ELECTRI CAL SENSOR FOR ULTRASENSI TI VE NUCLEI C ACI D DETECTI ON CROSS- REFERENCE
TO RELATED APPLI CATI ONS [0001] This application clains the benefit of
priority WO 2Bi0gadr e patent application No. 200901668- 2CTiSGRe@/oMISch 11,
2009, the contents of it being hereby incorporated by reference in its
entirety for all purposes. FIELD OF THE | NVENTI ON [ 0002] The present
invention refers to the field of electrochem stry. In nore detail, the
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Wth the advent of nucleic acid, e.g. DNA and RNA, mcroarrays, the |ast
decade witnessed a paradigmshift in gene expression profiling and single
nucl eoti de pol ym@O§&WBFME&QMLMEMPPh§CAE&ONS ogy, for exanple
in conj
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bi ol ogy and medi ci ne, the fluorescence-based m croarray technique suffers

f r om samrits enthetycfar alk BempEsesmi ngs i n optical detections, including the need
for expensive and bul ky optical scanners, potential inmge corruption from
phot o- bl eachi ng of fluorescence dyes and anbi guous readout due to spectral

cross-tal k between taggi ng FIRDDEGEAHE INVENTIONCt roni ¢ anal ogues of the
nucleic acid mcroarray could offer a viable alternative for the rapid
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di r ect nedtleglsr oni ¢ transduction. The direct el ectrical transductlon has
several advantages with respect to other approaches. One of the nost
promsing is the feasibility for on-chip integration of sensor units with

an allied signal procesgAOKEROWND OF FRFNVERTEONd CMOS technol ogy.
Referring to the literature, fieldeffect devices have been investigated

more wilQ#3y, Wit glevalvneomf mickeio acidnelgnBNG ahR Néamiowatreysh theglastsdecadean
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i ntrod 'ﬂSNPP&et@cftldﬁh Mi@RMArray technology, for example in conjunction with polymerase chain

reactions (PCR), has become the state-of-the-art owing to its massive parall'elism and high
throughput. In spite of exhibiting considerable promises to the development of molecular
biology and medicine, the ﬂuoresceﬁce-based microarray technique suffers from some
20 inherent shortcomings in optical detections, including the need for expensive and bulky
optical scanners, potential image corruption from photo-bleaching of fluorescence dyes and
ambiguous readout due to spectral cross-talk between tagging fluorescence dyes. Electronic
analogues of the nucleic acid microarray could offer a viable alternative for the rapid
quantification of nucleic acid, which is especiélly desirable for clinical and defense
25  applications. ’
[0004] In the past few years, researchers have proposed several labeled and label-free
sensing technologies that feature direct electronic transduction. The direct electrical
transduction has several advantages with respect to other approaches. One of the most
promising is the feasibility for on-chip integration of sensor units with an allied signal
30 processing circuitry, using standard CMOS technology. Referring to the literature, field-
effect devices have been investigated more widely, using various micro- and nano-fabrication

teéhniques, than resistive or capacitive devices. In the former class of devices electronic



nol ecul es (e.g. nucleic acids) via bioaffinitive interaction on gate
dielectric. Field-effect sensing avoids the conduction of current through
t he DNA, wbi2etv/meayropr oduce unwant ed el ect rocheni cal chamrgesGa2iNewesishel ess,
the nost critical paranmeters that I[imt the applications of field-effect
sensors for DNA detections are - (i) nom nal signal -to-background ratio
and (ii) a narrow w ndow of detection.” In addition, the reliability of the
signal is often questionable because the d.c r eadout eIectronlcs suf f er
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linkers between the carbon nanotube electrodes and the capture probes, the signal-to-noise
20  ratio was enhanced to 25%. Although interesting for fundamental understanding of the charge
flow mechanism, the reliability of signal from such a single nanotube-single DNA system

may not be high enough to be eccepted in the biomedical community.
[0006]  Furthermore, the ability to affordably and efficiently fabricate highly uniformed
nanostructures with high scale-up potentials is impertant to many technical applications, and
25  yet it remains a technical challenge. Most of the bottom-up approaches suffer from certain
limitations such as device-to-device uniformity, reflecting the variations in the device
fabrication processes, low yield, and low scalability. On the other hand, the widely used top-
down approaches for fabricating narrow nanogaps, such as mechanical break junction,
electron beam lithography, electromigration, dip-pen lithography, transmission electron
30  microscope-assisted nanosputtering, and electroplating have to resolve issues such as high

cost and low yield, in order to be one step closer to routine fabrications.



cost and low yield, in order to be one step closer to routine
fabrications.[0007] It is therefore an object of the present invention to
provi de nwoebiodevizees and nmet hods whi ch are suitabl e tororsGeenmoass | east
sore of the above di sadvantages. SUMVARY OF THE | NVENTI ON [0008] In a first
aspect, the present invention is diregted to a sensor for detecting a
nucl ei ¢ acid nol ecule. This sensor conprises or consists of: an el ectrode

arran (o r|S| a first e ctrode, .a second el ectrode
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second pedtRedsiwsieh anatltanle t@o&@édm@& 16d3esdhé 8f thelhaB&¥d AstRIvataest hat a top
surface |evel of the second electrode is higher than a top Surface |evel of
the first electrode; an insulating |layer is provided between the first

el ectrode and the second g the first electrode
and second el ectrode; Sb@ﬁb%ﬁgféﬁﬁqﬁ@?Hﬁgﬂ%ﬁ@ﬁ? bilized at the surface
of she [f00s3t qheqtrﬁtoaigectame resntSAGHON MGk @& 86 RnfrFoEddtEBHnR al dueRit at

the 'surface of the second electrode. [0009] In another aspect, the present
i nvent |aenﬁ1m@leei1¢e1:lue@ms@r%9mmepeorccoa@m ofet ection kit. The kit corrprl ses or
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pr ecursor Ion Sul em ca Iy reaucli ng

precur&@érla;{;ﬁligl&bdnnwaelfem mhmﬁnﬁxﬁmexﬂappix{geregfoesent invention is d| rect ed to
a process of nanufacturlng a sensor of the present_invention. This process

conpri ses or c&Raitof shesecont elgetendspvarians) %E"FF gfithefirstglgradssuehs thaba éan bed
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el ectrode and a secon ectrode; strippin e rst nuc el ¢ acid probe

from the surf aelecteddet he first el ectrode or the second el ectrode by
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- a first nucleic acid probe immobilized at the surface of the first electrode; and

15 - asecond nucleic acid probe immobilized at the surface of the second electrode.
[0009] In another aspect, the present invention is directed to a nucleic acid detection kit.
The kit comprises or consists of:
- asensor as described herein;
- asolution comprising a metal precufsor; and
20 - asolution suitable for chemically reducing the metal precursor.
[0010] In a further aspect, the present invention is directed to a process of manufacturing a
sensor of the presént invention. This process comprises or consists of:
- providing an electrode arrangement as described herein;
- immobilizing a first nucleic acid probe at the eurface of a first electrode and a second
25 electrode; _
- stripping of the first nucleic acid probe from the surface of the first electrode or the
second electrode by potential cycling of either the first electrode or the second electrode;
- and » '
- 1mmobilizing a second nucleic acid probe at the surface of the electrode from which the
30 first nucleic acid probe has not been stripped of.
[0011] In still a further aspect, the present invention is directed to a method of detecting a

tairget nucleic acid. This method comprises or consists of:



[001 1] In still a further aspect, the present invention is directed to a
net hod of detecting a target nucleic acid. This nethod conprises or

consi st s wO:2prwmi4ibng a sensor according to any one of elcaiscaob/iob@sg9
wherein the sensor conprises two el ectrodes and wherein nucleic acid
sequences are immbilized at the surfqpe of the electrodes which are
conplenentary to the target nucleic acld sequence; - incubating the sensor
inafirst step with a sanple fluid suspected to conprise the target
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descri ption when considered in conjunction with the non-limting exanples
and the aBEHhAYBE I SFIEPRIN fEEst step Wtk & samplsofiud spspgeted tecompesq fhed a
st epped eﬁlﬁ:‘féi%ﬁ’&&' arrangenent in which the top electrode (1) partly

overl aps the bottom el ectrode (2) thereby form ng a stepped arrangenent.
The uppermstaljzingf tht heclsiceqepbniokeculan gethre seénsos ahdr ned by the top surface of
the top el ectrode Si? éhich overl aps the bottom Iectrodeg§2% in tPe
over | appi FEIEPBn £opdistinse megsusment o, delSHRIn ohi BresFnomer Sbwpfal the
arr angeneioct gudlQcae@. by the top surface of the bottomelectrode (2). In
the enmbodinent illustrated in Figure | (B), the edge between the steps is
formed by three side walls ( 1', 1" , 1'") conprising part of the top

el ectrode (1) and thegi ' 14 | 0, between. In Figure
2( the side wall of Bmiwﬁsekkﬁiﬁﬁséi%;@a%g&ﬁ@ erence nunber 200.
Fi gure (041 ShheSnvensibfPPBIdbED& L A8@sBHd FIBERBREndeNo Whe 8&taildiEddseRption
el ectrode over| aps the bottom el ectrode entirely. The -edge of the stepped
el ect r sdenagongidgeedeiit cprjunefiane tWithy theywronslimitinga pxanyles) and the accemnpanyang op
el ectr%gqmggsdiﬁ@ﬁic;hnsul ating layer arranged between the bottom and top
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el ectrode. gure T(C shows a stepped el ectrode arrangenent as it can be

used i MOGIBYSOFiI@I Bigare T ehdvapa eteppridredeterode agarpeaient fewlioh tienop keketrodee
thus formng a step in the section in which the top and bottom el ectrode

oxéﬁ apl) partly pverlaps the Psfat}qm tehestrode d2)lotheraby forminged stspped pEARZeRrsh nHent
A, . : . L
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which overlaps the bottom electrode (2) in the overlapping region 4 (striped area). The lower

step of the stepped arrangement is formed by the top surface of the bottom electrode (2). In
the embodiment illustrated in Figure 1(B), the edge between the steps is formed by three siée
20 walls (1', 17, 1""") comprising part of the top electrode (1) and the insulation layer (3)
arranged in between. In Figure 2(G) the side wall of the step is illustrated under reference
number 200. Figure 1(A) shows a stepped electrode arrangement in which the top electrode
overlaps the bottom electrode entirely. The edge of the stepped electrode arrangement is
formed by two side walls (17, 17") of the top eleétrode and the insulating layer arranged
25  between the bottom and top electrode. Figure 1(C) shows a stepped electrode arrangement as
it can be used in sensor arrays. The top electrode runs over the bottom electrode thus forming
a step in the section in which the top and bottom electrode overlap. As in Figure 1(A), the
edge of the stepped electrode arrangement shown in Figure 1(C) is formed by two side walls
of the top electrode and the insulating layer arranged between the bottom and top electrode.
30 Figures 1 D to 1 F show electrode arrangements in which a first nucleic acid probe and a -
second nucleic acid probe are immobilized at the surface of the first and second electrode,

respectively. For illustrative purposes only one nucleic acid probe is shown to be



Figures 1 Dto 1 F show el ectrode arrangenents in which a first nucleic
acid probe and a second nucleic acid probe are imuopbilized at the surface
of the fiwetommd4gecond el ectrode, respectively. For il lpgsisGabioxneogssr poses
only one nucleic acid probe is shown to bei mobilized at the el ectrode
surfaces but in fact nultiple nucle|0590|d probes are immbilized at the
el ectrode surfaces. The nucleic acid probes can be immobilized directly to

t he el ectrode surface or via_a |jnker qground end | ocat ed between nucl ei ¢
aci d prBFeblied &t beeleshade sirfacesbytin facymudtiple pugleicacid nyohesjargimmobiliged Fi g.
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In a last st e I nsulati aer 'S renoved except
cover ed).bin 4 fifth stpehe anhsuiabmgl lagprtlhé is depoxiteé logert the q;eevida&l)} ﬁﬂmled gaymhtond t he
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top surface of the second electrode 150. The side 200 is Torned t he
second pbb@msrs(@tae'ellw @tep 4 neFigure?)) ab fieyddpagiging ofi the n[we}iaB]forﬁugg th@ second
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results in the arrangement illustrated in step 5 of Figure 2 (see also Figure 3 F). In a last step
20 the insulating layer 140 is removed except the portions covered by the material forming the
second electrode 150 leaving behind the electrode arrangement illustrated in Figure 2, step 6
and Figure 3 G. This method results in a stepped electrode arrangement with the side wall of
the step 200 formed between the top surface of the first electrode 130 and the top surface of
the second electrode 150. The side 200 is forméd by the second electrode 150 and the
25  insulating layer 110. B
[0015] Fig. 4 illustrates the results of an ellipsometric study of a deposited silicon oxide
film 110 over an entire silicon wafer 120.
[0016] Fig. S shows AFM images of a silicon oxide substrate layer and a gold electrode
layer. (RMS roughness of gold layer <1.5 nm). This image shows the first electrode which is
30 comprised of an adhesive layer made of Cr which is in direct contélct with the substrate SiO,

layer and the gold layer of the first electrode.



[0016] Fig. 5 shows AFM i mages of a silicon oxide substrate |layer and a

gol d el ectrode |layer. (RMS roughness of gold layer <1.5 run). This imge
shows t hewbios1o@d7ect rode which is conprised of an adhescrschenysnoosade of
Cr-which is in direct contact with the substrate SiQ2 |ayer and the gold

| ayer of the first electrode.[0017] Fi,g. 6 shows an optical inmage of 5x5
array of stepped m crosensors fabricated on a 1.2x1.2 cnR silicon chip. The
di anet of - the one Euro cent coin is 16.25 mm [0018] Fig. 7 shows an
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of a typical sensor array chip (dinension: 10 mmx 10 021g Fig. 10
Y

s hows lmmbuﬁlgtzrat& @) onmphdizeticof asresathecden foreed b@ty@@ndhp toipel SO\md #emr odes
r aE (? l(ﬁzﬁgﬁ%dlgglon%}/lﬁ{ t Oé]e ﬁl\?fe gwgéiy_hggﬁ tv‘%fe CnI t%aneg b ns or
ne O m e

hort 2 B&SRd" V8 ti cal

| ane nﬁaacedo&ttpmﬂg, (Hhourmatidn o6!sigr; w«ixBé afldrl-goﬂfesbﬂiktbené migﬂe okidging
device after inmmobilization of CPl and hybridization with its conplenmentary

t ar get MOAGEULCa i reftlish o formegien @fopn aﬁ%‘%?t%‘éﬁlt?%ﬂlé?t&& Pathwayisy besreedothsr ed) ;
(O el gty pical stripping of CP 1 fromthe bottom el ectrode followed by
hybridizationm with the Cy3-1abeled DNA (only top el ectrode appears in red;
bot t on{@26¢t r Hike 9dshe s srandterstraivrasogpic dheage) of { Ppidal sesasareaycehip (dimensidr:er

bi | : zat | on of CP2 and hybridization with respective conpl enentary DNAs'
tgg% d FAM dyes (top el ectrode appears in red; bottom
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i-V curve fMtarget DNA as referred
separated by an insulating layer: (A) optical image of a cleaned sensor (both electrode lanes,
1.e. horizontal lane = bottom electrode and vertical lane = top electrode, show same color);
(B) fluorescence image of the device after immobilization of CP1 and hybridization with its
20  complementary target DNA tagged with Cy3 dye (top and bottom electrode are red colored);
(C) electrochemical stripping of CP1 from the bottom electrode followed by hybridization
with the Cy3-labeled DNA (only top electrode appears in red; bottom electrode does not
show any color); (D) fluorescence image after immobilization of CP2 and hybridization with
respective complementary DNAs’ tagged with Cy3 Vand FAM dyes (top electrode appears in
25  red; bottom electrode appears in green). ‘
[0022]  Fig. 11 (A, top) shows representative i-V curve for 1.0 fM target DNA as referred
to background (control) and (B, middle) calibration curves, and (C, bottom) i-V- curves of
mismatch discrimination tests at 1.0 pM. For clarity, the 1-V curve of the single-base
mismatched target is scaled up 10 times. The error bars represent the variation of data for
30 each set of five measurements.
[0023]  Fig. 12 i-V curves of PKB2 gene at various concentrations ranging from 1.0 fM to
100 pM.



to background (control) and (B, mddle) calibration curves, and (C, bottom
I -V curves of msmatch discrimnation tests at 1.0 pM For clarity, the i-V
curve of wbeonimgl7e- base nmi smatched target is scal ed uppt@®/sGomsoooshe error
bars represent the variation of data for each set of five neasurenents.
[0023] Fig. 12 i-V curves of PKB2 gene, at various concentrations ranging
from1l.0 fMto 100 pM[0024] Fig. 13 shows SEM i mages: (A) silicon oxide
after silver treatnent; ég&%a bl'ank sensor chip_at the step junction, i.e.

t he st df0dt wddg tbpharse Heagesd(Aotikicom enide aftergulvey trpatgmeal (B raeblprrlblbe
cod Srros 2 e
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sensi n@ ciptuhapicbechated ebitroledensdri chip; (DPAAG] pM BKB2 hybtidixed sapoesigptaget ve

i -V curve for 100 ng total RNA as referred to background (control). [0027]
Fi g. 1(§IIY‘FfIt{?§E¥"dFe_s' el ectrical responses of (1) 10 ng total RNA and (2-4)
st gnd 1Y) S PipkeSi4l doRrs trd HhbAGhE MRt dn WRBsirE MoobhichD RPRIR dbRERSH, ON
curve for conduttance vs. GAPDH concentrati on. e error bars represent the
vari at i[6026)f dRig.a1% chowaciepsséntativef i-Ve cureasfor d08nns totBERNA ED S T ON
OF THE P@(ESENT | NVENTI ON [0029] In a first aspect the present invention

r ef er;b@ °‘§l§1n(§8‘.?tr9 r detecting a nucleic acid nolecule. This sensor
conpri §6679" ¥98S16 iifusthted E1&HSEH TOFRnRE TANIF TN g CAMPRNA B8d R2-U) skhnd

el ectrode, "a second el ectrode and an overl appi ng Tegion, wherein, wthin
t he ov&®NAppikeginregifMnnerepent. of the second el ectrode overlaps a part of
the,fir | egL.ro such that..a to urface | evel second,.el ect rode
| Th a2l o FE R pebERg e, e Bt oot e SARIH S ERGU G
st eppe’nt bats tapresentihe ivatisticH dfMiatd RY edchiset P v Hedukaiengen the first

el ectrode and the second el ectrode and is contacting the first el ectrode
and second el ectrode. The sensor further conprises a first nucleic acid

probe i mmbiliz t lﬁi‘g j :E‘f'ﬁ ; a second
nucl eic acid pr@@ﬁlrlﬁm 1 z(fégﬂ#ﬂ%Nhte&?gﬁ#agiemg gﬁg@g{)n el ectr ode.
[ 0030] [0029]dedn grirstf asp&dt SheSprresent invekiton rafiére t@a sensoi fdrlidetdcang amutleicyackf mass

productiaon in a cost-effective way by usi n? standard silicon .
mi &P of PG i TdHS SENSAR EPBBISSS orERBsistE 9d AR Flertefe ATrangemant semprisigg 2ty t he

edge fQitRgdde! WeBhd ldl&tloBP adH! frP6FerRbpink Gefibh SWhelehE tWHR the overlapping
region a part of the second electrode overlaps a part of the first electrode such that a top

surface level of the second electrode is higher than a top surface level of the first electrode
thus forming a stepped structure; an insulating layer is provided bétween‘ the first electrode
20  and the second electrode and is contacting the first electrode and second electrode. The
sensor further comprises a first nucleic acid probe immobilized at the surface of the first
electrode; and a second nucleic acid probe immobilized at the surface of the second electrode.
[0030]  The design of this sensor takes into account the feasibility of mass production in a
cost-effective way by using standard silicon microfabrication technologies. The sensing
25  mechanism relies on bridging the edge formed between the top surface of the first electrode
and the top surface of the second electrode upon hybridization of the two termini of a target
nucleic acid, such as DNA or RNA with two different surface-bound capture probes,
followed by a simple metallization step. For example, about two orders of magnitude
enhancement in conductance, as referred to a clean background (< 1.0 pS), are obtained in the
30 presence of as little as 1.0 fM target DNA. Also, in one embodiment, a linear relationship
between the conductance and nucleic acid concentratibn was obtained from 1.0 fM to 1.0 pM

with an exceptional signal intensity of 2.1x10%% change per unit concentration. This change



and the top surface of the second el ectrode upon hybridization of the two
termni of a target nucleic acid, such as DNA or RNA with two different
sur f ace- B¥Ord10¢CIABE7Ar e probes, fol l owed by a sinpl e net aPCIrB&2010M08ep. For
exanpl e, about two orders of magni tude enhancenent in conductance, as _
referred to a clean background (< 1.0 ¢S), are obtained in the presence of
as little as 1.0 fMtarget DNA. Also, 1n one enbodinent, a |inear

rel ati anshi p bhet ween t he conductance .and pucl eic, aci d concentratj on S
obt ai néB CPP@WII.% 5 50 fegserthat 1b pRRPRFMbBIRUQHS e&t%ﬁ%ﬂ canegfeation of é‘HS‘ie’c%/an

2. 1x1 QMAhGAFAIF aR® Inay itk RO BLARCE 3bi ARt KhiphACRACREA § {d 3 difrdnf SO
| arge that 1t can unanbi guously detect The goncentratlon of nuclelc acid
quant i tRINAveésys. aMbreaver,obni ase thhe svesd feghibitar geellemtpbingledzse omismatch f or
exanpl e.i n _current t.ests. Moreav Ll.n use, this sensar exhibits

xcel | HRCRGTREICE. YaSe iGN AYEBFAN AUEREH TH0RTEORE i 0 dWPerohE al | y
al i gne¢oppp@afisaict ure and the two-probe configuration. [0031] Wth respect
to RNA detection, distinct conductance change was observed in the presence
of as I[P93l]le aWith.repettMooRNARIgtectiony diskingtroadudtance whangeuel phsarveddn theear

rel atiqnshi p. bet t he nductan nd MRNA concentrati.on. was oht ai ned

f rom o ety BE G He 4k 0RO 0 S RRN A Lo SRR T Pk, S B, R BRE ey
of magrtlhteRhiBégeeP e doRdiictaRRCAAL RN BoncEhirftioahaigsbtiifed GOHLICEATVE Was
so large that it could unanbi guously and quantitatively determ ne the

expr esdP dA pM wathsanogxcaptignal sigpalptensisof merephprdersinfimasnitudrchingge peiownit ar get
a I fi ' . | ¥ Si.S14 . | e,
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di f f er ejubntitaeekly detefminetthd expsssidh legels of alRIRAMand 62323s B ®IA cplpdste the
arrangenent. of the el ectrodes in the sensor of the present invention can be
var i ed negd forarest ampliicalion yised in surentdpRNYyexpression analysis Jets- dor examelgge

formed @;r&oo%@ b4 GiffePdhcs a%e;g{re;sm SRR c&kaahy gﬁferéﬁﬁﬁedqn%s_lim@aé n

Fi gure In the overlapping region and the top surface of the first
el ect r ddengtemdR®NAy. 130 in Figure 2) of between about 50 nmto about 535

As j trated for, le i i 0., the thick f the ed
o 15he [00321° b aeSepref T snEmm e el aho Alycfadssituhe semser B EEeEnT Bt of
the sec@p®e@hBEd foQF6atd HepPhElwbathel delrb@ssSwith a hbight dTIH¢ 8ddedBrrhe/Bdtwadd -

[0033] In one enbodi nent the side surface%s) of the second el ectrode and
t he i nghe¢ tap swgface pé the sasend elgotrade (see e.g. 4AQ in Figur¢ ) [ Geraverlamying regien i gned

Wth GBS tOtpOSUII;nge §We %%tfeﬁ%ﬁogé (stegI %.g. 130 in Figure 2) of betwgen about 50 nm to

about 535 nm. As illustrated for example in Figure 3 (G), the thickness of the edge of the step

20  between the electrodes 200 is determined by the thickness of the second electrode 150 and
the thickness of the insulation layer 140.
[0033] In one embodiment the side surface(s) of the second electrode and the insulating
layer (see e.g. 1,1",and 1" in Figure 1(B)) is aligned with respect to the top surface of the
second electrode by an angle of between about 80° to 90° or in one embodiment by an angle

25  of 90°+30° or an angle of 90°+20°. This way a 'sharp edge is formed between the second
electrode and the first electrode in the overlapping region. This allows for example
immobilizing nucleic acids in close proximity to the bottom of the edge and thus providing
excellent conditions for a bridge formation eveﬁ of shorter target nucleic acids which bind to
the nucleic acid probes immobilized at the top surface of the second electrode and the top

30 surface of the bottom electrode in close proximity to the step. The stepped sensor
arrangement allows detecting target nucleic acids with a length of at least 40 nucleotides. The

length of the target nucleic acid which can be detected depends largely also on the distance



second el ectrode by an angle of between about 80 to 90 or in one enbodi nent
by an angle of 9030 or an angle of 9020. This way a sharp edge is forned
bet ween twe 8mcomgoel ectrode and the first el ectrode i nrthscavernbaspi ng
region. This allows for exanple imobilizing nucleic acids in close
proximty to the bottom of the edge aqg t hus providing excellent conditions
for a bridge formati on even of shorter” target nucleic acids which bind to
the nucleic . acid probes imobilized at the top surface of the second

el ect r dwbvesndthe fiep swiaces of sacsespnd prd Gt edneirefe senasnted fiamepasheothardnithe ty to

t he st rh I C
aci do. woverSn et ERASy SRRy AR1ARRIERENG hoWRy SFLSEY B chBr BRNEE
nucl ei meads t bhite bridga tlhxe galetnd biad wethe mlei@agélgtowéssxmmblhm at the top

di st ancebet ween. the top surfaces of the second and first electrode

separ at%ﬁfa?qsd%ﬁ thg clecerey (sem eigndigie S(BPpitnig alwognetrd pRat ianeuclele arids prabe
layer. ifSndbigarat se%ﬁ’cpel%étﬁéd%r&ﬁrbe iR dbRl A at MICH At 6f L 6t @ Isfherebgaqﬁ@eé B gbe to

bri dge t e gap an I nd e nucleic acid probes 1 nmobiliz top
sur f acds, df drhE” eireEtglmddsA(mdeB)afcgmeEngtm ﬁ(ca)q electrodes THusotheatffedtivdhrat a

nucl ei ¢ aC|d probe i bilized at th ctrode can be |nnDb|l zed
at the ’B‘&F‘Pu‘steP?{é“%‘}nE"gw\ﬁ&T coELR é"‘g f%% € ecim a&ag Sglﬁg grgehucleicRcithg B

formed rHMe&ﬁ@w%ﬁﬁpé}ﬁoﬁﬂlt%ﬁfsrt}?@ﬁmckﬂgéé%f tﬁé‘ﬁlsﬁlfaflﬁ%fa‘y&eoﬂh%@;{ﬁ SERabAIdyeP
bet ween the second and first electrode that a dging target nuclerc acid

rml eculiecempristddhe thickness dfansulatingHaysk aed sdhgkionHayernsul at i ng | ayer or in

I t hi t d
s JAOP o e 8SR] clefuS LRt 0 hb SRRk Bhrel i Y P A T ode
ent | I els¥ndd$ atrhy (see Figuré A6F ot ih AsSENSAhgl8sERYr € Fitibara8 1111@ra&ﬂ in Pigegse of
a single sensor configuration as illustrated in gure | ( th

over | ad[ﬂﬁhgwﬂthé)vﬁﬂﬁmméIﬂ@cﬁlfsbéléﬁé(rﬂel qngirgly it lsl@e%m ﬂteh%t‘ter mmg\mimapfn ng

reglon r fi

el ectr og‘E %&’ﬁ df ?CC?Haﬁe %IVE %&eﬂs e&e{l%l %ﬂﬂf Iﬁnﬁrlﬁ?3 ﬁﬁtt | r }59’{195{}%@% %e?hele’%lﬁge
sensor laﬂgﬂaysf theefiseelettody. &¢ hsather afy ehet seoshdslestraiel dah Eixeenlliovet maltipld r odes
as shomn I n @%ure | (C) and Flﬁgre 6. It is alsq possible that the

ovdr| agpFifieqtigroas Siowm BgusrdChrrt st db & tlsprosside that be qvpdenpingle
I
only tQqg oﬁ%rfttﬁ+ ReRrdCABLARE cﬁ»%? haﬂ@ ﬁﬁegagﬁgct rggeﬁf Bitfan gé@émagd@ { gure

3 (0. e overlapping region o e secon can overlap east
about SWewh fohexdmplstin dligoe l (B)eamk Figetenk €Q). MVemprping regonbf §%eodnd he

(175t Shestaet Shut 900 Sl A e, 1) et Selrade, R0 RSIAL. LG S
regi on g3k bheSHSOEEtRIRC AR ©79VE tha Bigst leRtrbilg, %bo@ﬂ %, P ER: Bt HedtodR,
certain percentage as illustrated for exanple in Figure 1
20  or about 50% of the first electrode. In case the overlapping region of the second electrode
overlaps the first electrode only to a certain percentage as illustrated for example in Figure 1
(B), a further edge (1°"") is formed which increases the possible sites for binding of nucleic
acid probes and thus the possible sensitivity of the sensor.
[0035] The thickness of the first electrode and fhe second electrode can be the same or
25  different. In one embodiment, the thickness of the first electrode and the second electrode can
be independently from each other between about 50 nm to about 500 nm. In one embodiment,
the thickness of each of the electrodes can be independently from each other between about
50 nm to about 300 nm, or between about 50 nm to about 200 nm. In one example, the
electrodes have a thickness of 75 nm or 100 nm or 150 nm or 200 nm or 250 nm. The width
30 of each of the electrodes can be the same or different from each other. The width of the first

and second electrode can be independently selected from a range of between about 0.1 pm

and about 100 pm.



(B), a further edge (T") is formed which increases the possible sites for
bi ndi ng of nucleic acid probes and thus the possible sensitivity of the
sensor. [WO3bjo/ible9t hi ckness of the first el ectrode andprChscaenmnese

el ectrode can be the sane or different. In one enbodi ment, the thickness of
the first electrode and the second el g&trode can be independently from each
ot her between about 50 nmto about 500" nm In one enbodi nent, the thickness
of each of the_ el ectrodes can .be |ndegendently from each other between

about 58036k téfhsuamlatwdamﬁﬁdp Faargd & erarsing o firshand segopdelestiodeias 4 n one
|
o0 mcamba A OARGSStfhcfhrd MIRAERIR lafer (R Bhe DihiORR of BwBE O

di f f er @houtf Ir nm add @bowt $0enm, dihleetweelt h nof aridH ﬂm;&tbe&wdexsﬁmmhdeﬁemhrmte can
be. i ndependen ect.ed fro a range of between abqut 0.1 mm and about
100 an c)s)eila?ﬁé 41% iigknesy o ﬁvéPSﬁglqgr}aﬁrgaPss %peg 8ot ﬁjﬁﬁgn%tﬁ?ea lpsedt and
second ¢ 1 Gir Qe fmBIRS irPokOMREimeANE BTBGRAE RiEr Sk WA LY BickiBS dfDBHhib! N9

| ayer can have a thickness of between abou nm and about 50 nm or

bet weelbetivaemahoat HDnmmndR20 hetinease $iO3ns ased akSnatemal bt thesnailatingolaysi bi e

that the hlckne f.th ul ati | a r var| endi on th terial
uoed 1 ARoRE SEBIIE (B ietinh TR oSy BT 6T FhOTSAT o8 e Ryreh A6l have.
t hi cknggs tPhbot) S ah S ¥eRdterdd) Qiith 3Qelﬂm%@le391c%nbﬁnﬁﬁé%f$t @ast $0 wsed as
material for the insulating layer. In another exanple e insulating |ayer

can haveed Tihigi upkquesdesighn mdomprnhommf tbﬁesene@rnofé@omres_ﬁnhmvpmlcabmmltﬂnmn in
ca terial a.r ti ed| ctr const at | east 10 is
iodf. e Vi e S SIS et R R prof bt g B fesds

I nvent |0ﬁryﬁde®eéda)ouﬂoatbasdﬁa@eg pslrrent of the i nsul ati ng I ayer which is
below 1 pS at a hias of 1 V, in sone cases only between about 0.2 to about
0.8 pslogxy (f) d37]TherBsylating layerig a) ey homegenequsy yerowhigh mesns thas ke IngHatig neans
that tiigel BUlA0IAe! BUBinIaDeheRhl (3F Gl 0K AIAGSS réfanRELCMde .8 i fhe
urface roughness above nm e Iea ge current |ncrease tmeen

t he fi lekaganchresne ol n&:lreisb betd\&:emﬁﬂm:ﬂirscam deeoxdie&]ectmdatvahch Oaxtlismdqmmfmtahance

he devi ce and neg a I.nfl uences s ns.i |vit¥ t.he ign
arl1 ngdhehe . P Sljlcel ﬁ’ a Bt ice RBY diRatite iénm BERSE? GSNIHYRLY afhen&enser anged
bet wee mdpgul ating layer and the first electrode, or between the

insulating layer and the second el ectrode, or between the insulating |ayer
and t h¢0@33¢ct dndsother srobddinfent an adhediondayardar becirranges] béween the insulating

layer and the first electrode, or 'between the insulating layer and the second electrode, or
between the insulating layer and the electrode of both, first and second electrode. Due to

20 lattice mismatch and difference in thermal expansion coefficient between different materials,
two layers of different materials do not always adhere to each other. Hence an adhesion layer
is required which ‘acts as a buffer between two active material layers. Sometimes there is
atomic (molecular) diffusion at the interface or alloy (compound) formation which make the
respective interface more stable. Without an adhesién layer, a thin film electrode layer, such

25 as a thin film electrode layer of Au or Pt might peel off from a substrate coated with an
insulating layer, such as an SiO,-coated Si or glass substrate. The adhesion layer can have a
thickness in a range of between about 2 nm and about 30 nm or between about 5 nm and 25
nm, or between about 2 nm and 15 nm. In one embodiment the thickness of the adhesion
layer is between about 2 nm and about 5 nm.

30 [0039] The electrode arrangement referred to herein can be arranged on a substrate. The
substrate can have a thickness of between about 20 nm and about 200 nm. In one

efnbodiment the substrate has a thickness of between about 20 nm + 0.7 nm and about 200



| attice m smatch and difference in thermal expansion coefficient between
different materials, two |ayers of different materials do not al ways adhere
to each ovBaep10/14718@e an adhesi on |layer is required whi cBRCASGL0AHANSHUT f er
between two active material layers. Sonetimes there is atom c (nolecular).
diffusion at the interface or alloy (gpnpound) formation which make the
respectlve I nterface nore stable. Wthout an adhesi on Iayer athinfilm

el ectr suc nfilmele ode I t peel
Cort 1 P 8RR Sbsietah Bdrmbedl &R SRS Sy sFETavel ot Na fayp Tl

Si Ce- cwtaeghnsboxmhcﬁlhgsﬁata@kt»s Thélsemicbi@uaiigenhetiall eatehe FaneXtysle &ilidimkness
In a range of between about 2 nm and about 30 nm or between about 5 nm and

25 nm germasaimegalliep girenienps siliepmGride. Prhenmetesiplsduslndamixties of iat,sméss of
the ad@%%fu%ﬂ) Lu?ty ?erll ?mp V‘@r?en P&H egt H{Q Mc@g gttlnénﬂa% a 99 %%101 m For

el ectrode arrang enen erre ere n can arranged on a su strate

The5su lesmﬁﬂk,angafe hea)aﬂmstrhue@ kmeﬁﬁaom*&ndneﬁmmhadoamstrae ldyier an0l indpobitel0 NM
I n one enbodi nent the substrate has a thickness of between about 20 nm 0.7

nm and B firthes sHhstrage Fayem 129nh The sf%% eleglredec B3P pud he insykimedayer 140 erfer

substrgﬁgn%egyo%rthe%{}aﬁ@qaferllwer made of a sem conducting material. The
seni conduciing material can be for exanple silicium germanium gallium

arseni (ﬂ@i)40¢r ghkisobstrataidyiedd 10 @ahedre made bt dessannc budealifferehtumeterial aatteeni c,

| [ I 1 I nbodi t t
ST1 o St s Tab oo ijamae 4n oy crhogimlias SRS FRRIBEF R FHoRIch
subgt r %e@all(ﬁY&r s@ciaoas'Siog eNoREvE ottt SibbtHtt RkerntdRiA 81 daf bR usdd Qsthﬁe

first el ectrode 130 and the insulting [ayer 140 are arranged on

subst r &oe exayme, anlidsul pidigiOateTiab that bat Wahﬁaxidagtelcasl 300 3G ftetnperatade abfvhidhe sarme
or a di.fferent material. t he.i nsul 0. F n one
erbod MHALER oS bt arteised wpanen 58 B,V Y lindil oy BhasGibR BeBimabrg
Howevelor mdith canlbesiseal B o @hbclisent) aie Iﬁht@aalcu%ed e swsetedayerihbuld_®o
exanple, an insulating material that can withstand at | east 300 0C

(terrpeubatablueéo a@thamnéﬁrganmomenmonawh qxgnméﬁpwﬂnce@lnmh@ SaMNadr, e.g. by
D) i B0 AEHIRBAO0. o AFLRE IBAAN Bl S 00 AR U3FH Lone

vv| t hst a0d ivugdniThe potpoebh ha\(ihg af umlamgrmbﬁratcs laged 1100 tai;irWedEel(e&nBM)
[0041] In sonme enbodi nent, a further substrate |layer, such as the_ further
subst . af%stﬁlisyw‘viezbt hegneighihoringmetal ¢lgefedes on 9@?@6 #lenen dhataneans thabis rat e

layer 11Q dndtHep Eewmanei &?ﬁl&axﬁﬁbm%ans tLigua{easwsﬁe& JsBE a8 Bh-ERP QbR TE A

el ectrodes on t e sane pl ane
material 120, such as glass quartz or any such insulating substrate (hke ceramics) no

20  substrate layer 110 will be required. Thus, the substrate layer 110 or 120 can include, but is
not limited to a semiconducting material, such as Si, glass, quartz, Si3N4 or ceramics.
[0042] The insulating layér can be made of a material with a high relative dielectric
constant (k) or SiO,. Other terms for the relative dielectric constant (k) are the dielectric
constant, or relative static permittivity, or static- dielectric constant. Relative dielectric
25  constant is the ratio of a material's electrical permittivity to the electrical permittivity in a
vacuum (that is defined as one). The relative dielectric constant (x) is a measure of the ability
of a material to store a charge from an applied electromagnetic field and then transmit that
energy. In one embodiment, the insulating layer can be made of a material with a relative
dielectric constant (k) of at least 10. Examples for materials with a relative dielectric constant
30 (x)ofat least 10 include, but are not limited to Ta;Os, Al,Os, ZrO,, and HfO,.
[0043] If present, the adhesion layer is made of a metal. Examples for suitable metals

iriclude, but are not limited to Cr, Zr, Si, Al+TiN, IrO; or Ti. For example, mostly for an Au



case another material than a sem conducting material, such as Si, is used
as further substrate material 120, such as glass, quartz or any such

i nsul at i yoOLWst4Pe (| i ke ceram cs) no substrate | ayer PCIGGRI10/000986
required. Thus, the substrate |ayer 110 or 120 can include, but is not
limted to a sem conducting material, jsuch as Si, glass, quartz, Si3N or
ceram cs. [0042] The |nsul ating Iayer can be nmade of a material with a high

relativ | ectr co tant ) terns ar the rel ati
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is the ratio of a material's eléctrical permttivity to the electrical
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di el ectric constant (K) at |east 10. Exanples for materials with a

rel at i siliggnelsdicon | germaniymg rittagigm F1).atantabemt (Tad funestar Wh luraimam ¢Al),
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Auel ectrode mat er i aI Ti _or are used as materjal for the adhesion_|ayer.

cOrmnmryt epiym. Fapmpless annetél @&W&@lgde dut apg notalimged, o fitaqiumgtirdey(BiN)an pe
us n r Pt el ectrodes, Ti
orq r can t“@“&‘?ﬁf@é% Cb%ez’aﬁﬁeésﬁl gﬁ& ayelﬁlllciﬁ%'e first and second

el ect r qded44Jan Tie matbéc ﬂl(fld q)k(ﬁ)esanmobmhzadla‘tftm anfaceraf drel filsseledieleachn betixes
are made of teri hut not limted . to, a pobl d
si | i corfamgape lcp%ﬂuipgq% léaﬁ S Biqlpg afi JeebritmaR lizeq %HF%HW?&FF)OM}%WP%‘F{
(Ta), teiRadherdr (df¥fer ALRHMHRUNEA hcidChoBEiMMdbHiZed 4 ARPLradeuds 1R $BbA
alloy or a conducting polymer. Noble netals which can be used herein

| ncl ud@lq@bd¢ pI atinum indi um pal | adium osmium silver, rhod| um and

[ es of , net al J ncl ude, ,,but a not te
eyl BBl G ol gL ahe L YR G UL B8 CeROL I 88 i
NdFeB a@innm@Y Possiblle CoHl B gurh @6} 4hch ixesingle |sﬁhxfdedCdi(£hbﬂH ahmdedophbhB@gicd the
surface of the first electrode can be the same nucleic acid probe |like the

nucl ei dhereefd Nuelsiseacidmipeiude fosdnsiance AANA malegiesoRNAhmoleselshanalogeesiaidle or
differ Ol%}(lgr%r&gﬁé]%ﬁlar%eﬁ A ‘ae'aHEEngés ﬁ%{%m}qﬁ@c aMal BER; :&fcx{ fogeeCONd

el ectr t's géheral neanin m " nuc el C ac as used
her ei n nuefety scid mobatyles (CNA) CPNA molecules and tecto-RNA molecules (e.g. Liu, B., et al,,
20 J Am. Chem. Soc. (2004) 126, 4076-4077). An LNA molecule has a modified RNA backbone

with a methylene bridge between C4' and O2', which locks the furanose ring in a N-type

configuration, providing the respective molecule with a higher duplex stability and nuclease
resistance. Unlike a PNA molecule an LNA molecule has a charged backbone. DNA or RNA
may be of genomic or synthetic origin and may bé single or double stranded: Such nucleic
25 acid can be e.g. mRNA, cRNA, synthetic RNA, genomic DNA, cDNA synthetic DNA, a
copolymer of DNA and RNA, oligonucleotides, micro RNA having a length of between
about 21 to 23 nucleotides etc. A respective nucleic acid may furthermore contain non-
natural nucleotide analogues. |
[0046] Many nucleotide analogues are known and can be present and/or used herein. A
30  nucleotide analogue is a nucleotide containing a modification at for instance the base, sugar, -
or phosphate moieties. As an illustrative example, a substitution of 2’-OH residues of siRNA

with 2’F, 2°0O-Me or 2°H residues is known to improve the in vivo stability of the respective



acid in any possible configuration, such as single stranded, double
stranded or a conbination thereof. Nucleic acids include for instance DNA
nmol ecul eswoRb/mwi7ecul es, anal ogues of the DNA or RNA gegess2en/ umsng

nucl eoti de anal ogues or using nucleic acid chem stry, |ocked nucleic acid
nmol ecul es (LNA), PNA nol ecul es and te; 0- RNA nol ecul es (e.g. Liu, B., et
al., J. Am Chem Soc. (2004) 126, 4076-4077). An LNA nol ecule has a
modi fi ed RNAbackbone with a methyl ene bridge between C4' and O2', which
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while RNA contains uracil but not thymine. The other three hetefocyclié amines, adenine,
20  guanine, and cytosine are found in both DNA and RNA. - ‘
[0048]  The nucleic acid probes used herein can have a length of between about 5 to about
50 nucleotides or between about 10 to 50 nucleotides, or between about 15 to 30 nucleotides.
In one embodiment the nucleic acid probes have a length of at least 10 or 40 or 60
nucleotides. The length of the first and second ﬁucleic acid probe can be the same or
25  different. |
[0049] The nucleic acid probe is immobilized at the surface of the first and second
electrode by methods known in the art. Nucleic acids are generally immobilized at the surface
of the electrodes via a linker molecule. Thiol-groups are often used for immobilization of
nucleic acids at the surface of metals.
30 [0050] For example, in one embodiment short oligonucleotides were anchored onto gold -
surfaces by preparing terminally thiolated oligohucleotides using solid phase DNA
synthesizing techniques (described e.g. in Kelley, S. O., Barton, J. K., et al., 1998, Langmuir,



probe is nade of DNA or RNA. Both DNA and RNA are conposed of repeating
units of nucleotides. Each nucl eotide consists of a sugar, a phosphate and
a nucl ei cweehty/fage. The sugar in DNA i s deoxyribose. TireTS6a6w0/00008RNA i S
ri bose, the sane as deoxyri bose but with one nore OH (oxygen-hydrogen atom
conbi nation called a hydroxyl). A ngj gr di fference between DNA and RNA i s
that DNA contains the nucleic acid ba é thym ne, but not uracil, while RNA
contains uracil but not thym ne. The other three heterocyclic am nes,
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steps: %trtvs(/)é{alnda Qgt 8‘ Of %O({ mM. In one embodiment the temperature can be in the range of

between about 10°C to about 90°C. The pH can be in a range of between about 3 to 9. Thus,
20  the above method can be carried out over a broad range of different conditions with the
sensor described herein. A pre-treatment of the sample suspected to comprise the target
nucleic acid sequence is also not necessary for carrying out the above method for detecting a
target nucleic acid sequence. »
[0053] At first the sensor (see e.g. Figure 8 (B) I) is contacted with a solution which is
25  suspected to comprise the target nucleic acid. In case the target nucleic acid is comprises in
the solution, the target nucleic acid with undergo complementary binding with the nucleic
acid probes immobilized at the surfaces of the first and second electrode (see e.g. Figure 8
(B) II). |
[0054]  After contacting the sensor with the solution which for example comprises the
30 target nucleic acid to be detected, the method can further include several wash steps. The
washing steps are supposed to clean off any 'substancés which can obstruct the later following

electrical measurements and/or the deposition of metals at the bound target nucleic acid



descri bed herein, wherein the sensor conprises two el ectrodes and wherein
nucl ei ¢ acid sequences are i mobilized at the surface of the el ectrodes

whi ch ar ewoanplement ary to the target nucleic acid sequegescGmouimssi ng t he
sensor with a sanple fluid suspected to conprise the target nucleic acid,
metallizing the nucleic acid nDIecuIe? of the sensor; carrying out a
conduct ance neasurenent to determ ne %e presence or absence of the target
nucleic acid, [0052] In such a nmethod the salt, such as NaC-
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[0056] Thus, to increase electrical functionality of the nucleic acid, electrically_conduction
20  metal ions are vectorially deposited along the nucleic acid molecule. The chemical deposition
process is based on selective localization of metal ions, such as silver ions along the nucleic
acid through, e.g. Ag'/Na" ion-exchange and formation of complexes between the silver and
the nucleic acid bases. In the embodiment using silver ions, the silver ion-exchanged nucleic
acid is then reduced to form nanometre-sized metaltic silver aggregates bound to the nucleic
25  acid skeleton. These noble metal aggregates are subsequently further ‘developed’, much as in
the standard photographic procedure, using a chemically reducing solution and nobel metal
ions under low light conditions. The chemically reducing solution can be an acidic solution
such as a solution comprising hydroquinone.
[0057] Thus, in one embodiment the metallization step comprises the step of contacting
30 the sensor with a solution comprising a metal precursor; and afterwards contacting the sensor
with a solution comprising a reducing agent suitable for chemically reducing the noble metal

precursor.



[ 0055] After hybridization of the target nucleic acid to the nucleic acid
probes and after the optional wash steps, the hybridized nucleic acid is
under goi ngoaotvetodd7bi zati on step. Methods for netalizi ngprousiceiw/oamses are
known in the art (see e.g. Braun, E., Eichen, Y., et al., 1998, Nature,
vol . 391, pp.775). Metallization includgs the deposition on electrically
conduction netal ions, such as noble tal ions (see noble netals referred

to above), on the nucleic acid conplex formed between target- nucl ei c and
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[0060] In a further aspect, the present invention refers to a nucleic acid detection kit. The
20 kit can comprise or consist of a sensor as described herein, a solution comprising a metal
precursor of a metal which is electrically conducting, such as a noble metal; and a solution
suitable for chemically reducing the metal precursor.
[0061] Such a nucleic acid detection kit can be used for example, for characterizing
nucleic acid of pathogens, measuring mRNA levels during expression profiling or in point-
25  of-care applications, such as for detecting infectious. diseases, for cancer diagnosis and |
treatment, to name only a few. The possible to arrange the sensor in a sensor array further
allows the parallel detection of multiple target nucleic acids. The sensor or sensor array
referred to herein can also be integrated in a readout unit for detecting a range of target
nucleic acids. With the sensor and this kit it is possible to detect full-length genes. The sensor
30 is sensitive enough that it also allows differentiation of single-base mismatches in nucleic

acid sequences as described in the experimental section of this application.
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20 electrode is removed, thus forming the stepped electrode arrangement as shown for example
in Figure 1.
[0065] An example of manufacturing an electrode arrangement in which the overlapping
region overlaps only part of the first electrode is described with reference to Figure 2 and 3.
Figure 3(A) shows that a silicium wafer of about SOO pum thickness is provided as a substrate

25  layer 120. The top layer 110 of the silicium wafer substrate 120 is oxidized. The top layer
110 is coated with photoresist using spin-coating. As shown in Figures 2(1) and 3(A), a
photoresist layer 100 which is about 0.5 pm to about 2 pm thick is formed. Figure 3(B)
shows that the photoresist layer 100 1s patteméd by exposure to UV lamp via a mask and
developed to form a cavity. Figures 2 (2) 3(C) shows that a highly pure gold layer (50 nm to

30 300 nm) 130 is deposited above a chromium (Cr) layer (not shown) which is deposited above
the remaining portions of the photoresist layer 100 and in the cavity. Figure 3(D) shows that
the photoresist layer 100 is removed together with the portions of the gold layer 130



t he second el ectrode. Afterwards the second nucleic acid probe which is
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cavi t y.Winelyeevsss 12~t%{9§pesrf@)exywelﬁsshpwaﬂg§1gw<@h@&fn%?e Yo 8f thefisgietecirade-r an t o
300 ran) O i ' OME : ) r . which is
dopos, 10T oS HRARP HEHoRANE ATt chir bt Al Blen Ry BIRINGEE |
t he ca\plasma-dnhgoeed GeBlica aper tlbpdsitidne (REOYD).eBEEVI ayesr elé@ficdl senesgyotoed

together with '{ggoe ortions of the %glﬂthayer 130deposi t ed above it by
subpectEhgeie ® EpuABehHEe WhanH) PPhishdbe BEey IS GTnsIense fal. 2 by MiEsre (3)
and Fi qpfeBurdof gak). IV @arfshins Wb R Thik Rk Mo kkETe HflaisSiod§RRE#AISbhPaddM t O
200 nnm)" by pl asmaenhanced chem ¢al vapor deposition ( PECVD) or by

sput t ernelgcwiésoand pther highly excated speriesn dhedecatpinie andeinetecnlor fragi@ents interact

with a substrate located in a chamber and, depending on the nature of these interactions,

either etching or deposition processes occur at the substrate. Since the formation of the
20 reactive and energetic species in the gas phase occurs by collision in the gas phase, the
substrate can be maintained at a low temperature. Thin layers formed by PECVD are
characterized good adhesion, lbw pinhole density, good step coverage, and uniformity.
.[0068] In one embodiment, tetraethoxysilane (TEOS) is used as source for silicon in the
PECVD method for the manufacture of the insulatiﬁg layer. Oxygen can be used as precursor
25 gas in the PECVD method. The time for the deposition of the insulating layer using the
PEVCD method can be between about 40 seconds and 2 minutes. In one example, the time is
about 45 seconds.
[0069] For the manufacture of the insulating layer, the pressure of the gas in the chamber
of the PECVD reactor is about 800 mTorr (106.66 Pa) to 1000 mTorr (133.32 Pa). In one
30 embodiment the pressure is about 850 mTorr (113.32 Pa).
f0070] In one embodiment, the flow rate of the précursor gas oxygen into the chamber of

thé PEVCD reactor is between about 0.03 m*/s sccm and about 0.04 m>/s or about 0.033 m?/s



[0066] Figure 2 (4) shows that a photoresist |layer 160 (not shown) is
deposited above the insulating layer 140 and is patterned to forma cavity
for deposwbi2om/wiswhe second el ectrode 150. Figures 2 (prraedod/ofdoss show
that the second el ectrode 150 is deposited and the photoresist |ayer 160 is
removed to result in the patterned sqund el ectrode 150. Figures 2 (6) and
3 (G show that portions of the insulating |ayer 140, which are not covered
by the second el ectrode 150, are renpved by reactive ion etching (RIE).
é
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and descnbed or portions thereof, but it is recognized that various modifications are possible

20  within the scope of the invention claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by preferred embodiments and optional
features, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are
considered to be within the scope of this invention.

25 [0073] The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form
part of the invention. This includes the generic description of the invention with a proviso or
negative limitation removing any subject matter from the genus, regardless of whether or not
the excised material is specifically recited herein.

30 [0074] Other embodiments are within the following claims and non- limiting examples. In

addition, where features or aspects of the invention are described in terms of Markush groups,



TECS was about 0.5 1/mn. [0071] As described herein, in case the first and
el ectrode are to be coated with different nucleic acid probes, the first
nucl ei ¢ awddoprobgoneeds to be renoved fromthe top surparscabloonmsef the
two el ectrodes before the second nucleic acid probe can be i mobilized

t hereon. Specifically renoving a nuclgbc acid probe fromthe surface of an
el ectrode is possible through electriC stripping. In this process the
electroge froghwhich surface the nuclejc acid probe is to be renpoved is

subj ect'@eserilied n e art Jill gocoenizg thal dhe uwenfiqnais alse thereby descriged in teras of

pot ent i : 14l | I ' about 0.1 to 1 V. In
one enbagi‘)lbi,_iu‘rfr(%e{gltd Pél?ﬁ%rﬁl%%gﬁ S{rla 8%%?1&1'?1#?2{8%2?%%?%%@ 9?:é%lgpng I s about 150 to
250 m/s. In one exanple, the scan rate is about 200 nv/s. [0072] The

i nventions illustratively d ribed herein may suitably be practiced in the
absence of any el enment or emﬁ'ﬁﬁ\,{EﬁiﬁRJ%%ﬁw limtations, not

speai fi gg’yjjy Gt thd sheligis Thus, for exanple, the ternms "conprising”,
"including”, '"containing™, etc. shall be read expansively and w thout '
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recognize that the jinvention is also therehy. described in terns of
o9 tﬁe stabhlﬁty 0 mlRI\PAs, Eethyq pyrocarbonate treateg%lon?zed water was used for all sample

solutions and buffers preparation and surfaces were decontaminated with RNaseZap

20  (Ambion, TX). To remove any organic residue or remnant photoresist, the devices were first
cleaned in Nanostrip® solution for 15 min, thoroughly rinsed with DI-water and dried in a
stream of nitrogen.

[0077]  Fabrication of Sensors

Metal/insulator/metal multilayer (hereinafter abbreviated as “nano-MIM”) devices were
25  fabricated on 4 in. silicon wafers (coated with 500 nm Si0;) using standard photolithography
techniques (Figure 2). Well-defined sidewalls of the insulating layer and the top electrode,
necessary for molecular bridging, were patterned by two different methods: (i) reactive ion
etching (RIE) and (i) photolithography-liftoff pfocesses. The RIE process resulted in a much
better definition of the sidewalls (see e.g. Figure 3). Therefore, it was employed in the
30 fabrication process. Plasma enhanced chemical vapor deposition (PECVD) was used to
deposit a SiO; insulating layer. After realizing thé bottom electrode, a 5-20 nm SiO,
iﬁsulating layer was deposited on the entire wafer by the PECVD method using



any individual nmenber or subgroup of nenbers of the Markush group.

EXPERI MENTAL SECTI ON [ 0075] Chem cals and nmaterials [0076] Thiol-term nated
DNA capt we 2prooesoused herein were custom nmade by Si gneRETSENO®HNB0086

(Wodl ands, TX) and used as received. Qther oligonucleotides were from 1st
Base Pte Ltd (Si ngapore). Al other 2 ggents were purchased from
Sigma-Aldrich (St. Louis, MDJ and used wi thout further purification.
Phosphat e- buffered sali BS, 10 nM hos hate buffer + 139 - nM NaCl_ + 2.7
mv KC )tett%ehwe osilicags % Y@%@éﬁe%o onsilican 7841 @ne; preeyesr gas. The
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[0079] The sensor array, consisted of up to 1600 individual nanogap sensors with a
vertically aligned gold/SiO,/gold sandwich structure, was fabricated on a 1.5%1.5 cm silicon

chip with 500 nm coating of S10; by uéing standard photolithographic techniques. An optical

20  image of an array chip, consisting of total 625 individual nanogap sensors [(5x5) x (5x5)]
was shown in Figure 6. As already mentioned above, the roughness of the bottom gold
electrode played a.pivotal role in the performance of the nanogap sensor. The characeristics,

such as surface roughness of the gold electrode were determined by performing AFM
characterizations of the gold electrode surface. In thts embodiment, the roughness of the gold

25 layer was well within 2 nm. Plasma enhanced chemical vapor deposition (PECVD) was then
used to deposit the SiO; insulating layer, using tetraethoxyorthosilicate (TEOS) vapor as a
source for silicon and O, as precursor gas under optimized conditions. Ellipsometric
measurements showed that the variation in SiO, thickness was less than 0.50 nm over the
entire wafer. Well-defined sidewalls of the insulating layer and the top gold electrode,

- 30 necessary for mRNA bridging, were produced by reactive ion etching (RIE) as described
above using the top gold layer as a natural mask. Electron microscopic observations

sﬁggested that sharp edges and smooth gold surfaces were obtained (see Figure 7).



i nsul ating | ayer was deposited on the entire wafer by the PECVD net hod

usi ngt et raet hoxyorthosilicate (TEQS) vapor as a source for silicon and Q2
as precur¥onoyaw447fhe nor phol ogy and el ectrical propert PEZ/SGRO10MO008H O2
insulating |layer play a pivotal role in the performance of the nano-M M
sensors. Therefore, a very conpact angphonpbgeneous Si Q2 | ayer had to be
manuf actured. A 45 s deposition time with @2 and TECS vapor flow rates of
2000 sggmg nd Q. ‘/ sspec 1.\/el. at a chanber pressure of 850 niorr
was us @y f i 7o frefits, it was determned that, under the
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tetraet hoxyorthosilicate (TEQCS) vapor as a source for silicon and Q2 as
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t hat tr[go??]rl %btﬁﬂhidﬁoﬁ'aﬁ@dttj%t% ess was |less than 0.50 nmover the entire

waf er detined sIdewal of the insulating |ayer and the top gold
el ectrd@es§3] Afier 1mmob1hzat10n of CP1 and CP2 on the two electrodes, respectively, the

20  nanogap was bridged by a 30 min hybridization with aliquots of 5.0 uL of the target DNA of
various concentrations in TE buffer (10 mM Tris-HC1 at pH 8.0, 100 mM NaCl, and 1.0 mM
EDTA) where the two termini were complementary to the two surface-bound capture probes,
respectively. After hybridization, the device underwent three stringency washes with SSC
buffer (80 mM NaCl, § mM sodium citrate, and 0. 1% sodium dodecyl sulfate; 5-7 °C below

25  melting temperature) to remove any nonspecifically adsorbed or partially hybridized DNA
strands. Finally, the hybridized molecules across the gap were made electrically conducting
by a simple metallization step. The process consists of the vectorial “collection” of silver ions
along the hybridized DNA strands followed by hydroquinonecatalyzed reductive formation of
silver nanowires along the DNA skeletons (Braun, E., Eichen,Y., 1998, Nature, vol.391,

30 pp.775). Briefly, the hybridized sensor was incubated in 0.10 M AgNOj3; in ammonia (pH =
10.5) for 10 min. After a thorough rinsing, the adsorbed silver ions were reduced by 50 mM

hydroquinone in ammonia (pH = 10.5). The conductance measurements were performed with



necessary for nmRNA bridging, were produced by reactive ion etching (RIE) as
descri bed above using the top gold |ayer as a natural mask. Electron

m cr oscopwo 20fms@ndrat i ons suggested that sharp edges andpersc2ino@®odoss
surfaces were obtained (see Figure 7).[0080] Capture probe (CP)

i mobi | i zation [0081] In this exenplapy enbodi nent two sets of capture
probes with different sequences were uSed. The 5 forward capture probe
(CPl ; SEQID NO 1) was a 21-base oli onucleotlde wi th a spacer Iength of
9 bases Pafametert Hplyzer.r dgebaiter cpialize the olosmptegap of sitlyer mm@wr2§ PedlVeT so a

i nase B PRRHEPREGS (s AR BRRRARETr sPariihd elebooH BiCERB ST

t a& g te':] e@bmnbl?ste hﬂlk)&rnnsa,cztzftarl the {Sdsemnmglbcmme)m ee(;i];?cgdréggnahe SsmgugquhO}‘mM PKB2,
gpl ef, ég’n? @I@'&Jﬁé ]tél 92{; &Hﬂ%ﬂé@é‘lﬂ“ﬂl}?“ﬁ%ﬁﬁ%ﬁ?i’ d-’ygbl i ne
( PBS: l@er@%lﬂ&?ﬁﬂ&" bglléHJt)ﬁt%rthe :IS%IQSO?MJH&@Y 5-20nig- \Zlasn%t{ﬁge}lt ?&%Iﬁi R r%gy 1.0
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Vital to the feasibility of this approach is to have a nominal background current, which

20  should preferably be several orders of magnitude lower than the signal generated after DNA
or RNA bridging. In general, the background current is primarily due to tunneling of charge
carriers through thé-insulating layer in the relatively large common area of the electrodes (5
pm x 5 um). For demonstration purpose, an array of seven devices was fabricated on a 100
mm’ substrate area (Figure 9), although a higher scaie of integration is possible following the

25  same fabrication procedure.

[0087] By using this process, it was possible to fabricate the sensor arrays of different gap
sizes that varies from 5 to 100 nm with precise control of insulating layer size ((1.0 nm) with
high device uniformity and unlimited scalability. As it is known, the morphology and
electrical properties of the insulating layer are critical for desired performances of the sensor.

30 For example, for a 10-20 nm thick SiO, layer, surface roughness was found to be about -
0.5 nm (Figure 7). The leakage current (the conductance of the blank sensor chip) was found
to be in the range of about 0.2 to about 0.8 pS, also at an applied bias of 1 V. This extremely



al ong the hybridi zed DNA strands foll owed by hydroqui nonecatal yzed
reductive formation of silver nanowires along the DNA skel etons (Braun, E.,
Ei chen, Y.wo2088,044¥at ure, vol.391, pp.775). Briefly, theprbydGdionealssensor
was incubated in 0.10 M AgNO in ammonia (pH = 10.5) for 10 min. After a

t hor ough rinsing, the adsorbed silver hons were reduced by 50 nmv

hydr oqui none in ammonia (pH = 10.5). %he conductance neasurenents were
perforqe Mha paraneter anal yzer. To better visualize the formtion of

si | ver ANniRkages cumend| promptesh sabRegRentt applisadens phshigppeyiest i omudific il es
for scappcfgnel ectron mcroscopic (SEM experinments. That is, after the
silver 1on collection and reduction on the sensor, 1.0 rrMAgNCB in citrate
buf f er [0P$8]= :I:@)uraﬁcbesﬂnmNbih_r_\szqu none in C|trate buffer (pH = 3.5) were

i xed pl.i ed th ff t to f
e TOfdIDr oG Bk One o PR Hptye preesinas o 8a polpestigiy 2nin 'ﬁ%qe Jagpmer
Fabsi cajri g t&gO&@ﬂesﬁdnhufgt ae&twm aefosg e @?easome@l %\étvé?c%natjhg rta Winli ot

sensing procedure are depicted in Figure 8. The nano-M M wa EI’I cat ed,
wher e &levtmadereFegure HIOAR. [haynherofwordssud al1002Q rmucrhscmmcsl op mascasamdvprcllmed
between a Lr . .of verticall ed netal | ayers nduct or s The .Si Q2

i nsul at* Lzatipn gprocedurg is eg e‘fm’fhls AR g3 Ve ef’%‘t(éaﬁqt{eﬁ%‘ls?o‘b %ﬁ qlﬁéﬁ/bottom

rret al Q}n‘p@ﬁsﬁlﬂg% dBctWhipplly tHeOcapaRk y&epmm ¥ b paftidul R refdttrod € IRA GRth
conpl enentary to the two termni the target DNA, respectlvely, wer e

i mobi the Belp afra WPt sesttter. Hiostunatehy spclbg t@skewmslge@sstuﬂa( agepmpkished fyran

it ontd APk CA RRREEH . SRR SRR R b0 rRERAL e Reor TV,

hybri diweze Wdubateth én TRHBuffee cpiitaidety 1. 0uNMAudspidoe1abeled s gbhbNAsefftet @adred
between the top and bottom el ectrode and thus will not contribute to the
cur r entStSPetReEEHNE He thevdlupisseance | image dadggurg 108, it ds ppparpriatiab OPil ipdesd ¢ hi s

approaggré,;\ 4 el%‘(%ﬁ/ls”ﬁﬂh@%ﬁrf?fegiﬁﬁ%g éieafb[gre@% veéq}yﬁ{a s%néaywr FhLELAL! y

be sev ers of magnitu wer t an si gnal” genera ter or

RNA br i@RY, m@er the gectmchémlcahanbpmlggt}mjdldq@asrwemtmcwamdl ithey Oy datieded

tun elin chargge carriers.t He |nsulat|ng Iaé/e in the relatively
aige COMPPEY e and Sr eiAFFSEBCamjoTOsegp 1 1n Fighre

pur pos qocﬁ@qu\Rrﬁ’éforﬁ? PR OB teﬁseléeﬁ%dé P L AIRAIMIN FeviQO(sER®r)S %Lte%h{gat e
area (Figure 9 hough a hi gher scale of integration |s possI

f ol | owifragn tthe og)aml,et«f, algqapp@ﬂrm ok thoe dlworescence at the bottom electrode. Since a

monolayer of CP1 was already present on the top electrode, the latter treatment with CP2
solution would presumably result in the. formation of a SAM of CP2 on the bottom electrode.
20 This was corroborated by incubating a set of the sensors-in the TE buffer solution containing
1.0 uM of FAM (green dye)-labeled target DNA with its base sequence complementary to
CP2 and the Cy3-labeled DNA with its base sequence complementary to CP1. Figure 10D
provides an excellent visual proof that it was possible to selectively immobilize SAMs of two
different capture probes on the surfaces of a pair of 'nanometer-spaced electrodes. This is the
25  first time that nanometer resolution in DNA immobilization was achieved. In addition, the ‘
fluorescence images strongly suggest a high surface coverage of the immobilized capture
probes and an excellent hybridization efficiency, which paves the way for the development of
ultrasensitive DNA sensing devices. Moreover, nonspecific adsorption on the substrate or the
electrode surface was negligible as is evident from the very clean fluorescence images.

30 [0090] Detection of Target DNA

[0091] Two terminal electrical measurements were made across the step formed between

the two electrodes in each sensor. Figure 11A depicts a typical current-voltage (i-V)



[0087] By using this process, it was possible to fabricate the sensor
arrays of different gap sizes that varies from5 to 100 nmw th precise
control okoiopuloat7ong | ayer size ((1.0 ran) with hi gh decrse2emniobasei ty and
unl.imted scalability. As it is known, the norphol ogy and el ectri cal
properties of the insulating |ayer argscritical for desired performances of
the sensor. For exanple, for a 10-20 nmthick SiQ2 | ayer, surface roughness

was foucgd to be about, 0.5 nm (Fliugure 7). .The | eakage current:
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uncontrolled enhancement of the silver seeds formed along the capture probes.

20 [0094] Finally, it was verified if the nonspecific adsorption of the long target DNA, for
example PKB2, across the step could contribute to the signal. For this test, several freshly
cleaned devices, pfeimmobilized with noncomplementary capture probes, were incubated
with the target DNA solution and then followed the optimized silver ion collection and
nanowire formation procedures. The absence of any Adetectable change in conductance further

25  confirmed the reliability of the measured signals.

[0095]  Utilizing this hybridized DNA-templated formation of silver nanowires as the
signal generator, the conductance between the nanogapped electrodes is primarily dependent
on the number of the silver nanowires formed between the top and the bottom electrode
(bridging). The more the.target DNA molecules hybridized, the more the silver nanowires are

30 expected between the two electrodes, thus the higher is the conductance. Under controlled

experimental conditions, a simple and straightforWard linear reiationship between the

conductance and the target DNA concentration can be expected. To construct the calibration



di fferent capture probes on the surfaces of a pair of nanoneter-spaced

el ectrodes. This is the first tine that nanoneter resolution in DNA

i nobi | | awDi20n/mag9achi eved hi addition, the fluoresceneeTiSGagemosss ongl y
suggest a high surface coverage of the imobilized capture probes and an
excel l ent hybridization efficiency, whgch paves the way for the devel opnent
of ultrasensitive DNA sensing devices. Mreover, nonspecific adsorption on
the substrate or the el ectrode surface s negligible as is evident from
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were more sensitive probably due to higher hybridization efficiency), were achievable after a
20  much prolonged hybridization of 4-6 h but with little practical significance in view of the
long hybridization time. As seen in Figure 11(B), at the high concentration end of the
calibration curve, the conductance reached as high as millisiemens, 1.25 x 10° times higher
than the background, which translates into a relative change of 2.1 x 10°% per unit
concentration, which is far bette_r than any other electrical transduction-based methods. This
25  huge signal intensity is mainly due to a significantly reduced background conductance (<1.0
pS) achieved with the vertical step (nanogap) since other nano- and microgapped electrodes
can also produce a conductance at millisiemens levels but on a huge background of -
submicrosiemens (Moller, R., Powell, R.D., et al., 2005, Nano Lett., vol.5, no.7, pp.1475).
[0097] Unlike planar nano- and microstructures where all target DNA molecules,
30 hybridized, loosely bound, and nonspecifically adsorbed, contribute to the conductance of the

device, the extremely low background suggests that the unique vertical nano-MIM structure

(sensor structure) and the two-capture probe approach significantly reduce the background to



cl eaned devi ces, preimmobilized with nonconpl enmentary capture probes, were
i ncubated with the target DNA solution and then followed the optim zed
silver i omoeold®ei’bon and nanowi re formati on procedur espcThse2abmense of any
det ect abl e change in conductance further confirned the reliability of the
measured signals: [0095] Wilizing thhs hybridi zed DNA-tenpl ated fornation
of silver nanowires as the si gnal generator, the conductance between the
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as

20 _
Background contribution = (Seomp + B)/(Ssem + B) = (Scomp/Ssm) (1)
where Ssgm, B, and Scomp are the conductances of SBM. DNA, background, and the
complementary DNA, respectively. As Scomp > Ssam and B < SsBM,

25

Background contribution = B(Ssgm - Scomp)/ (Ssem(Ssem + B)) <0 )

As seen in equation (2), the background contribution to the SBM selectivity is always
negative. With a high background, a significant amount of the mismatch selectivity is lost.

- 30  The true SBM selectivity of hybridization-based DNA sensors can only be realized when the
background is negligible. '



much prol onged hybridization of 4-6 h but with little practical
significance in view of the long hybridization tine. As seen in Figure
H(B), at wbeotwgreoncentrati on end of the calibrati on egmse2otoweooss
conduct ance reached as high as mllisienens, 1.25 x 109 tines higher than
t he background, which translates into rel ative change of 2.1 x 104% per
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20 [00101] Fortunately, agglomeration is a desirable feature in developing an electrical

detection procedure with the vertically aligned step (nanogap) electrodes because it facilities
the formation of two-dimensional features on the electrode surface instead of three-
dimensional features toward the top electrode, largely reducing the possibility of step
bridging by the capture probes and making it poss1b1e to read electrical signal with high
25  signal-to-noise ratio.
[00102] The morphology of the silver deposited at the control is distinctly different from
the wire like silver deposited at the complementary DNA hybridized sensor surface under
identical conditions (Figure 13D). A close examination of Figure 13D revealed that, indeed,
there are some silver nanowires vertically aligned across the step, effectively bridging the two
30  gold electrodes, generating a measurable electrical signal.
[00103] The sensor referred to herein provides a novel ultrasensitive sensor afray for the

detection of DNA with a femtomolar detection limit after 30 min hybridization. This



unchanged under all circunstances, its contribution to the SBM sel ectivity
can b e described as Background contribution = (Sconp + B)/(S SBM + B) -

( Sconmp/ SsB20{0/1by4mwhere SBM, J a n Sconp are the conduetcarscesiombooSBM DNA,
background, and the conpl ementary DNA, respectively. As Sconp > SBM and B <
SSBM Background contribution = B(S SBM - Sconp )/ (S SBMSSBM + B)) < 0
(2) As seen in equation (2), the background contribution to the SBM
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BRCAI 3’- HS-(CH,)s-GGACTATGAAAAGACCTACGGAG-5" | SEQIDNO: 7

His4 3’- HS-(CH,)6-TCCATTGACGTAGCGCCTAA-5’ SEQ ID NO: 8
Annealing 3-TTTTTTTTTTTTTITTTTT-(CH,)s-SH-5" . SEQ ID NO: 9
probe . . -

15
[00107] The proposed approach of utilizing the stepped electrode arrangement to detect
mRNA involves a pair of oligonucleotide capture probes, namély capture probes (CP) (SEQ
ID NO: 6, 7 and 8) and annealing probes (AP) (SEQ ID NO: 9), for each target mRNA. The
characteristics of CPs are unique to the representativé mRNAs to be detected and have

20  similar melting temperatures. And APs (Poly (T)) are complementary to the poly (A) tails of
all mRNAs and have exactly the same length (SEQ ID NO: 9). To have the highést capture
efficiency and the lowest uptake of non-hybridization related mRNA uptake, the two sets of
probes are designed in a way that there is little hybridization of the mRNA poly (A) tails
when target mRNAs are being selectively hybridized to the capture probes. In brief, 2.0-pl

25  droplets of 1.0 pM CP solutions were applied to the 5x5 array clusters of a freshly-cleaned

sensor array chip. After 2 h of incubation at room temperature, it was rinsed with copious



[ 00101] Fortunately, aggloneration is a desirable feature in devel opi ng an
el ectrical detection procedure with the vertically aligned step (nanogap)
el ectrodesohenamse9it facilities the formati on of two-dipgesszonabokeat ur es
on.the el ectrode surface instead of threedi nensional features toward the
top electrode, largely reducing the pg@Sibility of step bridging by the
capture probes and nmaking it possible™to read electrical signal with high
signal -to-noise ratio. [[00102] The qprpholog of the silver deposited at
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profiling, or point-of-care applications). [00104] Capture probe
i Mobi |Aftextthe firdt duybiRMaatoet, ¢t doncd @GlEOSB¢nt Three abrngenexpeshiesmnthsS$E@beffered t o
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Nucl ei ¢ aci d sequences used in the RNA detection nethod [00107] The

pr dPos khezgafien abiuess of (THNI Auifer ttese eddsshento dhe chipot doemrtamgenstie. Abthiet ect

MRNA i nyol v NI -Of i | ' C aobes, N I ure
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9), forwigiaaR onah@®p cidstibde, Toning mRNA “bridges” across the nanogap.

[00110] Finally, the hybridized mRNA strands across the step were made electrically

conducting by a simple mRNA-templated formation of silver nanowire alongside the mRNA
20  bridges as already described above.
[00111] Results

[00112] Sensor array fabrication

[00113] Illustrations of the sensor along with the sensing procedure used for the detection
of RNA are depicted in Figure 14. The SiO, insulating layer forms a “step” between the top
25  surface of the top electrode and the top surface of the bottom gold electrodes on which two
capture probes with different sequences, complementary to the 5’-end and 3’-end of the
mRNA respectively, were immobilized. Bridging of this step by the target mRNA strand,
upon hybridization and subsequent silver nanowire formation, creates a primary current
pathway (Figure 14, A-C). Firstly, vital to the feasibility of this approach is to have an
30 excellent insulating SiO; or, in other words, a nominal leakage current (or the conductance)
of the blank sensor chip, which should at least be an ofder of magnitude lower than the lowest
signal generated after mRNA bridging. As described already above, the leakage current is in



characteristics of CPs are unique to the representative nRNAs to be
detected and have simlar nelting tenperatures. And APs (Poly (T)) are
conpl enenvaenyiw4ibe poly (A) tails of all nmRNAs and haveTr@cactogooshe sane
length (SEQ ID NGO 9). To have the highest capture efficiency and the

| onest uptake of non-hybridization rekated nRNA uptake, the two sets of
probes are designed in a way that there is little hybridi zation of the nRNA
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f abri cdhseosequence complementary to AP, and the Cy3 (red dye)-labeled oligonucleotide with its

base sequence complementary to CP. Figure 10 A-D provides an excellent visual proof that it
was possible to selectively immobilize the two different capture probes oh the surfaces of a
20 pair of nanometer-spaced electrodes. This is the first time that nanometer resolution in
nucleic acid immobilization was achieved.
[00116] In-addition, the fluorescence images strongly suggest a high surface coverage of
the immobilized capture probes and an excellent hybridization efficiency, which paves the
way for the development of ultrasensitive mRNA sensing devices. Moreover, non-specific
25  adsorption on the substrate or the electrode surface was negligible as is evident from the very
clean and perfectly confined fluorescence images.
[00117] Figure 14 A-C show step-by-step of the working principle of the biosensor array.
Two monolayers of CP and AP were assembled on the bottom and top gold electrode across
the nanogap, respectively, acting as the bioaffinitive sensing interface (Figure 14(C)). The |
30 interaction of CP with sample mRNA forms a duplex, bringing the target mRNA onto the
bottom electrode (Figure 14(D)). The poly(A) tail‘ of the hybridized mRNA serves an

anchoring site, providing the requisite local environment to facilitate bridging across the step.



[001 13] Illustrations of the sensor along with the sensing procedure used
for the detection of RNA are depicted in Figure 14. The Si Q2 insul ati ng

| ayer forWwe 2810/9#4p" bet ween the top surface of the topPErSGRIHWBOEH t he
top surface of the bottom gol.d el ectrodes on which two capture probes with
di fferent sequences, conplenentary tosphe 5 -end and 3'-end of the nRNA
respectively, were inmmobilized. Bridgi ng of this step by the target nRNA

strand,, upon ri.dj z silver wire fornation,
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(o sel A E | bacathe ihe h her g0l CopLur e probes. on Uit s eces
nanomtc@ﬁlpreﬁﬁ-!ﬁltd&'@n (¢dhtrol biosensor) after the same treatments. As seen in Figure 15, a
20  considerably higher current (conductance, at 1.0 V) was observed at the hybridized sensor
than that of the control. Extensive washing and voltage ramping between -1.0 and 1.0 V
produced no noticeable changes, revealing that the silver nanowires are robustly bound to the
hybridized mRNA stands between the two gold electrodes, effectively bridging over the step.
[00120] It is expected that the hybridizations of the target mRNA to CP and AP resulted in
25 the formation of vertically aligned mRNA strands across the step. When the hybridized
biosensor array is incubated in the silver metallization solution, silver ions are concentrated
and aligned around the hybridized mRNA strands through electrostatic interaction and
chemical bonding. This high silver concentration around the mRNA provides a local
environment of high density of silver nucleation centers after reduction that facilitates a
30 predominantly formation of silver nanowires alongside the mRNA strands, offering the much
desired structure for high conductance. The thus foﬁned silver nanowires in which silver

wraps around the mRNA template is utilized for mRNA sensing. A sizeable increase in



nucl eic acid i nmmobilization was achieved. [001 16] In -addition, the
fluorescence i nmages strongly suggest a high surface coverage of the

i mobi | i 280 20upt0u7¢ probes and an excel | ent hybri di zat i 8TESGRVI06M8Y, whi ch
paves the way for the devel opnent of ultrasensitive nmRNA sensing devices..
Mor eover, non-specific adsorption on ghe substrate or the el ectrode surface
was negllglble as is evident fromthe very clean and perfectly confined
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respectively, acting as the bioaffinitive sensing interface (Figure 14(C)).
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[00123] The applicability of the proposed biosensor array in mRNA éxpression analysis
20  was then tested on genomic samples. In this study, full length GAPDH (1008 bp) was used as
calibration standards. Solutions of different concentrations of mRNAs, ranging from 0.10 fM
to 100 pM, were tested. For the control experiments, non-complementary capture probes
were used in the sensor preparation. As illustrated in Figure 17, the dynamic range for
GAPDH 0.5 fM-10 pM with a relative standard deQiations of <10% and a detection limit of
25 0.30 fM. Compared to previous direct mRNA detection procedures, in the proposed
procedure, the hybridized mRNA strands are forced to line up across the step gap, which
greatly enhances the bridging power and the response of the electrical detection, and hence
the sensitivity and detection limit of the biosensor array. The sensitivity now is determined by
the density and diameter of the silver nanowires which in turn determined by the total number
30 of aligned mRNA strands across the step gap. Hypothetically, if silver metallization and
hybridization efficiency remain unchanged for all mRNAs, the same signal intensity

(cbnductance per unit concentration) and detection limit should be obtained. However, it was



CP (control biosensor) after the same treatnents. As seen in Figure 15, a
consi derably higher current (conductance, at 1.0 V) was observed at the
hybri di zewlogemsousdhan t hat of the control. Extensive waslmisegomndooge!l t age
rampi ng between -1.0 and 1.0 V produced no noticeabl e changes, revealing
that the silver nanow res are robustly,bound to the hybridi zed nRNA st ands
bet ween the two gold electrodes, effectively bridging over the step.

[ 00120] ted that the hybri dj zati ons of the target- nRNA to CP and
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t hat fQﬁb&kkﬁf&§ﬂ@l&{ gﬁhggﬂgaynﬁpgnatlon of silver nanow res al ongside
t he nRNA st rands, ring the nuch desired structure for high conductance.
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array is extrenely low, which facilitates the detection of nRNA at ultral ow
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suggestthd\devidatThe Iéﬁtremely low background suggests that the unique vertical arrangement and
20  the two-step hybridization approach significantly reduces the background to a level
comparable to the instrument noise in nucleic acid detection since bridging is attained only
when both 5’- and 3’-end of the target mRNA hybridize with the CP and AP, respectively. In
other words, to generate a conductance increment the target mRNA strand must be “held”
vertically by the CP and AP across the step fofmed between the top surfaces of the
25  electrodes. Messenger RNA strands found lying at the bottom electrode have very little effect
on the conductance.
[00126] With the much improved sensitivity, the sensor array allowed it to analyze mRNA
expression in real world samples, total RNA extracted from HeLa cells. Expression levels of
the three representative mRNAs were determined by the proposed biosensor and by RT-
30 qPCR. The results were normalized to total RNA. The results obtained with the biosensor are
in good agreement with those of RT-qPCR analysis on the same sample. The relative errors

associated with mRNA assays on individual miRNAs were generally less than 10% in the



signal generated in the total RNA sanple is originated form GAPDH nRNA and
giving a prelimnary indication of the reproducibility of sensor array.
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is undéﬂb’bltl@%miml ef tnh&NA| tsignhly Bencdationt iAh asday| hiaedisge 3s uekp@sctced BiNAh
Ionger ta n hence t e hi her det ection Limt. The hlmgr .si gnal
 mt ensitfiigt B0 AR Rt Bk Proroch el R
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nanow rfﬁan@iaaagsoroheuttipee Ipﬁﬂgeartlomsd mhexteolst tlnes exhéddefoeen qhartiefivedasay
structure _in the unhybridized re ions. As seen in Figure 17, at the high
cohé entcARADIGPE TBRFUBNE ERRressin of all MBANAS simultanequsly of AVaRtiAt e PSRCTEHITRS hi gh

as ml Ly gi i g?e,'ﬂd , tes
into adrlazleg‘{lﬁ}% 81101:9&1 f %Bﬁ)gn{nggﬁlé%ﬁ u%f:&f congrg{l\t rat |Scr)l¥1ml %, 1}?@9%@
bett er thehstandang pnrtthmi €heset gaatsazhretfaahmhdcxtf itlerb ase do tnnqﬂﬂ'nmms orlinirsmhluge
signal intensit to a,si |cantl redu ckgr.ound
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hybridization reach stable endpoints near equilibrium, minimally dependent on reaction

20  kinetics or concentrations. The proposed array allows hybridizations to proceed
- simultaneously and far toward equilibrium under practically identical conditions. And the
similar melting temperatures. of CPs ensure that most mRNAs will be predominately
hybridized at equilibrium. The exceptional signal intensities allow accurate measurements of

the number of hybridized mRNA strands. Thus, tﬁe array presented here can serve as the

25  foundation for the future development of a truly quantitative, fully multiplexed mRNA

expression assay.



surfaces since other nano- and mcro-step el ectrodes can al so produce a
conductance at mllisienens |evels, but on a huge background of

sub- m cr os0erN®447p00125] Unl i ke pl anar nano- and m cr ogCmisceemesoosher e al
target nucleic acid nol ecules, hybridized, |oosely bound, and

non- speci fical |y adsor bed, contrlbute ko the conductance of the device. The
extrenely | ow background suggests tha? t he uni que vertical arrangenent and
the two-step hybridization approach significantly reduces the background to
a level conparable to the i nstrumentClABPSe in nucleic acid detection since
bridging is attained only when both 5 - and 3'-end of the target nRNA
hybridi ze with the CP and AP, respectively. In other words, to generate a
conductlancA sienmrémmietectihgahaclgietac'rd?ihblesmleaunhprisiag be "hel d" vertically by

the CP and AP across the s f ormed between_t op surfaces. of
L ectr odes.  Toas e i S SR eetret (OGS Pg P LGletAde st Feo 1 eEPPO g have
veryg IIttlEns\tefrﬁﬁfamgeeglmm&@ﬂ%ﬁnﬁ%eé@%ﬁh Wdidh:t he much inproved

sensitivity, the sensor array allowed it to anal yze nmRNA expression in real
wor | d- sanpl es, t ot ak pamaf thetseeandeddiedtrodenoveriaps eglattof thedmseesctunlel seolethet of

Lpe et el STSEAPbeY BT BRSSPl e R T e

obtai ned with fhgelkic@sRAsor are in good agreement with those of RT-qPCR
anal ysis on the sane sanple. The relative errors associated with nmRNA
assays on i ndi vi duahn HsRIqNBE Jster igpiexidgl betweendhe fiat elagtrpileand the second

t hggoncentr T |t allows to

i dgﬁtl fy nR éC%d ﬁﬁ%?gscgﬂt?%mrg %g/ﬂsgl %ﬂg?g%ned %@é&f%}é@ |dn expression |l evels
under two condi tlaoﬂilst nutldiSadié pasbédninaddilined abdreautfecd dfeheRpt elecirodes aad many
of the nost interesting nRNAs often differ Ilghtl under_different
conditions. The ﬁr@ff@ggdn%fé%ow%rmal}e drmbilize gafeéheersuré%f@upsctyeﬁm%

i dentifi catigphdef differentially expressed nRNAs and cuts down on the need
for running too many replicates. As conpare to the conventional nRNA
expression techniques, with the greatly inproved sensitivity the proposed

met hod als signifigcantly reduce t. unt . of . total needed fram
i diogrms e SARLGF SHm T OOESHE wiilEn BRROT HLDP e eBon IRF SYeqUCEE? Bedhsbove
is sinple, se%@ﬁlfél%étY&le Al ¢hd ASWRNG TaJERUB SlifRdSHIP &pe&ns Aash s@x‘f@&eo?thét can
measure nMRNA di rectl(fl in conplex sanples with high sensitivity and

c

speci fi ci t seched elgefeodetbymnriingiend abeutr9r+3Qtani pul ati on, integrates direct
hybri di zati on of MRNA to signal generation. An assay that directly utilizes
total RNA

3. The sensor of claim 1 or 2, wheréin the first and the second electrode are made of a
20 material which is selected from the group consisting of a noble metal, doped silicon,
doped poly silicon, silicon germanium, titanium (Ti), tantalum (Ta), tungsten (W),

aluminum (Al), chromium (Cr), copper (Cu), a metal alloy and a conducting polymer.

4.  The sensor of claim 3, wherein the noble metal is gold.
25
5. The sensor of claim 3, wherein the metal alloy is selected from the group consisting of ‘

titantum-nitirde (TiN), tantalum-nitride (TaN), and metal silicide.

6. The sensor of claim any one of claims 3 to 5, wherein the first and the second electrode

30 are made of the same material or different materials.



mnimzes the inevitable sanple | osses in nore conplex protocols requiring
RNA size fractionation or nmultiple purification steps. There is thus a need
for a quawbi2bawiowgeassay capabl e of neasuring expressi orcwfsGadio/onidBNS

si mul taneously. A quantitative assay requires that each step proceed in
reproduci bly high yield and be insensi4ive to small deviations fromthe
standard protocol. These goals are facilitated if there are no
anplificatjons or njinimal separation steps that can introduce. )

sanpl e-'depERdEFSOR 8F AY PBf of Byecpreseding Flafmp ey FTginatia SphPAeiPTaRgeEIent dach
stabl e en@ﬂﬁh%E§°H§§ﬁP§¥“gli brium mnimally dependent on reaction kinetics
or concentrations. The proposed array allows hybridizations to proceed
simul taneously and far toward equilibriumunder practically identical
conditipons, And th i.m]lar nelting tenperatures of S.ensure that nost
mRNAS Wi | | leeeseBF(Ed’gﬁfaHBt eVV;‘e 'ﬁ"F a&%&&te&ﬁ aZ%P(ﬁr P?Bl"?qﬁ‘%‘a’xﬁ?’?e except i onal
siggal intensities allow accurate neasurenents of the nunber of hybridized
MRNA strands. Thus, the array presented here can serve as the foundation

f or th@.f ulhe ssnsheod iclapmsn whefeirthe susjrateuaatlayes of sibiciuinudXige.nmul ti pl exed nMRNA
expression assay.Clains 1. A sensor for detecting a nucleic acid nolecule
conprising: an el ectrode arrangenent conprising a first electrode, a second
el ectr qde BRseatorOfahy sRPbNe pRGEANg clanas Slibreinthdindulbtif: RYE& a8 RRUAECe
region: a part of the second el ectrode overlaps a part of the first

el ect r ode ®ughnpeshek < 8.5t surface | evel of the second el ectrode is higher
th a top surface level of the first electrode; - an insulating |layer is
provi ded between the first el ectrode and the second el ectrode and is

cont actliingThidgerfsbrr 8f af) ek rafddaiaizd7 e clondviedreiat the dhickaest i ofthe RubdtateC isaci d
probe immobilized at_the surface of the first_el ectrode; and a second

nucl ei ¢ acPIVpRtoAReut 2B O-7 & Rrabpp20m £&7 8M-t he second el ectrode. 2.
The sensor of claim1, wherein within the overl apping region the side
surface of the second electrode and the insulating layer is aligned with

r espectl2t oThehgensapofsanyf @eeofaflaitrhe ts é t owhierelnethier subistrayy isafurthesghreanged abaut

QOzg. 3. The;s(ﬁﬁsor Qlf claiml or 2, wherein the first and the second
el edt r ode SSPECORQYEhng layer.

13. The sensor of claim .12, wherein the semiconductor of the semiconducting layer is

silicium.

20  14. The sensor of any one of the preceding claims, wherein the insulating layer is made of a

material with a relative dielectric constant (k) of at least 10.

15. The sensor of any one of claims 1 to 13, wherein the insulating layer is made of SiO,,
Ta;05, ALO3, ZrOy, and HfO,. |
25
16. The sensor of any one of the preceding claims, wherein the width of the first electrode
and the second electrode is independently selected to be between about 0.1 um to about

100 pm.

30 17. The sensor of any one of the preceding claims, wherein the thickness of the first
. electrode and the second electrode is independenfly selected to be between about 50 nm

to about 500 nm.



material which is selected fromthe group consisting of a noble netal,
doped silicon, doped poly silicon, silicon germanium titanium (Ti),

t ant al umwoapro/towrgst en (W, alum num (Al), chrom um ( CPrI/SCopp®noogEU) , a
nmetal alloy and a conducting polyner. 4. The sensor of claim3, wherein the
noble nmetal is gold. 5. The sensor of3§I aim3, wherein the netal alloy is
selected fromthe group consisting of 'titaniumnitirde (TiN), A
tantalumnitride (TaN), and netal suicide. 6. The sensor of claimany one
of clainse 3 to 5, wherein the first and the second el ectrode are nade of

t he sa ekd LIdar i T, rs t he
preced iqggn?fea?énng{) g \%F]élﬁ %i d;111%t ﬁﬁ;{hg r@rg;éérdggée %lzgr?nrlsfi nggmnéﬁl? ai|%s 1n§Irllra % é%%g r#a ga e

subst r at e.thBknéheofdetwemn afoutil@imm To abdner28 nmt inecasell3i@s &t esedsasainbudgtarg of a
metal oxide. 9. The sensor of claim8, wherein the substrate is a |layer of
siliciumd®9e. 10. The sensor of any one of the preceding clainms, wherein
t hesi nsul ati ng | ayer has a surface roughness of < 0.5 run. 11. The sensor
of any one of clains 7 to 10, wherein the thickness of the substrate is

bet weed9ablhet seagomaf a0y ongnefi theaprecrdiriDOlamms, Whateimnthelisulihieg dayesdas af any
one of clat'h 7. 10 1,t whereinlthe Su st{ te is further a[?rt.anged an g

sem conducPIHEess RFREWeR abgyl 1smsfo, abgut o) o ip case the mspiating daer 48 0 84\t or
of the serhgensucith Ngelatppalielb&ris cbnstdnt (®) oF4t ledtg osensor of any one of the
preceding clains, wherein the insulating layer is nmade of a material with a
relative dielectric constant (K) of at |east 10. 15. The sensor of any one

of ; gl ai t : reji.n [ | at | I - . of S @, :

A Wi 207 e’ it g S o RE bl il BHGed By IMGIGR 10 art R
wher ei n t letwéett the diisuldimgilayes tand Itk firsd @kecode afPorsbawaech eecipbulaiie lager

i ndependent |y selected to, be between about 0.1 mmto about 100 mm 17. The
sensor of adyhesrsonst eledtEodsr ecedi ng cl ai ms, wherein the thickness of the
first electrode and the second el ectrode is independently selected to be
bet ween about 50 nmto about 500 nm 18. The sensor of any one of the

pr eced2hg Teasensor ofiblame 26, whereinrtbelhditesiog ldyey ermindesofea metal.

15

22. The sensor of claim 21, wherein the metal of the adhesion layer is either Cr or Ti.

23. The sensor of any one of cla'im_s'20 to 22, wherein the thickness of the adhesion layer is
between about 2 nm to about 30 nm |
20 |
24. The sensor of any of the preceding claims, wherein the first nucleic acid probe and the
second nucleic acid probe have a length of at least 10 nucleotides, or at least 40

nucleotides, or at least 60 nucleotides.

25  25. The sensor of any of the preceding claims, wherein the first nucleic acid probe and the

second nucleic acid probe comprise the same nucleotide sequence.

26. The sensor of any of the preceding claims, wherein the first nucleic acid probe and the
second nucleic acid probe comprise a different nucleotide sequence.
30
27. The sensor of any of the preceding claims, wherein the nucleic acid is DNA, RNA or

derivatives thereof.



t hi ckness of between about 10 nmto about 20 nmin case SiQ2 is used as
insul ating layer. 19. The sensor of any one of the preceding clains,
wher ei n twe 20rgwkabi ng | ayer has a thickness of betweenpalysaerorb/onenst o about
5 nmin case the insulating layer is of a material with a relative
di el ectric constant (K) of at |east 1 20. The sensor of any one of the -
precedi ng clai nms, wherein an adhesion ?ayer is arranged between the
insulating layer and the first el ectrode and/ or between the lnsulatlng
| ayer and the second el ectrode. 2 1. The sensor of claim 20, wherein the
adhesi [ t he
retal or TAE Sl BEARY EncorTEt Hrecele Il HARR, the e dlckcls alHEhe | 0
of cl ai ns &6/¢rothg Zecosdemeilaic abid prbbe: kreemsmobilizdieatatdib essiface bfitherrespgechied ween
about 2 nmto about 30 nm. 24. The sensor of any of the preceding clains,
wher ei n t hEe§ ﬂ”%%EW%WEMdEWBrprObe and the second nucleic acid probe have
a lgngth of at |east 10 nucl eotides, or at |east 40 nucl eotides, or at
| east 60 nucl eotides. 25. The sensor of any of the preceding clains,
wher ei 2% h€hd sensor oflanly eine ofi thedprpeediveg claiths; hersatmmitipheisdnedrs ascardanged e
conprise the sanme nucl eoti de sequence. 26. The sensor of any of the
precedi ng LPEPHs?™herein the first nucleic acid probe and the second
nucleic acid probe conprise a different nucleotide sequence. 27. The sensor
of any of the preceding clains, wherein the nucleic acid is DNA, RNA or
der i vatilved nuplsicasid deectipnitseompsisingg any one of the preceding cl ai ns,
whegrei n the f n i second nucleic acid probe
ar gbl nmobi- | i zggééor ac#ﬁhl% N g@:gneo fqpﬁg%r%ejéé% ]Eali}\ﬁ;sé el ectrode via a chem cal
l'inker. 29. alsetutarsfiprisinganetange@irsdrhanddr ecedi ng cl ai ms, wherein multiple
sensors are arranged in a sensor_array, 30. A nucleic- aC|d detection kit
conpri si ng: @Soﬁ‘t@éﬁ%i‘blﬁ&ﬁﬁmfﬁlltf6edé‘ﬁylgdh‘é“k9fal PHEUsPcedi ng clains; - a
solution conprising a metal precursor; and - a solution suitable for
chemi cally reducing the netal precursor.

31. A process of manufacturing a sensor according to any one of claims 1 to 29, wherein

15 the method comprises:
| - providing an electrode arrangement as referred to claim 1 comprising a first electrode
and a second electrode; and
- immobilizing a first nucléic_ acid probe at the surface of the first electrode and the
second electrode. | '

20 _

32. The process of claim 31, wherein in case the nucleic acid probe immobilized at either
the first elecﬁode or second electrode is to be different from the nucleic acid probe
immobilized at the respective other electrode, the method further comprises after the
step of immobilizing a first nucleic acid probe, the following steps:

25 - stripping of the first nucleic acid probe from the surface of the first electrode or the
second electrode by potential cycling of either the first electrode or the second electrode;
and
- immobilizing a second nucleic acid probe at the surface of the electrode from which
the first nucleic acid has not been stripped of.

30

33. The process of claim 32 or 33, wherein the stepped electrode arrangement is

manufactured by:



31. A process of manufacturing a sensor according to any one of clains 1 to
29, wherein the nethod conprises: - providing an el ectrode arrangenent as
referred WO 201040472 conprising a first el ectrode and a FETHGAWI00W86 0de;
and - immobilizing a first nucleic acid probe at the surface of the first
el ectrode and the second el ectrode. 33 The process of claim 31, wherein in
case the nucleic acid probe immobilized at either the first el ectrode or
second el ecttr'ode IS Lo bZ i ffer'egt aH,om the nucleic acid probe i mobilized
at the respeliPihg afirpsocdiods PPAFEOSAE et hod furt her conprises after the
step of | MDjthingiaAGnsldtingIAyen U6veRing tREsbskitedfd thd@rsf QbdtRideny steps: -
stripping of the first nucleic acid probe fromthe surface of the first

el ectrode orforpmgse seseadetlecttadgaeovering @t pertion| ofcthel subgtrase aovergdrwithhdhe i r st
el ectrode orinmgt-n%?g}qe@d el ectrode; and - immobilizing a second nucleic acid
probe at the sur e’ 0f the electrode fromwhich the first nucleic acid has

not 5been st rwipged e .sedhd dibarqdeos ebfinéf to batMap32 poitichs of WEfisk Rldchede
stepped el ectrode arrangenent is manufactured by:- formng a first
el ectrode orfoxesdpyathrthe tsulatinglayerig an i nsul ating | ayer covering the

substrate ar}gmﬁ)t)ﬁagf fhE rt%ne(c\){" rtl‘?éj%sufaltﬁ'iilg ng}él?g\ggﬂcﬁ% Otg)q c%b@r%ar ﬁlecsl%\égfynng a

portion of the substrdte covered wt ating layer; erern e
second el ecteleti@de.s forned to overlap a portion of the first el ectrode
covered with the insulating |ayer; - renoving the portion of the insulating
| ayer which is not covered by the second el ectrode. 34. The process of

ol am . . habina. el .
O Pt e (L RS T T R a L L,
34, wher ei enhastadasbemaca) sadoa depsitie@SPECY D)smethad. source for silicon in the
PECVD nmet hod for the manufacture.of the insulating |layer. 36. The process
of claim 34, wherein oxygen is used as a precursor gas in the PECVD

35. The process of claim 34, wherein tetraethoxysilane (TEOS) is used as source for silicon
in the PECVD method for the manufacture of the insulating layer.
15
| 36. The process of claim 34, wherein oxygen is used as a precursor gas in the PECVD

method for the manufacture of the insulating layer.

37. The process of claim 34, wherein the deposition time for the insulating layer is about 40

20 seconds to 2 minutes or 45 seconds for the manufacture of the insulating layer.

38. The process of claim 34, wherein the pressure in a chamber used in the PECVD method
is about 800 mTorr (106.66 Pa) to 1000 mTorr (133.32 Pa) or about 850 mTorr (113.32
Pa) for the manufacture of the insulating layer. »
25 | |
39. The process of claim 36, wherein the flow rate of the precursor gas oxygen is between
about 1800 sccm to about 2200 sccm or about 2000 sscm for the manufacture of thé

- insulating layer.

30 40. The process of claim 35, wherein the flow rate of TEOS is between about 0.4 1/min to

about 0.6 /min or about 0.5 I/min for the manufacture of the insulating layer.



met hod for the manufacture of the insulating |layer. 37. The process of
claim 34, wherein the deposition tine for the insulating |ayer is about 40
seconds two2omitouwi7es or 45 seconds for the manufacture eCtisoeoionsesati ng

| ayer. 38. The process of claim 34, wherein the pressure in a chamber used
in the PECVD nethod is about 800 mTorp;(106.66 Pa) to 1000 mTorr (133.32
Pa) or about 850 mlorr ( 113.32 Pa) for the manufacture of the insulating

| ayer. 39._ The process of i.m 3 |ntheflowrate of - t he precursor
gas oxyh 3 THEPTREFSHE ﬂméﬁ%?fl ofaigs 33&8% hefsin e potsatialsaihing 1s95iRd 2680 sscm

for the n%@éhtébrogt@_f] t& BBodtSl ating layer. 40. The process of claim 35,
wherein the flowrate of TEOCS I s between about 0.4 1/mn to about 0.6 1/mn

or about 0.5 1/min for the nmanufacture of the insulating layer.4 1. The

process,of..any one af clai 32 tg 40, wherei he ot ntial c

carri egzouﬂgh aé/mﬁeéts\?géw Bﬁ%g{sd @0 (04105 inersin t Jotndia ‘chiiﬂg‘sone of
clagnms 32 4pguéso WQ@U%V/SUQ%(@.Q@@OW@ for potent| aI cycling is about 150
to 250 nmv/s or about 200 nmv/s. 43. A nethod of detecting a target nucleic

acid conprising: - providing a sensor accor di ng to any one of clains 1 to
29 V\,her in th [ S& ctrodes and wherein nucleic acid
sequenc 5 %Pé%?%ﬁ‘%sqohcﬁggg Wgcgffr%cé‘g‘éorg?n?% el ectrodes which are

conpl enentafpyo\xlaan Ehe s&ﬁog%ccsruﬁigetoca@ﬁldﬁesmwﬁﬁel to 29CWhakimehe Bgsgensor
with a sanple fluid susPected to conprise the target nucleic acid; -

metal | i zi rRgMPRSEH e elestradesdandowhergineBudieicasid seayerges asp dmmobilized iah heout

R e e R e e e L e T

conpri ses:- indubatiatiengentdrewitk niseimpi¢ flid sespected Ao conippise St ghrget MRLRIC
precursor; i ncubating the sensor with a solution suitable for chemcally
reduci ng t‘ﬁbd >metal precursor.

- metallizing the nucleic acid molecules of the sensor; and
- carrying out conductance measurements to determine-the presence or absence of the

15 target nucleic acid.

44. The method of claim 43, wherein the step of metallizing comprises:
- incubating the sensor with a solution comprising a metal precursor;
- incubating the sensor with a solution suitable for chemically réducing the metal

20 precursor.



