Aefietha Loty fedtinglogy, teads to

mirfdtueer@atd Whidh- Sfedremigh denbitititds meA(e@pmg priddiictidrOcosts
156 Al, wherein the capacitance of th

lowa FQE ihege-reasaitsy 'meo%a'rtC@r@m?aswm@tt@ﬁ*éeqaltoe@@rf&%/e&pment of

: e|%&ﬁ),{|@5gggn§5r§_nol ecule. Afield effect transistor
based capacitive biosensor is disclosed, for

exanple, in US-Patent US 5 466 348 A, wherein

EM@LSC%@%&“C b%l(%%hg&tse dthgf € h§v<§ CBEéﬁ alde%l%%&' d t6" Qietect
biomolecules electrically can be generally grouped into 3 categories: capacitive
biosensors, inductive biosensors and resistive biosensors. A capacitor—baéed
capacitive biosensor is disclosed, for example, in US-Patent US 5,532,128 A and
EP 1450 156 A1, wherein the capacitance of the capacitor-sensor is altered by
when the presence of the target biomolecule. A field effect transistor (FET)-based
capacitive biosensor is disclosed, for example, in US-Patent US 5466 348 A,
wherein biomolecules to be detected are electrically bound and coupled to the gate



2 WD 2007/ 084077 PCT/ S&006/ 000013 el ectrode of the

FET, thereby changing the electrical field generating
wo b@7ok@nmel in the FET. [008] An exanpl e of BEI/SG2006/000013

inductive bi osensor is disclosed in US-Patent

plication US 2002/ 0164819 Al . Exanpl es of resistive

elen @@%ﬁfsﬂaeflﬂh dheeby charging fhe elpelrical feld genesaling the channel in
thedreP4, 089 A US 5,137,827 A, and US 5,284,748 A

whér'ein the resistive biosensors conprises an array

of sense sites, wherein each sense site conprises two

TR0 Ro°Slms ot iR Jnaldle Kok lal; ieuaiEts TN Y Patent
ap}ﬁ@étlorﬁin}t@_ Wmﬁm@ﬂg E&antpmwf resisthensiosdrisoes are disclosed in
nanopart |
ther b adans s 1258088 U Eiigd oo AL S Sdoe A iPergh the

res@éﬁ‘v@ 93|oé’én§6Fsr LSAblYesC AN Angli ofesdiakt élt%JseWhéhﬁn ReEAGENSe site
base to form aggregates whi ch change t

COmEE!$QSt taveczensing: ¢lectsadesesepiaraied by Gogap. F%Vc‘ﬁlﬁéﬁf antigen is coated

iscl I
onfl AR5 5.5"1 18 goPa Brlo OLBHG Yy B Bcive
naridparieé® canobe odetectet ethcougti thindired yeadtionnbefween the Iayer of
antg@fetn:% %E Oflﬁ)ﬂ Sllfcitslgv ow?g?%? rslcaléli cggég rtl}vgerﬂ%%% areAbound to
thef bHdehs 'Torﬂ?‘é&% a8 IwHEh Eirige Ak heslstaficsl 65l Sefe bite..

the article by Park et al. 1n Science, Vol. 295, pp.

1, 503 to 1,506 from 2002, in which the discrimnation
35P nt UHﬁé}I a;Qaésﬁé\L}'Péian 'té‘%@ uB JreasisilR sensors for DNA

ISITB was etecte a SenSItIVIt eve
selebtian |cen 1b33 fourss |m|tfg¢1é/h/0(01/@087eﬁ)6ut Theoielectmw ghdugleic acid

relfﬁi% h h%%t}élchgﬁlgur %gﬂye § e%néq%%dg)gg? ect or}ms/I yrs?reer%% F ?Dangm”'f’
Vo[ arpp. Bt, MfrgmvﬂOQONg:fml?ertdeégblopﬁﬁht ofl 888 inetts) is z;itelscribed in
theagaile BY Rk S b SaB0aS UFF 23hTeR cbelui it fal 2hge. in

whichO $ep %l@drmnﬁﬂlcﬁﬁt 6Pdpsint ViRitationg O NISNFEE Nt aEMgBNt%ucleotlde
mol ecule is introduced into the sensor, one e

polymerpiEMEhvas detecinsalResensisivity lavs! thekis 19 firges u@%@b% i @bout
10ﬁmM %de%l QHlebRERy 1aVal higatt 193165@@5 HRTES h@h@lo%’r% H%t tdhBwn in

ol 1 gonucl eoti de on the other el ectrode.
cumentdyenotrtie deiRptiorpsystem® i s  ext ended betvveen both
el ectrodes, thereby establishing a physical connection
between them In order for a detectable electric
dornognt Beadn etval (NatuoeeVel. 81r (1898) t7775) hdesotiles avilevice for

de%gﬁm%ﬂ?\ﬁy%ndlzétlgr? %{/érlltvueslerQ %Hﬁé&egoﬁr%cJ ?)/I?gronuclneotlges located
on two separated electrodes. When a complementary DNA molecule is introduced
into the sensor, one end of the DNA molecule becomes bound to the
oligonucleotide on one electrode, while the other end is bound to the
oligonucleotide on the other electrode. In other words, the DNA molecule is
extended between both electrodes, thereby establishing a physical connection
between them. In order for a detectable electric current to flow from one electrode
to the other via the DNA molecule, positively charged silver ions are bound to the
negatively charged DNA molecule, thereby reducing the silver ions to elemental

silver. The presence of silver enhances conductivity between electrodes to bring
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negati vely charged DNA nol ecul e, thereby reducing the
silver ions to elenental silver. The presence of

W@ Rlov@s40enhances conductivity between el ect r odBCT/862006/000013
bring 3 WD 2007/084077 PCT/ SG2006/ 000013 about
current flow between the electrodes, thus leading to

abélt@uprehefdw e8tvafentthe elddfrodes) thasileadirglth the Mateation of the DNA
al. in Mcroel ectronic Engineering, Vol. 73-74, pp.
mWQo 892 from 2004, describes the fabrication of
interdigitated nanoel ectrodes with a gap of 60 nm and

t he neasurenent of the conductance change caused. b
A08thd 3blalagsiniehain spMicreeleesomaEnagea oM lal>-/4, Bp. 887 to

SQgErgﬁﬁéﬁﬁat%%F&r%%&r{% Eﬁbrfo&ﬁéﬁ@% mfe‘?glb?ét@a ‘?ﬁn@électrodes Wléh agap

Was [eporte e gap c
of B nen and dhee nmdsdremmrdpﬂrthe cbaductarncet thangeagaaised tbyi around 35
anc

go@éé%ﬁq%%léth:lqtqg hgﬁg p9r6|lln Irdfaerrrl] eb of qﬁgﬁr‘g? Ctg[ﬁé?l reastince of

approxiately 90 Gualad epdeBasoritad gap cmseﬁajyta ghgle godld nanoparticle.
enhance conductivity between el ectrode ath

in G @se, i eliciels Py SIEPTFINENSAELT BFRPSelestibed in the

origf ﬂsétds,gﬁam Qpﬁﬁgstu\?\)e@h iR SvhidH ¥|ﬁfer¢§‘@@56§féﬂqbn g5 bhificles to

cause ortin n el ectrodes |eading t
enhamc:meommjczhv@nhletwee[roelzptremm thenﬁambetween electrodes is so

|
s ebilott Bitdb ferdibie iacesS SRELES" GVEL [ffahtoment casiy
caBSesCsHuigS Beteeen @luotredes leagling toarmmebas sighalst he case

of nano-gap el ectrodes which are used to detect a
smal | anount of DNA hybridization events (Ml aquin et

alB N MHIWRSEE ChneRilicE nafiSHricier bad@d Nristivé bidgensprs directly
7 o 892 from 2004), the readout signal is,

MeASHIe dﬂte@tqbéer prapertias’ katveeR elactiogeselhras %Q:ﬂ&’émf%‘ce current,
angﬁort&ﬂ%l Nh9he &8 esg é‘ﬁ‘@léeﬁ%e& fAlAIRe Gt a8 detect a small

ween e ectro conplex circuitry,is needed
‘amamnl) loﬁnﬁNPf yhyttrldaaden e@Ne@ts Mglegun o) glmpino\Micraglectronic

na t I

ot S0 FeEl; 8 G 2oL pBBARTIE oo, as
m@ﬂ@lﬂ\@d Hefars) sd eiffiadt to mdastre eédm dxuaxdh'erw mgmm@armedand low

t { {
e, P e St b P DB LR St
thé RREREP Signafd; C2) RIrevd ithg s‘iglﬁh to andideg Ratlost 1F)astalsilize on-chip
requi renents on circuit desi fabrication
voltege sndheisievalsict) BPaspieties analed o tgégu'&%&rg?% logic
de¥ rSEfn@rBé db@fa‘r% &ablvnehéifthe létg}nali @3 3lgittxef alid RRBNstruct the

probt emt’h een encountered in bi osensors_havi ng
sigriads; | 7a gompacstife shanals tovalegs sigred lp|tbe Menaey; g’qgappgpctmg such

a gl%l% ls’rﬁc’pao Ie ré&tﬂise(?néﬁtg oh (9Fbuﬂrkf‘e31gn and fabrication which makes the
construction of dense sense sites extremely complex and practically difficult.

[013] A further problem that has been encountered in biosensors having
the layout configuration of multiple, individually addressable sense sites on one
substrate (as disclosed in the above.mentioned US-Patents US 4,794,089 A,
US 5,137,827 A, and US 5,284,748 A) is the occurrence of "cross-talk" between the
different sense sites. When multiple sense sites are made conductive in close

proximity to one another, parasitic conductive paths can develop next to the actual
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substrate (as disclosed in the above nentioned
US- Patents US 4,794,089 A, US 5,137,827 A and US
wG2@8484048 A) is the occurrence of "cross-tal kKPCDRG20&M0013
the different sense sites. Wien nultiple sense sites
are made conductive in close proximty to one
serfseomiee nf, sparalsndigbatving sehbe esitpatdns coadudtivedii.op thegaps are

o,.the actua 007/ 084077 PCT/ 006/ 0000, .
clog%:ﬂsgargg ig par%}"egg%\ﬁgﬁ ¢ OFPMNGR5E pFo SGﬁlg esg?qrgglg‘ i§ canductive
path8 tiEddeVBe (donbuctel RErrBAPSnAbiBtorCAtRst: regisihasmeasurements.

paral l el paths to ground are produced. These parasitic

Thig Grehlem saanopbe RYeRARICAHSLeX RIEL SlFTicbaTGUiFY &hd Cagecome
se\ge'gﬁm& Qé‘\fe‘r‘élaﬁﬁcfrgé'&tfhﬁﬁséﬁﬁ nﬁﬂmsensghélfespé@bfo@% in

be overcone WI externa el ectrical CIrCUItry
closm@rcmmltjoeomrearraya\,@rdhmensmvtbedayqutl isanfiguration described in

th d d f
T e
US®E)pé4, 348 Al isonotleaitabloefdr i detedting Ridgy enumeiers ocn‘edosely spaced

US- Pat ents US 4,794,089 A US 5,137,827 A, and US
conglustive $erse5ites: not suitable for detecting |arge

nunbers of closely spaced conductive sense sites.
[014] To overcone the problem of "cross-tal k" in
844kt i vEo lpveremsothe, problem abisressclialld’ afedisyeddesensors, one

ap@gggﬁi‘égaf ﬁﬁg hl?e ead8éte9' %d Qeoip Glod2BP THeaPlcan aﬁmatlon

ose exed array detecti
W@WEEE‘S@AMSC&S&Q aandltnptdaexed camayeiet@mﬁon mieem:eiccﬁmmmg a diode

site. hese, di odes sed revent " cross- "

comfiaclish 10 P eraire shhoTha alodelisies Uied Hhi5Rve orpsectalk

betWébhl difesrbal sdr@eté’t&z 20836 hinihiixe cm‘lferttb eegmmau torthe sensmwty
devi ce. However ere nan ap el ectrodes are

of ey dadection dsvige. HOWAVRE YH1eTORANRYIAP SlpctiRdes Are visr 3 defect a

B sm(aybérﬁgﬁ‘r'\tnoﬁbm hg)bggighgdrirg%v%gfsa@lﬂb%quﬁnﬁt Qﬂ?efri NMicro¥Rlctronic

EnglohEnG NG, To74t p. SiraitoBuM TOMERI). She MIGH resisteage iy the
W ngl I rti

w0 AN 4 S 10 anposrnes o laus -

appraxlrmatallymbaus 1ctorqtmwhl§l063ﬂo Sudhea diight eegisianed isncomparable to

the S tf‘u21|% ori1 BF%'E%Q% L/ flééﬂﬁ tt%ge{rholb@gdfeggmboto cross-talk
prabisyas.i Aed résult, e laya'utacmsbnb@d incthe \NC® Sbﬁﬁbiﬁﬁn M0 99/57550 A1

cannot be, used to overco t he apove nt i !
 camgiloss (RIS YR T Ghove JReNia AT NG oSt sof high

sehdihr] DNASiISdMsBrs. @an Obj ect of the present i nventi on.
is to provide an alternative biosensor that addresses

sone of the drawbacks of the above-
[015] Therefore, an object of the present invention is to provide an

alternative biosensor that addresses some of the drawbacks of the above-
mentioned prior art, in particular to prevent "crosé—talk", as well as to proVide high
sensitivity at the single molecule level (i.e. a sensitivity at about 10! M), to provide
high density (more than 1,000 x 1,000 sense sites in a sense array), and to simplify

the electrical detection circuitry.

Summary of the Invention



mentioned prior art,.in particular to prevent

"cross-talk", as well as to provide high sensitivity
wa@eooriogt037 ngl e nol ecul e | evel (i.e. a sensitivPCLSEG2006/000013

about 10 21 M, to provide high density (nore than

1, 000 x 000 sense sites in a sense array), and to

iﬁ)‘rﬁil i fyAcqqﬁ@nglt@atﬁrst@ape@taf@m present inventionya bgsensoncell is

ol 1508, R LR LR SR ron,

Arramgeshwitiin, tha sbnsmg resoe areld fmss sensing (élml:tmbe ch second sensmg

clofERUHH 2 SAP ARG 15t PHRS T AEFITG08 BB P eRoRg peRsing
eleGiRit. Mhee kiRt Mg 8leeB688 ds Sa8sHedlly msarétéop%narﬂﬁb &econd
gap separating the first sensing el ectrode fromthe

sensiigoplactsedes Prighe gracCaplise molacyles gre demobiiged indhe sersing
zorleS Aehgetéff%?'ttlaﬁskfb?%ﬁ@d Bc_{a?énei%b?r Cg%rur&,ﬁ BRlcHEde and a

el ectrode
drainnetebirddez ésd prasenhm ttenbloa@sozmeﬂ the fiistlsdngifig exectrode being

el Slecitiofe o8B FeSkTELETHR O REHLF SeBhEEh 80F e
secont lsengihg efdctratie beingianscttdalgiconfecthbliend a gte obltdgeal | y

connected to the gate el ectrode of the field effect
transistor; and the second sensing el ectrode being

ggﬁ‘]t ri CﬁédoYdlﬁé’rﬂ@%Céé&hl dPedt SRR M‘ééérﬂ%ver{t%na hiosensor

cording to a second aspect of the present invention,
array ipipseddrmbwhichcomprises prtwrbity of Wirsenserqes isseerding to the first

asp%{éé@bégr s%%ut P1'\/8§ or cel | S according to the first

‘ e present invention. [018] A third aspect
of the present |nvent|on is directed to a nmethod of
t he net hod . conpri.sin

ctin ecul e
Wtic: 180 385 o8 bieSent el RgredBa i'd fathod of
detectipgCa t&r‘get hlaouis thé Qnehthbcg %omp;ﬂ@ﬁﬁ@: @tht:litﬁmgl the biosensor cell
e contal e target nol ecul es, wherein
acwrir?%%%glﬂ%@f%f%?ﬁ%f hselnveRliic Witk 3 sample Hiat is sHsregted to
contARthe Rargd! ﬁ&l@b@és W@&éfnathb)buﬁlﬁdabﬁth%ttarlg%ﬁﬁiol&f‘lﬁe to any one
si gnal generated by t bi osensor. Measurenents of

of captures plecsins @B@ﬁéfﬁbiysa“@&% at japsbpne siansl generatachby the
bio¥¥MebF eMe irém er@dc?]frlﬂe &k 1ddae ohé‘%ﬁl_ﬁ%{?#ﬁﬁ@ i o &érttB %etermme

capture rm ecu as occurre e fol

whetbemsaid bindingtdféhdiasgetrrsolecudleltd the eaptade rdolienule has occurred
corresponding formto the biosensor array and nethod
of the invention and vice versa. [020] The bi osensor
f19] of THee foll@siagt comnedrits oo pthevilleserserecél are valid in

corresponding form to the biosensor array and method of the invention and vice

versa.

[020] The biosensor cell of the present invention provides several
advantages, one of which is that low levels of hybridization (if nucleic acids are
" used as capture and target molecules) or of complex formation (if at least one of
the two binding partners is not a nucleic acid, for example, if a nucleic acid binding
or a hapten binding antibody is used as capture molecule) can be detected, due to
the fact that the structure of the biosensor makes it highly sensitive to small
leakage current caused by small amounts of hybridization of target molecules
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advant ages, one of which is that |ow |l evels of

hybridi zation (if nucleic acids are used as capture
wa@pa7ossoget nol ecul es) or of conpl ex formati onP¢T/EG2M6/000013

| east one of the two binding partners is not a

nucleic acid, for exanple, if a nucleic acid binding
Comugateﬂamtbn e!ﬁqtfmaﬂg eendustvy partideed Amwtierptagivantage of the

angB igtf ltﬁgt \?Iﬁ&% ﬁ-ge %8&5%0?@9" gyﬁweg&ﬁéﬂﬁaw%%n IQ %?Illaelgnted in

ructure o rosSensor na y Sensi
thet forsneil & bidseakagarrayr it afnbapmhsexﬂ nigkirgréidusandsi of sndependent

m qgéﬂ"[ i di é %é }c 8’8‘ G%’fi‘sén E%%‘Q?&Hf’%r 2t V\ﬂ ﬁaatg‘e&ef?r&’ aﬂrP\'/ée sza'ustlcally

sighFidEntCrebdingd ak ttd Whether ApBidigstioadherborared@f t he
i nvention 1s that when the bi osensor cell of the

present invention is inplenmented in the formof a

ﬁgg?g NSOfn file’ dhtestt of ki @r%@é}?ﬂ %)S@an D tdrMOUBIIS m¥flecule”

endent neasurenents acr an eéntire biosensor
genenally ,refess tohamefmolectpieothaddw@t aelestivec afffinjty towards a “target

bl s PR B0 e, PGB R o

“probgl, i oat ippdbe. thﬁléoﬁfd,‘n ‘Whilpt the nerhecttarjet gedslecuddt yis used

intérgfmgtgs B/ an%;l‘geel ?n%q‘l n Fg{%ﬁtgﬁ hs%%égltbmpég%{%{\ []thgltéym “capture

mdBYURS UrRon pasyes ot ekﬁhsi@ame@m a{ma%t;hoféws cafbdRydrates, low
probe”, or probe. nolecule, le the term "target

weight gaelpeulai sompednds ane ra@tsra@tgelamqbewlq rtheh exhibitynaffinity for a
targ@NHNd&lle HUnd S Rb Y LERLRSUWR th-ghiear &' mole%ﬁ Hf Snterest.
Pﬂ) ecul e

enconpasses, for ' exanp nuctei c ac _
Expmptesi ofs nudeic badided instuste, ddamwnbumc@;mc avid élaNAaa.rnbonuclelc acid

d d hat
(RERTBRPEoE poo gkt AT alatleS, FedBieS o el it g be
us&d talffs bh}ﬁtutéig@@lécuri@é gmﬂg@e @fntlbgdleé esrid fraﬁmmtﬂ mreéf artificial
nucl ei ¢ aci.ds include deoxyri banuc|eic acjd , .
prilsins i SRS Progeyics: UBesnng dhev, cep: ke denkraesuiy have
bindfesThiBs towafddTR | ghfenChrdgdt PERINNSS, mt‘hoplﬂﬁlt&?to 'Hﬁ@ééllﬂsmutems

capt ure ‘nol ecul es |nclude ant i bodi es_and

asdeseréhsd inddeste et R Progr bieti AeadyiSah %%.9@@&9984 1&98 -1903, WO .
99%@96%(9?96/7‘%‘ Wol 6§ Sjo2587H, t\ﬁ/cﬂ%@ﬂfz@heésgxﬂa 629463, WO

bi ndin t owar a given target)
20&5)’0192514 W3] 20@5/01|9|255 ar W\Ora@DéIQ‘i§25@,§0d®bdlghwdle$ (see WO

| : [ .96,
9623849, St 52568 e 2o St g e aBiSte A a1
Folis3/ Bid%sbham. WO I(QZQ%SZOMD 229%1/9@1925Glrystme scaffold (WO

5 05/ 019 so- cal |
0178384 0S8 5ampSs o prose BakelRs HRed fs Cabiys ilecules are
prot&if A, Avebiin, Hiryei ’l’évi‘din S kPNBERAMNBE ustd in bidtMehdistry in order to

H st ochem tobiol. 40, 2002, 239-249) or crystalline
imgehilize & tq molecule of interest via their specific binding to Fc chains
(protein A) or biotin or biotin analogues (avidin, streptavidin). Examples for low
weight molecular compounds that are suitable capture molecules are haptens or
molecules such as biotin or digoxigenin that are commonly as label due their
specific binding to streptavidin and digoxigenin binding antibodies, respectively.
Examples of carbohydrates that can be used as capture molecules are lectins.
Corresponding target molecules or analytes may be obtained from living organisms

as well as molecules obtained from environmental samples. Examples of target
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01/04144,). O her exanples of proteins that can be

used as capture nolecules are protein A avidin, or
wareepsavi din that are commonly used in bi ochePCEBE3006/000013

order to imobilize a target nolecule of interest via

their specific binding to Fc chains (protein A) or
molacutesnlnoludbl miscronaeletWeru bionjclecwles sush rapnavleit ayids (e.g. a

o1 A Qoo ot RS BRI i

oth§UQMammdDe@ﬂest@fe>®nmlQijemlcaltpbﬂmtaats&)rctoxmmeum asdloxms or

bel e their fic n t i di
DDA i snpn ToPaTA e Holote! uisfieds (BhiHe SnlrsdBis or
org%ﬁ%ﬁ’@ #ait ehrry 6h hRr&Y duAb&StardettmelebulBs thigefe Ebi’)uﬁaﬂiytthg used -
nol ecul es are lectins. Corresponding target nol ecules

capiureamalgaulss @tlgr Iseitableaganabingiiang of ¢apiyre m@%lﬂﬁ?@ﬂ% anggtarget

el a3, 8, 5 BGPTSR,

exam;bles woeprising| bhdeneﬁhlod alisdiesedl iarPOT mmlt@ﬁ@%ﬁvﬁwﬁ?ééO A1,

Na L\ru%l\zgl%ﬁggt é@@ﬁf 2{731 Il}%turgaygl e@g@ Gggpt Iny é)éder to facilitate

corﬁﬁﬂeﬁtf@hhétﬁﬁl th@tdrget mardduleehre oot esahbRy; atseabplighelled with a
enmical pol lutants or toxins such as .dioxins or ED%
small MRl PUIASCORBREIL PUL PP AN oeEgen ik fits @< gand for

theaa?bo"?/ﬁtrhél‘?tlo?w%li'p?ot%[ns organi sns that carry on their

surface target nolecules that are bound by the used
capture nol ecule. Ot her suitabl e conbi nati ons of

jﬂﬁ?%f L € ) Eﬁé ggHélﬁa z?ﬂ? Rh %ﬁ&% LS8R RIek L aﬁraﬁ%ed refers to

\ cope” o |nvent|on ar e
any msgmnq&oxitﬂﬂa textaa‘pﬂlres audntpel saamgdtstm\smg kledgtrodes on which

deggiony 08 8ot e ettt Rranong W hb B gy Sne i a first

serfdi rﬁb?relé@trcﬁdiﬁl lal kaécdhd @@’rﬁﬁin@x clevtradei and bhgabaée;ﬁératmg the
ecul.e can, for exanp al so be | abel | P

clegHanss. fiedaliiomelamie fh o arelySad TR bp Mmestiie By SHgemEnt to

ntMtrléél&Scc?ﬂuéﬁlJé Eéﬁi@lef Ahe éé}%llﬁb%@ombhﬂﬁﬁé’d/selected such

pr ot el nS e senS|ng zone on which C&P ure
6

thatroverulteeseatargat moelgedes eerbound tapppiusei oalesriesi withia the
ser}ilaini Egn ételﬂﬁcéllpquiﬁﬁg&% S5HakE dithbegshad ‘ﬁﬁo Qfirect contact

ect I1on O events are detec
witAr bath ge@hsmg lelectiodes semsat rh@st oprevidss aa fpatlsway s‘eln surrgnt flow
el ect

sofisgh 81 rRReHETRRL I 1R Bl g purent)
floRs Veyossh Yy tviae elttbfiés; dhd\gats ehstirotetoftthe fiall effect transistor
(RS T charget T Green St Swiclias Omiis FRboBus drgedng a signa
indfE2tiRG Lﬂogﬁlvé%t&%ﬁ‘.dlnttHISQﬁQﬁh&r?tH@Délé&Hbﬁscode&Nﬁytb'éfween the
sensing electrodes is measurably altered when target molecules are bound. This
change can be detected by the field effect transistor, and thus allows detection of

binding events.

[023] In order for the leakage current between the sensing electrodes to be
readily detected via the field effect transistor, the diameter of the electrically
conductive particle is preferably chosen to be comparable to the size of the gap

between the first sensing electrode and the second sensing electrode, and in
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sensing zone, the electrically conductive particles
either conmes into direct contact wth both sensing
web@chsodes or at | east provides a pat hway forPCI/86HEN06/000013
flow between the two sensing el ectrodes. When current
(hereinafter "l eakage current") flows between the two
particudan, rastieeen boutydbenrel lecabadel HF nirhelnf $ahe efibadiments, the

dialtn ztieo%lﬁ# EEDF%{P%U?{H\% Qgégrgcl-le-g% %@%ﬂ iﬁgﬁ él’?et \%a‘?h of the gap.

If thermiectabalmgmpostlvblmrtide éctol leave d mhﬁe&m&dyﬁuaargapt they may be

ctivity between the in
coefed fithoiBer FEAIG tateily Siofcre SYRTen SRy He.i augmest or
eni@ige BUnRtke T the ‘élé%ﬂﬁﬁll?aébﬁélﬁcﬁ@ arde by %H@rtﬁ!h@' densing
effect transistor, and thus allows detection of

ee@r@ﬂﬁsng events. [023] In order for the | eakage current
bet ween the sensing electrodes to be readily detected
via the field effect transistor, the dianeter of the
€024t r i CEdrpet rrmtamdlast ¢arebpdodated at asy position atithin tieosemsing

reglef 85 |GRTES B e EebiBalyioriiiiebeitts PRBchettlq e Aable to
confkelC the@dRst 88asihd el&t%&%ﬁh@%&%ﬁdP@H@@Q@@cﬁﬂﬁ@oﬂﬁ one

articul ar betvveen about 10 nmto about 150 nm
embodiweshisaptyrerneIeckis areiimmaRlizedinihg @pewmchﬁnayates the

twoC blé%{erébarAltéFh&nﬁeﬁ/ de@ﬁrréw thd %a}é‘ftﬂé '?nc%cdl@se are

. I'ectrical "conductively’ par eis
Imnmhr@ed msu@cwfzeathemme gubothididye %ﬁyamﬂor th@aae@qnd\ﬁemsmg
Rﬂﬁ% netallic materials such as silver or gold, etc.,

o augnent or enlarge the size of the electrically
conductive particle to short the sensing el ectrodes.

A AR BhSG SBRReRE he A L RlartcPR oo by
the @lttacr&memaéﬂan slectdugityl sthdpativid saresleahit@csifh 4 targéanviatele is
connect the first sensing electrode to the

bOL@Qcte ﬁ%e SERYIR NQlpdes tagated Wity éhe ERBYRY FERL, apafmagest that
can@%ﬁ@b e %rﬁ‘dddﬁvﬁbbﬁ ﬂhéqgrg‘ef‘ nﬁ\@cu@?l@ Aean Sﬁ@lﬁ) a'dh§ént may

he two sensi ng el ectrodes. Alternativel

corr@@’ﬁ@myemetay for Which £ lheebcrmudet@dheéargetamo ae_nmanﬂ #dtich can
-subBaferthl e?‘é@u@éd & &iBRlen IRBH%E%% ttal?\ |Ebthé£| RYPliows
t se S

sensl ng ele ro é
betweeletheaasensa@albotdodmnand ttie cuwerg;e‘townsl ct&tertted ibg thefield effect

wer i e, Sl of SLRA Brboetl pBefars aiveropat uich gan be

utilibediinda sitvel RAhaRgEnErt pRedess Wesésriderion Brdumit 4li (Suphs.
sensi ng zone, any reagent-that

ele

[026] In order for the detection of a specific target molecule to occur, the
capture molecules that are arranged on the biosensor cell preferably has selective
affinity with the target molecule suspected to be present in a sample that is being
tested. If it is desired to establish reference readings of non-binding events, the
biosensor cell may further include capture molecules which do not have any
selective affinity with the target molecule, so that ambient signals arising from non-
binding events can be measured. These signals -are also known as “reference”
signals providing an estimated reading of a non-binding event which can be used to

distinguish a true signal from a false or inaccurate one.

9



can enhance the conductivity of the target nolecule is

added. Such a reagent nmay conprise any netal ion
wokiocis®an be bound to the target nol ecul e, anPCTRGLIN6/000013

can subsequently be reduced to elenental netal in

order that an electrical current flows between the

sensing el ectrodes, and the current flowis detected

j I f h
BT, "k Shbonb Ry M S o
sensmgaebctmdﬂ aed hnanﬂaesfmpkadp haviagsa @&sal(tjty :tﬁd{n:gg;ﬁgfﬂﬂ ?r@tfacmg
et ec

counb 88 Pl b 2t U St Gt o i B B mbs may

be raptapigeticin bR adltemisting hin@er steht rgt B ‘ﬁﬁ@é‘l‘:"éf th€!first sensing
erably has selective affinity with the target
ee&{ﬂ i§ &r ngséc@@acw t9e ap figgenof |thea3%@lfﬁl gengiag ¢lectrode,

res@é‘étﬂ@l Eﬁéﬁ ﬁﬁ’ger'rﬁ Qav@a%&hﬁﬁ%é nﬁétfﬁm LeSut ¢l he{écaebout

r ead |n non event s bi osensor 'c
10 mmy Fudt erhélne first Isad@ng aiﬂamodemﬂdeﬂnel s=wontisehsidg emmtrode may

afflnl tht tar et nol
oo BNt SFAPIGEG 1BU0) IerhoE A NFH RS ol 5% Svera
tene\oé rrtemonmterb eto rwstdl &flindidiE BANGBTRAS, Sordine partis@lak YA about
nal.s providing an estinmated readi ng

10 &7 tg' ket JoR AT LATBRIeI OR Toslesemsselgceds and the ssdond

t r
orh g BN ] A U879 e

CO”&H@!%? Rty pefitst sensingi fingers emgli agpletatityt obdeccmddsensmg

fin E o?ﬁ?él'té}ﬂatﬂqe@tabﬂgrel h%u‘foo HQ nZ)gaaﬁﬁ%E Nay rgﬂgensmg

ura i I ngers are acin
eleqtme andethe rsgagrdi sendimg electrods hey. ha'ﬁle@w dthegeltenativet éhépe

ey 3 PSSt o G Pt S

ma;arcnemngled adjlaeeni ohownichi heeseddndt Bénéiﬁ@%l@ct&f@l@slsngrranged
dfe respectively. Each finger have a w dth

(herSiafiek elgirgd 6 2B b s Srandstent s Hisaeconiosqnmng electrode

may-eérpRse atﬂ!@raflﬂyrcﬁtﬁn‘géfbs b&ﬂwe%'te@ﬁ Bétﬂ%%naiﬁrstt %Snﬁtﬁ'ﬁﬂgqnember

sensl ng el ectrode may be arran sSuc
andt?e%%’@% qm@ﬁ@mmamneataitematwaw herepeohd sensiog eledirode may

conippigd g e‘?@%@ﬂgﬁ&smt 9 ﬁ%&ﬁ&%@*%@ﬁ%ﬂg?&f%ﬁ@% Sirst°Sensing

I'n partlcular rom about
elecoder iatthey alagious Imtfqrmsarraegemegtseltm;tseodm aedsinbeelectrode

r
corPEEE  SPRRELE aPuB BE g inaft Condippepion, and is
arrapgeld ahch yha'_ifthé iefledtricsip Sdoﬂguétlrigglgdrﬁo@l‘éj e!élc?lcﬁﬂ)aidshlétﬁ from
d er.s arran in an alternating
the ﬁrﬁﬁ%&&"sqe?sel ‘E%qﬁéyﬂg‘ﬁ leeliiciReRion- he first sensing
el ectrode and the second sensing el ectrode may have

a% other alternative sh%p
1 The first sensing electrode and/or the second sensing electrode may

comprise any electrically conductive material, such as platinum, titanium, copper for
example. A presently preferred material is gold, due to its low electrical resistance
and stable chemical properties. Similarly, the electrically conductive particle may

also be made of gold.

[029] In another embodiment, the biosensor cell further comprises a
substrate, wherein the field effect transistor is buried in the substrate. The substrate
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and are not limted to the conb-shape. For exanpl e,

the first sensing electrode mnmay conprise a platform
w@roomesn7 t he second sensing el ectrode is arraPQgE8G2006/000013

(hereinafter referred to as "platformarrangenent”).

The second sensing electrode may conprise a plurality
ha®h subsigate sucfane evHicimiagtbsesvesed ivithta nioruoatatiblky birdibhgayer

) nd a second nectin al ternativel t he

in BBk oaoRen 16 S Aot g ode, A e Seeatlgansind electrode,

whé:reﬁrartasdbiotboan;smmieu*mcn@%qayéﬂ Ge!r GHpaBle an blhﬂlnfgl S capture
sensing el ectrode the various platfo

molacrigsdertbasabsiae ssdaepdExmrles gt 8| bé’étCPHtP@t'b'@dﬁ%ﬁ?ﬁ whigh can
be %s‘é’deinﬁﬁhéé Cchl gteho{T aﬁag Jaqllehf"c\p bs¥n CPI%?H:% ' Bf* well as

ion, and I's suc e electrical
add]hmlahcbmmnpotStSL@h aastrmﬂctlncBBcwln rlréyahaoelg Aﬁmdmﬁ:hwc&ontm

S BB SuBH L ST SR PR My oramoe
of é%i@éd?@pﬂlb@lafy@d&ndmdes aminy-si@eafiiy, ab eich tabkyodified DNA

conductive materi al, h as I t tit '
oligamasa acting as SARIHAE golaclies cam b § hﬂ@?@?#é{@aﬁ@?@r%funcgona'

croQQ| hkirfH end18ciilé Sbésge f@Pté)daﬁﬂJIe r 8§1!h5tttﬁﬂlceancﬂ@mﬁéﬁbé&twe
chem cal properties. Simlarly, the electrically

moistieduct i ve particle may also be made of gold. [029]
I n anot her enbodi nent, the biosensor cell further
conprises a substrate, wherein the field effect
t{030Fi st Dhe iblodensorecell of inventiarbeam deescaldteus md»wrratcelt large

007/ 084077 PCT/ S 06/ 00001
UG RPN GR AR GOBCLETReT disprble- g seiabity b @ present

bioB&Msbirng usafie for ésiamlsmr@aﬂaﬁafcw Bightficaht m%tas@eﬁfén&gon large
el ectrode and the second sensi n%uel ectrode,

sample peRlatinRsatn mMceoIseRa® Myth Hyje PurrRosea i secet sﬁn%qtrfa’ the
mvBHﬁ’orF"%p&lFH ?ed L efddeRort eréyf‘ EOI%HH§F\§ 2 ﬁu%ﬁ(}f éfFSiosensor cells.

es O bl o- conpatl a er which can be used
The Hm&m@gr cellg a@mbewmed mmhe bl@$en$pr aryayt stne, shape of a

Areg@aag%éf?lx for %&é@ﬁﬂ@%éﬁlw&men@ %@% %ngg?ﬁnf the field

ronectin al uroni ¢ 'Ac
eff@Gtitraimaistor dfleaah ehros@u‘sqn’r@iles alad:trglaﬂy\mbnmmted)tcsgl(ouw;l the,drain

th b ti
oleBicid, gt oAk BTt FARe ior Ph 8o bORPRR okl bt < bR rgpnnected
to Bb%espﬂdd@@ﬁltshrﬁet lAﬂgltlaﬁaI(yilﬂhﬁ rfﬁsﬁrﬁémd efeotre@debie electrically
|mm|I|sedV|aahet :f tlonal ross, link .
comﬁﬂcagméose@r?'ﬁgtroqeop fropioransigion H}%S%%nﬁosensmg
eleb®884 b¥ @achBIRENSSH ce[ll%cglec-ﬂ'i@allp' @PABERDICR! theMate voltage via
i nvention can be scaled up to Carry out |arge
corresponding word lines. The gate voltage may ‘comprise a fow driver and row
address decoder. The biosensor array may further comprise a plurality of signal
amplifiers being electrically connected to the corresponding bit lines. The
corresponding bit lines and the corresponding word lines may be made of any
electrically conductive material, for example, metals chosen from the group

consisting of: gold, silver, copper, chromium, and aluminium.

[031] An advantage of the present invention is that a biosensor array is
provided which prevents "cross-talk" when multiple biosensor cells are arranged in

a dense biosensor array. Further, the amplifying circuits and the addressing circuits
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nunbers of neasurenents concurrently on a sanple. The
scalability of the present biosensor is useful for
w@3aoas403hi ng statistically significant neasurPOERGH0GN0013
| arge sanple popul ations. In accordance with this
pur pose, the second aspect of the inventionis
fordhe bmSenbdrmrmyhiamsbmextremely zsynpicﬁnsﬁnd/mﬁerfggtasqghar-’@l-mctige ratios

e T s e

regul ar matrix, for exanple. In one enbodi nent, the
ource el ectrode of the field effect tranS|stor of

40881 bi o3basbOvedmentioneg) nbediment pf dbp hivseagor grray may be
adS5t84 1, |vb|%eb|ﬁé@‘adghallgdt@€9é§ﬁﬁn9iﬁ ?ﬁ?wﬁéﬁb?*tl@clfa t is present in

transi tOf I 0osensor ce Is electrica .
thecsamplet @@mefyoacyeseyplintiresyltbin anethes emiodinaerin éhq biosensor

mayofciddiind obipgechbartifeR, e HFE o byprdgation event
ocdurAng irp they bnaséhddnerremﬁu@eeei ¢erh bibseisoodell ohayeaohprise a

bi osensor cell is electrica connectable to th te .
noRPey SRR ¢ GPPEEPSHCISRFNGAM RPRESEING dn opgebnd® efsing

ele\éﬁb&é‘%h"fﬁé! CORBBHdRANPWORIMIRY. 'SU%:‘h RAREnliAvar astp& st may be,
decoder. The bi osensor array may further conprise a

forsixample, taydietle sihgrein anaivgiscrices srayidasifosexamplecky @ gontinuous

pufég ﬂé{)ag%dfs %fgpg‘oefictﬁ r‘cﬁ%é@% %}%\gm(goerl{edggo%n g}r&lgh the éﬂlode The

AO sawEse mag(rgbe tmmgateocfapamyor tetarighrthe abhguative gadn pma’lded by the

elegﬁwg[lggq)rhcbjcgye pa@g@s °§‘i tﬂe gagggEﬁg%gﬁEsgﬁ?@#{}fﬂ&ﬁﬁﬁﬂs high, it

wilRkake Bi $hbrtef O t&ncwailg@rth@mt@fcatpbeltmresemh ianVeamt itieat the
Is that a biosensor array is. provid

trangistge JUa) R0 R0 R 7 BB thsb GRRAHCTDY petidl Slechode gap
mc?éefs"é@%ﬁw #hB arfotif &% By Bﬂé&?&ﬁfdﬁl%veﬂ[sf ¥encEUtheh8fger ‘tl’&??mount of

ying circuits an ressing circuits
hytz%zat@mgmommremooeﬁmme fleyiget HeolgPYsEnanst the regpture
moﬁ%{‘l.tll%g tﬁé;h Og%h'éfg%e gg@#lplbﬁgemeh%éﬂsw& élb&?@des y¥Rka&uring

amounts o
thdtheitakemanitom e thegfiedd effect. tre{retszjr imthe ubmqmne earerpughly

di f the biogsensor
es{iioE suantiaryeyoer 0L P bR Rl el WeBfts” in the
bidsBAsdraEgainples dfrdicdyst thiaﬂcart be usadhn ¢his eamddynmt ivdladezener
No" result. In anqgther, enbodjment, the biosensor nay
d'oéiésa\éﬁiﬁ?teﬂ iodes apdl switehing 4 atively the anount of
hybri di zati on event occurring in the biosensor. For
t hi s purpose, each biosensor cell nprise a

9331 i nedYherl eteplaved! feronmsien ugeeé%/e.@aﬁ@qsor array can be
strﬁ&UFb?lgtdl chitfted %g&pﬂ néeteg %ug%s%%f RARAYhE t?chHé‘f'usor array is

corre |ng Wor non-1| 1 near component
to bayisée so as to lower fabrication costs. In one embodiment, the biosensor array

is comprised in a sensing chip having a plurality of biosensor cells of the invention,
but without any built-in FET and amplifying circuits. These sensing chips can
function as mobile chips which can be widely deployed for the collection of live
samples (for example, for collecting blood samples from parts of a human
population situated in remote areas) and which are subsequently returned to a lab
for testing. In order to carry out tests at the lab, a FET sensor module can be

connected to the chip to arrive at the biosensor cell as defined in the invention. One
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for exanple, a diode wherein an AC source, provided
for exanple by a continuous pulse generator, is
wapplioe®7t o t he second sensing el ectrode thr oupdi/s86E06/000013
di ode. The AC source charges the gate capacitor
through the conductive path provided by the
a ‘@”&Qer ins@priating tbe SETVEopdhe isengisg ¢hipt indhe mcg@non in cost per

chlﬂgln%@é &ea 'rﬁatteHSl &ﬂ QH& 'c]\qéhtﬁé \{s%dhés%hbs fate 4 sbndi ﬂg‘f%h:p in

hort er e capacl or 0 S&l
Steafé@é Si Sh@te cﬁyetal tArmﬁlsersadmantagens the avdldend;e) of benthetchetween

e S SR SHE P, APRHE A 5 AR b 55550 o

thelFETysensone anmount of hybridi zati on or conpl exati on
between the target nolecul es and the capture
nol ecul es, the higher the conductivity between sensing

s od@san BiYerRBAREMBEdintdMe, ﬂ'nlerB‘?o% 8FaFr9¥ t1é1[365‘m8lfised ina

the field effect transistor in the bi osenso one ca
testing, ghipy haviag iaraluealiiy of thiesensorcelis bé therinuention, and havmg a

cori Ayt o RET EIIERILEIRD . B EARE., T, P
imnhmbilizadjen/ztwhemlzatiom délkhe varriad bat onlsenksisg ahig aily.t chi ng

di odes. [033] Wen depl oyed for practical use, the
bi osensor array can be structurally differentiated

§035]r di Ncdopdihd @o RhE BSIRE adSct \WRitRd inveRtibh %@rlﬁ@éer%bf ¥l of
IS to be used so as to | ower fabrication costs.

the dpvendB canmbised fos the getaciion, guaniiication @mrgualﬁem/a analysis
of aS@dHRNEF B rﬁ@&%ﬁ?@s aSIH# ‘éréﬂn‘erséoﬁélng ‘\/Qﬁ@tgég?a&% dé hotdcules. ‘

t he i'nvention bul
Oneygpief uperaf tbe thiagensor Felkiscinstbagiatectioni efsnudgic a‘cmntalemmles

d fo
The BB rfeckll Wi B G AR 07 SMaiig, 16 JRE 4 bbdf or an
animoal. Wberenglshhemdsaartplcmmmmmnmrﬁ@l@f pﬁhd\%ﬁﬁi&ﬁl condition in a
tion |tuate earea i C
Bt bodl ettt el s B el ey the dicaangor el g used
to dbfeot ﬂfs" presuiicd OSldit atideegabncesthdibriy LS @karﬁBFéUtrfé viral or
connected to the chip to arrive at the

bac{ﬁf@é 1IN B145eRbInea PIoRE SaMple REtHerRALRTH. Jie Wngensepoglpsan
alsczg@ﬁé&?ﬂinﬂe 8&5&&5&2@@&!@@9@&%@%9@@%& n&tic %Bﬁ&%él’ﬂ@s or

the FET fromthe sensing chip 1st ction I n cos
gengéqa pre,dﬁm)sgiond@ward,sr@@prtﬁ@t@seaae idaptifighlady, theamesmnce of a

RS G AR, PR sl ioeh a5 1, G314 Ypic3t HGreRly Boyptons
fronmfnudamnnetblﬁ'ai/\mces leeg. seapreiven! uti on and the FET

sensor which may potentially result in damage of the
FET sensor. [034] In an alternative enbodi nent, the

[038}ensan tals' ayntest, OMUTIE SR infol@cules are understood to be for
example (longer-chain) DNA molecules and RNA molecules, PNA molecules,
cDNA molecules, or else shorter oligonucleotides with, for example, 10 to 50 base
pairs (bp), in particular 10 to 30 base pairs. The nucleic acids may be double-
stranded, but may also have at least single-stranded areas or be present as single
strands for example as a result of preceding thermal denaturing (strand separation)
for their detection. '
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testing chip having a plurality of biosensor cells of

the invention, and having a conplete suite of
weholzos40m7 FET/ addr essi ng and anpl i fying circui PET/SGH®6/000013

DNA i mobilization/ hybridization will be carried out

on sensing chip only. [035] According to the third

ad@8T} of Iftthe prewentt Iéﬁféntldmﬁs bg@?efﬁlts@lﬁe Ritdctioh oft Récleic acid
i nvent i an he use or .the detection
aj0f; MolReuESor! andpEResteTmingd, udenliger seauance. \iienetiey are

preferbiblly dgdtest EiRUSIAGIcLstidRded féﬁﬁr ?épﬂﬂs@' Qﬁb ¥BhI&He Mo single

capt ure mol ecul es.” One chi ef use of bi osensor
steands, ifsapmoptirtedptiercia Be deteaiien, doc eaermalenby alenptsing. In this
e I
Ca-gé tmﬁﬁgnhgﬂwl‘%nﬂ%ngﬁaﬁg&%er & ﬁ{dees neh%‘gg% S§ayence
thabu%lcﬁmwharaerpan’yt tac theasingde- mmdcateacdrrimsm autléio atid capture

a. vir, erjal infecti
mPEERs 306 16 RiHBche Rlafiosedid cndloods e orrieadi poebe to
apip‘roximkeiy Gabpdos e naes [6RYSH Buditofidy s@é@éﬁ&e@. hé\h up to
vira ? 155 cterial organismpresent in a blood sanple
aF&Hm’E'Wé e @rﬁp Of {RNYST.03% NG a¢ ey damot derse apy lu@auolecular
stfuRturbd Brel@hfig h?éhd?iatfbﬁnﬁ% EbtueORdid ghféntﬁ th? nflcleic acid to be
%enetlc abnormalities or genetic predisposition
detestedds a certain disease, identifiable by t he
presence of a particular gene. The biosensor can al so
be used to detect m crobial populations fromfood or
nf038Jal Sthe uss of me;]bloser&?sabrc:lelllm@kes it@)%@%lblenncfjﬂ]?ﬁ tg detect a
acid es_are under st oo o be
S"?Sﬁ? EVP&%HWE*?P?JH@%?’GELH%? ) amiQaliviRy|ak MpasEremet sRpes; rather, a

pluvali§c of eucldi®liadi®! foltcefes caRPNDe ”Bét%@té'de%m&lfan%bﬁ@% or else
shorter oI [ gtonucl eotides with, for exanple
SUGERSIVabaI T ispYUrPPse, pabiasenserranay inoagwrdanss withtee second

asEB@t dfl%ﬁé ﬁiv%nﬁ&# H‘%yr%yu%% if Q:‘dh]u‘ﬁgtug{ g:ﬁﬁlalltp i t))&%g of capture

I'so have at |east single-stran resen
m@l@“ﬁﬁﬁgﬁ?@h oftwhieltl bas @r(Se&faﬁqjl hindisg affmﬁs diort a ebecnﬁc nucleic acid

m&Eelr e?ec é&gh’lg?%i)goh%iE & se at baglgnd/or a

plqiretHY]oflimnmﬁ:ellz;atlesmmtmmayebbl uwed, @nlysel@b ftyve bheapture molecule
b ﬂ,] & of . n sl C. taC| d "target' nol ecul es of a

S io‘ﬁ{n@qﬂleﬁga a%' etiPde sequence, then they are

preferabl y detected in single-stranded form i.e. they

al onverted into, single strands, if approprlate

h%gﬁ t o '} RBS §BRogiment, theot?w%ﬁbp@" ofthg dmvantien iggusadhfor the

detébtlén Fareantiged ®BPIUESSSR Ere%ﬁﬁge Bf & MIFOR, % g. a viral

aci d nol ecul es having a sequence
OrgatgN dvehtasr Mt whichecatisag AdDSH oritHdl whlsh catibes dird flu, in the

huft4nl 8bly 3 BeSAY for example in US patent 5,712,385. The capture
molecule may comprise an antibody that acts as capture molecule or probe for

assaying for the presence -and/or amount of the microbe in a given sample. In this
context, the term "antibody" is to be understood in the broadest possible sense, but
specifically covers monoclonal antibodies, polyclonal antibodies, multispecific
antibodies (e.g., bispecific antibodies), and antibody fragments so long as they bind
specifically to a target antigen. In order to attach the antibody to a' surface of the
biosensor cell, the antibody may be directly immobilised onto a biocompatible layer
present in the biosensor cell. Alternatively, the antibody maybe modified by
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nol ecules may in turn be nucleic acid nol ecul es having
approximately 20 bp to approxinmately 50 bp or el se
whanwe/osonyer nucl eoti de sequences havi ng up t oPCT/SG2006/000013
approxi mately 500 bp or | onger, as long as they do not
formany internol ecular structures preventing
inccmbbreithj'gmt arghoofigardethebexhibits affiniciomardsotherognmypasibte layer.

el S BBl ol Bl BRG] BBRccive

nartqpaetldtefs mioste preferably golk:ienalm@'.sarmdhesantd fecdil it uthle detectlon of
nt series; rather, a plurality of nucleic
CO”E@ r‘%e{]ﬂ es can be detected sinultaneously or el se
successively. For this purpose, a biosensor array in
accordance with the second aspect of the invention

19401be Usanother egmpadipent thepiosesion call istysegrfor gprelficgily and
ser%lﬂﬁ/g%g tggﬁrﬁfa{ﬁyeﬁuarﬁﬁﬁn Ojny""ﬁé&grlgaér %&ISB@%' én?)con faining

or a specrf ucl ei c ac
ribdsmaid?NAt ébeMafhea)R-lﬁmpcjodmmfm IRNA (han@baﬂterzaRM{) or other

and/or a n units .

RNH 2l sfrs, o ot e b PBal si-El etbutige ok HRdhomic

grol;lﬁsJ o€l stieh efgehisths;Said]pravidusly (@@ivnl &géﬁi@n@@dalﬁm@t R-RNA
e biosensor cell of the invention is used for.

or HgNAe tThsndeiection shHgRPreaniemp ¢ cd@@g@feedo{prt W@"ﬂf?'@é@ﬁb% us
patft 8775.5590Exarfips of Bicica wRBAZBREMSRNA fit b pehiciboted

causes Al DS, .causes U,
witihdheurpresriyt kissehsor rde&iemcmdes,ehamﬂ ot fimijlgd piet essherichia coli,

ch|§h7a1éb3%% rﬂ%—%?lggﬁgﬁgéo%@isﬁ g:tﬁleﬁ[rg)@y A ggﬂa%geégf]f ol‘egionella,

mymtm}erm@ fpseuﬂbraopasawdaxsy;ﬂocdamusaenfmhané the m crobe
in a given sanple. In this context, the term
"antibody” is to be understood in the broadest

pesti bl elnssaétsenotheht enfbRERhéntC Hd pr@sewermema@qé Qrseh for the
anti bodi es, ycl onal anti bodi es, multispecif

detgeHanyd %@‘e(t‘g 9@“°"’B?‘§¥) dtd PPH‘aQqudb’oﬁPre%’ﬁam%lﬁ’othﬁr'ﬂ“leﬂéia? can
be U!i‘,&ﬂ f@rﬂhé p?éhét&lr@a@ﬁostli‘ 8y sn@kl@%ell%l?%%hﬁé Wb'f&eﬁ;@ a"i‘ nsk of this

target antige I n~order tach the anti bod
diseanet cheﬂy)fsneﬁélc hsa‘targ@bngNMequenﬂes that ispeuppe tbe:arry the

SIclgé rrﬁﬁfalt%n H?gbéelb'fﬁ‘&do% ned® 1% Q%’ %h Cel é\)’lt@%lweconductive

resent i 0sensor ce I've
narmp’arttmdn!.y mesfombiyo d gblide chdnppadtit!asD zoogyrmsem??DNA sequence

/S@ 6/ 00 [ h [ i d th
norB AR 1o PPl bgie BB S Re SBruden g BP diseliyay a Aidbe to
assay efher e@’nwe td?getg@édtheﬁm'l'ﬁ@Ubl%?eﬁé@ dfaigedormdl hbeta A- or

conaucti ve nanopartl

I les, m : ,
abRFBALblE Db BaTH e FBa berdsiaciad by Blfetencas i the signa

me8&ired by e Blosensor, thereby determining whether the condition is present in

the sample.

[042] In summary, the present invention provides a biosensor array which
1) overcomes the "cross-talk” issue between different biosensor cells; 2) achieves
high sensitivity: for detecting a small amount of DNA hybridization events; 3)
significantly simplifies the circuitry, such as amplifying circuit, addressing circuits,
etc.; and 4) improves the signal-to-noise ratio. The present invention can find

widespread use in clinical and laboratory processes including mRNA expression
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conpl ex formation. [040] In another enbodi nent, the

bi osensor cell is used for specifically and
W@ engios40vel y det ecti ng and quantifyi ng any bacP&r/s@00e¢n00013

viral organism- containing ribosmal RNA

(hereinafter RRRNA), transfer RNA (hereinafter t-RNA)
andlysist BRIP (Sihfle auyedtiiebpalgmorpHisinp @nalysise rersdgadresingyrwhole

smal | sized cajegories or Eﬂ@_gngﬁi C g‘ ou%io of sth tei
geRHENi CORY; BWMPRT e FPBYEISY BIHCBr gRHRTERC: o RI]ISHREPIEN
intétabi¥hs; Qhd bniibYyy-ditRef detificabnof such organi sms is

descri bed-for exanple in the US patent 5,723,597.

Exanpl es of bacteria which contains RNA that can be

ted | ' ; L Bel

JRUSF L ° Tped Aol B ERGTRasiiaRRONER FbE e MIPanderstood
in e ob thed followimg ciestaption, grasvngmandnorlibilingaxamples.

| egi onel l.a, nycobacterium pseudononas, and

cryptococcus neof ormans. [041] In yet another

embodi ment, the priesBedcripticnof the Deawingd for the

detection of a genetic abnormality in a human body.

For exanple, the invention can be used for the

gpaaft al nfbﬁ‘éﬁfb%ﬁdé}&t‘aﬁa Gk Breaht in?BRRIH dnd B derhOitite how

risk of this disease. Briefly, specific ) )

thebpresenl tyentiaiNmayebeicaties eutan proctiass psefergdiainbediments will

th [ tal| : [ ' :
o i e VPl & B Rg xRt Bl il feforgnce to the
acgurepayiiy gragdigs, irewhighr ticl es. A synthetic DNA
sequence honol ogous to normal beta A-gl obin gene
sequence can be used as a probe to assay the sanple

t[UgP! SEYERWs d ot -SstibaehRfughh® bistensbr belt acderding to
or abnormal beta S-globin gene s_el%uence can

b
thej prasenk dveptien.f Waereht 899!t nepegrartigiapounteye J?EQ% ) grpture
DNA S &R rovidBs reﬁ&(néé@%%ﬁ%ﬂdﬁkﬁ%%ﬂ%@h%’ gét@@oﬁ@% gbhé)r%tor and

I'S present In e sa In summary,

a gate sleatroder obafildreffacbiranRisios bi osensor array which 1)
overcones the "cross-tal k" issue between different
bi osensor cells; 2) achieves high sensitivity- for
de4ett i nFig2Anshdwananrideaf e@talepbcirdiig for dhe ebiesensor cell

S%FB'Si rtlifi cantL%l sit lifies the circuitry, such as
acy |ngt§ilﬁ%quSPE VeMUOiar essing circuits, “etc.; and 4)

i nproves the signal-to-noise ratio. The present

invention can find w despread use in cljnical and

| 48] i oFjo BPoskse & PrRAVGR! RELINRIRY EikgHTELy; e Dibseqgor cell
acéORHAB RS prdehi MRy 000013  anal ysis; SNP (single

nucl eoti de pol ynor phi sn) anal ysis; re-sequencing;

whol e

[048] = Fig.3A is a close-up photograph of nanoscale interdigitated

electrodes that can be used in one embodiment of the present invention.

| [049] Fig.3B shows in detail the first and second sensing electrodes of the
biosensor cell according to the present invention as used in the biosensor array

according to the first embodiment of the present invention;

[050] Fig. 3C - 3E shows three other electrode arrangements configured in

a platform arrangement.
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genonme copy nunber anal ysis; DNA-protein interaction;
protein-protein interactions; and anti body-antigen

WO d@npsfortat i on. [043] These aspects of the prrCEAG2006/000013
invention will be nore fully understood in view of
the follow ng description, draw ngs and non-limting
exanples. Brief Description of the Drawings [044] In

B st AR e DR K er KT \RloBB VA 5 megpred
witlpucoriventiorsat t bmeenq:mef arr reldcie nthedi soasing \alédtrodes)v\am directly

descr,i bed b -limting exanples only, with
conlngf;%péﬂ%eqsﬁn?g]éqwg anyi ng draw ngs, in which:

[045] Fig.1l shows a cross section through a bi osensor

I% according to the present invention, wherein a
Z{i’r narfdgafB ehawsa gaplyioh Guaregb(Ah Mg Violtpee(¥) apnpeasured

Wlt@%%gs%rgbpgfﬂgs}mfénﬁsﬁrl cal conductivity between a

gate voltage generator and a gate el ectrode of a
field effect transistor; [046] Fig.2A shows an i deal

j2val t he bi osens or
o HBESHIONb HittenoF Y RERe Ginsciou Brat B0dmEtk of the
presnsraahveraione@umpﬁdmgﬂta sluratity bf biokehdte ddlloHFNREPré&drt invention
accqr.din to t he present invention; [048] ' Fig.3A is
a"aé'géaé%arg%u ﬁ%’é‘?gﬁ‘r aph of nanoscale interdigitated
el ectrodes that can be used in one enbodi nent of the

resent invention. [049] Fig.3B shows in detail the
FQS'Ht arfdgdettinn adiicsangoepeay regerding tor Asecond smbodiment of

eGP S8 G5 o 380 o b U S 35 ekt
arranged pm asregular madiin, ivdrereihGEeh HospnsdCceell BEelsttdvallyt duneected to

th el ectrode arrangenents configured in a platform
each ar‘gé%%mant 16 WD 2007/ 084077 PCT/ SG2006/ 000013

[051] Fig. 4A shows a graph of Current (A) vs Voltage
(V) as nea ure1d th c?nventl onal bjosensors in which
the sensi ngeae 1 ed E
nmeasuring equi pnent. [052] Fig. 4B shovvs a graph of
Current (A) vs Voltage (V) as neasured with the

§¥ ens &) ciopstsretiomtheeighod biosensor cell 10 according to the present

‘invention is shown in Fig.1. The biosensor cell 10 comprises a substrate 11. The

a1 D s Ho

substrate 11 comprises a layer sequence comprising, successively, a
semiconductor layer 12, a first electrically insulating layer 13, and a second
electrically insulating layer 14. The layer sequence of the substrate 11 terminates
with a substrate surface 15 confining the second electrically insulating layer 14.
Silicon (Si) is preferably used to form the semiconductor layer 12, and to use silicon
dioxide (SiO.) as material for the first and second electrically insulating layers 13,
14. Nevertheless, any other suitable semiconductor and electrically insulating

materials, respectively, can be used for the layers 12 to 14 in the substrate 11.

[056] A field effect transistor (FET) 16 is buried in the substrate 11, in
particular in the semiconductor layer 12 and the first electrically insulating layer 13.
The FET 16 comprises source and drain regions 17, 18 arranged in the

semiconductor layer 12 and formed by suitable doping of the semiconductor layer
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[053] Fig.5 shows a biosensor array according to a
first enbodi nent of the present invention conprising
wa@2prosality of biosensor cells of the presentPCT/SG2006/000013
invention arranged in a regular matrix; [054] Fig.6
shows a biosensor array according to a second
12, &fdori Datentegism 19 ﬁ@ap@@% imthei firsleelectoaallyonpulating layar 13 above

anooiaigréllg}) Bé(tmléten blhé’ §8{1\%8 nﬁedr!ai?\ 8 OBQ el 7pr| g %SEIE 1Al e der of

each biosensor
thedirst elestrlealbctnsutaahg yaymrrfrﬁstst mlrttameédxeltweerdtrmjgate region 19

anc b SenTEor R i dan O bR Eg ot PG s praknge g the

pre!sdélet gppiiestivn, thél\sembepﬂralﬁ aRb Qatte réyidmd 12, 18D sometimes are
osensor, ceI 10 conprises a substrate 11. The

ab%ﬂﬁ%‘t?t? fdth PP“EQ%‘HF@'%@ d gatesglertradas, earpectivair i si ng,
successively, a sem conductor layer 12, a first
electrically insulating |ayer 13, and a second
{954 r i dalthe sensoorductay Inysre?2,1the region btwees dhesosece and

f b t
oaf o s 124 B, it 8% B 85 gl PRl e et 1
The sswtatandgirbmyegiché. 17, 3d ar@oeieétﬁb?aélly eorg’reefeﬂ ﬁb|dprﬂ|¢3§dndmg
to f th ndc ayer 1 and to us ilicon
soufh ATl LA O BSECUAR a1 5281 o TesEclive S§Outel s ifein_ ack
con@Li€els POaP2 YTHES6Uras idhd draireirsckldondubtbrs MOV e0tAre | P@hged in
any ot her suitable sem conductor and el ectri cal 'y

theusﬁ%m%ﬁleﬁglcaﬂmwiaémg layesstied£i @ea glsodutiiegdn dee stlbsrate 11.
Thér?i%ré AME sSurkS drfd J%E‘E%r{r{%gtu?ﬁs’sbg]i r o4 grelelxt?{‘@ﬁg hlé{.l@ll A first

ect t ransi st or urTte
eledincallyrinsyaiing tayear!3i i hergatseegloonkﬁnst eiecunaaiefr cdrme@mﬂ via a

t I
oat ABobkbiin 20°6, 5, R sbrsBLPRCYalh L ity alpfarican the
subsmaiphmﬁameMBomﬂmfme trmy gateﬁommﬂ:ﬂﬁ@@ﬁ%g%gf ggdzghl;@ gate
T MG 1 A R e
senkingtdigctfddes2a. Fpier,i £ 8bdond Stslf é1B&rddY 25 isldrramfitspaced-
and |aterally. bet ween the source and drain regions 17,

apaitand @lrcyigally insylatag femrthe firstiseasing igctiodeci4 pie #hq gubstrate
surfaBs Ull‘satl'h&%fér@}’ﬁr ab2? exiGR %t%@ﬁ%é’ﬁ@@’%%@s@@%le%ﬁ@ 24 and

region 19 and the sem conductor |ayer
the seeend seasing r%%ﬂt@ﬁeoi‘ﬁ ofhe pap @it expasgs dhe kibsiratet $ieface 15

oo 35 ASLAGRS Llyohlo. i i, Pk ARG 25, he
secendirseasingr eleciraded 2§a|seelebtecallyo densnedta‘p‘ e pveleterniifed lgate
voltlggg% b%@ergﬁ;&n(r(\:& s?wowns) capael}fe of (::lhargmg eor%g!%%t 1V&egﬂhte fI]-"]e:'T 16
with a gate voltage Vio in the range from 1V to 5V (depending on which
technology node implemented), in particular in the range from 0.6 V to 1.5V.
Further details of the first and second sensing electrodes 24, 25 are described

below.

[058] It is presently preferred to use gold (Au) as material for the first and
“second sensing electrodes 24, 25. Nevertheless, any other suitable electrically
conducting materials can be used for the first and/or second sensing electrodes 24,
25. Furthermore, an electrically conducting material can be used for the gate
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drain regions 17, 18 below the gate region 19 acts as
channel region of the FET 16. The source and drain
WO e@ros®717, 18 are electrically connected vi aPCT/SG2006/000013
corresponding source and drain connections 21, 23 to
respective source and drain track conductors 20, 22.
confeetisn @6cwhishdnaly be mifferapktocthredeletideally2@yndting enaterial used

ranged in the ,second electrical ly Lhsul ati
for 39 PGt ceBBy SEHPIE it i, TR Snd HAR track
coridigtart @0 22 tand tﬁ@ lsbaneeaa'rdi dhali corhedtiere 20re3 RAay comprise any
ext endi ng. t hrou e first ctrically ipsulatin

clefhialy o ToueHas JERtEralcuich P ang §F e BTaUP AP De eade AL
Sigh A, o83k (CONEARIH O @5 ingbiéd (W), renfiniigh b ode

ch i s arranged on t substrate surface
Therefore the gate connectl on 26 extends fromthe

t . ,
3958 | SEHD O P URHOLI 25,14 ke HEGIB o frytgnd socon
serssims elegtretiex 24,028 nixd. hdver ahesyitables sitaped Aseasiinggto the present

iV G, e ek i SBParRl §ors A elaeones 24 BN tog view are in the
sh&) L oF '@fhs24n@ Nark NErrantesit fRArRy bt faker, Mherdinetref 86@bs are

a gap 27 exists between the first sensing el ectrode 24
engaged with egelt oHtersBueh ap elgciiodeaieangsmenkis glgp kpown in the art
t h
= R SIEHge" J BT o somb RfeEact & Thuyaity o
finggs. Eaeh flsgeronﬁt@emnhg:féh@éwstcsmsms ¢lecteddec 24 jattermages with

eo SRR P o T SRR, kOIS 2808F Tl of e
cornbg¢ oF e it andtsecend 3brsing Ieiei;gedh@94i @5trhay havge Wwidtmin the

v | de
e free ety T S Aot 2 i, B TPdAL ST Hi fares rom gbout
0.5l t¥. abdudrioah. ¢aé §dpszpfmé;hﬁaf/é raswummqh 3eS %wbe from about

sensi el ectrodes 25 are described bel ow
10 jte agioege?ﬁpwn pinepatticHiar 1ig theeragee drqmALaY SfPamrarthﬁbout
15({)\!e fp.the first and second sensing el ectrodes 24, 25.
verthel ess, any other suitable electrically
conductlng naterials can be used for the first and/or

P8 @f“ Cgﬁfs{u?é? BINA 60450 28 aﬁfﬂncgaﬁg%g%géﬁgéfmo des are

y conducting nmateria
immabiizedL8n B ANBTaBd@TatePBTnIMR Gap 200 Ed8en ti'EmTet:arnd)second

26 whjc e ferent to,the electricall o
et G RUeS 2o 2Palf TcERcaY o frastyfes tolSRlgslmay be, mpdified
With €N Giid1 Breinfifib [PEES 8k exaple] e pRAICanchiviagl ahto theatkstrate

conduct ors 20 22 and the source and drain connectio

surface, 23 qnig the biscrawatiple layere Gaptwsi mylesdraspay Rg immo lised
onféS%? rshﬁetrété B RSpHIRG abluiBR Bhiing HEshistdMPattile nRéhl with

a micropipette and then drying to leave behind an immobilised film comprising the
capture molecules. Any other procedure may also be used, including any
procedure described in published literature. Briefly, in one example, a gold
substrate is immersed in 400 uL of a 1.0-uM solution of probe oligonucleotide in 1.0
M potassium phosphate buffer (pH 7.0) for a specific time period, and subsequently
rinsed with 10 mM NaCl, 5 mM TRIS, pH 7.4, (R-BFR) for 5 s; thereafter, the
substrate is immersed in 400 pL of 1.0 mM MCH solution in deionised water for 1 h
and subsequently rinsed with R-BFR for 5 s, and finally drying under a stream of
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silver (Ag), copper (Cu), chromum (Cr), tungsten (W,
and alumnium (Al). [059] Fromthe top view (as can be
wa@e@n/08407Fi g. 3B), the first and second sensi nBCT/SG2006/000013
el ectrodes 24, 25 may have any suitabl e shape.
According to the present invention, the first and
NitrQQey Adiog ﬁémﬁlj?bdlzéﬁ@'? dieetlyrantotbe substratevsustacer the substrate

surfabg mﬁ‘@é’%le‘éﬁe&‘?ﬂﬁ’ﬁs gﬁ:@ i€ &b Rt oqlftloﬁ]g(g%%&g{% ic acid /

ot her,” wherein s ar'e engage
09@B@Wxﬁh)electrode arrangenent is also known in the art

as interdigitated el ectrodes. In particular, the conbs

conprise each a plurality of fingers. Each finger of

tﬂﬁd] co n‘dt nfayt be a‘dwa&lhgsm t prefi@s tar bidecodthablee bidirRSlayer
conb of the second sensi

(notl$Higin) §5. 8%, Gab B2 eweon Ik it Ao gecarspaneutd eleeipdas g4, 25
for @hﬁaﬁ@ﬁ@n%rﬁﬁtﬂﬁiﬂi@nebﬁ%éoéﬁﬁu@ DNAR ﬁﬁéhogaﬁg %l%r‘f“é‘ bio-

in the range fromabout 0.1 umto about
COWWIPP&AMM ayer ifreproxiqgd in thﬂm@mam the@aatqwrﬁNA atnamds 28 are

R e

layarange from about 30 nmto about 150 nm [060] Capture
DNA strands 28 acting as capture nolecules are
i mobi |1 zed on the substrate surface 15 in the gap 27

[082heen Acserding 36 tﬁéderﬁﬁwﬁféntSﬁntﬁbnﬁrébﬁﬁrfv%ﬂﬁ& Zhown in
essaréS t he capture nol ecul es ma

Fig. ﬁoéﬁm%@ Avistrengs 129 aeting agriprast grelgpules careebogbmdizgd toothe
capﬁ?@ﬂhﬂ@smoi@ﬂﬁ aﬂEFlest E%aﬁ' WP @ %quee (I:Zﬁ]ll‘,& Eﬁgﬁds gé h88 & %First

the bi oconpati bl e |ayer. pture
end; ¢fniyta lende dybedized tthea mpmwn@wa@twppmwg stramd @28i and a

h
secd R4 e 06, HGEQIRLL & R ol e porice 0.
Theieioneb the dedrlballymamﬂupnvespmgclbfm lS@ﬁgth ba tll‘iﬁglaﬁ @i7e Accordmg
i nc
to tfe e BT B THe oPBisst B ARSHFISFS e, PlasBncasr Enpst DNA

stramds wby el!éammhﬁng Wheled theSPEF 163§ th 41§ oh SHRE DEh 4 off¥ate. In
0- pM sol utjon of probe oligonucleotide in

partRligt, M"pfotfa% glecsialipiasuatier gap 2pipetwepnibe first sensing
elecﬁ@@@l.’iﬂ §nd it s@@éh@@enﬁ@é’ e?étQR_ BLI?)M% %rldgéd”%?adaﬂ" &8t any

COHQL%%Y%M'@*% the ﬁséatesmlﬂsq FE&T el§ § ¢haneed &y dharglog the gaik region
er

19 o e ERTee 1) L Bl R5R B I PR br M pteljenffipa gate

voltagey gageratateThe stectivallpfcontifctiV@ PARIIO B0 Fdpresents such an

o RO ot b S b BB b0
hybridized to the capture DNA strand 28, the electrically conductive particle 30
connected to the target DNA strand 29 considerably increases electrical
conductivity between the first sensing electrode 24 and the second sensing
electrode 25, thereby enabling an electrical current flowing between the
predetermined gate voltage generator and the gate region 19 due to the applied
gate voltage Vio. Therefore, the detection of the state of the FET 16 directly yields
information on the presence of target DNA strands 29.
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surface may be cleaned with strong acid, e.g. piranha

solution (70% sulfuric acid / 30% peroxide). [061] It
worey7bgtoatlvant ageous to provide a bio-conpati bPET/SG2006/000013

bi nding [ayer (not shown) in the gap 27 between the

first and second sensing el ectrodes 24, 25 for

[068RNCi Agcwrdmmq opat presedlly Preferestampodimant of fhaspresent

mvepﬁor{ G%olg (pA%%%éﬁ %&% {?Fée%efw |Hgtﬂggﬁ%eh&rpéé’vélé’&ﬁcally

conduwtivdiplartivtel 80, Al asa bttacraetcbtosmef tacget IBolenuletieEgeip op these

ti.bl bi 0
goldy GapHREdES Fa e drmeles B GhBHE i, feoatRubIE8]ih."he
nangrbeg“uéles tra&g G&edﬂ%éﬂoﬁhﬁ%n&&u@qnlmmlﬂcﬂf getmore prac’ncally
| ecul es are hybridized to th ture DNA str

Spewg,orit ahas y& sfandgefy oflistriuitedr ap- ISPPARIS cg@pﬁggon
Alteﬂlafu{/él?t t%&e&fn W cgﬂ %tn/)ébrpbﬁlc?’é?sd 300 ey Heves Boedicighell

second end of the two
struetunsmmrmnbmeedoneo:ompraee@oid @) Inanepatiglesiopyeiedr With: p silver

rnefo the electrically conductive particle
(AQWQ"%JE‘?‘{%%“F%[& on the gap 27. According to the present

i nvention, the biosensor cell 10 detects the presence

Bl - o e o0 3 e B BERERG 40 be

Iargglalrhtah G Width %F' the ddp béteh @6d sbisind Blethicddsaéo thart grpsehising
etween the first sensing electrode 24 and the sScond

elecyreries e shisenatisaby bedged BRSel fingling acqfs cHaweyere Andgr actual
curc@r%ggﬁgr 3 nrgr%& H‘?&eal EWbétﬁ%rs@lb%f td ?ﬁaﬁg &ﬁa'@rg‘éﬂ?&ﬂﬁ&g with

e reg FET 16™with t
the darget \odleagde. wsuuy aasasxstr@f dlamatgr ofi éhe refratiicplly aFtO@dUCtWG

partﬁgel tage enerlr’;\g ?%%rbﬁ] ch@ hof athg a%%péc%(rarga%by or detection to

occﬁfm%lgégg%shﬁaﬁ ggve tan bétgmgmemd:ler enlargedt ay tjademmltlon of a

stran [ ridize 0 the ca and 2

melphievetcer RN Safudie 8 natar Pl Setb ey Sable

sizel B,e cétﬁ’d&ﬁht;pwf\l&\t s 49 shen Jirderipg! of the Cgeﬂsmgselectrodes as
el ectrical " conductivity between the first s

desefieast ab@\ee (aeeaBrauniet e cHRER)s ARITHEPM SheBINdol %gtrOdeS by
enlei Hf?\b B{’ 'tﬁbgggr‘ﬁcl%gqm %gﬁ%e%&ﬂo@ﬁbnfdfoé/\#rf&am@?é!ve@\vmch

pre termn gate voltage generator and the gate
suffeesginore dsk dilgeneatingefaigspsigeal), thaelectrofiesgen wis, be shorted by

g Bt SFRIR sl fitbdng b be ERgLe
DNA strands 29. 20 WO 2007/ 084077 PCT/ S&006/ 000013
[065] The electrically conductive particle may have a homogeneous
structure in such a case, i.e. the composition of the particle is uniform throughout.
-In such cases, the particles may comprise a core-shell structure, wherein the core
comprises the electrically conductive particle which is attached to the target

molecule, while the shell comprises the deposited metal layer.
[066] The detection of the presence of target DNA strands 29 in the

biosensor cell 10 is preferably based on a change in conductivity of the gap 27, but
not on a change in capacitance of the gap 27.
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[063] According to one presently preferred enbodi ment

of the present invention, gold (Au) nanoparticles are
w@e@3osto7T n t he bi osensor as electrically conPUBGUO6/000013

particles 30, and are attached to the target

nol ecul es Each of these gold nanoparticles has a

d08fket er Fthesnibis paintedraut thaf o matatls usedrfoe the biosensor cell

10 BA8 YRaLhited S5ovEBhdIdRAl leyurg% %@5@%%2@'&#@% ’onlim?r materigls which

composition or nore pract it
correspaodria the l’saterlblstmelntlmnd taboug ear bedised iplies iadner. Likewise,

otn bR VLot M SHETEh Sablik SRORLFENS B Ei Hiss daroet
moteonhslthals tige luded Abiged DNR BtahEs &9, Q:@HQfeedsé\d Withut departing
old (Au) shell.. [064] ldeally, the

frorﬂltl&?rﬁ?@fe Cg’%%P?ﬂ%m '@MP'Ptip”conduct ive particles shoul d
be larger than the width of the gap between the :
sensi ng el ectrodes so that the sensing electrodes are
A& nat u‘?s'hldeﬁl BauiNglet oireit for thi hipsensarrcell tdoaenceding to the

reb S LI HTEREDE g o T, PR o Bl v i

pure msg;mtomﬁ]henuthe gdte dialedtric kses reptrb@erds angipRkitef hdvity a gate
may. be snal | er than

|1 d t
CaRBHETE AR JfUrHRE. S TSk Pe6PHG: ST BinOgEieEERdam 2o 25 are

considertid totl’fa@enﬂfrbbiéfa@}%en'ﬂb(em INEght &%amrtﬁg% E’ﬁarged by the
enl arged by the deposition of "a netal g

gatg vpiiage Yo o (the rasiftenaenBaopelrthe cleatrieally h:ondmtnvet bartlcle 30. In
thlsrd%\%S hgs Ioﬂgséé' 6@@5@&@?5}?%&%&9@ Eﬁrttfcié'e%(%/ \A%leg}'hiﬁ\sé%rgfs and

n short Circuiting o e Sensi
Secqv@%@nenged elpolvadess24, Bbathe gateawolta@uVﬁga)appIMatd tfieg @8tond

sonS AR R T, LA A ol 8 Bt e

FE'I( thdrbe tunrﬁédaons nmore risk of generating false signal),
the el ectrodes can also be shorted by increasing the
concentration of target nolecules in a sanple to be

[069] ed. A QeeiicallkqurbRret Eiréu fthh‘éQﬂ&ééh‘sbN@elPﬁf ééc,fdr&na%f the

have. a hono eneous_ structure In such a case,

Pfe%%’é"ﬁ’&ﬁﬁ% St $hewvoin Fige2B dptadgitionite theidest ﬁqwna!eu@amwt the
pradtiﬁaﬁét?.]"vé}éﬁ%cuﬁ REmPRALES 5l Bte F@sYsth?égjlﬁ cﬁ»nﬂe&%ﬁqn AR to

structure, wherein he core conprises
the griec capacitenge Consineei sampanlyi bk egaibididiedtsic dayexdb et teopure

ele&eposﬁ"%&%() [% ‘ﬁﬁgylg?kzg%ggrg?ﬁe%gzgtirggﬁg [ S?q hc&e éctric to

groqmdesia npaticdlat, aif gd Dl‘dﬁopan‘tlamdSar%Q used tdse elel@trtb‘aﬂﬁsd@fnductlve
partfie e t0F « fPGeT rRSstanES 2R fhe oo T8 G Belarydn iaf . in
Mlcroaleaﬂbﬁla@‘ignﬁéerhﬁ? V@RY 3274, ppl 887 to 892 from 2004) and the gate
resistance Ryg is about 10" Q. The latter value directly results from Table 51a in
ITRS 2001 (International Technology Roadmap for Semiconductors 2001 Edition)
and is about 10 times higher than that between the first and second sensing
electrodes 24, 25 shorted by one gold nanoparticle. The majority of the gate
voltage Vi will still be applied by the predetermined gate voltage generator as FET
turn-on voltage V,, to the gate region 19 causing the FET 16 to turn on. Thus, the
present invention significantly simplifies the amplifying circuit and improves the
sensitivity and signal-to-noise ratio of the device.
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WO 2007/ 084077 PCT/ S&G2006/ 000013 [067] Further, it is

poi nted out that the materials used for the biosensor
wa@eiol/0807and descri bed above shall not be undeP&r/s6zZH06800013

limting, other materials which correspond to the

mat eri al s nmenti oned above can be used in |ike manner.

Li kewi se, other capture nol ecul es than the used

go78e = bR, 8, 4 el OB oI EHM i

nuraberi dl tof depad lelemglcaﬂy conduotive qaapt&:leé 30 hecgysapefir detectlon to

8 I [ it f th
ocal v EMerRBu dAstiiming e, BRRIicEM opnitive earbiclet doosia goR (Au)
nanospasth:dnmha\mg:ageélétanl@é @f igdegQIN fite. tQtDeGQa;%é% rFHn%FQﬁf{cfé) CFor a

e gate ectric

sulator, Then, th
0.15 ERodS g TR 2001 Biylavethe Chivindbe folwing table 1
capaci tance C19. Further, the first and second sensing
el ectrodes 24, 25 are conS|dered to have no
resi stance. Then, the gateTablpdci tance C19 is charged

by the gate voltage ygw%qrﬁﬁﬁiprggglrstanc R30 0 O‘tlvgg
¢TRSI0043b 118 @ﬂea@f P [
flong as one electrrcally cqnq;p)tlve pqxrtl cl e(l_gcpp

Zgﬁrhi?é‘g‘ﬁr %I rst and second sensing efectrodes 24,
i3 ea539%:age| V19 lied to the secon
%@ﬂﬁérﬁ@eﬁ{mggé))e 25 Wi | | PRENDI et elly appl'iPEWTo t he

gate le on—19—sothat—the—FEF—16—wi+—beturnred—oh:
pesgNed Vior:act i cal edui val ent1e§i rcuit for the }t:lvosensor
] to the reSent invention isVshown

] J%’ﬂ;@%%aggg tilonto the ideal euivalent

applad Vi: t he practilcal equivalent cifcuit conprises a

@ e resi stance R19 [connect®8V n parallel tol.2Ve gate
iS e C19 sinde conmonly the gate dielectric

| ayer is not a pure electrical insulator, i.e. tiny

| eakage currents occur through gate dlelectrlc to

W7ddnd. Fon desivinpcthedimit of dgisictiomafthait is assumert thatitkel gate

SIS Sl O A BB LA b A S

PA nespecively and the gategiesistaniceR 1o \éah. ber/gatidredfrom & above table

1 R Oy B PGB P ond B9, T SoUi 1< 1 rom Tabl e

5la in | TRS Rglod £ntey Rad panab xIPhmol ogy Roadnap (1)
for Sem conducjors ZOOJ\éggltl on) ~and is about 10
times hi gher tHaasPhat RET© t"h@ofﬂst and second  (2)
sensing electrodes 24, 25 shorted by one gold
l& nopartl cle. The mpjority of the gate voltage V19
(el st Furthee Wit I resRpahytor the praﬂﬁealeeqwnelenga:treunt shown in
I FET f
Fig.2B) 4% FEICAFHhHrCloifRye g'h Héé)?—: an\%’e% %’g‘%ﬁm&ﬁ ﬁﬁtsFo(ﬁowmg

gate region 19 causing f

equatm (3):

Von = Vig X Rig/ (Rag + Ryg). (3)

[073] Since the FET 16 is turned on if the FET turn-on voltage V., is at
least 1V (compare table 1), equation (3) can be transformed into the following
equations (4) and (5):

1.5 Rig (Lory =Ra0 + Reg Lop), (4)
1.2 R1g LstP) =R30 + Rig (LsTR)- (5)
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present invention significantly sinplifies the

anplifying circuit and inproves the sensitivity and
W@ @nas4rd- noi se ratio of the device. 22 WO 20RCT/882007W00013

PCT/ SG2006/ 000013 [070] In the following, the Iimt

of detection (LOD), i.e. the m nimum nunber, N, of

bound el ectrically conductive particles 30 necessary

dete t S S

LLAE: CAl [1fthel Doaticiation of HdeBen 20 "R {54 fiers the

fO"@i‘ﬂ'ﬁ@@ﬂﬂﬁtl@iae@)ﬁadl(?i)g a reS| stance of 90 GO'N (i.e.

3 he I TRS
S(C))Orl)e;)rovF{ art% fo_ %g&/érg Wlnl de%ﬁjl e 1: Table (6
1. 1TRS zmiisfp@-zﬁxmaﬁ@deﬁao mmsrxaio1ﬁgz/rﬁ’.omer Low  (7)

Stand-By Power |IT (LOP) (LSTP) Gate dielectric
| eakage: 100 pApm 1 pA/pm (current per thickness)

1903755]”6(1 liﬂ(@éﬁm VedoatiohFE ﬁMbnéglﬁ‘?tib‘ﬁl @Peémf‘f’&igdaﬁgnv&% into

5V1.2V (gate voltage For ‘deriv
equiaiien (Drnewsieliwersdbe fiait qf@gteqtlon |L§)Eh8@u timjmirhmum menber N of
qoldRefopattcler ncessal o Bt AoBlind bR Pldijab Bhluiars
andA{Qy the gat e reS| stance R19 Cﬁn ]?e ?at hereg f;;)lmotnge
t o).| owi n u
(D) and (2): F30EepAD ol maorligsi- 2 & 100 0. (1) @)
RL9 (LSTP) = 110022 Gold nandBdricRs. (2) [072] )

Further, with respect to the practical equivalent
circuit shown in Fig.2B, the FET turn-on voltage Von

gg"ﬁ]be dfie AR (ﬁ%@écgi'oﬂ%ﬁéh UBRg 210t Wher&HiAh RY power
LODqory and having 200 gold nanoparticles corresponds to a sensitivity of about
10" M, whereas the limit of detection when using low stand-by power regime
LOD.str) of 2 gold nanoparticles corresponds to a sensitivity of about 102 M.

[077] In an attempt to compare the differences between a measurement
that is made with conventional biosensor and the biosensor of the invention, a
comparative experiment was carried out. The experimental results are shown
below in Fig. 4A and 4B, respectively. In the conventional biosensor, the Au
particle of 100 um and electrode with gap of about 90 nm (Fig. 3A) was used in this
experiment. When only a few Au particles were present to electrically short the 1st
sensing and 2nd sensing electrode, the measured resistance between electrodes is
observed to be very high (~10"'Q, derived by leakage current of 10""'A at 1V). Fig.
4A shows a graph depicting the value of signals measured using conventional
methods. When using conventional methods to measure detectable electrical
properties, the signal is sufficiently weak so that no significant difference was seen
at 1 V as compared to measurement results from electrodes without Au particles,
only 2 order of magnitude seen at 3V (Fig. 4A). |

[078] However, when using the present invention, a difference of about 9
orders of magnitude was seen at <1V (Fig. 4B). This result shows that the
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Von = V19 x R19 / (R30 + R19). (3) [073] Since the
FET 16 is turned on if the FET turn-on voltage Von is
wa@eoo7iogmst 1 V (conpare table 1), equation (3)PCHRGH®6/000013
transfornmed into the following equations (4) and (5):
1.5 R19 (LOP) ~tR30 + R19 (LOP), (4) 1.2 R19 (LSTP)
inventionthBCthe aRlidy {d_SateEt stal numbetaohAR PACEIRSshorting electrode

provg%f ?%ﬁg@lt %%8%}1?3 et({gg) IZ@ iatl'é& { %fset @PS&% Bt 98 Qfns on
where§ WQBDDNA(siiI)gﬁmSQ i6 T\)/bndRi&i (d_@a:pt’aﬁe BNijrandZZ&athhe FET
X 6 Ri LSTP) >5 R30 = 5
turn—g@va(ageﬁ/mgs teaghe 05??( G)d@?l g[ (()75] ?nseri(l ng equat iXon
(1) into equation (6), and equation (2) into equation

now delivers the | t of detect L [
(6791 murivaiBEIo SelermingoKRe el sl BTG aE e FE T o

real gﬁhglcé g qﬁl&%ﬁ@gﬂ'c@ﬂ%@ bgn‘églfd%) BV Talfd bﬁﬁic%é%)sdd@lo e.g.,

nanoparticl es
nnapm@a(atsTmamgrcgmlssl especjzdy twhenesptiniiging protospl, Eheell withtnon-

t
compen oy A e b 15GbiEed A, eteibs (BI which s
subjémcﬁrtb %mptﬁéaﬁmelhts @ BRIRShEGIVEdIE. Ab ta.tgeuomwzmon\mybnduze with
o e L te St el e TS0 Sl Rbae
shorﬁﬁ’d WAPONFSFIED iR tRERStblehié 0¥l Sho@B B alhdy2 Tn M [iatds. This

N an attenpt to conpare the differences between a
feature amsuresethat thehwholeraeess, aEpecialtndiean PEIRESS [t y8ERIDFIEPS

h
oo o . JRERERh RogblB B0 bR oty IR o
signalrcanfilnoation/dratonbidshobiing. 4A and 4B, respectively. In
t he conventional biosensor, the Au particle of 100 um
and el ectrode with gap of about 90 nm (Fig. 3A) was

[086T i NAltbp VievesPabicERtor ey 100 aycerdingvioAufirstetribodesent

we ot | ect [ h
of tr@nérigﬁrg;eéggfy%&s:q@&r{ ll(gc t%/ h'&q,réltggtﬁrpsgﬁlqsht@% i(ffgﬁerg%nses a
plur%q); Ve 8bsd H@Q&ﬁ)édsblogé}%ﬁ’\t%ﬂs 110 Heanvgdyinha §Bgular matrix.

10, derived by | eakage current of 10-11A at

Corrmogents4wh ish dayeaaltpesly rbezp@pqi%qqnh@d 1aheve Arg depotad B%/r)glrg with
idenfBASHES Endts sihsC YUY &Yt @¥dlibed again. Please note that for clarity

reasons in Fig.5 only one biosensor cell 10 is denoted with a circle having a broken

line, and with a corresponding reference sign.

[081] The biosensor array 100 according to the first embodiment of the
present invention comprises a regular arrangement of 16 biosensor cells 10 of the
present invention in a 4 x 4 matrix, i.e. in a matrix having four rows and four
columns. It is pointed out here that the matrix does not need to be a regular matrix.
Further, the matrix may comprise any number of rows and columns, and shall not
be limited to a 4 x 4 matrix.

[082] The rows of the matrix are represented by word lines 101 and the
columns of the matrix are represented by bit lines 102. Each word line 101 is
electrically connected, on the one hand, to one of a plurality of predetermined gate
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met hods. Wien using conventional nethods to nmeasure
detectabl e electrical properties, the signal is
waedoziogioent | y weak so that no significant diffRCERGH06/000013
was seen at 1 V as conpared to neasurenent results
fromel ectrodes wthout Au particles, only 2 order of
voliagergensiaiore 43 andaen (e gthed Rand[ tnm]e $4vned aensmeﬂectrodes

zs%ﬂﬂégbubé d%fr%éﬁé‘ﬁo'b%% PR th8 Bhfd x"%wOf AR AMin2 102 is
gnlcr 19040, 08 selrie a0, BrCh A g

ders o t ude wa
eleﬁté@alﬂx C@mmect hmt thehene BanMOZd}CB?bDBWrEhty of detection voltage

oo B BRE TR P s L1 b B8 5 ) e Sesin 17
of thprmsdwoem@fmmnsar tels! 1 b@aﬁlguhg %tﬁié S8Hé iAriX eblaﬁm The
The 6 turns on whe rget DNA strand
souLsge i r§gWBr g Felha FEI s é{Et af @“DRIQSQWC&n@e@B 18ndre Ietectrically
corfniadted! t4" groad VOliRPEp&a Wﬂor‘l Si’g Fa‘f'g&hﬁlqﬁgﬁrtra%g %dgt% h)Ib?a&Ld at

In order to determ ne occurring-a

any plethperpiuse DN/ strardg 28, thadlETod 6 af thad lsaspectg:edmsmlssedell 10
/ articles due.t

> RIS SKO87 pRend by GoRC il T4 ol 8 emitoo by e

cormpondmg r@egetetninet, gate cwlitagei géhendtor 108NAFRIFANER Word line

[
106 Phierars! &, g felplE |VolPds SR Sioheans] il ofmplfer 104
cormbbﬁdlné\i’m ty aRbebiNG Nibééns%?bemlbrdhgfg?e% tWIst FET 16 thrgugh the
-co | ement ary calp ure DNA and fi nal be
J esa‘%&ive ling dORr e detaiglion iveliage Igenerterr and:stgnah amphfler 104

detéQE HMERFR-oh Wthte I Wb ¢Eﬁe1 %W@aﬂsrbf a%érres}%ﬁgﬁgﬁl il Aue to

feature ensures that Focess
an cerasegrayierest flaw hased cars thet ecpmectim ko graaxde ahdeo taenplifp this

corr%%p&%h% @BQP Bi o-sensor array only need one

eren signal confirmation/or troubl eshooti ng.
[080] A top view of a b| osensor array 100 according to

hown
rst gsng%ﬁjatae d’:}re chr lggteeérnvenf;érgntgé ?NO?d ﬁnes 101
by méameabf the RETS 1@ tﬁ@%r@sg-@émf |’5§l@kl‘%\ﬁt§ B8RPt k%ﬁt]&osensor

arr.anged |naregular matri x. Conponents whic
arrays s SHGCeRsEHlY Ruersampe dn A biosaneordariait 400 iascetdingata the first

emBbIRABHCE thé %fré‘sré?ﬁ‘?rﬁ/eﬁg SMOIQB%P‘Pﬁe g ﬁfs' (ﬁeﬁl @Qr’me]% 102 can

Pl ease note arit réason
simglianegusly grie\ide ddprmaionien mdrvﬂiuadnl bwselmsai oells GDG cba'espstgwdmg

o 5306 e 1 L SR80 G5 By

simplifiesthe atidréssing ciradit.t he present inventi on conprises a
regul ar arrangenent of 16 bi osensor cells 10 of the

[084] The first and second sensing electrodes 24, 25 of the biosensor cell
10 according to the present invention as used in the biosensor array 100 according
to the first embodiment of the present invention are shown in detail in Fig.3B. As
already described above, the first and second sensing electrodes 24, 25 can be
shaped as combs which face each other. Therefore, the first sensing electrode 24
comprises a plurality of first sensing electrode fingers 241 and the second sensing
electrode 25 comprises a plurality of second sensing electrode fingers 251. The
first and second sensing electrode fingers 241, 251 engage with each other. In
other words, the first sensing electrode fingers 241 and the second sensing
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present inventionin a4 x 4 matrix, i.e. in a mtrix
having four rows and four colums. It is pointed out
wegog/08402t the matri x does not need to be a repCl/862006/000013
natrix Further, the matrix may conprise any nunber

rows and colums, and shall not be limted to a 4
eleCtrode fiagers:25 1| @rnatetvith eaeh ether inea wireeiion fipm top to bottom of

R i

is atrangedl @1secondesarsing e@lctrgdedm\gecﬂédl amxh viceevaeraa. Daadio the

on Luralit det erni ne t
combi8 nilyrd B BissibeRssBhT SenshP i BB & 23, R gep 27
meadtigrs Istwibe ted BRermbang first anthecbae caesiAg SédMdde fingers 241,
el ectrodes 25 of the biosensor cells 10 belonging to

251t he same matrix row. Each bit line 102 is
el ectrically connected, on the one hand, to one of a
plurality of detection voltage generators and signal
[88B] i f i Bitheridiernatye embedimentshbavingadirst and Aesepoadrsensing

elec rS?é %ﬂs 3% f tﬂ{a bﬁ&%ngngéelﬂ% %f L'LJ[E% iP\' tﬂé%gé)éns% a rgy ]1%0 are
showr dalall ]18 Fng 3Ci’ahd:Ei‘§;s 306 Tok fabi sdrisireeaiscirode B4 szoﬁmmses a

platfRis, Gt RN 16 penagt: SPRAS elegiade 2 & a RS drogazfross-
sectnl AbwitBRerf aldhytRe RbAzsHtalan’SactSss tesiidure, il Ba®belsen that

respective biosensor cell 10 is turned on by neans of

the éegq:r.xbm@nﬂq\ga.e&eowmé 3% gerampriss  anidielegiripyp 51 and an

clecffRalh PERRLAG pBABHR BY REétrifich R AATHE BFEHOBorkE 51

electticalby insvitates Ithe gleoyrnadly aooducting porinal 52 fioi mearﬁrsi(sensing
0 .

elecfiiid 3P 9, thd BEcdoRTRg: §eBhaEe 38 Royiisps Ayaiiy of

fmge‘r§256]t¢dmnéitrgdcbemanobt fige @nmt cﬂtﬁg)rr?e:lndes :Cfgna_hd 'a: EsTecond
i er he turn-on ate o S .

conriighing Mg 29. 18 TG BB b er sk Gigetads 34 fomphises 2

pluréliwa bﬁﬂﬁ@é?scﬂﬁf aeaigdd Ve hasedieAng ICBAFIGABIGE bh! Qﬁe tﬁ@st sensing

round, _and to anplify th| s corresponding sig

elecfrods 4 aEig: RE BNGWS PrRsinales 'é[P@U'ér SERHPd By ad e hinwhich
the §éc%mdtsﬁﬁsmg re‘?eétﬂo@@%%p ?1%%11%; of fifyr: §76 chbfnedtBE to a

cross-tal i ssue known he prior art bi osensor
fingeirqoapectos 6€uthe Sisst @Bnyrngmqtmd@ 34115trmi dontigened as apiadiprm

but %Ogrréﬁ‘?é:e% %%geﬁtotot 'ﬂ% %h&dﬂd tsgﬁ]%i § ng é{hsnnwaﬁ§eg'§m a

nvent reov e ouft'puts
crossaercticnainwiewndb icahy bpr seerdethainftios neecond sensimglieleciromle 35

bi.osens s 100 orre ndj .n | e. square , .
comRiRs & Eiplana periapior f 800 Eir R adnatTdhield Bericirg iand i
arrasgainshicls At the dielectric portion 51 electrically insulates the electrically
conducting portion 52 from the first sensing electrode 34.

[086] A top view onto a biosensor array 200 according fo a second
embodiment of the present invention is shown in Fig.6. The biosensor array 200
according to the second embodiment of the present invention differs from the
biosensor array 100 according to the first embodiment of the present invention in
that each of the biosensor cells 10 further comprises a diode 201 as a non-linear
component. In each of the biosensor cells 10, the diode 201 electrically connects
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sinplifies the addressing circuit. [084] The first and
second sensing el ectrodes 24, 25 of the biosensor cell
waoaogrdi ng to the present invention as usedPCTSGH®6/000013
bi osensor array 100 according to the first enbodi nent
of the present invention are shown in detail in
the peepreissensing alectrady 28cartrt theedorsgsppadinghworfd ling 18hduch that

BB e B35 Sy 5y 39 REREBAP10 o

respeetied ﬁﬁTe«lleem ogtainfzv,‘bpostmﬂiréstkm. ghpLeioréL itheyg@tb daipasitor can
sensi ng, el.ectrode fingers 241 and t he secgnd sensi

ve SRl ue B8 cairspeullS,Sistgaiiy GRS SolRce cEerdlgr 108

throﬁ%;}ecﬂwéod\ﬁ)rcﬁ! LT F0125hon-kGar cofiponaid ZBacend e Séi8atrically
el ectrode fingers 241, 251 engage with each other. In

condiidiup RAseIe. 34 kenneated 18 dhe AResI VA releands 29k Wihenothe gate

; n [ 7
a0y S SRAEFALReDT Y g PRI, 4 1 fumed on, The charge
timeviakén tcaniake R8T transisiotion scdépmndénioon thepcandubibditydetwéen 1st
t he ,draw.n lane, in Fi q,3B ..e.. adjacen first
and ¢ 2 RS e Bt bt o i norRRLEE i og' Fftount. of
hybiidigdtion 2966isnITIRrefors, otdee farmaait 8bhyhfidizdtioe &@hta.can be
Due,\:?&,the cqonb-1li ke structure of the first and
quanifialivey e¥Ratag baped PP saeWetine.o5  the gap 27 rmeanders
between the alternating first and second sensing
el ectrode fingers 241, 251. [085] Qther alternative
[988bdi mimteontrast g e ibiesensad arrayeciifd aseardingy to the first
(@) 8
emiBgfortc8 Tuple Saule e JufaRAE aBfikda B wa3 iles Ty for
chargitg) Rylyridiadd bibsendorr cdllssthsAs dhe Iresistance batwesnmihe fiest and

a | at.f or n [ e ,secaond sensing el ectrpde 3 .
seofhd SpRlingLab Rt 55 PBCIHERNDy SRV | IR & eticaRy Gonfyctve
particlee3d)ais welntglthd hate cpasitsr CHean B pRdetdrmiridd, g a@eant of

E}c;)at_ t.he s_eé_o,nd ensi ng el ectrode 35 conprjses a
hybridizationtipian ipgividughbiggensal cefl 10.5a-b¢ eelimpipd -y eggsying the
Ievepgi; tHeOdurieht ﬂ@}ﬂ/ﬂ'ld %_r&lq}fﬂyg%r%éﬁbndiﬁgtbittlm 13295§‘étf|ﬁh§tion of

tion 51 electrica i nsul ates the electrical
numbeh @fi Puiseg (pavivalent &2 chargs ime) while tappliing e multiple square

Wavglosﬁ)‘?\tafﬁé’ftégfﬁe dopreg"?%?q“?@vog ﬁqes%:pnd sensi ng el ectrode

conprises a plu 0 i ngers 56 connect ed
between a first connecting nenber 57 and a second

ecti e An.Fig. 3D _th ec .sensin

(PR T o B SETCRR praiary oyl vl o5 SGpd ARV BS ROIB, etc,
in biaséssogedll 10 ofl tiveepredent ingertionfdagieafabsicated usling driyr @bduction

sensi ng el ?c rode . 34. Fig., 3E shows a comBI ex, i
Progepses, GPRMANN e KROWR &N SERYGHFHSIOr BOGESSig: & particllar in CMOS
processing. The comb-shaped first and second sensing electrodes 24, 25 can be
fabricated by 1) deep ultraviolet lithography patterning of a substrate, 2) sputtering
a thin gold film onto the patterned substrate, and 3) lift-off the sputtered thin gold
film from the patterned substrate. Each a comb-shaped first sensing electrode 24

and a comb-shaped second sensing electrode 25 form a sensing electrode pair.

[089] After ‘producing a plurality of sensing electrode pairs, wherein each
sensing electrode pair is provided for a single biosensor cell 10 of the present
invention, the biosensor cells 10 have to be tested with respect to possible
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t he second sensing electrode 35 conprises a plurality
of fingers 76 connected to a finger connector 67. The

wo 2e038®ensi ng el ectrode 34 i s not configured BSI/&8G2006/000013
platform but is arranged adjacent to the second

ensing electrode 35. Simlarly, froma _
ShoE*FB@sb'g\é{%?“ bieafirst pensing elestinde) 84 eadrihe Isaconcheensingealgctrode

25 8?@% e RlcB G %@Hﬁné%le&con d{)jéifSTﬁ\s d(b?ﬂ[ &F {f{%gloggﬁ%d ogells 10

1 and an electric i ng por
feS\élF»"r &hg@l@roya@ thiegesmsor Icellsal aed sntnefusepoblbsetm;oﬁ kells, wherein the

ioRh6E CEAEHY ISl 3 855 BRI SPleh, SCRESL e s
sensmgchaotnoelw Xndrad thelfingeansithe 3eEad SEHSIRESIBEEHOIDI2S thsiiie of a
secon he present invention is shown

sensing e egct%)e e-r;%zgr ntglé(g L’@: ylglpr\g%,ofzmpro% gpggrﬁfg)rtq@l@ fire percent
incregssyitle RehIRY Widh dfhfe @égsﬂn betw ‘ﬁ”thb cfﬁ‘st?%érfsﬁ{gsel?ctrode

fromthe biosensor array accor to
24 anfhdhs FEEANCHBERSiRY @i@@ér@de 45 wdareas then petdeatagea?fhobfefused

bioseRSoddhs QQ%Hcr&?s'eE%c&Qrd rﬁ ttor{ﬁé f&@“ﬁ{do%?f% ign gl] de 201

as a non-linear sensor
cells 10, the dlode 201 el ectrically connects 27 WO

2007/ 084077 PCT/ S&Q0 /Ofl))@;l t he second sensing 10
el ectrode 25 and t he 'eor Pe<boMei ng word Iine 101 such )
that current can flow fromthe correspondi ng vvordFET
01 to the gate region 19 of the respective
The 8%& %prhe%gwgnw ¢hllsdatneseent Hepesads oo, thehwidmokthe

fmg@r@,@lﬂ' b91 irfédth %sﬁ@ﬁ{l@&%c@’ dine correspondi ng

predet erm ned gat e t age enerator 103 through the
vvord line 101, non-linear conponent 201 and the

i 1.0 C| dtg th
P90Fet ' R £roB88° 461 ' (ituPBlhs, fuBnoRRELINET wih ' cHbture
molmsgm be found-in pyblished Fﬁl:'e'Falur@,rfsr %Féégfll_p{& |Harlb@% taur(g@i@nce
t ransi st or
VoL, AL GERIAR, oDATF AR oA, AT hGRE SLomip e
blosemmeg tHeelsibsarbes ceNViY fldt pAimed by |h1h%tﬁl%ﬁgscz%thfé Fn'&?ecules
bridi zati on events. Therefore, the anpunt
in thgfgqqihﬁtwagaq Q{q ﬁrﬁt ang meﬁswﬁ\d@@nsmaﬁ@wmv@hg biosensor cell
is thest bisabR inie cOftRR vﬁhﬁw@arﬁbl@% [)Q%Z(lanLﬁbdf:O&E A3Bly ' liquid

the bi osensor array 0 according t
mediipm o3HGhe 76, a8 ﬁiﬂCtrPIMQe %qnmt@dv\@v@ostagnaa taareti sucleic acid

, bridize
soahel Se 04 G4 L7 b ol o AU AN b
to thg pgptuqunols@demdl & eatsa rtgnmlemitweodeb\nzmel aﬁa?l’m’fg)rpbﬁﬂ dli?/the

al | nd ive article as we
doutf's ka0 RBd mBbube. B8° e, kéte ik dbermeni conigins a
pIurajit;oufnnhucﬂ)élc acids to be detected, the conditions are chosen such that these
can bind here in each case at the same time or successively to their corresponding

capture molecule in order to form the double-stranded hybrid molecules.

[091] If the target nucleic acid sequence is present in the sémple,
hybridization with the capture molecule occurs. After non-hybridized nucleic acid
molecules are removed from the reaction space by means of a suitable washing
step, electrical detection can be carried out. (as electrolyte is conductive, it should
be washed away before detection) As mentioned earlier, hybridization results in the
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hybri di zati on in an individual biosensor cell 10 can
be estimted by neasuring the |evel of the current
wo b@riosuy7t hr ough the corresponding bit |ine 102CEHSGZ06/000013
function of nunber of pulses (equivalent to charge
time) while applying the nmultiple square wave signal
FET 26 the biosensos 6l bsiaritineg anoeyimeane of @ singl® sglaretyeaversignal
[ [
emn%%doft% éorr%géoﬁduﬁg yébofe(t)%grﬁ]@%fa%% \gﬂ% %gﬂ%llhafé(wp?gg Jefection
voltaige\gameraior aaah slgaaf amplitbert dedecis rchsg“czrﬁ)stq{teccddbe F&T by means

of R RGERRE GHAPTT Hotbuasoont dnd SPRSCURC 1 Gl ZRRgAchonty

recofding ta @maseémdemmtm hebiegisdtme svart, Rﬁthéﬁme&mls on the
fabricated by 1) deep,ultraviolet |itho

app“ﬁﬁ?'ﬁe‘?rﬁt%‘ﬁ' tS‘f uging G’E)%tbioéﬁﬁsorz')“a%lﬁ ioynfin%r ea<amn'@r 'Qdﬂ'ép'e'c

Acidt RegbaithdoBEVBE4, N8 S0PES0 AR, Shibdy.t-of T the
sputtered thin gol'd filmfromthe patterne
substrate. Each a conb-shaped first sensing el ectrode
e IR T e S R R o AR

bios@ismlrah‘ay‘m ekcel®psi ng el ectrode pairs, wherei n each
sensi ng el ectode I 1 vi ded for sin

1. b Dendaiodhe [Goss Bikline s Blnsensiive hibsahschateys:
bi I V. t

= oy g A e
shiey smallsarpeuniecf hyhsidizatian of dageh N strengde copiugalag with
th rode 25 of the respective
seﬁgﬁtﬁgg(@{j%&@ﬂa'@p%@‘ég“rhi s test of the bi gsensor

3. cetXtenmdy sinwlﬁymgthmsemmgoamljampkifsiegmuitsel I's and in

ref. Q rein_the i osensor cells
: ar%aﬁlggﬂg‘gdé‘ g“%ﬁ‘% s(@rml-\{m%-ﬁpgggat&o& \?Bgn the fingers
5. of sitipdifyirig the addmssingircuits.t rode 24 and the fingers of

t he second sensing electrode 25 inside of a sensing

electrode pair. Minly, the yield Y. of approved

[Mgsensﬂﬁhdi.@w fhid TRAKIEEMas baSH eREEShed i bty eRPréf@rred
h of the gap 27 between the first sensing

embadigtantsp dichaip bp ndaestens-that nywqﬁgmaé@w @aé rpedifications
e rth8fs [ I
ey D ont g e el GhionS LG TMarkBh g5 oo
out lfYthﬁmﬂo\%Nasla("Il(S) The yield Ya of approved bi osensor
cells in percent depends on the width of the fingers
241, 251 in each sensing electrode pair. [090] The
prot ocol for immobilizing/ hybridizing DNA with
capture nol ecul es can be found in published
literature, for exanple, Park et al. (Science,
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Vol . 295, pp. 1503-1506, 2002). Briefly, prior to the
i ntroduction of sanple into the biosensor cell, the
whe@seswor cell is first prinmed by i mmobilisi nECT/86(2006/@00013
nol ecules in the gap between the first and the second
List P ReRGeRbESigpdes. The biosensor cell is then
m‘ﬁg—rnm'%mt act with a sanple to be exam ned,
preferably a Iiquid nmediumsuch as an electrolyte
suspect nt,ain a target nucleic acid sequence.
10 Thi s isebg%%ez"slgﬁc‘%ﬁch a way that allows the nucleic
11 acid sequbsttatet 0 bind to the capture nolecules, i.e.
at a tenper.ature, bel ow the nelting point of the
12 doubl e- MCWE‘?‘W& nmol ecul es. For the case where
13 t he medifiisn SleutidpInsulatigubpdr ty of nucleic acids to
be detected, the conditions are chosen such that these
14 can bi nderand ejestrisatningtlatinatayene sanme time or
15 successigygk¥atbQ r correspondi ng capture nolecule
in or ders_ to ?or r%pftgﬁée doubl e- stranded hybrid nol ecul es.
16 [ 091] | ffielcheffachtrgasiston (FET) aci d sequence is present
s the e bridization with the capture
17,18 0% 380RkeCang &4 "8IS n- hybr i di zed nucl ei ¢ aci d
19 nol ecul emtaregiorenoved from the reaction space by neans

a suitable hj n step, electrical detection can
20, %é carr iSQHm&ﬂn\.ﬁa rgi EackQongletors i s conductive, it
21,8Boul d sBarcsasliedtamidnnbefigise detection) As mentioned

earlier, hybridization results in the 29 WO
24 2007/ ogditsteepsing steetiod? 000013 FET of the bi osensor

241cel | beigpg skHERS @ : s of a single square wave
si gnal lemsttégsbiléa?ﬁgé!go égspondi ng predeterm ned

25 gate volseeey srnsingelectrodehe det ection vol t age

gener at ' ifdier detects the "on" state
251of t he 'Q_E yseﬁr#ggﬁgéle%%aenﬁq%&eased current flow
26 based ogateheonmentimcti on to ground, consequently
o7 recordi na a signal representing the hybridisation
event. F@Pther details on the appl i cabl e protocol in

28 usi ng t baptoreobBidssirangay be found, for exanple, in
Nucl ei ¢, Aci rch 1996, Vol.24, No. 15, 3031-39.

Rese
29 by Li natprget [Sﬂ'ﬁisg'@ﬁ?g [092] To summarize, the present

30 inventi erchicaNy 8esdudtive pEGIBRO" cell and a biosensor
array tq excel X overcom ng the "cross-tal k"

. Dy: L.
34 i ssue fbrstApRTiNG Blesiredere bi osensor arrays; 2.
35 Provi di gedidnsApSiddpady to a smll

resi stance/ conductance change caused by small anounts
S1 of hybr figlegkid paitiont on segend St elacidsdeconj ugat ed wi t h

52 €l ectri gablafPOSHRELNS pBRbh oR &Rond sensing electrode
56, 66, 76  plurality of fingers

57 first connecting member

59 second connecting member
67 finger connector

Vig gate voltage

Rao particle resistance

Cio gate capacitance

R gate resistance

31



3. extrenely sinplifying the sensing and anplifying
circuits; 4. significantly inproving the

W@ 2@naB40rD- noi se ratios; and 5. sinplifying theCT/SG2006/000013
addressing circuits. [093] Although this invention has

been de i in ros of preferred enbodinents, it
Vonhas to gﬁgtﬁggpgﬁlggg?hat numer ous vari ati ons and

nodi fications may be nade, w thout departing fromthe

spirit and scope of this invention 3gs set out in the
10G 5 | ovi B NRTo°STDB 7 GH APOB SG2006/ 000013
101Li st of JRgHerence Signs 10 bi osensor cell 11

substrate 12 sem conductor |ayer 13 first
102e|ectri(9ﬂhnﬁ insulating |ayer 14 second electrically

103 nsul at ifpgqdtassihed %gté\i@%g%gbﬁe%ﬁ ace 16 field effect

transi stor (FET) rce and drain regions 19
104gat e r edletertioo voltage genaratonadd dignahamplifisk conduct or s

21, 23 ik nnections 24 first sensing
105e‘I ectro gr@éﬁq%}gﬁé sesr']r%nlcaxg el ectrode finger 25

second sensing el ectrode 251 second sensing el ectrode

finger ,26 gate connecti.on 27 gap 28 capture DNA
2005 and  BRSPEPLATLRGEOLYIG iy Se Tl eakadingni
201conduct igigjegparticle 34 first sensing el ectrode

202 multiple square wave signal
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35 second sensing el ectrode 51 dielectric portion on
second sensing el ectrode 52 el ectrically conducting
w@onriosn7on second sensing el ectrode 56, 66, FGI/SG2006/000013

plurality of fingers 57 first connecting nmenber 59

second connecting nmenber 67 finger connector V19 gate
Clain@l t age Rao particle resistance Cl19 gate capacitance

R19 gate resistance 31 WD 2007/ 084077

PCT/ SG2006/ 000013 Von FET turn-on vol tage 100

Whaiigsiginssy isar ray according to first enmbodi nent 101
word line 102 bit |line 103 predeterm ned gate vol tage
generator 104 detection voltage generator and signal

ﬁ”WBI&éé?{sor&élﬁcorﬁthQ square wave signal 200
i osensor array according to second enbodi nent 201
di ode 2@xubglratepl e square wave signal 32 WO

2007/ O8§ e?mngT oﬁ%peﬁggg(&lﬁe ubairse, watseh§|n?|z%h€3@vmg

nsor conpri si ng substra
@&Wgeﬂgthemile aafinsh egasing eletctreds,u@wﬁgmcé sessing elegkordagand a

Gt seraaind e bisd Raeen sl oBe diy fie sBEHH Sensing electrode,
said first sensing electrode being electrically insulated from the second sensing
electrode by the gap,

capture molecules arranged within the sensing zone,

a field effect transistor comprising a gate electrode, a source
electrode and a drain electrode;

the first sensing electrode being electrically connected to the gate
electrode of the field effect transistor; and

the second sensing electrode being electrically connectable to a gate

voltage.

2. The biosensor cell of Claim 1, wherein capture molecules are immobilized in
the gap between the first sensing electrode and the second sensing

electrode.

3. The biosensor cell of Claim 1 or 2, wherein capture molecules are
immobilized on the surface of the first and/or the second sensing electrodes.

4. The biosensor cell of any one of claims 1 to 3, wherein the first sensing
electrode and the second sensing electrode are comb-shaped, having a
plurality of fingers arranged facing each other and that are engaged with

each other.

5. The biosensor cell of claim 4, wherein the fingers of the combs are arranged
in an alternating manner such that a finger of the first sensing electrode is

arranged adjacent to a finger of the second sensing electrode, respectively.
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gap separating the first sensing el ectrode fromthe
second sensing electrode, said first sensing

web@csomde being el ectrically insulated from tPET/SemO6000013
sensing electrode by the gap, capture nol ecul es
arranged within the sensing zone, a field effect
transi stor conprising a gate el ectrode, a source

&) JReTIRRere o Bf Belhs ui Sy o RS ELERN in the
el eaigenofeab@iut ONeurhitebbo@fZ0s@h. t r ansi stor; and the

second sensi ng el ectrode being electrically
connectable to a gate voltage. 2. The bi osensor cel

Pf ThHeabiBsnsopeal ijr!arﬁ/a&‘iél bf cHhs WS, Qrﬂw%rérm”fﬁ@'firétzﬁéﬁsrng
the gap between the first sensing el ectrode and

t h@'@@@dﬁ @nddhe ispgoncesensindelectrade Freeanangashsieh that the gap
of hQB%' Wth rﬂfthé{%ryﬁcﬁw rﬁﬁ@c% rp‘anrm' ecules are
I MMD sur

128 ace o first and/or the
second sensing electrodes. 4. The biosensor cell of

e of clali A wherein the first sensin
& o8 Terensfi Sy tor dnelB iy Sab Bes Bt EPStEh about
conp-riphane dboi@Boywma plurality of fingers arranged
faci ng each other and that are engaged with each

other. 5. The bi osensor cell of claim4, wherein the

b1 Ager Broeénéd?eorc AP o Bf 851@%@9@ o BN viferdht §ld @kt "Sbnsing

manner such that a finger |rst sensi ng
eI elactrode iepd dhe asepsiidadiensiogt electredpi @ger comprisrd in an

200 PRI BiteFed shRRGhRS EoRbHIRL S, PyaL of s rensing

of eltdctrodes 4arat  secomdh esarisinge addttfodegearrbaged imi g haltemnating
the range of about 0.1 ,umto about 20 pm 7. The
bi RRIWELr cel| of any one of clainms 4 to 6, wherein
the first sensing electrode and the second sensing

el ectrode are arranged such that the gap has a _w dth
1% Theebiogprgort eloaNy ¢Ne ©b cdmsn! 1. STHespips Bigs fFst ciansing

of efdcioll 7 coMPRES! tﬁl&tf&ﬁfp th’és Rc¥hdlt Sefind &I¥&RI¥e being

about 10 nm and about 150
arranged on the first sensing electrode

11. The biosensor of claim 10, wherein the second sensing electrode comprises
a dielectric portion and an electrically conducting portion, said second
sensing electrode being arranged such that the electrically conducting
_portion is electrically insulated from the first sensing electrode by the

dielectric portion.

12. The biosensor of claim 11, wherein the second sensing electrode comprises
a plurality of fingers connected between a first connecting member and a

second connecting member.

13. The biosensor of claim 11, wherein the second sensing electrode comprises
a plurality of fingers arranged in a meandering configuration on the first

sensing electrode.
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9. The biosensor of any one of clains | to 3, wherein

the first sensing electrode and the second sensing
we@b@csode are conprised in an interdigitatedPCI/SG2006/000013

el ectrode arrangenent conprising a plurality of first

sensing electrodes and second sensing el ectrodes

arranged in an alternating manner. 10. The bi osensor

f [ 3 [ fi . S@eNsi

S ooy 8 sy Pl o, FIFHELP 818 e 0 cBBure
el emblecdieshemavegselactivengiditp withhe thrgettmeleodliensuspected to be
el ectrode. 11. R‘g[hg%%)i sensor of claim 10, wherein the
secyRECIEN &SR RS ‘?gque onprises a dielectric

portion and an electrically conducting portion, said

second sensing el ectrode being arranged such that the
dbethe biogenser <6 dli@ny wge qfdrlainentite 141 Bether sampyising capture

| nspibRbERs| WRIEh L &8 rioirﬁatv%ﬁgé]%ét% SHRRY g\@ﬂ\e Y té@%t molecule

di el ectric portion. I osensor clarm
whesuspactet do be poesknt anthiersgpnglle & be testexbnpri ses  a
plurality of fingers connected between a first
connecting nmenber and a second connecting nenber. 13.

TBeTHh biveassdr cefl of tlainid 14 or iBefuethdr tdrapasing Ritgsensleddles at
el ectrode conpri a plurality of fingers arran

d
i n lsaw@ﬁaﬁéhvm@@gi?ﬁd With e eartyr malecylps baving @ﬁ-@cgge affinity
el g ofle- ﬁéa%@@@@é@%%ﬂ @?gétgﬁ&é&ﬁélloﬁ?@sb&ﬂm to an

The bi osensof cel any one o al s _
whegle¢tricallyecanglyciiva: pamicles whesein dbe elentdesily eondectivei particles

it . : .
sarfpQob A SfopliRafy Lo fuRAIR TR BelibeninglfifP §tsiid oferoce
of didathessebohd sédsing elddiredesthepebysemapling @t cureent flow between
o e AR R0 o 1o 35055 B iiole b terety
sanglargihg thegitedlefirodsf tHd el icffeetedtsigter. | of cl ai ns
14 or 15, further conprising target nol ecul es at

| east partially conplexed with the capture nol ecul es

RRVTIG bicdePebl il adff bRy tof cidnid) 1UNR 162NARIreMPHRL dleRrically
each target nol ecul e being bound to an electricall

corengiticiive partielecomprishe eematal selestedcrom dlag byoup consisting of
co “&&f&,tén\ésr, egﬁﬁér%n%salloys thereof.

18. The biosensor cell of any one of claims 14 to 17, wherein the electrically
conductive particle has a diameter in the range of about 10 nm to about
100 nm.

19. The biosensor cell of any of claims 14 to 18, wherein the electrically
conductive particle has a diameter larger than the width of the gap

separating the first sensing electrode from the second sensing electrode.

20. The biosensor cell of claim 19, wherein the electrically conductive particle

has a homogeneous structure.
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provi de an electrically conductive path between the

first sensing electrode and the second sensing
web@chsode, thereby enabling a current flow beP@E8G2006/000013

the first sensing el ectrode and the second sensing

el ectrode, and thereby charging the gate el ectrode of

tZ‘ieThée é)lmeeé(ﬁrecell of aaim siSpmwhetéin thd eldutriredn Londeaivie pHrticle

ny of cl ains 8 Bh in the electrically

conﬁ‘?f@?r'% %‘é‘?fﬁsé‘nf@ue ShPY ?esg' E netal selected from

the group consisting of gold, silver, copper and

alloﬁ% t her eof The bi osensor cell of a

25 Tia blopenson el ghameic daRee] g thergn 1ob sabsisipchas a
par §iyfdce Béverdd ‘W@W%t %\’o-b&nbé‘tﬂ)lé Qﬂ&ﬁné’fla)‘?&o e %-Bainbﬁtlble

about 100 nm bi osensor cel cl ai s
14 bigding, Iamcérteelmtma@leeafr bl@dlnlgytha:m@weu m@lecules to the
par { d| aneter larger than the width of the

gap U%é%ar%ﬁ%g the first sensing electrode fromthe
second sensing el ectrode. 20 The bi osensor cell of

LA EB ol & BEaEEeL ) 38, Wherain di biat SR8hY 'fdctode
Pﬁélﬁ@@@é%ﬁ&sm@ele&ﬁ@d@b@éﬁ%@ra Q%éceoéo\@r@d With% bio-

wherein the electrically conductive particle

conpemeeiiblelaysf.e surrounded by a shell. 22. The

bi osensor cell of any of clains 1 to 21, wherein the

substrate has a surface covered with a bio-conpatible

mmah@@idwyneor celhef kiny-arenphtiabhe 1 tn 233 whereiy dine [fieldgffect
ure nol ecul es to the

capabl e |nd|n the C
sub ??Sﬁ BDr '38 Ubfﬁ'g %i osensor of any of clains
1 to 22, wherein the first sensing electrode and the

cond . sensing e trode e has rfa e gover
i RS B aaashor g anever Clams T 34 Boeraarhg deld effect
of ﬁéﬂsnﬁﬁﬁc&ﬁpﬁéé‘éfhe}alto%d%a‘leld’\@ﬁécﬁlt@nkf@@)rf| el d effect
transistor is buried in the substrate. 25. The

bi osensor cell of any one of Clainms 1 to 24, wherein

fé@seﬁ CP S%e%sﬁ L&&Y coin ﬁEnﬁbsaI glbr ﬁngfo bidSensdr BBliLhc UG to any

Ct tTAnS Stor: sensor array
conpf¢laimsgl to Ph.urality of biosensor cells according to
"~ any
27.The biosensor array of claim 26, wherein the biosensor cells are arranged in

a regular matrix.

28. The biosensor array of claim 27, wherein the source electrode of the field
effect transistor of each biosensor cell is electrically connected to ground,
wherein the drain electrode of the field effect transistor of each biosensor
cell is electrically connected to corresponding bit lines, and wherein the
second sensing electrode of each biosensor cell is electrically connectable

to the gate voltage via corresponding word lines.

29. The biosensor array of claim 28, further comprising a plurality of signal
amplifiers being electrically connected to the corresponding bit lines.
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of claims | to 25. 27. The bi osensor array of claim
26, wherein the biosensor cells are arranged in a

wo e@alosto7mat ri x. 28. The bi osensor array of clBETERX06/000013
wherein the source electrode of the field effect

transistor of each biosensor cell is electrically
88nHebiegenser griayraf anyvafalaims 2t 29, avhereinegachdelesestsor cell

h . ; _ . . _ :
LT SehFlserY B8k bR SRR SR CSgARRgEHd debona
wh esepisimgt dlectraaiecambiths exosiesgoradieg tvoodl Enefo quaarttitatively estimate

bi osensqr ello L . Si electrically connectable to the
gataén%ﬂ t°£§¥ r\'ﬁ'%\a 5 FEEFondi ng word lines. 29. The

bi osensor array of claim 28, further conprising a

5I urality of signal anplifiers being electrically .

bniftsc biogepger: #Eay: 6f P@'ﬁ‘i‘o?ﬁ%i whetsin the peg-lingar pgmponent is a

20Q%5 84077 PCT/ SG2006/ 000013 30. The bi osensor array

of any of clains 26 to 29, wherein each biosensor cell
conprises a non-linear conponent electrically

npect Q ' .
380 CE el el P PSSR MO OR P80} inprises
anount of hybridization events. 31. The bi osensor
arr of claim.30, wherein the pon-Ilinear_ copponent _i s
o egatacting o Bisnsb Re b deted Bamohe i dgamiof 46 gpait a
whedphdle tthat IEBSRPRcRANRY tSiftSindtheCARiAGhbREUIR SspesRactho be
cell as defined in any one of Clains 1 to 25 with a
sarpieeentia@ sanplgsyaetely thepbipgingafrihe frroehmgiacule to any one

I ; b i I j
o SORBE TRl RoaRBBR pierd 8 S, doncfEACHY, the

capiosamsonlaadul es neasurably alters a signal generated
by the biosensor, and b) neasuring at |east one

signal generated by the biosensor cell to determ ne
whed)hateasuray gt fiast fomet signal gepketted eby ahé hisiosérionr eell to

i MR A e DR AR 5L el potcue
t hehdai sre@fre@r conprises: a) carrying out a first
el ectrical nmeasurenent prior to contacting the
33. The method of Claim 32, wherein measuring at least one signal generated
by the biosensor comprises:
a) carrying out a first electrical measurement prior to contacting the
biosensor cell with the sample,
b) carrying out a second electrical measurement after contacting the
biosensor cell with the sample, and |
¢) comparing the first electrical measurement to the second electrical
rﬁeasurement to determine whether the first electrical measurement has

been altered.
34. The method of Claim 33, wherein carrying out the first and/or second

electrical measurement comprises measuring transistor current, said

transistor current being a function of at least one of voltage potential,
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bi osensor cell with the sanple, b) carrying out a

second el ectrical neasurenent after contacting the
wheseswor cell with the sanple, and c) conparP@hSGH®6/000013
first electrical neasurenent to the second el ectrical
nmeasurenent to determ ne whether the first electrical
nea@nae'rt@me lebastridsé egsistanes, ¢ e®stricaheurrsntiow of theleleatiical

33, BSESHBLR MLl 16 CLEGHy Apd(aroisarand

ur ément. conpri Ses ransi st or
current, sai d tranS|stor current be| ng a functl on of

east _on f volta ot ent | a 7 WD 2007/ 08
B T abemS SNt 3) GRSl 3. dufifer G g Farteging 2
t herefdrBftd ibicdenSor b@ﬂbc&ér@lﬁgofo chemel 8afiti && sample, thereby
potential between the first and/or the second sensing

el eROABeiRg agsferange $i@83od of any one of Clainms 32 to

34, further conprising contacting a reference

bi osensor cell according to Caim115 with the sanpl e,
B6eTbmetmdoiClaing 34, fusther corprising campagig teheecoedtaiestrical

ol oot it RS ek R oS PERRIAL Rty B RN cel o

gengstairpifle§ Whsiheh ehytriibaoe eeveslt | oft targstehedledule with capture
whet her hybr| di zation event of target nolecule with
caphglesulehasRasiBelas occurred. 37. The method of any
one of Clainms 32 to 36, further conprising correlating

said at |east one signal generated by the biosensor to
t3ﬁ'eT|pﬁ awihed obany nne ofablpéms @3l loc®h.cfurther pemptisipg sorrelating

U0 TR T b et MR o

gr otapgetmndesdleurgtfmfsampietcl eic acid nolecule a
protein, a carbohydrate, a | ow nol ecul ar wei ght
chem cal conpound, and m xtures thereof. 39. The

138t mfi nﬁétthgdj ;;blf r@ns%&:ne/\bleccéimssm 1)) BEC\Irvﬁérfélr&Q't daam)loﬁe Wapture
is selecte rom e rou COﬂSIStIn
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mol ecule is a ?ene or a gene
mixtures thereo

39. The method of claim 38, wherein said nucleic acid molecule is selected from
the group consisting of a single stranded DNA molecule, a RNA molecule,

and a PNA molecule.

40. The method of Claim 39, wherein the DNA molecule is a gene or a gene
fragment.

41. The method of Claim 39, wherein the RNA molecule is an mRNA transcript.
42. The method of Claim 38, wherein the protein is selected from the group

consisting of an antibody, an antibody fragment, a protein with antibody-like
properties, streptavidin, avidin and protein A.
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fragnent. 41. The nethod of C aim 39, wherein the RNA

nol ecul e is an NRNA transcript. 42. The nethod of
w@k@084887 wherein the protein is sel ected fropeT/k€2006/000013

group consisting of an anti body, an anti body

fra ment, a protein with antibody-like properties,

meiheidrof anyi enenobRlaims S2eior ), wisgeinghe darged sudacule is
Cyeé%%oﬁélgotﬂgjgﬁo?% éo?ér Qtﬁ'ng@f n% lchgngfél c 80y nqgl [eégpfbfgﬁ a

ers se rom’
t h@agmdwﬁrat@,raspentldegamrﬁetabmim,landca lanlaglaabbeltul e, a
protein, a carbohydrate, a peptide, a netabolite, and
a biological cell. 44. The nethod of Caim43, wherein

49 aheuaettbe of Oldmses) weeesin ittse AGdISIE R ddcRidhcd tsesaécﬁe@fmm
consi sting of DNA nol ecul es, RNA nol ecul es, and

ol it n SEPEDt caBsingi A HNAednrolepules, sBNfns&qlegules, and
( bRligortrieotiags 'Pigtnhﬁ%eﬂ/f/e Yo 'S0 %&Ffﬁ W?Z to 44,

wherein the target m)Ie els th gol d
nanoparti cI es. 46. The rret hod of any one of Cains 32

A% TR meBBH bl Ve B BRmE a8 Aeb e o e lrafiele s
di @)abellgemlm,gdld ummmlés. and rhodami ne. 47. The

nmet hod of any one of Clains 32 to 46, further
conprising adding a reagent for enhancing the

£3. 9kl heflod ST GrieVbit Blafths 320t 45, Iferaml 1B %@et fligbule is
reagent being capable of binding to the tar get

nolcegiypated,aithTRe labet Hstpcted dram nihe7 gravpe censisting of biotin,
re ions. 49. The
@%Fgeﬁ%&?%@iyﬁor 4@“(1\/\);@?% n the netal ions are

reduced to elenmental netal upon binding with the
Aﬁ&ggt mgﬁlxloﬁctw Sny %%e of Claims 32 to 46, further comprising adding a

reagent for enhancing the electrical conductivity of the target molecule, said

reagent being capable of binding to the target molecule.

48. The method of Claim 47, wherein the reagent comprises reducible metal

jons.

49. The method of Claim 47 or 48, wherein the metal ions are redubed fo

elemental metal upon binding with the target molecule.
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