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WO 2009/ 041914 PCT/ SG2007/ 000325 A Bl OSENSOR
METHOD FOR DETERM NI NG THE OHM C  RESI STANCE ﬁﬂmﬂmmwmmm
SENSI NG CIRCUI T OF A Bl OSENSOR FI ELD OF THE

5 Enbodi nents of the invention relate to the field%f*

sw02e419By Way of exanple, enbodi ments of p¢h€G2007/000325 |
i nvention relate to bi osensors and nethods for -

of & ApRSENAOR AN B wk OB Be? RRR R FRE Stk .

ar ea of RESISTANTE OFgy SENSING GIRCUITOF A BIOSENSOR

speci ali zed equi pnent is typically used in performng
- the detection-and/or the analysis of 15
Deoxyr i bonucl ei ¢ AEIELD(OPR/AHESINYENTIGN in a given
sanple. It was only until the advent of DNA sensors
and DNA sensor arrays (which includes a plurality of
| iEmbadinerits DNAhe dmeaticn) relatet toetheaBidld cof csahsorsbe Byrway of

signi f 1CE S d I r S
wesetppies BRbo AR i fuero PR SiSosBH S Uk nerhdsor
s idetdrimingthe ohimicaesistancendf ansdnsingloircifNg sskigsemsores t o be
performed, thereby 20 significantly reducing analysis

times as well as facilitating automatic sequencing.
10 In the above mentioned scenario, the DNA sensor arrays

were used in a Bﬁﬁék@dhﬁfﬂoﬁﬁ-ﬂf m\fﬁ%‘lf‘lﬁ vironnent. In-

order to change e use envi ronnent 5 these DNA
sensor arrays fromthe controlled | aboratory

ey 'tr{e %f blbfécg H@&l@tappﬁ&'tloﬁé( %’ﬁ@&lghzeﬁteqhﬁ)ment

TGQUIT uce sensor arra evi ces

Wi ctuplgally @agéblne perform-rgpw tberﬂeﬁeﬁmmear@&r thec analysip  of
15 h'%xﬁﬂoﬁﬁélénh‘ 'Atciﬂ (DN)Q s%&@éic%b‘m EBQ)ven%fanﬁﬂg f it Wa@rgnhb’untll

Sl zZe a size suitable to be
hé’?ﬁjaWtj?f M sgraﬁors %n@bﬁt‘lwegﬁﬁenarraaﬁ fwRich includeg a phality

a ok Mdividial DRA s¥Rkors) inthé st d@BadeC Bafofe sigRificart Hadances in
a%fl cation nethods are essentl al_for achieving the

analyRis apREAFSH- r DYa wasResaussHthE PRIV SERFAE @rays pnakied
(eimeuRNESRY detéttivn € nfultipfe BPNA sequences to be performed, thereby

20 significantly reducing analysis times as well as facilitating automatic

sequencing.

In the above mentioned scenario, the DNA sensor arrays were used ih a.
controlled laboratory environment. In order to change the use e_nvironment of
25 these DNA-sensor arrays from the controlled laboratory environment to the
mass market, for example, it is required to produce the DNA sensor array
devices which are capable of high performance (particularly high selectivity
and sensitivity), of sufficiently small size (for example, of a size suitable to be
hand-held), of sufficiently small analysis time and of a low cost as well. In this
30 regard, new signal amplification methods are essential for achieving the high
| sensitivity requirement on unamplified samples (where there may be only a
few DNA copies) and in genomic analysis of si)ngle cells.
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few DNA copies) and in genonmic analysis of single
cells. 1 11112'21121211211!/12122112'!/1'121112'121121121!
GO00a WO 2009/ 041914 PCT/ SG2007/ 000325 Presently,
commercially available state-of-the-art DNA array
sensor systens on integrated circuit (1C) chips

| wopgeiogaerl y on optical techniques for DNA pdescetzioon2s
The design of such a DNA array sensor systemis

fﬁéég@ﬁ%i%}%}r{@&gpy E\I/H%aﬁlg %ltétg-gf-fﬁ '4?1[ Dgz\t en@&e e}s?ems

egrati ng

‘ofontintegrated eifguits (ISh ct\u;s dmekvaplycorm@n@aittscf(rﬁmaes for DNA

CXe (ﬁ( 'I'Heg&% ndt SL&FS D‘i‘ﬁerdarI;H1 Sefis %@y@@bﬂ%%ﬁalle‘?@inﬁ Hrom

are eI ectronic
mihen SIcalmgt peigt Phodaw. due drexm mmvéewfs@mt@gawﬁer@m

| ncﬁgﬁnerﬁ’é ofithe é)fs?érm ad Jchdt W&EP%&%H{SQ example Ilgpt

ding optical detection itivity
t Iseursesanchphate-detestorshr whiemarepulkyi and elgtptrqrm copRoneats.
detection techniques, it is only possible to obtaln a
sensitivity of about 10"15 g‘mi e., 10-15 nol
I |FPBP3'( s 'PE')‘ limitingfactor inj dev '"E&%ﬁ?@ﬁ?%ﬁm $Qﬂ$§"
a akhivs S(FB?SQW de‘i&fﬁ% dte@ﬁ'u&malse |F|<9u€|ﬁ‘§ e&ﬂtlcélh%efé%ﬁ&ﬁn%e te

Iess t han 1000 nol ecules, 1.e detection
s SARFIHMity | qf;/‘h%fseﬁﬁ'ﬂgtdewele!ﬂse'itQ Nithobypicak peticg| detection

-t eédhﬁiqqel@ itti® ohlp %sm@td ditaif Qrehéitivitylof aaéutonotﬂi vall e b\v@éd

15

Sensors ncreaS|nﬁ t he anmount, of

SRS DBt (DA oA, ReaNATeiedlon SRpIGBHA, FORNA Sersor
t QRGN Becabléieya¥RES the ReSdrRp of iIE8s0thR d 00D triolbdifes?CR, a

tec ue are c lic te expensi ve, tinme consun ng
aﬁapeﬁ{'%h '('J'V'Q'Cqugﬂ't'ta * g“l on. As such, while it may
not be difficult to performthe PCR techni que in the
ntrol | ed ratory .envi ropnment I
sbenfine) FAHALE" i asenii¥cHnaiiv SERbfAD Falk{ DNA,
t lsessore pehydincreasing thecardeunt ©f ONA inaa SHERple e@thecpsniymmgse

alcﬁﬁn %%? l)h Gﬁ‘ﬁhg%ﬂﬁab@ n H%ngvélh EﬁA&@H ﬂ\golvgé w)ith1 %he PCR

desi sensor sensor

: SMBKIUG 28reS|dhivipfitatedh e‘x@n;leEmmmonsumlng and prone to
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contamination. As such, while it may not be difficult to perform the PCR
technique in the controlled laboratory environment, it would be nearly
impossible to do so'in the mass market environment. In this regard, the

' avoidancé of the PCR technique may also simplify the design and the scaling
of the design of such a DNA sensor or DNA sensor array system.

SUMMARY OF THE INVENTION

J In one embodiment of the invention, a biosensor is provided. The biosensor

provided includes at least one sensi'ng circuit arrangement having a sensing
circuit having a sensing capacitance and a sensing chmic resistance, and a
transistor circuit having a gate capacitance and a gate ohmic resistance. The
biosensor provided further includes at least one detecting circuit having a
resistor having a predefined ohmic resistance, an operating mode switching
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In one enbodi nent of the invention, a biosensor is
provi ded. The bi osensor provided includes at | east
one sensing circuit arrangenent having a sensing 30
circuit having a sensing capacitance and a sensing
ohm c resistance, and a transistor circuit having a
gabeosapani t ance and a gate ohm c resi st anceCcT/S¢ee07/000325
bi osensor provided further includes at |east one

de i n | CUj ' j R
G P ettt i3 o i Bperafio 5. 4Bl Mo Bensing cirui
swntic thendrangistdO @R0D/ D4 BO paradielT/cEHRNOAtIon) 08RG the | paralled
b LR [ .

et 5ts i 1 b b e Tilnd i
pa:paplb ghe semsingycircaitiand, thetrdnsister piseuitl ihel series configuration,
SR 240 Yol bRE SRnirbd b Wi Aiesh Ume B & the
second “oper a e sensing circurt and
t rmrallebnmfsuratlorvn raceardanae \uthstbe ifiest operafingymode.i detenrine a
a bei ont i .

e SRR B Fiich ATORPEAN I baRalc WRhIRE! ool
a@@@fa@a@r mnede, and derﬁeminertbe sepsingehmig resistancedet er m ne a
time constant of the series configuration in
accordance with the second operating node, and
det ermi ne t hBRIERNERERIRFIQN OETHE RRAWINGS BRI EF
DESCRI PTI ON OF THE DRAW NGS I n the drawi ngs, |ike

reference characters generally refer to the sane parts
t Hp (ShLRgH@Mt'“QSh Bkeyreferanee, chafagter®. gengealiy raffr Ry thespame, parts

nQﬁrﬁﬁWut hr}e Hiﬁer%ﬁfilviews temélam né?rbﬁﬂﬁ r@@f%ﬂiy'tﬁ scale,
ein ace on il us r rinciples o
 SmihaSh fetand deneraly P'aprp%m(ép%ﬁeg Fasiha she Paneirles  the
ermedf tidFe Ni $h63forl:b\hrﬂg :dles@rnitnbﬁ Nvarielu§ edfb‘édiﬂdiwoirl]\uh‘e Enventron
re erenc t ollo S i C i gure
| S ened itk Beratte SheRIPRREHE e, MRy o

enl ar ged photograph of a bi osensor, accordrng to an
embodi nent,. of the ntion. Figure 2 s

e oF e, oy Photfitabll G0p' Bsersol ity aPfl 4 Shigraed
enbodi pndgraph tdfieai bwsmisoonaccbﬁinh'g gar an Bemlbmimaerat of the
Cross- %%ﬁt{oﬂnal view of the sensing circuit

arrangemneni t he bi osensor, according to one
enbodi nent of the invention: Flgure 4 shows a circuit

.r %Lﬁé ez”‘sﬁéWso 3 9|BC|I Iafagf"aqﬂ S‘cif ng b?ds'éﬁ&grt ar?év: ag&gmt toogne

" embodiment of the invention.

Figure 3 shows a cross-sectional view of the sensing circuit arrangement of
the biosensor, according to one embodiment of the invention.

Figure 4 shows a circuit representation of the sensing circuit arrangement of

the biosensor, according to one embodiment of the invention.

Figure 5 shows a circuit representation of the biosensor, according to one

embodiment of the invention.
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the bi osensor, according to one enbodi ment of the
invention. 30 Figure 5 shows a circuit representation
of the biosensor, according to one enbodi nent of the

i nvention. 3 WO 2009/ 041914 PCT/ SG2007/ 000325 Fi gure
6 shows a circuit representation of the sensing
cwpeoumwpdiarr angenent of the biosensor, when PEESG2007/000325
switches are controlled in such a way that the

f?ﬁ"s{? g téﬁb{}vg%' éirch? n Q%?Jt@ﬂ o'f 'Eheogér%ngélrth Bnaﬁéb‘?n?nt of

or circurt, " accor one“enbodi nen
the i nmemosonsorswhergmeeswncbem cantmlledun such a way that the

the biosensSor, when t SW t cﬁé}sa“g'?gv‘tggﬁgfg%g%w Pt

such aampdlmmfatontembosimm‘t attheinventian.i s connected in

series wwth the transistor circuit, according to one
enbodi nent of the invention. 10 Figure 8 shows a bl ock
diFigyreyih shipwh a-Cirgyis represemiation jofrfhecsansingt Girguit arangament of

bi 0Seng@ibioRAEA! dhéfitioLuRBes B UBHIBIRG iFSud's way that the

i nventi on. gure 9 S e time constant
measur $9REiNg p%m iss cegner&t;edt e Series ewitibrthe 1wangistar eipauit,

SWi t ChggofdiY todnk@hboRintdte bf the iM¥ntdiat the sensing
circuit is connected in parallel with the transistor

circuit, according to an enbodi nent of the invention.

FiFigire 814hoRBONVBIGER thg'rzifﬁ vﬁtﬂn@ Eﬂigémﬂﬁ%i UmBIERTENtatBR Wf itife

usi ng the bi osensor swi,t ches controll ed

ins uc'P\‘°%F"\§BSr apgpsging FPe°’Eee‘?\'§l?9‘|’g'j“%'Ft|°E therinyentiog 5 hnect ed

in series with the transistor circuit, according to an
nt of the inve

d i . Fi 1 h t he
S Fidfe, S BnBine Ao dbranl %%as‘fr%@géﬁ%ﬁféu\%’%“@ﬁa bigsngor
25 \Ié al wigrs thbggvmtdwgd fbnmlea hng goaas ttwaa,mmt :rr%eeﬁeﬂstr@t arh?ms
in | qures an acCco | an, e odal A
the 1 FHIRERER. MDA AECbe R 65"“!‘1-153“1%9@}%??)\?"

embodiment of the invention.

Figure 10 shows the time constant measurement results using the biosensor
with the switches controlled in such.a way that the sensing circuit is
connécted in series with the fransistor circuit, aCCordihg to an
embodiment of the invention.

Figure 11 shows the sensing ohmic resistance and the sensing capacitance
values computed from the measurement results shown in Figures 9

and 10, according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

An improved solution to the problem of 'designing and fabricating a DNA
sensor (or a DNA sensor array) which has a high detection sensitivity, may be
the biosensors and the methods for determining the ohmic resistance of a
sensing circuit of a biosensor, as defined in the respective independent claims
of the present application. '



30 An inproved solution to the problem of designing

and fabricating a DNA sensor (or a DNA sensor array)
whi ch has a high detection sensitivity, may be the

~ biosensors and the nmethods for determ ning the ohmc
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resistance of a sensing circuit of a biosensor, as
ded 2aoeeiidim t he respective i ndependent cl ai nCT/SGRoor/bm32s
present application. 4 WO 2009/ 041914

PCT/ SG2007/ 000325 As used herewith, the term

bi osensor refers to a device for detecting an analyte
t Aatused risrewsth, dhditermo hiosensor gafeonénta dévide for detecting an

det bi
Dl R lbiness) Bidtical RERAARBhe vl b0 DR EIonERK
cdﬁpctne componanth Asbiesensoremayi ke vised derdetart predetermined
I

&'ﬁgﬁ% bgoZ?g dpsa‘f?l) tfr%gfsms&% ﬁzﬂ%¥n}'ﬁfém 8@% Efﬁg' @r?;a?]elles
theil regepiarsia epzynesef antibodies.a nycleist aside (mclt@lh\QnﬂNaﬁ) for

;%ﬁg}; tuent which -10 may be determined in an

t

ical procedure. In relation to the present
|nvent|on the anal yte may be DNA, or

nFerther (e dermcaralyde efers te/qomAsanw 8F chemigahsopstituent which
I fdGTb dbterriiRe i ahea ieal ﬁrbéédu?é‘ anakmtieh itd a1 Bresent

cannot be neasured rﬁgk nmeasur abl e properties. of

t Invertien) $hecarairte U@ayrreaah'%dor misFo-Biboppeleic Adh &/RNARJer
MBRsMsE. 9l ucose, but one can neasure the glucose
concentration. In this exanple, glucose is the analyte
and the glucose concentration is the neasurable

?Lrpmr ﬁeya:t@f .tc&muolesué notéd tmghchna@tdd msgwr@naafow measireaf
e | hventli n rovi de
L B8 mResprabf probaTies ol BieuaianB o0 brdngasien EBT efhrpole,

Ianémgawn@et fichsuret lgfucese)Sibuy Ohé Cuak  Micasurg et glucose
ncl ude C|r uit and a transistor [

R oREatofh, o T8 N R e o8 e S, g e, Glbbse
I esricehiration iy theunteasachblecproperty ofglucapaci t ance val ue. 25
The sensing circuit is in contact wth a given sanple,

where DNA detection would be perforned, for exanple.
| Accaging etoassa reptbddimaent t dfe thg reenticathe biosensor provided

includes a sensing circuit arrangement and a detection circuit. In more detail,
the sensing circuit arrangement includes a sensing circuit and a transistor
circuit. Further, the sensing circuit has a sensing ohmic resistance value and

a sensing capacitance value.

The sensing circuit is in contact with a given sample, where DNA detection
would be performed, for example. It may be assumed that the given sample
has been earlier processed, for example, with appropriate DNA labeling
methods (such as conductive polymer based labeling, for example), such that
" the appropriately labeled DNA strands may effect a measurable change in the
resistance as well as the capacitance of the given sample, which in tum
affects the sensing ohmic r;a_sistance and the sensing capacitance values.
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has been earlier processed, for exanple, with
appropriate DNA | abeling nethods (such as conductive
pol ynmer based | abeling, for exanple), such that 30 the
appropriately | abel ed DNA strands may effect a
nmeasur abl e change in the resistance as well as the
cwpoeowdamcie of the given sanple, which in tBCTISG2007/000325
affects the sensing ohm c resistance.and the sensing

N 4 7
S ABRARRRE clale i YRR P R AT o0
prvaliiet an pperatingomnile switehing cirgoid, angdza gentroh nirayite rTei ragjstor
"8 BitabERbiAGs Chirf st yAEOR iRl ! dofinkion Bt the

reS|s erm ned ohm c resistance va

“upgrating cmpanwit@mngm circuithén  orger atoi mj)tmwesvchemamg

ci

e e By At O RRRE WHich are then ot o
wiseawuterthe sensinaphsic fQﬁi'Stﬁmﬁﬁuﬂ éhet sansingrapagitapesyalues.

resi stance and the sensing capacitance values. In

anot her enbodi ment of the invention, a biosensor is

prd\angther emkodimensefnther inyerfignd &d biosenseids rrevidedst The

OliffoseRsbt iphslideldTirdhides it IABOSHEStns MG CirBiklt SrankBmeRSdvViHY a

circuit having a sensing capacitance and a sensi ng ,
ol$8NEING sitquithaMipg a seAsing Capagitance ad 2 pensing ohmig refistance.

J3ina & apasidie efcutN Hading o4 q,awma@acufa%e%m@ .gatd®hmic
bi osensor ;Frow ded furt\ﬂcgedal ncl udes at ast

one
d EESRENGRy Re blaseRsas R further @p@pe:ﬁg{.‘, t gne detecting

Prefe@f havirsy 8 hédistor ﬁ&hﬁg} arlii@defﬁéd eamioatesmncaoﬁte operatlng
CIrCUI bei n ure
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t rtt&mserstngrcuremf and meltmneusmar:mddnted\ acparéllegwrﬁgu@ﬂon and the

h I f
- E8ruBCESaGRIeT I prom e Breirer o & handRined ghmic,
a resistamut, and inchsergnd bwaltehingcsiatp) mUpIeetheesassmg;cmut(and the
o8y dEAFShoh berfes! Shlirbulllof 386! £5 oG fRY HHIR b
t icomfi gslmlsttandeterﬂnlnmea pime| ¢QEl|5taOblﬂfl g'@r araflel, cpofiguration,

d%%?ercrjlmngea Finid Bﬁns@@'ﬂséfatﬂg é?efnﬁé henfigrhtion, GRT dtinihd %

term ne sensin mc resistance using th
d seesing mwtresmarmmrarthgdetlenmoesétlremmtﬁmm of the
i nvention, -a nethod for determ ning the ohmc
resi stance of a sensing circuit of a biosensor,

i oae rerpbpdinent <of ribe rinvention, o gnethad éprs@tgnm@nsuth% @hic
2rrfsz§ui|9r?£@d”fta senSfg FrEANEFATBiBSerisBE WHrI tie BiBSkHsBlincludes
a sensing circuit arrangement, the arrangement including a sensing circuit
and a transistor circuit, is provided. The-method provided includes coupling,
in a first operating mode, the sensing circuit and the transistor circuit in a
parallel configuration, and the parallel configuration in series with a resistor
having a predefined ohmic resistance, and determining a time constant of the
parallel configuration in accordance with the first operating 'mode. The
method provided further includes coupling, in a second operating mode, the
sensing circuit and the transistor circuit in a series configuration, determining

a time constant of the series configuration in accordance with the second
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and a transistor circuit, is provided. The net hod
provi ded includes coupling, in a first operating -
node, the sensing circuit and the transistor circuit
ina parallel configuration, and the parallel"
configuration in series with a resistor having a
pvecie$esr|e ohm c resi stance, and det erm ni MECTHGR00MB00325
constant of the 30 parallel configuration in

G5 BAARNBaS! bl WBRhInich! 1RPEERING B R BuisThEo (RFi 6
provi déd Turt s cou I'n a secon
oqbsiemihe@tlm@dmstamandsmnsestgoc| rcwt and the
transistor circuit in a series configuration,

determ nin a tinme constant of the series :
clorgriother @mbodiment gt therinantien.d methaddor detemmining t'\mOhmlC
2RAR{H4d B4 ?ﬁgéngglz Q&R QRE BiosBRSr FhdittibsnD g@nsﬁgﬂ ircuit
determ ni ng e sensing ohmc resistance using t
dewangemest the rasrapgersentnineluding a Bensirg iciseulr and g tansisterr
CRAR] T Brovied! NeTHe" KO BroviePiniRied oublfiglrif 41 et
ohm c 5 resistance of bi osensor, wherein the
b$VU§v‘€ﬁ'§o$ta§en dhe peasiag Siput ﬁgd che dl:ﬁfF'StOer&H'g dirgsh Parallgle
AESrAGGratiEH landthé Beiallél &nﬁ@ﬂ%d?ﬁn%eﬁ@é‘ With @¥dsi8tor haying a

tranSistor circuit, is provided. The nethod provi ded
| prefefined %U?)F?ﬁ'ﬁéa"qena%f’ f’?ﬁegﬂ'"'“gvﬁ E"Eﬂmgstéfﬂta&féhe PaEllel

Fmv&t I qHktmaRed phrsvidedoRhér Rtiudéd @@u;nmg Nin% second
ara | el configuration, and the g_arall

c%ﬂf‘i"ﬁ‘@r%\tﬂe@ﬁh? rFeé‘é'Pg Qreyit 1and, the Irpasisipr GECHL g @ Seies
pdscﬁﬁguﬂafi@d dHTé’ﬁ'rﬁmﬁ@%l frha AstaANof thet sdridsNdonggaationyeand

nstant o aral |l el confl uratl 0
Hom g { et AERI NG TSGR nganp e Sefesiped” e
Sedristdntslg state, the sensing circuit and the
transistor circuit in a series configuration,
deternmining a tine constant of the series
cEmbodimeatsiof the iaveshtionl emerga franm thet depeaderd iclagnsohimi ¢
resi stance using the determned tinme 15 constants.

Enbodi nents of the invention energe fromthe dependent
cAcrionding tacarer embrgliment of thesnyendionghe trehsistheciicoi incildes a

o hy AR o G555 o

i gate gapanitancehincludes theccapa@tanaﬁ @éthamteu irotating gegion of the
@@%&nﬁ&ﬂto# D5 QdkRain S %E{enghrﬁﬁg}egféhéﬁt:etin&udés' fHled

ect transistor and erel
r elynis regigtandernf theogase isplating ragian Qfé@ﬁ figld atfect yansister. gat e
isolating region of the field effect transistor.

According to one embodiment of the invention, the at least one detecting
circuit includes a comparator circuit.

According to one embodiment of the invention, the operating mode switching
circuit includes a plurality of switches, wherein the switches are arranged such
that in the first operating mode, a first switch of the plurality of switches
couples the resistor to a first node of the sensing circuit, and a second switch
of the plurality of switches couples a second node of the sensing circuit being
located at the opposite side of the sensing circuit than the first node with a
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25 According to one enbodi ment of  the invention, the
at |least one detecting circuit includes a conparator
circuit. According to one enbodi nent of the invention,
t he operating node switching circuit includes a
plurality of sw tches, wherein the switches are
amoeagadissuch 30 that in the first operati RQT/AGXIET/00€825
first switch of the plurality of swi tches coupl es the
r fi [
s aaisherts pofbrflal, ahd n R 6echy opSralfl o, £ i blhichiind
s erd-emhiy rbswitches t:tmpl@eths iseepndi node of thessenging r:mattte @nanput
gl e side of the sensing circuit than the
frrst & with a 7 WD 2009/041914 PCT/ SG2007/ 000325
reference potential, and in the second operating node,

: a Adiided r%\é&ﬁrﬁhthgftemﬁlurdﬂyﬂe% foftwBor Mrd 61RS itBAY %f@ﬁed

e second node o nsing circurt to an I nput
vdp+ ejexamele, a pluglity of switehasdngans twe Rempes swishgs.al i t y
refers to two or nore of the itens referred to. For
exanple, a plurality of switches means two or nore

sviacerling, to anather AMRpdinent ot INVeRfiadd im e sespné |eperating

| NHEAY, laGBurtH &rfdﬂeofstﬁé?ﬂﬂahﬁp&rs@rﬁtbﬁ@s to'fR&tecouplel tAE ik node
switch of the plurali swtches to first couple

t 11 the peasingogiecuif vithrthe H@feéeéﬁglpﬁﬁmg?'r and thef i°th°HBP'e the

I §ir&tmeBE of thesentingtircuR dmithe Feféreneesatbmiar the first
node of the sensing circuit fromthe reference

potential. According to another enbodiment of the
| rmeardnrrglno tahethepern&roumgenmsfethesrnwéml@hngh@ldpetut’hg mode

o EAIES sie Bt fies, o Pl o SEbep WageRy R op RGeS 2o
rrtallﬁngédW eudhl’thatdn srva firshomratingemede, tiad thiry satcts vf the Ipksality
ERURLTR J45IeE B 8% ofle BBerES TR LB B b
plvartade nodepfind thiet fohms sweitcioefthe plurdlity of switthedbdécumiplesdhe
o‘ae bggrf&enog fi rgpﬁod%etﬂ‘sthg ger%uf?cé“c{nt ffﬁoﬂﬂ?h&h@fg“e‘#c? ﬁ%&%ﬁal _
f |ansltln $he sechnd bperatingoinode. the t]rsofswmn Qfdhesaltmﬂltyjet:smphes
b HSEh O i SpoRE B s SR B i o

d eswditalp péthetmalsm@bﬁwﬂméiegvunlerﬁethgeﬂergmrbnoctq efcthe sensing

beirBgit bdifyirdr $he RfResiaGRdMpbent i al . According to
anot her enbodi nent of the invention, the reference

potential is a
According to another embodiment of the invention, the reference potential is a

ground potential.

According to one embodiment of the invention, the control circuit is configured
such that the determining the time constant of the paraliel configuration in
accordance with the first operating mode includes applying a step input
voltage to the input voltage node and determining the step response.

According to another embodiment of the invention, the control circuit is
configured such that the determining the time constant of the series
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‘25 ground potential. According to one enbodi nent of

the invention, the control circuit is configured such
that the determining the time constant of the paralle
configuration in accordance with the first operating
node i ncludes applying a step input 30 voltage to the
iwpuaboswabtsage node and determ ni ng the steprCESROTHMI2S
Accordi ng to anot her enbodi ment of the invention, the.
c l,r euit. 1 0 awe h
q SphcRlatbl i AsoirandeC Yt e Sopbif) JndBlunly roge (ppjudes
2@DBIMDQ E0stép RPNt SCiEwetodbe InBit voltadei npdesandodetemmining the

&%rgﬁﬂ) MAth t he second operating node includes

a step input voltage to the input voltage

node and determning the ,step response. 5 According

g%&%}gﬁpefo SrBReH Eibo %erﬁh@f &%Vf?ﬁ\}eh%h fﬂ%e séﬁsnr?d Hhmic

im esi stance 1s et erm ne usi nfg
c cesistanne is fdeteivaingd ugingdhe dimercogatant elothe narallab@mf gunatien

ﬂ Bedor@arick with l?@%r&tdp@%tlﬂaqﬁodet e ﬁl'ngpcoﬁgtgﬁtt %e Qries

the series con uration Tn accordance wth

s eefigyralioar i iagep #ith thee segansd OPPIANAD o'ﬁﬁsi% “and the
r%?éo%?ﬁé@éhrﬁf: rddifarc@df Helesistbf. According to one

Iment of the invention, wherein the transistor
circuit includes a field effect transi stor. According

t Acesraingab oReRMsiodRndnt OF thd Riventione Whefih tHehPariistdramedit

one detécting circuit includes a comparator cjrcuit.

18nohycdes ryfielg afischiansisitfodAreaiding rto anethen wathedisment {oh dhe

S VvieRtitr) eheCdt 1sHst bnd detbeting Tirduit iRtIUdEY & Eompdrartirames,
wherein, the switches are arranged such that in the

first svmtchlng state, a first switch of the

pW:i(:@’dinb)to ohe embbaiheat ﬂQH@irﬁénﬁdﬂEtl’fe@ht&hlﬁg cir€uit mclﬁdersed
cLIcu

[ Rl LRSS el e Sutangd B GRSk tasTh g st
t saiterdmpstate, a ifirst switchosfitie plucatint af dwitthdsmaupies tEpesistoe to

f’i ?@r;f) I ehgf %n %n@ﬂ]gcwcﬁg gné ?a&ctong ngErz fﬂf ?@%?hu\gélw oﬁ

stswttehesapdublesch sevond modé dfhlaae pensing Cirquitdieingslacatet e the

.C%ggz%s?é %l?@ of $he rl%ngiﬂgeciretlit ttltf% 5 ikt Shodl " ith ta Fé?er%ﬂce

in vol'tage node.

- potential, and in the second switching state, a third switch of the plurality of
switches couples the second node of the sensing circuit to an input voltage

node.

According to another embodiment of the invention, in the second switching
state, a fourth switch of the plurality of switches to first couple the first node of
the sensing circuit with the reference potential, and then to decouple the first

node of the sensing circuit from the reference potential.

According to another embodiment of the invention, the switching circuit
includes a plurality of switches, wherein the switches are arranged such that
in the first switching state, the third switch of the plurality of switches

decouples the second node of the sensing circuit from the input voltage node,

9
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25 According to another enbodi nent of the invention,
in the second switching state, a fourth switch of the
plurality of switches to first couple the first node
of the sensing circuit with the reference potenti al,
and then to decouple the first node of the sensing
cwoeuop4tbraom t he reference potential. 30 Aceorsti2ng/od2s
anot her enbodi nent of .the invention, the swtching

ci Wi [

CRPBYS oo 3 PR 2o GG HUREBad BP
s\Whe sdrising cifceit omt Ihle refereande patential, and irhthepsacoad iswitchirig

o €18 frsf SEBUPLE el pliral o8 SRR by GEIBERSRS from,
POW Bsbowiz/ OTGDGBEnSWHiCII’dm andithersesond switehf oft the plurality of
Plsiidesdéclipisyth F“s@@ fﬁ%@‘b?'tﬁessén% fdur[:&i{ fr&ﬁqﬁe ﬂaffereﬁ&e
sensing clrcuit rom e reference ot en

t petestidond switching state, the first switch of the
plurality of switches decouples the resistor from the
first node of the sensing circuit, and the second
swiceerding fto pprembediment of thyg mserym f&'ﬁ@@”iﬂ‘é@d&pt is sonfigaired
S i f r

DS HHE g T A, Sl of B hor R
| iRFides orPPIVing: acétﬂpr dnput  voltage tp stheoippy yoliage $ede and
t RferhitfgdRd SteprélpBAsd. he time constant of the parallel
configuration 10 includes applying a step input
voltage to the input voltage node and determ ning the

~ StARBoriRg p@nﬁn%thé?«céﬁnbédﬁﬂni of WD iMRhtieHTDMd! eambn @frcdih &

15

20

25

-30

i nvention, he control circuit is confl ured such

t RARMgUFRd &E%rtﬁ?%lfﬁg defrrmining: thenipe fonsfant 1t ther sgdes

150ﬁ¥@0fat|§h| lirtiudes applying GEsted Mply VdlBiga t6 trRNinpitiiditage node
ggtg to. the |n€ut vol tage node and determ ning the
s?@é anBiggdne e Gi%8PAY t o anot her enbodi ment of the

invention, the sensing ohmc resistance is determ ned
usi.n .heti onst.ant of th parallel confi urat

o Bftang e, BBRET Bhootimen ot el ivBntty ; B8 s shide
t nesigtaredd$ detecmiokdrusing thestinee aausﬁarﬂfof thHecparalisl sbnfrguratlon,

ARCTHIEN orforS FEO0STRnrBralf? i B bRdphdh Hhfie
ofesmmrtcelwéﬂwcresnﬁbes the resistor to a first node of

t he

According to one embodiment of the invention, in the first operating mode, a
first switch of a plurality of switches couples the resistor to a first node of the
sensing circuit, and a second switch _bf the plurality of switches couples a -
second node of the sensing circuit being located at the opposite side of the
sensing circuit than the first node with a reference potential, and in the second
operating mode, a third switch of the plurality of switches couples the second
node of the sensing circuit to an input voltage node, and a fourth switch of the
plurality of switches to first couple the first node of the sensing circuit with the
reference potential and then to decouple the first node of the sensing circuit
and the detecting circuit from the reference potential.

10



25 sensing .circuit, and a second switch of the
plurality of swi tches couples a second node of the
sensing circuit being |located at the opposite side of
the sensing circuit than the first node with a
reference potential, and in the second operating
nolenooeuidi rd switch of the plurality of swdmdte®7/00032s
couples the second node of the sensing circuit to an

oPRIEI i STt Amd & B R dvept . B B b Gping e

: _thetthrad SWitch ¢fahe pluedlityt omwnhhédﬂdecduﬁee Itieen s€copdtnede iofithe

.10
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d then t l. he .f d h
cpensite orcyl fAR b Tl EHEE Foufs A% o rolfis” AL Hhthe
ppluedityl of switthes/\Gectibpies A fifst o /0Bt 8ansiHI0aZTIt from the
¢ Frerefoe Port el P e Srons Sparaf pipeB, JrBcFtomEn ot he
pbhraityi dfyswitthen/ddcobples trecrasistor Sronhthesfestoruderof dhee sdnsirige

oSR3I Sl (8 Webold S5 Pkl | BIKEAGE ocBlth Bre

f OUT T h SWTCh 0 ["fura upl es
t becond nede nttte serﬁsingnircgl@ heing from the néference potehtial 5
reference potential, and in the second operating node,
the first swtch of the plurality of switches
dAcaugihgdotdne embodiment bf ¢ime timlenﬁfprr sthe rdetieymisfing ithe time

C 0 t
oFERLgH o it el @Rfolydfont 6P A8y dblol Wi Cing! 15 opersting
t mede dneliideg arpiplvingi @ stapi ingutf vqmge He ﬂnesfr@pbn@l@ge node and
p&ét@muhiﬂgthegﬂ rﬁgé;ﬁg,gigeng to one enbodi nent of the
e

i nventi o ermning the time constant of the
paral I el configuration in accordance with the first

OREEAdihG %o aRBfEr érﬁS&dﬁHSﬁt &Rﬁé w@an@h e aetenﬁmngvtﬁé iR@e
to the T nput vota%e node and etermnlng esteg

6%‘1?@1’!%@ he series\c@ EQHT%'@"t"baS‘PRS??%’P vaththe iSeepnd eperating

i ﬁ%@@tlh@urhestéﬁblyﬂ'@t £'stpinPat ¥dMAgé itdehe HRUS Valttige Fodkhdnd
series _con ehauratl on in accordance with the second
opeiPaRining the PER rESRMS§des appl yi ng a step i nput: vol t age
to the input vol tage node and determ ning the step

r ns cordi ng. t o, anot her en‘oodl nt

| RoGnerto g TGSt hecVERER. JNF cSesBigr Amisy
uﬂasl‘sgartcbﬁs tietermined asing theofimé ltonstamtadfitkeé pamafiéli cgofiguratiom
in acco ance he fi.rst e ath

B RRRERGT i dhe, B B8eralifich molBr ki 4o ol o B, A8
weadrifiguratios eiooaccoogamceat witly thedsecnd oOperating mode and the
predefined ohmic resistance of the resistor.

According to one embodiment of the invention, in the first switching state, a
first switch of thé plurality of switches couples the resistor to a first node of the
sensing circuit, and a second switch of the plurality of switches couples a
second node of the sensing circuit being located at the opposite side of the
sensing circuit than the first node with a reference potential, and in the second
switching state, a third switch of the plurality of switches couples the second
node of the sensing circuit to an input voltage node, and a fourth switt:h of the
plurality of switches to first couple the first node of the sensing circuit with the

11
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15

predefi ned ohm c resistance of the resistor. 25
According to one enbodi nent of the invention, in the
first switching state, a first switch of the
plurality of switches couples the resistor to a first
node of the -sensing circuit, and a second switch of
t v pbuadld ty of switches couples a secondpooseo0fooo32s
the sensing circuit being |ocated at the opposite side
of 0 n 0

r Lé?%\r?ge pgtgﬁiérll tgn tﬁ&%l C}B a&tgﬂglgseconéﬁgm (?r%waFor?n %he
str&f@}enc&mtﬁmdl swi t ch of the plurality of sw tches '
coupl es the second node of the sensing circuit to an
i nput vol tage node, and a fourth switch of the
pl Agcarding tocgnother eaibediment 6f the inveolign, in thedirstiswitching state,

e SBGHE G 4BLAEHAy o shlerel ochipidre Fodbit{ Adtelor the
desﬂ@aipg ecirchit froam gheninput voltdge hedem andether fotigh eawiteh of the
I@t‘éﬁl}{‘%‘f wﬁ&fé&r&gcpgplég t@‘%hﬁ&dee 'ééﬁglhg%frﬁ&hﬁ'%m the

i nvent swtc sta

sviefesencepoteriabland dn thwsmn@wﬁm?r&ste& dhepfirst swikeh of the

sef@ahty b¢ gﬁlt&festdéﬁouﬁéad"t‘f\b Nesigtbf fﬁH‘htthé ?%EH@ of R lJ5tensmg
volta’?e node, and the fourth swtch lural it Xe

reirgyf.t a1k theg secang) switchnef $her elurq'itydef é\""t‘f'wé 'é%qqulﬁg t
Ci debhd néde%?‘tﬂé‘ﬁansfn@fcﬁ&ﬂm‘e@ng?@érﬁ e r%i’erer%édpdtéhtlhhe
second switching state, the rst switch of th
plurality of sw tches decouples the resistor fromthe

f lAcﬁ:brd‘Kgdﬁ) ehetéiﬁboiﬁﬁémw the iAbdritigh} theaaetehhiﬂm‘geshenmne
t he swi t ches’ decoupl e

t he
se‘i?Bﬁta"‘erd'%e B?'pal'?l §°§{1ﬂ%ﬁ'tl‘?§ iIRglydesiapplying s Pdﬂﬂ”f M‘%Jtage to
r e¢he IMpurwItagé Addd #id detdaafigliheGtdporegpensenbodi ment  of
the invention, the determining the tinme constant of
the parallel configuration includes applying a step
i Mucbrdirg tbaagettien ehibodingent opthe invdritiag.ecthecibtermirdng the time

S SAB e b5 oSO G S5RIS RSy B

cdhetnautvodtage hadesand deseronining Werstep respansel udes appl yi ng

o @ step input voltage to the input voltage node and

25

30

determining the step response. 20 Accordi ng to anot her
enfiwsdidingrio apbthehembedimentof the inventiomthe ohmisi resistanee ofithe

t I'b‘fensing circuit is determined using the time constant of the parallel
configuration, the time constant of the series configuration and a predefined
ohmic resistance of a resistor.

The embodiments which are described in the context of the biosensors
provided are analogously valid for the methods for determining the ohmic
resistance of a sensing circuit of a biosensor, and vice versa.

Fig. 1 shows a photograph 100 of a biosensor array 101 and an enlarged

photograph 105 of a biosensor 103, according to an embodiment of the
invention. '
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sensing circuit is determ ned using the tinme constant
of the parallel configuration, the tinme constant of
the series configuration and a predefined ohmc
resi stance of a resistor. 25 The enbodi nments which are
described in the context of the biosensors - provided
awe 2000@40gousl y valid for the nethods for detesaieviong2s
the ohm c resistance of a sensing circuit of a
e

B3R oyt SR Il L plia a8 103. 1n he

erdnmogement shovoiprkight, 106 plofality ¢j|bm§ensms 109 3re arcangedimg

POFRIBBBOR B SR ¢ i of AL R0 nc oS 5
i re@chidyy). a plurality of biosensors 103 In the
enbodi nrent shown in Fig. 1, the plurality of

bi osensors 103 are arranged in a 10x10 manner (i.e.,
wifig 1 @lsocoskowst abienlaegash photograph 08 dfca ibiasersesot03. 10Be

1 ThinseA&H ﬁ&y‘blgclli*e'ga b?’bra{ﬁ sor%i%%ﬁ %ﬂsf&' 368 %Uhere eggh

phot ograph 10 ose bi osensor
i msma;q;r ssteﬂpamluqey O CORSIYS @ﬁgmntermgé@tedmectrmmg and

€L nolidpS S FortxhRphOih dikmBsHiment, %rﬁdnﬁbtgca oﬁ&

i nter |g|tate el ectrode 109 and a hano- gap
e¥Tyide; in one enbodi ment, the nano-gap is onIy 0.5
10 pmwi de. Fig. 2 shows a bl ock diagramof a

bi osensor array 200, according to an enbodi nent of

¢ 1FAG; 2\EDRWE cin blogks CEgEaTR | Qs HINSENSAT BIAY 219, (36EPiNgstooan

C @fodinferft bf the Mveh@dn.t y of bi osensors 201 arranged
accordingly in rows and colums. The bi osensor array

200 further includes or consists of logic circuitry -
| MbleUibsRGSEr drrdy zd)eq@ame&&?conaisﬁl dffadplirality o@blo@ehm 201

decoders 205 urality of columm control 207

aireases asaraingly P pwB et 1 nES9ts6 agey 368 firther
includes or consists of logic circuitry including a row decoder 203, a plurality
of column decoders 205, a plurality of column control lines 207 and a plurality

of row control Iines 209.

Further, the biosensor 201 may be represented by'a circuit 211. The circuit

211 will be discussed in more detail in relation to Fig. 4 later.

Fig. 3 shows a cross-sectional view of the sensing circuit arrangement 300 of
the biosensor, according to an embodiment of the invention.

In one embodiment, the sensing circuit arrangement 300 of the biosensor -
includes a nano-gap based sensing circuit coupled to the gate of a transistor

- in a transistor circuit, as shown in Fig. 3. The nano-gap based sensing circuit
includes or consists of two electrodes (301 and 303) and a nano-gap 305 in
between the two electrodes (301 and 303).

13



- Further, the biosensor 201 nay be represented by a

circuit 211. The circuit 211 will be discussed in
more detail in relation to Fig. 4 later. Fig. 3 shows
a cross-sectional view of the sensing circuit

~arrangenent 300 of 25 the biosensor, according to an

10

it gaifrges WAt ardmagBpdn iy
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emoodesrserats of the i nvention. In one enbodi meatr/sGiobrmoos2s
sensing circuit arrangenent 300 of the biosensor

in 0 d g

{1 S AR D R o TR0 Shicl oo BOWBEE i o
srﬂiemrodas rypicallgin the cangered abeys 16 aepometensinmy te 56Q omt 30
i ncl udes or consists of two el ectrodes (301 and 303)

and a nano-gap 305 in between the two el ectrodes (301 -
ans 8@Blioned3eanipro B0 (ranedan RST)SSTBIY oodE2®ms Asensieg
he&a‘ﬁ%(ahce Lél&e E@g@n 848 séﬁ’s'-?nq @ﬁrﬁﬁe tSHE Jal 2P bet ween

el ectrodes, typica I'n the range of about
10 nanomaters (nm to 500 nm As nentioned earlier,

t NurhBARQLA 8 s@@ﬁ bt tt?eer‘i‘a?rio'r&pCé()rs%I 'tﬁusrgi\'fallaen%ﬁBﬁ |$ugh that

capacil tance val ue as wel sensi ng

r esfewt sitakly labeled, blqcmo!ewelar SWCt'('!&ﬁ 3ge "!?é’et?? %W&’ﬂerﬁ treeffect

N3 Qo3RO endrge! filithes SEHsingC A anceUGRY (thelsending Ymic ‘
sui tably | abel ed bi o-nol ecul ar structures 307 may

sUpsiplanenhvalues of Mg (nang-gap: B"ﬁeﬂblsé"%%r?ﬂéu't rivRigfe may be |

S%as.a&ea H3ding HeRsdred échfés&ﬁé‘%'aﬁ&-g@ﬁ 906 (bBtween the two
i stance val ues of the %nano ggr? ased) sensing

et Bih & "l@‘?'ﬂ@p rP@é%% Sepsing

airesif atHigh dagdiod 8Bnsiilty ridgberrRicvé® two el ectrodes
301 and 303). In this regard, with a nano-gap based
sensing circuit, a high detection sensitivity may be
adh oy esbodimeht) tHentearg Bt dirctBtrhay inbladé b fiBRi effeot tranisiston t
may include a field effect transistor. The sensing
circuit arrangenment 300 may be fabricated on
sél'rhemensiug tincuit aamsangemenir800rmayhiee fabliceted ah isemiconddetar, as

sh%%ﬂﬂeufbsﬁ%l%mnéwggfc“it representation of the

sensing crrcuit arra ment 400 of the biosensor,
according to an enbodi nent of the invention. As shown

' rf-‘l 1 Pshovs 4 éifer;& Eé;ﬁéé&t&hﬁ Brink s@fﬁl@&@g%‘ﬁaﬁg&ngﬁ 4bb %

ensor I nc S a sensing circ
t rtbqhblpw@pr @cearding tai@zemppdimantof the ipgendionnect ed i n
series. The sensing circuit 401 nay be represented as

a sensing
As shown in Fig. 4, the sensmg circuit arrangement 400 of the biosensor

includes a sensing circuit 401 and a transistor circuit 403, which are
connected in series. The sensing circuit 401 may be represented as a sensing
capacitor Cs 405, and a sensing resistor Rs 407, which are connected in
parallel.

Similar to the sensing circuit 401, the transistor circuit 403 may be
represented by a gate capacitor Cg 409, and a gate resistor R 411, which
are connected in parallel. The transistor circuit 403 is represented in this
manner, mainly due to the capacitance and the ohmic resistance values of the
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capacitor Cs 405, and a sensing resistor Rs 407, which
are connected in parallel. Simlar to the sensing
circuit 401, the transistor circuit 403 nay be 30
represented by a gate capacitor CG 409, and agate
resistor RG 411, which are connected in parallel. The
twabmpetims circuit 403 is represented in thec/sgrennms2s
mai nly due to the capaci tance and the ohm c resistance

Vaatdest f ISt&I‘4 I% l?slrn P p%qqz / c%ggg’&éd a
gg € ofﬂ}h ans stor e’ sensing oﬁesf

i desaribed easiel in aalatiande Fig. tSs)d earl [ er in rel atl on to
Fig. 3). Applying a step voltage, VSTEP, to the
circuit shown in Fig. 3, the natural .5 response of

t Applying caistepnegitabe, Meres, viedtha scireyiti showm i Fig.ud,i thg natural

L ( \Y;

ol of (LLRUR Y Bl Jerfad 58 el (7 Rirb Lpcte
byrapsfo@8 + CG XRS // RG (2) 10 From equat i on (1)

the resi stance-capacitance (RC) time constant

nmeasur y be&suse |nRard r i determ ne the
corres&ﬂeg ug@ 1;1 Rh.eRs@ capaci tor CS 4(@
and the sensi ng reS|stor Rs 407. 1 Further, it can be
swbarethatimeganstaatp is pjvendy two ternms, the first, an
exponentially decaying termand the second, a rising
term wth respkct to tine. In order to be able to (2
observe t (€, sEghRI/Rgy m of equation (1), the
following two criteria should be net. 20 Firstly, the
gate | eakage current nust be negligible or kept very
SFRIrh . ehoativihh e(n) \nhé d$esn§timce gapacitancé at(RChetlmbm anstant
resi stance, val geSlSttB ing values of
TERPRRER V3 B uBr b e R goTesreripe

r ¢ ssineing (capaxitor G&O&arﬁﬂhe sﬁhsusg resistorlfy; 407hi eved by
having a thick silicon oxide (SiQ2) on the gate of the
transi stor. 25 Secondly, the coefficient of the
eXpdimntii abm ybedseeryithat equatios hd)il whsbbvdk deims, the first, an

exponentially decaying term and the second, a rising term, with respect to

time. In order to be able to observe the second term of equation (1), the

following two criteria should be met.

Firstly, the gate leakage current must be negligible or kept very small. In other
words, this means that the ohmic resistance value of the gate resistor is
significantly greater than that of the sensing resistor (i.e., R >> Rs). This may
be achieved by having a thick silicon oxide (SiO;) on the gate of the transistor.

Secondly, the coefficient of the exponentially decaying term should be kept
very small. In other words, this means that the capacitance value of the gate
capacitor is significantly greater than that of the sensing capacitor (i.e., Cg >>
Cs). However, this may not be achievable in practice because the capacitance
value of the sensing capacitor Cs 405 is typically in the range of about 1 nF to
10 nF (when conductive polymer based DNA labeling is used, for example),

15



10

15

20

25

30

very small. In other words, this nmeans that the
capacitance .value of the gate capacitor is
significantly greater than that of the sensing
capacitor (i.e., CG>> C(CS). However, this may not be
achi evable in practice because the capacitance value
oot2bmw/osenasi ng capacitor Cs 405 is typical | pc1/sG2061®00325
range of about 1 nF to 30 10 nF (when conductive

e, B8 e e I W bl YaPBtpl £5 4B Ry in e

c aprgei of ahoet Speff 0elOgfF.t he gate capacitor CG 409 is
typically in the range of about 5 pF to 10 pF.
Alternatively, the criteria CG >> Cs may be achi eved
bltematiaty, itheycriterizaba et t%maﬂmacr@emdbg@ouwaom agapacitor
i n OLH
%fg%r&é Qé%ﬁm \?alt{dr@o %?rg‘bl% Qﬁne rfg%n%flagt?:gt ok & 168
kmﬁévepara% dhthe gﬁé@afzthedranw@tﬂr cHowesex| suchra eapacitarmuld

C‘?ébiﬁt%‘i ,9% %{g‘%—;g:p(c}f)vcﬁw%' (ggoeing%&gés-& #;p/a ?aci&%tr Blerdf

over t1 mes I's sol ut

i rigw aﬁ‘éﬂ(ﬂféélt'"leﬁ. makingdkis snhmkrummgetlcabmeﬁharm@ﬁs ']!e'kﬁt gse
Sgeéuie. @ circuit representation of the biosensor 500,

according to an enbodi nent of the invention. As

menti oned earlier, the biosensor 500 includes the

S@UGI 6hewg & Wirbuit Apredeh@HER BE e E6deraBE5bA] eadés.tdﬁ@t #004h
circuit. As shown earlier in relation to Fig. 4, the

s émbodinest efthe invaptongenent 501 of the bi osensor

i ncl udes a sensi ng CIrCUIt and a trans!stor circuit,
ik s AC Gk s BSenadtn 500 PeEes [ P RLCTR
ara&alagl;e?ﬁérﬁl %9 a?d! (ST @étf&tnoRiur&ﬂtSAs\ehowﬂ gamgro GYeE 2T m;':ugg

r e e transistor [C nma e r resente
b3 e, Serisiop b BAanoan 201 b Plberser dpideRia Sehalts
c ecincwdtcaret] ai transiston| diredit, Whieh degt emtneotedanrsanes Thec bertkirsy
r ref erence res or
° HAIPARE 59! reBfebenfa R £ IsBRGRa,c B8P 0 %03 apd &, sensing
( BegistarlRs 5G5, subinbraste sonrected |ﬁ5a(aﬁél) Tﬁaﬁanastbhmrodlt svayt beh
\ (o The
e B RO B e Y ey

s lggmne@tadaly pataliel.

The detection circuit includes a comparator 511, a reference resistor of a
predefined resistance value Rrer 513, a first switch (S;) 515, a second switch
(S2) 517, a third switch (S3) 519 and a fourth switch (Sy4) 521.

The four switches (515, 517, 519 and 521) are controlled in such a way that |
the sensing circuit is either connected in series or in parallel with the transistor
circuit (to which the sensing component is connected, as described earlier in
relation to Figs. 3 and 4). This is done to make two méasurements, which
would then be used to determine the values of the sensing capacitor Cs 503
and the sensing resistor Rs 505. In one embodiment, the two measurements -
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the sensing circuit is either connected in series or
in parallel with the transistor <circuit (to which the
sensi ng conponent i s connected, as described earlier
in 30 relation to Figs. 3 and 4). This is done to nmake
two neasurenents, which would then be used to

deo enyama4st he val ues of the sensing capaci trIT/SG0030®325
and the sensing resistor R5 505. In one enbodi nent,

th 0 .
e D0 R EaEebtahOe, (8P e Sehihe spessurements:
( RiSponsento acstepsvalage mpakur enents, in response to a

step voltage input. A parallel connection between the

sensing circuit and the transistor circuit 5 may be-
i A-pwaralhhtcedndthm Ibetveeg thiesensingtcircwit od ts transistangircuie

¢ 98, mplenfeied ¥ ciishd e MEHShEIPS, 818 and e Sochif Liith
ofSt $17 mf@w'tém eranwhitedeavied é\etotherrmtphes $18@nd wa\mowem
F d#swiched drﬁglﬁ'fe résu Ollt%nﬁ@ddl\%?bn‘? BiRARGL b@%h ATt \gﬁ rmy be

nsing Ci e transistor
|rrpl enmented by switching on the third switch S3 519,

V‘@in'n%ﬂé d§ @g?é&gcc{wntﬁgc&h wedH {h%r%ee%sﬁ?]c'i_’mu@ 4Ad Wtré@gtor

swtc e resultant equi va ent circult 1s as
SRt May begmplemented; by switehing en the, thifdjswitgho Sy &1 bwiaile

t Reapuﬁ%ftﬁé ratrtehes“ﬁkeﬁésr A sMBAR WrABIYY . swiitdRed bF. TTR&!réduitant
SW tC may al So be svmtched on initially. This

|§q‘ﬂ'\ba'@'ﬁ&t59‘ét '§ﬁ§3h‘§"é'h'§'l i@ Tapacitor Cs 503 to be
charged up fully, while at the sane tine, discharging
a short

t he capacitor of tr sstor crcu ter

By rareasrd feres b B phR Spsons the getited Destusaments e

fﬁmn %&m{;rﬁ E{, gzi%ﬁmémd bﬁ)swut&rhﬁ éromstiahy SWPMQ tcSéndble thes
en.switche t he ne nt . .of the tine

C Serinanpanabiar Gy 50308 b Shalgih ih THG EVS et Sertme.

t bieckapging thesosipbcitor oRfarBtoricircaitCg.ched of f,. the

capacitor of the transistor circuit CG begins to

charge up. 25 Wth regard to the detectiaon circuit,
t Afterca shiat getriod obfirhe ¢éayt for atiettéscddcondsciorabout 15 seopnbs for

CEPAS. IRSABEPIRRY 98 SO S0kl B 98 LR R
VeHFe titrteeconstaptis dttitiateds 1tishorld bebroters that wbeny meefpantleswtch
oul B9y i§ishidhed O ! Gphitdr Mt ttnd Man¥iBtol Lirlit ¥E Pegils?H

charge up.

With regard to the detection circuit, the comparator 511 of the detection circuit
may be used to measure the time constant. In one embodiment, with a
predetermined value of the reference voltage Vgrer, the comparator 511 may
be used to generate an output signal to indicate that the value of VGATE has
reached or exceeded the value of the reference Voltage Vrer. In this regard,
the time taken for the value of Vgare to reach or exceed the value of the
reference voltage Vgrer may be determined using the output signal generated
by the comparator 511, together with a digital 6ounter, for example.
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reached or exceeded the value of the reference voltage
VREF. In this regard, 30 the tinme taken for the val ue
of VGATE to reach or exceed the value of the

reference voltage VREF may be determ ned using the

out put signal generated by the conparator 511,

t vpewdyeniowi th a digital .counter, for exanpl ecT/4dG2084000325
2009/ 041914 PCT/ S&2007/ 000325 Fig. 6 shows a circuit

r t f, r

(PGS SRR Ol RABR 6P e el bt FRABER B B0
sube hiosgagort whent the svg@hss 1@ contralied i9Oguchsa omm@lut dbie
[ I

nse%igg élrsu% ngq h% #Eﬁraédié?f‘ﬁu‘ g%rg g\bllﬁf“tﬂgn rlgrgﬁnstorsc%suut 603,
rreaepordmdoeaﬁmbedlmetnheftbememt@ncu rcuit 601 may be
represent ed as a sensing capacitor Cs 605, and a
sensing resistor. Rs 607, which are connected in
pdsamestioned gerlier: the sensing egistin$O0di mayi be cepresarted as a
t rs%ﬂ&hétc%pa&{cfrc%g 60&':560 d'T%y sBhsify %snéﬁprﬁé%ye%t@& %re

gate capacl tor a gate resistor

| m/rﬁoeneca?cb'ncvaﬁﬁﬁ'@ét%@"?rhtopm SENNg cirgitGInthe &ﬁarﬁ'sgor qvcu't
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15

t hep35R4\SAIETIbe eéareéentedﬁ&la géte%amF ed 608, Eﬁh’ ark,b@ re¥istoh

the transistor circuit hi paral |
cdra Phlirtichare §°"E’Gﬁ'i9€df‘ é’é’ql'ﬂ' séFlségww’P IFig-H& the sensing

I eireli€ BOE id esmfacfe”d RR5ralled With the tRindistorcirkGit 608, and this
analgllglcqrﬁerfor in the _discussion in rel ation to

FiRgral gurafigf fSoGRNAGCIEe M BeURT WY hcrefasententegistas Reer
trp3case of the parallel connection between the
sensing circuit and the transi stor circuit
VGATE(t)-VSTEP RS//R (1-e-") (3) RRF + (RS // RG
WSHhitarttb ehé analysio petfemiedpinithe glsv,essndw in2f@latiok %Fig %the

Duelopg: ST oy b, e Br GRS 8 e cotyetien

ofbetW®nglaﬂ sensmglcsrbmtamcttheltrgnslﬁtlocarduity greater than.
that of the sensing resistor (i.e., RG>> RS), and

al so 25 egFgni’s g“@ an that of the )

“that o c re3|’§t ank,e/ Rial u ) he sensing resistor |s
F t
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reference resistof |. RS >>" RREF); or, in
where the time constant p |s glven by

1
(Cs +C XRusr /(R 1/ R,))

p= “)

As mentioned earlier, in practice, it is known that the ohmic resistance value
of the gate resistor is significantly greater than that of the sensing resistor
(i.e., R >> Rs), and that ohmic resistance value of the sensing resistor is also
significantly greater than that of the reference resistor (i.e., Rs >> Rger); or, in
other words, Rg >> Rs >> Rger. Further, it is also known that the capacitance
value of the sensing capacitor is significantly greater than that of the gate
capacitor (i.e., Cs >> Cg). As such, equation (3) may be further simpilified to

Vears(t) = Vsrsp(l - e_p‘) ' (5)

where the time constant p is given by
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other words, RG >> RS >> RREF. Further, it is also
known that the capacitance value of the sensing
capacitor is significantly greater than that of the
gate capacitor (i.e., CS >> CG. As such, equation
(3) may be further sinplified to VGATE(t) = VSTEP(1 -
avPboog/Bho1430 where the time constant p i s ogpcaesG2iyodss
WD 2009/ 041914 PCT/ S&007/ 000325 P= (6) CsRREF '
Therefore, the first tinme constant neasured (i.e., as
measur egl=4st+Ag this circuit), p,, is the time - (6)
const ant Esl&tr equation-(6). 5 Fig. 7 shows a circuit
representation of the sensing circuit arrangenent 700 .
of the biosensor, when the switches are controlled in

. stareéprﬂashet first timgeconstant imrasuredc (et 380 Measurgd riRing s

10

| Rircl 55is Y dind BeheldrRBor 8hiiofigeul L 703, accor ding

to an énb ment of the iInvention. 10 As nenti oned
earller the sensing circuit 701 may be represented as

_/g9 eﬁbﬂo&@ acreat fép%seﬁi%tlgroéf thé @gn@ngsﬁfb‘ﬁlt 'ég'aﬁ@e?ﬁecﬁt @60 bF
are connected in parallel. Simlar to the

sgi?slbl?@e'ﬁqﬂcwp?" g switehes PE?n§?'§f°('JPd dP rghta Wst'\?ﬁﬁhe

alsERsIME clréu’ ¢§1?'i§ %dm@éi:te’ii @R 6Eriss2 MR | the ItrdASist? ircait 703,
gate resistor 711, which are connected in

péFca‘W'Qg to %&e@ﬁ?ﬂi\ﬁef‘tﬁ’fﬁ“’g‘""eﬁﬂq‘he sensing circuit 701
is connected in serl es vvlth the transi stor ci rcuit
. ide re it een that th

TR Prinen euisr TG aantite &l 0T ReY (HafensseRteg a5 2
Zeeu&nrg |capaéitor t O 7@8alandi @ pendiny negistom RN 0| mmsgtm
in rel atj.on t gyat,i on y. be
ot Roprdiel S 5rihE sehSg PELAS THR s orche
b@0seey distebes mapsasegtediascligate @apaditbeC 769 sarglt @ gateiresistot

5 V%Tﬁ 1(, tve'hié_h X%Tgﬁlngéteﬁacfﬁ Ja?’a'lleﬁ'As} ghc‘v]r? in Fig. 7, the sensing
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circuit 701 is corinected in series with the transistor circuit 703.

As a side remark, it can be seen that this circuit representation is s'imila'r to
that of Fig. 4. |

Similar to the analysis performed in the discussion in relation to Fig. 3, the
following equation may be obtained for the case of the series connection

between the sensing circuit and the transistor circuit

R .
Voure()= Vsrsr[m (1 —e” )] . Q)
where the time constant p is given by

1
(Cs +CGXRS //RG)

p= ®

As mentioned earlier, in practice, it is known that the ohmic resistance value
of the gate resistor is significantly greater than that of the sensing resistor

(i.e., Rs >> Rs), and that the capacitance value of the sensing capacitor is
19
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10 I n view of the ear

G 25 where the tinme constant p is given by .P=1 (Cs
+CGXRs //RG (8) As nentioned earlier, in practice,

it is known that the ohm c resistance value of the
gate resistor is significantly greater than that of
the sensing resistor 30 (i.e., RG>> Rs), and that the
cwoodtoanrce val ue of the sensing capacitor PeT/SAB0AND325

2009/ 041914 PCT/ S&007/ 000325 significantly greater

: _ _ : - )
suigpieaily oalel aithas GG GuleHapatick e, € 72 fefis Sien
VGENPEN (£) ey bpfurthes simpjifigdtp where the tine constant
pis giyent Q/V%é(-—e(‘;" ) CSRS Therefore, the second ©)
time corféifgnt SHBasured (i.e., as neasured using this
ciwmuétwe,tin%ods&ntb%gfiwmbyconst ant p of equation (10).
ier discussion in relation to

Fig. 6p=-w the first time constant measured pi (10
known, tHK&Rgapacitance value of the sensing capacitor
Cs 701 may be determ ned fromequation (6). Simlarly,
W th the second tinme constant measured p2 and the .
c dprmosforenthe setdnd timeecoastantrmeasened (ig., capmeasuwred Using tHis

k (de I eqguati.on ), the ohmc

r £ kbl Cops T BB (L) s1 o s 703" ey
then be determned fromequation (10). Fig. 8 shows a
bl [ j - ' e t f,.

(13 Vg cfthd Bl Yy Si SreiGRY 1, il BT G Tl yme
t leenstantaneassired Ahknowino thermapaci@pce valoe wiithe semsing eapaditgr
Cick Cryjat ef erence resistor 803,
thées7{9%?%?%%@@%%@%83?%%2”){ches 805 and the '
conpar ator 807. These conponents have been descri bed

| 5ilRdrt WRR the sBbéhd tide consth mEX&UFd 9, and the capacitance

- value of the sensing capacitor Cs 701 known (determined from equation (6)),
the ohmic reSistance value of the sensing resistor Rs 703 may then be
determined from equation (10).

Fig. 8 shows a block diagram with a system level implementation of the
biosensor 800, according to an embodiment of the invention.

The Dbiosensor. 800 includes the sensing circuit arrangement 801, the
reference resistor 803, the plurality of electronic switches 805 and the
comparator 807. These components have been described in relation to Fig.
5, for example.

The biosensor 800 further includes a controller 809, a counter 811, a shift
register 813, a digital-to-analog converter (DAC) 815, a voltage reference 817
and a ramp generator 819.

The controller 809 provides the control signals to other components in the
system as well as receiving the measurements obtained for the time
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The bi osensor 800 further includes a controller 809, a
counter 811, a shift register 813, a .
di gital -to-anal og converter (DAC) 815, a voltage
reference 817 and a ranp generator 819. 30 The
controll er 809 provides the control signals to other
oROpRNendis in the systemas well -as recei iaTgc6v8/000325
nmeasur enents obtained for the tine 20 WO 2009/ 041914
P / [

As‘?‘ﬁg Q.Z oﬁ%%ﬁ@%ﬁ Pﬁ#tﬁgﬁsnﬁdﬁ %Iﬂeq 8§§mary§{\clﬁ&e
I ogntm| lagid, ohhicrayndyebe nmlmmedcasalsaruamredvamﬁdl logict orcas
I r con
?gg?aﬁﬁa@?ecgrﬁt%geg%??&g Y Efo@arﬁrﬁéﬁd&&r ngsssola eg., a
i mrqmg@ﬁscompIUQMQionmplemnstmtlsresetcmmmmr(cm‘f)sapcessor

(P ERRER instuclin St e (RIS PERSAE. o0 he
tripping time of the conparator 807, and stores the

'%efdzsamep%ﬁ%géewrésaknef tpgmg ng thﬁ r@Hathtor BGﬂﬁﬁdﬂ

pping tine fers to counts t hat'’
pa@mthsenferr@attonen ¢ligiteh fomat: ll1¢he rﬁﬁatchtt@% termatripping time

V?éfé’r% ftr%ahﬁmﬁé’rl Bf”‘%ﬁur\f@qﬂh_gt ﬂgé Crfés?@éj b%?Hrl:'tﬁé &ﬁﬁparator

reacne edef i ned vol tag

| Edroatarthal 1o e of Gate VRaGRY et SeScabed sariey RS raagieda

E;e@er,%amo“gﬁgvgm@mthe counter 811 and then transmts
e shifted data to the DAC 815. 15 The DAC 815

converts the shifted data received fromthe shift
I ¥8& Shitt register a@cwfdinﬁgltue ipAralel sHifih® @f \dRJjithing@4ta rébéicdy

Rl oR S 503 PO e SO SR

used to provide accurate reference voltage values for

pite DA B RonRAIRY Rt Joe. peliih P 8 il Rascicary

tacmmﬁg:p o catl lahaleg i velage) whiderwduld peovdedeas 2b prddiefindd
ensat | sed b e m smat ches whi ch
E%chéedv t%pf:for%% Céom‘?%%tgfgcfurl ng process, for

exarrpl e.

The voltage reference 817 is used to provide accurate reference voltage
values for use by analog components in the system, such as the DAC 815, for

example.

The ramp generator 819 is used to perform calibration in order to provide
offset compensation, caused by device mismatches which occurred during the

manufacturing process, for example.

Fig. 9 shows the time constant measurement resuits using the biosensor with
the switches are controlled in such a way that the sensing circuit is connected
in parallel with the transistor circuit, according to an embodiment of the

invention.
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Fig. 9 shows the time constant neasurenent results

~using the biosensor wwth the switches are controlled

10

in such a way that the sensing circuit is connected

30 in parallel with the transistor circuit, according
to an enbodi nent of the invention. 21 WO 2009/ 041914
P®0/28GA0014/ 000325 Fig. 10 shows the tinme cPCB$GRNG7/000325
nmeasurenent results using the biosensor wth the

S W-'ié.c HE AW 1150 Bifnk CddnSEnt Heﬁé’tﬁgm@n{‘?ﬁ:&$ ﬁ%lng hte B éﬁé?)g
cirCuit 1s connected I'n serres w nss
ciwithuthe, switches direigoniolied iprsushi anway that thawaensmgeqtquans
> Ghfectdd P LS withine GRS GRR CackBRiR! B HrCorbihit of
sensing capacitance val ues conputed

methe inventiom: results shown in Figs. 9 and 10,

according to an enbodi nent of the invention. 10 As
mentioned earlier, the capacitance value of the

seigi A shows dhe sapsing ehmicr esistamee cangi thecsensinm cagaeitance
( lalueSUEOPRAMR M, the meeégnmn’:eni G&duits as%ﬁnVuﬁ' §s.0d anbil,

sensing circuit may hen determned from equation
( \@srording te 3R 95@09,'819’1“ 9frtB'Pd"FP@“°”11 that the capacitance
val ue of the sensing circuit is 15 proportional to
the concentration of the DNA sanple, while the ohmc
r &5 Peafinned ¢arige thy Cﬁﬂ?@'t%ﬂ yalyg °E thecsanging Sirpuyit may be Jirst
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odi nents of the invention have the follow ng
2 Q08 BT maN Lo SRR APeT NI BHRARB D). of t he

i nvention descrlbed earlier, a high sensitivity of

det ect,i on d using the sor rov ed
oyl S el et Fioh TL i Bie <oBalthnte Vol & 5 <ehye &F
orﬂrqpoeiumt rtonthe cneectestion noft hﬁe IDNYS esamiple, pwaue disl dhynic
I es i nvention and oyt ot
sucﬂStggceop?}ugaPy 3 sgggl g f(Esrcun |§ awﬁ?rgfll; Pﬁ)go}!nonael to the
f aloncerdrationofithe Dbi#ssaniple bi osensor array based on the
bi osensor provided by the present invention is less

conpl ex.
Embodiments of the invention have the following advantages.

As shown by the embodiments of the invention described earlier, a high
sensitivity of detection may be achieved using the biosensor provided by the

present invention.

Additionally, by using only electronic devices in the biosensor provided by the
present invention (and without other devices, such as optical devices, for
example), the fabrication process of a biosensor array based on the biosensor
provided by the present invention is less complex.

While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the art
that various changes in form and detail may be made therein without
departing from the spirit and scope of the invention as defined by the
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30 Whil e the invention has been. particularly shown
and described with reference to specific enbodi nents,
it should be understood by those skilled in the art
that various changes in formand detail may be nade
therein without departing fromthe spirit and scope
ofvot2b®oiment. i on as defined by the 22 WO 206Pécr4dRdss2s
PCT/SGZOO7/000325 appended clai ms. The scope of the
a n | aj

'gqe%c ﬁlgrsqb es hl\L/bfsie 3 oﬁfa eH‘ ('es #g%n ﬁﬁ%ageﬁj d bVEthe

r apgmdeufclmmlslamdlaﬂ!mhyngﬁs wlhld'l csbrae iwéthiar the tnimesanérfgoarel range

ok AT of B AR ittt b Bhbraces, |

bi osensor, conprising: at |east one sensing circuit
arrangenent having a sensing circuit having a sensing
capaci tance and a sensing ohnic resistance; and a
transistor circuit having a gate capacitance and a
gate ohmc 10 resistance; and at | east one detecting
circuit having a resistor having a predefined ohnic
resi stance; an operating node switching circuit being
configured to, in a first operating node, couple the
sensing circui-t and 15 the transistor circuit in a
paral l el configuration, and the parallel configuration
in series with the resistor; and in a second
operating node, couple the sensing circuit and the
transistor circuit in a series configuration; and a
control circuit being configured to 20 determ ne a
time constant of the parallel configuration in
accordance with the first operating node;
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determne a tine constant of the series configuration
in accordance with the second operating node; and
deternine the sensing ohmc resistance. 25 2. The

bi osensor of claim 1, wherein the transistor circuit -
conprises a field effect transistor. 3. The bi osensor
owocheasmwld, 30 wherein the gate capaci t ancePCIsSHEII7O325
the capacitance of the gate isolating region of the
fiql gffect transi stor and wherein the gate ohmc

_resi st ance conprises the ohm c resistance of the gate
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isolating region of the field effect transistor. 24

V\QVﬁQq%é'Qﬁq‘a% 14 PCT/ S&007/ 000325 4. The bi osensor of
ergin the at |east one detecti ng circuit
conprises a conparator circuit. 5 5. The biosensor of

cl@aim | perating node switching circuit
1
conpri é&d@gﬁép uébar{?&gg‘aof switches, wherein the

SW tchetde@ﬁtenasemme@rcgmenamMen‘t havimg first operating

nmode, a firsiemymg &quﬁfhatnhﬁ PEeHsHg Edpa ?fta cOandi tseh&Rg

couples the resistor to a Tirst node o e sensi ng
ciahanig tesistangeiandsecond switch of the plurality of

swit ches ¢ kg HGPREVIALS ot cAMRitar R SHAS) gt Tdhiid
bei ngﬁl ocated at the oppositie side of the sensing

cirediglpnce AR the first node with a reference

pot ent bﬁéast@ﬂé’dét@cﬁrfgecuéﬁﬁﬁé\ﬁh%pef ating node, a third
switch of the plurality of swi tches coupl es the

second nod@'SF'S’PﬁBa‘é'?Qw%PWQe@qu&h"’E'Cf‘?ﬁ'séﬁﬂclenput vol t age
node. 6. Ty dpeRsting ke Gt Bt b %ﬁro@hfgdréu fohe

second operati n% n? a fourth swt
plurality of a first operatlng mode, couple the sensing circuit and

the transistor circuit in a parallel configuration, and the parallel configuration in
series with the resistor; and

in a second operating mode, couple the sensing circuit
and the transistor circuit in a series configuration; and

a control circuit being configured to

determine a time constant of the parallel configuration in
accordance with the first operating mode;

determine a time constant of the series' configuration in
accordance with the second operating mode; and

detemine the sensing ohmic resistance.

2. The biosensor of claim 1,
wherein the transistor circuit comprises a field effect transistor.

3.  The biosensor of claim 2,

wherein the gate capacitance combn‘ses the capacitance of the gate
isolating region of the field effect transistor and wherein the gate ohmic
resistance comprises the ohmic resistance of the gate isolating region of the
field effect transistor. |
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20 switches to first couple the first node of the
sensing circuit wwth the reference potential, and
then to decouple the first node of the sensing circuit -
fromthe reference potential. 7. The bi osensor of
claim6, 25 wherein the operating node sw tching

ovo Gosd/ba1@npri ses a plurality of sw tches, powsen@imos2s
the switches are arranged such that in the first
operating node, the third switch of the plurality of
swi tches decoupl es the second node of the sensing
cMrcuiThéblosensdm)ficraimu vol t age node, and the fourth
switch the pl.u ecaouples th

ode nafebnte 9t eBet hleideisplis, SEd, ShRBHR B fanarany

t leizcuitef er ence potential;. in the second operating
node, the first switch of the plurality of swtches
decoupl es the resistor froma first node of the

sénsi nthechiosemsor, of @haim 125 WO 2009/ 041914

T, ARG R S AR BB YR o
ciswitchies, Waérgig the Mqhhearesamndeugbheht ial. 8. The
bi osensor @f yan¥irP1y thln lrﬁb&? é’fr% liitch’ oﬁtﬁ@ﬁl’h@hﬂl Rf

the reference oten ground pot ent
biswiehesogouples aurwator \tmer&rshneciﬁe ot':@im semsing cisguitt and a

CQALrAUSGE: S&Clﬁet Hﬁ‘rtall \Slhﬁf con E?‘u&h?lgstd“%ecédd”ﬁod of the

const ant O t he par a 1oON I N aCCOr dance
wisemsing eirquitibging locategh @t thei erposir)side @inthe sersingogiroyit dgpm

Sirﬂéﬂ%&%'atr@fé?eﬁc@do%tlbln% vol tage node and
determ ning the step response.’ .10. The bi osensor of

claim 1, wHethe;secombopeatingomodera third svitchrfthe piusafity of
S'Slﬁifcﬁegfﬁou 188 tile56HoRH HobE of e sdrizirlg eRuft Q@%haﬁﬁut%ltédlﬁ

series configuration in accordance with the second
opedet i ng node conprises applying a step input voltage
to the input voltage node and determ ning the step

spo 11. Tég E{ ﬁensor of claim1, 20 wherein the
nsi %eom?ﬁeé's? MAce is determined using the tine
wherein in the second operating mode, a fourth switch of the plurality of
switches to first couple the first node of the sensing circuit with the reference
potential, and then to decouple the first node of the sensing circuit from the

reference potential.

7. The biosensor of claim 6,
wherein the operating mode switching circuit comprises a plurality of
switches, wherein fhe switches are arranged such that
in the first operating mode, the third switch of the plurality of
switches decouples the second node of the sensing circuit from the input
voltage node, and the fourth switch of the plurality of switches decouples the
node between a first node of the sensing circuit from the reference potential; .
in the second operating mode, the first switch of the plurality of
switches decouples the resistor from a first node of the sensing circuit, and
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constant of the parallel configuration in accordance
wth the first operating node, the tinme constant of
the series configuration in accordance with the

second operating node and the predefined ohm c

resi stance of the resistor. 2512. A biosensor,
coopeiveswy:. at | east one sensing circuit arPEESE20ER00325
having a sensing circuit having a sensing capacitance

a S| 1 G [ esi 1] r

ot Se P iy of W Gufei o sPE s, Aty i B0t oce g4
r dhe sersingesircaihbeing fromdlee refarenadagicdenitiahg circuit havi ng
a resistor having a predefined ohm c resistance; an
operating node switching circuit being configured to,
26. WO Pbioserson af g pheCPaaimsmG3RY, in a first

SW tChWﬁ&eﬁrttﬁé ?efer‘éﬂb@bcﬁeﬁt'%?lsﬁe@ (f(éﬁt%“ t and the

transis circult a para | guratl on, and

" the parallel configuration in serles with the
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r%m st ok B|8¥ér{§Eré\‘dP5n?\dlef' ned ohm ¢ resistance; and in

secon SWmic state, couple the sensing circuit
5 and wh@rentaﬁs:iostr@rcwcwt tsugonfigured sueh that the determining the

CQiﬂfféQUﬁﬁéﬁtOBf tRE" pafalleP *bh uré‘ti%ohcwetac&% CWW' o ardt

termne a ti const an
c ORPTaY0e Madgrrompdsesaphlyieg a smm@pubmfﬁaﬁtto éhe inpigt voltage

S%usgn@e&tehﬁwnﬁttﬁ@aep pdigongéct ermne the ohmic
resi stance of the sensing circuit 10 using the

determined time constants. 13. The bi osensor of claim

13p. \/\hﬁﬁ@b,asér{ggr&frcpgﬁust or CI rcwt conpri ses a f| eI d
ef f ect tranS| stor. 1 bi osensor

4.
wher ei WheRE the OPB*é@tC'TSWb'SoC@PE%HFP%gTU@r fhat "te %ﬁﬁ'ﬂ'?'ﬁ%éh%
CaifiRAE& st oFl theUsdries 1donfidliatidt @6 @B&stiare itk the ledcond

operating mode comprises applying a step input voltage to the input voltage
node and determining the step response.

11.  The biosensor of claim 1, _
wherein the sensing ohmic resistance is determined'using the time

 constant of the parallel conﬁguration in accordance with the first operating

mode, the time constant of the series configuration in accordance with the
second operating mode and the predefined ohmic resistance of the resistor.

12. A biosensor, comprising:
at least one sensing circuit arrangement having
a sensing circuit having a sensing capacitance and a sensing
ohmic resistance; and.
a transistor circuit having a gate capacitance and a gate ohmic
resistanbe; and
at least one detecting circuit having
a resistor having a predefined ohmic resistance;
an operating mode switching circuit being configured to,
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20 wherein the switching circuit conprises a plurality
of switches, wherein the switches are arranged such
that in the first. switching state, a first switch of
the plurality of swtches couples the resistor to a
first node of the sensing circuit, and a second

swb bbrosadiat he plurality of sw tches coupl espc/ssrRoon@32s -
node of the 25 sensing circuit being | ocated at the

opposite side af t nsi. n prcujt than the fir

nggesi/vi t hSIa ref'araeﬁrggﬁg'fﬁ@ﬂg?éie;’ clgh‘glf’ Hﬁgése%’ﬂﬁ c'réu'tsénd

S thet tednsistpr siraditdn agatdiier configuratidn, ahd tHecparalilel abnfigyratibn in

it A t f 1. .

S R S Vi SRRR B8 b g 1 7

bi osensor of cliaianséégndwéwitobing statet lceuple dberdensing circuiy
S . yral it f itch

£ 51 e kY biouih bsSnds odnBi. Bt Y 0, BvEEIES,

Wi th the rafcentglccuitheinganfig@edid 914

PCTI SG2007/ 00032868 ihBloondll ot R et elBS Tl e

first node of € sensing clircuit ererice
potential. 17. detenminena timsspnsiantof thiernetigs confightien;rand
th_e Swi t chi ng Setértline mﬁhﬁe%ﬁstﬁ{c\éra tHe/ Qtﬁsin circuit
switches, wherein the switches are arrangeg Such 1 hat
i wsing thefdeterminggi timsh¢angtaptsat e, the third switch of the
plurality of swtches decouples the second node of
the sensing circuit fromthe input voltage node, and
t A3 f othethiosepperciclgimdBe plural ity of switches

decouplinseih e trarlistdrichbuiliforiabs b ABIdEMRE! thhsitdrCui
fromthe reference potential; in the second swtching

state, the first switch of the plurality of swtches

degouptRiddenssrasticrir@n2f rom the first node of the.
sensing circ t he second, switch of the

it, and
pl ur al %Ve'Bfthgv@tt leagtsonk dginghing, Cirehit SURBIRESH@ fomparator

t Bigcutensing circuit fromthe reference potential. 15

16.  The biosensor of claim 12,
wherein the switching circuit comprises a plurality of switches, wherein

the switches are arranged such that |

in the first switching state, a first switch of the plurality of
switches couples the resistor to a first node of the sensing circuit, and a
second switch of the plurality of switches couples a second node of the
sensing circuit being located at the opposite side of the sensing circuit than
the first node with a reference potential;

in the second switching state, a third switch of the plurality of
switches couples the second node of the sensing circuit to an input voltage

node.

~ 16. The biosensor of claim 15,

wherein in the second switching state, a fourth switch of the plurality of

switches to first couple the first node of the sensing circuit with the reference
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18. The bi osensor of claim 12, wherein the control
circuit is configured such that the determ ning the
time constant of the parallel configuration conprises
applying a step- input voltage to the input voltage
node -and determ ning the step response. 20 19. The
bwozensavidof - cl aim 12, wherein the control BCT/SGA7/000825
configured such that the determining the tinme
S e

3“1%@%‘ aga Stl:u%\eto @Jcb?ﬁle (ﬁ'llsg HB@O bﬁbe élyrf]qg P from the
nd@@rmm@mﬂalm ning the step response. 25 20 The
bi osensor of claim 12, wherein the sensing ohmc
resistance is determned using the time constant of
t He"- pabe biesensonef daimalb, on, the time constant of the
series - fo%nqp :

wh&‘éﬂﬂplléméﬁ.ﬁd‘cu?d“uﬂ cbn'g)gggseigﬁfgrﬂeﬁ?%o g?s, wherein

resi stance of the resistor
ddbepwitalien gre #EangRésUCch 88t st ance of a sensing circuit

of a bi0S§RSKE firstKitBhiRg shite, bih%St‘Fuﬂé UwiteR '8¢ rthé jﬁhrﬁhty of.

sensing circuit arrangenent, 8 WD 2009/ 0419

PEWitches degayples the sew%w%gé%wmw%ﬁgm& the input

S%&agwnader GHd iheafedrt@ sitcSf thé Plurdlity Stéwitched aecdasrefsqﬁe
@“SIn‘gﬂ”ECOU ing, in a first operatlng node, the

inqge ef the geRsing irckit omthe seferepse peteptiali t in a

par al l el cam fthé)é’éc%hd QWitcHing statt,e tRé first lsﬁltcrf: 6Nthe Pirafity on
in series wt resistor havin redefined ohmc

- GufiChesacoudies feBHFiRG M NaErL de aHihesenERg crout, and
panéké&ind Qemf:h @8 Kt ;blOrlahtlyrbf JINAEHiesdTsRuUples the §étend inbaé of

eratin in a .second operating node,
ﬁ g% ﬁ“?:’ﬂ%?éo’gkﬁﬁg?%em?’}tﬁ hsistor circuit in a
seri es COﬂfI guration; 10 determning a tinme constant

of t he ies co ur tion in accordance wth the
S dBonaTaR BipseheRE STt 2L

wherein the control circuit is configured such that the determining the
time constant of the parallel configuration comprises applying a step-input

voltage to the input voltage node and determining the step response.

19.  The biosensor of claim 12,

wherein the control circuit is configured such that the detemining the
time constant of the series configuration comprises applying a step input
voltage to the input voltage node and determining the step response.

20. The biosensor of claim 12,

wherein the sensing ohmic resistance is determined using the time
constant of the parallel configuration, the time constant of the series
configuration and the predefined ohmic resistance of the resistor.

21. A method for determining the ohmic resistance of a sensing circuit of a
biosensor, wherein the biosensor comprises a sensing circuit arrangement,
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determi ning the sensing ohmc resistance using the
determ ned tine constants and the resistor. 15 22.
The nethod of claim 21, wherein, in the first
operating node, a first switch of a plurality of
switches couples the resistor to a first node of the
swD0mg418i4r cuit, and a second switch of thecpdcroaEiondsys
of swi tches coupl es a second node of the sensing

408, LIRS bl 9B 3£ .

reﬁahm«&nmr@ntl aI wherein, in the second operating

node, l{pﬂ.’éd naf n:tj SEergImg‘oQS?cﬁ the Qéﬂs c?rfcun M4 {h%?%ﬁgirs]tor

coupl es e sens CIrcul
i refrouit inal pasgtel configuratiamdand tlﬁ@ganaﬂelmﬁgmatmh in geries with a

glfrg{ﬂbmé(” f g 5"'}439%““&;3%{5?& goupl e the first node

sen clrcuit wt e reference potenti al
and t héﬁemmde@dum corptant pEtheipagalleheatdiguratiom in acsariange

C'Wlﬁ\%éfépgpe%r%?qﬁ&fec“ ng circuit fromthe reference

otent1 al met hod of claim 22, wherein, in the
f| rst @M?illl i lﬁga seeend operatinghimagles fle SBNSIRG tcﬂ'él"t and the

Plidhakiol il n 4 o8 digafifEoUD! es he second node of

he sensing circuit from i nput vol tage node, and
the fo%‘PW'BWtacW%POM@WG‘P%F‘Pﬂ%ﬁ eemfigypafier insaccordance

deg@YRe §§cohb%pefahﬁ§¥noﬂé’dﬁ1d0f the sensing circuit from
the reference potential; 29 W) 2009/ 041914

PCT/ SCE8eTinDg 3he sengieg BhRIC feistanee é’é@&rﬁﬂed’ﬁé‘?ﬁ‘ﬂ’?eﬁg“me

ﬁ%ﬁstaﬁtbgnamesksigwrtch of the plurality of sw tches
decouples the resistor fromthe first node of the

sensing circuit, and the second switch of the

plagr al The/.m@fhoa\dfblamem decoupl es the second node of
t he se‘nain CIrCUIt bei n éﬂ fro t he r

er.enc .
pot et TEFSMS %S T SPEFAIBR TBF0e 15 T STE0 R 2 PG o
dfstnﬂéhémécn@ldshmet fesBtor At st node toh ahg aeasihg Icircuit, and a
cont i ralon rdanc Wltht[weflrst perat |
aeoRh et e pRGAiRY 6E e & 3 byt RpiS o e
i rseosing oirctwtgmmg) heatad cht clim appusite Bgietdfeths tsepsinge sipauitstban
the first node with a reference potential;
wherein, in the second operating mode, a third switch of the plurality of
switches couples the second node of the sensing circuit to an input voltage
node, and a fourth switch of the plurality of switches to first couple the first
node of the sensing circuit with the reference potential and then to decouple
the first node of the sensing circuit and the detecting circuit from the reference

potential.

23. The method of claim 22,

| wherein, in the first operating.mode, the third switch of the plurality of
switches decouples the second node of the sensing circuit from the input
voltage node, and the fourth switch of the plurality of switches decouples the
first node of the sensing circuit from the reference potential;
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10 25. The nethod of claim 21, wherein the determ ning
the tinme constant of the series configuration in
accordance with the second operating node conprises
applying a step input voltage to the input voltage
node and determ ning the step response. 15 26. The
netdoa/eforLl-ai m 21, wherein the sensing ohnpPCT/SG2007/000325
resistance is determned using the tinme constant of

the pagables! i é&gﬁ@h?ﬁl’gtlﬁq] md86 Ahd ikt %m)mfﬁ gﬁt"&eplurah

first operatln nme const ant e ser
c ooffswitghest demuplns Ao casirtoTdeomiithenfinsh eocze{)ofstinemsmg circuit,

0

e e (S PRAYS] RSP Mgl ho0sg Bl
r eafithe sensingircuit baingsirory the netﬁyemcediotent_labl osensor,
wherein the biosensor conprises a sensing circuit

arrangement, the arrangenment conprising a sensing
ci?4ui Themethediaf gleim 21 or ci rcuit, the 25 nethod

conpri yhBikin ﬁ@tb%ltérﬂ%md fhedtinhd Eoﬂsta?ﬁ"'o? fHal Malféﬁ e&rﬁiguFd?iSn

senS|ng circuit and the transistor Clrcul

pdp aﬂcP@Fa'tc@nW'ngUr\edifﬁtcﬁPef%tWG mede mmseaapetxm a;aﬁeatmm

i Wo_‘&ﬁg?é R3hdnblt Wita§ERbRE Mid ddriSingthe'stshrespsitseohmi C
resi stance; determining a tinme constant of the

paral l el configuration; 30 coupling, in a second

svgg, ChiTRE nickiidef clag2$ensing circuit and the
transistor circuit in a series confi gr:‘Jratl on;

det er WHPW{I‘ the detaEminiigaihe fimesonsigat of g saries configuration in
c Qib‘cbﬂuh@é Mﬂnthe s%@oN@oB&Q%@&&&&éonﬂéﬁ'deS%%{goé)%B%put

det ensi n eSIS e u3|n t he
SRR (b POt EgR atth A1 e R aRISRA el o m
27 5 vvherel n, in the fi rst SWItCh.I ng state, a first
pl.u swi tches coupl es the
st g g}?dﬂf hﬁ)‘de of the sensing circuit, and a
secondwdae:reirctheoéertshrg phmicaesistancé |sweteuhuaedamr[g the time
Sec%ﬂgtgnpgpﬁ\eogargllé? configuration in accordance with the first operating
mode, the time constant of the series configuration in accordance with the
second operating mode and the predefined ohmic resistance of the resistor.

27. A method for determining the ohmic resistance of a sensing circuit of a
biosensor, wherein the biosensor comprises a sénsing circuit arrangement,
the arrangement comprising a sensing circuit and a transistor circuit, the
method comprising:

coupling, in a first switching state, the sensing circuit and the transistor
circuif in-a parallel configuration, and the parallel configuration in series with a
resistor having a predefined ohmic resistance;

determining a time constant of the parallel configuration;

coupling, in a second switching state, the sensing circuit and the
transistor circuit in a series configuration;

determining a time constant of the series configuration;
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sensing circuit being located at the opposite side of
the sensing circuit than the first node with a
reference potential; 10 wherein, in the second
switching state, a third switch of the plurality of
swi tches coupl es the second node of the sensing

oo eied/b4181@ an i nput vol tage node, and a f orrist260Mdos3
of the plurality of switches to first couple the first

e et oL Achsior b 5Pt Bk Suh b 586 Fpingg sime

f comstarte ref erence potential. 15 29. The nethod of
claim 26, wherein, in the first switching state, the
third switch of the plurality of sw tches decouples
t B8 sethemdethodief ddim2¥e sensi ng ci rcuit fromthe input

of suiie8 RS PL S Ja el et Suer St B bRt o
sewitcheg cuplesithe fresstot ke ar firftenadec of prm sensirg circudite apd @,

| Eeéo'&‘ﬁ %ﬁ&ﬂ”& Hg! élﬁn‘%‘h@%ﬁ&ﬁ\(eﬁ s cﬁﬁ%lfeé IraF‘se dt ﬁ{hr girg ir&e

ura e reS|s
f semnsnc.lwgnt cbemgHecat@st thg anpsltﬁ side @f the smurme@@ntﬂ than

seco'ﬁ%n% (,}ﬂﬁ]?%féhgicb tfiaisWi t ches decoupl es the

node o nsing circuit being fromthe
ref er evheseipondhe pegond 3witaing Fate, @ethind gwiteh ef the piudity of

eE dbthﬁe%ll fHeSEdbonl %d& rb? i é@nsﬁ-ng”éhtcﬁﬁtto ah nﬁﬁlﬁ voltage

para contlguration npri ses

te
P Apin. andia faget twich of sy krali] ol syilchuRto Bisticoupls th fis

dﬁb&t 51 fk rb@n&%cﬁ&ﬁﬂmﬂ'ﬁﬁiﬂqeﬁ?encg ofehtial laHd 1B k9 de@uple
cl ai m 25, /041914 PCT/ SG2007/ 000325 wherein

tH‘@%@?'@Gﬁi"iﬂ“ﬁ@mﬁﬁ'@’Fﬁefﬂi‘ce@ﬁ@mﬁlt of the series
configuration conprises applying a step input voltage
tq the |n ut voltag'e node and determ ning the step

r é2ponkE. @f hadof ei@i 4st hod of cl ai m 25,

wherein, in the first switching state, the third switch of the plurality of
switches decouples the second node of the sensing circuit from the input
voltage node, and the fourth switch of the plurality of switches decouples the
first node of the sensing circuit from the reference potential;
| wherein, in the second switching state, the first switch of the plurality of
switches decouples the resistor from the first node of the sensing circuit, and
the second switch of the plurality of switches decouples the second node of

the sensing' circuit being from the reference potential.

30. The method of claim 25,
wherein the determining the time constant of the parallel configuration
comprises applying a step input voltage to the input voitage node and.

determining the step response.

31. The method of claim 25,
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wherein the sensing ohm c resistance is determnm ned
using the time constant of the parallel _
configuration, the tine constant.of the series
configuration and a predefined ohm c resistance of a
resistor. 32 '

WO 2009/041914 PCT/$G2007/000325

wherein the determining the time constant of the series configuration
comprises applying a step input voltage to the input voltage node and
determining the step response. '

32. The method of claim 25,

wherein the sensing ohmic resistance is determined using the time
constant of the parallel configuration, the time constant of the series
configuration and a predefined ohmic resistance of a resistor.
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