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| NDOLE- 2- CARBOXAM DI NE DERI VATI VES AS NVMDA RECEPTOR
ANTAGONI STS The invention relates to new

wOndzioeesas car boxam di ne derivatives which are PCT/IB2004/051329
ant agoni sts of NVDA receptor or are internediates for
preparing thereof. Background of the invention.
NEO0HBP7 D- aspartate (NVDA) receptors are |i gandrPgeiBeahs/051329
cation-channels widely expressed in the central
nervous system NMDA receptort are involved in
devel opnental and plastic changes of the central
T iR BAZE SIS ST d@(/‘?ﬁ‘?ﬂ‘&ﬁ“ﬁ?@?ﬁswr%f't A receptors by
glutanmate, their natural |ligand, can lead to cal ci um
overload of cells. This triggers a cascade of
intracellular events that alters the cell function and
ultimately may | ead to death of neurones [TINS, 10,
299- 302 (1987)]. Antagonists of the NVDA receptors
may be used for treating many disorders that are
acconpani 8t invanHorexles o amedgedis sensdr dgtich @RRHIENE AHBINIVDA
RGPt ﬁﬁ%u&ﬁ%’t@ V@ (Lot b Iﬁacgﬁgﬂ@ilefd%%nepé%rlf& deRrdtih® mna%etlc
|"east  one subunit together with one or nore of
flisigronNjRBuRsBiENI t s (NR2A-D). Recently, NR3A and NR3B
have been hepatisurRe tdlat&Rdink ade dﬂiufzh b dBtdeifermsoldcnlat he
CNS and the phar nmacol ofgﬁ L sens Vi t% .0f NVDA

Binr V&P il

rdizeaptigybiolegifal fampls apg! Wits are
dl fferent ThPﬁhfrdeﬁ&Hnaith:rd) ﬁtfr@ﬁ asajocngs Bfrevohiorezingth¢ dnelysis of

R2B subunit due o S1.J4 l.an e

ﬁlﬁseéf Bﬁéﬁgqs?ﬁyg Olﬁuﬁlelf ﬁm for egﬁbg)?%g% ach{dg %EO%H% gells and cell
g@igﬂltem Gissae elémdniteets mptpactatum rg)e.g. o aenetipingde-edn W@tals or
FQindifl Y fur: RARYRbela
Sl PR TPl ot e e
21281341&12251 (1997)], traurmtl c brain injury [Brai n Res

792, 291- %?&h&);%ﬁglalled B’@fekéoﬂ&ﬁ’ﬁk &oldg@&ﬂﬁ@ocﬂdﬁ&@ene chips or
Neurol ., 163, 239-243 2000)] neur o

i PRA gﬁﬁ%t:@pl?t lbg]ielﬁ 51[11“5?} m 2 ﬁ]ﬁ)é‘geiteb%ry hlglga langi ?Lurxgaféof different
( PR N dlecuddiremseried, INRRB dsmkm yppnsal e thip @ aithagderiuss o

Q}gqulg@fargrggl}%%bgtré’l?e tg (E}e fl}(/geg cime 1{141?th%2 grg Sireelcg)&lﬁched For
15 ammge,m fepmerybf NVBA nokcelp biodsto ofhiiquRoBEwhaatani RIgA (c-DNA)

ngchF ?‘a%m 4 oqglg“re\ﬂgaedg gﬁﬁﬂ% REdioh @anaoe(agﬂeaédc@!; bgrublﬂé

era have t he undesira
eﬂlfomswst redrkersibatare covitled to themotrowes ta be anplyzedn T igRrATidss dhe

Mﬁ%% alalye Qﬂ&lpmldﬁﬁ{s lofa Bl 8GhSer oAMdrete hl@ﬂ&dl&ﬂ)ﬁ molecular
oria at a dose that reduced g(ggﬁ@ |§6J CN.
segnentan parellel i GRSk Onpioehep can & £ AL B0 o more

20 v&lﬁ&@ﬁt/nloleblﬁl&* fRbyierltd. &1 &pectadishine gieﬁﬂ]nessDﬁlnmean@ttyat tor

A o%%%‘;&%rﬁ Ogﬁg%%ﬁﬁ &;0%181% é%g?f%%e aﬁlka gyé?lgré%’{‘:ﬁe 90%% h%c?ecade as

S@ﬁ@ulffdf e@d|ebty sieh agkht HpmanGenant Pojest, @nd feild“elm studieg on the
ng‘l% tar esémtde emst he NR2B subuni t

cORTEMNT & %rece gtoFs. This binding site can be
characterised by displacenent (binding) studies with
speci fic radioligands, such as [3H -Ro 25,6981 [J.
Neurochem , 70, 2147-2155 (1998)]. C ose structure
anal ogs ofL.Lpgae eialtsiseyibd i “Qeclip HARBNIAIoN ARl MasReAiel of

f QLI A ((f{rﬁagf'i’e”u@ béhméﬁsféiﬂﬁlé E)Dimegrﬁt@d $pird-RihRtsesrs”, AburinDofAplied
sonme different carb erivatives

e
aBhysire Hokprypher Kepl 8#45\/’@4?4%%%?039%%%1’@ "'Sﬁ“Sf”“h‘&‘fel‘%”“e‘PI
f Qlth AWineG: futhich&atrz@biEiucttls A sy thebeh@soral enselsisierdf bed
in patent No. WO 200198262 and Bi oorg. Med. Chem
Letters, 13, 693-696. (2003). Benzani dines are
descri bed in patent No. WD 200067751 and Bi oorg. Med.
Chem Letters, 13, 693-696. (2003) as well as Bioorg.
Med. Chem Letters, 13, 697-700. (2003).
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Sunmary of the invention Surprisingly it was found
that the new i ndol e-2-carboxam di ne derivatives of
i nvention are funcPComBi004/051329
ant agoni sts of NVDA receptors of rat cortical neurons
wth | C50 below 1 mcronoble. This effect is due to

PHYLOA4G8Fhi bi ti on of NR2B contai ni ng receptors, SPGTB2004/051329

they are ineffective on NR2A subunit contai ni ng NVDA
receptors at 10 m cronole. ThHerefore, they are
believed to be NR2B subté pe specific NVDA 3 CLasot |.SLSe
awpdrpprosegnstc iehePa P T Bbaed Ctugrent BRI 470 g et ?BP‘ o
Afe spilSalvO ¥ Wit these oﬁlﬁlﬁﬁ eutent 1eE ﬁfagn’eﬁc fie&dls&tt@nerated that
therefore first to

dqepnetizg the gano afntlf &1 e glc nl“}’ ol“ t%%% é:cr)ngiucﬁo a%%tlzlrég fie]ds of
ittfe cliteht m Bre(bﬁhdigahaﬂ) gethe hany diGlioT4f tk mygnetlc@pn@qand cannot
%%Ergt)é &gﬁ{n‘l @alljpgfrngg tthgrcgrregxﬁﬁr%? is,n fess\égqg gen%rate ama; ?%1)(2 gradient
Oten 2ip i ik byt s iefpomieind daeoapﬂgmswﬁwe SR IomgRio Pulse
&%{ erator?ﬁ tg aﬁgl 9 EﬂteFr% 9@%@&)&@ to the-cusfnt lines. As soon as the

Kano t1ona % substituted b%{ a haI o Lgm
onrréngs| a@ﬁg@nh%lt @P@agf{e?q epdseenmstpApnetized af g 6’
(Ehré% 1Y e‘ﬂgés’ eren Gy 1 gRlateRMiy g ﬁr&gﬁhnc GETH. @ca&bjgf&hnhﬁ]hengrr&ﬁt

an gr oups in gl ven case
ilie priges Hicy BYoVeRIPIEdheeBes AT ‘{5 t%rfsfrsoww s mIlpE e g S
andidthe al%tmgyffuﬁlwﬂﬁroﬁ@fbofmmm tinespthe pm’adldsyregmagwd tligtnaigly

4-7 or heteroc cI|

o feeBREE GG e e Py S hOgher o€ plide My B f karely
S0hsA inbikek €@ negndtio parddlerrosy thc)masomfit atrh@rmunsfrmum%g 3 Hz.
atom and g, 53k thal HEH A B \2hecP DRGH SocOhorbiid a

i nventi on are’t he processes for produci

i sbisive dtection Indlheany @ gven W¥ re}ngeawhlelw nggesspry ?‘r&ﬂtea“ foy ipstangay

té}% Qﬁh%ﬁé'{ﬁ Getie GRbHINRB Wl Aabal R nidfeciBrdiifgadRebiological sample
ta hese conpounds, as well as the process of

tmélmlﬁqérrﬂhém\faﬁltsﬁnﬁlﬁ%‘? sitonpounds, . whi ch neans

admnistering to a mammal to be treated - including

human - effective anmount/anounts of

i ndol e- 2- car boxam di ne derivatives of formula (I) of

t he preseritis amotgent ofolre mesers invention teasovidedi devieaaithe Hse

new i ndol G fREMMIk Betbvkon the

'flerinﬁneq pr @%e it ﬁ’? ?%%%Ehgﬂr}pgerv ggﬁ Smaﬂé M%%dg%{l ive and

siedgmetici svmoaeiftnxgbaﬂﬂd eat lgist Mvmg?f’élé @Eﬁi 8FReTd nor eover

nost of thg, N%@ER QLA RS Be HOLBGH 15%&11@6(1 ﬂ@lﬁﬂ brdds-talk suNpE2Bion
subtype of N he i nyentijon

receptor. Accor%g t] he at
R, HEDETDDERP e AR Pk GEP TS DRets ol T 3 s
Afefit MM BBt 76 gherdi®act i ng a carboxi m dic acid aI kyl
ester salt_of formula rei he
X is as g|T}’§h“VF‘i‘P°E Ilséﬁa an h&%sgﬁmg cross-taﬁﬁ és aelgﬁﬁggrrignﬁg
0§en§ﬂﬂv1@ RF edsctidn demﬂ]].m@aetﬂ:l fieyds. Thewosdata&maralyegspm@gd]lrh e
Vcapfltg/re érogs-t(ag aé% 1{1]1a ne c c%sg ]Ia'ilrI ﬁeﬂﬁfﬁ#}f dithe QgpaétweBdtnd/g’nth? he
smagmbﬂicsardme{thlk i mwoetam, i aarn@m mhelt th@me@urpmmt frmn%fﬂncreases
f S Ichigs Rbredes Hath the capacitiVe ashvell
a?lée g |8 d}%fdz)wn dé’éfpxgcﬁ'tﬂﬁ. ggrgb%?l%%gc ?s _rel ns o Venca%é\;; 1ee ; A
t asghesthagngtisceross-talk.

The means for suppression cross-talk can be based on uncoupling of the

capacitive coupling between the magnetic sensor element and the at least one magnetic field

generator and/or the compensation of the magnetic cross-talk. For instance, a symmetric
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i nto anot her conpounds of formula (1) by introducing
new substituents and/or nodifying or renoving the

and/or by form ng salt and/ or BgT/1B2004/051329
| i berating the compound fromsalts by known nethods.
The conpounds of this invention are readily prepared

pyNLe40s57 Nng t he appropriate carboxi m dic acid alkylnB2004/051329

ester hydrochloride with an appropriate aral kyl am ne

in a reaction-inert solvent a& a suitable tenperature,
in the presence of a base. Representative solvents for
tcblﬁ“@eran@‘mfmamc fielé canetatersoiround e FRAERSTIC SRR RigEH gan be useful

gmoﬂ?ﬂ’ Shiwl epgdichl oride, tet rahydr of uran. The
esl car oxiImdic acid alk

est.er dr ochl
(e g, et hyeredidhy Mg EnS Py p A DY B Rer
rERG V9 Bmhll ﬁagn@t‘i/c ﬁ’eﬁl@cshém tﬁefpﬁksﬁﬁé 6fe:S Kamﬂ dnengagnetic ipiticle, the

W th saturated rochl Qri.c aci or
T i PSP Bt PP SRS Hipls e R Qopor

GREREbIENG adgigabtiablopdriyes the rt lbastime mag@np phatiqleweiehamaegetic

are reacti on f correspondi ng am des

\H‘ipﬁ‘%bﬁg ‘ﬁ%?gé g nxe§/ac HIrEErge ﬁgl?he aci d aPn des gr e

pr epar ed ﬂtle apss el mpnressfonmmm@m soappesfad plgetigetpiip shielding
c{;ﬁlllger tlaegge%n A& GRALALD an§09 B Lt aKNAVRaRERCRILE RS ator IR aci d

les” are prepared by reaction of the a 0 I[ d

clechosajit shdeldmindbaany Aevidsi WigH atteirE? ?O&@lngtbﬁ‘évegfgt%"f g‘?‘du" oran
E@s%ﬁs% F¥is SRENDsREE ARId @RBE ﬁﬁ\ﬂem@ﬁtéd §0d soadictivedayacbetweeh n

t f d of D
(ypr?@éq%ggﬂdlégrgq)ravhlf}h@ng%gm I%G:r 15 ggrgle?tegd té 1xé#lo Vloge}ge %ﬂgﬂ%y %gund

of the reage turtidr inK(}ﬂoﬁHf dﬂ@s—@flk fhe antedstong Infagetic 1i Tﬁé generator
&eagg Eg’s’? tré%lu%‘.nggg%dlt %m%ggg'%: sens iy ele%n%nﬂiai p geg&l%rﬁ%meylc whereimﬁfé

erature 1s from about
ab@s@-&allaﬁp}ﬁ}&swﬂ' heans eanprlsmlqﬂrm@hjne@uep@ dintingishing nt;?ns for
(9 Sti 1sh? 1 rbgtq/génet% ﬁgmeq l:}ngld Pﬁlleesgd%hg ﬁéqu@&y (’lpiﬁ reﬁzkt)lcaaﬁequency
adsorbe roper eluen % fractions
achmnaIu$lm1gﬁmeen$ oai behe &yd’lﬂt@cfﬁll fBTeP’éfa’ %\’éP‘H”aﬁ ¢ SigRstF R ﬁfi?“éﬁ ulgtion
to. ljlylg the hydrochloric acid salt of the pure

g{ g det er -rg{]lggsgtlf%iyl %}:I)F/’E%QSI%@ E&W%%r}lt S C%Il ccgmprlsg elecgrﬂ:gl phase

| dikstinBeleHir ndeafiad friamiX yfnbdﬂlrﬁﬁht ﬂis atneietdmd mbgreti¢ figdd generator has a first
preparati on.of the carbo I

Rl R R L R

agontpeseno fThe ﬁﬁtpmls@na(l Bf the magnet] sehrer eleaanirbpsdhefirptfrequency and a

avai l.abl e. | Lotk shift
r & 8%?%’9 The p%%g%qggi&%gﬁ%r%ss e aﬁla(ﬁag{Ba%gg? ectiv gg;vveen

ofauged by dmwmam@tsThew@cirle@ phage GipfgyighneIBIaps 9op fisdngyls
efle E‘f‘s‘??ﬂagﬁnﬁ fie Qéwﬁd'}f(?ﬁge MR A 9%@&1§tm‘ghltﬂing&b¢hﬂ$ ¢an be

t1rons I NR2A. cDNAs Bﬂgﬁn tﬂe
aWBﬂZﬁGhébﬁé ane E‘%re§fﬂl’}‘€i‘ecﬂﬁ@?ﬂer1°ﬁ'?e6w‘?eﬂ Hﬁctf"%'frgss 0%n
e&é?ﬁo%ﬁlﬁﬂxdarbhéée ot @6 &éé@éd&)ut;ﬂt signeiciecthd MrsiphtdER i2@Baivel Bscause

| acki ng NVDA r.ece rs usi a_cati.onj at ed
t P%fh’éf”gllﬂg?’%tyﬁ%? d“fé‘i%ft 8@%%5“%%5%“ @@eﬁ‘l ﬁ‘)g‘atga gg%&
982- 7; Neum@edeiibs tamaytolgamemtmaIac ongiletic flel@ with gglgg gequency,

(2003 nce 19 0ne e

L R e e e B AL P et

rrtrla@reh@ réthe aledratihg m@etweﬁeéi @B barbuqhéxlrgéler thangrihe REOT@ftopsee
16Ot cd alternately to

O%l%ma% %@ls\ﬁgtf%rém est %m%lgtﬁlﬂg%ﬁlf éaﬁ}hﬁ'&o’%ﬁ% ory acti on_on ’

NBDOAoE#h kenidipecnd oge @var P EAT0E Ple AR Irfgency of 2°3

fluorescent cal ci um neasurenents. Studies were

performed 48-72 h after addition of the inducing

agent. Ketam ne (500 mVM) was al so present during the

i nduction in order to prevent cytotoxicity.




Assessnent of NVDA antagoni st potency in vitro by
measur enent of intracellul ar cal ci um concentrati on

woi20ds/0a0jaBat e reader fluorinmeter in rat corti caCTaBion4/051329
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culture The intracellular cal ci um neasurenents were

carried out on primary neocortical cell cultures

¢ENLO4d5T rom 17 day ol d Charles River rat enbryoscT(iBann4/051329
the details on the preparation of neocortical cell

cul ture see Johnson, MI.; Bunge, R P. (1992): Pri mary

cell cultures of perlpheral and central neurons ag

glia. |n: TRooeisifisldeeneratgsardihe gapipe eighif cande niggrated on one

gffng th%) afllowssa very Sonlpad ASRER. l\ﬁoreov-ghﬁhéﬂlérﬁﬂﬂﬂltypﬁfeﬁ@ndnﬂ Gensor

After I sol ation
slemarinire Pyniger the ﬁqtﬁl%quaggetlgﬂﬁmil%%g{ngﬂ{S)I{Htﬁaé ﬁjabols %o%lologxcal
NRdehiad dhed ai“r£}/ dBioaliipaspdiaion oDl tbdmeictions % tﬁ«fﬁ%nﬂ)t el@ﬁeI@C

until the cal ci.um neasurenents

AR R T e e
dayss rultilevet metalhﬁeibm sderhdsendreapant enegratedicirenicdsbips wer e

| oaded wi a, flunore t | d control
El uo- 4/ AMtFFPZ Ihlfli%tra e cso;ﬁ%{ﬁ eleﬁ?(%]l og—gﬁiffllta‘}r’]lgetgaefﬁ)ln gn : contt
Viarstied (¢ gml@euwmqaﬁlrem@t truneragiie 98 OFD-fidis hpgihe following
Ea%ééégment (140 MM NaCl, 5 niMKA, 2 mM CaC 2, 5 nmM
FPES, mM HEPES- Na, 20 nM gl ucose, ‘?1;8 mvi (ﬁ ci ne,
pHE7. 4) . Afmalses thaush hrypanpize and recGrHss ARSI e
tQndcBgargel I's in the above solutlon(90 m/well).

I'ntracel’l ul ar  cal ciu rrie

with a pl &tFEevidssthe possi ‘u‘ ﬁ.gtﬁeer gha@f eva ea? §ens1¥y Rk
Rhdiguks,f | uor escence and so, intracell ul ar cal ci um was
i nduced b lication A. Inhibitory

pot ency ogt ?ﬁa%“ts S%eted accu%%%%sf%wgssessed by

measur i ng itdeereasesdbrcaniognt qf testrvielme adagirednnsl evation in

the pr esentcd%ggafsesqbgog glsent concentrations of the
conmpounds

se-response curves and | C50 va%{sat% V\S
cal cul at edigspipg %ﬁnr’?gcoﬁ’&taé“aésé?r pdneiavien iy BPVifeyAbsqy
1ﬂ%%ﬁg §1tho £ 1P Bk TBRE, Fegaldlthy d¥iiHe Qe [0 61ilg $h Hobpitals but also at

d at trat t
e R Y e R

caneRMahglement- i Nhi bition curves were f it tot he dat a

and | C50 | u QUGR tion

that pr odﬁ\g eﬁéﬁsﬁ{we Selfsﬁe%%rgg%?n?r(}a ﬁ t i onﬂ%gﬁse by

t dieartayaqusiyiba nden toliadsee ﬁowlwmnamoeﬂg@ﬁ Fuﬁi apipttherftcldes m@’fec‘ﬂar
(ﬂ%%lgs%ég I\(X;I&I) e@stl agﬁgmm%aﬁtlalg hiy %Fﬁ@\éﬁ@talc@rﬁponent micro-

|nt is test are listed e results (s
t fabricgied! é@@q‘tcv@aNP&BO%}WFdaQBhW@tSIH@WTB%hY oL R, hundreds,

ng sé%ksﬁévbﬁﬁmwpéféxs&%h@r ant agoni st MK-801, used as

ref erence conpounds, ven in T
NVDA ant agdBAR %‘{"a‘g@e?‘iﬁ F‘s ‘g?e’%g’ﬁﬂ“@%‘??ﬁgseﬁ%oéghmeng lh%s jira plane
f hld@kekdTE R bmwlmh@gheang@amms pbencel | s or NRL- 3/ NR2A

Sd]u bg E: tp exlgﬁ é’fuir = %}goé ﬁ%a%r}e%gg I}Icli' géx(e)rgé{?shcggg lkégegg’g d&ééx@ fefeld

CvI5 fesgeed t&(th'é'lpane sf\ientdgoatic sellstatebsnemto a magneti c sensor
devi ce_COMpLL, $l,d &idAGIR ler? G0SHREn fIpANRRG nRfhod for detection
substrat e, eas one gnetic é) generator for

g efrvsn@m:tmg‘leﬁ rcsa@lnetnl ap lrﬁpre\red S@ﬁltlt’lh’eané a @PWQF’@SS‘WK

I nvention 'fﬂérrﬁeﬂ'ﬁ)ﬁ abBdfHe®Stht Rvdnibn 4 8&hi&kd ﬁlﬂl&hcrassdﬁ}dl ce
for nol ecu I'agnostics biological sanple anqrx {

o suppiessipn ceeRnsSEANIEEL0 aqglgq:e}pgqsgtalk befween a magnetic sensor element and at

Jeast one magnetic field generator for generating a magnetic field.
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The introduction of mcro-arrays or biochips is
revol utioni zing the anal ysis of sanples for DNA
RNA (ri bonucl ei ¢ acpdY/IB2004/051329
proteins, cells and cell fragnments, tissue elenents,
etc. Applications are e.g. human genotyping (e.g. in

PABND0408%7%s or by individual doctors or nurses), PCT/B2004/051329

bact eri ol ogi cal screening, biological and
phar macol ogi cal research. Biachips, also called

bi osensor chips, biological mcrochips, gene- chL(Eg1 or
DNA chi psWhenshest ise plurlihrtinasastipgsnseiors Ragsptgpe metnod can be

ﬁééP abv: aﬁt&é’eoﬁy& Ma&éﬁnﬁmg@rc&féaﬂm&ﬁdf nggnwib bérevi@nt a pmcthe of

ecul es are attache 0 vlvel I :jj‘arng [ Lans (%%Otcﬁs
isitjon of e RgEtic PAFICES FEel adyo %ﬁaéi?ﬁllp S‘I‘1c AGRERTS ™ hat
ar eto bemaahm&ﬁmg aﬂmbgna@b fiield geheytom re lgpeted galiffepent levels

B/‘lth 6e§§e[(‘j’bt0 For ag% ?{TFF én%%glseénﬁ% eér}eillt %ﬁ&ews %lﬁhsﬁnc‘cion
B ®Grthiagtioh bﬁ@mmﬂace chheniotion ardeghciiliofonegnigition pihe magnetic
I%{? ‘%%s gunl’{h% an . 08¢k &G Fagg tQ (?etegxﬁlnp the §§1tﬂ)g of ! %ﬁgﬁﬁ@ﬁﬁﬂcles in

are coup ecu es to
adatojizeptrpefipwar iy by Pld@@fﬂﬁ anaghstip paogor LEMEN S 2 %‘H%Pclsmon

%Dg?l%{osaﬁ;n?@f’sh% efRBF e1@fienfli f f erent nol E‘CU| es or

ecul ragnents in parallel, in a _sho
bi ochi p BT areFap Besugracnised calipratgigesthod © l?'eeap]i‘} HEFérrSt%]

%%S&IH GE L g@ﬂemg 1% mabdetit ﬁel& g@ﬁﬁﬁdﬁ(d) it madsukd i absence of
usef ul ness of or mat j on

B B S G D LR es S90S e APt
toBRinEOWhdAG niteadient iasardedroasiultite pofsenoe of mgn@c sm@hleSas t h e
Humran Ge”‘%gecaf’érgﬁn lﬁeasd,?e%mf&{ule Qi RoRkael REnd. shidhs an
functi ons & teins. L. Lagae et

deRAM Which ewn b&iec@ﬂqnlpallwalmamwdat’lﬂdhe @?@etrﬁé@rﬁé“t Sl g the

netl c bead enserrbl es by int egrat ed
g%ﬁﬁéégwgnggen rs", Journal of pl i ed Ph

Vol . 91, n{Thtseandigher gigractpristiss. featyres a‘idsadN?é’;Pg %‘e PE%‘Se““

SRR N Beco b gﬁbﬁrehtrﬁoﬁgh@foﬁmmg tidtaile ga3eipition, friked 1k conjunction
generating con

t t th h
SriddhgAcenngp %ﬂ%évhx%y% 3:6 4vya§§ & avlﬁotﬁe fnmples of the

smﬁﬁ@ammg@@tmms piaeofopthe $ake bisamplevonly. ayitbeus Hméing therseope
lines are at e ve
G p i PR Bp L Sb ERRr ] RRSRLANR
fields are generat ed that magneti ze the nano-particles
in the vicinity of these conductors. The magneti zi ng
fields of the current lines are orthog%nal t(& t he Ho field
sensi ng difigé shoon sgrmetisalbigmagneic SersTmeghad digfpagpetic fie
sghihgt © the sensor. Tapering of the current lines is
necessary to generate neti.c gradjent f

di pol es t K& 2%B\§Té3éest°ﬂ’é‘°‘ﬂ‘éer‘t9‘?sé'ltag%b P Smagne ! S Behfif
%ﬁﬂfétnﬁkgﬁ@ﬁ&“amgy&rmnsor el ement. A pul se generator is
usedtoa tin es to the
current r‘\%)ﬁ{ Sl}oﬂ‘fﬁ eeﬁec{mcg e?‘h‘gdleg‘gsrc@le?og%%r% appl i ed,

t he nagn etmg: 4bmd$hetm)d0dmgrmgmw®éldg il %qcmciﬂ sehsmpg{Bie-
towards the current |ine edges, driven by he gradient

iT the magnetic field. Once they reach the current

| i ne edgesig tAshowsmsehemadrigpressaiaiangt s biptiior tRYicthe

sensor angy Qscﬁjﬁléha;/ etdic Bf a%rbl?e KeRaYrovided &ith Emﬂlhgsnes able to
alternating pul ses through both current |ines

pestectivelyeind-fareet samnic atdappeaptic@pRpaRagiclps P Befnaditeftbar it ‘Itdl‘{%c“y bound
ClilERbetshR@SinadDVgsover the sensor. A pul se
anplitude of approximtely 50 mA nmakes the nagnetic
particles cross the sensor at a maxi num frequency of

2-3 Hz. It is a problemthat the magneto-resistive
sensor el enment does not allow a
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sensitive detection in the nV or even nV range which
IS necessary to detect for instance a single magnetic

weandsioada3f uncti oni ng as a | abel for nol ecul ar PCT/IB2004/051329

di agnostics bi ol ogi cal sanple anal ysis, or chem ca

sanpl e analysis. It is an object of the present

PHMEMOBDHh to provide a device of the type nenti (ra3dB2004/051329
t he openi ng paragraph, the device resulting in a

reduced cross-tal k between tife magnetic sensor elenent

and the at | east one mag?net ic field gener a
obj ect acBierts pgoroetive VisY OhE PEPT eV Céé‘ﬁ‘iogf‘/‘égéoF rsf hat
Eh RSN RbHh SRR BSEMtIRA iEdedHSe (ﬁTn&gﬁ)d’ue patidlesf or

suppressi ng cross-talk etvve n the net
el gfrent ahg tiRaorges- Sf"‘é‘é@a? V’(?Wé’ Frﬁeé’ﬁoé dew Oi“fcfin Stgﬁléggstt or.

&iBodiriene ot thoOpteserst ivastid irothe plhsnwwngmem mclegr oss-tal k
isalim on for the s et f
R
smbalfirzént efthé presewt paventton watheut dg@re@gﬂckofa;mgs-ﬁggﬁmrepsgon means.
cross-tal k ﬁ%g\gs}§:'{hif?1g%rf3{ore%1§t§nc% %Hafi‘&leh'st}é%f 8 084r0dendoh Blement,

rragnetl C Ccross-t ortant in partl cul ar when

teac megrstie Beldand fhe %@WR@E"P@&%@ The on- goi ng

down- scal £ag19Ea gxlaﬁl &&%&ﬁh@h&@&oﬁﬁn&ha PSgricCHaapRtcIDAL
t he capacitive as as the magnetic cross-tal k. The

ﬁ‘ﬂﬁﬁ@qfé?a@ﬂffk}?%gticéﬁdcr oss-tal k can be based on
uncoupl i nglgofl it Eleetﬁlaﬂmlntagﬂ@zﬂmplhrvmﬂg%ﬂ@ﬂeen t he

ti t
;r:a glng Iggn gg g 8'? nvteﬁ/n adgecgﬁli rgﬁtﬁ&sgccogﬁg%my C

mg&t&;hem of:ﬂle)ﬁtﬁsehtah\llentldﬁom whikls tha par@sltlcahfferentlal capacitor between the

n@&ﬁ@@oﬂ%&é@éﬁfﬁ/ | B2004/ 051329 3 confi guration
el 'd generators around the magnetic

sensor el Eigehtise aqherb'{élc (yisafajen alismatypsletsetion é‘eﬁ‘ﬁ@ ﬁseslhf"ﬁn in Fig.

%‘?ér%a&@édérsugﬁré%él%é&hbﬂhotsbe magnetic sensor device is
suited as _a biosensor. In order%‘;stg det ect very smal |

magnet i ¢ Figel4rbowsaerrnd smpefiment BUVER % east one
magneti ¢ pagtisalesholvReridhe viaaich of 4 thied enttoriprentsd ghednvention, in

Sensor circul The I rcult, ¢
ﬁaéqu]iléxfx Ia er%aélﬁgé)e}ecg?nerﬁeé%({?i %?C?og%chbfseﬁl on %%af%ﬁ?n ﬁl Iﬁﬁase of the
Re@pEnE srowfialk hgaaaztndltleamlred n@gmagﬂgtal c particle which

magnet i ¢ REQRGH! ihg aﬁcﬁﬂ@teﬁ% 1t ASRBEBLER oFBY RGLni6n.

field. The<ross- K suppressi on means can_ conpri se
and el ect Fizstl AR showiadputihegmberlippr of hemygneen. {huhich the

r@]%@f% Lk &oé?ﬁ%‘crﬁh@ﬂ"@ Bise@bfknd ﬁlﬁ‘er@ﬁﬁ E}ﬁ&trﬁ;ﬂituﬁé et thk cross-talk
erator. The electrostatic Shl'ﬁf g ag) %Pd[ ce.

vsfrﬁn@lhis afmeingof Beuensyprhierss Be e ohle Lhplfpasneis signal s

taﬁlﬁos§§1ﬂ§p@ﬁdentmfr§qu%cﬁct rostatic shield can be

i npl emented b u ve |

and sensor& %%%heﬂs %EW(‘JEE‘ 1%}'315’ ﬁ?%@%s B Mﬁ%&&%g 5&%‘%& e

fmagﬁ&m\éa{sbleegﬁleﬁmm tha sageticifield géroraton mfatfrfthhenbOdﬂedﬁl efthen

crtoss tt al k, the at | east one magnetic field
gpé??gl? V8P %fas a first frequency and the magnet i c
sensor el @i n? showsamsensodionst of the gleetrsiptic shiskhingidavigde
cross-tal k, (_ﬁs EQI n@§§hr8§§ s%@ﬁh?w@@'gpﬁ éo?rﬁﬁla@én%taﬁaglﬂahc sensor

frequency ul shing nmeans di sti ngui shi ng
beithige qotdheors ﬁf’r@@d if R gt ﬁ@?‘)dﬁﬂ@“ Pfhtée &réseefﬁlave?troéei‘ef ency.

ngglpg{sgt N whos@bkf requency di stingui shing means can be
|Iter for fllterlngfout unvvantggl %Ig or a
dermdu| at i 2t @@ﬁmeaaté: view of a detection method for use 1th the sensor

device according to the sixth embodiment of the present invention.



Al ternatively, the cross-tal k suppressi on neans can
conprise electrical phase distinguishing neans. In

wohbes/eodandi nent the at | east one nagnetic fi ePdT/IB2004/051329
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generator has a first frequency and a first phase. The
magneti c sensor el enment has a DC sense current

CHNpO4O8HT . The out put signal of the magnetic sSensmmB2004/051329
el enent has the first frequency and a second phase.

The second phase is equal tonhe first phase and an

addi ti onal phase shift caused b¥ the cross-tal k. The
el ect ri caFigiiRabews ssyanthgmbedimeny Tonsapaeitivesossall ‘iaﬁ"jﬂlln%h

DELNE SR clillend hhgtid@ase and the second phase The

el ectri cal phase dlstlngU| h|n neans. can arr ed
such t hat Fig Biphepesg debth i‘@e‘&f rfcé?aéﬁ?feecrﬁsé @é%aﬂcelﬂﬁl
Wﬁoﬁﬁﬁ&ﬁnéﬁé{ﬁa@}ﬁ&ﬁ&kﬁ dermdul at| on phase of the

desi red out put . si gnal

mai nt ai nefig BbatsR YR e‘fﬂ?ﬁqgneg ioﬁon“c ‘;}?%% %fkrﬁss i settings.

t he c r 0SSFizat &is b &osumnbmmmsomea:rﬂgimdwlpapw &Bd glﬁﬁtatmg

\XF er to be able to generate an ac magnetic field
?ﬁrea HGH " Fr equency, a conductor integrated on the

subst r at eFlgSZQJlsedrOSSI“ﬁP@@ghf%/ﬁhﬁlsehdeaﬁe areordine fodhe siyth eraoqjment

o?&ﬁfp{] Eﬁ%ﬁ%@é‘homgcﬁf)&@mﬁ%ﬂsms magnetic field can be

er than in the prior art ere alternating
pul ses t hftgu%frﬂs B 6HOBP Séftﬁlf)‘i“’éﬁ‘?w Pf%%@soaii‘é"‘i%%cardlqgﬁ%atent

%Bdlﬁ%ﬁ l%f A6 Presthi 15@&%1&1@01@%&116&% alagleyic &r@ss&?hh of the
curren | neS an oV e SenSO at .a
fr equency Figf 2&sh Swf;&mﬁﬁﬁ\‘iﬂﬁﬁ%‘?n BEFH° ?ﬁ)tﬁ/t lﬁé%@mﬁﬂﬁhem of

rfﬁe%@texht@nvémtﬁ)lndhcgmnﬁ@tm and the sensing circuit can
be ! nt eg 29 igg CI{O;\)ESGSC&Q)HA? Vle\-'u'g):f § SC%L(JI‘ ?%ce%.cé()?tﬁﬁé tg gﬁg@@lt

devi ce. 'ura magnet1 c sensor

elrdndimts oathe ppsmsmvﬂntuﬁrmomplh?engcﬁeﬂvécgmd@ﬁ layer- pagneti ¢

particles Fg#g&ﬁlaq Vil 43 sér@&%leﬁcetéac&éh% RJheGakh embodiment of

nol ecul es an array or biochip, integration of all

t theepresontiesentionsgmprésing e fk‘éﬂ%‘éﬁ“g@%rr?éﬁ’lgs and the sensing

circuits becones nuch easier on chip than off chip.

Thin filmtechnol ogies allows nultilevel netallization

schenes and conpact integrated circuit design. The

subst r at e 16 &l differhefigires [techmoreifasice figuresfreferft the samie|or

detectl n and control functions (e.g. locally

AOASRAE ERT™Sof t enperature and pH). This has the

foI I OWI ng Thd yasentigestion willbe Aeskréhsd piih ragecst to PERPEiS| ve
od1 relgt? Fu%ﬂp il rgfae%cqu Ee?tglih 'dﬁQ/n%@ ¥t GRSnHBRRG SRS ﬂﬁﬂf&d thdreto

furt her enhance the areal
gnly yy '@)ﬁ clplmb"gg dippiings gqsgsbed are oply phERAc ag(bg% gon- hmltmg In

AL MLAmYs, BadizE 6t bABbE thé élements |1ﬁay de 6fag@sasl dnl Rotdrmn oh saafe
test vo une required it ecreas . L.abor

oD APoFRCBIHE® He R PO o GG "B povinan s
aflaiRbStQlobd Bk yxcluﬁe&ﬁ@ré&m\ﬂ&s oratepo BVHeeran didafipite st defigite article is

d| t, 0Nl Y ol BOSPI of tha
b R [ GO o1 o oot R § pll ot

t #h inletS SorhedliniSelteds @emmulycmtem of t he overall cost of
d Sease MORAYCHENL sl BINRLATEES! & i M;eféﬁagfafosre@m@gn@n

GWR and T can a be used
neaswt &l sk ewagneyia figli ggleptooé%@él@sfo@mflﬁ Ca%duFtﬁr the field

of nol ecul ‘PHe level of the capacitive crosstalk between the conductor and the GMR
sensor can be estimated. Assuming a geometry as shown in Fig. 1 the capacitance is:

C=g,,1=88-1077-4.10" =3.5/F



di agnostics (MDx). Using nmagneto-resistive materi al s,
a rugged, single-conponent, m crofabricated detector

woayoslmeosas oduced, that will sinultaneously nonPCOAB2004/051329
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tens, hundreds, thousands or even mllions of
experinments. In an advantageous enbodi nent the

PRQVIOLI8S7 sensor el ement lies in a plane and therecT/I82@04/051329

plurality of magnetic generators present. The
plurality of magnetic field generators can be | ocated
at different levels with respect to the plane of the
Brgavet the capanitivie crostaliis distribpted jegosgthe (MRepsop e tragsiorasiiak
Fl£1%§<feﬂahbf,Q\éaﬁﬁéliopoalﬁe%f@rs?ﬁhs%ﬁoﬁmtg,lwd for detection of
a magnetic fi el resultlng in an inproved sensitivity
and a rediedasuoiss -/t al ke tRreoliages heess Secordiptrig2ieauaTie |
invention is achieved in that cross-tal k suppression
s are used to reduce cross-tal k between a magnetic
sensor el eppRingaeomThdveds theeqavaraysseenmaoffigep dppears.
generator for generating a magnetic field. PHI\{IMQ4Q857
PRE/sdnBet VOHde0 Gs38 theRaphbiave drdsatale eipmlsao Pluiradi-4 7
magneti c generators present, the nethod dé‘(ﬁk +53'é2§
advant age %ﬁlré/pre}{sa{ts éjﬁgtq{r{& ﬁ'@[ﬂ Has@ iR ACRRHile S nefo18fving Bode
magnetic particles as a tunction of |ocation of the
nth@matalscshmmﬂ%és e.g. in a biological sanple such a
m cro-array or biochip. Wienthe plurality of magmetic
field genenatieqsnard 100WHE.db eesslicipigefl: F8Pef g witHY -
respect to the plane of the magnetic sensor el errent
t he met hodrhalis oubstirhiel st twherca seositiembaghedmesntis reaviredn of
the surfa ncent [ n
of the naclﬁlgrtef())re c%gac[n@g Bl tﬁiﬂ_%dﬁ{'xfgrrg %l%aég%ealtﬁl%gtf&?{; detctio
sazfmaanﬂtleﬁtlés ldélteeﬂ‘rranﬁe @ﬁéelp‘bm tion of the magnetic

particles y 0 dlahBelol fﬂ@pﬂ@é%ﬁﬂﬁ%qﬁ&ﬁh@lﬁaén&lctsaﬁoﬂeﬁ;ﬂ@ls of
t he magnetic sensor el enent,

as he
p@psanaoe [For; bosanspis Aisanagpetie feld thathra{q ‘2? d§'€ﬁ§‘£}‘? %? E}Pféh{)oly one
ElrBnd RSl IREBMe Setededead thb hidbsutmenBighd darctzonlye
app% First the magnetic field generated by the
nﬁﬁ?ﬁ@t’fcsfl el d generator(s) is neasured in absence of

magneti c pRpbicaidegevick3e 1sﬁ§ﬂ&bkft@f&lﬁ&naﬂﬁa|ll§d & Hig 5A. It comprises a

subtractedfr val u t al
B TREna s CHBRET 2 DT BB r cPRap s PRl A B o
MBQARE teq, 4dak biochig s4. Thhsoahipl 44by atdllegiomebsiniawriedttesyitymicro-

¢ Bg g&q ﬁ)l Il‘fgia (<] §éﬂfa ime
gg‘?aé%&f?‘}ggi?‘baa?"?}f\}‘ SHORHFEL artm[{léf e%'r{&lﬁa t%q gnet | cla{s:tgnsor t
elnemento aamdvethi@erslam%hn‘g a@d speadi & C@rbednfeﬂeé hﬂ‘p’fenﬂfﬁ tepsandsqf

m crharﬁll;@e%gﬁ (%Haﬂrf\%n%ﬁ)actﬁ@ Aholbfs, 88 Jshgd YRiAt sﬂg&ﬁ opﬁroﬁeb 8t can

sent 1 nventl on conme apparent from

f b¢ thispilimgndieek rapaile efaumingss many, as tlgeleff‘ﬁe% Eﬁ%?ya ﬁ‘ctP‘? Bipe time.

WO¥ Ii)ne CH$ 5@%&9&59%%&%&1&@%&@@ w1¥ﬂ'b{sﬁd'w asl 10 dEterent e@saysblylnmng
0 e 1

exa the p
d été)éu? prpf ﬂ]b;g()iit)é)n Eﬂ g;gfﬁlcfa 1c§tﬁgs %ﬁggm%gengs)z,gh%fx%clhgrﬁél is bemg used
Wirt 1B:8¢HloghchYproteRPardbeochai@@reedarchie cliriaabdidgnostics ahid @c1ent1ﬁc

reference fi yres ed . .bel ow r.efer ttached

ol FeSEAF é%lmpﬁ‘?vg lsias%‘%gﬁons@ AEigls ¢ uﬁmate{l}hprg\]rgrgtéoﬁet iC

sensor el eABivchipdicdntpeisaragubsiritewith @ fitsl sugfaerent keas pne, Fpfgrably a
ngfélﬁl(lg‘iy progee asf‘eacs: &}:P Céml!)eva?ea%grgﬁﬁeg aaﬂrgbel%?eﬁn\éﬁtej@ o%}%t least part of

sensor e
its surface. The probe element 55 is provided with binding sites 56, such as for example

binding molecules or antibodies, able to selectively bind a target sample 57 such as for



and the magnetic field generator. Fig. 3 shows the
el ectrical equivalent schenme of Fig. 2. Fig. 4 shows

woOheosBaasa3 di agr am correspondi ng to the el ectri eai/iB2004/051329
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schenme of Fig. 3. Fig. 5A shows a schematic
representation of a biosensor device. Figs. 5B-D show
demaiohassof a probe el enment provided with bindi ngPST/IBE®4/051329
able to selectively bind target sanple, and nmagnetic
nano-particles being directlysor indirectly bound to
the target sample in different ways. PHNLO40857
RETHIRPBEA IE8ip SpeFiegor ag antigen Ady Swlogicallt achyrmolsepla fiapgan be

éﬁ DSOL mIBV iR paERAl @k Bhi Splicdiba st embodi ment of the

sent invention in absence of magnetic particles.
F| g. 7 isERRASSL: sectional view of a sensor device
accor di ngNu8leit b&dst DNaJ Rlsmemdmrsmglefstmhei qpiD2BeRNA hybrids,
invention i nce. of magnet| rticles. Fig.
W‘F@rgltg%‘ﬁ@%%?ago& W‘fécfacgl YT ‘?’%lnknﬁ&?hod accor di ng
t-0 the fi Paieisnbpcidanvitodr withet proé@eauona, pgantiodigs, DNA or
t he e

AU B R RETEE sBb PUERS TR ORI ST
GWRlisbehsor el enent, the ac magnetic field, and the

resul ting oQH&l?sléEch%cQB@JsugaFé g. 10 is a graph of the
rmgnetl C no a nmagnetic nano part

ic
f-uncti on Smabmolepyes wigh ?ﬁai’@*ﬁ@iof seligandsy %fossl'k‘injéed aiiucﬁgo anarix

detidspREr ddi&uRBgNeti zation curve of Fig. 10. Fig. 12
is a schematic view of

a det ' t
the first SRR oBheed ngbgéléoﬁ'i 1‘];‘9%32,% 1?5002%@;50%5&%11
t RPeRidb/pitetn braied, bigoamildotidles tipae) inkibitdydbmden t he
sensor an dR/ Erg eex1(s: ?l[}gere% SSlﬂ)lﬁtleg EH cﬁgagtné:tic 11‘138 T-IOSd teﬁ‘get

schemati c i ternative detec met hod |
sfaople, dxamiptespf whizh hrgshasadi Figo 81 5GandiPeBiffernt tpes of magnetlc

pé rtQ:?els @ﬁrch Eeingje udd wﬁt!ﬂ%r@erﬁ %Qrﬁign %ﬁ@s@hm By vefHdrdiest al. in
Invention. Figs. 15A-D show various e .

CfSciantiviandlClritab QPO O MBS GRS olﬂenum?rm@w "%af’ﬁk 1597,

ajshRIgIRlaves7det ection method is disclosed based on the

separation in hase of t a cras

si gnal and"Fige %é%s?ré‘?fl%g@%é@%@&’ élﬁ B8] 5amcqef(§iar(eiable 0

shpétianditieig@xamk . Bihei heddihieaches aio peifareed. egf screpréng in

: {a}%’xg}ﬂ]%#l%ﬁnnd}nﬁ %wt]elr%]:ég)@% E rt%ﬂ]l(%\é\éug e){tﬁ&rbﬁrﬁ & Q‘gn%j\kfﬁtﬂﬁbrﬂ oft he

e capacitive cros
shitevtites, it@renser rhelesld Skmlldlhee aliery pashrpecificiy-Anhisi okarerte df

th %so? 5181%?%4 Haka #‘a&p %lacti@ec' toalalfdy Qﬁﬁlb Qx%u;%for E4restY 8RGYs would be

desi rabl e magneti c gn |bl
[ gse@xﬂ iRer sengpd gp@g@@mlth@freqcpwéwarqslsbgarsigNéﬁﬁq éso uitable.

SehehBLd g2 lidrdet idaRn 8hiREh@skmbi Iﬁol&fmlee bahi agsed@\sl where a
bet ween t he magnetl c sensol, el ene (pg)fthe

{ Fetering e BOGH SHR 2 PRI b B AP EHE BF S e g B
| AvedtidrO h ankib@ly 151& obtiowS:héite. Both athontontl anfl poljedonal antibodies

eln%(/: lt)eruosg& ats IS}‘E)W?lqul ig. dlan glagnetlc pa?ucles 15 are indirectly bound to the target

sample 57.
In Fig. 5C, the target sample 57 molecules are directly labeled by magnetic

particles 15.
In Fig. 5D, target sample 57 is labeled by labels 60. Such a labeled target
sample 57 (e.g. biotinylated sample DNA) is selectively bound to binding sites 56. Sensor

molecules 61 (e.g. streptavidin) labeled with magnetic particles 15 are able to selectively
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Fig. 20 shows a cross sectional view of a conbination
of a magnetic sensor with two conductors as used in an

conpensating cross-talk. Fig. 21 is a schematic view
of a detection nmethod for use with the sensor device

XERBOZAY to the sixth enbodi ment of the presentPCT/IB2004/051329

i nventi on. PHNL0O40857 PCT/ | B2004/ 051329 Fig. 22 shows a
sevent h enbodi nent for capacil®ive cross-tal k
cancel ling without affecting, the netlcfl
SardhedRks S0 6 1 CHESS TSI e BF TERARE T S iy

q)@ﬁ}{a%{hbmgematﬂ@mm af fecting the magnetic field. Fig.
24 shows %hggpﬂowag‘o g?bdoclﬂ 1s asqrho(v:vglé%chségl{e%%ﬁlegtfﬁ is

cross-tal IS a Cross s
edvedet witk siadinp€ils softalvertapr fyps. Targtt same $7 & prsentad forpy passed

Coglﬂglberpr 3 egement%%l 243 ?the ingt%ﬁes 58 afid ﬁg ﬂ%%t %ﬁﬁl@ IS@ Hlatglfl t}ﬁy

8VICe actor | rent  of
prirelse prch bhere Magretic M@Wﬁ hare Ifhr??tla p@adlmtﬂm%pl%m the Pf}r%et

%meg)lg 57 af flﬁ%‘ceﬁ %PIEI%SO g ICO \AhE YD Ofhe oD RS Prtid@M b 6Bow to read out

accordi'ng t di ment of the present
|thﬁllef¢rmféﬁn%her?dédlﬁl%ﬁwhlﬁé@netl c cross-talk. Fig. 28

shows a MahLBedsaf indRERGE iBH oW1 REPAN tieigoratidnpathtrenbiithe

enbodi nent of the present |nve on.sho
Fghins8 o et pRalRE e RBrT NN YA b By v

%‘a@{cﬂbddgetélﬁnﬁ hﬁn@hé{d hasﬁhib tddmcrm,mhclmfs AMPe GMRegdiMR devices, as
g)rell%/t ggﬂw% ggw%g&ééoi %er\]/ g eh ever tge ngénﬂgn % ﬁgt%qmtef glgl‘eto%gd éaﬁ

ASGr device according
eﬁ:tke dieneaty softatidiendof emgmtic sensoe plenent, S@Qhrﬁp er QM‘Rjﬂetaﬁéa“ sensor

)§le'ﬂb @uﬁgcdn%ﬁﬁ% @J%ntﬁlln %ter?e?encé cﬂavfcé}e di fferent

flgures erence-figures refer to the sane
or anal ogdus fiest erhedimsnt thelevigs KRS FAFITTEFY rﬁn"\ﬁ‘tiop S

dﬁ&s@ﬁsb%‘é Wil b L @BREGTN et @ ik, caanamgemwblmeﬁmmd
wth reference to certain_dra but the ven Lor
s T B S B A A B VG S T 2
dd’ﬁ’s%e@&ﬁpl@lel&é Eﬂa@ﬁdc pHite]e® BdnyhascheiiaimasionsdWith eano-particles are
non | m eﬁgg%lrtgeat gﬁsé&nedcférg%,r\lﬁmg rsah ng&{c\%gﬁ% 1% a‘?‘l&) %0% the

Fawn on scale for
i ﬂ;réfenably attivea 3pmtr POSES M \Nnee ereﬁehed Yetyasn 1@ wprpid 380 pgr Thes

us eg%et& 31a}tglees Ph& cf.\ﬂé e né{%{l& RLLGR dl?é'{g a&%@héﬁﬁmaghéﬂc #eR%e.g. they

ts or st eps ere an
et parieazneiv) @rélﬁqmmt heved PerREN; RAZHR IS ANORISRIN e dtagRStF ng

}%lrtﬂ:lé 'cﬁ%laazﬁmﬂ&i‘ﬂ@ ¢8: @nsist 8f on@ br m&®@ small hi@etic fakticks 1n51de or
cl udes a plural that noun unl ess sonethin
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2 . Wen assuming | ¢ = 10mMA the vol tages across the
conductor 12 equals to 1 Volt. Applying
RENLO408Theveni n, the equi val ent schene of Fig. 3PCT/IB2004/051329
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DNA- RNA hybrids, with or w thout nodifications.
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peptides, with or without nodifications, e.dg.

ant i bodi es, DNA or RNA binding proteins. Recently,
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publ i shed. digo- or polysaccharides or sugars. -

Snal | nol ecul es, such as inhitditors, |igands,

cross-linked as such to a matrix_ or Vi N acer

sesad i) ipsensed by the sengord p ard dsgerdimon e rgriey W?‘ga%“"r%%‘l'

}phllﬁggsywlahg){h@eérﬁggct&fcuﬁ@l{rpounds such as peptide/ protein
braries, oli otides librari i_nhi pi

libraries® mﬂ@ag’rg Cg ng ]??%?tgﬁ]?nop%sglleﬁila Ch)f(ﬁjlegtst%n -

CRABSEEGENt BB Edelt 11ﬁ1antidn®\htﬁsutlﬂm ceos¢-mlkgepressigrpheaps, is illustrated

whi ch wave
i PR Bt M TSN bl Gvertifh sultas A0fhuphha
usieat) aidtwitha igh fie@saytof| fnl\ﬁeiml]lﬂ@hu'[ aptdimited Beretged) Bz tgming
%mﬁhsourgf% 2(9ls éa dt Qz tth&)ln&m& 46 n?daglatgtﬂer&bﬂcﬁl:toﬁﬂlﬂjeﬁt Q@Wuﬁ as

rrrers’ Pl enum Press, New York ég ‘
|“BBNfr@qugt@:6” ars@EiTe 1o, thy pregepignventien ixmenats rogpmsy fhisk desg ho

l eheHsubltdnRa TREBRE 6f tﬁ@ﬁlﬁgn@ﬂuﬁﬁmﬂ;ﬁs ﬁrﬂ&t ﬁ&duencty (for example a
ectivel %ébl nd targ

%&%Wé!f Z eighe FﬁSfTrabQ 13842506 léréeﬁ’l e Prﬁfafm O ganigher

bi ndi ng p mad @lnmﬁtoeturﬁnﬁembmmedtsuaﬂua Lext simet anditiisimpdilaged
grid w a nucl eot i e

o e s g i e 8 Bl Sk e PERTRE e opion

eX &iFplagneso- geﬁn@a sensy |1 &Gl IsI@wwibY the field hae Y inFigabt i ve

towards a u% lOHEY 1, ﬁ%slsé%%Q%Yhegﬁa%h’e@@re‘éﬁWegerﬁ& 11.

useful . ensor ecules with a reactive g&ou ..
tapenditg 08 @tg@resencwma@fr@r%ﬂ@& infhe nefphporhqoq of the magnee-ggstive
aser%blr ﬁcﬁle s8Hebdeld ﬁ'tﬂeQJicaﬂ'&fj& R QA6 11 /Ml @Ribithe sesBankceloBthe
used e’g. ere a screening with a protein against a
peespel 1S ¢hapgedry is performed for assuned

protein-p FQ;L%HMS ﬂieexiagﬁét(brasﬁbtanad’bhaﬁcmrbﬁ)dgf thesGMR serfsoni Biithout
choi ce. nopnocl on may
B
&foﬁdﬂct’(bd iDep@itling otthe peisence ctfhsloﬂartgbs 158 ﬂplnelgsbprhwﬁ Oﬁih@

Lhe n e's and thus the
| Ig%?t% gesgf?l Ve%gns%rzq ;TtgL g]gé}‘ Al@gt%quba% Q)f eHe &ﬁ?ﬂ %{ar d él% th

S@sigHinee &b snbabeb ehangsgl. The m@g@etle ﬁeld %Wgeasevsgwé peection of
t tﬁ% gg%net% qgg%ltl@e serfsok f-'l ¥1to Mrgtokd%i/ bropoREbnslasihk QukhAN, i of magnetic

Ively bound to binding sites 56. Sensor
nisneputiees 38fith€é°r’du°t‘§t°Pré‘1‘c5‘fIdV| din) labeled with nagnetic
particles ga ﬁ%@ sakte to selectivel yPHNL040857
PCT/IBZOO4/ "051329 10 bind the | rge
sanpl e 57.A diffaren resisipace i g sty 132‘?3{1% tgﬁggf%Tgt Vé)rﬁaege%m% Ner
| elidn&s il )éncb@blﬂd aﬁﬂfefehﬁnéa&l’rgﬁdnt ﬁ@ﬁbdeﬁvdiﬁ by Fieesensor 11. The

piogsedt bt el e g o S e fion §¥on B8 B ot

a9.CTRE geaﬁli’hgt@l\{mﬁoutﬁarsgeal 1mpﬂ11e1015ﬁWaNs pr eofsenL ed Qalt ;ﬁ‘ or
assed ov e hee ingi en

b Zlﬁxa xqeﬁsu%{nglg{% &?!ﬂ ed %nge ﬂﬁ?ﬂe{ redi f% 114 th.

sites 56
delivered to an amplifier 21 for amphﬁcatlon thus generating an amphﬁed signal Ampl(t).
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particles 15 allow to read out the infornmation
gat hered by the biochip 54. The present invention is

&HOWO4086W t 0 read out the informati on gathered b3CTIRZ004/051329
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The circuit may conprise a nmagnheto-resistive sensor 11
as a sensor elenent and a magnetic field generator in

PHELO408% of a conductor 12. The nagnet o-resi sti WeT/IB2004/051329

sensor 11 nay for exanple be a GVR or a TMR type
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hi gher, nore preferred 50 kHz or hi gher. The conduct or

wororsanes43s nodul ated such that 10 = 10 sin at pPCamBR004/051329

10

15

20

25

30

this nodul ated current induces a magnetic field which

per se is mainly vertical or z-oriented at the

lPEI0@ED40867 of t he magneto-resistive sensor 11, as RtTRED04/051329
by the field Iine 14 in Fig. 6. A sensing current Is

passes through the magneto-resistive sensor 11.
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bi o- neasurenent, when no beads are present yet, the
EHNRe408 e cross tal k signal is neasured and it SCT/1B2004/051329
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A further advantage is the possibility to perform
several neasurenents in parallel, instead of

woeuesgdei4sel y. This is due to the fact that thecT/1B2004/051329
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magnetic field of each conductor is locally

concentrated, so different magnetic fields (frequency,
8HPLO4082/e, etc.) can be used on different spots.PCT/IB2004/051329
Accuracy of (bio)sensors can be enhanced by know ng
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particles as a function of position,. ng an f
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mul ti pl ex techni ques, the x-position of the magnetic
particle 15 can be derived. An anti-phase current in

woanmiaeas 12b conpensates the cross-tal k si gnaCT/IB2004/051329
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originating fromconductor 12a at frequency fl.

Li kew se an anti-phase current in conductor 12a

cumpe+sat es the crosstal k from conductor 12b. AnPCT/IB2004/051329
additional effect of this sixth enbodinment is that the
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nodul ati ng signal Mbd2(t). The second nodul ating
signal is sent to a second denodulating nmultiplier 22B
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signal Anpl (t), thus form ng a second internediate
signal Mult (1). The second internedi ate signal

PUNL2{08}7 i s then sent through a second | ow pass HGTB2804/051329
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The z-resolution can be further enhanced by applying more conductors in the
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frequency fl. An anti-phase vol tage i nPHNL0O40857
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capacitive crosstal k signal originating fromthe

current in Conductor 12a at frequency fl. For this
PUNPO®H&ST he ground connection of Conductor 12b iPST/IB2004/051329
renoved so that no current can flow to ground.

Measuring at f2 is perfornmed24n an anal ogous way by
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PrREESTSbRG ikl seskis ThiT bifet @mbeodiwedby ingeasing theidisianescbetigen the
part i cul ar st V &
i P R SRR o hck A o
t hawshidtasing £ etvely small dxdactricobnstahtdike glagsnt i on.  An

advantage pf.! 3 fihd P&ertlineRtion edd ents
enbodi msnt‘&)a 5\’5aempqe Htﬁgﬁlgﬁ%ﬁgdggﬁ%r%s d? ° r1| orlone yeur

art
t emfbeizepided, Betwren thetselistratii and ihsgensair 1 @ed %i%lé‘&?t%lrza and 12ba
ng%? SR er38 &oh & 68 Hab RN QG mledet/aLRROE4HidHaINERBin

Fig.29 and a top view in Fig.30). In that way, the substrate 10 is shielded by the flux guiding

layer 38, which preferably is laminated in order to avoid eddy currents.
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hereof the chip area may be reduced with respect to
the devices of the prior art. In Fig. 25 a

according to the prior art of W) 03054523 is shown.
The figure pictures only one half of a full Wheatstone

PrNdg@8sonf i gurati on used in the prior art. The mEVNBZN04/051329

el enents 35 are positioned next to each other at a
di stance of e.g. 3 mMm At thesside opposite to the
nei ghboring sensor element 35, 1.5 mmis |left oggan. -
From t he Bifvambodimisete 6 kit ispesamed thatheposiionof gypagneho paififle
%E ﬁ&eg aWicHie 3Qink he'rRRAULS EaduRenRET i@V & infagietic ptdle 15.

€ bio-sensitive area 3% | .e.iatthe wgrlg ngkr%regtti%rces
{Thys agupptias cprsbegnadppecause oy oy diffuion a0 e o3k Mpghetq R
ahoy& waschibash B wnbumrbodileent of the present

i nvention_(Fi.g. .20 i.0-sensitive 7o

achi eved W% %gﬁloﬂég}?sggp‘g a\ﬁnglﬁ & %nrel}{%be\%ﬁ’g’gﬁl?ﬁ?,dédnﬁer g
(Fi g. ex2i@ple 100 e msorinfidie velnte dflaniaguaoussiotuiigs goopmjemperature
bet ween .t wo_condu 124, . for exanple, the
sens o ¥ &Rk ngﬂ&gg{soﬁ%\s]%mﬁ]s’t tlrﬂ]i%g?ul%fmmn as in the prior
art device, amd thesdict@00e_het weep. the edge of the
sensor 11%ﬁ@m?ﬁlé6m1@dl.ﬁ).m~9é conductor 12a, 12b is
1.5 M a total strip width of 6 mmis achi eveﬁl, W@g
respect t ronhige formg a diffpsion geeffigiant yvith adoy FalYe 1 ievst, WaE
Mo@vaﬂyﬁclgrlﬁ)F SlanPle a4 0 MIBIRIbYle FreiefiBSthd Zavered dBtaseSS & magnetic
I'n a seventh enbodi nent of the %rg&s.ent I nvention, an

ingpsielsV & én e disestiondying & WepYlgperiad “to the previous
enbodi nent lg—gpggw;% to distinguish
bet ween suff &6~ dnhd bul k concentrations of r_mgneti C
parti cl es AkSymingaoel 100 wobbl¢ periadsdier messiremend desisnigpeEgnicn! the
t1‘6o%1%%a$’o'ﬁ,%%%e9f1gh&gﬁlﬁ@ﬂﬁ.‘” el ement 11, which

S 10

correspo e z-direction with the co-ordj &E
devi ce i ntThetagnstic forpe Agfo 2 p@enetic figld gr,? Pié%f.e“c/@mﬁﬁg an i
Fén%psﬂeﬁﬁggwia@foﬁééc and 12d generate a magnetic
fireld 14c and 14d respectively in _conparison with the
magnetic field 14a and 14b ofa(éﬁgﬁjiuctorsj 12a and 12b.
By conbi ni he segsor 88 gnal\gmeyigi néting fromthe

f our condu’gtgé}l(?gl’z’ﬂ?%l‘iﬁawi%, ak2d, ?”mﬁnaf mati on may be

obt ai ned abqut the concentration of the ks
particl es Erexpmple,p 0 om faf géfsic%s.l C{eﬁg’qaﬂg% %ﬁg%?g?ﬂrgemm
CARACH dure 1aMme cdrectorag gt e ma) oss6.t @l kmhdro fiers sepsor with

i mportant, | ssue when neasurin hi gh, frequenci es.

M rfch‘etPB‘ézs-?f“Ql ¢ Qﬁ%ﬁ?csamva%gor? atigrc?:?) Sict or gener at es
a magnetic_fiel d conpenhend2 i {7 the sensitive

di rection B & He Wﬁ e sensor. For exanple
this occurs when tfiere is’ a z-di spl acenent between the
sensor andrieReloEQREShEd partitte Shoaaquepubligid @A respibief tho
the as tric configuration, current 13 introduces a
e foreer @PES conponent in the sensitive x-direction
of the sensor.r Addi ng7qurrent 14 i/n conductor c4 (12d)
conpensat e%ﬂg%ﬁ%gnﬁ)u,g _%93‘52-'%‘% K. The z-resol ution
can be further “enhanced %y appl yi ng nore conductars in
t he di r ectlndie siretipewhiireih partidel tihectysted his the flield 92 Hrgis or
el ement . Whi ' PHNL0O40857
P@PW c@d%é?rﬁg}gggo%% ﬂ&gﬁsﬁg(g@gpggeﬂlz&a%@gct ion. This is
shown in t gveﬂggb@@p@dlﬂrg%p}nn Fig. 28. Conductors
12a and 12b arer position®d at” both sides next to the
magneti c sensor 11, at the sane level in a

view of a part of a sensor dePCTAB2004/051329
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direction perpendicular to the plane of the sensor
el ement 11. Conductors 12c, 12d are at a different

wWo-2pi3di10346Nn Wit h respect to conductors 12a andpP@2hB200hes51329

currents in conductors 12c and 12d have the sane

directions. Due to the synmmetrical configuration the
RHNOMPBFiENt s of the magnetic fields from currentRCTB2004/051329
and 14 cancel in the sensor, so that the magnetic

crosstalk is reduced. The regponse of the

nano-particles on the fields fron1cgh§§nts 3 andfll1

add- on. CRherafore thindiprlacernent {nay, b fegles ' erigs B igHRFH e
AgaduRmem@Nbi nati on of the sensor signals resulting

fromthe different cqn ato 12f
i nf or mat i o dgKETAd pedo gﬁ‘ﬂ? § aeé%usg%ﬁ%dé%n\r{sa%flt b

Aveitida nxrgaREal a:degtes; witleisspd to ﬂﬁupmdn ert.firstethp sethgd hds e small
etic elenen
TEALES 55, L S0 R s S0 s Snsainn
e i€O hﬁitp’o&netntosw(‘ﬂdw gnothqg Ia@@ytagyfls th W ICWET apgption due to
€ sws&%%ﬁig'i%ﬁ% {i}gtecl}{(gﬂéﬂ ﬁdﬁg?%?%’n ﬂﬁcgﬁeﬁiﬁgQgﬂtﬂleﬂ%d makes it
avmpibilettg des senser dotiess avhish TeaHiEe R RS SEICFIng Hﬁ‘ﬁ%i‘fﬂ%ﬂ’a dyises

ac il 15 Rk al HEBIE A e iR A SrttfeRbsK surf&@rﬁah@ﬁlﬁg)ﬁl@ lg:@pﬂ&ﬁ myd
c anges due to process t ol er ances

U EF e B dhgh SRt THREREY M TR DS R ey
| Rk DiBe Sepfdduct or s 12 are used, as for exanple a sheet

f th dd i
Zn 288 5 e(r: [Fj }?t{tl@mo?? ¥ mgae%e& gh Xrgac r\nl;l\?r?/rb% qg}ﬁevg@ﬁ)acﬁgseeg@@ %rozﬂh% Qh P

| akdatilag b& Wded hshid- seeddveeméa)or vorking lage. §bsing dhedgttiod iaccordingitthe
| ar g% 1nven|?%tiI GL;Q #osglﬁl 'to\?mﬂc@%'d?sh&ﬂ&gbelt\%eﬁ REr0eing BRR thRafkation

JF°8 i ntersects perpendjcular to
tdﬁmawn@mcdns 13 becaysp ef thixgpatal resolptioalinyx Hid|4 deGRadEs Lyl |
Jnh&f}%g‘od ik al%ﬁih%fer\’@ﬂ'eﬁlbod%éﬂts éiﬁ& & nktRicBdns ahd dm&ﬁlblﬁs

posi ng the ch ang gurrents 'WQUQE%
ras 3fsll afcréﬁ%m@t leﬂf%bem gisensted hoy B‘n d?‘ﬁcés AEGIREIChs P&y %t
Vi eRfor, Sariofls dhlirfed d#itbdifioationeid finh dnh eetzﬁhnaj'lhetnmde wiliquent s
] and 12 frustr te_}E%B FtIC behavi or above the
‘ih%SCB‘Pefaé‘ PR W T 8dliced by increasing the

dlstance IFet weepietiivepresem dhyention & nbPugstiictesriel 2 single magneto-
e bsztvr sfaet Sor ]‘Pbu% ca% agsx bggﬁ i 1H gaste of de%m ﬁlag‘xehé ]Siﬂtldpég 5
STOEYF HE or "a subst r aving a relatively snal |
dingltieuty bicsersongn dhat capq «selrrgtlmdglg senpy clgmertyld sy &Il he t he
St diln ?J&%{EEJ%& IQfTﬂlshrﬁs Bk 8$@Rhoel tREY 86\&:dn@ BorIdelyr(s) 12 is/are
current be avoi ded. Between the substrate 10 and
t tpeesspenig gmultirasgy Piceiuct or s 12a and 12b a fl ux
gui ding layer 38 such as a soft magnetic |layer is

pl aced (see a cross-sectional viewin Fig.29 and a top
viewin Fig.30). In that way, the substrate 10 is
shi el ded by the flux guiding |ayer 38, which
preferably is am nated in order to avoid eddy
currents. PHNLO40857 PCT/ 1 B2004/ 051329 25 In the
enbodi nents 6 to 9 it is assuned that the position of
a magnetic particle 15 does not change during the
field scan neasurenent involving that magnetic
particle 15. This assunption can be nmade because of
the slow di ffusion and the weak magnetic forces

i nposed by the current in the conductors 12a-12f.
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The diffusion constant of a single magnetic bead, with
a dianeter of for exanple 100 run, in an infinite

equal s, according to the Stokes-Einstein formula, to:
kKT 1.38 10 23 -300 . . 1 ,22/ D==r1r =4.4-10

m4®ﬁhR -1O0O3 -50 -10 9 Fromthe fornula a PCT/IB2004/051329

di ffusion coefficient with a | ow value is achieved.
When now appl ying for exanplera 10 MHz wobbl e
frequency, the travel ed di stance of a nmagnetic
particle 15 in one direction during 1 wobble period
fugls: L =IDt =L/2 - 4.4 -10" 12 -10 7 = Iran
Assum ng now 100 wobbl e peri ods per neasurenent, the
di spl acenent of the 100 nm nano-particles 15 equals 10
nm The magnetic force due to a magnetic field on a
magneti c particle 15 can be encapsulated in a general
formula: dw dw 2pn> If, for exanpl e, a 50 nm bead 15
I s considered, and the net.i.c nomen
durrent i A PagEStCSARITCIEYFe %ﬁlpfliuﬁg amagge }'n&fnsor e?en})eml@l)f a
AitrhitB €1), bpieastons anagietic ikl Bereldtar GI2) fop gewmdml’rg amnagn@icrigid on
Nl iy g BRI O G855 SPHEEn nlins ) sl o7
i snp;ﬁerssmgque;MeSk bat\qewn theasageetic e%lsnrtelemfmtt(ﬂé apdheftieast opdr c e
15", . v==2.9ms 6phR6 t |33
géﬁfé\algane?at% T ituation where the particle 15 is
act uated by the field of a single conductor 12 during

. O wobbl e ﬁ%hétQQ&soxt ReGiciscRirmgenemn © Cﬂiﬁ{léh tP& devﬁe B sfited
i 07PHNL

40857 PCT/ | B2004/ Oc? é%g 2%
i eecite pIeEeS AL SR B SIG LTt SHIF ARG TR 2
Osfensbh(ﬁrcﬂ@% %nggﬁgﬁg an;ﬁﬁxgtld et eleraent ( matfémehsuhg 8 gg@&d
S}:gq,pg{:t)épfnt éeﬁftt 8& a%ettt%)a icle FSPSE twﬁllgh lsht %ﬂg}{ceéﬁ)%w i 1844 to the

res

Fieh&@hted thipgetivellellod has a snal | formfactor This nmeans
that only a small vol une needs to be magneti zed whi ch
means that there is a | ow power consunption, q r
atlvant age A wagnbiéc Seoppr JsigR pecerging IR dnWhtrdn P8 crf’??é k

Sﬁlgﬁrgsrslo}? ﬁl'e%ﬂlg (2) RbGeHsa £ eleé(ﬁ)tstatﬂﬂﬂfefalﬁfg dadyaBl)agevetiSthé hat
detection nethod nakes it possible to use sensor

deganelics iR f‘éff‘inef‘tead‘ﬁﬂfeéna%et%tﬁ‘lﬂf]ﬁ 38 uct uri ng of the
sensor devi ce

4. A magnetic sensor device according to claim 1 or 2, the at least one magnetic
field generator (12) having a first frequency and the magnetic sensor element (11) having a
second frequency, wherein the cross-talk suppression means (2) comprises electrical
frequency distinguishing means (23) for distinguishing between the first frequency and the

second frequency.

5. A magnetic sensor device according to claim 1 or 2, the at least one magnetic
field generator (12) having a first frequency and a first phase and the output signal of the
magnetic sensor element (11) having the first frequency and a second phase equal to the first
phase and a phase shift caused by the cross-talk, wherein the cross-talk suppression means
(2) comprises electrical phase distinguishing means (50) for distinguishing between the first

phase and the second phase.

room t enper aParAB2004/051329



surface due to local field application. Neverthel ess,
surface patterning may be applied and will give

wadadistoieraal benefits, such as e.g. no unnecessaCY/IBWMSF051329
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of target nolecules far away fromthe sensor

Furthernore, a smaller chip area may be achieved,
Pe&0485100% of the chip area may be used as PCT/IB2004/051329
bi o-sensitive area or working area. Using the nethod
according to the present inveation, it is possible to

make a distinction between surface and bul k

concentration of magnetic particles 15 because of the

gpatial r QSnQJgHétlic QéhsdriteviceHdEbrdindho hEyCfitipreviidus tlsints ovHerein the
under st ood that alt hou,ghﬁgr ef err egl enbo én't‘?&‘&c%*for

Jprerdti figld genTEtqr (e FUMESS OI@B%?ri TR AR e S I R R
mahesirehiFowhaigoadr didicossed herein for devices
according to the present invention, various changes or
nmodi fications in formand detail may be nade w t hout
depar t i ng Afmagmetichenserciopies aremidingpiorti whesdin tha disectipp/ @M af 81§ 2c
For ex L& . | | Rlseds@Sdirleiti®the
E%gggﬁ?%%PEhﬁggﬁgﬁ%@§§%§?F@ég@%ﬂgg?h%?abut can al so be
afipétingighborhoedhefdheghaghticapsPIGHF SR nagneti ¢ particles 15
in nmulti-array biosensors. In that case a surroundi ng
sensor elenent 11 may fulfill the functionalit
donduct or Aupagngtisisenspizevictaecoidipainekyss b RS J}]’ﬁ’v 8K ag{éﬂher
B A Gbe BT B2004] (51329 27, ANy

i 0- chi p. . :
RRRERT B CEAGOT Pl & EBHGF F e Nl 5 P e e A i genebr
eli2fyanting(tieljrstdrq@ensubst rat e (10), at |east one
magnetic field generator (12) for generating a
magnetic field on the substrate (10), characterLzegﬁ%n
that cr osst magnkticssansor dexist eRorAiBg iy 1. gy Bordy WhYRp 2 figper

R (e e ﬁ}z‘g‘“@f* el

netic f
gemeenseting therposs-tatk signal pigiaitng frowdhia 2y QU BEngE f%fda‘%e?%%"r
[ ﬁzzglhgﬁg@tg@ firktFregddn€h) t he device is suited to detect
t he 'presence of at |east one magnetic particle (15),
the device further conprising a sensor circuit (3) )
CONpri si NG\ mhgetimgnet davics enerding & anprefithe previgys cfagzps, wherein
sensi a_magnet i.c, pr ] 8nt (11) are
R e P e R 1 B e S8 o (1)
r pdsaibed atjecentreciyeive peave ol subsietrddy)e field. 3. A magnetic
sensor device according to claim1, wherein the
cross-tal k suppression neans (2) co

: i rrEr | ,Sez aé]d erein said at
elBct r ost ah Mesnshs N ARYica aFPEmE(SHY ChEEmsd i RE
RO FagR@R RN cBhei®N12) ANdsitidhed bangsatsii sibbterded 10) and said
generator. 4. A nagnetic sensor device according to
cmagniiorsepior demgnpd Dby | east one magnetic field
generator (12) having a first frequency and the

netic sensor .el ement . (1 | Qdnacneti

P?gquency,gﬂﬁ?Fgf%m?ﬁgm%%géégﬁgﬁiaggggﬁggsioﬁgﬁ%gﬁ?“ﬂ
( 2pmanip) fysedn eplewt wherelh said reapnesisdiglddiensratord i) dhopigoned
means (23%de |3 hdii0 Gk Bl Rght A WRERe fuliRer tdakiitic field
f?@‘ﬁ%%@?gﬁﬁgﬁFﬁgiggg%%gﬁg%e%dgngy. 5 A éaé%etic
s eemsror (18 ispesitioned prith gPregtesida P magnetc sepppelepent bk 2
0 Qﬁle%gﬁﬁlt\biﬁl respect to a direction perpendicular (30) to the plane of the magnetic

sensor element (11).




field generator (12) having a first frequency and a
first phase and the output signal of the magnetic

weemsmiodBenment (11) having the first frequencycamsload4/051329
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second phase equal to the first phase and a phase

shift caused by the cross-tal k, wherein the cross-talk
BHNPO48ST on neans (2) conprises electrical phaseCT/IB2004/051329
di sti ngui shing means (50) for distinguishing between

the first phase and the second phase. PHNLO40857

PCT/ 1B2004/ 051329 28 6. A magnetic sensor_ devi

agcor di ngAmagestiy sepfor fevicegpeding e claims;s ipg Y- tm?gﬁ?tf? SPie

gl@%@ﬁ“ 1§ lyﬁﬂg% g RNERAEIR Baid &@neﬁ&[ﬂ&f def@8018(1 DasEbsitiboed

an ac current source t
L G o B TS e 8, 4
@9‘6'1%5@6&@ bfline gpﬁoﬂteﬁnde\l&hﬁé Ellaghetl(hRnE@r elemetnt O) 4t 3@jmegfosition

ﬁ‘fltﬁﬁ%ge&%gﬁ fﬁﬁ@?ﬁé@ﬁﬂeﬂoghe oL 01 e RELBRAGIGHRMont @1 e

nei ghbor hood of the magnetic sensor el enent. 8 A
gnetic gensor. hPg ahyPorGhedhrdiRoud claifis Frthérmore
\r/{Eer ein aif ualg{lehlcg&\rgr(g%%gt@a%g&??e%kg e%ere?tror u(?Lall b)
gempisaigasazs fsreb@mdmgg g pucenfipian %HP%HGF‘HPWF% uency for
conpensating the cross-tal k signal originating from

the at | east one nmagnetic field i ng
tihe first AfPapEHEseyor dgvicegery %‘P%le? i‘ﬁ?g‘?eléi‘?? ")c'eansa%r
HeeRifth 8 cdnBenbrhtin FBmgneti pa?tlcwé c@pprisiserphiraitypoffmagbdtie field
magnetic field generator (12b) has an anti-phase
EGYFEME or an inverse voltage for conmpensating the
cross-tal k signal originating fromthe at | east one
n?gnet ic fiel det%% %or%? e dot@flihe RN 95 ttﬂ%@nécghé'tﬁgensor element
fl equency Fe€ensor devi ce accor d %
dyiyg fa fidne vrheeml thmiurelit}a prsagngtisdiels agnesaigr ar%f""?“%‘h% %‘f Frat
el 20 seidfelnel Magneti ¢ sensor
r{ggg%ehq?s il Oglge pgglﬁ%’?%ﬁéené adj acent each ot her above
a substrate (10). 11. A magnetic sensor device
agcordi ng g Hagdtiic s@tfsoﬁeallcé‘@:cardih@togmy vithe ﬁb\ﬁlou’s alathsatvherein a

I t t d t
b@{?{%@}%@iﬂg&& ggﬂlg{s:ﬁtlgﬁeg lbftygﬁnqg%rga%&m%ens))r elle e?tga%g éﬂﬁg{oll@gt one

eh@mertfic(dlberatddn thd op@lmesand a s@n@@rondbﬁwﬂ@e hagdcor di ng

to clains 8 or 9, the magnetic sensor elenent (11)

lying in a plane, wherein said nagnetic field

gEsner at or A hanelicsersosdevico psording form Af theprevieys gleings Whatgin the

ma I SHEP 3t dnikitda@ed ovegnet i c
%ngﬁc t%ldzgi'%g%%ér(?if %é&%%)sﬁrtﬁﬁgr%ed on thégﬁoppo& te

SI de of the magneti c sensor elenent (11) at a sane

pRsi ti on Wi hhok@sRRet ddviRe @ dbifharihichin e whesiditeuéming circuit

(30) to the %ane of _the magnetic sensor el enent

(@lyomﬂm@m@sw@éﬂ PB2004/ 051329 29 13. A magnetic

sensor deV|ce accordlng to clainms 8 or 9, the magnetic

sensor ele

ndgnetic f Ella%ile esr? i %{eénrcgf Tﬁﬁdﬁ{g% g@?ﬁ:l nglgﬁsga%gécgﬁ%mm

o8] agd@icaénsoiteiemeBignembgnewarEtive f@h@h@mﬂen( 11) and a

further magnetic field generator (12') is positioned

on the opposite side of the nagnetic sensor elenment .
(11) at a A amEneposshior dgyice according to any of the previous claims, wherein the

at least one magnetic particle (15) is a magnetic label coupled to a biological molecule.



with respect to a direction parallel to the plane of
the magnetic sensor elenent (11). 14. A magnetic
weemsmiodavi ce according to any of the previ ousCThBion®()51329
furthernore conprising nmeans for determning a
concentration of magnetic particles. 15. A magnetic
SHNEOM088EVI ce according to claim14, wherein thegmeBIe4/051329
for determ ning a concentration of magnetic particles
conprises a plurality of nageetic field generators.
16. A magnetic sensor device according to_claim15,
£he magneUieof emmgnetio saapas deviqeyts plaintes inpnp pEARPreYipHs Clajugs for
tRe ﬁ%r%a%hés’fiys b%lo%f@gs@ﬁ le Gndlys@! & caRned anpleenalyss. | ocat ed
at different levels wth respect to the plane of the
magnetic sensor element. 17. A magnetic sensor device
according to any of the previous clains, wherein a
flux guiding |layer (38) is positioned between the
magnetic sensor element and the at | east one magnetic
field generator on the one hand, and a substrate on
the other hand. 18. A magnetic sensor device according
to any of the previous clainms, wherein the nagnetic
field generator (12) and the sensor circuit (3) form
an integrated circuit. 19. A magnetic sensor device as
clainmed in claim 18, wherein the sensing circuit (3)
conprises a storage neans (33). 20. A nagnetic sensor
devi ce according to any of the previous clains,
wherei n said magnetic sensor elenent is a
magnet o-resi stive sensor elenent. 21. A nagnetic
sensor device according to any of the previous clains,
wherein the at | east one magnetic particle (15) is a
magneti c | abel coupled to a biol ogica
nol ecul e. PHNL0O40857 PCT/ 1 B2004/ 051329 30 22. Use of
the magnetic sensor device as clained in any of the
previous clainms for nol ecul ar di agnostics bi ol ogi cal
sanpl e anal ysis, or chem cal sanple analysis.



