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nmotion in a n1crofabr|cated device. More particularly the invention
relates to a netic sensing unit for neasuring displacenents 5 or
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m niaturization of mechanical conmponents and devi ces provides new
applications in various fields and allows insight in and the use of a new
worl d, the so called nano-world. At the, end of the 20th century the basis
for théTﬁaﬁhggﬁﬁaEV%J)and nanonechani cs has been 10 created. Batch
fabrication based on today's chip nanufacturing methods has been introduced
whi ch 3IOVIdES consi.der.abl.e potential for.creatin %H g erfornance syst ens
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achi eving storage densities in the range of reds gl g

sqWar e or flebtionsort fparfanmter sohleni cr oscopy, for exarrpl e, the scanning :
tunnel ing mcroscope 15 (STM. .and. the atomic force nicroscope (AFM has
been introduced successfully. in recent years for atomc-scale ', surface
anal-ysi s. Such m croscopy techniques, in. general called scanni ng probe
“mcr OSWKWND@EH{EIMNBMHQMnU | ever of very small. dimension.
whereby the cantilever is fabricated by mcro machining techni ques. The
cantil eyer with a shar I.S ) scanned across. a surface of a sanple and
‘the di %Fdemwﬂza*eﬂ" Pﬁé“‘??gf"i"sﬂ CAMRINENS A e vases ProYides pedeprRlicetions imr der
to achi A L E I a
ok hodd S SuoplaTRAg aNBE Shelf T FAIRCIRE T ek g Y35 ot BlnodBbhig S
f or cesthzeend@f the R0andentagniilecbasianfpe the e &f tricisl A, nah@dledﬁidxeﬁhhs)lbéerﬁs

smal | as 0.0 an pe de cted, -The three different- ways of operation
:]g ' %ﬁffg'g} gHB‘Woeotﬁ’ts pn ‘Qﬂaydfﬁﬁ’rﬁ"&"‘f aeteengmigthods has beeippitingupsste
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low cost. Applications in the field of mass data storage achieve much smaller storage devnces .

and opens up the possnblhty of achieving storage densities in the range of hundreds of gigabits

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

15 (STM) and the atomic forcc microscope (AFM) has been introduced successfully in recér;t

years for atomic-scale . surface analysxs Such microscopy techniques, in. gencral called
scanning probe mlcroscopy (SPM), use a flexible cantilever of very small. dimension whereby '

. the cz_mnlever is fabricated by micro machining techmqpes. The cantilever with a sharp tip is

i ) scanned across. a surface of a sample and the displacement, or_the'motion of the ca'nti]eve.r is

20 - detected in order to achieve an image having an atomic resolution. A variety of optical
methods have been devised to detect the cantilever deflection. Typiéal, forces between tip and-

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

three different ways of 'o'pcrati'oh are contact mode. non-contact. or dynamic force mode, and

- tapp_i'hg‘ mode which allow th_é detection of lateral. magh_elic, electrostatic and Van der Wéalé

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

Although thepresent invention is applicable in a variety of micro mechanical applications it |

will be described with the focus put on an application to cantilévers. po—
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application to cantilevers. TLLITELEEEEEErErer et et ettt rrrrerennl
166166 [LLLLTTTITEEEEEEETEEEEEErr el 000002 REPLACEMENT SHEET 2
6 SEP 2008, 5551 @ARigHR /38610 mlasur GTHEORLAL 2R Ghe HRARY of BN ALedr
techni ques are known to neasure displacenents or the notion of -cantilevers
used i nusehinkcagnipg piode microssapyp(s PMIPE)r, exhmples vaotheemiarofaitriveted devices.
m crof abri cated devices. The optical technique, also referred to as' |aser
detection or optical beam deflection, uses either the reflection of a
| aser beam at the surface of a cantilever and therewith the change of the
5 | aser Theaptisalacapngjudualsnrpefetedd asilaser detectidueori optiealf lrraem defleefibeatsss tigtareen
the incident ‘and reflected beans. The deflectjon of the cantilever is_ .
moni t or i FfleFEen eﬁ?i'ﬁ@r ﬁﬁ%maag% swigat, QJf Canbigves 2ng it PegBith the Ghange of the
photsodi Ngh i€ A0RhE YenRLSHTBYhE | | |
I astes(r)- dgétggrctbg?hcfe?‘?ggct i ongl \ﬁ/ﬂt ﬁ]a p?ezor eéﬁgﬁe.;’%g?g%‘%égﬁga{ % ;crﬁg(%a[e a(r)'?l :
resi st anefiecedd teapiseThe édiestion ef fat dandidfvenBdnanitdréd by rdflecsing fibe Rs&rfbeamf bffx ed
arm of- the carntil ever can.he neasured. In the article "Atom c.force.
" i cr oscHisycanilsYsr IR aphotliede. RUring§cANRPgr an ipdgenganths, fQrmsddyemapping this oc.
of the ' olid State Sensors and Actuators, San’Franci sco,
Jun. 24‘%%%%@95 g%ﬂe%ﬁﬂiB 451, the fabrication of a silicon cantilever
beamwith an integrated piezoresistor for sensing its deflection is '
described. A silicon on insulator material was used for the fabrication. .
1.,5 Frowgista PiezBesistiPotechnigdo 13 ehadgdbCleSiflaRt b LY Biesdrabistioy g&h%EﬁM Mgﬁc' S
krlown havi ng'a cantilever "armw th a piezoresistive resistor enbedde
cl dfe t surfdve 6f xeftbxedchrnf of e canmtilevavean bammas®efl] &ctthoranidle t“Aeorhice éoreard
~of the cantilever -arm, produces stressg jin base of t c i . eyer. That.
otress BHARNPYIGS bsGoBSHYt cothired: sbbM oforiaere fulodTae SHbe BIECHT { he

. on Solid State Sensors and Actuators, San Francisco, Jun. 24-27,1991, pp..448-451, the

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

deflection is-described. A silicon 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 piezoresistive resistor 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 piezoresistive resistor's resistance at the base of the

Y

cantilever in proportion to the cantilever arm's deflection. A resistance measuring apparatus is
20  coupled to the piezoresistive resistor to measure its resistance and to generate a signal

corresponding to the cantilever arm'’s deflection.

U..S. Pat. No. 5,444,244 is related to .a cantilever for a scanning probe r'niéroséope that -

includes a piezoresistor. A process of fabricating suéh a cantilever 1s further described, the

process yielding a tip which has a high aspect ratio and a sméll radius of curvature at its apex.
25 A combined atomic force/lateral force microscope including two 6r more piczorésistors

responsive.to both the bending and torsion of the cantilever is also disclosed. .
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its resistance and to. generate g respondi ng to the ntil
arms deflection. U S. Pat. geﬁkg&g %sﬁ‘g&r elated to a cantilever for a

scanni g@}“% obe.m croscope that I ncl udgs a piezoresistor. A process of
fabric €% PigFOLesiStiVEicARtlsyers dn spite R P%é@%oﬁcnvhéﬁy % oplacad syhe;neis ng a

tip Whgﬁififehﬁé a) o) ﬁﬂﬂ 4s,,Oofy girvat It
apex. 25 A o negleg n?%f%?géded;)fa eral for ceﬁlr%g tgc%lpéeqnﬁgn% st{% or
mor e “pgauges cEieytroqsire furthpomsre tieat the)cdmlld%tsf& foened Bos; RE%I t sk ‘Bf t he
cantilever is also disclosed. . 06-10-2001-1999-014 LACEMENT SHEET 2 s

Sg~ 2006 18000125 - 3- 19 FFR 7004 Repl acenment sheet However,
pi ezoresi stive cantilevers in spite of ‘alnost simlar sensitivity as

opt i calBMthU:Pat. Nuif5,856,6 'bdescrived areatumyorwhﬁ@oﬁdvﬁet(mrtﬂgms%s drdpf
| n erent to all sem.conductor strain gaug They require furtherm)rpe t hat -

calalrs BV‘SP%‘offé‘sflbﬂ? SEUN GALES Hyearaled paithe AEM icaatilevarBmdetect 8 degictioho.
5 856 t hat
B BB b TS L A B A0 T

det ectvalvesteh gadel omhe AFM cﬁmmvét&s ¥fade bf & blurSity OF FRAS AE OF whith #3%: free
absence of an applied magnetic field. The. spin ~valve 'strain gauge on the

AFM cdffrPmagaetic layerdhat has r@nmrgrrmrnegpsefcubn land ,whose nefgnedd mbmensisafréd @

f | t t nd wh t

oo TR bl Ghe!iEhed BRkn DR AMEleRe HRIN Th A% drecaoe 06 3 anpliteh steesk oot 1
the priesefermonoignetic &yBt dee 16 Héﬂ&mdhooft e caﬂtuu&e ah ea%?@l@?ﬁﬁﬁfab@mleﬁtygft ue to

-deflection of the cantilever, an ‘angul ar displ acenen magnet’i
mentM@gnetig ampment ?%Woﬁ%sgfmqreaanayerlam@gmg;, whicblreswuint 5 change mhallege in

th t I t An el ect I
o sCnCRA SRR oF Gl Ve il UG FecliilE deiepusm chmity 1 <

used tcoupleties tespin aalvé beale padies s @6éd @etdPREMEMALING 1341 is related
to a scanning probe mcroscope assenmbly that has an 15- atonmic force

nmeasur enent (AFM nbde, a scanning tunneling neasurenent (STM m)de a

Document WO' 96 03641 is related to a scanning probe microscope assembly that has an
15 - atomic force measurement (AFM) mode a scanning tunneling measurement (STM) mode, a

near-field. spectronomy mode, a near-ﬁled optical . mode, and a hardness testmg mode for

examjining an object.

The European patent ‘application EP 0 397 416 Al describes an appafatus for the high
s ) " resolution imaging of macromolecules and interactions involving macromolecules. The
20 apparatus comprises a suiface on which the macromolecule under test is placed and a.plurality |
.of fine probes. Means are provided for scanning _eaeh 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 prooes in a direction transverse to the surfaee and display means are used to
25  display the transverse movement of the probes, being illustrative of the topography of the’

surface.

AMENDED SHEET
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«testi ng o exam ni ng af—ebpectr———Hhe——fturopeamrpatent . application
EP 0 397 416 Al descri bes an apparat us 38or the hi gh resol utlorqupfgly,mg of

macr onol ecul es and interactions iRRP&AceMEnt sheet onol ecul es. The.
apparatus conprises a surface on which the macronol ecul e under test S
pl aced Amdther Hunopeantpateift applieation &R . 306EEISS Adris r¢lateditden dcotleeidonveRgbreach

of the probes acrq sma| | ,area of the surface in such a way that the
t ot al dﬁ?'ﬂgwgﬁﬁamlliﬂgﬁ?ﬁﬁ%wl%% éﬁes cpdhio Whisha psgpaneat magpetisattahed. Apai

d
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probes, being |IIustrat|ve of the todpograp the' = surface.

SHEET oed1be pegnet is mavedgooording taamm@ﬂmmnsmﬁn 19dﬁet35@a200ﬁputsl3ﬁﬁﬂmﬂ5| -
3a Repl ace nt sheet 19 EEB 7004 An other European patent application EP O
306. 178NIERIOLESIUVESERSIRGEISMERScel eration sensor  including a cantil ever .
beam having a free end to which a permanent magnet is attached. A pair of
rragnetic sensors each consisting of a bar ber-pol e type magnetoresistive

sensin nent re.ar osite to |caIIy wth respect

Co"t he e gramanmne s PHOEF s HCRY i€ reifedina YaEAe i Wb e kanion no

to an a&RhRr idildtionBiealtnt. STHERBLBEL 38 sRHARUIG tﬂdioéf' El'j%eacc@ﬁgﬁﬂ r?rfs or L ' ve

sensing el enents. The German publication DE 41 03 589 Is relat ed 1

s ensor mpsioned inj thh peecedinig paragadph wigls thedittle diffarércatthaonty) enreesehsor ddement is
Ldécture | s, .Si,m | ap to.thaf of the acceleration sensor nentioned in the

edlaﬁén%eélrlﬁél?eam? oheaHon REtEYEMMe difference that only one- sensor

'eI enent is '10 arranged in the prolongation of the beam U S. Pat. No.
4,954,904 is related to an apparatus and nethod- for controlling the flying

hei ght U.S. Pat. No. 4,954 904 is related to an apparatus and method for controlling the flying height

of a head over a rotating medium, such as used in a rigid dlSk drive employing magnetlc,
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_idcly usca techniques

today. But other techniques, like capacitive, piezoelectric, or therinal techniques, can also be

| used.instead of the optical or piezoresistive technique to detect the deflection of a cantilever
:: . b or microdevice. The capacitive or electrostatic technique measures the change in capac:ty ofa -

20 capacxtor formed by the cantilever and a fixed reference electrode. The thermal tcchmque 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-
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. enpl oyi ng “nagneti’c, magneto- c-or optical recording techniques. The

flying height is controlled via magnetiéP-attraction or r epul $iSoFEst i
maintain a sel ected and subst ant i dt4pjacgmienbsheet | yi ng hei ght of the 15 head
with respect to the rotating nmedium The optical technique and the

pi ezor esihet comsbinatidmiagd dnagetibh eofnmdrofabeieatyd Weeides @dthnelgetesnicdl3d ayntrdiidd

ot her technjques, |ike capacitive, piezoelectric, or thermal techniques,
can al sdupsdionalites facilitates aaneechnologipaliapalications, charscissized by preciseinpueraents,
detect t ekl cantilever or mcrodevice. The capacitive or
eIectroé@gfggaPé@%ﬁ?gﬂggﬁgggﬁ?es the change in capacity of a 20 capacitor
formed by the cantilever and a fixed reference el ectrode. The thermal
technique uses a current at different wiring levels, for exanple, to heat
parts of a m crodevice. Deflection detection techniques which are external
to the cantilever require time-consumng alignnments. A variety of feedback
mechani snms can be used to acquire data and to naintain proper tip
position. . AMENDED SHEET 06-.10-2001. 9. 1999. 014 REPLACEMENT SHEET 2 6 SEP

. 2006 1800012: -3b 19 FEB 2004 Replacenment sheet The .conbination and

integration of mcrofabricated devices with electronically controlled .
functionalites facilitates nanotechnol ogi cal applications, characterized by
preci se novenents, increased sensing, and actuati on. AVMENDED SHEET
REPLACEMENT SHEET fi SFP_1f106 19 FEB 1004 WO 01/20616 - 4- PCT/ 1B00/ 01256
OBJECT OF THE INVENTION It is an object of the present invention to
overcone the di sadvantages of the prior art. It is. another object of. the

present invention to provide an alternative nmeasuring nethod with

)
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“an increased sensitivity. . i BET objregt t he -
i nvention to provide anyi nt e@ﬂFCEMENE&H : g —%I a!:grr‘;g%?gmon a

m cr of abiy@ gi/egdi16evi ce w t hout the needd4ef additional equi poaIBOG/@IR56
alignment. It is further object of the present invention to present a
detection systemwhich is sinple inplenentable and can be fabricated at

| ow cos %ﬁl 6 SEP 2006 WO 01/20616 5- PCT/1B00/ 01256 19-
FEB 781?BJEWE5%ENA AI\}'(rjAVGES OF THE | NVENTI ON The obj ects of the
invention are achieved by the features of the enclosed clains. Various

modi i CRE§ @R sbjRBCof tHE pRsseAEiRventitnao 60ercamB &t disadvimagepsnBepiiocdrai 5. The
present invention provides a contactless magnetic sensing systemfor
measuring relative 5 displacenments on a nanoneter scale. Such a system can
be usedltiis anothecolndeoftere (dreseny inventidncrogirabide @atatdmdaevé epsurifigemethod mtitton
i.s based on the neasurenent of the field B of a nagnetic dipole |ocated on
a novead) BCrastd IRPSIYAYof a sensitive magnetic sensor placed on an

adj acent fixed part. The nagnetic sensor can al so be arranged at the

or exont 1 £ gElper Qs THRE bskeofenfion © B8 R hELald S5t Fifafuine

posi t i omgRlabEARRS [0 Wi fnfcrbRbAEAEd tdevich ewiiRdiv ahé thesd Qﬂméaihitid?napfeg@ibmehp fépke
advant age of the largest field gradient dB/dz, of the field and thus

opt i m zaligrmeentsensitivity. The sensitivity of such a magnetic sensing or
detection systemaccording to the present invention can be at |east 10
tinmes better than for fthe. known, ei ezoresi sti ven(i echni que an'g'. Bf;f ers the
advant alyds dveperophieetaP! thec PRSI B VEIOBLOfRIPIER! RHSESTAR SHSIEM WNHSyis gmple
i\t hout. i &l Optical.,access.' The nagnetic sensing or -
‘de)t ecti’orﬁgyé@g?nﬁgggqégzgﬁg&ﬁég&ﬁ% er?g%i ed into Si technology with
standard photolithography. Different nmagnetic materials geonetries, and
sensing configurations can be proposed to optim ze further the sensitivity.
As a first enbodinent it is proposed to neasure the deflection of an

i nvestigation and/or : C
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mani.pul ation device. For thatREPhACEMENToSHERT and? 8:SEREMEpul ati on devi ce
conprises a '20 cantilever, also referred-to-asToveaotepart, a magnetic
el ement ER&VAG'Hg a nagnetic field, and a nmagnetic sensor FESVIBOVPIIS | t .
The noveabl e part is attached to the fixed part and further conpgiFEgnm
free end with a tip. The nmagnetic elenent is | ocated on the noveabl e part
and the magnetic sensor on the fixed part. On the other hand it. is also
possi bl e that the nagnetic -sensor is |ocated on the noveable part and the
magnet i SUMMERY AND ADVAXTAGES OF PHE IR¥sINRoNne nmagnetic el enent and at
| east one magnetic sensor forma magnetic sensing unit. The nagnetic
sensor and/or the magnetic elenent can be integrated into the investigation
and/ or Timarobjedtaiof che devenGen sue lachibedd bjelye featureanf i awicded M4insOV idas
investig_lati.éfon and/or . mani pul ati on device. The nmagnetic el enment and the
dificagions Apd JPPIoNEBANtS dregqnidingdyin the depedersiclaimen t hat when t he
noveabl e part is displaced the change of the nagnetic field at REPLACEMENT

SHEET 2 0 01/ 20616 - - PCT/1 B0OO/ 01256 19 F7" ? 14  the
" nagnet i gﬁ g?nﬁ;sgﬁt 1?:8' eg}g?"eé CAh1R ab%?"gasp S MPENEUTRGPURG SYsiaom 4y measyHag gelative

measur i dgplatamthtstorea MNBARES sce. KR aRElAN cAPbaIRES iPY Ofj 2N
derive a characteristic value that is :%presgnt at iuve (1) tﬁﬁ%&?p@a@gﬁe%t-

or t or saerofabricped; depies)i ghe iinventind/ iorbasediopuihat measurettewi of . ths fidddvel &f 4 he
field of | i catigns extends to.a broader range.of devices where relative
ot 1 on SRR B G S el REv s pat B8t pEASSiYe SiREBF A serer Rleasdcaacan
wher e nadjacdt Fixietl Spar€ Ihe andghdtic séfidr %%%lsb'ﬁéeaﬁﬁggéégpg% fiofkable g%ﬁ?ﬂé;?ﬁeds

or actuators. If the nmagnetic sensor can be arra posite

mggnet | Magnetice dipole,halso traferred vienesaigragnetc wiaméerhant thee fiked| phriofHoWeveragnet i ¢

el nt netrates t.he neti.c sensor and a field 10 gradient,.
prZ eragﬂggmt%ﬁeser?ﬁ% Thop! egp%sné?'ﬁ’ ipéﬂPe,”yc“c(HhH%SPG‘é‘t‘QéP%H’aé I emERti inerderThe

magnet i @ GRESAIvaitRe RS s adrder ﬁG@Pé@Qkh?%ﬁ/&?t&?qgé 103h& Nhis oﬁ@ﬁﬁ&i el ¥
y Is

advant ageous since no frictional |ossées occur and the sensitiv

opt i ni zE@sitiviy. The seesifivity of suebt4 oragoétic semsingowredetdctiopaysteisactomingandihenot
danped &Tesélit in rn%gh can be at least 10 times better thanfor the. known pi_ezoreéistivé technique
| and offers the advantage over optical techniques to be fully integrated on a device without the
15 need of special optical access. The fna_gnetic sensing or detection system can easil'y be
implemented into Si technology wifh standard photolithography. Different magnetic materials,

geometries, arnid sensing configurations can be proposed to optimize further the sénsitivity.

As a first embodiment it is proposed to measure the deflection of an investigation and/or
manipul_ation device. For that, the investigation and/or manipulation device comprises a
- ’20 cantilever, also referred to as moveable part, a magnetic element gcnerating a ﬁagnetic 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
magne-tic sensor on the fixed part. On the other hand it is also possible that the magnctic
'sensor is located on the moveable part and the magnetic element on the fixed part. At Icast.
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 ihyéstigalion and/or
manipulation 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 magnctic field at



When a |l arge portion of the [ E Earz SEE @@the fixed part
by a gap, then the 15 advarﬁgggﬁggmghﬂaﬁl EY. & L e deflection or
nmoti on oWwo bzoseveabl e part can be guafanteed with an enl RCTABOHRREGr abl e
range. The. magnetic el ement can. be a permanent nmagnet, which hgfthen,
advantage to. provide a constant.. magnetic field. There. is no need for
an . ext e aghBetNSériser fis Ae@ciable bPrusd SMUiHet mia@netfcObéndol. dSilisthueit dntisaniak
"wires. Hence no current is required which could | ead to unwanted 20

heat i ngfasilitéastpgocesh thenmtprmatien eblainedibycibemsensos and demyhe characigpisiic valae thain
be made.of Fe, Fe2(3 a, .. Cr Vh i,. Pt Sr. V, al | ays, .

t her eof 1S BFPTEERRUEE %n@eoql‘%ﬁ?ﬁf"?em 19 'oﬁséoq:Slrﬁp[gﬁe’méss.“gal,&?'}\lideg{or F'Q@)'é"l,a“o“
FeCoV, ﬁg@eé{()r, FeNi Co, NdFeB; SnCo. Also, the magnetic |ayer can conprise
crystal 1 ne or anorphous. netals, e.g. an alloy of AIN Co-type, a

pl ati numcobalt 25 . alloy, an iron-cobalt-vanadium (chromum alloy, a

chr gm uMowevsr helfizld ofdpplivationd ek ehés &Rd bfoaBEPlaAGEMERENiBsbiler? rda®iPmaios 1
.9 FEB 2004 WD '01/20616 -7- PCT/IBOO 01256 cobalt alloy, or a rare earth

i ron al Popositioringragedsttp de|capspllieds and possable indeyicey Whereimoving pafaneed afastand
conponent r.ef er apl dg of tic material as. listed above,
V\herebya?‘igeé"gmr‘r'ﬁ?é?&lgg %%gy@ﬁryggasgé{?asé@agﬁgbe adapt ed according.to the
application. If the magnetic sensor can be integrated into or on top of the
flexible or fixed part, such that 5 the nagnetic sensor is an integral

part of 1 i the - . : L

Censor  1oHE AReHERE <G car WP} raCa SPBHIAOTR R PuC MRIpep L e TR Rhafioee
m cr odegédirs edthe Fdd if | the mmagasaic tehemerngpedtirates eins aragnstic nergr adngda ifieid
;tne. silicon, then the advant gge occurs that Si technol ogy . with standard
pHdQol i gradipngmasietahly the maspnaldield emdientergn deidetesicd apd determineds Hal | sensor,
a.magnet ot ransi stor, nagnet odi ode, or a giant 10 nmgnetoresistive sensor. :

This shows the advantage that several types of sensor can be used. The
rragneti_i, sensor .can be arranggdf such t]hat the m ncgjtei C.Sensnr and a

SubsequLRE MAEBSHAISEF R P Boeg,Tog SORaREE delegfign MCILIS SSRERAIT, 2y anqgeous
gradi enginef nbBcHEHANEIsk&s ddcBl hd B sehbitivitg UDSHGIMERE. TR e NI inEGord bf

system a characteristic value that is representative of the
the moveable part is free and.not damped or hinc ered.

When a large portion of the moveable part is Separéted 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. ‘

) 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 componenls:.

AINiCo, FeCoCr, FeCéV, FeCoVCr, FeNiCo, NdFeB, SmCo. Also, the magnetic layer can .
' comprise cr)-lstalli.ne; or amorphoﬁs.fnel’als, e.g. an alloy of AINiCo-type, a platinum-cobalt

25 alioy., an iron-cobalt-vanadium (chromium) alloy, a chromium-iron-cobalt alloy, a rare earth



respective deflection or noti HEEDr processi

. The noveabl e part and the fix LACERIENT S B SEEIG - mat erl Q%EB‘BB{]&S
m ght. bévOoplr2adv@ant ageous for a sinple-Vabrication process.pdiBodt2bre

ot her hand, -the noveable part and the fixed pan can al so be nade of
different materials, whereby the flexible and fixed part have different
mechani ¢abaloall yﬁlg:adrempq; | I h at ed.to
fixed part by ??t achnent mean(g] ﬂg(;yef'fel}etaﬁﬁéﬁagcemlﬂefglg,b% ‘Jﬂgd% I?i:r? P'H @] ty °f

- advant agz@tqswémed tchthOtNm@s rprefeadiile madet of holgrdambgmsticanitesiaP Gk Nisted above,

di spl ace&e t) h ? %chrrent means, conpri ses an aperture, such as a

hol e or "A°KPY “SP’%%@ A FOMPOBBRHS C7 BE ?@ﬂﬁed aqeReding Hethefapplicatics. wi dt h of

the attachnent neans can. be reduced |leading to a reduction of -the spring
constant for higher sensiti vi ty Si mlarly, the t hi ckness of the noveabl e

part ca adj usted for ensitivity. REPLACEMENT SHEET 2 6 SEP
2006 19“#&%"?@"% ??f?%’cﬁ%‘ﬂé’e "‘§gr “B@DPM%ef the fi]@ublspzarcf i%ed gart, such that

advant agrahsgnefic séRoNR QT are arr a
within the §rrgt cr odevi cewgﬁg%%taﬁ t a r%%ﬁg%lfogg HE‘QH #I ca aB%gFr?E?lgégg’énl?
sensi t i Pagnetigfsensoe is pragnstalled andnisesnigotayest eorbe Ihd’rﬁed%ﬁoﬁé‘ilsé\(?hl eved if the
noveabl e part projects into the fixed part of the m crodevice. |If the
noveabl e part and the fixed part are arranged in the sane plane 5 and nore

Iength of the noveable part projects into the fixed part than protrudes out

of "thelf tht Ruerogeviee comprises tﬁeh(mermdt thei mygriesici sensarais cidltegeited i@ RRLISHl¥on,
because icati Q ratio. When the m crodevi ce'

chani cal
conpr i g g‘ ‘%\ U??tf%et%?cg‘fs tm%ﬁc E°l§eﬁé"6 Isstandard, photelithogeaphy ean he epplied.
ehenment form ng together a magnetic sensing unit and further the magnetic
sensors are 10 arranged in the vici nity of the magnetic elenent, then the

advant e i tude use of nulti.pl e sensors can
e 1 nonte, BaEhE Lefd: it s AN, B b iifendiouingaty: BesecRpirtes & san

pl 1@ al |mygrmformagwetsemoeImﬂsaﬁtos/sanda@ﬁantﬁaftﬁat%ﬁ‘erﬂﬁgﬁé‘é6fcseﬁ§‘d}f5c9ft e LTI NG
al so together a magnetic sensing unit and furthe e magnetic eferrents are

arranged in the vicinity' of, or around the rragnetlc sensor, then the

advant a&e occurs that the sensitivity
€ magnetic sensor -can be arranged such that the magnetic sensor and a subsequent

measuring device or systém are able to detenmne a field gradient of the magnetic field. By
this subsequent measuring dev1ce or system a characteristic value that is representauve of the

respective deflection or motion can be derived for further processing.

15 The meveable part and the fixed part can be made of the same materiat. This might', be
) advantageous for a simple fabrication process. But-on the other hand, .the moveable pan and -
. the fixed part can also be made of different materials, whereby the flexible and fixed ban'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 displaeement. If the -

.attachment means comprises an aperture, such as a hole or a slit, or one or more constrictions,

then the effective width of the attacl_tment means can.be reduced leading to a reduction of the

spring constant for higher sensitivity. Similarly, the thiekness of the moveable part can be

~adjusted for optimal sensitivity.



15 can be increased without BERLACEMENT SHEE] a3 6 SER o occuy gi '
ot her systenms. An arrangenent—of—suacn nagnetlc sensing units for a Mgneml'c
detecti oRy§Yypiqs can be realized by a-igeander-shaped gap tAGAVIBS@@RSAL €S
"the noveabl e part formthe fixed part and therewith the nagnetic

el ement (s) fromthe magnetic sensor(s), respectively. The nmagnetic sensors
and el egents can,b I . r | | r 1L hd 0 Foqlt
o al sott § SBgeLL Rt FRRRE O ARRL uetmddl AgRY ilenghd Sl TRAReq
vi Ci ni t yifHin OREMI&08&IitE sedherianh, mechahiehl arfplifiedtioh ihareasebehedseneitivitorofahe
torsion. It should be noted that  there are several possibilities to

-ar r ange magmeighetrisings systinmgThigicap berachipyvednt thecmoueable part Paqiesits Hupdbrifixed
the application. It is 0 possible that the' . n vice . ri ses a
ol ar al | B3FtaR ticpispieichat 2 et eabie sdpind e RELBhT B SRAEp RERDS HRel

magnet i G, gl e Mingif Gfdhe hRABhLIEPANRONRLY Mt @tSAked ParPhittndprbiridédlout of the

detection systens, €.g. .for different” neasurenents, can be arranged or
conbi nefixed t piry theshtha sensitivityeis dreredREP CEMEEOUSHEDTCaRSE ofRihe 200¢hanicalEB
2004 WD 01/.20616 -9- PCT/1BOQ 01256 DESCRI PTI ON OF THE DRAW NGS The
i nvent i 8MPHECHIATALIBed in detail below with reference to the fol | ow ng
schematic drawings. FIG 1 shows a schematic illustration of a nagnetic
detection systemwith a magnetic sensing unit according to the present
inventign 5 FIG 2 shows a top-plan.view of a.typical in ' ion and/or
mani pul %%‘hﬂévwé%dc'v\ﬁet‘f?"&prhsggr?e?lf’{:ah toggl"‘\“(?ﬁ '%%és}}sél% %dt%qﬁ%%%ﬁréagna&"%c -
sSensi n,gel‘é?detn? f8frhingdioetheP a hi@nieSemding MMANAA Rirther Fthé& magnetioVenddie are
magnetic t1eld dependénce B(xx yo, z) along the z-direction as produced by
“a’ygnetirangedenethe Vicinpplof)the suagnetc glentenyrthan fthepdvantage scaws dBatdbe signad
ereby yo..is I ntai ned constant. FIG ,4.sho [ odj f the
é_‘PPB’ﬁ‘egﬁH /USE -ﬂﬁr’i’?"ﬁﬂpét FISOT$ GATL é)e e reased” n(% hl%c &Hpr ﬂéﬁ? n&'hgn tﬁe

i nvesti § _
microdevice comprises a plurality of magnetic elements and at least one magnetic sensor

forming also together a magnetic sensing unit and further the magnetic elements are arranged '
in the vicinity of, or 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 other systems.

. An arrangement of ‘such magnctic ser;sir;.g 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 alsg' '

;" : ) 20 ;;ossible is to arrange at least.two magnetic sensors in the vicinity of one magnetic elexﬁent_, _
which is useful for the detection of torsion. It should be noted that there are several
pbssibilities to arrange a magnetic senéing unit. In the most cases the désign_ depends on the |

: |
application. ’

Ii is also possible that the microdevice comprises a plurality of moveable parts and at each
25  movedble 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.



wi t h. a magnetic detection REELMEMEMTdSMEEE th&ﬁpﬁfgs?«g%t i nvention, using
..mechani cal anplification. "FIG 5a shows an enbodi'ment with multi pll€d FEB 2004
magnet i c @ AYRMd6 uni ts for enhanced 159sensitivity. FIG PCiaBons2se
further enbodiment with multiple magnetic sensing units for enhanced.
sensitivity. Al the figures are for the sake of clarity not shown in real
di mensi DESCRIPTIONOFIFHE DRAWINGS 1 bet ween t he di mensi ons shown in a
realistic scale. REPLACEMENT SHEET 2 6 SEP 2006 19 FEB 2004 WO 01/20616 '
10 - PCT/1LB00/ 01256 DETAI LED DESCRI PTION OF THE I NVENTI ON The principl e of
a magnefhe inyeatdpeis degetibet ingletaikchuow with gferatteid el @llowingAbhdrhitit dra®

basics of a magnetic deflection detection system also referred to as
magneti c detection system according to the present invention are
.addressed. 5 Magnetic sensor Anong different types of magnetic sensors

whi ch cBHGpk used shewsig sohateativeilmstthion e aphegrtit deicBi&M §ys 3 £LRARgRIC
sinply integrated _in.sili.con, e.g., magnetotransistor, magnetodi ode, gi.ant
magnet or esi st ance SETHMEH} ac§8Ff§B$ 10 hR PiEseHdnvension. of Hal | sensor is .

di sguss here. Sugdw ] i.lt, .sinply.in a, planar or. o
cyli ndrliig;alrwgeorret ry,§\?virlt6 ﬁ P éarrr]aﬁ%qls?fzeéQ’Z‘?’?%c’f’?’%ﬁ%}.’o"dW&gmﬁﬂ’é’“?"en54°WI°§on.
The active Hal |l regthanmagndiiordesdtibn saien Mithas ’ ry of
the cell is defined by deep p+ i s‘olgﬁ on di ffoﬁdsuiiéor%ﬁe'ls'%% ulEl{r}gr?tg&ge}P}e%%tt}rgodes
and Hal | . el ect r od¥¥ PAFDt ByWRRKPN. by a shal | ow n+ diffusion.' The surface can

be cov y an r gi.on | mni.m ze the intrinsic nojse. The
sensi t %’??y# s de%@ﬁgdﬁkyﬂgﬁﬂé?{/ﬂtepq gepenggnce, Bixse ya 1) dong, ghe-zidirectje reage,
| is the supply prodoest byaehdnthCelBPBhi 1B ABEL e E aff foG} G vice of
a éd;ui ckness bel ow 20 gm 15 aa%typi cal seﬁgqc{@v?%&d;?t f;?g%&l\q/egé?ﬁggsﬁ HEEs %

ré hed, as descrVB&&dY Yo Wweainiginedicossansors, Vol . 7, Edts Gopel, J..

Hesse, pIQ\4 Zemlsho%n%?ﬁéra&nﬂgd?r%g t 8 th]ésl%l'vestigation and/or manipulation device

with a magnetic detection system, according to the present invention, using

mechanical amplification.

FIG. Sa shows an embodiment with multiple magnetic sensing units for enhanced
15 sensitivity. | o |
"FIG.5b  shows a further embodiment with multiple magnetic sensing units for

enhanced sensitivity.

* All the figures are for the sake of clarity not shown in real dimensions, nor are the relations

| between the dimensions shown in a realistic scale.



In a cylindrical ' configur RERIDACENMENTESHEEReyis m ntrators =
2000 V/ AT can be reached, - 163 i al ., bﬁ?EB 2004
Lausanne, ﬁgﬂ 996, and' R S. Popovic,0- Hal | sensors, Adap, 686013861 st ol ,
Phi | adel r% é/York 1991. Techni ques to conpensate .. .) 20 the thernmnal

drlfts and mnimze 1/f noi se are known. In particular the Hall voltage can

' the PRIAILED bESCRIPTION R PRI ot pur ar 1 “due To the noi se
atl Hz is 2.5 itT . Magnetic layer A magnetic el enent; used.in accordance

i th tNgnDORRERe oY FlkAGE gl AeREAIRSAe ANl 8 IASt s S8R R0

stabl e respect” to e surroundi n§ perturbations an

t enper abfiaemagheticedefTectige derettiore systam, biso trafemght tot as ﬁmgnmczdctebaomkgliletn c
stray field of this magnetic clenment. One approach is to have a magnetic '
| ayer oRCCOFFIRE 19 I PRFSERt inuention gin addressedr oss section: thickness t. of a few
hundreds nmto 10 gm width w of several tens of mand a REPLACEMENT SHEET
2 6_SEP, 2006 .19 FEB 2004 WD 01/20616 - | 1 - PCT/1B00/01256 length 1

whi eh fMAa8NEHC 1E’si ze. of the microdevice. The thickness shoul d be such
that the |ayer does not perturb the mechanical properties of the

m o1 odeXnfiha Uil [YBUESH L Rorsof Hhh call LR B WDLAIRKE G [l precery

exanpl €, eaves I na arge enough a goo Size

monent @Renti@assl dan ke shplgrigiefiaedddn giladhedig., aiaghétetrassisor, niag@atdd@dsue Ehat
choice of the 5 layer or filmmaterial with | arge remanence can be a
rmagnet | MagRRIBIESIIHICS GRptUIfENspsply the qase of Hal sgasomdtifiscyssed hess( Spclpsgnsor.

e SRR s S 05 R e R P2
1@l | oyilicor. MBieestive ®lallfregiohey formed i ah lepithxibl RyemahdChBRRORBL Y ofAthcatp is

FeN Co, NdFeB, FeCoVCr. However, it should be a naterial easa to deposit,
for exa‘i‘Pé'F@dtW c&eerpaﬁa%la%owtfﬁwenoﬁh%m%ﬁlecred%i and; Yl pipciredes ¥sipimedt ed

way s B SHBFOQV ﬁﬁ%{fmﬁ % qﬁue | \Qréad 59{ MersiOh 'lag'g omﬁum ttgfh

particl smamagnelc eS|I|con acevm
appr oprinaimsionoied) tkHel s@ﬁsmwiﬂ'hlssleﬁﬁéﬂ lb;esms:e‘d,. r(d BY, eodice: Vaysema Hall Rohage, 1 is .

E)P ! g;n\%?x? ﬁggglﬁgaﬁ’a?tﬁﬁ%%l%@?ﬁ éér?cgﬁq{elg elpor a &c\(lgctcydf athickn essq)c?o apz?)d | ayer

15  atypical 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, lwith ferromagnetic concentrators, SH. = 2000 V/AT can be

~ reached, as descnbcd in H. Blanchard et al., EPFL Lausanne, IEEE, 1996 and R.S. Popov1c

N Hall sensors, Adam Hllgcr Bristol, Philadelphia, NewYork, 1991. chhmques to compensate

.-) 20  the thermal drifts and minimize 1/f noise are known. In particular the Hall voltage can be
measured at _rather_, high frequency (< 400 kHz) by locking ‘techniques. In 'thc_ last

configuration, the equivalent output drift due to the noise at'1 Hz is 2.5 uT .
Magnetic layer

. A magnetic element; used in accordance with the present invention, hés a permanent magnet-

25  with strong and stable homenl with "respect to’ the surrounding perturbations and to

temperature. Different geometries can be thought to optimize the maghetic stray. field of this
magnetié clement. _Onelapproach is to have a magnetic layer or thin film with rectangular -

._cross section: thickness 7.0f a few hundreds nm to 10 um, width w of several tens of um and a



of'M = 163 enu/g 1.745 A_m/HEPbAEEMENTéSHEEhd & SER 2096n 3 is1gFP20m
_ id i Kk tumrer-of =7 '
. consi erqgooméa%n? es 15 a vot M= 2.5 X 10 8 cnB a'?ﬂfe/‘a@?’@féﬁ

magneti ¢ nonmen = 3.63x 10.9 Ain': One can approximte .
di stribution along the z-direction of the |ayer by that of a point

magneti ¢ dipgle. AL a gjiven distance xo the field change along z can be

cal cul aﬁ%‘?ﬁ‘gg “ﬁ’é‘flhéfs ‘R%‘B?‘Z":ﬁ} rpicgogeyjce; The thigkpess showd be syeh fhipt the layer
Tesla a | OtHeS§ : L Qp: n.cal.c e the field
Bxo yors) "ol pee R uiCibthahios) pkfics ot dhich RR ot el tBh iR e
condi t i ananipSeticri tievice,yfor ERample, bett leawdsea dinal Relumeeragd ensust Forva p¥o@fsidehe
magneti c detection system accor di ngt_ to the present invention.it is assuned
t hat -t hanagRetic Joment apg leads to4 wrong Tiglg gragienpat Gmsengosheraxipnaftie choiesof the

| t y ic. layer of size 50 x 50 x .10
ot 3 By Tovel or TSRl Pl 1orP Rub e TR AR bt & i G Bl pRRS WG S5 e
nmagnet i ¢hd ayeige ardiLhke CalGIPLRAIRY! BEFE i baB(a&ﬂElé%} 12aé1 sahuiTaGbiR Hofitng, H3/ dz

at the center of the Hal| sensor. REPLACEMENT SH SEP 2006 19 FEB
2004 WOFg1Qpasamsed in-magnetic.tapecfylsopmesiblose Crh Nir Moo Mg, iVorCi, PtdR4,| Sscor afoysZ

f : BORE : oo . .
st mat QTR BB e R OF g RO B geetlet ANt P NaReE POk,
Wi t hout HiRadveng shbfiRChesa mSeriz agp%oga&,eig,gmi\%tmﬁe by a%edndard Hﬁ%m#ﬂxei@&{?ve-

. X

wth the m::glnetic moment m, = 3.6 , the sensitivity can
est 10t dslightlyangxg/camplicged, wey into imtbed fsolall paitidesTaflreCe ioliaguilpmer, sdest the

YRR R b et tRE 1SR Gttt S ShE DR o misfale Stk thS 3Bbaprizie bifencation.

) 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 pm ? 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:

X

e

with A = 3x107 VS/Am, B in Tesla and x in m.

20  Using the above relation one can calculate the field B(x,, y,2) and its gradient along z in order

to choose the best conditions.
Sensitiviry

~ For an estimate of the overall Scnsitivity of the magnetic detection system according to the
present invention it is‘ assumed tha't 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 r'elé.tiOn for B, over the actual dihﬁensioﬁs of the magnetic layer one can calculate the field

B(xo. z) and-its gradient dB/dz at _lhe ccnlér of the Hall sensor.



40 4.25 10-6 1.7 80 2.66 10'ng AqfH €Z0ffs| Sti ve -
sensitivity, on the other harﬁﬁpemmEET?;mggﬁﬁ'mr best.’?’ﬁ?@ 2004
fact shows dimkieni t h a magnetic sensi ngldyst em or nmagneti c mEBOO/ORB6 SYSt em
according to the invention: a sensitivity 10 or nore tines better can be

reached than the piezoresistive case. |Increasing the' sensitivity can be
achi eved al so by choosing other materials, e.g., Fe having 15 | arger

sat ur at. i i . .S | ayer instead qf .Co, Further,
e sondE réBHoh if Al a7 Y B el iR, Sy mAriBURG SevicShmiind b oSeron
rati o Recah be &ftinttited'by ngjagyli,dﬂg;\jahgn; nunber of sensors, as described in nore
detail below. Fig.. | shows a schematic illustration of the nmagnetic

detection systemwith a magnetic - sensing unit according to the present
invention in a cross-section V\ﬁ%ﬂddfﬁi(('%&m physi cal 20 sizes that can be
part of a mcrodevice. A magnetic dipole 1, also referred to as nmagnetic
element 1, is arranged on a noveable part 10 at one side of this nobveable

part 10For dipicaievsain ef part niA withidut hb&inperfedd, Suet @a0en/TIA &fthelCo layer

di splaced within the z-direction, as indicated b}/- the arrows -beside the
noveab| @eptgnedigpova with the magnstie feempalr M. 2 31635 1Gih Ak ke s¢nsiivily ¢rar be of
a fixed part js.se ted fy,omthe noveable part 10 by a gap 13. A 25.
nagneti?f‘%gba%esdo‘robfﬁ; I‘agéf_l /BW'the first reference part 12.1 towards the
gap 13. The nagnetic REPLACEMENT SHEET 2 6 SEP 2006 19- FEB 2004 WO 01/ 20616

- 13- : e | -.ed it Oy Skild TR
et or | &l oI AN el ;s sGBR, DFicul LARNRIE Y sOvails BRBRGE Wl Py
it. Al seasily bereaebeteti c el ement | can either be an integral part of the
‘npveabl e part 10 or it can be stuck or glued onto the noveable part 10.

| htegral part nmeans that the magnetic element 1 and/or the magnetic sensor
2 are an essenti alXd@ABti t uent pABYADIT/BmM)he ni cr odd/Bz@&tVMhBre can al'so be
a device on the nicrddevi ce where t6f10rhgnetic el enent 27 or the magnetic
sensor 2 are positia@ed. The nmagnedi26 19énsor 2 is arranged in the vicinity
of the magnetic el gpent 1 in ordepegqodet ect and neasgne a high field
gradient, preferably the

10 Table 1

A piezoresistive lever sensitivity, on the other hand, can be AV/Az = 1.25 1V/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 better can be rcaéhed_ than the piezoresistive case.
' Increasing the- sensitivity can be achieved also by choosing other materials, e.g., Fe having

15 largér saturation magnetization or e\;e'nll_)y a-:SmCo layer instead of Co: Furlher, the senéitivity :
can be increased by including a mechanical amplification rétio R>1or by multiplying the

number of sensors, as described in more detail below.

Fig.. l.s.hows a schematic illustration of the magnetic detection system with a magnétic
sensing unit according to the pi'esent invention in é cross-section with additional physical
20  sizes that can be part of a microdevice. A magnetic dipole 1, also referred to as magnetic
c_lemcni 1, is arranged on a moveable part 10 at 6né side of this moveable part 10."f‘he
moveable part 10 with the magnetic element 1 can be displaced within the z-direction, as
indicated by the arrows beside ‘the moveable part 10. A first reference part 12.1. as an
extension or part of a fixed parl is separated from the moveable part 10 by a gép 13. A

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



hi ghest field gradient. In B)ERLAQ\%WN-E §<HE1EMM 1 ai1cg FEBGZUHI.

~_magneticw%e&?ﬁﬁl(?z are arranged relativg to each other such that when t

noveabl e’ par is displaced. within tHe 10 z-direction t RETARYMY2S%f t he

magnetic field B at the nagnetic sensor 2 can be detected by use of the
agnetic sensor 2. The magnetic field Bis indicated by field lines

Bi“net r aYGNREF 4 FRD berideainted 1atgsalionzor irike metggakef the mietodeviex in sueh aaway thiag
di ent, ; - | at: f bl e, part is deflected, t th
Dgnet 1 if A B ARba AGE icd kol EBhchL NS5k ebeBe ab inEGaEpan phthe |

magnet i mobéablelp&it i19 drtievarpbeopicki @Ahed ontb i #RVEAAE bad 10MRlddrMAS el 15
noveabl e part 10. AnY material. can be used for nmakihg such & mi‘crodevice

or an haAvstmegnerie slemrm drandden thel magnstic denspr.are an essential constitoerteart of

mat er i . iRation of two .or nore materials. In the follow ng, the
varfoughgﬁgﬁp dg‘?';g_g' eﬂ% %??Peﬁf% E’81‘3 qeﬁgciwgﬁﬂ“ﬁﬂ‘.i‘?vé?eewh"és ¢he Bagnesis elrament lof
an exang ie GhagRBrid BoHRGE 2GR pBEtBRY. qrhermﬁzgneﬂé 84ds8P 2 9€ ¥ Gfred YR Ak yigirnﬁt“ya&”' ng

probe 20 microscopy. Referring to Fig. t he 1 nvestigation and

mani pulthe inagngds eteanant thint ordemty deteccantbmeatiron higly SitRingradient, praferably iHee
present,.invention 'is depicted i.n top-plan view and shows two magnetic
sensi nd’l% sf @FidBVag'ﬁBt‘kf}hﬁrh‘éorgﬁ’oé?@ rﬁ‘ggé‘&?‘i glemept | and theomagnpticrsepsar deareas a
zoomed arfigbeéd kel@iveNiodeacR oth@d ®ick (WY fer R i 4 ithile
magneti c _sgn_socr 2‘-, are agr roanged, 2[5 vvhg?rre&%/ t he Efaerfl%1 ﬁt%?%%‘éc%g"bw&hgane
pall s izsdigention thiscluingonof il imagnetiz, fidlth® atnhesiaggaici sensor 2ndh ®e deRbied WyalseOn
devi ce E@ﬁ a cant.ilever or_lever 10, hereafter referred to as noveable part
10, as WEREiBIRAGUGISERSOF & efsnPeepeiig-figld B is adicaigd by firld tines pepgtrating the
moveablifaghalit stRsd?al e, nfenBlY PR (LY W s LR8NP YEAR: RN forms a
triangul aér?@flrese end where agn sharp -?Bi(f)o’ };5 iagg l|ts'r,1 i gg egsr??)ﬁec%%égr%&ﬁfp&ﬁ S

nor mal Igoysiableaurtold isidefllosed,ahen By mignetiafieldtBasths egpetid $Enset BéhanhdsOThe t he
i nvesti ggt i-on Q mani gul 211 i &rc]l?o.f %ﬁsa | e or sanmpl e surface, that for the

sake of '&gea?)ftee iragnsiic figld B oy than ¢ prapertignaleto theofefasionmamrpiinde phrthe 10

exfsendsnaveablet paRNEMt ANRafidRal LAREVENTseaH Tm%kﬁl SEEER2 Q06 ik 04, VO
01/ 20616 -14- E’CT/ | BOO/ 01256 14a, 14bl\g?1c§t Eﬁe_re §sgt%v1\1/ogf ﬁ"ééﬂ%%‘%:‘g% e§s*Maa

and | 4prYestigatiopandienapgrpalation devicenit gan bée single material or a combination of two

or more materials.

In the follow_ing,_ 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.

'Referring to Fig. 2, the investigation and/or manipulation device with the magnetic detection
system ‘according to the present invention 7is depicted in tbp-pian 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 1 and the }négnetic 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 dc’vicehaé 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 p;'m 10 can be

of any type. Further, the moveable part 10 forms a triangular free end where a sharp tip 4 is
'ir_mdicated. 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 -



noveabl e. part 10. For sur cRERIACEMENTESHEERT on tagep 296 rani pul gg EEH @@k

devi ce can al so have =TT Tne articlre Piezor

canti | evawodesogeaed for torque magnet-ddetry", by M W I | erAQT/isooe1256 J.
Appl. Phys. 83 (3), 1 February 1998, pp. 1163-1170, 5 cantilevers with
attachment. means. to detect.the torque in two directions corresponding to

fl exi on jaad 13kt dierehes 606 dlexiinel legsarh dddexabhe allo@ fléddon 1ha AIIHH icfahean
aperture '15 that here is a slit 15, but it can al so. have one or nore

hol es omavsablerpast l%rF@réﬂreaﬁycfswawemaunn angfes meaminwlatian dsyies tan 9150'Haefet WO
flexible | 14b h.t rt t

her oaf ¢ BIOTF SR Qi deste W SBG hRIe” BERREIsHSE RTINS coSEhesh Be fame,
the fixechoh@rondiidy” 1% 0N WiemMPe0s | 1. 6a8H19eny3Nes eNC N FEbR%hPl 8, 8. LA 1117@ on

the other sides, respectively, define a square-shaped 6pening 16 with
.t he5i nvesntilgeers ovntlantuacmmmamq@us & |dou¢cu&1¢|lomueﬂnetwqoklae¢tmnm m-respmdmg/abl e

D%0b i TR ig8r andplopon: dendesEribest Eack Dieg oY raf drhEoBITSES ABGRETHE 15 tha%4a’, |
defl ect hoR Rfa fil1€St bt # caf Aol S TRE 'B?trﬂ&e ﬁbﬁg%?tcohsd’veﬁ&%baf 5}@ ﬁﬁg@ \ﬁhgﬁl

the noveabl e part 10 or within the 15 platformsuch a magnet| ment
posi ti oaelchrrchﬁbedlekmﬂrtyh@hga‘pO fRxiblédegsi Machndat4b feach 3o aisgpoftosr mountingg

pur poses. Besid ea Ie rt 10 and_the flexible |egs 14a_ and 14b,
the fi r§?°“r°é'f'eng %‘e gafPteres g 2 GC%P%égg’E"Cr@Pé?aéﬁ]&éarbéptonl@c?’%éhc fixed

- exggndi Eﬁré pr20(m h? 0% sille"ahd ehéh ﬂefrﬁ%oﬁgtl'ﬂ,e Mmo}{‘ﬁ?ﬁé ks %ﬁﬁ? reapecuvelyf

cub0| d- ed re nce part 12.1 sin vi ew bevel e
free endefine hequae%hapedm:beomgt Hewitbinabt ényestigatib andfdy mamptlafod deviee. THhe
free end of each. 20 ferenéil%gart 12.1, 12,2 reaches approxi mately hal f

the I enBlskogR af e RBYaRlbpaT 10 is Essetiallimpre pigickasciqmparssh P tho akachment esns <
pepar at ¢ | {4 dier 10 ¥00 0 apﬂro&uﬂaqergxmkmcg.aen Joétwelépqhagpﬂé&mnw{h@hg% be

filled wit'h am}mlw any o appfopriate materi a e reference parts
12.1, 12n® theammgneticgeldment dowherebison each tside ofefheantwdable pare dfdobre wihin tHd
whi ch |s advant ageous far  reference B@“ oses., On each reé_ rence;art 12.1

. 15,2, platformgeh amagnslip elesnent (| 38 PRsitignedsclgsqdyiol the gap dds Jhe fixed part 12 is
posi ti opge ﬁo?‘fﬁ’dxﬂ.ﬁn% parpRes. Besedhd hRovearepit 20nal tthd DexibRCIg5a8a 8hi Q4b,

~element 1, arranged on the. noveable part 10,. faces its respective
magnet i the§arat5mfer2n<armnf 12 rendha seregd eeferencepast thwm extemting frogm thei fixed)| mnt

LS Okl SR B oS B v B T R R o
at its free end to leave the end of the movable part 10 with its tip 4 free. The free end of each -
20 reference part 12.1, 12.2 reaches approximately half the lerrg(h of the moveable part 10. Each
referenee part 12.1 and 12.2 is separated from the moveable part 10 by the gép 13. The gap 13
can also be filled wirh a fluid or any other appropriate materiz_\l.'The reference parts 12.1, 12.2
" are. rigid in comparison to the deflectable movea'blc-pan 10 which is advantageous for
refererice purposes. On each reference part 12.1,12.2, a.maonetic sensor 2, that here is a Hall
25 sensor 2, is posmoned towards the gap 13 and the moveable part lO Each magnellc element
1, arranged on the. moveable part 10, faces its respective magnetrc sensor 2 and forms a
magnctrc 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
magnetrc sensor 2 together form here a magnetic deflection . detection system or short
30 magnetic detection system on the respective side of the _moveable pan 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



magneti c sensor 2 toget herRﬁ?LMEMENéfEH P ISER20, det ef Q'F‘EP I[UI#

. System orwghehis80 Magnetic detection spstemon the respectjyve side O
noveabl e part 10 in order to enable together the neasurer‘re’rﬁmgp e

fl exion and torsion of the noveable part 10.. This can be achieved if the
magnet i I neti.c . sensor 2 are arranged relative to each
REI%LACE%E%E@EEZP ‘ﬁﬁép‘gégﬁ%‘ggg' SPgrEgES g'sbsé’jr‘c%a'tﬁ‘%h%m the magnetic field at the
PCT/ 1130043d5ansathisrdersenda Uk ot mb iR ERLARPD SSRRGH el braflbObagedy e
i ec e -

change of the nmgnetic field at the magnetic sensor S

of the Hﬁg‘ﬁé&ﬂ%‘c Sensop P and ll&amgmucmﬁugmae ipossibl@EThae &itans [HRréBR @ Hefent
are possible. That neans there are

sensor ghg}_ﬁgﬁ gnnet m§

di f f er ent ‘terna s Tﬁg%ﬁ“ ﬁ'(jgt'ool" PETRt & W Veticalpraggement. e.g. in a
verti cal arrangenent. 5 For the sake of clarlty, no further parts of a
measur i pgr g 0 uni t or units, are

depi cted but \é?ﬁtgoﬁﬁ?lg frat |ﬂ§?1hecr)%%§:§§£§ U ‘i‘?"’%%'é"nﬁ' ﬁé't TOCESSIEIINIL, 8F o
pr oces sdisplay amitk raverdepiced ti ehe irdbenfo tchﬁ iaéd by Gtdof theS & ots
of the dipole field anPI i tude B(xo, yon z)alat f}(,)ur 8I| glfeel?g%\& cﬁhgséﬁgﬁjcze%' X0,

with xoPLcessahle apknoyyg from qhamateacpfdh%m am The abscissa indicates the
distance z in m 10 whereas the ordinate indicates the magnetic field B(xo,

T, the field h I t | I d
2 0. Bk Fistia¥s SORRP QU B vae pole d amaiuics B"’hﬂﬁi 2 ot Pqi?rgwég‘éﬁfd,i‘{aﬁé‘?s ’
sensi i Wit dy 5 Ve AL 9! @nPhcss Lie TROASILS SANSRL A Glose cnough Lo

the magneti c el enent - The ‘megnetic’ sensor
.80 | e\gberpttﬁatrhem@npteakdxwepdukmagmnarrmd B(topz)pnhemrht Atst&nay@gt_%l VRr

the po%dtlve aﬂﬁg ne%atllve S‘;‘Rﬁgg f the B(xo, z) curves. .15 Fig. 4 shows

aniot her 28 38 SUPRRE AP sIqngarp T Dglit Valne inlarass anshanendistaness, this\foc bighestng

mechani seaditiaiipltiid fa8FdbR o Jray e same nunbering

for the se{r;emse{rlts i s ugelﬁ etﬁ%%%ié%hc?%t%%ﬁg% g@gg cﬂ&'ﬁ pagnetig C‘Gzne&n be
modi fl-ddre m%gnahelsﬁcrtsyr 2 Isboujéfbbelsbl lbm eriouph; itdith8s Aanahe bk RPPéK &]E‘taﬁée the

nmagnet i G P Che 2vibLC “511 r than the tip_ deflection. The

gener al gpproagﬁ %ﬁ%‘ gﬁug ﬁBOﬂHY"na RGEaH ¥R sides of thy B(xoz) cugveso extend t he

20 nmoveabl e part 10 with a free armor central beam-10.1 in the opposite
di rect iKig, 4i sh@wstM&%mﬁ&dﬁnédtxﬂdttﬁafntve%%guéh ANTYS rhaenqg&lauoh der\llgclecgélggs the

part of the noveable part 10 that protr

mechanical amplification. For simplification purposes, the same numbermg for the same parts

is used. The- conﬁguratlon accordmg to Fig. 2 can be. modlfled to amplify the defléction
“amplitude Az at the posmon of the magnetic sensor 2 which is here smaller than the tip
deflection. The general approach, and thus the main difference to Fig. 2, is to extend the'

20  moveable part 10 with a free arm or central beam -10.1 in the opposite direction, i.e. towards
) | ' t.he fixed part 12. A first length L, ‘indi_cates'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 fixed part 12.

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

25_ ratio of the respective lengths L, and L, can be made larger than' 1. The magnetic detection

system is arranged at the end of this eehtral beam 10.1, whereby here onty one magnetic

element | is placed at the very end of this central beam 10.1. Beside the magnetic element 1,

tWO magnetic sensors 2 are arranged on the fixed part 12 that here includee the function of the

reference part in order to enhance the sensitivity and to detecl torsion. The magnetic element- 1 |

30 s scparaled trom the two sensors 2 by the gap 13 again. The approach is pamcularly suned in



fromthe fixed part 12 and RE‘PLMEMENThSH:EEthdcﬁ)ﬁEP 0@hgt h L2 indicates
the part of the noveable. peﬁ-fhar‘ﬂ'@?ﬁﬂ'lﬁﬁ%centré 9 biEBa 2404
- 10. 1, thgyoBisshEts i nto the fixed part1d2. The noveabl e pgetnBod/oizse
attached to the fixed part 12 by use of flexible | egs 14a, |4b. The 25

ratio of the respective lengths L2 and L, can be made | arger than' 1. The

TR0t B RRIP TR YA A ARSI BE I8 sk B ORPAER b,

of this seebbielpartOFRIA dfdel to tRASfefCoridtelyrhe Qeﬂhbﬁo@bﬁﬂemctfbn of LK 1P R tHeC
sensors 2 are arranged on the fixed part 12 that here includes the function

of the maghetiedeectinar sysiem. dih¢anechenisahampléfieationsie givenibyiR larﬂd-nt“othdleneéx.

e gap ThS TR e rHEP AR GRCTP™ & AP dORAFTS OEt O 1A Oy REBR e
2 6 SEP 2008, kOHER 2994 1YG,0M 2B Eaion’ an BB BORHEI230 plAY 1! m

The centr beam 1 should be rigid in conparison to- the ot her par of
the noweeamne lpand: ma@nétiv sender 2 tfar fromnthiectip daisrteoningmizecthe imeraction ovith the

deflectlor} of the tlg 4 to the Enetlc detection system The nechani cal
anpl i fi CHERSHVHISh FrgRPaPagBeLcYMOL  with L2 > L,. The mechani cal
anplification can be used to increase further the sensitivity by adapti ng

e S T CRPERY L bRII dcfesling e S BALRBPlIe AR oBRAALN S A ARAAA, O

pl aci ng gneti i C sensor

to mningaeg xh&ﬂ thehamdei bPsensbis2 s e hswﬁmew\bmpbt $sipadit Thie candeeaichieved,
not. An addl tional way for increasing the sensitivity of the nmagnetic
det bt i dr expapbanby Sabragating lap array on gameth straqiereris Fhewn o e dollayyias flgw t 0
have a lar ger out put signal. This can be achieved, 10 for exarrpl e,

fabrlca an array qn a-conb.strugt yre as shown. in t e
Fg 5 o B PR Rt GRS FsRBe Fogs e LSt SRR gn%% .5
enhancedvh%?ewénwdhwelevme;‘faabxwgmhx nhdpBefi€i@%aién HAlens ofhk inveiGgdiRaNAl G

detection syStem of the investigation and/or rmanipul ati on device are
depi ct eoinandeatpmcr!mrzh arg dppictes], Tde grotridding pams,engl tm: frise eh \mihpthc a;peawcnm

' shownfo | i.figcation oses,and, ar theref re: o a,
dash- an a %? rx]?r SHEEIC P uon r?(gsreé élgcli rz%rga.e %’e ?c()fc .On rPf m%:caledgbe}y (\j/aasE dto?ﬂ Th{a he
endy of  tibre &ag%a{uoanﬁam cﬂbeervahB@ i €iiet (e endd ©fnhel mdvaabie) Part i10 ca the central '

meander -bzat]rg p]%dl fer?drsnx]n a gréangctr-hs%;pedp P rncl))prﬁlnayt oethersggpegprllaﬁc Et?e;spsél llsjlp%ss?gleva\glv\l/cll
The meander separates the moveable part 10 from the ﬁxgd part 12 by the gap 13. As |
mentioned above, the fixed part 12 is rigid in compaﬁson 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
20  rmagnetic element 1 is positioned within a row. On the other hand, in each respective
| ‘ couriterpart at the ﬁxcd part 12 hagnétic sensors 2 are positioned within a row. Beside the end '
I 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 pﬁrjl 12. The mag’nctic_ orientation of the._magnetic elements 1
should be arranged properly as indicated by an arrow within the magnetic elements | in Fig.
25 ~ 5ain order to avoid negative mutual influences, whereby N stands for north pole or,“+.” and S

L‘ "

for south pole or

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

by multiplyi'r')g_ the number of magnétic sensing units.



_ The. meander separates the. FORbAGRVENT SbIEET 2 GnSEP 10ed part 1929tF¥B AR

. gap 13. As nentioned abové,the Tixed part 12 1s rigid in conparison to
the moveX¥R /20816 10 in order to have Heference. As can b&CITEBAVPIRSE op.
view, in each protuberance of the neander a single 20 nagnetic elenment 1,
is positioned within a row On.the other hand, in each respective
counterpart at the fixed part 12 magnetic sensors 2 are positioned within a
row. Be#liglesSh bhoesnd funthet embouiviemblusingaimultifle dhagmetc sedding udRs I8P Rharrced: 1
and on the other side a right side sensor-2.2 are. positioned on the fixed
part 125empHiyityngheraby 28Rkt the rrelsvanthparisagfhtei investgation sind/or shanipulabien
arrange r.y. hadi by.an arr.ow Wi thin t magnetic elenents 1
" Fig. dsBEERRIdebich, rEchRbBheRl iR s 1t e e R0 uRat d s in-
stands f@éctatpuld-sREpR Fm. Multié mAgn&y els@Bhd 1Pk %n%gefa'&n?im%af Et%H?‘EHﬁ”t
shown in _Fig. 5a allows an enhancenent of the output.Signal or sensitivity
by Aul t Phihgi mgvedbie pamii€r Qsf thereghmethiand s evdtipig magntsc sensBEPL AGEMEbTarfalgEd 2 -
6 SEP 200‘5‘5%9 FEB Z .oer\Q 01/ 59%6 - 17 - PCT/1BOO 01256 Fig. 5b shows a
furt her “"ERBbATREAR" Ui T Boghsiare serasated byuhs ©ap g bwthadewd are

sensi ti YirinkedW J Ve re: - i nvest. o]
and/ or nanr?gpu}wgﬁ gﬁyeg‘g@’i"?é‘%ff eCI%lggftcfgag¥é%%&§[r1%%d@ %%ctr?p .9? Sn’fb \é?lltlaég&?sﬁr ?hat
t he endAsfmermiwnadwbard, shpaagndil: eledenisnl sheuld det araigtdprepeaRein &rdeMo not
Mul tiple netic.elements 1 are arranged within a row at the end 5 of -t he
noveabl 'é‘f’gg&ie T@?‘“ﬁ%yﬁeﬁea‘ﬁilcﬁ@rm?ﬂﬁﬂ,c SEHHNE Wl magnetic ‘sensors 2 are al so
arranged wthin a rowon the fixed part 12. Both rows. are separated by

t hepgap r ! t hat each netic el nt |
130050 ANY diitlosk8 Bt ey ¥ AAARHe A g0l SUERL SRR b BB R e
magnet i shostreameidraleberitfeduThis iealso pessibielfop0np OF Moré feafir6ke8f the eR®bdirdHts uence
negatively the adjacent magnetic sensing-unit. 10 Any discl osed enbodi ment
may be conbined with one or several of the other enbodinents shown and/or
described. This is also possible for one or nore features of the :

- enbodi nents. 06-10-2001 REPLACEMENT SHEET 2 6 SEP 2006 ~..9-1999-014 1
B000125~ _




0681 0L206EB Zg 4 Repl acemnﬂwpwg%_agﬂEHgigrﬁeﬂrPCZﬂBB?nsi ng unit f| ? 125,
.,rreasuri*n-g9'd|9 §10d6errents bet ween a noveabi e part (10) and a_ fixed pqrt 9
of a microdevice, conprising a magnettd¢8el enent (1) having a nagneti J FEB 2004
field, and 5 a magnetic sensor (R&Eplacemedlt shegnetic el ement (1) being
| ocat ed on said noveable part (10) and said nmagnetic sensor (2) on said
fixed Arfs2) . or said magnetic sensor (2) being |located on said
noveabl e part ('10) and said magnetic elenment (1) on said fixed part (12);
sai d magnetic sensor (2) and/or said magnetic element (1) being an integral
part of said 10 m crodevice; said magnetic elenent (1) and said magnetic
sensor (2) b ; Ve t C whe ai
roveabl'e. pereepéls Snengans indiokts dhrkaehen tafleel iateifle i Bpd e
magnet i ¢ dixed part((22) ofa mafredevide| eorhprisiag of sai d magnetic sensor (2); and
sai d magnetic elenent (1) and the nmagnetic sensor (2) being arranged within
the 15 m crodevice such that a nmechanical anplification increases the
sensi ti vi @ynagnetgelement (hdavingsonagneticdreld;.and 2. The magnetic sensing unit
according to claim1l1, whereby the noveable part (10) projects into'the
fixed part.(12) ,of the mcrodevice. .3. The magnetic sensing unit according
toxl ai m ® MAGREHEBESPRED)oveabl e part (10) and the 20 fixed part (12) are
arranged in the same plane and nore | ength of the noveable part (10)

projects into the .fixed s 12), tha rotyudes out of the fixed part
(12). AME 6“%4‘3&‘? ¢ °‘B“éﬁ%ﬂi 5%‘6& I¢ ‘Q@El@%ﬂ[rmg parh (¥pmndogged magnetic
- % n9- 1999sdkbdr (2)BORGaOfixdd pfrR12), or said magnetic sensor (2) being located on said

\
i

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

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

10 microdevice;

said magnetic element (1) and said magnetic sensor (2) being arranged relative to each
othgér 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 magnétic 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 accofding to claim 1, whereby the moveable part (10) and the
20 fixed part (12) are arranged in the same plane and more length of the moveable part'( 10)
projects into the fixed part (12) than protrudes out of the fixed part (12). |

AMENDED SHEET
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.‘-V\hereby—’l tic element (1) conprises a magnetic |layer (1), 19 FFR 2004
preferably made of a hard magnetic mat#ial. 5. The nmagnetic sensing unit
according to. claim1, whereby tReplegneitishesensor (2) is a Hall 5 sensor,
a magnetotransi stor, a nmagnetodi ode, or a giant nmagnetoresistive sensor. 6.
The magnetic sensing unit according to claim1, whereby the magnetic sensor
(2) is at-ranged such that the magnetic sensor (2) and a subsequent
‘measuring device are able to determine a field gradient of the magnetic
field. 7. The magnetic sensing unit according to claim1, whereby the

moveable ?ﬁétmgérfa ic! &nsih Lﬂ'hf %Eélﬁglln Ot,ot Qﬁgﬁ X eghd1esy tl(el%)aﬁpéﬁcafs gﬁéﬁﬁ@s

nmeans (1l4a, 14 preferably by a sal d attachnefit nean

14b) " al | owsmpriees ajmsguheamdmt(Ipbre&fwalﬂlyrmxieaﬁIa&xaﬂﬁmhglﬁélﬁ)mat&,\al.'l' he magnetic
sensing unit according to claim7, whereby the attachnment neans (14a, 14b)
. conprises an aperture (15) or a constriction. 9. The magnetic sensing unit
according to claim1, whereby the m crodevice conprises a 15 plurality of
noveabbe fhe hmgaetic sensinguhitraovardingao plaim 13 wheeshyithonrgmaigreisoe (2) ie el (1)
and at | east one magnetic sensor (2). 10. The magnetic sensing unit

-ac®or di ngSEBOR[INASNELOLAREIS K2 Pﬁé“eﬁ%ﬂjﬁ‘& iOF aeSF"@FrEﬁg“‘(th)eskﬁhbe senf- magneti ¢
sensor (2) are separated by a neander-shaped gap 40. 11. The nmmgnetic
sensing unit according to one of the preceding clains being part of a 20

evi oot - ARAREASECGHErein U0y SSORIN0 8 il RERDACENE THEBEE $TS0LED) H006
| BOOO125E,rargddd shéh EﬁBtﬂeoxgﬂgneB%leﬁs%? B tUndS&Bkeqhént ﬁgas'umfgﬁ&ﬁg?&le%l%d/ or

_m%nl pul'ation device for a sanple, conprising
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, and

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

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

14b) comprises an aperture (15) or a constncnon

9. The magnetic sensing unit according to claim 1, Wheréby the microdevice comprises a
: 15 plurality of moveable parts ‘and at each moveable part at least one magnetic element (1)

and at Jeast 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 magnenc sensing unit according to one of the preceding claims being part of a

20 micromechanical dewce such as a cantllevcr ora ﬂymg head of a storage device.
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~.(10) b&i T ng attached to a f1~x—ed~‘paﬂ-r—g§)27—ﬁ—a—n'a'gwerv£:—e@enent (1)1 9%¢p FFB Y
a magnetic field; a nagnetic sensor “( said nagnetic elenment (1) being

| ocated on said noveabl e part (1Bsplagrimenaskeeragneti c sensor (2) on said
fixed part (12), or. said magnetic sensor (2) being |ocated on said
noveabl e part (10) and said magnetic elenent (1) on said fixed part (12);
10. said nagnetic sensor (2) and/or said magnetic el enent (1) being an
integral part of. said cantilever; said nagnetic elenent (1) and said
magnetic sensor (2) being arranged relative to each other such that when
sai d mbeAblievestigaticnldhd/drsnatiigylhtsrede videcfoe Bangpleptorfigtisihgragnetic  fiel d at
sai d magnetic sensor (2) is detectable by use of said magnetic sensor (2);
‘and 15 said magnetic elenment (1) and the magnetic sensor (2) being arranged
wi t hi n t ha mieveable p&uém)thaanngaa feehard with @anpl (4§, said inveabile paASES) bamg
sensitivi t f sai g 13. The investigation and/ or mani pul ation

devi ce ac‘i‘:t ?415’1 %‘faﬂflﬁ whereby at |east one nagnetic el ement (1)
and at |east one magnetic sensor (2) are positioned for the detection of

Flgxion apgfBheddiEmit @f niify FRUEARIHAA! ¢ (10). 20 AVENDED SHEET

a magnetic sensor (2);

said magnetic element (1) bein‘g located on said moveable part (10) and said magnetic
) 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 sa1d magnetic element (1) being an integral pan of said

cantxlever

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 magnefic sensor (2); and
15 said magnetic element (1) and the magnetic sensor (2) being arranged 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 posmoned for the detection

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

20
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