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the presence of at |east one magnetic particle, the

magneti c sensor device conprising: - a magnetic sensor
ePRNENP949n a substrate, - a magnetic field gener &conB2004/051297
for generating an ac nmagnetic field, - a sensor

circuit conprising the nmagnetilc sensor el enment for
sensing a nmagnetic property of the at |east one
naRrARIP MaensHY RarticleseRip Wit rREE SR property is rel ated
to the ac magnetic field. The invention further
relates to a nmethod for determining the presence of at
| east one magnetic particle, the nethod conprising the
steps of: - generating an ac magnetic field in the
vicinity of a magnetic sensor elenent, - sensing with
the magnetic sensor elenment a nagnetic property of the
at | east dlhe invergioe talatesjas magiketéc sphrocdevivain deteranninechepresgnce
aE ﬁLs@Br%qna?f?etﬁ: Bﬁnag étic%erfsbreieQCe EBR%nhﬁE roduction
nlcro arrays or |00E%ps is revolutionizing the
anaIyS|s ofa TEAERTHIE 6sqr Glemenian e g8¥ESr i bonucl ei ¢ aci d),

RNA (i bonuGh#hdic ﬁﬁlﬂ@nerﬂr%r%br&f&tméﬁi chna@ﬁHﬁc ¢eb)
fragnments, tissue el enents, etc. tlong)rare e.

human genotiPBIsAgIeYt ‘@mpf‘ﬂn%%‘é‘ﬁﬁnﬁﬁ ’i‘ﬁor §P90h ?ﬁ“ﬂ%ﬁ
d@ednetiSpréfferti b thes JeastRACihank i pagicleathichaagadtic pMperty is related to

0 phar macol ogi cal research. Bi ochi ps,
{hgscrg%%n?té’&%gl?osensor chi ps, biological mcrochips,

g e n e- chi psTheinvBitién ﬁhihpxsrﬁlatcsotnsmsethoqi for déterimining thppresstce of at
r%fma ne%ld 2%‘&151@% ombﬁiﬂl tl?ersga s nber of

eren es are ttac ed, on well
def i ned r egemﬁ@mgam rm@age«mc eldfimthopMickaity phs rergnstiserspr element,

ol ecul e fragiBRif tehondlic Genbd® eﬁﬁeﬁ@%aﬁﬂe‘ﬁd pfopétyldr e af 1Bast

they are erfectl mat ched. For %da a frag nt of
aowgﬂ%lp e@m %WB‘FWaég“F%C RPRSTY il R dlinse %ﬁ
(c-DNA) notre @rhlﬂoalictlf)ﬂ’ (&glﬂeﬁtarraﬁhemwﬁw s Iemlom‘fzmgthe analysis of

]? %;a%% e% g)é @ﬁ@c Pakyé gnuf; g,tamg}. gﬁAgnb nucacg(f' acu%ﬁ rotem c%lﬁ edSce:ll
t Bagoentriadug ziegents] hﬂcsAmﬂlgatuonme ¢ éulafm gencttyplmgieana hgspigals or
PPk AR i Hnued) Aol 'il%ar B a{mgdbl%gw o JHRl ARSI

l'ecu ragnents in
Oeeeatshochi p can hol d assays for 10-1000 or nore

di fferent gplygsUBalled BBRERRNTShipd, biologicA%REEIASA, %eh@&hlﬂstbﬁ
useful ness of information that can beconme avai

f P chie copsist igfhepisgnplisiermypf 3 substiede amwhich aj3reg pymbg; Pﬁeqﬁﬁefem

t ﬂ@beﬁﬁmdﬂgs gle efdied, @siitiNeRRA 94PonP e the aa@@dlmaiﬁelzcuﬂes ar
resu

awale?uge] fa@w_erlx}b hgtfaheiﬂ) zg gjghfz?dhcgl? Emgn‘% nﬂ%y are per?enﬁy matoﬂle% Cho‘r

example, a fragment of a DNA molecule binds to one unique complementary DNA (¢-DNA)
molecular fragment. The occurrence of a binding reaction can be detected, e.g. by using
fluorescent markers that are coupled to the molecules to be analyzed. This provides the
ability to analyze small amounts of a large number of different molecules or molecular
fragments in parallel, in a short time. One biochip can hold assays for 10-1000 or more
different molecular fragments. It is expected ’that the usefulness of information that can

become available from the use of biochips will increase rapidly during the coming decade, as



functions of genes and proteins. G Li et al. describe
in "Detection of single mcron-sized magnetic bead and
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bi ol ogi cal applications”, Journal of Applied Physics,
Vol . 93, nunber 10, pp. 7557 7559, 15 May 2003, a

s BHINE@30549 spi n-val ve sensors for the detection ofPGI/IB2004/051297

si ngl e super paranmagneti ¢ bead. The magnetic beads are
| abel s for biological noleculé&s. The sensor chip
conprises a \Weatstone bridge _confi gur tion

parePuliy Peogsgis sych st Fymam Gerome EFost éndsfP 9v5Ep i“ﬁ*f‘éﬂl

t hgcthi §f gaid aidyoteihd. - chip resistors (R and R2). The
sensor chip is placed in a gap of two orthogonal

el ectromagnets in such a way that the |ongitudinal

di rection of the spin valve strips is aligned with a
dc bias figld e J 4

de bias T1&ldh a%%lgbe%g H%@&@@X@ﬁ@gﬁg@Q&éaﬂﬁagﬁafc%l%ld%d
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or t hogonal ac nag netic field, one observed
ERGPREY T @% fatctipieel a(smse seReEgRmagnstiv et die @%@%ﬂbeﬁ‘gﬁ 2 gbels

e BRlokalGhianebies. f i el d from t he bead that partially
cancel ['ed t.he a%gjlhl ed fields to

val ve. A .
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Ref erence stri net or es
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eVI ce avi an | nproveda si gna to noise ratio
(em)le cinmw@@z(@bsp@rpﬂeebﬁ@@/ 051297 The obj ect

according @ atdﬁﬁd\ﬂaﬂ!{@mfklﬁ@bdvﬁ syfehi B ed abHWevEI'Sl@&gﬁah@) -noise
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W oY)

o (VR eI Of BoiBpsert g gl nghey wisen fgioppas a
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s hﬂsmnlyeheedrﬁmr&e béteenfthe mxysertch e aékeecﬂ afemingle hesds e
properties of the electronic sensing circuit such as
anplifiers used

It is an object of the present invention to provide a device of the type
mentioned in the opening paragraph, the device having an improved signal to noise ratio

(SNR).



(e.g. noise, offset, drift) and by unwanted nmagnetic
fields. The invention is based on the insight that in
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100 Hz, the 1/f noise of the magnetic sensor el enent

dom nates. 1/f noise is caused by point-to-point

f PHOLOMWO#DNs of the current and is proportional trcTiiB®004/051297
i nverse of the frequency. In magnetoresistive sensors

1/f noise originates frommagreetic fluctuations in the
free layer. \Wen the frequency of the %enerated ac
magnetic f Thel icpigicening o t qﬁr‘“"ﬁ’&tﬂ}és achigys ‘i‘ﬁtﬁ@t‘?aﬁ@et‘fﬁﬂd

n %é&f?atdr & pPds€Hd bf ih6 Abbtka¥e dn@ Bhueetked RipatRd: 4 BequdiRy PIr100HzZ or
art (e.g. Li uses 40 Hz), resulting in an inproved

P | to noise ratio (SNR). It is advantageous when

t he frequemigyhoit levlef the maggiedchsor ﬁdveb ¢ dewrnfinedtblgeeveral noise
Ingézugc%gl?ug & byg@ecp\é%s%rgzg 8 mear neetlf)no Vntg}gee I 1R ;glxet ceser(s'c}x[y ei%%eﬁ{s }tself
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GR-/TZF% ?&ﬁ &t ang)Va\%?]ﬁ){ Wahf’ééi Ra gﬁ%dsf ”fl%qﬁ\%ﬁ]tﬁ% if t_%?]e'd or the

€ Nnol se econes dom nant .
vvliﬂStgb,ﬁbﬂt gether levditeayeney reime. freqyensics £-5hglomy108 e the Hpaise of

?héﬁ@ sénbcﬁnefemeﬁt Qloﬁ'—ifngtgi 1k QoiR8s daked bl Qoﬁtetegbiﬂt fRuciBtichS of
rmgne ic fiel a_high freq uenEFy“%F conduct

i Heagrat @ lwomﬁ@n@lﬁwﬁ inipiee gidhh e rbra@aeetmlﬁwe sgsors 1/f
a%o@d’cfrfgﬁﬁfes fr6m sRfetic Tittuafisre tituﬁé’lﬂge IQfer tWien &1etﬁequaacty| dfiche

ma % c fglla %{e gcc ﬁﬁ?‘gﬁ-gg%lgu%r ag?vg g[E oamna%ﬂge II/P nmseei‘s P gmf%antly

e |r<&10¢eﬂ eomppneltts the anorartl(gg. dpeeaticint redubing fir aaqmgnmdegndﬁo
a An addi tional advantage of using a
c%ﬁg ra% é%RE%h as a wre, a strip etc, is that

rel ati vel yltispdvaptparaus whenrescfergeenenofiihe asdnagestie figld is further

el eeb 0ROk v@lferettﬁéffhagrﬁél NhitdNyquidh) hdlseliNRT beashid a&ﬂlgﬁlt ber
that the magnetic field generator is nechanical

a|tl}e91{félﬁls§ l@v Hlé) tp‘z‘asgl}:pélfq Qf tlgeéﬁvgptﬁré 1t| tgﬂ}@ oult Watdn GMR sezsors above a
WRLratri@feNdudRy £, ~B0ikSlz 8¢ AeftBal WiRe MR Bedoes Cunifintd The white-
al i gnnent bet ween elect# ngﬁget ang sensor during a
n@@§d€€ﬁ@ﬁﬁsﬁ?gﬁgﬁﬁﬂgac RECREERECT €M el d gener at or
and the senlSirdgtoterabld td gefidite freacinttiRgic ditlddvitha htghé‘req:d?tncpy, a
Thi s reqver
et O e PR e M SRRSO e MO e
tmgmdaweﬁﬂwghmmﬁmgu@QEUQ@ﬂ®@mbemh@ﬁnﬂmn@muoﬂmmgmamrwhﬂe
! %E&Lo‘?na gr%ts%%sgg 'TFI«%L, 1@3?#0%%%%% %arp&ly%bet%fe a@%w%eqt@n&&mf Bbout
i ntegration of al tﬁe conhections to the sensor

elleifgtz 4n addiiond edvepings af gsieg & wpducyr Hisk arrekire s siHpP eigds Bt
0 '?el;ﬁf%l? 1(J3vxt 'ﬂﬁvepfs fnee‘agﬁ &mpl@d 1 i élé&r&rﬁ%ﬂ&@k #he bﬁ‘& ait| A Q¥¥Ber

| evel netallization schenes
i ﬁ@‘@aﬁa%& ig thatthe magneticdisld gg?ﬁf%ﬂr{l@%%@“béﬂlf%ﬁ dhsAmagactis g7

séﬁbﬁg BYGSH & REIEIGRB WHNTIES fvoRk 66 hEddTorcarefulaligniett bétlvben
detectlon and control functio e.g. locally

(
m? SAmaRRsh 9GS PSP IR AP RCRHYE PES ™ Thi s has t he
f oI | owi ng asbramheipeistd gendrdtoramdkibs sdnkieg ciseit odn be kypegragid\oe one

an 1pI ﬁirsga?lo&l P %Egryp go'n?pacq g};ﬂ%&t M%ﬁo%\{ %%plurality of magnetic sensor

elements are present for the detection of magnetic particles functioning as labels to biological

molecules on an array or biochip, integration of all the connections to the sensor elements
and the sensing circuits becomes much easier on chip than off chip. Thin film technologies

allows multilevel metallization schemes and compact integrated circuit design.



unnecessary, - it provides the possibility to further

enhance the areal density of probed nolecules, - it
wenh@nees2speed, accuracy and reliability, - i PCI/IB2004/051297
decreases the amount of test volume required, and - it
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decreases | abor cost. Biochips can becone a nass
pPENLB0948hen t hey provi de an absol ut el y i nexpensiPc&/iB2004/051297
nmet hod for diagnostics, regardl ess of the venue (not
only in hospitals but also at4the sites of individual
doctors), and when their use leads tQ a reduction of

t he over al Theg@siatg,gan goniaimaectrapipsii fdfii all detection and control
MaeaRhOE 8Sb&lly ¥RassRMSASeRp&atre @id BVRIIENELs THYRIRWaEENt S
ca(& advant ageously be used to neasure slowly varying
pPOEEREEs such as in the field of nolecul ar

di agnost i cdt hddeXthe uselef exgemdg aeltlape®ptdal)etestimh eysiemb s, a
ru eds, si ngl e-conmponent, m crofabricated detector nay
b‘é‘%% “Gdtced, that will simultaneously nonitor tens,
hundr eds, -tihwoddmtis possibdipet furfhel dnbanse b aeal gensitnefiprabed
Iﬁol%&le@dvant ageous enbodi nent the nagnetic sensor
element’ lies in a plane and there is a plurality of
magnet i ¢ gehrEpancesspechraewEasy andrpl@blitr al ity of nagnetic
field generigieefkseBdatdini et RnRtreflirtd, @ieent | evel s

Wi th respect to the plane of the nmagnetic sensor

el ement . [titqdeereaseslghar ik obj ect of the present

i nventi on BiGchiys @at deon dishmrddef wihdnehdy ppeideemstisdmeld i n

t he openin ragraph, the. method for, detect] f
GBI R PR P PGS P PR ED B! ffRoug g o
noi siees bihdivid (b} ars),Tand whiyj teit usabedsrtal 2 regudtion pifthe overall cost of

[ t .S .achieved in that the frequency of the ac
ng%\ée%%r#aglg%e?néptd is chosen at 100 Hz or above.

Pr ef er abl yMagnetofepigiiyq aqmeqys basedandBMR azt TMR glemeris Rher e
t Qﬁlaﬁtgh%lﬂ!@l be\WHdtt&médNe b'lbﬁfy%]va@ Rc&festitd alBGRERd Cof molecular

1 ey
sensor_el enent. _dom nates fhe 1?? noi se. of the magnetic
s BiAggptice (MREnYsingrRRgnpiefegsive Byigtialy A TieRy HRY!EsEqRRGRCHT, micro-
S bl idSed& a3t pddivyd, tHaewilGinhdtasqoedy hohiopfend, hedreds,

netjc sensgl:i elﬁ/%rrent.e The magnetic sensor el ement
c TRUAYS & SRRTGHOFREE*SEHEB:. 1 n those sensors based on

t he magnetlore sivabtageoes eefOf)céintnt thehmgdatit senodrskemens liesin g pldne

gé,élﬁhe?g{g g@ﬁi&gy%%gﬁ%%ﬁ%%& ﬁ,g; r.| B2004/ 051297 5 the

etization ee | ayer of the
sensor. ThBbefphudity efyragnetis figlh genseaipsy qap belopaigdet diffpreqt fraels
Gy REpeliVRiS SRROSthe MR Retc RERS clemedt. Pl Ural ity of
magneti ¢ gI?ir;?lrﬁ?rtthgrr osbj erc):’tr oef?heeq)trésentt Ii']n%enqi?ntl Poop(gov(%daer;l rr?e?hod of the type
mentioned in the opening paragraph, the method for detection of magnetic particles resulting
in an improved signal to noise ratio (SNR).
The object according to the invention is achieved in that the frequency of the
ac magnetic field is chosen at 100 Hz or above.
Preferably the frequency is chosen at a value where the thermal white
(Nyquist) noise of the magpetic sensor element dominates the 1/f noise of the magnetic
sensor element. The noise level in the detection system is dominated by the noise spectrum of
the magnetic sensor element. The magnetic sensor element can be a GMR or TMR sensor. In

those sensors based on the magnetoresistance effect, the 1/f noise is caused by fluctuations of



used advant ageously for determ ning a concentration of
magnetic particles as a function of |ocation of the

worgisdioazparticles, e.g. in a biological sanpPersBnnd/@51297
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m cro-array or biochip. Wienthe plurality of magnetic
fleld38enerators are located at different levels with

94% the plane of the magnetic sensor el enm®air/B2004/051297

the nethod all ows the distinction and determ nati on of
the surface concentration and5t he bul k concentrati on

of the magnetic_particles. Further, ?ﬂh net hod

stlip magetizahion disstionof the freqlay hihs FBRE-ghe rFFelaXfﬁB ﬁléetsf"ts““’e layer

Pafkd GVR Sr TMRAerdbd €ct i on per pendi cuI ar to the plane of

t he magnet | ensor as_t 0
par allel t eélsﬂb 61fa‘lagre Zmﬁ%néeﬁ% eneraté)res geg?n% et rﬁetlliod%an be

Fased mama@btelyrfma&mmmg t soncentratgdiniolf magnenmpamﬂeh @@Ia ﬁlawon ef
af(’)@ ltllort? c()jf th%: Ene;e%% dtlc d)lal%cg?gge‘%\ a)%loﬁ&éﬁgl% %g‘gcgg %?h]? bio?hip
mag netic pWhanitid Peality h@nmagdw@rﬁemat%are docpted at different levels
V\ﬁﬁﬁ fegﬁ&qgthg LR df A& BehdidkenSR ARHER! nfﬁ@ltneﬂﬂ@d ABwOE @isﬂﬁgon

nmeasurenent is carried out |n Oresﬂpce of
nengrieerngsign of thy Séléfaw?ﬂ@er&félrl?%fl}er‘?@lkﬁé%ﬂ the mgepeiic
Caidhe. 1k0Erae nBthéd BRHBBIY to BlflinadBe RitiMRA\he Mblinedt paAidles in

be electronlca i nt egr at ed th th ti "

oF dRetn AT BahOI T ofr Dot g SR WEL B biton

t p41R1 oS plaBe de&lminafgﬁéticameﬂ ietedteiton of an of f-chip

gener at ed Peo)r(%ceura% easu %t G cfalllb%t% rr}eﬁllgd &%lbé g%dhgcy %lrst%n
TS (ot 3s R TS A AT P

further enabl es nore ac
rrmagmnceﬁmmeaeratﬁd byuthe m%nemfmaeagewﬂ(% istrheasusedain h@ﬁncﬁ ef m

f ﬁgéng{lc &gldeg efhé me%).u%ﬁ‘l@ﬁ‘%ﬁué Eglﬁﬁé&&ﬁfr&xﬂﬂfe h(gl'ﬂﬂ ﬁi%és@r@ment value
and ot her characteristics, features and

aehiziradadesa mrasurBen iscaBind Oft i BRPESAceH Mesnste pavieles.

?pﬁar ent leQthtbPa?iné ﬁikés@t‘t&rr]l&? ﬁﬂ@é @h b@ﬂor@@ﬁa(érnhdﬁioh’}() Buch as an
aken in_conjunction w

WA P it B el legted P ARG S REPBIT AR B0

t RiasihdaiR it brdshe cflipi s description is given for the sake

of exanpl eBcfﬁuéX %th'lst no%légd ar %)gﬁca{](gl c%f Ql?otz %I?E%en%;a eh Ig)?c%mal

i nvention erence
t megrati¢ i) 6@ ndisalerah g furtiegbe reducesh avdshus enablps terd agcurate

Ir %QJSSE E}g@tA' il e9£ Qntgge (?sstgé]&%?letqgﬁﬂ £8or JF 't&%bm)'s&sor:l-&ar?a@éj

et a| a probe el enment provided
brandizwgiosi t es abI e to selectively bind tar get sanpl e,.

and nagnetiesd 1Al e chirsdt@Stidd Sbdigteschnt 86lahtiged bf the present

' dénrtleCt l %&gﬁ&gpt@%f %rgg @%}yl%@é% n@éd%e%j:ﬁptg)ln: ! eg 1n conJunctlon
C KVQE fhe 5@61&11)@1916& dMWBl‘gé @»ﬂnca 111:‘\1@!.’(‘8@ by dﬁ,}wf@mnﬁﬂe; aie @timgpldsef the
oan?Pélﬁlh Is gesrgxa& op 81 géven ?95%5) g’lg; )Lapn\f) t}llord% @&?%ntﬁe scope
v bt infentiors Ehsreferetediigsequated below mgjertt@tht hl@clﬁqd rdgawings.

enbodi nent of the present invention in the presence of
magneti c particles.

Fig. 1A shows a schematic representation of a biosensor device.
Figs. 1B, 1C and 1D show details of a probe element provided with binding
sites able to selectively bind target sample, and magnetic nanoparticles being directly or

indirectly bound to the target sample in different ways.



Fig. 4 is a schematic view of a detection nethod
according to the first enbodi nent of the present

wonvesiean. Fig. 5 shows the magnet or esi st ancePCT/IB2004/051297
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characteristic of a GVR sensor elenent, the ac

netic field, and the resulting GVWR output signal.
FENLUB094 a graph of the magnetic nmoment of a nMR@ATAE2004/051297
nano-particle as a function of an applied nagnetic
field. Fig. 7 is a detail of ﬁhe nmagneti zation curve
of Fig. 6. . 8 shows sche ically. the g om
noi se speth‘g*a%a(fFOSfﬁe@“ 19 nSQT fceoging o %ﬂfts a
CdnBSImBRAQK ihe Prbenvinentiaf inabssareodmaghend meickecor ding to a

Secon d eg‘g:o d 5 rlgean tI‘OSQ—SCC%lOHa} V§§F SteIlSOP(y gfgg ﬁc%& dll’lg lt(r& ? %Tgt It 2

a Cross- Fonal VI ew o nsor device acco
aenttoilin@ntenftie giesmninvepfiort ihehemr@mmpf hagudistoadieles. Fi g. 11

shows a c qﬂ% LAy §c aﬁé vifw ?P%&‘t:eul X é?lg;%%gco}%ﬂgho [nirst

conductors as used In an rth ment of the
pameboditnent] of the repyhinverfign. 12 is a cross sectional view

of a sensqyg g%Hdvs%@heaﬁfgﬁét&b%nt:@c}faﬁ&eﬁsﬂ&lBﬂmm@@bﬁ%ﬁient,
of the pr esent i nventjon. %1 af a schematic view
tR)de‘&P h

ofhe a¢ eneticriielnandgheieylipg FMRs e sensor device
accordin g 111@ 6t1§uagr£;mw thb npieadmoRat obf migheticpiaeseamicle as a

vent i cross section of a sensor
dg‘g‘i’f‘PPB aplﬁl‘e?ﬁ’ég‘ﬁ’fl? 1g?lglart and illustrating chip area
di mensi onsig. Fiiga deldd of the magmebzsios@cteiofhigof. a sensor

devi ce ac CI:‘QV%%ISR(%VS S e&gt?cag)pﬁ'{ﬁ lidhniftdRP QQ%QE%HWQ b thl GMR sensor

present invention show n I'p area nsi ons.
l€8emamt.a cross sectional view of a sensor device

accordi ng ﬂl% 0ds f ér(gsts Rec@HRPHENBIY seRbr ddiRe RIERB Yo a second
invention. Fig is a cross sectional view of a

s@ﬁ@élfneafé\fﬂ@@rea%wm’ﬂ% to a sixth enbodi nent of the

pr esent i W@ r]l) isQtrosEbe@tiondiBridviofa sedsOiSBviseRtdrdingdo athigv
vi ce according to an seventh enbodi nent

of a Og
‘Fmbtoﬂ’glebtr g‘ér‘i’fes‘f“ﬁ\?éﬁ’flf”bn In the different Figs., the
sane r ef ermg a e stowg 8 comitafiatipn dfn ma’geet'satmor(yﬁthawabcmgms as used

el e 03 P / 051297 The present
1n an emwurnlaeng%% r&l tér@%rg%ﬁ

|nven R SCr1 th respect to particular
enbodi mentBe da i asrashsestidnalrvéaved atsenseraevied ascaidingonpsfostiy

t{h@gohﬂl\éﬁn}fﬁ%g)rés&t RQintibd. M ted thereto but only by the
raw ngs described are only schematjc and
are non-| ifgtlpi g scheppatlc view of a detection method for use with the sensor

device according to the fourth embodiment of the present invention.

Fig. 14 is a cross section of a sensor described in the prior art and illustrating
chip area dimensions.

Fig. 15 is a cross section of a sensor device according to the fourth
embodiment of the present invention showing chip area dimensions.

Fig. 16 is a cross sectional view of a sensor device according to a fifth
embodiment of the present invention.

Fig. 17 is a cross sectional view of a sensor device according to a sixth
embodiment of the present invention.

Fig. 18 is a cross sectional view of a sensor device according to an seventh
embodiment of the present invention.

In the different Figs., the same reference Figs. refer to the same or analogous elements.



t he draw ngs, the size of sonme of the elements may be
exaggerated and not drawn on scale for illustrative

wouoodes2 Where the term "conprising” i s usedPCWIBive4/051297
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present description and clains, it does not exclude

ot her elements or steps. Were an indefinite or
daiNHBOE%article is used when referring to a si nguir/a2004/051297
noun e.g. "a" or "an", "the", this includes a plura

of that noun unl ess sonething7else is specifically

stated. A biosensor device 50 is represented

schematically in Fig. 1A It conprises a cartridge

housi ng 51, chanbers 52 and/ or channels for containing

the materi ana
bi ochi p 541%3 ﬂiﬁgn pﬁ@ﬂ? ‘ié@ flgscré eg Ut ﬁé% tch p%{Fcular
Nénibodiridfitk mmlﬂlesiereﬁde&@&riﬁmdmmﬁ bayls)inwnticanged limiedsthereto

| t t t e
;l&t %‘”ﬂ¥ E;étgs frn%ls e dr np eﬁe@‘cnbféd are g%légc%?lg‘lalc d Qrg norﬁllmgﬁré% In

ma O achl eve
tthe draginga,l the sinclofspreed. thd dlenteats niag belexpigbeatediand uot deawg on geale
t 1%? pgé)ogeg Wheﬁmmﬁﬁ ?ﬁﬁnge Qﬂfs@d i ltH?:Q)rQeI@ a&t:ﬂlﬁﬁ%n and
rand probes. can

bazimh rlfefbeSdiOh@iq@ﬁW%ﬂr elepapiag] eV hers AR iﬂﬁ@f nifg Oh%?ﬁyﬁ%?gwle is

1QePQnétdiRg f%'ltsméﬁfn%ﬁn &t "bhR "SAMhet, kiEinclbdes a bliel 6fhap
54 can be manufactured_ npre sj rrply with as few as 10

dup arles eompding Alse i PG it he time. In addition to
genetic apapblbséador @Nfe (sdeeqﬂesagedgelmﬁqauy heFidilaci cenphides a

E?agg%ﬁﬁggsﬁgesﬁj Cél eOX ZC 9l 0 Cc:h% alel(_s:g iy cc()ftamlrrl]%th? mgterlal e, Og analyte to
St bl zell) and & Bioehdy ﬁhTheobloqmm'Se\xea @billemaexsef lmiela‘@umdmst sites (micro-
dar?n_gp%an edf’l(ghda slgL({ éu@a&l t¥at Eérﬁﬁ‘[?fﬁgﬂgqgkts t?bé)ﬂe%me@ aﬁt‘ﬁe same time

a su surface at | east
omerdeptoafhieva bigyeréilrmgmla Ialilft speegf It pancs divigled ko ters A troysansts af

aﬁrﬁfal:hmrelaéﬁ%nﬁnﬁé BiRstiot ﬁgﬁaﬁesaﬁg QY& DRIA skr&ﬂﬁ)r &fe§ It can
its surface. The probe el ement 55 |ﬁ§q%aow

bbentajieﬁ @n@psgc@gl @Bablesqféqqmg)g ag Py é%q éh PSF@/S at the same time.
no}, aehigS4 @a[n b@ﬂiahﬁ’&ﬁhr&ﬁmo@ blh@lytw‘ith&e Feocds 110 eiffgrebt a’sﬁyﬁunnmg

target s € 57 su X le a.tar
Sﬁé’g‘? %}%&WO%thlexbegﬁ app iﬁasylo%s (gefc e genes the Engrgg it %sed
niltedaslogichlngabtein gmd bieciwotqal estatch, uaclmaxalrdlaenos@cscﬁnd scientific
potential use . re:

B S tpal$3E ol el R o IR ERR e o
DNA RNA hyA bioghdp 54gomiprigse 2 eubstrRiLVithrad Hs Furfacsial l§pps one, preferably a

I\Elﬁ %f ﬁ%edare%g 'E@Mﬁ)rﬁfe%re\ﬁ@erhprlﬁ&cbvﬂﬂobe 2leREA 58 bR aOlBast part of
or W thout nodifijications

i suﬁefm s PYW%?H" FINA PEAVISEH Wish RipdiResiis 6 AR grample
IbihdlSg Mbibdulck BeanByaRs QbR t@ie%ﬁ’@[yﬂmﬂfa tyeA Sdmplas/Esuttes Mor

gu bl i ég% eé_glsgﬂiléeg%%_ﬁ?f?ﬂoé ﬁ%s ac %éy 51g§§a11§ﬁ%1|v? molecule that can be

nedupleditoesmatbLic b @niidhhicdh thiw applickiigabdsmplesaress- | i nked
as such to u&fe}a 01?% eIS’NA V}g\"flA gﬂ%i%%? ?I%Q%Elaﬁ&‘eg FDNXH@\IA hybrids,

items spott

| b arvigeutafodifioativou Ndslel.c sti¢ brrays arpepll kabavipr ot ei n

: : g[ g[ : :2 - B ibiBORUGHARE LR, WiltBE@dafRatiohd) RigPintiBddies, DNA or
RNA binding.proteins. Recently, grids with the complete proteome of yeast have been

published.

- Oligo- or polysaccharides or sugars
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There exist different possibilities to connect
magnetic particles to a target sanple, exanples of

types of magnetic particles which can be used with the
present invention are described by Us Hafeli et al.

i BANIGEP¥At i fi c and A inical Applications of Magnetiis2004/051297

Carriers", Plenum Press, New York, 1597, | SBN
0- 306-45687-7. In Fig. IB, sefsor nol ecul es 58 | abel ed
with magnetic particles 15 are able to Sﬁi| e%tive

bi nd t ar getSmahmglearias7uch AR AP L EPE B 4P ?CLX) a matrix
PR {0r sPRE: m@ecllle. SCreeni ng i n whi ch DNA bi ndi ng

pr ot ei ns a certain tissue.extract bi 10 i

o ha i s RGeSl Bp i e Sur SOk Boddufls, such
s @eptide/@tein libravies, ylidonadebtidys dibiafiescinbiitor librati¢si s exanpl e

a sensor Lecul.e. : Ve L A0
o oups_or apea R aRAST hRAGhiaR RS A
ningleLxermple of high are alsvimie Figs.d Bpl & sWd PaBifisregiyaes obRggoetic
aﬁaﬁc@s 1B Hntt@ Bled with thelphBerft 896nti8h ar@ dEbfitRE by BRAHE et al. in
tal _for-ma e sensor nol ecul es can be used ﬁ’*f% Ng/n e
s'Seisatficrngd Glinisn! Appliceiions of MagastisLrarmiersyy dRum AT gﬁ{Pﬂf@”Z
peBlNa R diséory. assuned protein-protein interaction, an
anti body i s_an_obvi ous. choi . t h, nonog¢l onal d

pol ycl onal™ Bt }336%%?0}?69%%%@@% W%K?ag??gﬁ\ﬁarﬁlcﬁesagﬁr.e able to
| Blect@yroiditagdd adntpieci7e Whibraadom semdlies ere pérforiperipgd. scertitpsn

tar.ge le 57. ln Fig. . I .
o S E gl ofy i giie S eh RO ARIRY et of
iclebtivefsitlg. serls® mdlenlg shoukldiapd @veRy7broast speskfisite dn thi exempls &
6Qnsq %S%KI%\LVI X g?c@r feahi98towaAIRhRo ?rgu;%%r EhrboRl, Qlobpicatdasd

sanglbe el ectively bound I ndi ng_sSites 56,
Sesaib Othenseaton melscules With ageactiyersapip AT sYearsaBf G Ao sttable.
MRAREtiCorRaidct h@s thbr-Ab® sehbemblecuie ok uyeley. Whdkch t he

| abel s 60 on the t,arget sa} | e. 57.f Agfflﬁnd th . netic
peTias WEh LOBRGEHRGT PRER PASGRETTEo AL TR SO LERp
Sifiteralti®@), frld€ibddg i an @badustcheicdd Batt riopockohaliagd palydlapkl aptilsdies
Each pro | ement. i S _PLOoVi ' i ndi '
S N
osamp@&sFed over the probe elenent 55, and if the

bi ndi ng si Igﬁgbﬁgé@qgﬁ%%ﬁ@mﬁ&e&ﬁm Giredly (1B by ddfdic

bind to eac gnetic particles 15 are directly
orarfighedilfect | y coupled to the target sanple 57, as

i 11 ustrat ed pighi;itfget sdnfPle s5Gs ABSed B.1abdi8 60./BAH Elhbeled target
S%I@%lg Zgg’)]ﬁ?ofi?pléétgﬁws&%g]le E’ﬁ\gﬁ 1%&%@ @hlglfd?or &g&irllgos?tes 56. Sensor
PadlcbBR 60 4.0 SspRvidR) beedprithasdghetic pareieits Brard blectty grleotivebw
B85Sl P BLLE T B W B e
t bangp roabetntgetismu@nsd.on wil |l be described referring to
magnet or erSh%tﬁ!ln\éﬁonﬂl%\é)ifﬁlg %iocl*ﬁb' §Abis QSQ‘fOfN)\@. E%o@é eld&Rt 55 is

devi ces,
provided with binding sites 56 of a certain type. Target sample 57 is presented to or passed

over the probe element 55, and if the binding sites 56 and the target sample 57 match, they
bind to each other. Magnetic particles 15 are directly or indirectly coupled to the target
sample 57, as illustrated in Figs. 1B, 1C and 1D. The magnetic particles 15 allow to read out
the information gathered by the biochip 54.

IB, 1C and |ID. D fferPemtiB2004/051297



part of the magnetic sensor device. However, the
invention is not limted thereto and can nake use of

wanyosamoabl e ki nd of magnetic sensor el enent, PEUAB208E051297
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for exanple a Hall sensor or a SQU D (superconducting
quantuminterference device). In a first enbodi nent

tHENI@848e according to the present invention isPaTIB2004/051297

bi osensor and will be described with respect to Fig. 2
and Fig. 3. The biosensor detects magnetic parti cl es
in a sanple such as a fluid, a |liquid,

vi sco- el adi erespatinYsRfionds ghept how t%ifeﬁﬁi Qut the i %tg"fﬁé jion ga@}‘lﬁrgd by the
NRELARLsY By BRkdsioEh ﬁ&gn@tﬁ{hexﬁbaﬁ/@vﬁﬂﬂlh the @dll&’ﬁ'ﬁ}g Itf&rpﬁesen%t/&htlon will

ﬂe%ﬁgée@hggp%ﬁ%f%ﬁﬁag[i ant 82 a tvffg suﬁh %1{/1%9%18[&( ’lalglitde%ce% as

m’aﬁfoemabiaynebeiem&be teve Hovand, tbODventipn mmotémpue@ﬂleneto@dd can
ale \é\%genof any su umlb rlclnd?’ 00a n,gnr%w %elx"lgor ?l@xgg}ﬁts'u& gkaﬁrg)?esa I%ﬁ'lr.l,ensor

an ap gnet |
farelsQU{2 (ﬂ}}pertdnéqctluaquahtem pragrferememdelic®) or they can h ave
a pernmanenf , ﬁﬁg&?&ohﬁlem{uce ARG B ANE ﬁr&eﬁ@ﬁv@htﬁ)ln

can be a congosme e.g si st %? one or nore small

niiesaeser and it bq depeaibed ‘ﬁ@ ré@e‘ﬁ |to ng 250 Big- 3 Jhgbiosensor etects
NERHERFPARL IS inFBERSIE Slch asASNQ BUQBS, alh€ a PidotdIBti€Bedium, a gel or

generate a non-zero response to u
RHECREPIE T B oo R LS L BT 0 NG e o

Slﬁéaﬁﬁﬁhicms having ableasp rfertiixpdnkibi tayiging bedyeet & nheandi $@d.nmThe

bst 0 ' | .
e fread B R St AR B e RaPRE By ot b
d:eagnetim pagicleepnesgirt @chagti¢ nemeho tuedol a dppkedi nagtig field (o they
R o he
Fleflve frarhdlo gf&%ggg} il pefiheERARH: nloMURITIcGHhendsd

any underlying materij al
opartigies 41 twas;ompfatte Aréycopist plsqag or jpre elﬁeihm%wt&?aﬁlcla%e\?iﬂéf‘eor

aatﬁélfe@ H)' dnoBlma@fkti® Qiafeﬁ?ﬁ' A 1ohgd¥ &He paﬁi&flebgkn&@té ﬁﬁéh zehﬂresponse to
ot her alternative enbodinments, this "sub [[T%ﬁ
'Hopes

i e frervency of wrAcasaRebe gl 1euKep they gererias %aﬁn%‘c gj“s"%i’
%:Jnh&@iﬁty,ﬂ)eﬂ&in'bbumar seni de (GaAs) a galli um ar seni de

osphi de f@jﬁﬁc':‘%‘?ayggrg?rgg 5 g’{;‘st?ate oy g%m%lkg éezin ifegrated circuit.

ger mani um n-ger mani um
SAI hstsushent stifee bﬁthda@avrcatseépmayed hychadptied e inelyig @mm@Flga?n In

ean Ofl%te;nlg It 1!119¥r%§ents h'\% Sth@tegh ﬁigstﬁfe” ﬁ‘llay &:lﬁ&%&ml’ ﬁiycﬁﬂylhé"

fo a semcon Ct or s Strate portl on. ThUS
t ineteriab prmateripstthan mey be usesl, prippuwhish gflevics, a GyFukqriap epitaxial layer

Cﬁﬁ}%@ f5rmed i th 'oﬂ:l@xrh‘lt%atg’la @1§§0dm§én{s| 03 sBEra8A R ikRde a
substrates.” The term "substrate” is._thus tc-i‘a%% 1
demigerdugionebaatesuehas e g adppstt Licep 2 slipn F&Sﬁft‘%a{ Jeglivg
aarkeawe bhd3phiRAGhA ), Sn Gdivnihesphkk (Inm 8 @ermtuhlﬁn rcm)umh sititom"
e&?gﬁ?ﬂl a&y %‘8 é@)étr%? q’ﬁ% sglfstrvg’ylg?y 1n?lﬁf‘eyf§r ex?moql? A 1n31gat1ng ?ayer

r @klesserii@,; eah Bl3lsi,elaymﬂﬁdﬂmorsuoIalsmnorpn@@sstzstrﬂgptason Thus, the

{(1'11# %:u gra erlgoqnocli]u% grlrg élaa{c ﬂl yn—&‘hégs Sﬁ%ﬂ-&ntggpphlre

erson WI
i subsirates. diine tegry “bstiatep isaghms meédo Mgeaen@ﬁllso@h@lﬁments for layers that

QLAY ﬁjaggxidﬁ)%ﬁrkm}s Q)ﬁ@%gegt EFJ/ theBLARE4OBRHE al%potﬁWBﬁsE bi®vhich

Sy stens person can sel’ect
smlamtzﬁ farmpds for gxamgle aglasgumeial I@Wf dn phe fellgwingedrence pjllbe made

apdieNCtbGLdintes FRERERESHIARSS hire BEAMEAY @84, but the skilled person

will appreciate that the present invention may be implemented based on other semiconductor
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The circuit may conprise a nmagnetoresistive sensor 11

as a sensor elenent and a magnetic field generator in
wohaeosfoaesaz of a conductor 12. The magnet or esi st PC®/1B2004/051297

sensor 11 nmay for exanple be a GVR or a TMR type

sensor. The magnetoresistive sensor 11 may for exanple

HHN.0309481 ongat ed, e.g. a | ong and narrow stri pePCT/IB2004/051297

geonetry but is not Iimted to this geonmetry. Sensor

11 and conductor 12 nay be poWitioned adjacent to each

other (Fig. 2) within a close distance The di.s anc;

gnaseriahysiams ek the skilgdperseiidn saiest Su{féﬂwa%erfa&ras ) the

bfel@tMBE Bondudtine ARekials d¥eib&L tglow?: mm The m nl nmum

di stance i.s determned b

and 3, a e 8{061}’[ éorglg%/ aé%ag,ngtOfeﬁ&}vg aen&cgc}l as a seH%)r ele ent
t&mah niagnehh flelé gmxafor iahd forn ofs qondictor nEik m:tgnetb,tesmye sensor 11

m% alheé(fam@e ?vlgﬁ{ or agﬁh{"(ﬁée s%gs&? :j"é% xin!i%lgto?éélgt?rgp&lg&qti m%l for

sexaigplt have anl elp@atGd org. ofong bral ngwes sfripelgeomattyebubis pepkintitgd forthis
F eglinﬁté' §<§1gorF|l dnd cdndfapdt %Qﬁbéﬂ%ﬁn&ﬁ&‘ sdidckM%o éclgbtﬁﬁ"%f'llg o

rragne oresi stive sensor accor di ng
p‘V’é@emloﬁe HiFiantei o hhe dBEnet s ket se S‘lé?é(ﬁéé Pﬂdlcfnfiugf%b?rla?byfor

SEARHIE by Gethvddn @ nfi & € tinf B.g PRIP MY infidihah dis@ndeRedepdramned Bfthe
the sensor device, in the draw ng the vertical

i RERSHSon or zdirection, a magnetic field 14, caused
by a cur r aﬂFlgfi Mdi3Ngcd- dsrmaatgrysﬁeines aonttattemditde thatsif the tensor

ect sensor 11 in absenc

I){l(se B é)ﬁl (%lf(%lé‘l @ yan% Fslbel Sf/rllsﬁlg ama(l:nu getec{s tl%e xg%)ﬁléb&ent of a
cmamhelmifmd 12 thier-ditesion bkrrewsitok divectjoretfities saasnol lpdhet driod in
115ﬁ'g Z&Jrﬂg %:%eé" ﬁlglcatés]theséexgsﬂg)e xRt Pﬁ oﬁﬁé ﬁl%@t‘)@gstlvzgén%r 11

ron I's preferably performed prior to any
nasaesding toeshe: Presov dnryertioneRpeees e patest | mhar@tyrfplssﬂwaw Vegiigetion

rendTBGR ES the pla@Ibf HERLRE Mk Bce, RARORAhE Gb Geriléal du’:bcﬁdh'ok g

material or a devmthmanetlc cogpqlgeeé 1%

t fiescting YyREBPHIEY s cavtrd by & A7 e hiopgh ey Mﬁ’% is not

NELHIRY bﬁ[}_ﬂ@eﬂiﬁﬂﬂl A dbftelteCaxinRgney ndnb@)alfﬂbled 5. By aygdyirte dutrent to
et nent mt rates. .di 3

CbP et Rk o Tk oA D B 3 (1 0h By ve

20 caiipyoteéThs cdlbraion tsipeefdradaperformedfpriotte aryen@@nenlellt Thus,

the nano- p\ﬁﬁetnla%!la ne]fém %LLI?&] s%aﬁ Q? gﬁgﬁ%‘eh&loﬁ 'n%lé%ull‘lnano-

into the sensiti Irection o ensor
i prdicisaltSeisoliy maierl@\m a@uxq it magetic cm@on@n@blﬁwhfemghb?rhqq#@f
NREP&kihGorf1h 8 divé%s‘ﬁ"ﬂiagltﬂatlb ﬁlofn@nttnhiﬁdléﬁéﬁyttﬁe\&ﬁld lines 16 in Fig. 3.

x-direction of the sensor 11, is sensed t he sensor
1Thedpagnetis omga: b fher graeraighatlansgrgy fsfds Wé%‘{ecm-l’la“e magnetic
25 NAOERMPohditsaS ailthe I@Elﬁloﬁ bRheRndt CLL QhusCté ﬁeﬁiﬂiparhde 1Rdeflects the
met hod det ction of ma netic nano- particle
TRt ] VO e SHBT FARE T ot it soRpod BRBeled pE Ry o i
[ S) Thel s@tnpadestcbfithe nkiggetic dield A, wbidhilsan tha gpnsitigrradirehiva (Of he
havi ng, a suitabl e JYSQ : -
%ensrﬁ)r a% S sensafs g %%se\ﬂ's%ﬁ ?{ %]d;yr eﬂgég OrI]l?fE/e I‘gl%n%é n% &g)‘gﬂglﬁ%ﬁ@géﬂ'@ut
npmldlqsr?rﬁmeuhetdwedtetoocu@@tlkl—t com ng froma source 20,

30 1S sent tgAB\%l@t cﬁBPQéfei‘;ch&Lofgl%gﬁeﬁc PREhatEs, Eé&&d&@&%ﬂ or

current equenc accor di ng
{ brelPRICOE S STy oD &Y lb@itrztgiimf)llg 47K modulating signal Mod()

having a suitable waveform such as a sinusoidal wave (sin at) and with a high frequency of,
for example but not limited thereto, 50 kHz, coming from a source 20, is sent to the

conductor 12 to modulate the conductor current I.. With a “high frequency” according to the
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present invention is nmeant a frequency whi ch does not
generate a substantial novenent of the magnetic

for exanple a frequasBmyg4/051297
of 100 Hz or higher, preferably 1 kHz or higher, nore
preferred 50 kHz or higher. The conductor current is

NENL03P¥E such that Ic = Ic sin at, and this nodetatsedo4/051297

current induces a nagnetic field which per se is

mainly vertical or z-orientedlfat the Iocati on of the
magnet oresi stive sensor 11, as shown e field |i ne.
APfesRt pvpRfion 35 moanisalrRgpRGy whiFh gt nqt §fi’5‘§‘£ﬂé‘§“ FrdH greverat ©
n‘c?&ﬁ@én@tﬁcﬁﬁi’tﬁte}s ¥8hdb ﬁEt{h@lli_ cy,]ﬂlxr exbaplen ﬂ‘eﬂgmgﬁbf }l(h)&rl]zpfr apace
of nanq- ticles [ orhood of the
n@&%@%?&l?gﬁl% g@ﬁespéefgrﬁsaghg i fetic field at the

| ocati on die téndus@nemmt ik jodaatel subluthattlive I.svsy, sndihis aodjlated
tcurrer?’t in ugersal tlle%c & ?G/g%ﬁl{)er séﬂmaﬁﬂﬂéﬁ@ otr Sriented at the location
nmagnet or esi gnce char ac e GWR sensor.
Wfttlteonagnmeslq@weseem &1, of shwig hethe Selgding 140N Eg; 2-t he i nput
signal is /A &ﬁsﬁé:cu%g@%ésgs thiofdndnd ﬁl%btbﬁﬁstﬁ/@%blﬁtlpr

Dependi ng on the presence of nano-particles 15 in th

niesngrliRsr ddlscpresence ﬁ%“aﬁ%@%‘tl??rléé‘? e pabampRiGH e flag‘eOFPéeSIStwe

NRERET1, fhefniaglhe‘ﬁc ab1d biliBe lb&iad oA ehisot E aBiens @ie rdsistanedd the

thus the resistance of the sensor 11 is changed. The

nisgieli B gty Hx in the sensitive x-direction of the

magnet or e sm@ 5Isld®vs&l&ﬂ’lﬁaghetdr&smtahcé chamctbristis bf the GBIR sensor. Without

p orti | O f

%ﬁg 6%ep(ie fne%ne e Lﬂggﬁ t Is\ilg% r1 % g}lljeﬁ%grﬂ e'tlg ﬁelji_blzrorg (‘gheNn

I @néuctor.Rependingioh ﬂe Ipeeincy pmtpRristes bF mtthf'enegémhmd pfithe
%@‘tﬁ;egstﬂ/e géng(gqgl SR m %ﬂ!ﬁt‘ce}ﬂﬁl O BciRlof thB SenSB M5 Ahd this the

ferent neasurenent signal delivered
VSlﬁtﬁ@e efdheswspson 11 is hraeqde Bsargretic Gl ik e HagE Y drection of

fihe hl‘Jgn%ioﬁz@@thvds@ns&thMO 2.GiRe BRIt peapbhtind B théweunlbef N, bafdgnetic
side of Fig . The resulting GWR output signal is a
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In a last step, the intermediate signal Mult(t) is sent through a low pass filter '

23. The resulting signal Det(t) is then proportional to the number Ny, of magnetic nano-

particles 15 present at the surface of the sensor 11.
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capacitor further enhances the |owfrequency
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respect to the nethod discussed in WO 03054523. By
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to increase the nodul ati on frequency fnod beyond 50

kHz so that the SNRwill inprove further. Next to the

i PRYI2e9Ent of the signal -to-noise ratio, anothepcT/B2004/051297
advant age of the detection nethod described in this

enbodi ment is that no externald nagnetic fi eI d from
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L S TEREL L ol 2 SR COREIRT o e
(ﬁﬁﬁmmency, anpl i tude, etc. ) can be used on different
spot s.

A further advantage is the possibility to perform several measurements in
parallel, instead of successively. This is due to the fact that the magnetic field of each
conductor is locally concentrated, so different magpetic fields (frequency, amplitude, etc.)
can be used on different spots.

In a second embodiment, a detection method described in any of the previous
embodiments is applied with different device geometry. The device geometry described in

this embodiment is illustrated schematically in Fig. 9. The conductor 12 is now positioned
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described in this enbodinment is illustrated

schematically in Fig. 9. The conductor 12 is now
PAEVLEIBEEdPHNL030949 PCT/ | B2004/ 051297 14 bet weeRCTAB2004/051297
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ribed .
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and 12 | n per SpeCt ive vi e and cross-section
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In case magnetic particles, such as e.g. nano-particles 15, are present at the

surface of the sensor 11, they each develop a magnetic moment m indicated by the field lines



conductors 12a respectively 12b, will not be detected
by the sensor 11 in absence of magnetic particles 15
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| ocation of the sensor 11. In case nmagnetic particles,

such as e.g. nano-particles 15, are present at the
sPHYNEEE949f the sensor 11, they each devel op a Ma@GEENB2004/051297
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zposition.R¥ tio: R _ Det {t) Det2(t) can al so be
used as an ind%% tion for the position of the magnetic
p?ﬁ talﬁ@ beged B aMﬂdRatﬁ(ﬁ?z&&ﬁ‘d poﬁlﬂoﬂ (h&he&ﬂﬂgﬁd:ticlpmclds TI5ewcithi respect to
of the.sepsor el enent resent .case
I EERHYestirection OLag ¥R e Eh @95 SFgs SRR
25 are the sdnesse thadeqaoryetf Mod fl iasd Mod 3 are the same, the magnetic field is

zero in the middle of the sensor. By varying the amplitude balance of the two currents, the

zero-point will shift along the x-axis. In this way additional information can be gathered
about the particle distribution.
An advantage of the device described in the fourth embodiment above is that,
30 incontrast to prior art techniques, the total chip area can be used for measurements. As a
result hereof the chip area may be reduced with respect to the devices of the prior art. In

Fig. 14 a cross-sectional view of a part of a sensor device according to the prior art of WO



zero in the mddle of the sensor. By varying the
anpl i tude bal ance of the two currents, the zero-point

wei2bds/go842t al ong the x-axis. In this way addi PComBi004/051297
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i nformati on can be gathered about the particle

di stribution. An advantage of the device described in
tPHENEAS0949h enbodi nent above is that, in contrast pcwiB2004/051297
prior art techniques, the total chip area can be used

for neasurenents. As a resulti7zhereof the chip area my

be reduced with respect to the devices of the prior ,
a30545phisshayn. The Big. prebs%s- gy o ks a fillehegtstoge B&’Eﬁ cQpfigugation
SRBSRAhedB¥l £ TRCLANoHE 18 Nt 5 bRofHidned net fo eddh other at a distance of

WOPHNLO030949, PCT/ 1.B2004/ 051297 17 03054523
R o R R R e R L
blrrblelg& 266wl Hgtinak cledr thas £2H 12 pmt=hat yon bteip wiith 36 iThequisdé s or

gﬂ%%ngg? te ’131 %o%lﬁlflﬁltg’gf%g% %F Xt tﬁ owo% rﬁ%argaicg?l{ ﬁl%e%6 pm, as
nﬁdlgdﬁﬂonﬁggl%ensor el ement 35, 1 5 nm is left open.

From t he %E %\égbévre d&%ﬁ&ﬁ?&l&ﬁ Ierﬁ%dll‘ﬁé?x@&f the ;gesl-t% il &htion %I*‘}g M8 a

strip wid I's require orma single test.
Thie-sisigvesaersi7tis acbicypdevith3 Aevige aé“thtsﬁé’ WEBRP AEC b Ge-dp)- A

tQBsoHaYh&R 11 R pbhitiBikd B BetwBi thAE@-ud Tl T, 12b4i, ﬂ)rrbxirﬂﬂe the
above descrl bed fourth enbodi ment of .the

SR EIPBRL | Fid 2 i) O gk B 18 BRETETApdevisa e e ghhee betvean the
agdat 6fBSkedot NI d dR\hiGRe & awbiidictsit 12hp12W1§iItfhurBGi toxhl sﬁrlpmmith of

( FI ésoﬂﬁg‘ﬁ%eflo&gg%%%aet‘li pncfrfal:!t]qa ?Sm e%(ore‘;’a nr%zfyooe r%dﬁcera Wl’[% ac%r of
e#,aamﬂyzﬁﬁehmmvmudﬁ hbmof 3 nmas in the prior art

devi ce, E']IBE Igf)o% c?f tlk%%tréé@ﬁ thvk fon, efl9s rgvedtsaﬁor device
sensor 11 an ﬁ e of° a conductor % IS

1wih respectdo thep@tfm@tembpdlmmwewb%i Frardes tcahfﬁ%v@&et“\m h

r ﬁﬁﬁ&c Endtbglktclaﬁceﬁtfdtl%s O@Fnta efi fcnz's D5, 38R PN 2 RRectigduced
a factor of , nane I Mes 12 m"nVGrS S

| pﬁr@nﬂlwlqrﬁo BABIgeR Fréfitsenser %ﬁf@ntplrl SR COPRRPATAS VR Z'glfFC"lon
| K Y esorapie @)Vste&'ﬁ){ﬂr@ﬁce\d/hﬁ g r8sipeghirddoAs slhewxpfnéwg €IS

nb di ment escribed. In
@ﬁﬁ?‘g{?g_gelgfﬁae ’cblazilqgetg ﬁ@dlﬁ{; Pré(fmg respeg?x%y 16 ﬁ()en%panson
pamﬁ ihe lnegleﬁéﬁeld escthdi t4ba canductorsl Zaeod 12nByp empéring) the demsor

%naE or1 1na mg tfro f{lhfgu ﬁ]cﬁl% %5ae 'i@rprl%]cl d, %nﬁgloa may be obtained
reCIOﬁWI € co-ordi nate
sg’c@tﬂém qomt@mtn@imo ef:lthep mag?ﬁp@c pattigles | sinxagdi disagtionas shown i n

Fig. 16 Coﬂgliqgsgfuﬁorflt%ﬁ b&fifnel €6ha R0 8Y Blpfyick IH&QE&Hﬁc%rs 1n the
field 14c and respectively in conparison with

neigpgiqn; P@YPPIPC%Q“&“ Pzﬂae Rl of theyseysor glemeidis dﬁ‘@hf‘%l’rﬁ?&teﬁ@e

BVer&@nd®izairBgios. @153@5’&5@{ 1n$1he§bﬁiﬂ1 éinlﬁﬂlh@hﬂ’lﬁll?igﬂg Conietord €2a and
four conductors |1

2 r mat | be
ARy R st At bt ok B Bt b SO e R Pl T
p&lfehildiﬂ rﬁtpeﬂcﬁculaﬂ toxthépighe of e seagir eloment TheCopducsol2utiRdi2e and
r en ed by, appl vi S
¢ R afputined feon SR IRAGRP Yo AR D SANE I RS [ are
ehtentiffetent 4 position ofith especep p@@ecmre tReiagd 13feAgady, tonghirlatieyof the

di Len&? & %1%% éos-ﬁgfng fIJOI% i enit gsnﬁﬁ?orssi KhdnR %9 gljvérﬁlﬂ)trmétf&n about

tors 1
the bulk and surface concentration of the magnetic particles 15.

In still another seventh embodiment, the currents in conductors 12c and 12 d,
which are positioned at a level in between the substrate 10 and the magnetic sensor 11, have

opposite directions, as illustrated in Fig. 18. In that way, conductors 12¢ and 12d may



12b are positioned at both sides next to the magnetic
sensor 11, at the sanme level in a direction

woeoE@ndiszul ar to the plane of the sensor el eneat/IBM04/051297
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Conductors 12c, 12d, 12e and 12f are positioned
bet ween the substrate 10 and the sensor 11, the

clUBOYOs 12c and 12d are at a different z-posi PCOIB2004/051297

with respect to conductors 12e and 12f. Agai n,

conbi nati on of the sensor sigmals resulting fromthe

di fferent conductors 12a to 12f may gjive information
atsBeIEte  Heon BFIR ERAENISR b A EeTEg dBiR CHRTE BFY padvantageous for

NBERRIE SpaRAdsbli®s 15. I n still another seventh
enbodi nent ren% in con u fors, 12¢c

which are ﬁ@g?‘{df%eﬁl@& ) ltés QS%J{}IS eb%qs%glé of atrﬁ'cgnélﬁc particle 15
Sdashdt altaagelcﬁmagmle fikle sd?iﬁgﬁ&hﬂemeni énvslving ikt mhgwic pjoled bt This

{ i n-Fig. . .
chipbrS by Base S Heam Kbl e el Bl B et
1&tgemmamethac<stiu<ﬂmg12‘arléfd gradient in the x
direction. Thl—la{fﬁm?m(ﬁgf fgm mé%ﬁetﬁ%gﬁngvﬁﬂggi%et&%ﬁ' for

enhanci ng spatial resolutio mbodi ments 4 to 7

i exampls dPREn. tithap infirie vplgwp of %ﬂqWP“SaSOWEMF Gog PP %quilﬁ’
dRes Pt thRNLE Edki MgmbRgof | el d scan measur enent

i nvol ving that magnetic partl cle 15. This assunption
can be nmadg_bé€ausé38fl0Tha00s| gy gj--fesi on and the weak
magneti c for degRi mposEt spy0The current in the
conductors 12a- i on. const.a

Bt BT BEORE GrAcb ol en 0% i
i f(br a{am'prefailn MHz wabble fiequeficyathe trgpaed distams lofis imegnetid partisterhS in

ature. equ ng to the Stokes-Einstein
¢ SRR °n9““ngq“g’|b§1eieq§§g‘igiszs 300 . , 1L _ 12 . D= =

r - 4.4-10,mbps =60 .R1ho-1.@3=1mH -10 9 Fromthe
fornul a a dlfoSI on coefficient with a |l ow v

achi eved. AgERingeRy H9propble @erfo6§ Pep psRRHIEm ey t&tbg‘ wemen’c of the

WM Enah-BAHERAY eqlakEotmavel ed di stance of a magnetl c
particle 15 in one_direction durl e

equal s: L Theppesnetis foxge due jo amagngiic, ﬁﬁggﬂﬁﬂ? netlc g—ﬁ tan be
\Aﬂb@sﬁatﬁ@ﬁ;la@dﬁer@ﬁnnnhasur enment, the displ acemsnt of

the 100 nm nano-particles 15 egu?l;s 10 nm The
magnetic force due to a nmagned|ill—flield on a magnetic
particle 115=0@(;;,Bpgngyrbc_ag§_ﬁl_q,g a,,gfs‘_m%r al formul a:

ow 27w

If, for example, a 50 nm bead 15 is considered, and the magnetic moment m due to a current
in the conductor 12 (I =20 mA) m = 6.10"* Am? then for a sensor with GMR strip width
w =3 um, the magnetic attraction force equals:

1077-0.02
F=g.101 2210 002 o5
27-(3-10°)
The velocity of a single particle 15 in an aqueous liquid as a result of the external force F
equals:

F _ 27107

= = = 2.9 /S
6mnR  6m-107-50-107° Hm

In the situation where the particle 15 is actuated by the field of a single conductor 12 during

100 wobble periods, the displacement equals



FV(mB)- mvVB= m|7WL dw dw - nRttw I|f, for exanple,
a 50 nm bead 15 is considered, and the magnetic nonent

wondis@iea2a current in the conductor 12 (10 = POTAEY004051297
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~ 6.10 14 AnR then for a sensor with GWR strip wdth w

= 3 mm the magnetic attraction force equals: 6-1Q -4
-FRINLOBP929- (3 -10 6 ) The velocity of a single PCT/IB2004/051297
particle 15 in an aqueous liquid as a result of the

external force F equals: F 2.18-10 15 ". v = = - =

2.9 | s 6phR OG 10 3 -50-10 9 In the situation

where the jpar89&] ¢ 915-4.8%ctqiat ed by the field of a

si ngl e conductgr 12 duri®lg 100 wobbl e periods, the

di spl.acenment . equal SPHNLO30 PCT/ | B2 /
e T
dittie idevgcepad fethoddeseibef bytthenumemssierergintests offthis inyentios davend
rggxt/err]a? gcllvgalﬁtgg%g {VRE ges t tB P:g gg&rgﬁr IQH:’E tl%mgh Hfsnatsﬁlaﬁ ?orﬁlrﬂ.lc@or.

inven ave severa vantages wth respect to the
prhisoneaggthat: First, the nethod has a small formfactor.

Thi s meang;iad is nd Aenh bR pRbleS tBVed] dcBBIthaddEt@HeRTBnd sensor
bet ween generated nagnetic field and sensor el enent,

aﬂ*@le(ﬂz?ndonl y a | ow volune needs to be magneti zed,

whi ch nmeang) chjatiow Agire deSdsao bomagaetived, whivh isanstthad there Thelow

bi osensor itself and the interface circuitry can be

WICOHWHIPPW power because of the absence of a coil,

az it requihe eis;enmlr asetfendiat intageraicgtry ¢aslbe smalrpot hav-power
vant age is t 0 ! SR | o the

2b§ REBT O HE] ahsgen?en()? %&?ll\z;v? sggﬁéﬁ%gf?% evi cghg@eﬁ%ﬂb resent

i nvent i on Avathermdpriees is oneppter eapseRptiondypig (e sasy beingy

cHARE 188 dévﬂ:g o%@ﬁgieﬁt iANAnGohties Didwer WnbunfpRibn 6k iAW Gersus 8

i.

t! e“magnetic device as in the prior art. Furthernore,
aWHin efive SR xamale #ff il eplldondivine fTgragretie desg 4t mdbfPTOF
NBGN&of, £ higd SNIS UPBKI&SS hRfo 1Y 8discrB0baRind AH iauBiicig field S
that the detection netho 0 .gl%;%use

hod i i hl e
CBRRBOB T HBeLd e Dot e Crgrvioh pPAREh e L bR g,

t 36508 @NEEY wileMe@ire avl sifrAcsstderaring®f the sakorfdeddedurface due to local
a i cati.on.. Nevert hel.e f . i Jve)
B8] PRSP S B BB L A

ebegefity) suchnneg @s saeyestanslossof targst geleculed Fag awdydEont Be seay
fromthe SSRRHnore, a smaller chip area may be achieved, because 100 % of the chip

area may be used as bio-sensitive area or working area. Using the method according to the
present invention, it is possible to make a distinction between surface and bulk concentration
of magnetic particles 15 because of the spatial resolution in x and z direction. It is to be
understood that although preferred embodiments, specific constructions and configurations,
as well as materials, have been discussed herein for devices according to the present
invention, various changes or modifications in form and detail may be made without
departing from the scope and spirit of this invention.

For example, the present invention is not restricted to a single
magnetoresistive sensor 11 but can also be applied in case of detection of magnetic particles
15 in multi-array biosensors. In that case a surrounding sensor element 11 may fulfill the
functionality of conductor 12. This has the advantage that no extra conductor(s) 12 is/are

necessary in a multi-assay bio-chip.



woOiasgaeom2t i ve area or wor ki ng area.
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Furthernore, a smaller chip area may be achieved,
because 100% of the chip area nmay be used as

according to the present invention, it is possible to
make a di stinction between surface and bul k

dBRESREAt i on of magnetic particles 15 because oPcCt/BR004/051297

spatial resolution in x and z direction. It is to be
under st ood that although prefarred enbodi nents,
speci fic constructions and configurations, as well as
AMSal s, have been discussed herein for devices
according to the present invention, various changes or
nodi fications in formand detail nay be nade w t hout
departing fromthe scope and spirit of this invention.
For exanple, the present invention is not restricted
to a single magnetoresistive sensor 11 but can al so be
applied im ﬁ@@@tw@%ms@ﬁde&ﬁé fo Hlet@ﬁunlff%glftqirésencp af dtileastese 15
in nultl-g» ﬁ% bi osensors. case a surrounding

SR PATIERETY teMIgRs/CAUe dIechet‘iﬁ)gjp?lUrlgct ionality of
conductor-iamgﬁhc&nhmmmhhﬂ(ﬂdvmmmmgemﬂhai no extra

bi o-oni . PCEEL I BOAAREESER betul Tt bhafiem
magnet i ¢ sereoer citewt @ecomprisigithempanpticrrgnsprrienntld Brfpisersing
af mél akbor e@@l@y SRR ILSE oﬁ@ﬁég]n&ic%a&gl@hﬁ) tvhen FRgHRed ;ir@perty 1s

sensor I cCe conp r|S|n% netic sensor el ene
(rsl@;ed trtheacanpgagtic feld, qharpgie érized i %@ﬁ Begneti figd &enaré%?la} ‘Br
(R grafe®@bn ©EQBERMkd (1Q) aBdis AL arFBOIOBpdrte bl acffeluendy &F@DGHE or above.
circuit (3) conprising the nagnetic sensor el enent

(11) for sensing a magnetic property of the at |east
one magnetA magmaﬂid defisbedefit&)s adrhalin nlaignk ichasac@riogdn thyt thes

tr Iﬁ%g?lgt{c%le d?%nera% ra(‘fZ) I e{]argéeld ‘Eo er%{e%t a %g@%&? (vﬁgr% tﬁlg g}eg&é ghite
owvise lo&the nnbgtencaieaso( e_le))lenaﬁd) is dorginang Avpe the {L 4 npipeaf dicanagpetiy

f fy 100Hz or above. 2. A mmgnetic sensor
%@%ggagﬁﬁglglned in claiml, characterized in that

the magnetic field generator (12) is arranged to
operate ata ﬁaérkﬁ‘(%é@sﬁpdévi&" & dhithé¥8n tlagd Hﬁharﬂ&fﬂrﬁz@l infhiatske

of the nagnetic, sensor nment dom nant
t $5801 gifculgy gﬁ> §‘§n125’lsestaﬁé‘mﬁ]étgeﬁ get"?gcw&ée %F’ tEﬁi f&?%?ﬂc SEnEYY eYemim
A1npgiiekd BagheRgeld @ewritad 1B $s Aiasgetatopemteat @frequdncy where the

terized in t
U R P RSB Sl of T e daBg 5
ebweyveotthy dhiplifierd®d. t he magneti c fleld generator (12) is
arranged to operate at a frequency where the thernal
white noise at the output of the anplifier (21) is -
dbni nant cvepgnetiesensof ¢ryics accanding freclaint g2, Wifereie magnetic

afRi %efnbrgt'br 61 g)]()ompf}ses AciTBERG ahCanSe 0&Rht ek fof g@eaiigtinag

to claim1l 2, Wwherein the magnetic
current flowing through the conductor.

5. A magnetic sensor device according to 4, wherein the direction (30) of the ac
magpnetic field is mainly perpendicular to the plane of the magnetic sensor element in the

direct neighborhood of the magnetic sensor element.

Usi ng t he POEMBING4/051297



field generator (12) conprises a conductor and an ac
current source for generating an ac current flow ng

woOhowuwgéss2 he conductor. 5. A magnetic sensor degraB2004/051297
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according to 4, wherein the direction (30) of the ac
magnetic field is mainly perpendicular to the plane of
ﬂﬁgﬂﬁﬁﬁﬁgtic sensor elenent in the direct nei ghbBeHIBae4/051297
of the nmagnetic sensor el ement. PHNLO30949

PCT/ 1 B2004/ 051297 21 6. A ma@hetic sensor device

according to any of the previ.ous clai wherei n the.
Pagneti c ﬁré‘fgﬁett‘jéﬁ@?réipﬂf%c‘ioéém W&P%%these‘ﬂ%vé?us gl yherein the
(nBkndtio FiBld &BnekAidr € TP) aiidabk ehsordictit (37 forA amngmpetddcirg@nsor

devi ce according to any of the previous clains,

wherein said magnetic field generator (12) and said
magnet i ¢ gensppeticetremalavicd addrding ® apy of the rendeds sldinsciprein

ea . [ G
S PE ISR B B LAl AOPEL o
vidiaeent qaclsethet abavg aetiseatd (18F d generator (12) is

posi ti oned between said substrate (10) and said

magneti ¢ sensor _el ement, (11%!., 9. A n%q]neticess%sor d
devi ce acEOPENAY SEEOLYicoIocXing @ PitEms | R¢ FAgHRIC
SEREATC RldeeRMdtor((12) )s dovtitt@d bétween phid Bbstrad @ 0)einth saddrhagnetic
rralgneti C fé.l?)ltd generator (12) is positioned adjacent
SRELIHELE 'k he magnetic sensor el ement (11) and a
further magnetic field generator (12') is positioned

t he opposite.si . ; ' .
(o) a2 SRS Gt MEpERERShY b QERSPT, SLERRkc
penspedenat(1aYlying 0)a iapevhereis said enagtetie field gengraicr (12) sapritpped
Zalrf]i @%P bne(sldPot hO madheRBGRGE di6m €M1 $Pdnd d BMinEEm AGERTJidd8nekdfor
sé

of the previous clains, wherein sajd netic s
5ie positioasretmtihg appesitpsidarithsagpdic iS?PéO@@H@’E}r? Pehigfye poston
idith vspBR G Editebtich PRV 300 8@ pRAEMEE hagnéltygerndr dement
previous clains, furthernore conprising neans for
epni ni ng a concentration of magnetic particles. 12.
A magnetic sensor device according to claim 11,
o e DS RRAS el Bl acdRl SLBL ke 0RO BRANI U rcin
gnetic par?%c es conprises a plurality of magnétic
f jaigll nehgppein eenaeretement igr magnpiprgsiEitve ens@ glsEentdevi ce
according to claim 12, the magnetic sensor el enent
I]yi ng in a plane, wherein the plurality of magnetic
filel d gene¥ magpeiic sgpser fegicaposprdiag t%ﬁ“VPE‘Ih%WFVIP‘E\?gfI%S’ fjmore
I &aPRGhg h&int 1€ A AR eQf coldfirABsTatdgtetis pasices. el ement .
14. A magnetic sensor device according to any of the
previous clains, wherein the at | east one nagnetic
pEx ticl e ismagnetgReb dvicalebrding tpdlad 11 ovterdii thé wepng &k

ng)elte%%llill{ng a E&l’é"ér%%gc?nllo mggllé/ticlz g’a%tq)c(l)é/ CQI%&%%J a Iﬁg'rality of magnetic field

generators.

13. A magnetic sensor device according to claim 12, the magnetic sensor element
lying in a plane, wherein the plurality of magnetic field generators are located at different

levels with respect to the plane of the magnetic sensor element.

14. A magpetic sensor device according to any of the previous claims, wherein the

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



15. A nmethod for determ ning the presence of at |east
one magnetic particle (15), the nethod conprising the

werepdief2 - generating an ac magnetic field i RCTAB2004/051297
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vicinity of a magnetic sensor elenent (H), - sensing
with the magnetic sensor el enent a magnetic property
dHINIRE0%4P | east one magnetic particle (15) whi chPCT/IB2004/051297
magneti c property is related to the ac magnetic field,
characterized in that the fréguency of the ac nmagnetic
field is chosen at 100 Hz or above. 16. A nethod as
claimed in claim15, characterized in that the
fisequency A methdiasedRtetthinidg ¥ha lpitenvdi@racledshenetniagiictia bartidié (16),
( ujst) noi.se of the magnetic sensor element (11) is
&g‘%ﬁﬁg‘?‘i}tgoﬁi?‘esrmgttﬁeemfff’fen0| se of the magnetic sensor
el ement (1 %nerafidg anfc megietciiad inchavicmeity dfia mepnetigsea®r element
racteri zed in that an anplifier (21) is connected
t he magneti c sensor elenment (11) and the frequency
of the ac - nenging witle the megngti¢ ssngohelement amagpefiaprorertibihpat least
t(%% taq%{lgmmé{g]dlg)ewﬂ%ﬂ ﬁa%néf"é fﬁ?@ftyqy foRdHd 1@fhe hd1BacRBR! ﬂefdI er

dom nant” over noi se, at the o%ﬁ?ut of

tqhera%twpci itk the muencmf thAa%eﬁaﬁlsf& fipld ig phosspati 140129 2Py

15 or 16, characterized in that the direction (30) of

t he generated ac n S

p¥r pendi CLﬁ‘QFth?dd’strgﬁ%e i aémc}s C?‘Ffé“%@‘%f&t%yhgferﬁqgency is chosen

edt engad wlhe?e thétberthial eltite (Ngjuish moish ool mdgnethsenvargivstentd(11) is
nsor 9 A et ho in any of the
ogi"f'?'gt olvgr tFE ﬂ%lléome Nadicia Eo%ﬁ%?esl%%h Fﬁg steps of: -

perform ng a calibrating measurenment in absence of

npgneti c lﬁﬁ'étjh&i g%la(n‘?eﬁkn CIM' 16 NenG@dib e @ni NG B BHEQDBN

measures the magnetic field generated by the magnet|
f oanagted trthe @ﬁ@FtIC(SI‘ZS))r elemeyis(l Hng the frs%teaq-‘/r?éale e%ﬂn?&?F‘aft fﬂe%b‘

NBASHLERRM: Wil UR tRadal SUAE ficketat thb Bdiput 3t teadilidien (2 s
actual neasurenent val ue oﬁt ain %e[\r/kgg)n a neasur enent

i dompngnt QVerthe HF 19155 2t e opub 8AT hetic particles
(15). 20. A met hod for det erm ning a concentration of
netic es, as .a fun i -he.
gnet i c ng 4 labned lhIlS, clanlrélcl ﬁ)g {16(.1 glgar%gePge%l 119{1]Aat%e chlg&lon (G0)
whfetieedenergectds nofzndtio éelrmgmtly perpendicelarge the ph@mféhe(nlazyletlc sensor

e T o A T I

frequency, the out put si gnal of the magnetic sensor
ejement (1 heihSd AIREHAIIRLS Gf 1he Sliintsi 18 @ 18N fusth@ e srisitig e
different frequency, fromwhich signals the nunber of
nﬁ%’ﬁéfl c particles and the position is determ ned. 21.

A et hod f.glrfelelirathiitragg tldsustieitac hsenosicfamignait paticles(ds),
t he

wh1ch calllgratlng measurement measures the magnetic field generated by the magnetic field

generator (12).
- using the obtained calibrating measurement value and subtract that value
from the actual measurement value obtained when a measurement is carried out in the

presence of magnetic particles (15).

20. A method for determining a concentration of magnetic particles as a function
of location of the magnetic particles by using the device of claim 9, wherein each of the

magnetic field generators (12) generates an ac magnetic field with a different modulation
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Use of a met hod according to any of clains 15 to 22
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concentration of the magnetlc partlcles by usmg the device of claim 13, wherein the plurality

of magnetic field generators generate an ac magnetic field component normal (30) to the in-
plane directions of the magnetic sensor element (11), from which magnetic field component

the position of the magnetic particles is determined.

22. A method as claimed in claim 21, wherein each of the magnetic field
generators generate an ac magnetic field with different modulation frequencies, the output
signal of the magnetic sensor element is demodulated resulting in signals with different
frequency, from which signals the number of magnetic particles and the position is

determined.

23. Use of a method according to any of claims 15 to 22 for molecular diagnostics

biological sample analysis, or chemical sample analysis.



