“MOTI ON | NydylotR6514BRI CA TECHNI CAL FI ELD The presghitjdogdenaki on is
related to nagnetic sen on in a mcrofabricated device. Mre

particularly the invention reldtes to a nmagnetic sensing unit for msasurl ng

di spl acene '

| NVENTI ON Tﬁg @1%%%?@%1% dg?”ﬁ‘%?@ﬁ@a@@?ﬁ%ﬁ%ﬁﬁémgﬁ provi des
new applications in various fields and allows insight in and the use of a
new world, the so called nano-world. At the end of the 20th century the
basi s fEEciRgcageraf i cro- and nanonechani cs has been 10 created. Batch
fabri caﬁon based on l!?1oday s chip manufacturing nmethods has been introduced
whi ch provi des consi derabl e potential for creating high-performance systens
and deviHeegreaént ihOMASE -re AR loGRARRAS skikitNEr frloBbA iRfa rﬂﬁ‘?@hﬂﬁ%ﬁeéhg i?g®
achi eve much smal |l er storage devices and opens up the possi Ity o

achi ewMgrOsmaeTla'glérlﬂdmnwremm mlatesdo pamapmead sehsingnedgonhegiugapidisplacpaients

sq of mcrOSCODY, for exanple, the scanning
tu neI |°ﬁ eﬁ{'8?%g'&8|88“‘1‘§et(>‘3¥’1% and the atomc force nicroscope (AFM has
been introduced successfully in recent years for atom c-scale surface
anal ysi s. Such m croscopy techniques, in, general called scanning probe
. mcros ntil ever of very small dinension whereby -
t he ca?ﬁw ever N[?l%gFr ]a:tl l%bﬁr%%gro machi ni ng techni ques. The cantil ever
with a sharp ti p is scanned across. a surface of a sanple and the

ditspl AqYRERinialirizhfi6n PIh&hafical BEMEERkd SYELHeliSes? ro@%e?cr%e%g'a FHC fAgint 0
-achi eve an inmage having an atom c resolution. A variet opP cal "welhods
haye be'enouifeﬁﬁki@c#nﬂoilldwsec&@lmha apdnhé hevara osd hedtl] oe. sotyapéctahnd-moeﬁs At
- bet wee tlg aagd[h aﬁg e ran rom6 bjo 1 1 nN, and deflections as small as
0.001 A &A% et tCSH‘“Wr %Shsr & f%gér‘é"n'i“%yéncbﬂa%%?%ﬁ?l@ﬁ haf ebeen
copt ackreaRde BAfHARARGT basell o DALY sccﬁnﬁrn%%uﬂ@@%némho&s IHagn Sjc?d% |

al s

allow the detection of |ateral. magnetic, electroStatic a Van
which provides considerable potential for creating high-performance systems and devices at
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low cost. Applications in the field of mass data storage achieve much smaller storage devices

and opens up the possibility of achieving storage densities in the range of hundreds of'gigabils_

per square inch. In the field of microscopy, for example, the scanning l_unneling microscope

15 (ST_M).and_ the a_tomic forc¢ microscope (AFM) has been introduced successfully-in recen't

years for atomic-scale surface 'analysis. Such microscopy techniques, in. general called
scanning probe microscopy (SPM), use a flexible cantilever of very small dimension Whereby '

i _ the cantilever 1S fab'ricated by micro machining techniq;)es. The cantilever with a sharp tip is

scanned across a surface of a samplé and the displacement or_the'molion of the cahtilevef is

20 detected. in order to achieve an image having an atomic resolution. A variety of optical
| __rnethods have been devised to detect the cantilever deflection. Typiaal forces between tp and-

sample range from 6 to 11 nN, and deﬂ'ections as small as 0.001 nm can bé detected. The

three dlfferem ways of operauon are ‘contact mode, non-contact. or dynamic force mode, and.

o tappmg mode which allow the detecuon of laleml magnetic, electrostatic and Van der Waals

25  forces. Also, such a cantilever can be used to write and read data.

Although the present invention is applicable in a varicty of micro mechanical applications it

will be described with the focus put on an application to cantilévers.
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25 forces. Also, such a cantilever can be used to wite and read dngEBZﬂu
Al t hough the present invention is applicable in a variety o

nmechani ca¥O&pp¥4'tations it wll be descfibed with the focugcghghgﬁw6
application to cantilevers. *@0002* 19 FEB 2006 WD 01/20616 - 2 -

PCT/ 1 BO0/ 01256 Today, several techniques are known to neasure displacenents
or the nﬁodayn seferdanehniguesrase knewd tprineasarerdispaqumesiyes o treomobpy o SEN)evdror

exanpl e, .other.mcr fabrlcate e The o cal al so

ot of e iBsC Tt pras Bip eSSBS it S bai b0l A (e
reflection of a |aser beamat the surface of a cantilever and therewith the
change of the 5 |aser beamis angle during deflection or the interference

ef fects hetwee i nci dent an ion of th
cant | v PESb I Byl g P aPRdeb AL uRE B QERM sadilsf i Skl hesesier
into a phetediarse. oftalrds&gbe%ﬁaanmagsurfa&@e igMBgQn6ERFePEnd B tRYhdBRREA G i S
| aser-detected deflection. Wth a piezoresistive technique the change of

resi St anlegerobeam’piapzler dwiing doRequimnhor i medtfaendacheffeclO bsiwdeacedeofcidedi anded

f th I d.. Inth ticle "
i cr oscdByelen NG phresBedien GETE ari eber Moo Eyris e ARG Bedgocapeam ibe.
of the Igt chmgq@oér mthBE§9t|0HRI)d§t BhLEinSRRSRiSs, amnﬁgwawesfonﬁé@b?rn@dw Guis

Jun. 24-27,1991, 51, the “fabrication 6f a silicon cantilever
bean1vut&m&wﬂaaﬂ&iﬁe@badxplezoreS|stor for sensing its deflectionis
described. A silicon on insulator naterial was used for the fabrication. 15
From U. S. Pat. No. 5,345,815 a mcromniature cantilever structure is known
haV|ng a cantilever armwith a piezoresistive resistor enbedded close to
the fi erltbrmpleiorc&a@VGamhnll@methe change dhetigandeq aqfiezdyesistiecpagndefufedtan ehe

Car_%gg"sg#gag“ a"hexeaces 3 BR3¢ nr:‘uév%? ARS% 081{%%}9 @am' 'gg"?r A{Tcﬂxi‘ltc BreeSS |

cha zoreésistive resis §Tredi %t e of

canti | evgicréseopy 050§ tl ;Q&drél;ltﬁ\heczﬁﬂ-ﬂé\ie]rGWMam%néb@fdt%ﬂ)t PG, of\ et 3 tcMge
measuri ng apBaratus is 20 coupled to the piezoresistive resistor to neasure
A

its resion aadé HaE Wsgeneidaietyntaisgan Francisco, Jun. 24-27,1991, pp. 448-451, the

fabrication of a silicon cantilever beam with an mteoralcd piezoresistor for sensing its

dcﬂecuon is'described. A sﬂxcon on insulator material was used for the fabrication.

15  From U.S. Pat. No. 5,345,815 a microminiature cantilever structure is- known haVing_ a
cantilever arm with a piczoresistiVe _resist.or embedded close to the fixed end of the cantilever
arm. Deflection of the free end of the cantilever arm produces stress -in the base of the -
cantilever. That stress changes the piezoresiétive resistor's resistance at the base of the
cantilever in proportion to the cantilever arm's deflection. A resistance measuring apparatus is

20  coupled to the piezof_esistive résistor 10 measure its resistance and to generate a signal

corresponding to the cantilever arm's deflection.

U.S. Pat. No. 5,444,244 s related to a cantilever for a scanning probe r'nicroséope that

includes a piezoresistor. A process of fabricating such a cantilever is further described, the

process yielding a tip which has a high aspect ratio and a small radius of curvature at its apex.
25 A combined atomic force/lateral force microscope including two or more piezoresistors

responsive to both the bending and torsion of the cantilever is also disclosed.
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cor respbh‘dflr?ggf%lllt he cantilever arms deflection. U S. Pat. No. 5,444,244 012

is refated to a cantilever for a scanni Ag probe mcroscope that 19F€Ruties a
pi-ezoresistor. A process of fabriBeplremgnsucheea cantil ever is further
described, the process yielding a tip which has a high aspect ratio and a

smal | - rdweser0bieatiealivg Sallelrs i fite oPRnfost ARNIPLh AN & LALGPLLALELA!
S S

force mcroscope including two or nbre piezoresistors responsive

t he berfifie feomal lowrfequeneyf noise apdnteimpenature idsifalimerdit 36 lalis@ehicdRRtR Idrain

1 BO001Z, . - 3719 FER 7R194 Re{)l acement sheet However, piezoresistive

cant i | PSS iIHCE prquare SPrbgrmoLs that e captilcyersibeiformed eofsinglecovstal sidivenes,
suffer fromlow frequency noise and tenperature drift inherent to all

sem conductor strain gauges. They require furthernore that the cantil evers

be for 0f. - si ggl e-cr, jlicon. IBMs U S. Pat. No. 5,856,617
descri L@g/l einU §It E%l EVQF é)r/g?g’aérwyreéé‘g%ém(%mcs&oﬁ%t migsessope 6pFM) sharaiseea spin
Maget ! mhdieeorslit P bl IRl hEBIALL ) B AR AEMGARL LEYST Lo, dletect

its deflection. The spin v al n gauge operates €UeR- an

appl i edheepirevalye fsiralrdgauBeeopepites in/ levbseidead Mard AR dORadiieic ATV CRRE Léigver
i's made (&f a plurality of filnms, one of which is a free ferronagneti
| ayer t'AYE SHAY GY8S 8P Shenirfivbeasdiever is Badeapich mhudity sifines poe nbwaich i s fleeee

to rotratsy ; [ netic field. In the presence of
an appl o aeLEBotE SRR g R nPRRCLEREIBIRE boit Satieck grimrnds fieorioot

the camthleenehs prserangylaarapglispnagasmnticlf Iif the préREaest & FYRALLeEs L.l ee
which results in a change in the electrical

ferromagnetic | ayer occurs, '
red) SFE'%E ergpmagretic Jayerydievte daflestion @A ubge canievsreot pigiir disglhcdnaemt eof the

det ect haRn&id Blbint ) §Ppi.0.valve strain gauge is used to
det er m ngncanti I e{/r%rOfgg%l?%gﬁeggfr}a%g%%pngR%r @éﬁ”@%_‘b@gﬁi‘fﬁ% = 3%%?‘@&8? dnghe

scanni plgcpicebresistancoof tpespas sanblsyrainhaiighiasn aRciritdl AR e E&E&?On”?ﬁﬁ_ﬁl&r ment
tunpel i ng neasurenent (STM node, a near-fie

(AFM node,, a ﬁcanni Hg" _ )
 spectr S‘Hﬁﬁ?j 10088 SP1Y VAESrSIRIN ANeE it eedlto dpiganingsantleperrdgflesisont est i ng mode
for exam ning an object.
Document WO 96 03641 is _re]ated to a scanning probe microscope assembly that has an
I5  atomic force measurement (AFM) mode, a scanning tunneling measurement (STM) mode, a

near-field spectronomy mode, a near-filed optical mode, and a hardness testing mode fo

examining an object.

The European patent application EP 0 397 416 Al'describes an appafatus for the high
resolution imaging of macromolecules and interactions involvihg macromolecules. The
20 apparatus comprises a surface on which the macromolecule under test is placed and a plurality
of fine probes. Means are provided for scanning each of the probes across a small area of the
surface in such a way that the total output from the probes covers the whole surface. Means
such as a scanning tunneling and/or atomic force detector are used to monitor the movement
of the individual probes in a direction transverse to the surface and display means are used o
25 display the transverse_ movement of the probes, being illustrative of the topography of lhe

surface.

AMENDED SHEET



191%1Eh2ro&;@amgga@ﬁm apﬁ)l ication EP 0 397 416 A] describes an apparatus 9%900125
~the high resolution inaging of macronpigcul es and interactions involving
macronol ecul es. The 20 appar at us ris a . surface on which fIHeFER 204

c s
macr onol ecul e under test is pl ace-ge@ran TPl ity of fine probes. Means

are provided for scanni ng each of the Erobes across a small area of the
sur f aceAnrPtBercluraperiy Pateel apphisatien EP GdPpUt/8rAD i febricthFb B dceedrratian sensor

whol e surface. S . a _scanni u i d tom.c force.

dot cot ol A BRI < kiE o7 iR 2 A BT & bR o Rins Dl “Phebhesl A Foia
di recti gnpfaf RV S6ts t éhach RBnsistid26La BRtheAbsR! fye ARAMI0RERH WS QM st Aément,
di splay the transverse novenent of the probes, being illustrative of the

t opogr agieyarmhgedeppsite taerd sysvERDED! | BMEETredpecl (o 2@0hagnBO0k2ENtildNer is bent

9-1999-014 - 3a- 19 FER ?004 . Repl acenent sheet An.other FEuropean patent
AppPi CatTOe PSS oMY A OUNg 0 2 G A AuEr by et SLASBRt TN ER ng

a canti hﬁgﬁétogggmpfe\ﬁisﬁg Ferhdif€ end to which a per manent nagnet is
) It of ma

attache pa netic sensors, each consisting of a barber-pole
type magnetoresistive sensing el enent, are arranged opposite to and
symmetrically with respect to the nagnet. The cantilever is bent 5 and the

magnet f. Guah gﬁﬁl‘?éa‘?foﬂ%fsqua& %§§e/|{ﬁﬁ@¥eit1£@d #:’gi Fh&r%e%%‘éfih?q rﬂéch%@é&ﬁtls |

€
fromthe nmagnetoresistive sensing el enents. SGerman publication
03 589 mbonant rastidiaddn tadermemeTder sthanireeiswsintilaa toethhamf cthe accelsmti@nt sensor

oscillation element. The structure is ,simlar to that of the accel eration
sensor MRRYRNCGAR MG Preesing PUREAPR oV Pulha ditUn AR anRe {176 OPIYIQRE SCRAOE FISTRERE &S

thap O%@E@‘f@’%ﬁ’%‘ﬁéﬁmmf‘hébea}g arranged in the prol ongation of the

beam 54,904 Ts related to an apparatus and net hod for

controlling the flying height of a head over a rotating nmedium such as
used in a rigid disk drive enploying magnetic, magneto-optic or optical
recor di 0. pag INY. quuat, 90k rélhieting ah @pdthtuk Snd aitiliddl fof Boti i BGRATyifg height

of a head over a rotating medium, such as used in a rigid disk drive employing magnetic,
magneto-optic or optical recording techniques. The flying height is controlled via magnetic
attraction or repulsion to maintain a selected and substantially uniform flying height of the

15  head with respect to the rotating medium.

The optical technique and the piezoresistive technique are the most W_ide]y used techniques
today. But other techniques, like capacitive, piezoelectric, or thermal techniques, can also be
used instead of the optical or piezoresistive technique to detect the deflection of a cantilever
or microdevice. The capacitive or electrostatic technique measures the change in capacity of a
20 éapacitor formed by the cantilever and a fixed reference electrode. The thermal tcchnicjue uses

a current at different wiring levels, for example, to heat parts of a microdevice.

Deflection detection techniques which are external to the cantilever require time-consuming
alignments. A variety of feedback mechanisms can be used to acquire data and to maintain

proper tip position.

AMENDED SHEET



aﬁx%$8f¥6ﬂgpugmﬁpuision to maintain a selected and substantially unifornﬂBOOO“
~flying. height of the 15 head with respegt to the rotating nedium The

optical technique and the piezoresh%tfve ec nhque are the nDsiJW£deww used
techni ques today. But other techni GBé§ss™t1'w&Capacitive, piezoelectric, or
thernal'&echni ues, can also be wused instead of the Qgtical or

pi ezor esi 8¢ SOBYRAURR; FifeNteergfireof miseofgmsated devicest with calentionioally castrolled
i cr odevige,: L tic t ] the ch
" CapacEtoalRe RIS NindonBbREldaD 3b ldatio Yo Wefe mibvememie”

r ef er encicelaset densiag, dlteactieionrl technique uses a current at different
wiring levels, for exanple, to heat parts of a mcrodevice. Deflection
detection techni ques which are external to the cantilever require

ti me-consuming alignnents. A variety of feedback mechani sns can be used to
acquire data and to maintain proper tip position. AVENDED SHEET 06-10-2001
| BO001,, .9 ] 999-014 -3b Repl acenent sheet The conbi nati on and
integration of mcrofabricated devices with electronically control |ed
functionalites facilitates nanotechnol ogi cal applications, characterized by
‘preci se novenents, increased sensing, and actuation. AMENDED SHEET 1 9 FEB
2004 WD 01/20616 - 4 - PCT/1B00/ 01256 OBJECT OF THE INVENTION It is an
obj ect of the present invention to overcone the disadvantages of the prior
art. It is. another object of the present invention to provide an
alternative nmeasuring nethod with an increased sensitivity. 51t is stil
anot her object of the present invention to provide an integrated systemfor
measuring displacenments on a microfabricated device w thout the need of
addi tional equi prent for

Py
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alignment. } It is further object of the present invention to prk$éEbi 144
detection systemwhich is sinple inplengntable and can be fabricated at

| ow- cost . WADIPPSI#0616 - 5 PCT/ 1BOO/ 01256' 19 FFR ?PR SUMVARYTAR[/01256
ADVANTACGES OF THE | NVENTI ON The objects of the invention are achieved by
the features of the enclosed clains. Various nodifications and

i npr over@BIECAIQF Toilt BN VENTION: he dependent cl ains. The present invention
provi des a contactl ess magnetic sensing systemfor neasuring relative 5

di spl acenents on a nanoneter scale. Such a systemcan be used in a

m cr odeVi Bean(ebject of ghe pressn insntient eV edeane Bip dispdeanizges of thsrPriad aased on
the nmeasurenent of the field B of a magnetic dipole | ocated on a noveabl e
part by use of a sensitive magnetic sensor placed on an adjacent fixed
part. THBIS AR QDI R SRS BRI ISR 4o PGS el TRE VroESBNEE i POl et ne
nagneti%nqhgggﬁﬁsghggvﬁﬁferred.to as magnetic elenent, at the fixed part.
However, the 10 magnetit sensor shoul d be positioned properly wth respect
to the magnetic elenent in order to take advantage of the largest field
gradj entc Bhidizanotfer bbfect beihd prewdnt venapt lorpraeidé Be ini&@BRH tsiyMefYfor hgsuring
sensitivity of such a magnetic sensing or detection systemaccording to the
present dispasmesrs eare Beicefaliricatad devigq m@ogbﬂheeneetdhaﬁ afiditiopplecqnpwmpnt for

pi ezoresi.stive technique and offers the advantage over optical techniques
to be'f&bg9”FﬂYegrated on a device without the 15 need of special optical
access. The magnetic sensing or detection systemcan easily be inplenented
-Ldto Si 1 RCAMHPPYjeM W L QﬁhﬂnﬂQQE&lm5@9%€ﬂpbﬂemgh$i§§§a% WRINEL Isfnple
mat eri al s, geonetgles, and sensing configurations can be proposed to

opti m zémplembdneable hwed senisd fabuicatgd alewacdst.r st ‘embodi ment it is proposed to
nmeasure the deflection of an investigation and/or manipul ation device. For
that, the investigation and/or mani pul ati on device conprises a 20
cantilever, also referred to as noveable part, a magnetic el enent
generating a magnetic field, and a magnetic sensor detecting it. The
noveabl e part is attached to the fixed part and further conprises a free
end with a tip. The nmagnetic elenent is |ocated on the noveable part and

t he '



magneti c sensor on the fixed part. On the other hand it is also possi'bl e
‘that the RNk sensor is |located on.ghe noveabl e part- aggﬁég(g){oq?%neti c

el enent on the fixed part. At |east 25 one nagnetic el ement ast
one magnetic sensor fonn a magnetic sensing unit. The magnetic ddnEdrnn;
and/ or the magnetic el enent can be integrated into the investigation and/or
mani pul ati on device such that they forman integral part of the

i nvestigation and/or mani pul ati on device. The nagnetic el enment and the
magnet i ¢S Y¥MARBMANBARN G A SESIQR EHEOINEBNAIONher such that when the
noveabl e part is displaced the change of the magnetic field at WD 01/ 20616

-6 - P 4I Bg.O/OthS% p. FFn. "N the magnetic sensor is detectable by use of
t he magnetd 826ENsYr PeiBeURefe 4eBMYEH ibygtheffaturast ofede mnplosed claies. Various

| nfor Mt hamGokh alnath bl MG RIFOLoANMCAST L%eiBe SIAN fEhsl  stic val ue that

‘is representative of the displacenment or torsion o A& nvest i gation

and/ or mani pul ation device. 5 However the field of applications extends to
‘a br oadeTher pregent 0h veheioh GREviMELE BoritBbifst i gBlid Qhsin@lsyBesi fok A.0g Needs: £ o
be controll ed, and possible in devices whégre novi Ir?g Sgarts ng@%@%l@a%awa?nd
sensl t i VBSHIzEaPAEk Oned ganamgemeraltediish or spsttrmataorts. udetl inhe niie@aetice (5€NSOr
can be [ te tQ the magnetic elenment, then the advantage :
occurs t gfﬂ]’?lﬁrgca??agﬁghge). t—lﬁ’ée PEGHET & bf‘sﬁﬁe‘?ﬁ Ure s uiement: ple theafipldt Beof a
sensor ansknatif dgddle 16tQe8 ARG BBV oab R SHES Ao 1tNe n TBNd : radient, can
‘be detected and deternined. The nag%eti%mseons?orncan @gérhcfstégk -sé)?p%g% atfess
det ect i GAIARRM XGPS Bl wiapyetisdieastragecis bsiamergedaatfthd atdvestat phASHAShe
occur a > sensitiyity is timzed. The deflection_ or notion of the
noyveabl e &t!?rgﬁc i°§B‘$'Feé‘ysa°n§f%%"tdog%r?f)e’&a%ﬂe“ﬁi ﬁ&%ﬁc%.a‘VW%nﬁ’%Fdl Bige Howevewrihef -
t hel OOV exddenetipa¢risor ShGBPBE BbSitohsPPIdpbRY MWideRsHRE to Y fa 15
advant age occurs that a w 3)2. and ?’]‘roge_éeflect%%n or mt@%ﬁcgg&fﬂégﬂgvgébl e
part cafP Beke gdiviniraceal the tansesh fishl gragiéent iiydur ablhe fiddged THhe. oprrgnetihe
el enent _caks:.: permmoent -nmagnet . whi.ch has the advantage to, provide a
const ant ?’%ﬁﬁvdﬁgtﬁg %“gﬁ 8’% ?ﬁé?%‘ F MRS He atr sy O’éﬁeté‘%i%‘r walcmagaeeding teitee d
nor f or peesbutiinbentibn can be at least 10 times better than for the known piezore_.éistive technique

| and offers the advantage over optical techniques to be fully integrated on a device without the

15 need of special optical access.” The ma_gnelic sensing or detection system can easi)y be

implemented into Si technology with standard photolithography. Different magnetic materials,

geometries, and sensing configurations can be proposed to optimize further the sensitivity.

As a first embodiment it is proposed to measure the deflection of an investigation and/or
manipulation device. For that, the investigation and/or manipulation device comprises a
- ’20 cantilever, also referred to as moveable part, a magnetic element generating é rﬁagne[ic field,
and a magnetic sensor detecting it. The' moveable part is attached to the fixed part and further
comprises a free end with a iip. The magnetic element is located on the moveable part and the
magnetic sensor on the fixed part. On the other hand it is also possible that the magnétic
sensor 1$ located on the moveable part and the magnetic element on the fixed part. At least
25 one magnetic element and at least one magnetic sensor form a magneti.c' sensing unit. The
magnetic sensor and/or the magnetic element can be integrated into the investigation and/or
manipulation device such that they form an integral part -of the ihvés(igalion and/or
manipulali.on. device. The magnetic element and the magnetic sensor are arranged relative to

each other such that when the moveable part is displaced the change of the magnetic field at



solenoid with additional wires. Hence no current is required which could
|l ead to unwanted 20 heating effects. The nagnetic el enent PREOES562

magneti c ngfé/rmft'ﬂat can be nmade of Fe, Fe20,, Ba, Co, Cr, Eg R/hO b 5
Sr, V, or alloys thereof, or nade of one of the follow ng conponéntis: "ol
Al Ni Co, FeCoCr, FeCoV, FeCoVCr, FeN Co, NdFeB. SrCo. Alsq, the nagnetic

| ayer cahie BagRSHE sENERry st dagiahle &y W pHBEINAgREtG| Sensar. PubseAven| Yeaspring
o Moy P EishpRictls QUMGRRRh ERafed 8Y nARasb o @it es YRRatbul L EMOMA™

7 - PCT/ ik BRPfeddtmbvecobahd diplaoymemr oR 1618108 RN irvestiig@lonOynd/Ghenamgiet o

| ayer can be nade of a plurality of materials and conponents, preferably
made of deviegrd magnetic material as |isted above, whereby these materials
and conponents can be adapted according to the application. If the nagnetic
sensor can be integrated into or on top of the flexible or fixe art, such
that> 5 *flﬂ\aewgweﬁgé f @RRlgALPRS Gretditiagriypa ANl CRYICHT (‘:"rhﬁﬁf'e(ﬁ?% YE PPfEON

t he advant : : ti s Off o\ i Té Ashval

not need t%g’gleoggfgi%%g%hﬁ%% %Jrhgrotljlgg’%ﬁf[Bcgéﬁ%%pnﬁlcéc:é%\iﬂ%réconpriésgg‘lf?%dgégﬁénd
t he magneidisensensfeedbaki aip.dtyisg behdsot actlersi' | i con, then the advant age
occurs that Si technol ogy with standard photolithography can be applied.
The magnetic sensor can be a Hall sensor, a magnetotransistor, -

magnet odi ode, or a giant 10 magnetoresistive sensor. This shows the

advant agé thehagseiceseaortopp s aokngensppostaro e msgrklic cltreemmateat the adearsage
can be arrang&g sucg that the magnetic sensor and,a subseguent me&suri Pdg
devi ce diccusthaimihe Geldhpls theomagheticnelament pruquepicy, Bg; 'BABNGI tHECHhAGRet 6
fielg. Byagibh SreBdtRSIg IMEnbxi FRABHUI H9diHRY LAELOReSHSS S48 Aerchaiagl eri stic
value that 1s represéntative of the

Pt,
!

+

respective deflection or notion can be
derived for further processing. f ~ 15 The noveable part and the fixed part
can be made of the same material. This mi ght be advantageous for a sinple

f abri catFienmpgtie sensdBllan ®8 uséE f@t dimiadiiagiddetthipnnoiieBll espaidllyandhantageous
fixed part can also be made of different materials, whereby the flexible
and fi xeinqsara frivsigral lgpes ep@m@nfabhasnstdyityols qpmyrealThsrdgiiectipger motion of

the moveable part is free and not damped or hindered.

When a large portion of the moveable part is Separéled from the fixed part by a gap, then the
15 advantage occurs that a wide and free deflection or motion of the moveable part can be

guaranteed with an enlarged measurable range. v

The magnetic element can be a permanent magnet, which has the advantage to provide a
constant magnetic field. There is no need for an external magnetic field nor for a built-in
solenoid with additional wires. Hence no current is required which could lead to unwanted

20 heating effects.

The magnetic element comprises a fnagnetic layer that can be made of Fe, Fe,Os, Ba, Co, Cr,
Mg, Mn, Ni, Pt; Sr, V, or alloys thereof, or made of one of the following components:
AINiCo, FeCoCr, FeCoV, FeCoVCr, FeNiCo. NdFeB. SmCo. Also, the magnetic layer can '
' comprise crj'stalline: or amorphous_fne(als, e.g. an alloy of AINiCo-type, a platinum-cobalt

- alloy, an iron-cobalt-vanadium (chromium) alloy, a chromium-iron-cobalt alloy, a rare carth

o
(9]



If the noveable part is attached to the fixed part by attachnent B 2004
pref er abl %(p(ymﬁ I6eg, 20 then the advant./age occurs that-the noveabl'e Ea%
shows a free 4nd°snooth displacenent. If the attachment ned&3NBoHYRIGSes an
aperture, such as a hole or a slit, or one or nore constrictions, then the
effective wdth of the attachnent neans can be reduced |eading to a

reduct i ofPPdit alky. o5 griargedstngeamioy ol hhighgetis dagdrt ¢ani by malendf arglyralityhes

t hi cknes . th V. part. c be . adjusted for optimal sensitivity. 19
FEB 2006'%3%3'51?%?82%@8&46 s Pﬁé‘i’ﬁ?&omaéiﬁesa ﬁtﬁféj dNg0sHE | apteiah gy dltedgatsire, i f
t he magnehérebelhesenbieARE ahf BoMBARGLd &anstﬂ%“a?o%gteﬂra%c&fdfﬁo”z%‘%ﬂe aiﬂ"'@tic@iu” the

m crodevi ce such that a nechanical anplification increases e 4d8Misi ti vi ty
of the nmagnetic sensing system This can be achieved if the noveabl e part
projects into the fixed part of the mcrodevice. If the noveable part and

the fi xeld tpambgrtie safisord@ebe ﬁrﬂegrﬁt@dﬁﬁl@orpérﬁ?% of tﬂ@%c’iﬂﬂg ot ?ﬂ‘%g’fiﬂ{ %L%:tﬂetpﬁg(ed

noveabl e part projects into the fixed part an protrudes out

partd t HBf MABBSUSet$a5Qriiyian ynikgral past efdedmanvdnviageausihy ddesdse ofurd 1 the
mechani ification ratio, Wien the mcrodevice conprises a plurality
of matgngﬁ%g@eggerg‘lfsno“r)rsﬁgﬁe‘dméﬁzﬂll3 44 A oagebio ke aligngdbafore wevi ng t oget her a
magneti c sensing unit and further the magnetic sensors are 10 arranged in
the vicinity of the magnetic elenent, then the advantage occurs that the
signal gpple 4984 use. Ltiple nsors can be increased. On the other
hand, when “t'he gﬁ%ﬁoﬁ%"ﬁ%&%‘c‘f%%‘??&%iﬁ% THEF AT PERPOOFS Mrig#atadcingd direviticorand
ati | eastthonae ngneig: ocaensAr Si EOiTHIAg, #hEQaget Hefodn L& SesiRg unit
and further the nagnetic el enments adrs% arranged I??? he%?@ﬁ#%y@e&b’%hgg
around the magnetic sensor, then the advantage occurs that the sensitivity
15 can be increased without an increase of noise, as it would occur in

ot her sy$tensgnehn semsoargervent Hall sicdr, mgNRghGISRNELAMMESbY & [MBaRetic
ed by a neander-shaped gap that separates

det]%cti on s%/[st em.can be hjgaLi z

"the noVEEBTETDRIYE 18reh THS Speyethesdrantagrithat srverahitypes o senrag nan beused.

el ement (s) fromthe magnetic sensor(s), respectively. The nmagnetic sensors
and el ements can be arranged appropriately in a row within the nmeander. It

is al soThe magnetic sensor -can be arranged such that the magnetic sensor and a subsequent
measuring device or system are able to determine a field gradient of the magnetic.ﬁe]d. By
this subsequent measuring device or system a characteristic value that is representative of the

respective deflection or motion can be derived for further processing.

415 The moveable part and the fixed part can be made of the same material. This might be
advantageous for a simple fabrication process. But on the other hand, the moveable part and -
- the fixed part can also be made of different materials, whereby the flexible and fixed .part'have

different mechanical or physical properties.

If the moveable part is attached to the fixed part by attachment means, preferably by a leg,
20 then the advantage occurs that the moveable part shows a free and smooth displééement. If the
attachment means comprises an aperture, such as a hole or a slit, or one or more constrictions,
then lhe effective width of the auachmem means can.be reduced leading to a reduction of the
spring constant for higher sensitivity. Similarly, the thiékness of the moveable part can be

- adjusted for optimal sensitivity.



20 possible is to arrange at |east two nmagnetic sensors in the vicihgrggqmu
one magnetic elenent, which is useful for the detection of torsion. It
shoul d beweotigdsétshat there.are several ~Hossibilities to ar PSREBOYIREgnet i c
sensing unit. In the nost cases the design depends on the application. It
is al so possible that the m crodevice conprises a plurality of noveabl e
parts and iaesgaihly &banmgeall € thamagaétid elemienoard theagiagidtic ehsoreart aamdgad

| east one_ nmgnetic sensor. A plurality of detection systens, e.qg. for

di f f er envithivabarreiesefeyicecish $batad Meabazdcad AMYBISAIY IRGF&asethg LREASIEVItY of the

THE' DRARBRS TR e att Fon T G BF Aellaradir e TioerdP SRoRbiceho bl Db 0o

the fol | oM HOhS Gliertel ke OIf ahd- PGS eabldpia add BRAWEdPaRche BRI gediih thesdabt §18Re Of
a magnetic detection systemw th a magnetic sensing unit according to the

present andventd lengtibof e mRveshbepara prapeiplinte thi dwedfpag thypipsirudes out of the

i nvestigation and/ or ni pul.atian devic ith a etic de tion system
w et we bRt gL AT RS TRoReafR W e NP dheel £ it Bk ebRe s
shows t hg,opangbh¢adé el d dependence B(xo, yo, z) along the z-direction as -
produced by a magnetic el enment (dipole) |ocated at four different distances
xo, !10 whereby yo is nmaintained constant. FIG 4 shows anot her enbodi nent

of the investigation and/or mani pul ation device wth a nagnetic detection

system WwheRNkE RPclodetiBe cBAPSIeeY a ipNUeMtyi EMmaiselio GendtBE AAaMiaC &last one magnetic
amplification. FIG 5a shows an enbodinent wth nultiple magnetic sensing
‘uni ts f cleroamaficedng 16gatkaish tinggnoyic TnENg ik RBGSUNBET Uer RBEneifh seisAEneare

_Wi tPO nu'z;[r}aFr)llgeed s neeuccfnfyegislhr}gmlzjigri‘xetusc Jl%ent%ﬁ‘e%ﬂ%@%\?%ﬂ%et .l')gcjuﬁsylhat the signal
| amplitude by use of multiple sensors can be increased. On the other hand, when the
microdevice comprises a plurality 6f magnetic elements and at least one magnetic sensor

forming also together a magnetic sensing unit and further the magnetic elements are arranged

in the viéinity of, or around the magnetic sensor, then the advantage occurs that the sensjtivity

15  can be increased without an increase of noise, as it would occur in other systems.

~An arrangemém of such magnctic scﬂsiﬂg units for a magnetic detection system can be
realized by a meander-shaped gap that separates the moveable part form the fixed part and
therewith the magnétic element(s) from the magnetic sensor(s), respectively. The magnetic
sensors and elements can be arranged appropriately in a row within the meander. It is also -
20 bossiblc is to arrange at least two magnetic sensors in the vicinity of one magnetic elerﬁenl_, _
whic..h is useful for the detection of torsion. It should be noted that there are several

possibilities to arrange a magnetic sensing unit. In the most cases the design depends on the

application.

It is also possible that the microdevice comprises a plurality of moveable parts and at each
25 moveable part at least one magnetic element and at least one magnetic sensor. A plurality of
detection systems, e.g. for different measurements, can be arranged or combined within such a -

" microdevice.



Al the figures are for the sake of clarity not shown in real di rrenzi ons,
-nor are t g el ations between the di mensions shown in a realistic!dddBellid
9 FEB 200 %' 20616 - 10- PCT/ 1[ 300701256 DETAI LED DESCREPTR@NITKK THE

| NVENTI ON The principle of a magnetic gradient detection schene is given in
Fig. 1. At first, sone basics of a magnetic deflection detection system

al so refRESERIPHIQN Qinghdt PRAININGSI on system according to the present
invention are addressed. 5 Magnetic sensor Anong different types of

magneti ¢ sensors which can be used in accordance with the present

i nvent i o' CdRYCHET 'Béleiqfﬁwyn Aried delovedith refetehicorhe ltpwin gragretadic [anSingsor ,
magnet odi ode, giant nagnetoreslstance, or Hall sensor, only the case of
Hal | sensor is discussed here. Such sensor can be built sinply in a planar
or cylingrical geonetry, with small size directly by. doping the 10

sili confﬂfiné act i vE'MAI 4 sqhegiayh iilustpbemetia imagasticegitecionalysteayeith andagrteic
geonetry of the cell; ef.] eep_p+.isolation diffusion. The :
current el ectrodes ea%lggHugﬂldceﬁggtgﬁéé@esprgf‘%[f"d’FWé‘EP' by a shal | ow n+ -

di f Susi dilG.2he surdhaos £ adp-pRnCAMeIE B¥icaNidvaV&asibA™ .0 m.nimi ze the
intrinsic noise. The sensitivity is de |}5nedl by 12 WH / ﬁﬁﬁil?m%g? éjer-:Fi S
the Hal | vol tage, 'With3§magsgtisdpisryorcusteanvitando Biagheia@pkingdnimeastiis, (o
field. For a devi ' t.hi ckness below 20 m 15 a typical sensitivity of
400 V/ AT can be rgg%ﬁgeé&ta{gve g’sogri bed in Mechani cal Sensors, Vol. 7, Edts
Gopel, FIG.Besse, shols BenmhgneieHid8" dedndeh@O B P- 1,181 218 & Cyhindri cal
‘configuration, with f'erromaggneti c conccgn?rat or s(?‘pglgl 5)155)(5]@ @fA%/'d’c,rgﬁmd‘eas
reached, as descr iP5e4CER bh.a Baagmticaianet (dipole) ERRledLatsaiFerchEERiand986,

anggR S. Popovic, . Sensors,. am Hi |l ger Bristol, Philadel phia,
NewYor k. 1991, Te%ﬂr_ﬁa‘?‘lqueyg % g]abnfg%ggﬁg%@ngo. the thermal drifts and minimze

1/f noi BEGade knowhows minpaet ieetoaimdid&rHal linvlib neasur ed at
rather high frequency (< 400 kHz) by Iocking e?e’ﬁﬁ%?‘q%gdgqbﬁjﬁni%lza {oRstevice

configuration, th&igyaimegnehe dstacior sisermt achoeding to ke PRisS@ Aivedtidiz Wsthg2- 5

T . Magnetic | aY€hechanical amplification. .
FIG. 5a shows an embodiment with multiple magnetic sensing units for enhanced
15 sensitivity.
" FIG. 5b shows a further embodiment with multiple magnetic sensing units for.

enhanced sensitivity.

-j_ ) - All the figures are for the sake Qf clarity not shown in real dimensions, nor are the relations

between the dimensions shown in a realistic scale.



A magnetic el ement, used in accordance with the present invention, 1 E@ZUDI.
per manent nagnet 25 with strong and stable nonment with respect to t

sur r oundi wg @enéisr bati ons and to tenpethture. Different geb@‘E)tlBOOQEQ;wfan be
t hought to optim ze the magnetic stray field of this mnagnetic clenent. One
approach is to have a magnetic layer or thin filmwth rectangular cross
secti on:DEDACKEE ISESCRIPTAONOF THEINedsNTIONO 10 m w dth w of several tens
of "Pin and a 1 9 FEB 2004 WD 01/20616 - 1 1 - PCT/1B00/ 01256 length /°
which fits to the size of the mcrodevice. The thickness should be such
that thdHegyercipldo€s magnepegtdicht ddne:tirmacshbmhcésl giperopekigi ¢sAofirdtheome basics

m crodevi ce or the | avest i q%1at| on and/ or pﬁLatl on device, for exanple,

but | eaPés? Maznfdt dsBPGiiRE felsyan ewdigth gy 1 & &5 7B28NFHG P o Rt Mand
| eads t%c@()r qggh{ Ex’%kg]t%\f%ﬂ‘h&fﬁre%dlte?s% dsensor | ocati on. The choice of the

5 layer or arge remanence can be a magnetic recording

conmpound used in the storage rredl alike Co(Cr,Pt) alloy, or Fe which has a
sl i ght| Wk @fgelses@i-uration nonent, or Fe203 as used in magnetic tape. Also
possible are Co, Ni, M, M, V, Cr Pt, Ba, Sr, or alloys thereof, or
further one of the follow ng corrponents Al Ni Co, FeN Co, NdFeB, FeCoVCr. _
However Arhbng lifferehthgpea afmagnetdd seaamry wiocldepobs tisedfiaracesrdampdeewiiyt the ptedagar d
met hod on silicon. 10 A sI| ghtly nore conplicated way is to inbed small

par ti ol 4&veBfioBALs i be SITEAY Huserated IMeHHCOR, R TBABEIQLTABSIS 6 B BRIAGIONE. Bined d
and g UG, Jb o QS B! bl ARN SSHE BRS M LA APRIO §s 3 & QLGN LS Qlh-<ondl S

‘can be to create layers with’a thickness o an estimation
sensiti wart yse banlcuhq:lydnsinppeek drayyindradal Geomedryy vaitls sall atzlemrenﬂgm@tddpatg cm:
ofif M = 163 enu/g = 745 Ant/cml and of size 50x50 10 m' is

con} deﬁékﬁonTﬁh%a%‘i@e’é’a“ 18giop vdpumed iBranepitazial lgyey gpd é‘?ﬁ BEWEEEY PBE% cell is

magnet i Qe ﬁpggég%f, Onéj E).ﬁég%iza?%ﬁ d%?us?orﬁ"ﬁﬁhfz c%nfé@ctf&%%/g?%g?ﬂ%#éapocfek ed!'éjfonned

di stribution Irection o aye a poln
magnet i bydi gallew nd ddfugioneMhesnafancenbe cbhereﬂibelznh icnhamgm layccrng mxmamzebexe

cal cul ated as bein nt,. * X4 VS/A
B in TedMlHNSIAROSE] ﬁhq,ﬁsensxtf%ltg/ is defined by)SH = VH /( I]B) whereR/hH is the %ll vollage I m

the supply current and B the applied magnetic field. For a device of a thickness below 20 pm, _
15 a lypxcal sensitivity of 400 V/AT can be reached, as described in Mechanical Sensors, Vol. 7,
Edts Gopel, J. Hesse, J.N. Zemel, VCH Verlag,(1994) p. 181. o

In a cylindrical configuration, with ferromagnetic_conéentrators, SH. = 2000 V/AT can be
reached, as described in H. Blanchard et al., EPFL Lausanne, IEEE, 1996, ar_ld R.S. Popovic,
Hall scnsoré, Adam Hilger Bristol, Philadelphia, NewYork, 1991. Téchni(jues to éorﬁpcnsate
420  the thermal drifts ahd minimize 1/f noise are known. In particular the Hall voltage can be
measured at rather high frequency (< 400 kHz) by lockin'g ‘techniques. In the last

configuration, the equivalent output drift due to the noise at | Hz is 2.5 uT .
Magnetic layer

A magnetic element; used in accordance with the present invention, hés a permanen(.magne['
25 with strong and stable moment with respect to' the surrounding perturbations and to
temperatﬁre. Different geometries can be thought to optimize the maghnetic stray field of this
magnetic clement. One.approach is 10 have a magneuc layer or thin film with rectangular

. cross section: thickness 7 of a few hundreds nm to 10 um, width w of several tens of um and a



20 Using the above relation one can calculate the field B(xo, y(,&y FEh@0Gts
;gradi ent atweagogisin order to choose thdlbest conditions. SegsnBiweikys For
an estimate of the overall sensitivity of the magnetic detection system

according to the present invention it is assumed that the Hall sensor has

a later a'len%lf?ﬁwﬁfch%ﬂs Ro me(s@éc%TQhé‘hx%Qe%@e %‘%eﬁﬁmﬁ@s% QoY B dRR tﬂfnh(%e[w}er

fromthe magnetic | ayer of size 50 x 50 . By integrating
rel at i ondéer n@Zpaiveb thhenfatbaruaal pdomanss @ﬁsh«)fmetdoéewmgroetthe ihegseigatme agdror

calcul ate the fle::%g ’\Rﬁ? its ragl ent dB/dz at the center of the
Hal | sen8BpPIpujatign 3% e Rﬁ L*zdeaﬂ@ pal YSiIPE BYGE Prysh 1iRE ar 82l sizeon
in def | e i 9 i Vi n

over  conefdlictofentihd ENRRLLAR0NP RN ElaBEnRONOLEY RO T RN Be
currént bived ofilin mfatwiidlhoitt langatenngertd eart lSe, a Slrzhgﬁetél@@cc\d/rdl'ﬁ\o&im%ﬁdmad GRed aier

5 mentioned above with the magnetlcrm 63 x ]G Aml, the
sensi ti vileypierage wéd*aééﬁel%%a taHOb@rA'\?/\A&lchhgs gwmy IHgsT FYNrasiAnIOman, or |

be. F et hoir O g Yer i pROE [ hls6 PR BT A0 VB T56 b By S ax SR
1.7 80 thefhf 16" fuldthkd onaQ)fTaé)If@nolmAgwoamhaﬁs SAINIEd, ¢8I CEeNaiFeBY iHe o VAT,

t he other hand, can be AV Az = 1.25 gV/ nm at best. This fact shows t hat
with a nHghereeit showlfhg agyaerasheayy tm@n@m (fOfd?élﬂ@@ﬂq lha styisd@mraet@od@mgncto@

t he ,4i nv mes .bet n. be r ached
e S, IO 30,0 R TR LS LT
by: choospagclet hes nimghetd @dls an® glye it (ﬁﬁtH&%Vlhd’d)g surface with the appropriate orientation.

This can be used to create layers with a thickness of 30 um.

For an estimation of sensitivity, a cuboid-shaped layer of Co with a saturation magnetization
of M, = 163 emu/g = 1.745 Am*cm?® and of size 50 x 50 x 10 um * is considered. This makes

15 a.volume of V = 2.5 x10® cm? and a total magnetic moment m, = 3.63x10® Am”.

One can approximate the field distribution along the z-direction of the layer by that of a point

magnetic dipole. At a given distance x, the field change along z can be calculated as being:

s

Bemarne s 22

with A = 3x10”7 VS/Am, B in Tesla and x in m.

20 Using the above relation one can calculate the field B(x,, y,z) and its gradient along z in order

to choose the best conditions.
Sensitiviry

For an estimate of the overéll sensitivity of the magnetic detection system according to the
present invention it is assumed that the Hall sensor has a lateral size of 20 pm (along.x) and is
25 separated by a gap of 2 um from the magnetic layer of size 50 x 50 x 10 um®. By integrating
the relation for B, over the actual dimensions of the magnetic layer one can calculate the field

B(xo 2) and its gradient dB/dz at the center of the Hall Sensor.



1 ~ 15 larger saturation magnetization or even by a SmCo |ayer insﬂ@dﬁIb?%A
Co. Further, the sensitivity can be increased by including_a nechani
anpllflcdyp&hqwaﬁlo R>1 or by nultipl ?ng the nunber of Egﬁgwwylﬁﬁs
described in nore detail below. Fig. 1 shows a schematic illustration of
the magnetic detection systemwith a nmagnetic sensing unit according to
the present invention in a cross-section with additional physical 20 sizes
t hat carTHeerepsintionfn defidationdvoican infesrizgriot afd/@r pringulationl de@ideafa@inpgad]ch@, as
magnetic elenent 1, is arranged on a noveabl e pan 10 at one side oﬁ this
aneabIéapéﬁﬁsqmam¢ﬁelm#&h@ﬁﬁﬂémﬁakt .10 with the nagnetic element | can be
di spl aced within the z-direction, i ndi cated by the arrows beside the
noveabl e part 10. A first reference gg{t 12.1 as an extension or part of a
fixed. part is separated from t he T 4Bt e- part 10 by a gap 13. A 25
magneti c sensor 2 is placed on the first reference part 12. | towards the
gap 13. The magnetic 1 9 FEB 2006. WO 01/20616 - 13 - PCT/1B00/ 01256 sensor
2 can b&or it wpral emeiedd 5T 11 Bén withonhhearag edtestsi 8k =o#04 NéTW@ﬂdBe\ﬂ%l@yr:n
such a [ Lt s khe

canhsel t\é@%t%gg%r?b%% %F@%ép?ra g&fé "E%énrtmq\;}eab ge\lp)gl(rat égj ‘or i %Q%“g 598+

or gl uedsenbedibbe mVaabl @upaimh. 10. Integral part means that the nagnetlc
el ement | and/or the magnetic sensor. 2 are an essential constituent part of
5 the m crodevice. There can also be a device on the m crodevice where the
nagnetidTel@MBwh@ Table t hbsplagnsime tgeod orentising vabess tiecmedlistdive whigheddc
‘sensor F arra %d inthe vicinity of the magnetic elenment 1 in order to
det ect 5ﬁ85ﬁﬁd§ﬁ? a high field gradient, preferably the highest field
gradient. In other words, the nagnetic elenent | and the magnetic sensor 2
are arranged rel ati 0 each ot hat when, {/h |l e part 10 is
di spl aced within t}]xeY 5z d|rect|%§? ,ﬁﬂange of t%yhﬁ; neﬁ? field B at

t he magnetic sensor % can be detectg g% use of the na etic sensor 2. The
magnetic field Bis fdi cat ed by fﬁ% nes penetrating‘the magnetic

sensor 2. The, nagne?pc field B(xo,2 nd its gradient0-thn be cal cul at ed.
If the noveable part 10 is deflected then the nagnetlc field B at the
magifet i ¢ sensor 2 changes. The Table |

A piezoresistive lever sensitivity, on the other hand, can be AV/Az = 1.25 uV/nm at best. This
fact shows that with a magnetic sensing system.or magnetic detection system according to the
invention a sensitivity 10 or more times betfer_ can be reached than the piezoresistive case.
| Increasing the sensitivity can be achieved also by choosing other materials, e.g., Fe having

15 larger saturation magnetization or evé’n by a-:SmCo layer instead of Co: Funher the seneitivity :
can be increased by including a mechanical amplification ratxo R > 1 or by muluplymo the

number of sensors, as descnbed in more detail below.

Fig. l.s.hows a schematic illustration of the magnetic detection system with a magnetic
sensing unit according to the pfesent invention in a cross-section with additional physical
20 sizes that can be part of a microdevice. A magnetic dipole 1, also referred to as magnetic
element 1, is arranged on a moveable part 10 at one side of this moveable part lO.'The
moveable part 10 with the magnetic element 1 can be displaced within the .z-direclion, as
indicated by the arrows beside the moveable part 10. A first reference p.an 12.1 as an
-extension or part of a fixed. parl is separated from the moveable part 10 by a gép 3. A

25 magnetic sensor 2 is placed on the first reference part 12.1 towards the gap 13. The magnetic



change of the magnetic field Bis then proportional to the def I ect9 bEB 2004

anpl i tudevebitdses 15 noveabl e part ~10. Ady-nmaterial can be uysethgh®ig8ki ng
such a mcrodevice or an investigation and/or nmanipul ation device. It can
be a single material or a conbination of two or nore materials. In the

f ol | oW Bghsot B@ay 8E i QHSaf%4E; : [ : invention are described
on hand _519 a_naexarlrpléraof gﬁj?E{g%ﬁs???g]gih?g’%qezﬁ]g;{){rhggn%ﬁfoﬁiﬁwgfi"bﬁucgé\/WEféﬁ?a‘
used i nitssannvegradrpabieof i20Atsoc rtesmapyetic(eldmereflecan dighet Ge E'hgmegﬁal B8 of the
i nvestigati and/ or mani pul ati on device with the nagnetic detection
syst em HOYEPUF RGtIY it cpp dsestick pralved ontoi e deqyieable ghartnl O dpegrbpary meanand
shows t j in i t he way, -the above described Fig.. |
can be. | By uagEi AGIEhCH MBI The MEhIR MY 1Rl R E e agprst é
el efrent tht manddehzenBbeicas aBeR devidd 6n HemAP@BALVice Xh¥RaMERY AR S8
nunbering for the same parts is used. As shown in Fig. 2, thé |nvest|ga{ion
and/ or HatiegurEeH e erroy i Zcae mpsitnednt hd wagretiorsehsov &ris hbrangrer i@ahé eicinigf 8f r ed
to as nar 0, .a tipned with referenc o Fla. 1. The exact
oot 1 EaRB LR Mdmerkr i Sy dEr Iy BIREH g8l hebih i BPR el Rafocitan. premono besmbi o
part 10highesrHiedd pradangunadthél @8rRNtheMARER 1R cRIAHP 114 Iy T | . The
sharp tip 4 is n%rmal ly placed {)n thee b‘(’)tt“or% B)I/] thdgevﬁg%/ﬁlgﬁ%[sn éseﬁgérgﬂﬁep 4
30 al | oWEanzee relaves tq gaahi ethenpuahathiapwihat itltnmofeables parpll@ iodisphogd @i flace,
that foy : pf clarity is.npt icted in the figure. Fromthe
ot anl olEioTHE sBingst e b i Rett R Segngicensersioen ingetpadorese 14
- {PCT/ | 800k 0haGfo it 4nsdk4D. Thaimel: s BWR hirXiB8, 89SiH4a,and, f4P Lo
allow flexion and torsion of the noveable part 10. "For sure, such &n
i nvest iTHagNHA BAEI0Z- FhdipRENELic oireld dBib.ce awdnitalgsdidnaven edcilias, Mde

l egs. 1n.¢ jcle "Riezgresistive cantd er designed for torque
nmagnet orﬁr%}tgr&@e%a%{yms c‘ﬁﬁe 15% %e%?heaﬁ"?f?"ej'.c d&hﬁj at thgyyagnguc gepsor 2 clagges, Jihy
1998, phandel 63-thd Hagriericanéldl BYERY shep bRopdhicash i Me Hﬁﬁé&iohoarﬁﬁ‘hggée e

torque in two directions corresponding to flexion and torsio
dektri Beeveabkcpar| Qi Hiny Imeajeridacan s wiserhiors esking aper taumscBetibator an

investigation and/or manipulation device. It can be a single material or a combination of two

or more materials.

In the following,_ the various exemplary embodiments of the invention. are described on hand
of an example of an investigation and/or manipulation device used in scanning probe

20 microscopy.

'Refell’ring to Fig. 2, the investigation and/or manipulation device with the magnetic detection
system 'accordi_ng to. the present invention is depicted in tbp-plan view and shows two

- magnetic sensing units. By the way, the above described Fig. 1 can be regarded as a zoomed
detail of Fig. 2, namely where the magnetic element | and the .ma.gnelic sensor 2 are arranged,
25 whereby the same numbering for the same parts is used. As shown in Fig. 2, the investigation
and/or manipulation device_ﬁaé a cantilever or lever 10. hereafter referred to as moveable part.

10, as mentioned with reference to Fig. 1. The exact geometry of the moveable pén 10 can be

of any type. Funher', the moveable part 10 forms a triangular free end where a sharp tip 4 is
indicated. The sharp tip 4 is normally placed on the bottom. By the way. this sharp tip 4

30 allows the investigation or manipulation of a sample or sample surface. that for the sake of

clarity is not depicted in the figure. From the moveable part 10 extends an attachment means -



here is a slit 15, but it can also have one or nore holes or consy 'QiF?aifhﬁ'?
of any shape which enhance the flexi bi_Il' ty. The two flexible Ie@s | 4a and
14b reach®042%ifoport or nounting section 12, hereafter rBFEAPORIEY as
fixed part 12. The noveable part 10 on one side, the fixed 10 part 12 on

t he opposite side and each flexible | eg 14a, 14b on the other sides,
respect i V44 yl4b thef here Rassigipaflexidltalsesl [dpemidnigftb1® allewiflexidre apdverstangaf itbe
and/ or manivg%hati (?r]od vi ce, Thg pl at fl.orm of Cghe m).vaf?lé.e Eﬂart 10 ii :
essent i alPyHor 827 i'gi 40 as  Eonpar¥d ™ & EAC AN ARhTERPU YR VIEE £an Bhip pve

order tomBavean appr gk mahele imeRr “prbaklieivdetanaeiet Ngeiafcie gl Of?)r(if_
the tip 4 and the magnetic el enent | whereby on each side of the nove 'f)efe

part 10 wagwdtomewmy't, g M5Wpllehinont . slictppa Rimyg rfet (3¢, leFamearty 1998 sppdsbsilaned
closed to the gsgg.é& The fixed pan 12 iﬁ used for unt i ng purposes.
“Besite tHEURDIGEANIE PRFIMEY BREPY KedFFLXIDIUIPed] YR TR GOTe PR MY 59

ref er encle,naf tand dorkicANte VeSGARAIELE] AESDPRSeg ARG! I%tglc%_ng{i]&s t?ﬁe%?-liupeg 15780

the fixed part 12, respectively, whereby each cu ape erence part .
12.1, 1%heXeiisaisht i fibut iveanalbeheledne at moteshdleeer endtiiaidne@f any RRapnehidh
the novable part 10 with jts tip 4 free. The free end of each 20 reference
part 12.ephanee the, Bexibidly. Jdisr v ﬁﬁf!@lcy'eaaﬂf*a A8 148rGRH BY 2 tSHRPPR PE ABPRN e t
10. Eac ~ e r ' r.0 - lLe. part
10" by ¢ neehEh SEGRRE e o B0 | £ TRERRORER AT pBAERIE R TR
apprepr igire | rahetht apposTieesidehmt emhellpable degl 244,, 14b2or2theadtBert $igésd réspectively,
-canparison to the defl ectable npveable part 10 which is advantageous for

r ef er enc¥lBGrpeBE-shared QeENI PRl 8 WHtR thratnvesiization and/op magiphynet dicceldsr

2, .t hat e i e I ! t 3 _and
the movainr aal e apk e CIE s it ROR A R S BIRA TS U e e
part 10,14hac4els in dsier espaetdnveppned matellis@nsdatién bandeéo rhesdedlecitg bLtHeClip 4
sensing unit. The magnetic el enen is oriented. in such a way that

t | , \
maxi mal af“P_e‘Ihﬁ magnelf ehemetn! ECHRY et E8FMHYdE 6 1B MK AL | %e‘ﬁ’é’@)‘% he
Oney mggﬁ%ﬂf E@dﬁeﬁhagnéﬁdelg&%m W?QE]&I: Snef RISRA 8 %@%@{ Ifl‘%.rT é’h%d‘g&:‘? 19 s

magnet i efl'ection detection syste orl short 30 g etect1 on system
~on the respdert inpenwigeurppseshBesidsy Bgbhevqshletpati01Q andihdellexie degsbl 4@ antdoydt,her
or.sion of

e TooSHE RSN Rhed B RS AN RESHRD g 7 TN RoEudod
arranged 2 edspbiaR)y, dHRAGY Wk BI¥ci@6H4ped FefblzBee PAH 12,1, 12.2 is in this view beveled
at its free end to leave the end of the movable part 10 with its tip 4 .f.'ree. The free end of each

20 reference part 12.1, 12.2 reaches approximately half the len'glh of the moveable part 10. Each '
. rcferéncé part 12.1 and 12.2 is separated from the moveable part 10 by the g..ap 13. The gap 13
| can also be filled wilth a fluid or any other appropriate material. The reference parts '12.1, 12.2
~are rigid in co'mparison to the deflectable moveable part 10 which is advantageous for
reference purposes. On each reference part 12.1, 12.2, a.magnetic sensor 2, that_heré is a Hall
25 sensor 2, is positioned towards thé gap 13 and the moveable part 10. Each magnetic élement
1, arranged on the. moveable part 10, faces its respective m.agneti-c sensor 2 and forms a
magnetic.sensing unit. The magnetic element 1 is oriented in such a way that a maximal field
gradient can be detected by use of the magnetic sensor 2. One magnetic element | and one
rﬁagnelic sensor 2 together form here a magnetic deﬂeclion d.election system or short
30 magnetic detection system on the respective side of the moveable part 10 in order to enable

together the measurement of the flexion and torsion of the moveable part 10. This can be

achieved if the magnetic element | and the magnetic sensor 2 are arranged relative to each



PCT/ 1 B00/ 01256 ot her such that when the noveabl e part 10 is di spl 4GekEBt 0084
» change of MhB/2telgnetic field at the naé;ﬁeti c sensor 2 is detees@@ipy use
of the magnetic sensor 2. Several configurations between the magnetic
sensor 2 and the magnetic elenment | are possible. That neans there are

di f f er erftthergiutiethaatihee she moseabdnget &0 YRR HELIRGLE BN tSYSh B8 |
verti cal aorrangerrent,., é’? For the sake of (E:Hﬁari ty, notgfurtherd%ﬁ;i“tcg—l%g agﬁ]e
measur i AYPEIEYF ¢80k~ ¢ dipGtEs by Bregeidbe magnein sessord: Sevkrsipdomfigurdtions bafveeen
depi ct eqpbHaLAE deREQTIBLS ined by use of .fhe pagnetic sensor 2 are
pr ocessabl e &3 Known fromI?Eg%%‘%glt'é;glgf"eghgara?r‘fo.ss' eg.ﬂ% Bers\Rd here s diffese it s

of the dipolagvésiteladraagmh itagaleiBexdtionQysigh, @b, fAWe G | j stances xo,
with xp =5 m 10 m 15 m and 25 m T?le absl(-g:ilssaepnélj {]:Ig{”gs%%eﬁﬁe di stance z

in m 10 whereas the ordinate indicates the magnetic field B(xo, z) in
Tesla. A8r dunsabe o elanly, mhdufthel mhrisad sameaiunng eVitd)Rad. vitQPBrREQMN 171 & Q-
Its val ue "as, Ialrger t.s%jph%er difstances, thus for highest sensitivity it
is favorabl® Y placEPIRE Rilghetpiorsananpbrined dhyeise méulyh ntagnetie semgnetire
el ement prokesshbR ARABGH iffons BRSe & QY d be al so thin enough, i.e. |less

t han the peak to peak distance, to prevent the averaging over the positive
and negative sides of the B(xo, z) curves. 15 Fig. 4 shows anot her

enbodi nEig. Jofhohae iavieslbisgdtthe aipandf; e ' iqn deyi Lng. .
mechani cal anplifi catlieign. For sip%pl i fi cdﬂgﬁwpgélﬁ%le@atfﬁ% As{?ﬁréa%ﬁﬁ%@rc%g
for the*saf far tstmi 40 yabdlS mme 20dAFigur Bhé abscast ordiiang the dfignce?; %’:lEnlpe
‘modipf i e | 4 h lection anplitude at the position of the
maggeti g“hé'gﬁggn% dzr%#ecﬁdi%geﬁZfr%eemsa‘ﬁﬁ‘?rcgﬁc'ﬂ%ﬁ& ehe {898 Yerprbeisern. tihdeld

gener al hapmr amok, lirkadslibpaisrob i@ z B8, MrsAiaf fe 9 di . xtend the
(. .)20 noveable part ll?)wwi th a free ar mq(%?‘ﬂggrr?ﬁ ghadlﬂe gésr?nanf%?’iﬁ‘?sn%trh' ghes:
opposi t ¥NgitrE¥ i ikavorable (q phew ts magmeti¢ sorsdr Palose ditugh 1b idisinab @At dletent

i ndi cat : bl.e part 10 t.hat protrudes fromthe fixed
par t 12%&%@?@? F{té Sgrﬁsﬁgra %ﬁgﬁ%e‘% aslseocg’ﬁ%l PR he-L'eSithay thatreak tp@edadistante he
moveabl e mpavent 48 avehgingheretieposiaive @dd B RRRIdeabs @5@%’&1%)- -c"ufv‘%{;at proj ects
into the fixed part 12. The noveable part 10 i's attached to the fixed part
121§y ulf,e of flexible legs 14a, 14b. The 25 ratio of the respective |engths
L21and K8 dafhases srpteer epbrdimepanf 1he Thnestigaivet ind/atetnesipl itionSySL@Mukif g

arr ang%ﬁe@ﬁnﬁcgﬁarﬁﬂ%c‘gtioﬁl’&oﬁ sﬁﬁﬂl%’caallibg%%rrgo]s'gs', %ﬁe _s\g'*rqneérn%b bepi(ral;gefog{llnle%aglgepans

magnet i c _
1s used. The configuration according to Fig. 2 can be modified to amplify the deflection

a'mplit.ude Az at the position of the magnetic sen'sor_ 2 which is. here smaller than the tip

\ deflection. The general approach, and thus the main difference to Fig. 2,.is to extend thé
0 moveable part 10 with a free arm or central beam 10.1 in the opposite direction, i.e. towards
“the fixed part 12. A first length L, indicates the part of the moveable part 10 that protrudes

: .from the fixed part 12 and on the other hand a second length. L; indicates the part of the
moveable part 10, that here is called the central beam 10.1, that projects into the ﬁxéd part 12.

The moveable part 10 is attached to the fixed part 12 by use of flexible legs 14a, 14b. The

25 ratio of the respective lengths L, and L, can be made larger than.l. The magnetic detection
system is arranged at the end of this centfal beam 10.1, whereby here only one magnetic
element [ is placed at the very end of this central beam 10.1. Beside the magnelic element 1,

(wo magnetic sensors 2 are arranged on the fixed part 12 that here includes the function of the

reference part in order to enhance the sensitivity and to detect torsion. The magnetic element |

30 s scparaled from the two sensors 2 by the gap 13 again. The approach is particularly suited in



element | is placed at the very end of this central beam 10. |.. @sﬁﬁe@we
magnetic elenent 1, |wo magnetic sensors 2 are arranged on the fiXed p

12 that h&@0Wa86leudes the function of th¥ reference part i POV EREN01286
enhance the sensitivity and to detect torsion. The magnetic element | 30 is
separated fromthe two sensors 2 by the gap 13 again. The approach is

parti cul aohycismbdedHencebtrdl B&Bn 2004 shd B2/rR06 16 comb@risd?CH thBQOHd HaR6of the
contact node. The central beam 10.1 should be rigid in conparison to the

ot her pamovseble part Hoineedpie!pHprRsfaocqrrecyy dbg 2trBotomAL deflectigp 0 dhg {ip the the
notion or |l ect | O] et et i t4 0 S Th
nechanicgrg§%ﬁ1§¥%§gpg %E?%TE%3g%m%®cﬂhﬁn@ﬁﬁ%@?kﬁfgﬁﬁhﬁﬁgiEﬁ4§¥hgﬁﬁh4>»EL
nmechani cghe afathhfit&adoh@ificaaon kanugadet Qo iinGearsRirther theedentilieing P atipigt dheby
adapting the 5 respective length L, or L, to the application. An other
advardt ageespéctpreaengiy lher kadgnehe @ppktasioantAn oled adugegd ef skaawarthg rhagneticom
the tip 4Iis t? nininiz? %he in%graﬁtio% Wﬁtg.tne surfacs mﬂich.ni%q%'ge
magnet i ¢ “GFRbE . APRAAMAREVE I SAN" W&y FOr PSdReAdP dg PREPEE LT {11Giet{Ph P ithde
magnet i ¢ sel@ic@GH MMyt MighenialoWhald |y to augnent the nunber of sensors 2
so to have a larger output signal. This can be achieved, 10 for exanple,
by fabricating an array on a conb structure as shown in the follow ng
figure. Rngaddisdnshowy faminerdasidirbatenssiviy ofitht ippdgneragaetiian SerRSi 3ghaunatls
for enhanced sensjtivity, whereb7y only the relevant parts wth the
magnet i c!URESRLT O BYBPEMIoENsPIE 4 R/ 5D Gat 18R MIPYrS epnT B P4 PoACkieE G e

are (gepi r&damblen PrAkIceh N BALY 8n aGothb SARWIERE G 1 ﬁ@f%f&%i{:%ﬁg%rgr e not

shown for npfification purposes are erefore only 1ndica
dash-and-dot lines. The 15 foregoi ng enbodi nents can be varied in that the -

end of t R BAB&bS én pAbbdiktem usin@emeipld @hgndiRa¥ndilg LnROES enParted sensitivity,
meander - shaped form Any other appropriate shape is possible as well. ‘IYh'e
meander ¥hpgbaoak theeclarpeapite whdrthe TEgnethdapeicn syslgmpeirtha mviggtigaHen gagyor 3.
As mentiqned above, .the fi p IS JiLhgid . in co Lison.to. fhe
rovean! e TRAPEIARGR Bvisk afc SoAERARRA pfnldind b £ EORREEIER M LA 5 ure ngy,
in each moirifeekanseidtios parpRanaes ard tBérdfpre odl) mMagadity dkieaRdtod lineS. The

positioned within a.row. On the other hand, i ch respectiv count er part

bt tife f [GReRP s PDId mERIn AN be Serebstiat Shecensbal thegmateehia B 1 of dhe. cBbel e

the end peam 10.1 ends in a meander-shaped form. Any other appropriate shape is possible as well.
The meander separates the moveable part 10 from the fixed part 12 by the gap 13. As
mentioned above, the fixed part 12 1s rigid in compaﬁ_son_ to the moveable part 10 in order to

have reference. As can be seen in top view, in each protuberance of the meander a single

~
g ¢
S’

20  magnetic element 1 is positioned within a row. On the other hand, in each respective
counterpart at the fixed part 12 niagnelic sensors 2 are positioned within a row. Beside the end _
of the moveable part 10 also a left side sensor 2.1 and on the other side a right side sensor 2.2
are__positioned. on the fixed part 12. The magnetic orientation of the magnetic elements |
should be arranged properly as indicated by an arrow within the magnelic'eler'nents 1 in Fig.

25  S5ain order to avoid negative mutual influences, whereby N stands for north pole or “+ and S

for south pole or *-".

The arrangement shown in Fig. 5a allows an enhancement of the output.signal or sensitivity

by multiplying the number of magnetic sensing units.



- of t'he noveabl e part'lo also a left side sensor 2.1 and on the otHeJ FES @@fLa
-right sidg rr 2.2 are, positioned_gn _the fixed part 12 B netic
orientati or?%gP%ﬁﬁe magnetic el enents | qZhouI d be arranged BFE @0@9 S

i ndicated by an arrow within the magnetic elenents 1 in Fig. 25 5a in order
to avoi d negative nmutual influences, whereby N stands for north pole or "+"
and S for south pole or The arrangenent shown in Fig. 5a allows an
enhancen®§t S8f Shops pubpber. gnbetimeny ugaggntlitipie yaghstiorsdnsing yhing férheninueber
of magnetic..sensi, nits. 1.9 FEB 2004 WO Q1/20616 - 17 - PCT/1B00/ 01256
Fig. 5b s g‘\‘/{g‘?ﬁ %‘ﬁ%ﬁﬁ’erag‘é'ﬁb%”ﬁ AE%{C'E%%“F@%Hi%Fénhﬁgﬁ@t%a@@/ﬁéimfgummptn@n
for enhansed arsgnsitel VikyembMBRERYis 34ALS i PIHaY relgvant ! the .

i nvestigation anfﬁior mani pul ati on *devi ce aﬁelhﬁggpccﬁé%. '%%eea%g%ﬁ%a? RES i
vari ed iarechagulehehapnd foin. tMeltipeveahicec piamelds ¢nesarahge@ wigth anewlaknshaped
for MJIthgle ,magnetic &\I ments 1 are arranged within a row at the end 5
of the nBVBARTYBEEP2ED!V.An thieObehBanhaRHUPILIMEBRtE PREFTEt eres@sm amangedr e
al so arrgngged (oM bhiRe {xk®WalM ot [ art oth ro re separated
by the gap 13 but the rémware"'rabﬁgiﬁégga%ugcﬁ?aﬁ%d[ %Z‘%"hg?ﬁé@%g}“ﬂ e f B ALe |
faces dianeogtd/swhehniespbotignelicagnent ¢ faesisdifecBy onbSedFRRGVORRENARAS ot HE
magnetic, el enents, | ShOLH?g be arranged properl¥ in order -to not influence
negat i velyMEARORY; 2Ro¥At MafAiclie deneitng theuid be@nangeddpropkds eul ceddyodi ment
. may be gk REde Wi /B ARE 28} ral.. of the other enbodiments shown and/or
descri bed. 'IDhi se‘i’ss al}go Sofég‘iﬁﬁ?‘ggﬁ%% %Hé’nﬁrum%re features of the

‘entbodi nents. 06-10-2001, 9 1999-014 1800012' 18 - 19 FEB 2004 Repl acenent
shert ClayMBscldsedheMB@N@khCmaR B8 icBB bt w iR onEBASHYd NG (S EJF}'RJE}

between a noveable part (10) and a fixed pgpt (12) rof a mmél?%} evi @TC“FS
conpri sish@]w“ and/or described. This is also possible for one or more features of the embodiments.



a%fﬁ&h%%jg;_q&@gpmM (I') having a magnetic field; and 5 a magnetic sensoilB00Q12:
'(2); said magnetic elenent (1) being | ogated on sai d noveabl e part (11 ) n}a
said magnetic sensor (2) on said_fi ed part (12), or said magnetic sen 0i
(2) being |located on said noveabR&P é?me'(‘f@?etand said magnetic el enent (1)

on said fixed part (12); said magnetic sensor (2) and/or said nmagnetic

el ement QLAIMSI ng an integral part of said 10 microdevice; said magnetic

el enent (1) and said magnetic sensor (2) being arranged relative to each

ot her such that when said noveable part (10) is displaced the change of

said magnetic field at said magnetic sensor (2) is detectable by use of

said na@nef\lréam@hé GENSiR) yniaf necisarin@displacemedte bemtee 4 meveablt e BONSld £

sensor (2) ?ef!nzﬁtflezr ded within the 15 microdevice such that a mechanl cal
anpl i ficat B P 4988 WHPIEURGI OMATIISf said nagnetic sensing unit. 2.

The magnetic sensing unit according to claim1, whereby the noveable part

(10) projegts nét%&e#@ﬁr( xed gma Fté% ﬂ]&% t{fsﬁ m crodevice. .3. The

magneti c senst ng uni cc rdl ereby the noveabl e part (10)
and the 20 fixed part (12) are arranged in the sane plane and nore | ength

of ghe rmvgﬁgh@e&asrehs&kg) projects into the fixed pan (12) than protrudes
out of the fiXxed part AMENDED SHEET 06- 1, 0- 2001 1800012'. 1999-014 1

9 FEB 2004 - 19 Repl acerrent sheet 4. The nmagnetic sensing unit according

to clai m lsaidvhesgetrc tleemagneteiss &icaandn 6dil m&féﬂpl'é'p%%s( 18) BRGNS Gab VST
(1), preferably nade of a hard nagnetic material. 5. The nagnetic sensing

B um t accordPMfy 0 O sdith xedywpigy £3). Phéaidagrerdts sopwol2) (R)ng HcaeHadd saJd
moveable part (10) and said magnetic element (1) on said fixed part (12);

t

said magnetic sensor (2) and/or said magnetic element (1) being an integrél- part of said

10 microdevice;

said magnetic element (1) and said magnetic sensor (2) being arranged relative to each
olh_ér such that when said moveable part (10) is displaced the change of said magnetic

field at said magnetic sensor (2) is detectable by use of said magnetic sensor (2); and

said magnetic element (1) and the magnetic sensor (2) being arranged within the
15 microdevice such that a mechanical amplification increases the sensitivity of said

) magnetic sensing unit.

2. The magnetic sensing unit according to claim 1, whereby the moveable part (10) projects

into the fixed part (12) of the microdevice.

-3. The magnetic sensing unit according to claim 1, whereby the moveable part (10) and the
20 fixed part (12) are arranged in the same plane and more length of [h'e moveable pan'(lO)

projects into the fixed part (12) than protrudes out of the fixed part (12).

AMENDED SHEET



50%'4952()%(),119@%%11&11 otransi stor, a magnetodi ode, or a gi ant magnetoresi st i1§R00 12
‘'sensor. 6. The magnetic sensing unit @ngrdi ng to claima1, whereby thd8 FFB g, -
magneti c sensor (2) is arranged such that the magnetic sensor (2) and a
subsequent measuring device are a%fp aqegenygicst mine a field gradient of the
magnetic field. 7. The magnetic sensing unit according to claim1, whereby
the noveable part (10) is 10 attached to the fixed part (12) by attachnent
neans (14a, 14b), preferably by a leg, and said attachment neans (14a,

14b) allows free displacenent of said noveable part (10). 8. The magnetic
sensing unit according to claim7, whereby the attachnent neans (14a, 14b)
conpri sbs Hit apgneus ecqsity vort axconhng té claionl, vheldby thegmegrietc seasiemg (LN t
according to claim1, Whe[?eb éhe i crodevice conprises a 45 plurality of
noveabl e pEITR%4nA4 atENEUT yﬁ%(/l dHFglr Y fnadg of p el rercHagdtriak el enent (1)

and at | east one magnetic sensor (2). 10. The nmagnetic sensing unit

-according to claim1, whereby the magnetic elenent (1) and the magnetic

sensor (2)..are separated by a neander-shaped gap 40. 11. The nmgnetic
oot no- o B B D - TRAR R SRBe VR By ther st tinsa 0y ot & Gallzg

devy co. - AVERBED SheEr s SRRl e e bR g 000 0T

Repl acenent sheet 12. An investigation and/or nmanipul ation device for a
sanpl e, conprising a noveable part (10) having a free end with a tip (4),

Y _ veal ' ¢ k :
sai d oy eateerRghdtic hkinBehmg ac@riRghedc1hion a, fuREEh P et m}a%r)?e;llcssgpgprggzgqgt Ic

ellement (1) having a magnetic field a magnetic sensor netic
el ement ( Arapeethgudhobalttbe magnetad tensev@abhed a palrseqierd ) marnatinpadeticragaebleco

) determine a field gradient of the magnetic field. |

7. The magnetic sensing unit according to claim 1, whereby the moveable part (10) is
10 . attached to the fixed part (12) by attachment means (14a, 14b), preferably by a leg, énd

said attachment means (14a, 14b) allows free displacement of said moveable part (10).

8. The magnetic sensing unit according to claim 7, whereby the attachment means (14a,

14b) comprises an aperture (15) or a constriction.

£ | |
) 9. The magnetic sensing unit according to claim 1, whereby the microdevice comprises a
: 15 plurality of moveable parts and at each mqveable part at least one magnetic element (1)
and at least one magnetic sensor (2).
 . 10. The magnetic sensing unit according to claim 1, whereby the magnetic element (1) and
the magnetic sensor (2) are separated by a meander-shaped gap 40.
11. The magnetic sensing unit according to one of the preceding claims being part of a
20 micromechanical device, such as a cantilever or a flying head of a.slorage device.

AMENDED SHEET



06:10-2001 - 1B0001 22
sensoOr (@y-188994ddd fixed part (12), or said nagnetic sensor (2) bei Hggs -
'l ocated on said noveable part (10) anphsaid nmagnetic elenment (1) o BER 200,

fixed part (12); 10 said nmagneti q;ef,pdggl%n(g])eeland/or sai d magnetic el enent
(1) being an integral part of said cantlll ever; said magnetic el enent (1)
and said magnetic sensor (2) being arranged relative to each other such

t hat when said noveable .part (10) is displaced the change of said magnetic
field at said magnetic sensor (2) is detectable by use of said nagnetic
sensor (2); and 115 said nagnetic elenent (1) and the nagnetic sensor (2)

bei ng ar,ranged wthin the .device such that a nmechanical anplification
i ncr eaggs%'ﬁlgvg%%p?? \9?@9 glpmgal%aoaégylgg?orl@amﬂl@ CPHPESMRgat i on and/ or
mani pul ati on device according to claim 12, whereby at |east one magnetic

el enent etic,sensor.. ar. ositjoned for the
det ect i oﬁlja) rcr)l? O%bqe%dp éﬁa@%ﬁ gﬁngga?{s}?eo:%n%?w'ﬂﬁé ‘fﬁ()@éaﬁ?‘g ‘Bﬁﬁelta%t“/mf)"! (X0 boveBDED
-~ SHEET attached to a fixed part (12); ' .

5 a magnetic element (1) having a magnetic field;
a magnetic sensor (2);

said magnetic element (1) being located on said moveable part (10) and said magnétic
) -sensor (2) on said fixed part (12), or said magnetic sensor (2) being located on said

moveable part (10) and said magnetic element (1) on said fixed part (12);

10. said magnetic sensor (2) and/or said magnetic element (1) being-an integral part of said

cantilever:

said magnetic element (1) and said magnetic sensor (2) being arranged relative to each
“other such that when said moveable part (10) is displaced the change of said magnetic

field at said magnetic sensor (2) is detectable by use of said magnetic sensor (2); and
15 said magnetic element (1) and the magnetic sensor (2) being_ananged within the device

such that a mechanical amplification increases the sensitivity of said device.

13. The investigation and/or manipulation device according to claim 12, whereby at least one
magnetic element (1) and at least one magnetic sensor (2) are positioned for the detection

of flexion and/or torsion of the moveable part (10).
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