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[0004] Known biosensors can be classified based on their transduction

methods, which include three main types — optical transduction, electrochemical
transduction, and piezoelectric transduction. However, each of these three types of

biosensors has some shortcomings.

[0005] For example, optical biosensors may require delicate and expensive
instrumentation. Low signal to noise ratios can result from ambient light. The
dynamic range of detection can be small in comparison with electrical sensors.

Further, signal intensity is dependent on sample volume and thus it may be difficult

to detect a small volume of sample.
[0006] The electrochemical biosensors typically have low sensitivity.

[0007] The piezoelectric transducers in piezoelectric biosensors can be fragile

which limits their application.
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anal yte can be electrically charged or polarized in
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placed in proximty withya ferroelectric transducer.
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analyte, and indicative of the presence of the analyte in the sample.

[0011]  Other aspects, features, and benefits of the present invention will
become apparent to those of ordinary skill in the art upon review of the following
description of specific embodiments of the invention in conjunction with the
accompanying figures.

BRIEF. DESCRIPTION OF THE DRAWINGS

[0012] In the figures, which illustrate exemplary embodiments of the invention,

[0013] FIG. 1 is a schematic diagram of a biosensor;

[0014] FIG. 2 is a cross-sectional view of a ferroelectric transducer;



several biological sanples. DETAI LED DESCRI PTI ON
[0018] FIG | is a schematic diagram of a biosensor 10
wo enosded7ext i ng a bi ol ogical analyte within a BerpGE05/000024
exenpl ary of an enbodi ment of the present invention. A
bi osensor is a sensor suitable for detecting or
sensi ng bi ol ogi cal anal ytgs. Biological analytes
i nclude proteins, DNAs, viruses, antigen-antibody,
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presence of an electric field. A biological sanple,
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potentially inhcludes one or nore biological analytes.
a samplepani®] Bi osensor 10 includes a ferroelectric
transducer 14. Transducer 14 may be generally
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eI ectrodes 20 and 22 for establishing a potenti al

ference_across biosanple 12 and transducer 14. Top
DETA"—EDe@ES&Fé PAONs in contact with biosanple 12 and
bottom electrode 22 is in contact with bottom surface
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12 and transducer 14. Top electrode 20 is in contact with biosample 12 and bottom
electrode 22 is in contact with bottom surface 18 of transducer 14. Electrodes 20
and 22 are connected to source 24 that applies a voltage across electrodes 20 and
22 and hence biosample 12 and transducer 14. In the depicted embodiment,

electrodes 20 and 22 are flat plates.

[0020] An electric signal detector such as voltmeter 26 or ammeter 28 is
operably connected or positioned to detect an electric signal from the electrodes 20

and 22 when the voltage is applied.

[0021] Transducer 14 is formed, at least in part, of a ferroelectric material such



phase. The ferroelectric material may have any
sui tabl e shape and size. For exanple, it can forma
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and sngn%ll 85’[&?:% 26 and 28 can be any suitable source or detectors. Suitable
electrodes, signal sources and detectors will be known to persons skilled in the art.
For example, a multimeter or an oscilloscope may be used to measure both voltage
and current from electrodes 20 and 22. The signal source can be a direct current
(DC) or alternative current (AC) source and may provide a constant voltage or
current. As can be understood, source 24 and detectors 26 and 28 can be
integrated. Top electrode 22 may be spaced from transducer 14 at a fixed distance,

or may be moveable relative to transducer 14.



| ayer 32. A BST film34 is forned on platinumlayer
32. As can be appreciated, platinumlayer 32 is the
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34 can be forned by spin-coating a BST sol solution

onto |ayer 32. The BST sol solution can be prepared

in any suitable manner, which can be readily

det ermi ned or under st ood by a person skilled in the

[0023] arTranf@@4/14rand kattoplaectBrie 22 car bedeineed eara giicon wafer

using kntirosaigbpvgteCIB R een 401 iR bR teiutel Bt o

BST trar‘?gbqlce%ﬁ SNdifidyR Rsfrad BesSidd R rdfdlerice tOFIG. 2 for

ecursor solution, and addin acetyl acet one

mustratuﬁrqsuﬁm@ea Mdlust{ﬁwnbﬁﬁllmqﬁaﬁaﬂ%r B&is00ater with atiginu e
layer 32 ABST Bighat oo o P BEnEBYHE S275€ B BS, ARHEGRRAE

piatinurr?%?@f‘ﬁﬁ is Mal Bding elertioge id MPT34 Rrihbararsaiuedr. tFiim 34 can
obtain a desired filmthickness. For rrBoé
be formd;chw Bplmoéﬁmgr‘a B&dt el seitionnte aver 32; i-{“ﬁl fﬁ?@%ﬂ%’%@"

ut 180 | & can
can be ;B'gp e]glagg suﬂgbl %\gh%{ wr}ﬁézl"tz E%E%@Qadly@et%gfnﬁg&gloﬁ
understéBtEby 8 Wersoh skillediri thefart.nace. In order to make :
el ectric connection to bottom el ectrode 32, a port.ion

[0024] Fargpempies B Ei30,salciag can o fared i Tep P el

availabld ﬂta‘?{ﬁﬂﬂ g)%lt(%%dé’ F’Eg %]E‘H@%glggﬁgngéﬁéwmgﬁC%Cm{ﬁ?gm% -

strontiurnatetate (SHEHHEEQQ)pin foroop psesursersoltion andeadding

scayacSH T O SRR PRI R I SeBlesthe

solution. 18 BT $bieBRMRA! carple BpuS BaALd therclearss platintiiayeh32 At
can be in the mcroneter s%é_'e Sensor
gan

4000 rpimdias 38 seaords: Ndvitiele kaMesHPf; F&O@f%(gmﬁﬁ%?.d&%"ed
film th:ct‘éﬁé?'% EHFe&érﬂbﬂe ‘?&gﬂaférs FFpirksGsmel BS TSR féms Eetamr

anne or ne on a m cro-chip.
thicknessl of abgut 480 anaIAﬂers‘lrtab coatingr tthe epsembleocanibg @nnealed, for

el ectrijcall ol bl o]
exampleg A 471G 1 PO Aot O o in & LT SRR Yo ke
electric ?&ﬁ’dé oR'o 'bﬁﬂam sleeRdde I32t Qﬁ)o‘ﬂhﬁrf et /ST FFiIrﬁcai:)be efiched
ucer . For exarrp e, anal %t es

off, for examylié by ;yemgon :balitionized wa{g@r dijyted HE sqg%{ on, so as to expose a

ernati.ve el 3, the analytes in
portion ?H%‘s %'OTZ% %ﬁ%ﬁﬁﬁ%% FR0 2005/ 073703
PCT/ SGZOOS/ 000024 6 38, nay be "captured" by or bond
[0025] t OBipEalpla2 esay bs a liichand cpndiednirotieced estaiop suitass 16

either b{;l E:l:aregttlltq%?dhde%ptp?ngt, hs%c °a°s g’f L&%&% &Seﬁe (I%ot sqw%%c)eér tjnf*ough a
fluid channel (not shown). The fluid channel may be small in cross-section which
can be in the micrometer scale. Sensor 10 may be housed in a chamber which is in
fluid communication with the fluid channel. For example, such a chamber and |
channel may be formed on a micro-chip. The biological analytes to be detected
should be electrically polarisable or become charged under an electric field. The
analytes in biosample 12 may be mobile or immobilized on top surface 16 (FIG. 1)
of transducer 14. For example, analytes may be immobilized directly on fop surface

16. Alternatively, as shown in FIG. 3, the analytes in biosample 12, such as analyte



[0026] The signal detector can detect one or nore of
vol tage, current, electrical charge, resistance,
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different between signals obtained for biosanple 12
and a reference sanple. The signal detector can al so
include a circuit for signal anplification, noise
deduction or other purposes. [0027] As can be
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maintained by monitoring the current through ammeter 28 and adjusting the output
of source 24, either manually or automatically. In any event, the potential difference
establishes an electric field within biosample 12. This field, in turn, polarizes or

charges analyte (or a fraction thereof) within the biosample 12.

[0030] Biosample 12 is in proximity with transducer 14. The target analyte in
biosample 12 may be immobilized on top surface 16 of transducer 14, either
directly attaching to top surface 16 or by binding to probe molecules, such as probe
molecules 40, attached to top surface 16. When an immobilization step is

performed, the remaining portion of biosample 12 may be removed after



by the ferroelectric material of transducer 14 may be
reoriented by the application of an electric field.
wabh®sef¥ext of this field on transducer 14, i nPCTS8G2005/000024

affects the current/voltage across transducer 14.

[0032] A response signal, in this exanple case the

vol tage (Vs) across electrodes 20 and 22, is detected

using the signal detector, in this case voltneter 26.
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re"'erenC@H‘ferent types of analytes as they may produce very
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[0033] PC}Ié é&%%%%{p%?@ féd & :é %§§ible%cé|etérrﬁ#h@vme@@neémmtcm of the
raph tage/ current signal shift versus
target analyte in biosample 12 if the analyte is of a known type. The concentration
can be indicated by the difference between the sample response signal and the
reference signal, which will be referred to herein as a signal shift, such as a voltage
shift AV = Vs - Vg, when the current (1) is maintained constant. Similarly, when the
voltage is the same for both biosample 12 and the reference sample, a current shift
(Al) may result and the response signal can be the current and it is possible to

detect analytes by establishing a constant voltage and detecting the current shifts.

[0034] The signal shift may also be used to indicate the presence of different

types of analytes as they may produce very different signal shifts.



concentration of analyte within biosanple 12. Thus,
reference voltages for a range of concentrations of
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bi osanpl e 12 can be obtai ned and tabul ated or

plotted, and the concentration in biosanple 12 can be

determ ned by matching megsured Vs to table or plot.

It is closest to the concentration corresponding to
[0035] t hEIG/R shows aatemamtl)e/ﬁnagmprcbbaﬂtage/dmr@dm‘gnal shift versus

situations, it rmay.be necess t o, neasure,.a nugher of
concenivation oL ANA e aMiTa BiRsPTTIRA2. { BUs, TSIATENES uhliSedy i rafbe

\ irgseddIftelif bidpasie 12

of conc+rtﬁ}’a§k)2})gl cg‘?tség §%§{e§gﬁé of Bﬁamﬁs He fir |ﬁﬁ]iﬂ b

that ofher factors, such as
can be dletajredaand mbatated be plodied, and diie boesnifationip kigsarpjele 12

e 55t by S S EOE lfep RPAS
concon TSR AFEANEN St o o o

situatiommyjt thay peswdessanydodneasireya nwpher okVs phdiflerantiqongitions

(o0 cirenarenide RS FRIo BB s FRS G AhER R 2™ ©

presence of a ferroelectric transducer can enhance
[0036] t N shbaKiche Ablcttthabstherfaztonsesuetaas temperaleteeand the

Wt hout being Iinite? to. a B@rticular thqgr ONE ffect
amount st binsarple i arBeiAsAMes mREbUARAABGRISeT 1D Iy alsp affec

o a6 y § : . When

o sigrBESHRSHHGL ot EORSTRE AR Lt st e
comparitigf famnplecigredshifts. | nduced across the transducer when

it is placed adjacent an electrically polarized

le. T lari . .
wosry BB oyt o BRI Flasa bl P 62 BislsiRdy,
observeMigRalinmapBivehla bixtoicalnsinaplalayies rafamncarsample without
electrically polarized or charged under. ot enti al
using a fereeeleciB EHNEHEST, SNBSS Of BERPEEITS aneicaEgan
enhanc%ﬂt@%ﬂgéﬁé%ﬁ]ﬁﬁ 'é'r gr%%e thBe E2816LR dabtoWitSutiden@alsd to a

arization. Thus, the resulting
particul@i theety, enicfgossite beplanatien fordhe enbadcement is that a
ferroelectric transdycer .and Dbi r : .
fmoeleg e A B Ga S A5G SRRk BEREBH gt 166 e B
potentid] GREFENEE Eal® bednd\ided £rbee tisfrahsduder avritiit & plabed38]
To further illustrate, exanple relationships between

adjacent ahtedericallyf peJatizerl sampls- eTee ReEREEE SPBHIC LRACRGRN i n
axemal i 1 Febfbles FELREE MR R B Eer 14 et
contain$ aAslytes ®achre élegtrically pbiarizetitaagbasged usder  pbtential bips,
biosamglg%g] igqergmgsn ﬁt@%%rglg%g%rg)e{;ggg\é sldgf?y, %e %?g%e\{*\(a’ne concentration
of the analyte, the higher the polarization. Thus, the resulting signal shift can be
more pronounced when a ferroelectric transducer and biosample 12 are placed
adjacent to each other as compared to using no transducer or a non-ferroelectric

transducer.

[0038] To further illustrate, example relationships between voltage shifts and
sample concentrations are shown in FIGS. 5 to 10. Reference signals were
obtained with a buffer solution containing de-ionized water. As can be seen in each

figure, the voltage shifts are linearly dependent on the logarithm values of the



9 concentrations of the analytes. [0039] FIGS. 5 and 6
show the results obtained with a Bovine Serum Al bum n
w@ B®BAD7¥ed uti on as the bi osanple and a BST fi | PEEHSG2008000024

transducer. For each neasurenment, 10 pl of BSA

sol ution was dropped onto the BST film A direct

vol tage was applied to t@p and bottom el ectrodes and

was increased froml to 10 V with incremental of 20

concentrafion$iod thbhalgiesshi ft s were nmeasured for different

concentrations of BSA at a | eakage current of 6 pAin

| Fl
[0039] (G and Bishofine Sl ottsipel PRE SiRg e Seldf Afitinn
2
(BSA) se‘:@;on *a};%hé %io’a\,a%labﬁq Sé[ﬂggng gi]lmFe}QGtﬁe ;Ezr?gggé{ cﬁgria?ﬁl t g o

measurerbeal, nquI\mfasA solution wasdiresped ants tbe BIhdlm: pdireglicer

votsoe S3EpBTEA S i AP R ot B AR VAR 1 £ v

with incleffdrit8l 620 Y. Thetvoftags Bhiflsi were Hn&ausnedg‘oadlfferent
evapor ati on- beam net hod. The Au surface bg

concenteadions & BSA aba lQﬁi@Qﬁcﬁw rent Af BtRIRITIG o) V?érf‘ P’SO" %SG

respecti?% %( %@%&13@{? ASWe¥ed, 10, 56 o%?%gﬁﬁ]' r@érﬁéé}fv@ly for

concenfratl on o

the datajsoihtaahowasini Flﬁ%ﬁsa‘di fromt 11812 Ry 612 migém| fdr BIGHE! 3
solution for one hour As a result, a nonol ayer (SAM

osnr ' el P RS S GRS e oHi

transduéérgé%ﬁ 1H&Ihﬁe@'§@§T iR e n'Fo uﬁﬁ'rdbﬂﬁ:leztﬁd B®A eampdé hathin ,

dried in a pure N2 stream The final surface

layer of Ms(abhthOOmmM) wasoaitbepier ef e Bed dhindim yng an

ovaporaf e ANRA T ARG BRYY G 9  TBREA for o

in ethanbﬁécﬂ&ﬁér‘l (fﬁg F%ﬁirfkermcb %@tdnswécﬂﬂ%(y\ﬁﬂ ofBRloréfdrino

ottom el ectrodes when about 10 p
(CHCI3)dwith arilnabdonwﬁ@tlom@i 1dnhgbe Awsurface wasrigwensed dn Bisa
supface. The | eakage current was 6 pA [0041] FIG 8
ProLinkerh o\Bs CH{3 seliiiongor ane haur. Assa restilh pegonplayar (wal) of

beynd to inmmobilized BSA as descri bed above where the
ProLinkeron Bewas eineed on the Auptifagadhrouighaysaif-assenbling process.

asure
The ﬁnarﬁf@%% @gghségxﬂ HHI%,B%@"I ﬁ@ﬂ%%gy@%‘t&gr%tpgﬂol and
then drié@ﬁl a?'ﬁm?é RioSSFd=6. ETHE ] istiffade Widd theh-imntsrisaéd dn wat er
en dried by N2. A direct voltage was applied to

phosphattb @u@femd Sﬂdﬁ(P%ﬁSdﬂhﬂDﬂ oalonghaturat cpemiamperature, which
had BSA conceBnSf'rAétl%%gC %I or(‘i%d"ﬁﬁmyrespegtlve?y Again, a direct

voltage was applied to the top and bottom electrodes when about 10 pl di-ionized
water was dropped onto the immobilized BSA surface. The leakage current was 6

MA.

[0041] FIG. 8 shows the results for anti-BSA samples which were bound to
immobilized BSA as described above where the concentration of the BSA was 10
mg/ml. For each measurement, 10 pl anti-BSA was dropped onto the immobilized
BSA and was allowed to stay overnight. The sample surface was rinsed with di-
ionized water and then dried by Nz. A direct voltage was applied to the electrodes

and the leakage current was 6 pA. The anti-BSA concentrations were 1/64, 1/16



WD 2005/ 073703 PCT/ S&005/ 000024 10 and 1/4 ng/m
respectively. The sensitivity for detection of

W@niosAOB3# concentration can be inproved, for BXESEL5/000024
by choosing an optim zed i mobilized BSA
concentration or a |larger |eakage current. [0042] FIG
9 shows the results obtajgmed with BSA sanpl es being
i mmobi lized by coval ent bonding with dodecyl

and 1/4 Phgai redpecliEP e semsitivitysfoe dstectiphof BBH: concentration
nmobi | d di tI BST f. | Th
can be impsowdb dcaarifgbeBharasaan arimicrs KiMePEedESAa”
concentbé g‘,ﬁéj@@e,@@@%bf&l,ﬁgﬁ ton for 48 hours. The surface
W

rinse “1onl zed water and dried W|th pure
N2. The BST surface was then i1immersed in a PBS
[0042] som; |9)shawmm nesulgs eigiairast with 83fb samplesr krjg immobilized

by covalset Bonamanith ardscer afios el (QRECH 1R LAy o fas

lmmobll%legpcﬁ%gﬂg/ H‘ ?ﬁ?ﬁﬁ’r‘ﬁt *I'H IBET 4Grfite AasiPsiRushag €, plasma

| |1 zed BSA surface and a direct
for threé/ﬁilmﬁge andsmanepsédth DIDIROA s;ﬂuqunﬁ& kowrs. Te sudaggwas

d th th h
o G 5 AR, T8 s,
lmmers% Wﬁméjtgﬁuﬂ& E&@tatrﬂﬁ% BBA RilongEhcUat eodm téﬂ@éiﬁtul% G

e results tained fromanti $Asagg
whereinvbr diifenenteneamuentents thssalwiashad difterent @qrzfxtmns

ot 10, 28 AL SR o) o0 PR e WiSgido the
lmmoburﬂé/dr@SA shac@ahi--BSifect apitage watsi appliedeThe l¢aage/cureand

sk L 5 Bl TP o Bl 8
this cas%i%%ﬁ{geranﬂgﬁgje PheMhapLans t@él@’érﬂéaka{gé@!’f’ﬁérﬁs and

ave s advant ages over conventi onal
bi osensors. For exanple, it can have a sinp

[0043] stFIG.t10 mowmtheb@suh@nb’amd/ﬁfonh@ﬂ'@% %@veleﬁl\@é}wch were

vound 15 A lmifobliaten 08iaT ARE AR Sokkfied aBev The RS

current mfsfaf WA, th@gé@é@rd ddhoekration of udnmduzedua@t\ weasr 2hirig/mi.
avai | abl e sem conductor t &ngragues whi ch are mature
The antaB&Asconcspirations were 3664 &e M9Mo4as] Al t hough only

exenpl ary enbodi nent s of this invention have been

[0044] deﬁgrdaﬁﬁﬁar?pg\éﬁpréé&%e BiosEhsst 10 cah Bealsedub detsresde ltiye

appreci ate many nodifications are possible
types ahdieoréentritionswff bicdogicalanalytee pasemples auhcanSaxe seme

st RS o R B3 o g R el S

structure, can be inexpensive, and can have high sensitivity and fast response time.

Since transducer 14 can be formed using known techniques on a silicon wafer,
biosensor 10 can be produced using currently available semiconductor techniques,

which are mature and suitable for mass-production.

[0045]  Although only exemplary embodiments of this invention have been
described above, those skilled in the art will readily appreciate that many
modifications are possible therein without materially departing from the novel
teachings and advantages of this invention. The invention, rather, is intended to

encompass all such modification within its scope, as defined by the claims.



enconpass all such nodification within its scope, as
defined by the clains. WO 2005/073703
weERANsBE20D5/ 000024 11 What is clained is: 1. PCHeGHO8000024
of detecting a biological analyte within a sanple,
wherein said analyte can be electrically charged or
pol arized in the presencgiof an electric field, said
nmet hod conprising: placing said sanple in proximty
with a ferroelectric transducer; establishing an
What is @laheiediis: field to polarize said analyte in said

sanple; sensing an electric response of said

1. A fhetHodedfeltadtingt 4 biotshicalrarabte wiihitga fsaomple satherein saidr i ¢

an;‘y?elggarg Bg &%«gaagfg;v %fé)fiéi }qgfe)ﬂrggz%c‘f ﬁ\goéqeégng% ?)F ﬂlg?le'ieectric

X ng a signal difference between
ﬂe@a?%d anefipe R i

se and a reference signal, said

ol SRR Rl Y e ingi
gg%ﬁligf\i;ﬁ@@ él%cfrf&che‘kﬂd Slaﬁﬁetsa%l ar?é]ﬂl‘éqméaﬁi EpRY;

sard 4. The nmethod of any one of

s%hsfng‘sanlelb(é‘tn% re§;9<5ﬁ§é &f $Wld dersdslactrig tmisdubeﬁlmumgrfrom
ad bet ween first and secoaé(g el e rodea

samelapmcwai@aadmlcag\@ oft thepapspricer Afisait @nalyie Kysal
el ectrodes to establish said electric field in said
Eﬂﬁ?e. 5. The method of claim4 wherein said first

Theaemader eiamohdSrigerforpbiiple FRmiHE S SRel piRrere
beﬁk?eﬁ@éna%&ﬁ fsPomsé d & refererievdignal] salslam@aildafﬁarence
response is said voltage when a pre-selected electric

indicativeraf the Pf&&ﬁmﬁ@fl‘s"@t%@ﬂ%l el ectrodes. 7. The
met hod of claim4 or claim5 wherein said el ectri %%
. Theengibodofickain vherein said signal differenernisigdicative ghtheni o

coo%%r&éaft%%eér#%@%i@?is%idvé“é'ﬁ'%eo225o? Claim 107,

TS S SRS S OB AR B oo

an8%3id sample between first and second electrodes, and applylng a voltage
to said first and second electrodes to establish said electric field in said

N

w

N

sample.

The method of claim 4 wherein said first electrode is in contact with said

o

transducer and a second electrode is in contact with said sample.

8. The method of claim 4 or claim 5 wherein said electric response is said

voltage when a pre-selected electric current is flowing between said

electrodes.

N

The method of claim 4 or claim 5 wherein said electric response is the electric
current flowing through said electrodes when said voltage has a pre-selected

value.

8. The method of any one of claims 1 to 7, wherein said ferroelectric transducer
comprises one or more of Ba,Sr1.xTi03 (BST), Pb(Zr«Ti1x)O3 (PZT) and

ferroelectric polymers, wherein x is between 0 and 1.



ferroelectric polynmers, wherein x is between 0 and 1.
WO 2005/ 073703 PCT/ S&005/ 000024 12 9. The met hod of
wa@eosomsodf clains 1 to 8 wherein said transduP€r/SGH05000024

thin film 10. The nethod of any one of clains 1 to 9
wherein said analyte is one of protein, DNA virus,
antigen-anti body, bacterijg, fungus, and drug. 11. The
net hod of any one of clains 1 to 10, wherein said

0. Thelrasthod ofamyroneesf claimsobtd 8 zhegeinasaid naabguesriis aghindilm.
sanpl e on said transducer. 12. The nethod of claim 11,

10. Th\é"?ﬁétﬁbﬂ Staing oneadndigimsst tawhdreineshidianalte is ave of proteln
ferroelectric |ayer of said transducer. 13. The net hod

DN, \iilusi, antigen-amiikasiyn bagiegia; fiagis) 2pd U onpr i ses
bi nding said analyte to a grobe nol ecul e attached to
11. Theanethbdaof sty oeme, ofsmimSp‘r tth#0 nwhessin saidHiacing coputisesc

mieblRko s aPe %8‘1”3 o %%E%%‘fq FEhGAet anl yie on

12 T e et 6L AT B BT AR o
ferﬁ{éigar,w%}%}%kgamﬁ@gd%@pal yte, said probe nolecule

IC a nity to said anal yte, and wherein

13. Thgﬁngtgﬁg og HD:% { F%ﬂ%}ﬁﬁm daid Mmﬁﬂibﬂ&%dg)’&onﬂgpw@b%ﬁ@%i&

e nolecu and t said
anél@téw a besbalsiottiulengttactmdloosaid dlansdater, sami probe naolecule

wher ei n sai yte can be electrically
ha\é‘ﬁgrs@@&' &afﬁmtyatpﬁfé(gapﬂﬂ’g% electric field, said sensor
conprising: a ferroelectric transduycer; lFlZIbI ol

|
14, The anpihedati Shiet?, doftaercsamenying  flierdmpehilizing Sae apaivte on
sal‘gletf%e@giu%feﬁﬁﬂ Befne s2fd §e°1’i5?ﬁ%' refldhdta l‘?@ﬁ\%“ﬁlh@bomon of said

ence across sald l'e to generate an electric
saifnptd gnd Iaxttaalmdgmpbe maleduMoeSaﬁd:analyt@mprQﬂmm@mme

f
BB PeLTie ARt et aDEMS Rl B e Bal Hsrtirospanss s
indiatie! & tﬁ@ ?Pége‘ﬁce%ﬂ@ald pribeahbkeulf ahd ehuy ¢ anealytd.

sald analyte in said sanple. 16. The sensor of claim

15.A ée%s%&‘ "rér*kféte&g@é bﬁilé‘@cél SN S VIRAARPSAAEIe, WheRsn sid

and second el ectrodes for applying
ana!yt@bala@e dlectscalty cfharged angolasizedria agl leetrigdiels, sai sentor

comprising:
a ferroelectric transducer;
a biological sample disposed adjacent said transducer;
first and second electrodes for establishing a potential difference across said
sample to generate an electric field in said sample; and

an electric signal detector for sensing an electric response of said
ferroelectric transducer resulting from polarization of said analyte, and

indicative of the presence of said analyte in said sample.

16. The sensor of claim 15 further comprising a source connected to one or more
of said first and second electrodes for applying a voltage to said first and

second electrodes.



WO 2005/ 073703 PCT/ S&2005/ 000024 13 17. The sensor of
claim15 or claim 16, wherein said ferroelectric
W e@nsTreer conprises one or nore of BaSrl _XTPOBSG2005/000024

(BST), Pb(ZrxTil X)O3 (PZT) and ferroelectric

pol yners, wherein x is between 0 and 1. 18. The sensor

of any one of clains 15 §9 17 wherein said transducer

is athin film 19. The sensor of any one of clains
17.Thd 3ehSordd¥ oMdiar ¢5 or skaiid 1@1 athgreini said ferrasiectfie faasaUCENA,

compriTmb0aa e Brorei0 By Sdic (45 O BT R kP2

fer aélé’ctgé @afryn%rg%ﬁ&g k?s bBtweNb 2Rl i th sai d

rans second electrode is in contact

18. Thé\'I gtePlggrngd rwys %2%) hfacgg%és 15% %?Qﬁl‘?érem sé}a Xré:\giESUa%gr i§ 'aelhi'fﬁ

transducer
fingai d sanple. 22.The sensor of any one of clains 15 to
21 wherein said analyte in said sanple is inmobilized

19.Th& %eﬁébﬂoﬁé%ﬁ’éjéﬁélam?& Fhe 18amsareirpdaid lapaipt@ & ondief ei n

said analyte is directly attached to said transducer.
prodin, DA, wusmntdﬁerbalﬁlhﬂdyzbaﬁwlﬁhfﬁn%@n@?@ dIyey a probe
nol ecul e attached to said transducer, said probe.

20. Thmsbasmﬂ of érwvmm\sgo’sqden:ms 16 taflPi wheygein saiskfirgt gleatrpde is in
contact Wltﬁggldy traens%cep an salaI gecsoan'ddelgcr:t?g& mh%%maect with said

sample.

21.The sensor of any one of claims 15 to 20 wherein said transducer is in contact
with said sample.

22.The sensor of any one of claims 15 to 21 wherein said analyte in said sample
is immobilized on said transducer.

23.The sensor of claim 22, wherein said analyte is directly attached to said
transducer.

24.The sensor of claim 22, further comprising a probe molecule attached to said
transducer, said probe molecule having specific affinity to said analyte, said

analyte being bond to said probe molecule.



