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WD 2005/ 073695 PCT/ | B2005/ 050158 Met hod and devi ce
for on-chip magnetic resonance spectroscopy The

w@r@s®ncs nvention relates to a nmethod and devPCEIB2005/050158

on-chi p magnetic resonance spectroscopy. The et hod
may be applied to non-nmagnetic as well as to magnetic
materials and to solids, Ilqdlds and gases and may be
suitable for mniaturised materials anal ysis, such as
for exanple mcrofluidics. The nethod may al so be
ol e devicenot @ednipamaghetitiresgmeansd spegros®@pyy. USI Ng
separately detectable | abels. Magnetic resonance
spectroscopy is a general nethod to anal yse materials
which is wdely applicable and offers a direct and
detailed insight at the atom c and nuclear 10 |evel
of materials. Magnetic resonance is based on the
orientation and precession of magnetic spins inside a
S anpl e t hede phesdnt InOeﬂ'ﬁBn s Y(Szﬁﬂeth@%@ B&licd Gor @h-chip ﬁlagnetlc

in of the # g ? Ldqho na& rougf
s sbertslthwane it iy htretieliR nehame ot il s gaencic
materialnand ltewtids, hquiisehd @s&‘s@ﬁtﬂ)ma}nb)aesu(tdﬂlﬂ))r maindtueibed @tatetisls

1 al | el ect

O AR B on e D o 8 pE T L e
R@gwﬁaﬁéglwmg§MM%ﬂKﬁﬂ%#wbb©dtroscopy in mhlch
el ectromagneti c radiation (usually of radi owave
frequency) is absorbed by nol ecul es possessing nuclei
with non-zero spins, Le. nuclear spin quantum nunber |

> 0. On tM@gn&lch@Jonanb@ﬂ;@ctrodep}eis QGEHeeD mﬁtﬂ&ﬁﬁWE hGterials
or.. el ectr net |

R BTG LIS 1 P e BB RO Uah Y T apecr D
leyel wOhaerisdseRiagretnssonancaisbawd 2)the osaesish fig pﬁicése"bﬂi &nﬁagnetic ‘
N T
e pRaeraldupd of fragnetie resoniaese texhnigrize prartbie dlsﬁngeislwbd icr nuclear

%Qéﬂeﬁ%oﬂ!ldc@éNl\&l@) 4ol Ble&bh @}515‘ ?ésongﬁg Q]%R), of{eh gl's@callJJUle%tr%n

creates, two f'erent energy states depending on
B%Wgﬁfii‘icé‘?ﬁ?fﬁf"ieéﬁl)mln the case of a coupled system of

ele C: r 8 n dlﬁmleﬁlﬁ\dag(ﬂbtfcﬁ&&ﬁﬁﬁce lls%ﬂ?éir@h( oﬁd’p&hﬁﬁ:o@l 1§ Whdh te
at e n el eclron In CO atl on
SrBhae R an BRud) of Bicv i et My SaLsor
pdssesingpiudel vahsibenso gfinssid. neleaf sptrhpaarﬁlam'ﬁlhﬂﬁr 1 h@ ronesSotieen
[ [ endi on the
ﬁaglgﬁlé %lgct[n]a}f ggxgﬁ%%{tin %’&nllagpe c¥rvh Ect Pla ge%@ ance e e Oél}a eélcr:m unt
tafliatiqy; (psyalbyrof ménapavel frsgnswhrs ahsbrbscpbmolm@m 1q>ns of gtongs
f)dsk%mg‘%ﬁ@ﬁ(gﬂ with Qﬁrﬁlrm{ng q%8. dectr&fid §pﬂ'f dhaftiiR gﬁlﬁbe% >9pi ns

or coup SySt ens S INS IS I N a Secon ener
state. WO 2@@@7%@3@9@ Smw stheis/pastiel tathe exiqmnt magnenc field

a&gn-@aram fomn@ﬂﬁﬁn@aaﬁtﬁemsmwemﬁ@@&ﬁaeﬁtaﬁerwte%ar

51 res ectivel Y el ect Wg\ feée ﬂuant um
AR Shifecp Graptia 1 e caFgor B or} SR ifferent

dneigy States al@tae. created depending on the electron spin configuration of the coupled

system. The population of spins or of coupled systems of spins of the samples than has an

equilibrium distribution wherein, depending on the temperature and the magnetic fields, a

certain amount of spins or coupled systems of spins then is in a first energy state whereas a

certain amount of spins or coupled systems of spins is in a second energy state.
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Materials for which the spin quantum nunber equals

zero do not exhibit magnetic resonance phenonena. If,
wo o00sexmePpl e, the spin quantum nunber equal s ' PCI/[{BR0651050158
and thus I =/2 or S= 5 %), there are only two

possr ble spin states, i.e. mM _(NW) resp. ns (EPR) _

"/2. In the absence of a rragnétlc field these two
states are degenerate. If a magnetic field is applied,
the levels split apart with an energy separati on AE
pr opoFdringgedtic resonane: mnmpmﬁp@dsthDlem@ﬂMRB@r respéetigely

€ e

UL S W e e
M%@@lstfgg@pwé e quqwa@wg ing@bar egiialsyzerg de hefrexldbjt magnetic resonance
PhérRRkRL 1fofRr Qfam?)féeth§ Bi\q3fem dukBer 'gg\ﬁﬁe/g {nc= 1%6%5 I = ‘/z orS=
allgned par al V\Athteaplled el d |n+

ofhiere argfopk Awey pRpeile spi staifh {- &t GNMR) refih g >rﬁe/z M@her
eas%ﬁ@mfaﬁragneﬁaﬁah kiRbe 16 k@RS At uégen&aﬁep irfh maghefik fibR is applied the

referred to as (3. The energy difference between B

S7VEls ARl ppagtdith an ee%r@ésearratmmE(mpgmow tq the grgpelic sid srzangth By

Irig. ﬁﬁ?@dﬁﬁﬁﬁi}mkﬁ&%ﬁs&lﬁ%e@ﬂlaﬂffea Bveh €a @g@ﬁl@ etlc ﬁeld the
onstant, v t resonance fr enc oth

r AGTHABEY e oRle eﬂ@i@hﬂaﬁ} I P‘i‘e@TaH"“a‘ﬁ aheyplrl fhes 2

mreegnstitc ﬁ@yientcahgmti iparalldl with & @pyshed EBHQ(S@EI 4¢y2) at) is bfed given the

dlfferene both orie
téBO( erf'jls Be\:/\ﬁ glﬁer enefgl){ am‘tg %&gﬁorleﬁ a?i?r{ (IS }H& %é\ rtegeﬁedtgasﬁ
t"ﬂhe e@cﬁyrmffmgnebemeea rbdth Bderttdtions in @4sd oSNMBI(Bighl) xfgiteh®y Eq. 1:
external magnetic fiel 20 The nmagnetogyric ratio as
well as the Zee@nhsplﬂ'—g—"i#@mactor are constants (Eq.1)
that are typical for th& studied material. These w ||
alith Gvhd Rlaridk ordBGE the GesbrRB@TRGGRCH B, the fieldafiaagth ®fF ihs altérid)
t echni 3@3 Cgll\/g and EPR. characterisation techni ques
BBEIEUS e BALEGC BASIER8Y I8 e principle. By irradiating
mat eri al . imcase STEPRUERED) R difBgshed bedwdeh BbtH otdntakions is:
el ectromagneti Ct‘[r gl at i on of the correct energy, iE
with a correct 4 ,°a nucleus 25 (N R) or arf q-2)

olitg @ttreozuaeﬁlﬁ%)mmg datoR p&;‘iﬁé’%ﬁﬁxﬁ@ﬁe@ﬁ bR, QMlel FRIA sGEHRHRR the
i nduced to to a higher energy orientation. The

S’S?B?Irf‘i‘ﬁg@ﬁ‘cé{?ldener gy during this transition forms the
basi s of Thé’]ﬁag‘iﬁ'@@ﬁ'tclrﬂloraeszelmmﬁez&mbﬂqﬂma@ EheBdie Béhstants

RLEED R PO SR SRERAARR 0 B aRRE Sy S
ehauasterisatin tchnigrepINBiahd EPchwflsatldet@mtqmrbomraea hased @n the
gé}ﬁe%fﬁl %J%By }éﬁdl@m rﬁa?érgﬂ@)ﬁh ﬁéo%gﬁlh tic ﬁelihewﬂpt erial

roug const ant rragnetl C
ﬁlre@roerlagmeea #hdisgon of the qorecs ene&ﬁ/erfgyﬂth prdreseidirgeenpie b wectays

RS b n@lettidn (EPR}?\R/ﬁVa BHvah&sy GRALESRAN 64 ML b Muk ‘eto a
a‘ggferent sp tﬁ& sandt e material is irra

i a
A en%%%rtﬂ' s gorpliggioh enerzy dYHng s franstion foé‘a%t@ﬁ%"s of
lh& mialgheic @@SIQmCd rﬁetlﬁdﬂl&m@b‘ﬁﬁtb@ Aeteddel @yplidikd ildQecorded as a spectral
tro Qetlc r adi on _corres ondsvvl h the .ener
g PR B itate i PapaEo Ay ggrrormins tud bR Hofbor

detection are used frequently. In a first way of detection, the material to be studied is brought

into a constant magnetic field, leading to a fixed energy difference between the different
energy states corresponding with the different spin states and the material is irradiated with
electromagnetic radiation of varying frequency. In this case, if the photon energy of the

electromagnetic radiation corresponds with the energy difference between different energy
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WD 2005/ 073695 PCT/ |1 B2005/ 050158 3 states, a resonant
absorption will occur and an absorption peak will be

wormsheesl i n the spectrum The resonance fr ePUBIB2p05/050158

al so call ed Larnmor frequency, then allows
characterisation of the material. In another way of
detection, the photon energy 8f the el ectromagnetic
radi ation used for irradiating the material is kept
constant, but the nmagnetic 5 field is varied and an
ah&arptsonmt geerktidnsvittoniut arded absorptibepek edlgle mtinftbred i niee
Qﬁé&ﬁ‘ﬁﬁ e I?&onaﬁ&a%e%ﬂen%} %m ‘Eal%@ LLERP ﬂ%@b{&? t%n aﬁows

different spin st conse

Chaaprisigation ppthe meisiit e apiisr oy efrf*@tegtgpn fhrhp@tqnwnqrmof the

|e@t:t¥(ﬁﬁagﬁ&‘ﬁ: Rachiof B4 ?@gfh@fa’m’i‘g thd ﬁlitgnzﬁ ﬁsr%ﬂ%nﬁtah’ts b #He 'rr?d netic
t.inuously. In this way VR 0 ectrumw t

N
*ﬁ ipYarigdh g ap absewtion pagk ﬁd?%&orsﬁlffl}?éfner%%l prEnge betpyepn thes
aﬂﬁg}yﬁa&éﬁ cof@Pordehg GEMEN Bk @elspinldhesf WiBERIEN Sl @tlRds ahEHaRoed,

R e T S R S s
fcommaomler InglinwaynaNER| ca[EPR lspten witl onesar m@rdWEksmep&BﬁBg on the
%@L Gfat %fa M?%H Qg b&%@mtﬁhg ﬁlecﬁaycleg & \91381 4 pee%{s aPpear reflect

Exan'p es 0 e use are SCfI
MecgisemincspiiEng fagtace themagsetpgyric Pgloy pralrtkus areiral for ¢ sertaind

RREKEI Heddet ' ubidg /MR, 'E#’R%aﬁl#:?es SRR c%ﬁésﬁ%n m%? 96’3analysed

Table 1 illustrates t erence in reqU|re

EARTRAES 96 Hhefpetf haHR gre Gé%cwéeéﬁn clR/agagticspenance imiglid be

PeRmerlst) McBhl@lrcy zﬁldllﬁ@daﬁbaﬁblﬁdge lselisdiste Bgéd'&e Qéne@h@%t I'T,

NVMR i s us ower uenci es

() i 1S e Fines B Cdittinn S5 PaR ey

PNAdR atdi KPR [t@idy pe scbe thhnforpieagdreitti fatd soendtl efgbien d:’l;/ NNIHR’[S usually
ESR

Do Mo M S0 0RT0 B B4R IRERE fnllofly ity

Tdigtien GH2) \When magnetic resonance is applied to

materials with exchange-coupled spins, a coherent

,%Lna.m cs0of spins is generated This jis called
@@P@Hﬁgnetﬁ%@@%gﬂﬁﬁW€@y (FMR) dr super paramagnetic

Ngpphance Lohy10° t"\GQ(HIBGI[If”(‘e bE ‘PiBelnucleus’ m]a%ngtlcl féeld

super par am:nnpn c_and errnrmn etic partic

§P¥en by t e ¥it oBOKIOVERBT, wi t H Prohendloovagnmagnetio field

FMISPLTOPY (€.0. 25 Shape am sotropy or _crystat
ani sotropy) and V the volunme of the magnetic particle.
A high nmagnetic anisotropy leads to particles with

ferromag n%bxﬁﬁhgn@tld PWnak BAbFIRDYO Ijﬂﬁ&ﬂl% wifh exchange-coupled

BB AR ST S 6 S PERSLLIE L he
(MR ) supefpaiainegretd esdanadce (SPR).y ditfirendd et DY patdntbibfic and
?eﬂgmggh@uc GHREY %t gllvseln %9 the ratio K.V/kpT, with K the magnetic anisotropy (e.g.
shape anisotropy or crystal anisotropy) and V the volume of the magnetic particle. A high
magnetic anisotropy leads to particles with ferromagnetism, a low anisotropy leads to
superparamagnetism. In an FMR or SPR experiment, the field experienced by the coupled
spins is given by the sum of the external field, the anisotropy fields and the demagnetising
field. In the case of superparamagnetism, the second and third contributions are modified by

superparamagnetic fluctuations.



10

15

20

25

30

field. In the case of superparamagneti sm the second
and third contributions are nodified by 30

wa apsopspanagneti ¢ fl uctuati ons. WO 2005/ 07369BCT/1B2005/050158

PCT/ 1 B2005/ 050158 4 Besi des conti nuous wave

situations, magnetic resonance techni ques also can be

perfornmed by neasuring a change in magnetisation for a

mat eri al influenced by a pernmanent magnetic field and

a perturbing pul sed el ectronmagnetic field. Assum ng

t h at the Besidescontinian avegpithatiohg) magnetipphdinette &clmigpenalso can
%e?f&'raed ﬁyf mé Ak in chﬁ‘aﬁ?e ﬁlnﬁ%ﬁe,rt@ g @ogtalnﬁteflél%fﬂlelllcgd ?y a

5°un er conditions 1n ter

Pﬁ‘*’@éﬂ?@h@%ﬂeﬁ%@%ﬁl W@@eréw ing gylaadi eémtrorweletln évlﬂnfgssmnmg tpighe

GRNRRABKE FdeIsRENEY alvhed 2 -taﬁs {ih@e ﬁulse@@e&romagrﬁﬁc ﬁa@ fsg%{plfe§
efﬂmentlytransferred o the materi al eadi n

Eigg® ProRer aqedifines Mg of frﬁq‘ﬁ%ﬁéfelﬁﬁgm%\ﬁl‘h%‘i‘%& agd Raving a field

e@ma@m PerpRRINRNG it -atis fthe eﬂefg@ iZefficontlp trankfRfred to the material,
ndent .orientat.ion and rel axation of th

is
IR Do i SR B e oo e ety o
thag’n?@ts ¢hembonedependanttokientation dind etiation ofxhis infagnerf@g@tiit or of one
C
%\gg}%ﬁ% {)/1%{1{ Qg thelrﬁ éetgﬁﬁrr(%ﬁeg% anlr;rléax E}ig%ﬂon (?Phé&ﬁ%gne icy omer% in the
4 rdﬁem@ncb}lerman h@e@ure@ tAeaimapnang tbe pirmprgnighdzadtic ﬁtem@r the

FRlubRYSf ftlQrele@ﬁﬁﬁigﬁétf@ Gieldofteds AGo REMSYs f@rrﬁeasuh% resonance
is general |y excited and detected with one or npre

field coi Isthe prigr agyherptonanch isgsusally cxdied andgrtectedwith gng gr

ﬁlﬂl@ fidRi @Ik IFoPexaMpI0 NMPdYuBle QGICNVR, eﬁMtInF atdMRteBiidelr@68Mte occurs
only very small sanple vol unes are

al“ioa%fée%t co\%hen one is interested in materials
p ropert i edvhemomdy Very sthallssample voluines Be avﬁtlnbretoa whert @e isdotereged
i 0 st e
Itezfa &&aﬂ%lﬁég&o gaﬂgctai& it g,ru%g&gx?r% getdgc%tﬂ% Size op th Xla%ne{n -
W&gh@@u detectioaspitran dedissgeaniago gfdbmnqr &t sylstams foh eleasurmg magnetlc

RiARARe shQuBLbHAS hat th@sérﬁpioq{ol/se def Qﬁ)ﬁﬁ}gcfecﬁ%s%wath miniaturisation
m ni aturisation of th e sy st ens. heref ore Iarge

e e Derelors. (R ey S mrﬂéepﬂr'ﬂ’f 3t Fgioose semiivky
wBdSlb tvinydaledl to2dd ondelip deamnseal ed to an on-chi p design
size. It is an object of the present invention to

provi de a nethod and device for on- chip magnetic
resonance measurenents such as for exanple rragneti c
resonance PR ..ESR

SRy aii, ol TeaBEE o A2 BRE, kferon b ide oo o el for o
ehinvipagaeri¢ epaapnce yeasTrementh ouch a@fﬂr @Wmh@lag@ham@nmel shed
PetdsdBY fod Nl EPRVESE FAEE QPR Biich ﬁ)astg&ﬁ! seﬁft@ﬁfﬁd can be

i nvention, The present invention provides a device for
iﬁﬂe%‘iﬂ%‘?@%‘ﬁfﬁ]ﬁnce measurenents 30 for use with a

first ori ’Ellilathdblﬂ@ JBRENRY decdnh@iskbd by ety | h&%eﬁ%ﬁdr&ﬁ@to%e
Ip

presexpc mven? ion.
The present invention provides a device for on-chip resonance measurements

for use with a first orienting magnetic field. The device comprises a chip. The chip

comprises:

- on-chip means for creating a second electromagnetic field to excite precession

of oriented spin magnetic moments in a sample to be analysed, and
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conprises: on-chip neans for creating a second
el ectromagnetic field to excite precession of

w@riosnres spi n magneti c nonents in a sanpl e toP@EIB2005/050158

anal ysed, and WD 2005/ 073695 PCT/1B2005/ 050158 5 at

| east one mmgnetic sensor for _on-chip detection of a

magneti c precession of the ssi n magneti c nonents

about the first orienting magnetic field in the sanple

to be analysed. The spin nagnetic nonents may for

exanpl e bet leastoneamagsgtic sennmdoreinichipsleterive f s magrktbirecession of
i [

B R P R s O s 2L RR B il o

é‘i@éﬁ‘?ﬁ‘#e be magnetic resonance spectroscopy such as

NVR, EPR, TESRin Iﬁﬁéﬂetlﬁﬁlen{s'}nég&%kgﬂlﬂe mgh@ﬁﬂhﬁgneﬁb e

magnet i sSensor may for exarrgﬁe a magnet o-

PEXjet: 8@0%58%“6@&%63@ Of euP éﬂ’bmégfﬁtlmmnenés Fhormagpetic
&BOIAWR B@ngafients ey BRGaRHIO bd MagRSd BEAREE sRERBpy BRY as

Wﬁaﬁﬁéﬁ g,trip geonetry. Furthernore, also
ot her se

ASGrs may " be used with the invention, such as
f or exanplmespeidfi¢ engwdiments, themaagneticoensopeajetredor aampiew Sagkto-

F@ﬁﬁﬁée%erﬁ&r E&:B 'a?f&r é}%ﬁég %Mf{ na ’%5 OF ggjﬁgfk@?n@ig ?he éaﬁaeto-

pr esent | nven 1 0N, I Ng na pla
FoRistapgr-SensPayChame arf dongate etap gﬁg«leay oebatiors, also ofher sensors may

84 a6l FMareRRelehton! dueh & f@ir@{a&ﬁg HARGAH, ?naét%[l}gﬁfped'gﬁé’e serils§rs or
IPOSItI oned adjacent to each other in the plane of

PABEHICIORE 6 Her more, the neans for creating a second
magnet i ¢ fd @k @masiiméd ef thegeRhi iGvenBHiS Ok clﬂFié mﬁg 1nra pﬂine and

t t he
lrhss&’a*e“%l??“veém%%%ﬁf%aﬂg%%Segﬂ@ﬁ%%onéaga&wéb Kiand'g Pt Grepnes
banpaeshienedsudiasdnt wteech altzo inshdghew ém@hpdtul’tb&‘rmo@l the méans for

@rgg&r%% H?Bgéng&@ﬁeld m%heg‘gz{gﬂetic%erlsx d’ﬂ% ﬂe n% QIeR -11 051{J ion to

rreans or creati a secon
Pqu other iy alwmrhers@smctwe nesiftnesuch e aL @mlffwré dmlgrmethc C

SBBEAL, abdvB/babivlehcn@dnR RRr enmbodi ment, the chip is lying
in a pI ane and the neans for creating a second

el ect r onarfBOEr epbagigreniee ehimis ingan o RN B digegpssfor creating
esebnddlectrbr@agnoiolistd ﬁﬁﬁcobtphfhga qoBdiictor adjRent tl@dha%ﬁ@iatser@dﬁe

e netic sensor at .a sa
B selARosi B Bopen ity g T Rl e oS T S
decgmemgrfeh@ figdrbey congmise tfo aahxi_uctorsvmh bithe ccﬁlﬂl&tm}sfheplg m&ytloned
[ . net
?d?%}lelg ogﬁo t\é’? g ng%!rss_lde% ?}f t%lixlgqgﬁltef I‘#[:&l&% g‘cea%%%%on%gn th re?pect to
©e eleps efghe diinsecond nmagnetic field may be positi oned
above t hesepadic @ddiRe PR &veRANRe Y m& SAbIHRIwo means

for creating a second magnetic field and a sensor. In this embodiment, one means for creating

a second magnetic field may be positioned above the sensor and the other means for creating
a second magnetic field may be positioned below the sensor.

The device according to the invention may furthermore comprise a first
orienting magnetic field generator external to the chip. The first orienting magnetic field
generator may for example be a permanent magnet or an electromagnet. Furthermore, the
first orienting magnetic field generator may comprise a means to vary a magnetic field

strength.
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a second magnetic field may be positioned bel ow t he
sensor. The device according to the invention may

wo eooshezeppre conprise a first 30 orienting nmapCEiB2005/050158

field generator external to the chip. The first
orienting magnetic field generator may for exanple be
a permanent nagnet or an el ectromagnet. Furthernore,
the first orienting nmagnetic field generator my
conprise a means to vary a nagnetic field strength.
WO 2005/ OHGB@@VPE:WCDERQ%VI@5@1&58invmibm thtelebipaey ifigthermore

?tﬁ‘l‘lr:b(l} E AR r e ﬁl@tﬁ){r)f@ﬁtﬁ% %%nén@ Y‘glﬁtgla&%tort ﬂ% cﬁ Inpdel W two major

Irst or
Fraigere PPROST felearhpihse rhammbom@nfewp preprgfortraspEng awsccmﬁ jor

&w&a&g&u@ pROshd Be ﬁ@gn%@&slans%& R8Y be 1bEhtADNETRQ HaflP R facet alH@the
means _for _ creati n%r3 second electromagnetic fTield_ and

PhEn I Eghets Loes BB gic i) eeRaatPorRE e doBiPnad o1 the tecondmpjor
suthfeace and the 5 on-chip first orienting magnetl c

field t |t d t

surf ace. | THO"BPLaRNE T AR B PR Hr S ST Gesn gt
metrkigorefapncg archaramenty. e -nethiop commigeset i ¢ r esonance
fmeasure ne&ge‘?itm %ﬁx rﬁ'@h%%qno%%%’ rl}Sﬁi@% sargggléf* Sllt rg %rléchP hg.? ﬁeld

magneti c Toment e a sa

field, 1®<cmnémpwwgofrsln@@@smgowcmonteh@ 1r§p!|e rchenagﬂ@toube
BRIBAL sud Nside the sanple to be analysed, and -
on-chi p detectlng of spin magnetic nonments precession
by neans OF P deietRatlishin SBEEHF MOMBRS PREEHHEIN RY meadiance
RBGSHY 2ARAL S rmy for exanple be magnetic 15 resonance
spectrosc?ﬁy t as NVR, EPR l,[:_SR VR, %fF;@ In an
ebodi ment GFRRE TRURR P BHTRP Ot RRE DRSS  pi n
rEgAEt spectropomsich 3 NAMR FPRoRSREMBSPRer f or med by neans
of a rmgnﬁltaﬁ e{ng&lnﬁgrﬁgﬁtﬁe E‘L@Q‘ﬁlgﬁ ‘on-¢ Eg%gtre&\{nk G?sg nr]r?ai§3§

mag neti c nonents
BeenRyeRsbsinmayhe pprérhed memyoftwgrwtps@swtmwensmc

field bei G&e&ﬁﬁ?&@gﬁqm%% RétherkOn 18§ IfHaEnetl& ﬁeld %Qy in one

anot her enbodi nent, generati Prg the first orienti ngq

FrRRpfiment by Reeprperky th girS,s BygisHpfeld hgjngeengralghetsreal fothy ¢ip. In

@ﬁfmeifea{tﬁjﬂlmeﬂi; @@kﬁhngﬁm& birst d¥RntEdYi ihgndtio RN nﬁﬂ'%@?érﬂﬁﬁéd Bfa

t he pr i entl i.ting precession of spins

??%ﬁe%é%‘ig%ﬁg’r Bitee B’gh g‘ﬁ f1%sed may be performed by

gener at i np aa embaiimeht nfignptseot ifiveatich, edciting prekdssiorasfapiheinside
n‘gﬁ, &0 Iirgﬂg?an aé{)) b@% dl@crrglgc?ﬁféegg}at%g aSSQéOIH(? ma&%{lcdf?elaa In still

eto
another embodiment, excmng precession of spins inside a sample to be analysed may be

performed by sweeping the second magnetic field over a frequency and/or amplitude range.

The method according to the present invention may furthermore comprise
sweeping the first orienting magnetic field over a frequency and/or amplitude range.

The sample to be analysed with the method and device according to the
present invention may comprise different types of magnetic particles or molecules. On-chip
detecting of spin magnetic moments precession by means of a magnetic sensor may then
comprise detecting separate signals originating from different types of magnetic particles or
molecules.

The method and device according to the present invention may be used for

biological sample analysis or chemical sample analysis.
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25 performed by sweeping the second nagnetic field
over a frequency and/or anplitude range. The nethod

w@aewsndionyy t o the present invention may furtheP@DIB005/050158

conprise sweeping the first orienting magnetic field
over a frequency and/or anplijude range. The sanple to
be anal ysed with the nethod and device according to

the present invention may conprise different types of
magneti c particles or nolecules. On-chip 30 detecting
of spin rgmrethiod anbdwitt sf fhe preessingntiayscaeafgouedblyavith
%%ﬁ éﬁ)n §x%§ g{ltem lIft}tQ%QZlO (i)rp?({er reg %%pq?e, tSl?g(‘):nl th%nC?l aﬁl?{hgrmore

s originating
ﬂﬂaﬂﬁhecl %féhed}f eserrmmee@wes SUIW@foﬁmlm%idﬂSaﬁ dla@e@laeféysw such as for
&9k 61 HErohi@aicbe present invention may be used for
b| o ogi caI sanpl e anal ysis or chem cal sanp

anal ysi s.A ({9 @IsirEs 6bbe pethod @ZW?SG‘GG%B“O“?S tirpft is suitable
l&hﬁ&@@n@ﬁkﬂl M ECasOfelllab BragHe BS@RAEridld) Fﬁﬂfei’rﬁkﬁe $53h&od may be

nlaturlstlonadlss for
P EtpaR sk tas, Dot ned Bt PremE ac g amihan SEfpe Sresent
Fuentibreliesdr the conttimatioe bfmldgtrb;f effitient pragssdin txditAtik@nikar@n-chis
[ for.mni rial analysis such as
?%19&0%24@1%3%5“{93 %rrﬁ%%{nf) ﬁsgggﬁnglgg; ‘5 A further advantage
of the met fshergdvantage pf tbsmethod of\learpirésomt inventidnag thattit allews

&%n@tﬁk&%nosﬁ&rhagﬂl a3f§\ll B&k%glﬂldmﬂ%él the §ss1‘2!ﬁ{j)l to%?tu:gee labels for

magneti c nmateria Furt her nore the
gﬁlﬁﬂe’ilcéénq‘%'ige@ﬁﬁ??@flﬂg solids, liquids or gases. One

st rengt h Ofurthdr@domidze of o mtath&l FHRSRAENt idvaMRIALY 04 idal1 &
kE% 1glpcorrbl nati on of a highly efficient magnetic

®8R¢ near on-chip conductors with sensitive
on-chi p mephations &ﬁmsmnseﬂeﬁtﬁ@mAmi)mmdmeﬁgnatmbwamlagetedfnologws

Sﬁsg)?ovm%& @Pg grtesehp vgltlgﬁgrgtchémQ%??nd b?c%hélﬁlcgl I:t]eas ing }\n examlp}NSls

t1'cs havin round
blndlotehléarpl@smsms, tmydlagmsa@tqﬁ hm@giCdbmle:ukmnd bstlcrglqagleaﬂmals

@;@d}ﬁsﬁag d11s €81 EAERERY tisshe, fskih TG, a&iy@m@%dfe{ﬂ ahdBio-

’he present [ nvent I on I S
Iealwélpgymﬂpltqafgﬂnéﬁ%@ diagnpstigally fegtingicenssally wa«olveweaw@rqurocess

m;@ hd SEREIGY @étay KR bIeS off 28R aa?% hfplk me@dlr@gﬁ%ng,@&ndple
QVI esent ion are chemnm c
Blfon dert sageR) [FoSeAlr BRABIOC A M) FOPUR Gpeentration
dnml@msm icgyre m’rd;!oxdnlya@dimbn @3 atubbii@l wigi lalls ardbiadidg B3
t roteins
gﬂg ge llga%olg ?1; s%xl%eggk(? ﬁ wab§1 %?aand% t% t)onfoolab%s llée}(rg%ﬁ)rmqnce
met@rswre ﬂl@@hﬂ@?l@gﬂ]xd alpﬁpiﬁlcmf ﬂmassay&a ool ds thg prosd, kasebf-yse,

Feﬁﬁﬁit}n Qetp%%ﬁk%ﬁtb' Mltégﬁ‘ﬁ@xl Mﬁ%os@s (?f%qgs@ (iﬁoﬁfemﬁglggsg%s\mﬁ ge able
step he so-cal | ed assay. anpl es of assay steps

Igrb@egrg‘fﬁﬂ @pfogp(mﬁréts qulqu@}c,r%gnangeatﬁﬁwéry general way when labels with

specific magnetic resonance characteristics can be detected. Labels can also be called probes
or reporters. A further application that can benefit is (bio)chemical testing that
simultaneously uses different types of labels in an assay, e.g. to allow the use of concurrent
controls, for comparative binding/hybridisation assays, and to reduce non-specific cross-
signals in a multiplexed assay. The use of separately detectable labels can be referred to as
‘label multiplexing’. Label multiplexing has not been demonstrated yet in magnetic

diagnostics, as it requires separable signals and a high signal to noise ratio.
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wa@oepbsioficeat i on,

di lution, dissolving additional reagents, breaking of
cells, material extraction, concentration,

capture and/or hybridi sati on (BCQIB2005/050158
i ncubation with | abels and binding to a surface),
application of stringency (e.g. washing), and

detection of |abels. Key perfbrnmance paraneters are
the sensitivity and specificity of the assay, as well

as the speed, ease-of-use, 25 reliability,

r epr oduciTieke dnd othenthegrterdstion) featots emisddsamdged dfehetpestnt
ﬁb&?&?mllco@éor@es%ﬁé@m\%oln th@ﬁll&gh§det§1@d Qc%@r%{/ oB tgﬂeg i co%”mctlon

rovene magnet reson

lytfmmﬁmpa@b@lgérawmgq, whighdBystrate, boreregi of P@mmesfbﬂmwles of the
hakias trek 'd§stchﬁt§)nQ@QvQ1€fmdtﬁé &kl &q:xarhﬁp 615, viRButHPhe IR scope
cal |l ed probes reporters urther application
plihg lnﬁeaﬁorbghehfefe%ﬁww@?@ﬁ%efer todthg ﬁé‘*teh geawings.
simul taneously uses different types of |abels in an
assay, e.g. to allow the use of concurrent 30
controls, for conparative binding/hybridisation
assays, dig ltls)alrﬂdmaeorrnfmeszreeﬁinfeifmton oasSefNMgnal sin a
mul tipl exg detectabl e
| abel s can b‘ég’?rg%ﬁm;gﬁg %lﬁh%ﬁ rné'Snl %Ct i gas??l pI éxi ng'
Label nulHig @ ieg lsthgmam@rqqmecmlrremmmcéaéwlgc@tcordmg to an

maﬁ{ehtcofﬂglﬁ&g,g%\;egtﬁm as it requires separable
signal s and high signal to noise ratio. WO

2005/ 073695 4Fsefm Bop sy esthe deyicegllushaedindiigy 3ot her

char act erfigts is § schb@@lcuéRseddiidn o£ly @Vl dedradfs tb B ther
i.nvention will becone apparent fromthe

$ 0ﬁsent |
OMBRP RS g P A M®8er i ption, taken in conjunction
wWith the Fagcﬁcuhm&srwschgnaﬁb awlmagﬁszhMtheictrbsuqiyr ate, by

way of e’iﬁ‘% d?fferérﬁl?’ 4 H}% eﬁnl\e rgfefgnc gures re e\:{‘%o {he S'c‘me Thl S

description s g|ve

Walckowelements.t i ng t he scope 5 of the |nvent|on The
reference figures quoted below refer to the attached
drawings. Fig. 1 is an illustration of the Zeeman
effect in case of NVMR Fig. 2 is an illustration of

th ﬁ Zeenehe @hds@f invedios a&llﬁbleescEE’éﬂ wiltDre§pe@t-to %m'l&uaa
schematic cross-sectjional re ation, o
OB P SIS R T  P P et oD PRGBifG | BRI e
it goly By b clinsaTlieapawingwenfibddhes (ﬂl@VSCﬁeﬁnatlb bruisdre @dnelfhifing. In
h | n.of a
G, B P IESEIEM fof BSUERERL AR BBl
thvleﬁltatlwmurppfaeSFW@ere Gﬂesm\i\eor@nsmg’emsqdon the ptepentdegfrip@dd and
OUYRs, %Estr{opé&%)! othlalrblénn*ﬁts di Jtép@ MWhdre bl AHHRRe ol ddBniB ARe is

reference f ures refer to"t e same or anal ogous
e%w%ﬁatr%femae gHleERWAE-S VN orihey this Iw@daeenéwplwé that

Nouh hnlés@&ﬁ&ﬁimg asepagpte&iﬁwnaatate&nbodl ment s and with
referenc& g certtltn drfat 9 iﬁjd Ill'l(VenE.l gn IS notd
limted Hg &mgre, e erms first, seco ird and the like in the description and in
the claims, are used for distinguishing between similar elements and not necessarily for
describing a sequential or chronological order. It is to be understood that the terms so used
are interchangeable under appropriate circumstances and that the embodiments of the
invention described herein are capable of operation in other sequences than described or

illustrated herein.
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but only by the clains. The draw ngs described are
only schematic and are non-limting. In the draw ngs,

wo b@ss73e5 of some of the el enents nmay be exaggPCHIB2005/050158

and not drawn on scale for illustrative purposes.
Where the term"conprising” is used in the present
description and 25 clains, it” does not exclude other

el enents or steps. Wiere an indefinite or definite
article is used when referring to a singular noun

e.g. "a" e present invéntibreprovidds asmetingl andl devica 1gbrumadhipofiagnetic
}egb%gn a%ggﬁ Lt? e ﬁ%ﬁ‘ﬁﬁrﬂh?ﬂbe%? 1b5c§l%}§rg§a%§ &4 dﬁl’lf:%for %}ychlp

state er nore ' secon
ﬁ@e@wesqnmésneﬁrwwey, Guideeringention isotllimited heteto. Sheairepent

m&uw&s& BeOtpp1fty 3 s:pEb@Uéc%}'rﬁgthQ&ts‘&&eﬁ 3l KMRAEPE FRRERAVR, SPR.
nd not ‘necessari descri bi ng a sequential of

Elrﬁdawe? bejideugthod PB‘B‘? preseqt ipvention Pay bearkied i pa-magaeticyapwell as
fgnbtic BAertifSshd t(ﬂ‘!'oﬁdsl, Rugik Qﬂi@@ﬂi@ﬁg{ tBe fﬂﬂdﬁfng @&ﬂﬁ}ﬂi@h | B Rvice
i,rc tances .a
PR B HE BT Pt RIPEm oL Pl RESPRBPR O T 1 BRenp
etilive sssgudnces, hépresentdsentilredsoatoes applyls tasabBahen engietic
| /.05 T resent

S R R R R o B 5P Y g
Wﬁg‘ﬁ@nmsorﬁ esonance neasurenents. The invention w ||

be describadid) BARS 19 eqnﬁcﬁﬁh&@offtﬁé pr¥3tGNeRtion is shown in
etic resonance SpeCtrOSCOp%nHmut t he |nvent|on | S
A

n
]ﬁ&t% Thederisel | may eamprisepfbip phaion POLPRORSEE frappstrsis 2, with on

a§upthdelBbrédd atSéh@lQinE &ﬁlﬁ&ﬂ)y 3 BRé BOest &ié%hgﬁ’e‘ilc SerSor MR in BRER,
devi c

TRSUBIRH PRI A BEa b FBEOU BN Hiekaprent b ation.the
mmi fsubrgrateTrmgynietlide angdnderlyi smat@tial of Matsiidls s, mdyibe used,Sor upon

t V ce
N T3R8 ST by DR R el A0 e
@é@émebte,dh i'ubstrpig’Spaycinclude apsemiggndictr sybstsitaturive esedeped .
m\ﬁﬁ\éegralhuﬁlt}?selﬂﬁee@%@%)l e%ramsm Arpéﬂldelpﬁ&pﬁ@@@;aagﬂl lhalmﬁ ase

of ot her magnetic sensors such for exanp

phepnhide gHBh 56%%@% €129-OF HpE aAhecEN Y HR @Gfa substigprihg “spbstrate”
m@smcﬂhd?etfbrcﬁﬁalﬁ}ﬂé} Sl@fnﬁllatlﬁg Bt seh & aaBO LS AISHBI, 129erdh addition to a

{ t . Fi g.
SN RE R g el B 1 SRR g bty cpsor g
sitivpn-on sApphisautatraesb Senamésihstrate? B tlon used tedafihagaetethe of
éﬂmén%%ér mﬁ%ﬁ%ha?gﬂagrﬁg g%&erﬁ%égr%o%t%f mqéfj}gstt Acfso the gllgs%t’alte may be

sensor
g gthet yse ensvhicharever is fonmedy far, exmnplewblem apoistnger of methidayer.

p resent iR¥Eb8Mmedt I dvick 8By o a%Bfﬁ:luct[ﬁBSy anld Q%a fHfo-

ny underlying material or materials that nay be d,

ré?StiPﬁ‘b%?nS%»l R B pasisionegl djacgniife cagh otpt véinaslese fistance D

dt ayiet 51&1935/0@1% shsxtrved (¢ 1% B aftd F%r 4)3F$1Qﬁd'1@$sbﬁ/ 8f simplicity the electrical
trate'

SR SO0 Bisbe Sl L e, pefsosd Dhvegor trah dgiehed ip Figgh The

disdnké Dnseta/resﬁhe ld@nét@aaeist)mce el 4 indrhasoadrtod 8 ifdl g hifehe
Aa%’fﬁ&f ) for & gmblg AT more, as an electrical barrier has to be formed between the

magneto-resistance sensor 4 and the conductor 3. It has to be noted that the conductor 3 and

sensor 4 may also be placed in other ways with respect to each other, e.g. at different depths

into the substrate or placed above each other rather than beside each other.
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w0 p@b0ds93 or exanpl e,

phosphide (InP), a germanium (Ge), or a silicon
germani um (Si Ge) substrate. The "substrate"” 20 may
an insulating | ayer suchPEBIB2005/050158
SiQ2 or a Si3M4 layer in addition to a sem conductor
substrate portion. Thus, the termsubstrate al so

i ncl udes silicon-on-glass, 9$Plicon-on sapphire
substrates. The term "substrate" is thus used to

define generally the elenents for |ayers that

under|i e AnhBNREgeQf a HRNLJiRHSe D%eﬁﬂé&@%@&&nduoﬁir%%nd B 8ensor 4

R < Bon SRATTB £ Tl % s DRy RE Dgp SHLe LY Eyurd by
fife s¢moroHence misngll Prgives antehergglefficiest atchiregyure, GuipbieSer a
&9&&%%5@05 a§<% @i{egra &onn?dl%nd?sttarice {)%ic'aé/ an C aF%Ie %\%o{%m or even Ll?p tol

acen
tzﬂlno éergeh distaners elvaadvamtagas inj qasgtof madve‘acsuro@ bumveshdaéwtanagee i

(nlfdlgmsgtlo@qulﬁregw(ﬁ) For the reason of sinplicity the
el ectri cal connecting to the conductor 3 and

the sens oThe&Orﬂaeter ey o erpeedtecaragrent wyirg agd the magpgto-

ebsiSthR Genss? 4bx%f\&&%ﬁarﬁﬂ1%e%gﬁﬂ@k(ﬁlﬂﬁ$r THARNGSe BEAS PlrttbrAE,
é&he conduct or is at | east f ew 30 nanoneter, for

g’r?‘%ﬁleéo ’fS‘ﬂ?ﬂcﬁf‘er‘?‘i’bf} gay g’§ SXAMALY RAYE 71 ofISalg gPqmely- 4 & lqng and
berowastripegohatyyee iz nbhﬁmteﬂ&gtheitg@omagll Mbﬂ:ﬁﬁe@ tRONSDEto 4esiitfilce

%elﬂgorg%d Hé(r% éfosmali size. I1“he ﬁer%n‘i\% rek:’%) é}}f sel}?o ]H@/Pge c %@d%ct or
faermast by be bagion wh‘heﬂnn -Rlngeonductiog fehdsmeie cabgpot th the sersbio

e AU 0 R PG R TR i Bl e

%eusmsgaveﬁ%t%rg@perdma o thelsize gf he eaneidvity aatpriesred Fe width of

th@ B&bl&ttﬁﬂcaﬁy 8 asbut Nen BN be AowhsBaléd 8110 hi € TEXGintriinh RAgth
cl ose t oh% %@ gcg" ns that need to be

c‘”(‘&“gé“aéﬁﬂ%{ﬁé“tyd&?f”élaedﬁv t Fraghetic ghape anisolforypich p
Bicviess imiporenevigy the fidnpth kedrbr vaithldif the Gérssre) arsidtiicad ITae fhikness

nﬁ'tﬂe segso¥ !1 §'?1Icelil Iyrfs 1%nh% olrc[Et egngOgr};rrll g{llterﬁayu e(xgma_lgg ﬁq?geﬁ_‘é"‘?{ﬁ% 8

blfrt‘ﬂteariomsangﬂ@ﬂema@maﬂqt ages in ease of manuf act uri ng but
gi ve di Salq\éﬁd?ﬁeﬁgﬁﬁodin{ent mela'e@EéJlr h%#&rr&ﬁseae{ﬂst and %second

i nt eﬁ%ﬁat ion. The cond UCt or 3, exa
eGAYEN S 2Dy 3 Bagngtpdesisiiace yaRaLt: omereesqaeh @n@etos & mg e Hositigyed
£c§kl'ce1ﬂ)éﬂ8ifﬂo§te B 8NthWignet YR iedncel MRk ¥ BE: s3R0 §(§éﬁton with respect

t her t he pagnet o-r I.st an e sensor may
e O oo g G S e e P [P U O BOTe g A gorgtptor
31 ardr ooir bf thecugremabéreiy alldow a ﬂéﬂﬁl‘focton{rd)lmffhe ehapietit Aé18s in the

h t
%@%E’é&rﬂ)(e serl\{glr Af ?(\)/reegrameptle & rems g%‘éﬂ? Is \}% {hle gonrc]i &or&? arieﬁgmlar of
mmme and ﬁrwytlcgleﬂremagﬂet}c fivelds tebbreen thie nedludzryrs 8 lirethé wiciatty offthe
W&k 8 alteleg,s@ntfaﬂ}l (g}eﬁtg@ﬂg)‘]:altrk & \Jv}%ﬁ?l'?e cqﬁgrﬁs ifi %tc%&uct{)x% 3ta|r]eeof

sensor mat er’ he mag net o-resi st ance
dafly gragaitude put e%opeesrtweeﬁthre therfielslp aetyeanéheeﬂondqcmla ithtts

ﬂhlﬁmﬁe%énsordﬁ(@@&fehl@@es@éhtffah}eorﬁJoﬂ aRf the sensitivity
area preferred Th w dt h of he sensor typically

i s about B2 gD e%e%ecoaemgséa@édnae@ﬁ%emﬁﬁrce sefppys 4 are
positibmad i@ in an area which needs to be made sensitive for measuring materials,

e.g. magnetic particles. The distances between the magneto-resistance sensors 4 and the

conductors 3 may very between 2 nm and 5 um, but may also go up to several millimeters.
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and width may partly be determ ned by the effect of
magneti ¢ shape ani sotropy, which becones inportant

wob@s/0tises | ength and/ or width of the sensor 4 BECEIB2005/050158

reduced. The thickness of the sensor 4 typically is
in the order of 50 nm but may for exanpl e have ot her
val ues, e.g. between 1 nm ahtl 100 microneter. 20 In
anot her enbodi nent, the device 1 may conprise a first
and a second conductor 3 and a magnet o-resi stance

sensor 4, FuMheiid) m@&ﬁ&exg&aﬁ%ﬁﬁs BdcordlinBRy ttteq,r@aﬁ h&e@leﬁ do the
an O 03|te side of th
BT -SPREAS P LpsPh e RSl S HE S
ohich ey foa graetpls-be @ persbusnCeaghevs ar elebtiohiagnet, 8. a ddilendi&esource
g{l erlérgef{c]: Bg%}%g nglﬁaggj%lc%% %n??tgrxﬁﬁ nd lgegp%glrlgne]d fofse tto ¢ chip such
pefgreeimnple fi aseepnd pide T ¢faheBbsirhie 2rthe secordd sideey l@elgsmltmmed
Eﬁfom&‘:}f@ﬁq@ h%t 51&“59& tﬁe@@bsﬁé’t@ b %mvﬁlcﬂ ﬂe tcg'rﬁluﬁtgpﬁjéfﬁttﬁérlﬁabgﬁet@r e

simlar of nmagnitude and direction net |

fesiglprs seer i Popitiencd ohe meenstg fiddd pamerains may bp Hitegiatedpvithiee
siep&ate dhipphs RePANEd & thy/fidd sB8hBEbr the HlIABGerafr maheda

t he c#rrents in the conductors 3 are of simlar
FRYATLUE but of opposite direction, the fields

bet ween tTte egemaiundgads fidldigenetdie 6 gyh@iitéﬂ 4 ma@étlotﬁéei Whlch in
§1§ ??é?etnhmven[l%ac% agg :siﬂgrg orlee%tS n%ntlatgg?t{% ¥'1§P(P w1ah res;%ct%] t%e matenal to be
mb’n@t Bheragigitation of the Gelrh samrlx ingplareas w85 outefigldne. Currents in
Bdnbifid? @W@oncomnb@&oaﬁe%@m M Ggneeds to be rmade
sensitive measuring ne turlals e.g. magnetic
particl esin thedfplloyying the e@g;lp,}fétf@g@ﬁlom?é an embodiment of on-chip

PR Rsoh@kk BliaRERJISR rrr?og 8 cal%la{me fspseenlq GOREDAGLQ Eosméicdi@mat
ut may al so go up

g 3{%?\3?65 1 Petihact B¢ Xvﬁa%@"%s}%%@gseww sBBuEPER et
4.4 the-ddnpoment ¢ a nlla@neﬁ@ feld drbadk-tention ﬁﬁmeﬁidxtﬁ@ dir€ctibéf the
SRR MERPIALR 06k PRSP g
ﬂl)lgrlets resistappeckelor ancwrhmgrwhé wesemxampli@. bee magnetp resivente
.gEﬂQ)? 2hadQf 1ﬁﬁ’nu§J s@ﬁsﬁtfvﬁ%gﬁlaeélrectﬁmg%rpaléf? + Jﬁﬂg%@lﬁz of Bidla6HRce 1,

el ectrical ener aqy er at or
ffathe pulirpréion oy thhesgtical| diyegion i El&é Whempa bigk nrler@na’éelqi tgidesired, it

Shala Pheterabl tfé oBBREIMbnE i e-atis Qb al B%V&ldb&ger s’?érﬁltsﬁn th% h&ad tsensor
0] erTiIrs

econd Si 7 bejn 0 i oned posi t
L0 8 B T agisg tpiy Bbsenat il STEH Sk b SeEreput of
pimet chihiee mla@;re@tmgh wils hatlig lbél&g 88RE&0 by 4heahRn{o8dsisiafde@ehsor 4
{Eﬁgseg%%?g galénfpl tgat ﬁjl'ﬁsqg B a{nglty ed. ‘&g%‘n?e I :?etﬁeﬁ ggsfetg 8? glar)]/sed is
igelreaneizhlonurhopd thlee de}/led d agémw ategernphyagretiaficld epbeaitethe

Qﬁl\ﬂ e%ﬁns ]]-loorl-g?tﬁlg%?%g{hg @recw eQﬁj;da?hlg%rﬁﬁpﬁ l&ltTﬂése @pms can

genera es a magnetrlc
sitherehs Of Bslearcar glegieonis oxigin Ar By kerfcpvdedravginatol ele<ftliOé Ismnswi ¢ fn
1he 83€61tthd RickitR oTBlBhhgibtid sﬁﬁma@ﬂ@éﬂéﬁ@ thatefill€

orlentatl n of the field can be in- P ane as well as
out - of - p| eurreps is sept {reugh the conductor 3, it generates in-plane

electromagnetic field components 10 at the location of the sample 9. If this is performed at

the correct time and/or frequency and/or in the right pulse sequence, this excites the
precession of the spins 11 in the sample 9, leading to an in-plane field components at the

location of the magneto-resistance sensor 4. In that way, the time-dependent orientation and
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conductor 3 can also contribute to the orienting
field. In the followi ng, the principle of operation of

w@poosfmssgs nent of on-chip 15 magneti c resonancBCT/8B2005/050158

described. In Fig. 3 a co-ordinate systemis
introduced to indicate that if the device 1 is
positioned in the xy plane, fhe magneto-resistance
sensor 4 mainly detects e.g. the x-conponent of a
magnetic field, i.e. the x-direction is the sensitive
eHlafxetﬁillo@me ﬂfagﬁehemoﬂaﬂ ﬂﬁhéi)saﬁlﬁlg issih am %y $eMeRred by ME hA¥hH-
(_1% 3 |4nd| catE ng sezts itive_x- |rfect|on of the
FRRIHAST P A0 R B o0 P axvedon P RGO 5N g hisallns to
Phisie A tragnetic h@ane gpeetuos, & SinNMRCEPR FMRROISSPR sﬂedﬂaﬁa A
1 0] [ L4V [ h ireC|oneen N
PhL TN 8P ARl del ot et 3E by R BE BT 8y foe
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of g.B=1.9 x 10-23 A n2. In an orienting field of 1 T
the resonance frequency of a single free 10 electron

W@ pIs/07T®9IL8 GHz/ T. In large instruments EPR i SPCT/IB2005/050158

typically detected at constant frequency in a

sweepi ng orienting magnetic field. The reason for that
is that it is relatively difflBcult to change the RF
frequency in the resonators that are used. However, in
the device 1 of the present invention detection may
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Due to mniaturisation of the 30 device 1, it is
rather easy togacBE®%e a sufficiently high field Eq.5)
uniformty. It hasmo be noted, homever that thé i
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perturb the orienting ene ‘a
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P OIIGB tha deisetenhiapt orgbRgesonance in
tmummenmwanmdumyB«snma@ﬂaymm&ﬁﬁented in the draw ngs)
may be placed on or_near the chip to reduce the field

non-uni formt = '¥in_one enbodi ment of the presepy.q)
i nvention the nagffi @i@mre5|stance sensor 4 is, for

| d
ool By A R LR ADSE Dy e s o
Ortity B40D ¢y nd Smarrie®? SmyA iseusetbeng Mmm@dv &sl [f=0ll thAyghen the

detection limit is n ~ 107°/(e.m) for systems that use the above GMR strip as a magneto-

resistance sensor 4.

The contributing fraction € may be determined by the thermal distribution:
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The voltage signal of the GVR sensor is given by Eq.
4. V=1.SGWR .HX (Eq.3) wth | the sense current

wao boosgist he GVR sensor 4, SGVR the sensiti vi t pPCDIBWOR050158

GW\R sensor 4, and H, the in-plane field resulting
fromthe oriented spins 11. The m ni nrum det ectabl e 10
vol tage may be determ ned by'the thermal noise of the
sensor 4, as given by Eq. 5. V,, = 4kbTRB (Eg.4) with
T the tenperature, R the resistance of the sensor 4,
and B the bandw dt h the inverse integration
tine). Typlcalhy;imhé—ﬁﬁ}lstance R may be of the dEQE)y
of for exanple 1 k92l & B may for exanple be about 1
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tppyl, the 4ete<@©ﬁ’é¢pﬁ1 d@gentih@ thﬁtﬁW@f the sraB PO B, sewhr 4 wlth a width of for
gxtp%%trﬁlagm%rhaygﬂé‘t&ﬁgﬂ Jebtﬁ f @E @dértgf%%e 61‘1%%?' I%%e sample
ie

field and magneti zation distributions, det ecti on
P-iths qonesptragiqn Bt s (1 Q9 e flew) which eayalsie eé@h @oricmmq sr-6
RBYL 6ogsid doRitafl=8921:a0%F p¥S"). TBR 1§"a Figh¥on¥enlratics %@t@%se to

or GWR strip
bedohory tormdisr- e Fffaggnss%uem@n@ﬁ%s& Boot el g
&s@aﬂcemcmlq®1mmeﬂmﬁtddvn = 4 nV and I = 1 mA then

the detecti.o o"

that uoe oheRfe el a1 Aer D 507 a R ER o and

SFRNGQ= Aox18% AThE 1&@{&1@ fol etihU(nh Agudih 8kt can =C9XIT§‘§’6 AB% EPR ma

geterm ned.b the ] ga dj Stfj’l but i on WO 2005/ 07369
B sY 6‘}5/‘611‘3@?‘“ Partigless suchasfor axagnpls, qupgpargmaggetie s

ferromapnstic(ridghrtislesl Thepaftictes mB) Koyl A pment AN AT & of @GMhigher,

E.S%méku.rrﬁle Q(gt%cg hi@ moment, the particles are nearly completely oriented (eg~1)
in a field of 1 T, giving e.m = 10 A.m? and higher. In other words, in case of EPR/FMR,
the product e.m ranges from 9x10% A.m?, to 10 A.m? and higher. Thus n ranges from 10°
umto0 0.01 pm™ and lower [cf. Eq.(6)). Again assuming that the detection volume extends
about a micrometer into the sample 9 the concentration limit ranges from 1.6 pmol/L (1000
pm™/ 1 um) to 16 pmol/L (0.01 um?/ 1 pm) and lower. Hence, with on-chip magnetic
resonance using EPR/FMR it is possible to analyse samples with low concentrations.

Consequently, although on chip NMR measurements can be performed, the
sensitivity may be relatively low. The sensitivity for on chip EPR/FMR measurements may
be significantly higher.

The detection specificity of the method of the present invention may be
enhanced by using pulse sequences, as is used in multi-dimensional NMR. As an example,
the schematic outline of two-dimensional spectroscopy is shown in Fig, 6. During the
preparation pulse or pulse sequence 12 the initial state of the spins 11 is established. After
this, a time period t; follows, which is called the evolution period. During the evolution

period each spin 11 will precess with its own frequency. With a pulse, or a series of pulses,
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an external magnetic field of B=1T and with gp
=1.5x10-26 A.n2. Thus the product e m(m = gp in this

weaws)p7Bgual s 1x10"31 A n2. This corresponds tBCHIB2005/050158

surface spin density n = 1000 5 nn2 (Eq.6), assum ng
that the detection volunme extends about one
mcroneter. The field at thé&5sensor 4, originating
froma spin, decreases as a function of spin-to-sensor
distance. As a result, the detection depth depends on
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Thus ranges from.1

flugls Orﬁaseﬁ tk')ﬂ] are %ﬁﬁ?drinta% GRATHge- t"Hé‘t’ ﬂieﬁ‘ee TpRthe @ﬁqkeg? iy 6 plasiis
RX%d-88d Swhiahbly se@m ikl GBS Eif)ughﬂ trahd NEnBASIheSre-Heh€ The

SRR BhhEe BA9S A2 oy OB L2k
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$sd bl e to anal yse sanples with | ow concentrati ons.

Consequently, al t hough on chip NVR neasurenments can be

per f or medThetdadce 1285d giethed ofjthis inmyentiny maw be eded for materiall analysis

ihRBnsBRBSIs twell bd ﬁfoffes@%né? RppfbitiBnsERE) 5VR SBASIE b& TR e r@c}'n
be significantly higher. The detection specificity o

?‘ﬁlé(SIFPefOHEBGIa%W“tCh@lOﬁF@%f’é Hl@gnomﬁén@?rﬁlﬁcwy ara?@uthéﬁwamd

iroishei] MoiSENS AGLIRNAGHRatiodS . . SThe 886kel 1Mnay also be suitable to
t he c hemati ¢

b orde B R neireieuh sl Mt by SPErBraa e

$Hygen, BIO ddlie.i ng t he 30 preparat| on pul se or puI se

sequence tﬂeng){)héa{lén cﬁ he %E\%eel gd ntlgllho.d%P hF ?»re]sen Jlnventlon is

est abl i she
Whibadhs fingerprinting - ﬁ@l@b@@tﬁnmp@mgdaesem blneyl firlgerprinting is

ﬁe‘ﬁ@ d&a&p@d wREhhR! qlt)e%t%ﬁtbt@ At RiidsTonthd RGBS 815 J}Jmtér ti

requency ul se, or a series O | ses
@le@}lqg -ﬁg@%oopb@swg @2%5)}1%&0@%}816 apg subsequent Iabel ree analy51s by

mass spectrometry. The blood fingerprinting application requires that the spectroscopic
technique operates on a very small amount of material. The device 1 of the present invention
aims at the analysis of small amounts of material and therefore it may allow blood fingerprint

applications.
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magneti sation is transferred between a first and a
second spin 11. The period in which this happens is

w@ adosemeps xi ng period 13. After this mxing pePCDB2E/050158

a detection period t2 conpletes the experinent.
During the detection period, the magnetisation of the
second spin 11 will precess'®ith the Larnor frequency
(i.e. the frequency of precession) of this spin 11. 5
The neasured signal becones dependent upon two tine
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measured. The FMR and SPR resonance frequency for magnetic particles is essentially the
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ainms at the analysis of small amounts of material and
therefore it may all ow bl ood fingerprint

wa@ppbsiozsbs ons. WO 2005/ 073695 PCT/ | B2005/ 0501 5BCT/IHR005/050158

Bi onedi cal tests often enploy detection |abels. In the
device 1 of the present invention magnetic |abels,
e.g. magnetic nolecul ar |abel'd or magnetic partlcle

| abel s, may be used for |abelled (e.g. sandw ch
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d et ect abl &t léaabbé ‘sllwng tybaslo€magnetic tiepdsexi begised dsdetedtion labels,

fn%,tn@lggrfgqg,&“ngﬁ Qﬂn for the ease and sinplicity of

witing and rstandin only, magnetic nol ecul ar

| abel s orA ﬁﬁ@‘ﬁ@t fdegsla hasi diffesent safuration Beldse fop exapiletedyemby using

&ﬂéstvh@dﬁferengﬁzek M fhisf dd¥elththagBiR QB hdT R Hheas&ds %@unl‘tl(ﬁlok ows
fejﬂwgtl on of separately detectable |abels, i.e.

the use of label multiplexing. The rragnetl c

par ticl esA psed tf/}ﬁrof bahemas mﬂastdf ﬁiﬂ@ﬁéhﬂ’@gﬁéﬁﬁlaﬁ@iﬂoyy haye a
t n o or

% g%[&?c an[sotroge dgs\p%relc\?s on th cgre nyétfu%lfy ﬁ‘ﬁ gaa%{)l?l% t;cg’xjposr,}g%qf Ehglcprﬁs

ind tb@bmlme OChS amisntrapydcat@9a differeifivergpeaisdtion Febsativa yime and a

1&1%1& %s!)ﬁén%%reg%[:}g q'hp:){ aﬁ‘ov%%o Eeﬁe%{ tﬁgsr%%%ﬁclgshﬂellsu eftied of] as

|gan r an organi c erla SucC
1513Kafien (e pra b perfogmsd byaapalyiag é;elé pulws fet raparding thosigriahag a

fibGion aﬁtmﬂiomgneﬂfbﬁarﬂﬁé'sthbﬁﬁgeasdlﬂ@%t hﬁ%@tl@&tﬁ@gré’ﬂﬁ%ﬁ &8 be made

a% nment typically of the order of
by 1”1112% f&lfﬁ‘?@zt aﬂfffﬁ‘&%%eé‘fwts Fﬁh@ﬁ%rtaiSémﬁleﬁs FPRYy %@G@qué’%éhet 0
méaﬂlﬁag einb@sitteMOpeidles eftier St PRt ABBIRRhA FePiaESNAACBw

& rc%‘é L3 g OCPIXW amso%'ro%}p Xr arrrea O%elre‘a FePt compound with a high coercive field

and high uniaxial crystal anisotropy. The annealing conditions thus can be used to tune the

magnetic anisotropy and thus allows multiplexing. Other possible post-treatments to change
magnetic properties may for example be ion bombardment, chemical treatment (e.g. etching),

etc.
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resonance is nmeasured in a material with coupl ed
spins. The inportant advantage of magnetic 30

woawspa¥shi cl es is that these have a | arge tot aPCTiBRESY(50158

giving already strong alignnment in a practically

real i zabl e external magnetic field. In this case, the
eth-1 in eq.7. Thus, FMR and'8SPR have a hi gh
sensitivity and therefore allow a good signal to noise
rati o, which is necessary if differences in the

magnetl C Ah@sd %'fbe'i@érﬁa%rh@‘fle Jﬂfér&ﬂteéogeiﬁéi as #Rglnlaeed to
neasur e he FMR and resonance frequency for

Wﬁ]@ﬁréwecg%%ﬁ Vi uging watprialeal é*véml ﬂm cf¥ptal Fgsolpgny Zerysisrrisiiyely on
EP@leﬂpBr%ﬁ%Sﬂﬂ@ﬂaﬁ@eratﬂrZ cﬁaag’ﬁg afotind Rbm ddiperatuie @%Gh/-t IIO(M) cdnQive

ence of t he Lextern £s0
e SERET afay “EefihGb™Bie oH Feghbriet R aros vapys o
dong in Tpyst aky bni seftorepyheahig. shape ani sotr opy. Stated

di fferent G nctlo
not oty St FHRLES ARG ERMERS Y dndert IR
Rgnetiqreaonpice- Th direpingiecapssd by enengyglinsipition snths etviropyent £.g.

8o E@ﬁ%%h@n&@ bf thepafiRle iptht cae of FNIBSE §pR.K) ( Eq 8)
Thus, as the resonance frequency is not only a

function Eﬁr toreeleerlprgr fip)chemigqalidiagpesics. dhg magngtig garticles are
R4 Bhbels aﬁaﬁdnlb@ |sl%c1ﬁailll'§/ c@in@&edds pBdSol@0led, 18 whithRl; ntﬂé

netic ani so t he
fonee R TR T & TReab BB cBRHr e o e ﬂwﬁ?&d%eﬂ?eee can be
pa;teiq aclde pragupsadehagies, en. Alb@otheribivl@icabthateragnedy ibe tatderl,duch

C g. be used in a
Jf%gnﬁmr ec u%%?ldgt%éh?%?u\ém@ s 3{/e°§g di fferent
mag netic Wh@p@@@?t@@araﬂ@ appesedsasdabyls, tBebinding orwalyisdimdf diese
fQne iR t}ﬁ%&@%b CenBRE i o“é{e&éd \Ma%};btlg hﬁr’&&éseal@ (weTRORELE ©

ro ertles g due to differen
d&3nhe aﬁmda Pitletresitic @ptie molgeplen Farfxamplg,itthe magnetic

pﬁrticﬂdé Ib% &her[dﬁé{séﬂﬂhdy Qart B6 boetidftd B SaikitiveEfEAIeCdbending on the
erent s rface treatnent, etc. In sone

S
%rgsgré°§ ot %béérﬁgf’{ BegolLRecontain  the same chemical’
el ement s Wuintg ddvitd k rheinragstic tesdrance pebpertiésinf thedblicc@dnaf particles
L Lfferent
%{E}l :Blgfnl I Eltged g[;ﬂé 'atglg)trk@ aF@srl)lf‘Eh%%%Mcl]pP%P 8% m%ente? ina magg%hc field,
Yiefhavpide mbw@@sree@nn% peal Srddenipg dut leoeiy drfferab@igsments fihe

eafiddatalieAherdt RpobsRedus fmﬁetfaalt@&(fh@ Qamc‘ie a&J bed P Of
heads .has different saturation fields, for exa

HiooeHtinipediunyfe. b eherreiia [yey P the pwsfece ofthedosenspr. haséo be
agehat PRtIRGES bt Getdted BRAnd/cP nélR &R UERSH 4238rfae  MRfelel & Wefas
f beads, has cores of

0] L field. A d. .ty
SRR eSS E R e B5Rag R0 LR
ravngot rlepytedeips mish ony bdrelecamt for for y&mlelclmi gssayi he
materi al BeSHALRRS zjestoha%ge f?eguéngg ﬂ(l:eop%%fc%es can (J?:ntlfce fwcgrglng gh

shape. The ani sotrop erent magne
themepsured BMRidamping ble @mpmgﬁi @psef by cr@mrdamp@oﬁ togbriency,

éWl'r&llfheﬁ‘tl, J:.Q.\Qﬁe foQuidRt ﬁ)ﬁéhn@gg oPhe Bﬁ'ﬁ&lé. cles. Measurenent of

Furthermore it is a specific advantage of FMR that the frequency can be tuned

for maximum signal-to-noise ratio, for example by selecting the frequency to be above the
high-noise regime of the magnetic sensor, i.e. above the 1/f noise band, typically f> 10 kHz

for for example GMR sensors..
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25 relaxation tinme can be perforned by applying field
pul ses and recording the signal as a function of

wo 2ovs/073bHnet i ¢ particles having a di fferent nRgER2065/050158

ani sotropy can e.g. be nmade by applying different
annealing treatnments to materials such as FePt.
Dependi ng on the annealing {®nperature, the particles
either are a random substitutional FePt allow with | ow
coercive field and | ow ani sotropy or are an ordered
FePt co nmgﬂdlc\&tbdmoﬂ tdth@fues ALthenoR: Hab@iddarﬁ&e@@ﬂr biitigd

I t Th
rtalieg e ATk Eio b il roriRee g EB s aey
arlduis padsibdinsfomalget gatrestiong. Ot her possi bl e
t-t \d f
D o AR By B DD TRANELL G RLSRAE Ll Bl (1
avehiomigihat it maycallowen zmsymmwv@@mgm@m@mw%mum
{16l iwAREd ggnaﬁ%éi&, TR ) DY &irGHof sﬁrﬁm@ BimPhORENiH SSne® 2

function of nperature, given u3|n% mat eri al's of

WY ETPr tivféomcammmagm mw)gyngj%@ﬁfevsacg@ fipsfa pammkh

tRARMBIRE AR iHgEnag TRl aJctnh@l’W@fni’firWe@ s@ﬁhlﬂlﬁwibaék@ﬁﬁiﬁtﬂls room
can ve ar es.9

er at ur - |
Ty bt bR e gttt SRS e
maridspsucie xsabixemfie cdmgpleridolbgicah opuhkm el n\ﬂ/&t}dreb)Aramproved signal-
n_the chi Q
over-{)acﬁ%roeun?m‘ mta% }mpr(lwe tﬁ)e steﬁpélt a/?t? faxgcp sgte%‘ B(atg off th@ %gs%)% %hh%ce@
pre@mnaznd wliabllite oﬂhmsmg rqdmeémmewd/emwxw g@sq@mtﬁm nmd

L Rad D8 & g due to surface roughness of
Iﬁe pa?gg(,é%%ﬁatagggase of FMR or SPR

For
bi o- mol edtip Erbeypdersspad)thas alffough prefeugsiradpdiments, sprsific
SOREREHdnE ar bl geta@SnsPdisBrell b md@Als, &&vd RELdiSuaBdhdzamfob gevices
speglflcall connected to other %nules for 3@ P
gogding 0dhe REGHE SNEFIN) BROKSETE: B “tf’éh frationg ndorm v el may
beapddd withaght departing feh ithikGeope ketyird of thEhwsatiocnan be
nucl ei ¢ acids, proteins, saccharides, etc. Al so other
bi ol ogi cal materials nay be targeted, such as for
exanple cells, cell fragments, tissue or parts
t hereof. When magnetic particles are used as | abels,
t he binding or unbinding of these 15 in the vicinity
of the nmagnetic sensor 4 is detected. Magnetic
particles as well as sensor surfaces can be provided
with specific capture nol ecul es. For exanple, if the
magnetic particles pass the biosensor they can be
bound to the sensitive surface, depending on the
presence or absence of a target nol ecule. Using device
1, the magnetic resonance properties of the collection
of particles 20 can be neasured. The ani sotropy axes
of the particles can be oriented in a magnetic field,
whi ch avoi ds magneti c-resonance peak broadening due to
very different alignnments. The
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rotational alignnment is possible due to the fact that
the particles are enbedded in a viscoelastic nmedi um

wWe2@5/0239%pen organi c | ayer on the surface of PEEIB2005/050158

bi osensor. It has to be noted that particles nmay be
detected on and/or near the sensor 4 surface.

Particles as well as 25 clust®rs of particles may be
det ect ed and di stingui shed due to their different
magneti c- resonance characteristics, which may be
celAeMsnt for for exanple cluster assays. Besides the
resonance frequency, the particles can be identified
according to the neasured FMR danpi ng. The danping is
caused by energy dissipation to the environnment, e.g.
due to surface roughness of the particle. 30

Furt her nore it is a specific advantage of FMR that the
ﬁrequency g uneﬂ f or maxi num si gnal -t 0- noi se
Vatio, 1ot dsasth) & Qi FhipdpegRaticiigsopaes mf:aésza@ﬁszf prepth a first
@ﬁﬁlﬂi@ Itlftwetlclﬁel}]lhﬂlﬁl dm&e cme;gismig achipt $¥6d dRROddRiptisingensor ,

o 2004 406 4L raLag, Pt LB S L2 00K
F@WWNBEWGBﬁ@@@@@@mwmQ(Nhgm@ampthMebemmhmmbmhnlques

furth
%%; ‘h : r m;airt lfég%/i‘v @%eqll)%qu&ﬁggr@&?@uﬂy&{-c}ﬁ}ghét%gén %f.talerg ALt (l??esc’:éssmn

%Fatnéﬂ%ga%lé omegfp (149 ?howgl@rfévt oranfepgtrmnwg"gidbn tietsympflo®)
tode geldysaeit racti on. Anot her advantage of the device and
nmet hod according to the present 5 invention is that it
may al |l ow an inproved signal -over-background rati o,
Wher e backdmvia g accoefi@riscliit LmidRIAEe Sh@Bid Sndber) 1sQ

%#ng&h%m&% [fing sanple conponents w th nagnetic
activity or e to sanpl e contani nation invol ving

magnetic activity or due to sanple contani nation

3 nVOl Vi ngy ﬂ@g:@ ?lt) b&o ﬁ%‘té’ adid 1 661‘& Jth'JBﬁl?P%?fﬂlg ina PI?% hwh%n said

nal - over-b grou particula
@it %{ea&fl%a prePidstentamnagaeticinl and sm dlametl@wgiioy (4) are
pb@:hbr&b b@ackht ehdntoftict iR plablstn@ehihor exanpl e conpl ex
bi ol ogi cal or chemi cal mxtures. An inproved signal -
over - background nmay i nprove the sensitivity and
&peci fi ciadeviot (1) heowlig ayclir Nh@cde tHE layRk 8C4 Sh@DNwRRAGn the

uce the n [ or
e A
pagacticgenadr (Assay. It is to be understood that although

preferred enbodi nents, specific 15 constructi ons and
conflguratlons as well as materials, have been

i scussed i haceingiadaad or 3cthorip hying in 2 Heepyisinthe

rheakEfol dr@fing ¥ @Edn URcEMABRRSH O OBk %taof?dléto}srts)f Qicﬁ'bfthe
wi t hout dep artu;% fromft

SR B P rhTPrPLTP Y BH PV Os R eor (1)
aPCShitnk BROH MOt O&DA:t to the plane of the chip.

6. A device (1) according to any of claims 1 to 5, further comprising a first

orienting magnetic field generator (6) external to the chip.

7. A device (1) according to any of the claims 1 to 5, wherein said chip

furthermore comprises an on-chip first orienting magnetic field generator (6).
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20 CLAIMS: 1. A device (1) for on-chip magnetic
resonance neasurenents for use with a first orienting

wore@sericss fi el d, the device conprising a chip, PGHIER005/050158

chip conprising, on-chip neans for creating a second

el ectromagnetic field to excite precession of

oriented spin magnetic nonent?d (11) in a sanple (9) to

be anal ysed, and 5 - at | east one magnetic sensor (4)

for on-chip detection of a magnetic precession of the

spin magnetic nDnents (11) about the first orienting
gnetlc éhelddhg th l.e to be analysed. 2. A
EVI ce (1) ‘A€ YNy ’tng t‘b‘?l%ﬁnﬁzr ‘i’ ergip &4 ehip has &V oragipreurfeces

spvsitreahvbyher, ﬁle&neaﬁ@foﬂ&@ﬂ&ig@-sédbﬁdl SE@B@&grﬁﬁcﬂﬁ@d and3he nfwgnetic

2
Qeen\s(dr%gfl%l%):ate%v\ﬁo {tgrstn or s ?ac% ﬁnd t G %r Wafljfét ofrlsli)tmé rl’Iglgle%lﬁ ggg

g%@%(@b@mmmgmthea‘eccwﬁma@mdur@md magneti ¢ sensor
(4) are positioned adjacent each other in the plane
of the chip. 15 4. A device I(l) according to claim1
8r 2, theAEniss (1u3ererding tp aay pf ddims 6 ith mdienintshid firsredanting
fagneid B don€atdr &9 G RrRdnBRtnfagR®oNeti ¢ fiel d conprises
a conductor (3) adjacent the magnetic sensor (4). 20
5. A device (1) according to claim1 or 2, the chip

layi ng i NA devile@mpeaccomtiag &)I dily b @aimb8 &8 V\{h@’éln%ﬁlﬁ &tst SYibndng

ectro netic field conprises two conductors
?]%:“%pc ﬁeﬂngen?rat? lscagﬁ% HEYEEE"(3) being positi oned

adj acent one of two opposite sides of the magnetic

$ensor (4 gevidk E)res ect the

pl ane of tﬂ% c(ﬁa%ag@ %8%%71&1% I\({:}/Leﬁ 1) accor ol csr)féla n?)toany
@F‘Stéﬂcéﬁer‘?ﬂori“)fsoag Rs¢ptoner conprising a first

orienting magnetlc fleld generator (6) external to the

ﬂ;l p. 7. é&ﬁ devi ce according to any of the clains 1
dgvige €5 36006 Pgto apy, ph Jripsp fogl O whasein saidkmaggeto-
amstahepenidr(ﬁstsMMRrsEmsag magnetic field generator (6).
WO 2005/ 073695 PCT/ 1 B2005/ 050158 21 8. A device (1)
according to claim7, wherein said chip has two maj or
§ur f aces A dgypositaecadinhtoathef claimhzton®awkerdinsaiCingatib-nNg

ﬁsﬁﬁﬁ@ﬂ:gso? @ﬁésreﬁﬁ g:?tg Etﬁ%g&#oﬁe and the magnetic

sensor being locate Irst major surface and the
on-chip first orienting magnetic field 5 generator (6)

bei ng poy ddveeed a@&r&i@to%ﬁf&fkﬁim R3Sk A Bie first orienting

magnetic field generator (6) comprises means to vary a magnetic field strength.

15. A device (1) according to any of the previous claims, wherein said spin

magnetic moments are nuclear spin magnetic moments.

16. A device (1) according to any of the previous claims, wherein said spin

magnetic moments are electron spin magnetic moments.

17. A device (1) according to any of the previous claims, wherein said spin

magnetic moments are coupled-spin magnetic moments.
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9. A device (1) according to any of clains 6 to 8,
wherein said first orienting magnetic field generator

W@ 8)05i083685 per nanent nmagnet. 10 10. A devi ce ( 1pCT/IB2005/050158

according to any of clains 6 to 8, wherein said first
orienting magnetic field generator (6) is an
el ectromagnet. 11. A device (43 according to any of
claims 2 to 10, wherein said nagneto- resistance
sensor (4) is a GWR sensor. 15 12. A device (1)
ascor di ng A QetBdtyfoQferfoinBhd1En-chi f Ragh&ic URLEL Bea%ﬁ’htgents the
eghogtg- Lfesl stance sensor is a TMR sensor. 13. A
avic& M 4¢cor ding to any of clains 2 to 10, wherein
sai d magnetientin®fpin wadnsticanarensditsdera shfiple (B afsikign@at e
ﬁaghégicgigﬁrretry. 14. A device (1) according to any o
clains to 13, wherein the first orienting magnetic
field genexdingprec@yioe ofspidissie snagmin smotmenty €lrly insidenaigR@hHIE(9)
td & flagicaengt h. 25 15. A device (1) according to any
of the previous clains, wherein said spin magnetic
fronent s aPecipdstestipg gfgpm mﬁﬁmmomeﬁ@mﬁﬂsson WyBneagds of a
teyneie sdndgr (@ccording to any of the previous clains,
wherein said spin nagnetic nonents are el ectron spi n
magnetic nonents. 30 17. A device (1) according to any
09. the prawdied acdosiingo cMETSSivRersia bl cHp\ U&ectlﬂﬁmﬁﬁl Infagnetic

%%ﬁ%&g%ﬁ ng) l e d(a‘é agg%?% g 4 %ré@ 1&@%}%&%@&&&@6&-&5&@%

PEEG'or m ng on- ch| p magneti c resonance measurenents,
the nethod conprising . - orienting spin magnetic
nonents i nside a sanp (9) in afirst orienting
figneti c finsthed a“EPOIdH@%‘é Flaimi$ 951 odsshygenofitinghabpmpmiagnetic
m@&&i inGhd MR Betic Hidl, i P&t @SR thh Mgﬁetfc%)eld b%ﬂg Qe%erated
ana %? tﬂ and on-chi p detecting of spin magnet
ADITE %F ession by neans of a nmagnetic sensor (4).
10 19. A nethod according to claim18, wherein on-chip
tectin recessi on by
firrlteeans of Q%Q}Iﬁg]%ﬁ’ a‘icor%gé%csl%l pIgsy li?évthﬁr@ X%ffl?fétg“gﬁ]%? fgst orienting
Hagee Gel¢ @Qprﬁmamctby a magnetic field generator (6) integral with the chip.

22, A method according to any of claims 18 to 21, whereby exciting precession of
spins (11) inside a sample (9) to be analysed is performed by generating a second magnetic
field. '

23. A method according to any of claims 18 to 21 whereby exciting precession of
spins (11) inside a sample (9) to be analysed is performed by sweeping the second magnetic

field over a frequency and/or amplitude range.

24. A method according to any of claims 18 to 23, furthermore comprising

sweeping the first orienting magnetic field over a frequency and/or amplitude range.

25. A method according to any of claims 18 to 24, whereby said sample (9)

comprises different types of magnetic particles or molecules.



sensor. 20. A nmethod according to claim18 or 19,
wher eby generating the spin magnetic 15 nonents in

w0 b@sforyess magnetic field, is perforned by theP€T/IB205/050158
magnetic field being generated external to the chip.
21. A nethod according to claim18 or 19, whereby
generating the first orienti®%y nmagnetic field is
performed by a magnetic field generator (6) integra
with the chip. 20 22. A nethod according to any of

gé.ai NB 18A4Ried accwaﬁé delanﬁ )253 |\i/héﬂ&)y@>51@ 6§~§l§b 88ecdthg ofSPinnS
be analy perf or ned

11) .inside a sa
%&9 ’GH%‘@P’B?‘T‘%P@GCSSSE’E &% a“ﬁﬁ%%%%%“" ‘ft‘f‘%ﬂr &4) C‘?Bp“z*%s dejgeting
sephrhie digad Catgthatigy ftomn diffyterd typed @i mizpndtl pagicRd oridscaly.
exciting precession of spins (11) inside a sanple (9)
to be analysed is perforned by sweeping the second
Eﬁag net i ¢ Udeiofthe dewiers elaifnedinaey of claimd/1 os 17afopbibibgickd sample
cording to any of clains 18 to
tégfﬁgreﬁggﬁﬁ§?3|ng 30 sweeping the first
orlentlng magnetic field over a frequency and/or
anplitude range. 25. A nmethod according to any of
clainms 18 to 24, whereby said sanple (9) conprises
different types of mmgnetic particles or nolecules. WO
2005/ 073695 PCT/ 1 B2005/ 050158 23 26. A net hod
according to claim?25, whereby said on-chip detecting
of spin nmagnetic nonents precession by neans of a
magneti c sensor (4) conprises detecting separate
signals originating fromdifferent types of nagnetic
particles or nolecules. 5 27. Use of the device as
claimed in any of clains 1 to 17 for biological sanple
anal ysi s or chem cal sanple anal ysis.



