; e3eh{ vvwdxLHyz6{ Th{| xC MAGNETI C SENSI NG OF MOTI ON | N M CROFAB |$R[2004
. DEVI CES TECHNI CAL FIELD The present invention is related to magneti'c

sensi ng WO MAYYn in a nicrofabricated’device. Mre parti cBFBIBEY/ORS
invention relates to a magnetic sensing unit for neasuring displacenents 5

or Elections on a manoneter scale. BACKGROUND OF THE | NVENTI ON The
, m ni at ur i 2AIGNEFI CIERSIN G OF dMOTIOSNIN MICR OBPABRICATED DEVIORS
applications in various fields and allows insight in and the use of a new

world, the so called nanmo-world. At the. end of the 20th cen IS
for theE%%ENof- m cro- and nanonechani cs has been 10 creat edlwmmmmmm@m
fabricd BaabdIBhD: oday' s chi p manuf acturing met hods has been | ced
whi ch provi des consi derabl e potential for creating high-perfornmaféssyst ens
and devices at | ow cost. Applications in the field of mass data storage '

achi ev&bgnpEeseahivention isorelaied Hemiagralicassasiop ohnaliont inea poerofabrricateg defvice.
achi evy sities in the range .of hundreds of gigabi.t er square
Mch.  Mbte RERIARRY B Hkh o it 1B < RRE R serdiPe i B Beasbrfhclibmladermests

m sr os§ofectidhs (0B EManomRetr kége.at om ¢ force nmicroscope (AFM has been
introduced successfully in recent years for atom c-scale surface analysis.

Such m croscopy techniques, in general called scanning probe m croscopy
(SPM, use a flexible cantil ever of very snall dinension whereby the

- cant i | BASTKGROWNDI ORTEE INVBNTIONNachi ni ng techni ques. The cantilever with
a sharp tip is scanned across a surface of ‘a sanple and the di spl acenent or
the notion of the cantilever is 20 detected in order to achieve an i nage
havi ngThe minatigzatios odfumecimnical \campebgntpfandplevicat pretitiesdsew aapplibstesnsdigvi sed

"to detect t antjlever. deflection. Typical forces between tip and sanple
range ‘f‘]‘rb%sg?et]gs Tﬁ ﬂﬁ?,wsa’r’?ﬁ'g B aé’&tﬂﬁﬁéggga 8y worlds the gofallehnaga-wsld. At

d | . : , -
et ect @g. enth8f thy Q@th_déefn]ELﬁ& QRE DAGY FoPthe 2REHALLIAR. gé& V{ﬁ?@@@%’falnggvgvdlt?%ebeen

non-contact or dynam c fofce node, and tapping no

dé@ ectdroaiedf Bhtghdabricatiombasedi an, todhe thipshatifauaing Mathdds hMabdes idbrofiadedes.

Al so) sHeh a ¢ to Wit -an}“jread data. Al though the
| -

tilever .can be .used ) J

pr esent ICRYIEGH <PREGSATE caisptial (o srcpupe gP-oeriommanes Retimindfevices a

appl i ciatv @ts. Applidatibnd® HESield Srafaddidath $i8@gd AHSveRHbcPmARr IRRAILAQR O

cantil evers. 08- 0 APR 2004 Today) several techniques are khown -

t 0. meaaNdrapeds ypithe porsivility of actiieving stomgeakensiten inltbyemge ofbuhdredssefarigdbing

probe m.crascopy, (;SP r-exanple, or other mcrofabricated devices. The

oot ol ORI el oL P ENRpEy {8 Eune e SEITGRE Bivmcha B3 oBwRin

des | eciSTON). ati @le Qﬂohh@rfor'ce microscope (AFM) has been introduced successfully-in recent
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 .
the cantilever is fabricated by micro machining techniq_ucs. The cantilever with a sharp tip is
scanned across a surface of a sample and the displacement or the motion of the cantilever 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. Typical forces between tip and
sample range from 6 to 11 nN, and deflections as small as 0.001 nm can be detected. The
three differe_nt ways of operation are contact mode. non-contact or dynamiic force mode, and
tapping mode which allow the detection of lateral. 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 cantilevers.
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the reflection of a |laser beamat the surface of a cantilever apd i, t h
t he change of the 5 | aser beam s angle during deflection or tﬁ?;| AW?ﬁm
interferengg/fsiects between the incidemt- and refl ected beaoa/BINe256
deflection of the cantilever is nonitored by reflecting the | aser beam of f
t he cantil ever into a photodi ode. During scanning, an inmage can be forned

by mappi this er det ect def| ection ezo esistive. tec
t he chanﬁgjagf servggai ?Cgﬂhqé'e ek'}? L?r@ﬁ‘%ﬁ: \qutﬁ"ﬁf”f’?e fqr rf 8 U %“E‘LYF'%ace
of a flaxed 1@§cr!ihﬁlfngtp?&>ec'{ﬁi&¥ds|:@p/ye(smﬁ f&eem@ro%mek m&nﬁa@ficfatc@'o%vi'cﬁé om ¢
force mcroscopy using a piezoresitive cantilever™,. by M Tortonese et al.
Proc. of the Int"1 Conf. on Solid State Sensors and Act uat ors, San
Franci sco) Jun. 24-27,1991, pp...448-451, the fabrication of a silicon
cant il evefe (ﬁﬁ@m 8k lirquae) alis beFeirad aﬂasnh@mteesw 8F ofhtRal B&iH 'd@ﬂcdnbﬁ b bR on
is describ A silicon on insulator material was used for the fabrication.
15 Fromthe sefldetion ofla: lagr heamat the aurfacer ofnd nartilever andrthiteswithr th tohemgeuofethie s
kno havi ng a ¢antileyver a i.ezoresi sti resi stor enbedded cl ose
{0 the. HseE el Brele g Hefletlion o B SheHFRBEs ciEch Taiverh ol HAH e
cant i | SE A bedsO HE BENEHIDADE hecrife R RmBhitdrBE 5 aRALARY e Jalikeat 5SS
changes the piezoresistive resistor’s resistance at
canti | eube camilpvedpmiotd pirotodioddddwrany sdaaniap, ad ihsgadedd be formed Wy mappiaganise
neasurlng appar at.us_i s, 20 coupl ed to the piezoresistive resistor to neasure
its resil&emdeiecikddeflertiBner ate a signal corresponding to the cantilever
arms deflection. U S. Pat. No. 5,444,244 is related to a cantilever for a
' scanni ng probe nicroscope t hat includes a piezoresistor. A process of
fabrica 'nﬁ such cantlhever r descriped, the, roce ﬁl%&dlng a
tip whi ORitHaPIEZORSiRIvE echitiat the %*aaﬁ‘ao reiSEPES phaPIreOBRIsLYF pab ielingd 2} the
ape) 25ufa&OBPianAskeal 81 of R CRAIRLET 8dn bOTREsTIRN 95 GRPartiflE! UdtbBsk: f¥/Re OF
nmore piezoresistors responsive to both the bending and torsion of the
cant i | evaicrassopyl singla pidzorssitive cantilgRexp| hy MeNortariese et al.,Henvevef the Int’] Conf.

plezore5|s antjlevers . ipn spite of alnost simlar tivi

optical ° %%lﬁ‘iéct tgtﬁfe‘P% s 40 n&?%& e%ifeﬁa?cﬁﬁ?’ %Zﬁgé aPRJr‘L“%d&fslf’tthe

i nher entfaﬁrﬂ:aﬁéﬂ &emsg%ﬂugnmev%} r&m 9aoes- mf@g%(cd %ﬁéﬂo&é‘slitw tf&lﬂééﬁ@fn% hbat
the cantilevers.be formed of single-crystal silicon. U

5, 856, 6 deflersinaris Hessribed. aewhmn @rorrxselamronmsndpeas(mﬁd/fortthatfahmasora spl n 5
val ve magnetoresistive strain gauge integrated on the AFM cantil ever to
detect its deflecti on. The spin valve strain gauge operates in the absence
of an applied netic field. The spin valve strain gauge on the AFM

cantd | efEpm; §. Sna - Do D HASFD Pt picseminiptye C@néetﬁr siFcElrei i kngwredaving a

ferr Omg&ﬁilk%r' AhSicth Q?Eez&%&sﬁ%é@fsﬁ’or%‘a OFLISELd @i éﬁ&q ?‘?h{?a%l'{’?%

nonent is free to rotate 1n the presence of an app e magnetlc rerd. 1 n

the preasnc®eflection apyiie frde £hd asfStheocdntitever arm produces stress in the base of ‘the
cantilever. That stress changes the piezoresistive Tresistor'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 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 10 .a cantilever for a scanning probe microséope 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 sméll 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.



.%-Epé%ggjerl@@mmeti c l'ayer due to deflection of the cantilever) an anglB@0125
«di spl acenent of the magnetic nonent of 3t_he free ferromagneti Cr—l ayer_occurs,

whi ch results in a change in theé{%l ﬁa%tri cal resistance of the-spi ﬂRRI )'_&@m-
strain gauge. An electrical resi SYRMSEMERSBE on circuitry coupled to the

spin vglve strain gauge is used to determ ne cantilever deflection.
DocunentOWRYCHePI6aYEsISVE Gagtilevers indpie of almpngimiabeensitivitp as opeacassehabky,
that h ] ce.: enent (AEM .node) a scanning tunneling
roasur Soet PR Tt Ry ol AR et Wk R, f Seieendvatetsipni cal
node, - gadge. Theyngake fiatliAereTRAGhE 84n1 SR Y A heft e.;Eur opean

patent appli catif)bﬁ EP 0 397 416 A 1 dnescri bes anggggg#ggucsry%%fﬂt"hoém hi gh i

resol ution i magi ng of nmacronol ecul es and i nteractions invol ving:
macr onol ecul es. The 20 apparatus conprises a surface on which the

mact OMIBREYILES UPAENo! 5,856,657 BoeiBes i ghomif FiEE nlilotspe! (ARRPHRLESss G0

are provided for scanning each of the probes across 5e512 SRR
suPf ac¥alva magnetogesisiiye shrain gabge irdegrhted wnphie AFMMITahtilevér BhRECEAY BbAedif,
whol e (face. Means, such as a scanpi ng tunneling and/or atom c force

det ect 3P AP VUG SIRIn IR OPerlse Rdle aBwNco P ah@pphied wiagnetic feldbheispim

di r ect {gRe kir Al o [ ay,. Ime are used.to, 25

i Spl oy T he ERIMEEEE LR AN CaNfleT0Ss RU0s BT RBLALTRE Wil e B ihier ise o

t opogr aghetit) laysuthhalas. noAMENDERErSHEEtion md&vlﬁ)s&ﬂgﬁ@@@ﬁﬁneﬁpﬁe estd APR
200g An . ot her, European_patent application EP O 305 178 A2 is re atede%o an
accel ef°43'F A hehrEdnce Af p1 APRIEdamagnetic (field: rin pesapebenet 10§ an applied sreds to thhi ch

a .per inl . pal f neti c sensors, ,each consistin
o105 baoe RreBielic 18ye? dhBld e 8 cal RS 1B RETE arpIemaR et

opposi megnasicamdneptmethe fred forrohignetie 3P tockers! WRidkBGEELS inTb%&gr?%LH fuer is
bent 5 and tlhe .magnet ('bs_ noved accordi ng to an.accel eration, IThis :
det ect BetHElFGtiSATCe ¢f FrePIeY ansHENTH Baliaes A\n\edeatiierd irenjstasicedefection EireniGgr man
publ i cadupRid tBfehé dnif a8 Strdid o I .sensar deyice with a nmechani cal
resonant osci | | a%ﬁlon e?gné%tg{aﬁ%g ug%cfg)c eger ’?escaéﬁ%?“ﬁvleﬁgef‘@:et‘}“f’ﬁat of the

accel eration sensor nentioned in the preceding paragraph with the little
difference that only one. sensor elenment is 10 arranged in the prolongation
of theDbaanent W8 98364 Nds réla@40 W écanfinkChBbe ik a u d et hod
fge control*i ng the flying height of g lr'féa% over %s%ga?@%ﬁﬁe%ﬁg% 8fich as
ustd i MG IYPHMGALKREMPNL A §¢.ragscanning ttiroieling gt areniehi (STV) @ftidecal

recor diag fkRC : flyingcheight is controlled via magnetic
attraction or ecggffgsﬁp%-rgnfdg’ r?a]:’énlgg?%d gptsméa‘l éﬂ?fg*d aaﬁdi frgdeessntestng ynadai fosr m
f1yi ngxhmimjng anfobjebe 15 head with respect to the rotating nedium The:
optical technique and the piezoresistive technique are the nost wi dely used

techni ques today. But other techniques, |ike capacitive, piezoelectric, or
thermal techni ques) can al so be used instead of the optical or

pijezorkdsi Evropean getent qpplication R @ 30t I6eAll eddst@besohn apsaius! Y Qhe digh
m Cro@@éﬂhﬁt n ;mg iggp@u tal ve gt Ugl ectcrlo.st atic techni que neasures the ange
in capacity of g& ap¥CTYRYCFBrhend ppterrdiops ipyolaing: magepraoledudesy The
&l er app@rafis@ohippdes a siact BEWHdh | reent at different
Wi ngp?evel s, Tpglr eE;(erplce, to he%§%¥%8 gﬁ?n&éﬁ%élés\ﬁq Cee.% alﬂgfallﬂﬁ 11bh

det ectof dmetnsebnsi yleans avaiprovidedfopscammy edch of e %@Béd ARYRa SIRAPALES of the
ti me- sy ng al.ian nL . Aa_\{ari et¥ of feedback mechani sms can be used to
acqui Fo %éaét ' st ﬁfé‘ 3 \gayg&a ﬁjﬁi tptal 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 surfaée and display means are used to

25 display the transverse.movemcnt. of the probes, being illustrative of the topography of the’

surface.
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PP 5idjson. AVENDED SHEET | B00012. 06 10- 2001° 9- 1999- 014 - 3B000125:
«Repl acerrent eet 8 APR 200 The conbi gét lon and integration of

m cr of abri cat ed devices with el ectroni

F'ly controlled functign -
facilitates nanotechnol ogi cal aprﬂdpémbmnsShechar acterized by gr Méiﬂglﬁ' '
novenment s) increased sensing, and actuation. AMVENDED SHEET WO 01/20616

OBJECT &¥ oflidr Husbieihil sahent apphicdtioR 00406 PG NZB@Q&]Q&:@Q@ dnt adcéle?dhd?ibée‘ﬁgc%

the present_ invention to overcone the disadvantages of the prior art
anot herlnélHF@«Eta entijayer peass baming afisnendtp whichrapeimienean neighetrin attachednAgmitr i ng
Is still another aqbject of the

or ccant Ot Rl SRECRE 356k PR el Sarngl€ R acior RS FRGRE Sement,
d I
et prea o oo R B AR Blep b BT Blanfiori B o

pr eSentand themaghetols sywearcoddinghto wcalpfaelonnwhﬁhﬁmﬁatbbt@d&@%ugﬁﬁs B®m the
fabricated at | ow cost. SUMVARY AND ADVANTAGES OF THE | NVENTI ON The
obj ect JmagnefQresistiieasnsing elsmentsc hi eved by the features of the encl osed
clainms. Various nodifications and i nprovenents are contained in the
dependent clains. The present invention provides a contactless magnetic

sensin ystem for, measuri n% relative 5 displacenents on a manoneter scale.
Such agg}Vs‘c:‘%"ﬁ‘?aé’aﬂu%@aﬂg'é@E 1 D3n785% Hddgirelateditoa senaormim@f withi & steeblanical

devi C€)ieq a e hef| | d.Bof a
magnet i ¢ -(5' Fwﬁ%%déf%dé or?ga?ﬁr%vsgrg +"pc 6$?I%ﬂ H’egh%f ré‘:eﬂg‘:i STAOT SRR i ¢
sensor mémmaeld imthapraddiggnkagraptewitp afet l;ttl&'hﬁfWQhét%WB@fcn@&%l%@ﬂ ibe
ar nged at the noveabl e part and the magnetic dipole, also referred to as

et iarappehiprihe pealongation pkthe bsam: . However, the 10 nagnetic sensor shoul d
be positioned properly with respect to the magnetic el ement in order

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 disk drive employing magnetic,
_magne_to—opti_c 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 widely 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  capacitor formed by the cantilever and a fixed reference e]cctrode; The thermal technique 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




t@&-h@€0m5a£59?g§l£f the largest field gradient dB/dz) of the field and |Bgoooi2:
.thus optitz ensitivity. The sensitivity of such a nagnetic sensing

or detection systemaccording to the pré&bent invention can be at Ieast 10
times better than for .the known piRemaesneit sheztt echni que and. LA

advant age over optical techniques to be fully integrated on a eV|ce

Wi t hout The cdmbinatie oid mRYEARNn Qprxﬁx@l%lfatﬁ‘fégﬁﬁsdev]&gt\g@iﬂ@Fetclrgmégllnf'c%g r8fl%dar 4

detection systemcan easily be inplenented into Si nol ogy w

phot ol i tﬂ%l@gﬁd@qﬂhyes farilitaseseranoteshnalbgicahaipbicatirs, clpemerizet &5, predisk ﬁﬂﬂ%hﬁgts
configur.ations, can be Icillcglﬁsed to optimze further the sensitivity. As

first enBSEAHERENFIPE;aD HS®d to nmeasure the deflection of an

i nvestigation and/ or mani pul ati on device. For that, the investigation
and/ or mani pul ati on device conprises a 20 cantilever) also referred to as
noveabl e part; a magnetic el enent generating a magnetic field, and a
magneti c sensor detecting it. The noveable part is attached to the fixed
part and further conprises a free end with a tip. The magnetic elenent is

| ocated on the noveabl e part and the nagnetic sensor on the fixed part. On
‘the other hand it is also possible that the magnetic sensor is |ocated on

t he noveabl e pan and the magnetic el enment on the fixed part. At |east 25
one nagnetic el enent and at | east one magnetic sensor forma magnetic
sensing unit. The magnetic sensor and/or the magnetic el enent can be
integrated into the investigation and/ or manipul ati on devi ce such that they
forman integral part of the investigation and/or nmani pul ati on device. The
magneti c el ement and the magnetic sensor are arranged relative to each

ot her such that when the noveable part is displaced the change of the
magnetic field at the magnetic sensor is detectable by use of the
magneti ¢ sensor. Subsequent neasuring facilities process the information
obt ai ned by the sensor and derive a characteristic value that is
representative of the displacenent or torsion of the investigation andlor
mani pul ati on device. 5 However the field of applications extends to a

br oader range of devices where relative notion or positioning needs to be.
controll ed, and possible in devices where noving parts need a fast and
sensitive feedback, e.g, flyinb heads or actuators. If the magnetic sensor
can be arranged opposite to the nmagnetic el enent) then the advantage occurs
that the field of the nagnetic el enent penetrates the magnetic sensor and a
field 10 gradient, preferably the maximal field gradient) can be detected
and determ ned. The magnetic sensor can be used for contactless detection
which is especially advantageous since no frictional |osses occur and the
sensitivity is optim zed. The deflection or notion of the noveable part is
free and not danped or hindered. When a |large portion of the noveable part
is separated fromthe fixed part by a gap) then the 15 advantage occurs
that a wide and free deflection or notion of the noveable part can be
guaranteed with an enl arged nmeasurabl e range. The magnetic el enent can be a
per manent 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

AMENDED SHEET



20 heating effects. The magnetic el ement conprises a nagnetic,Jjgiﬁ $£?h '
can be made of Fe, Fe~O-~) Ba, Co, C) My, M) N, Pt) Sr, V) or l B 04

t her eof , vk of¥Bgtes Of One of the follow ng-conponents: Al N Cocthsondizse FeCoV,
FeCoVCr, FeN Co, NdFeB) SnCo. Al so, the nmagnetic |ayer can conprise
crystalline or anorphous netals, e.g. an alloy of AIN Co-type, a

pl ati nU@Bg%l@rl 5F _IIN%N%P&ron- cobal t-vanadi um (chromum alloy, a _
chrom umi1ron-cobalt alloy, a rare earth i cobalt alloy, or a rare earth
iron alloy. The nagnetic |ayer can be nade of a plurality of materials and
CONpPONeRt;s an BbREES IRk HpréRAEInEnton18 60e0BUB Bld SisiMhMhid ofdfe plibSied above,
wher eby these materials and conponents can be adapted according to the
application If the magnetic sensor can be integrated into or on top of the
f1 exi bl R i9anbih¥eebjear 6f theysesehhilveMmidn® progaetah GleLAE % medsithg MEBOAE abigpan
of the mcrodevice, then the advantage occurs that the nmagnetic sensor is
pr e- i nsminceehsetheengdvdtynot need to be aligned before use. |If the

m crodevi ce conprises silicon and the magnetic sensor is integrated into
the _siljcon, then t&; advant age ogcurs that -Sj, technol ogy with_ standard
phof ol i HtidbglhnstherePisd 00{;5& PrEgentHiNen HaR HeRToXide @R dRFRIAL Syster fqs meagitiingor -
a magneg.oty. I } , i ant i, pt.LV: .
Thi o sroaplepRRbal tn o BARGHBACAEE . Ofce AR pd LT IR MAIREAF ch L I6
magnet i gliggmanr can be arranged such that the magnetic sensor and a
subsequent neasuring device or systemare able to determne a field
gradient of the magnetic field. By this subsequent neasuring device or

syst em K is Hurthert ebjeett p€ theapigeent Haventionrte presseh e adetactionfsystam whibeist simple

defl ection or ion ca derived.for further processing. 15 The noveabl e
par t an‘(ﬁnﬂqﬁ@e?‘iggfgdmgézﬁf‘%Sgﬁbrbcé’tcrgaagio%i‘cofthe sane material. This might be |
advant ageous for a sinple fabrication process. But on the other hand, the
noveabl e part and the fixed part can al so be made of different materials,:
whereby the flexible and fixed part have different nmechani cal or physical
properties. |If the noveable pan is attached to the fixed part by attachnent
nmeans, preferably 'by a leg) ?0 then the advantage occurs that the noveabl e
part shows a free and snooth displacenent. If the attachnent neans
conprises an aperture, such as a hole or a slit, or one or nore
constrictions, then the effective width of the attachment means can be
reduced leading to a reduction of the spring constant for higher _
sensitivity. Simlarly) the thickness of the noveable part can be adjusted
for optimal sensitivity.



= 8 \APR 200g -- , WD 01120616. - g - PCT/1B00/01256 It is especially

.advant ageous if the magnetic el ement and the magnetic sensor are arranged

‘Wi thin t H¥O#1@PGEevi ce such that a mechiahi cal anplificati orPdTmoearss the
sensitivity of the magnetic sensing system This can be achi eved18' {Apﬁez[mlr
noveabl e part projects into the fixed part of the microdevice. T e ,
noveabl e part and the fixed part are arranged in the sanme plane 5 and nore
| engt h -of the noveable part projects into the fixed part than protrudes out

of 'the JUMRIARA AND QWAWWUFYHEXN\@N ased advant ageously

because of the nechanical anplitication ratio VWien the m crodew ce
conprises a plurality of nagnetic sensors and at | east one magnetic el enent

f or m ng Thegetijbas of tedn®dntionSROSERGVANbY BOedited BELLd i S
are 10 arranged in the vicinity of the %nagnetai c el emn%ﬁlﬁgn&q%lhé’ yﬁ%ﬁ% ag

~occurs tPRifigaonsiagd ampeaysmenisdee tontaised wftherdepangére cidmsor s can be
increased. On the other hand, when the mcrodevice conprises a plurality of

magnet i heI enents and at Ie%rsst one nagnetic sensor formng al so together a

“magnet i ¢ "§ERSIERY PR REP RSt heqntactessymganatic serdingriystam foremeasuzingadlaiive t he
Vi cisni t BiBfacependr QyRd [ S then t he advant age occurs that

t he 'sensilS?i Vit yn15 can gﬁ}eﬁ%gﬁgé u@mﬂa h%%emaﬁar]' Re rué%fgé" BfWg?%eé(,’cca@'ei'ta

woul d octcmofibmicatededewiyeyt 1S . inf¢htidn’ ANGREEHh OF rﬁéﬁ'sbreﬁ%f‘gffitﬁe Sf‘f‘é?&icp‘%f%i ts
for a magnetic detection systemcan be realized by a neander-shaped gap

that sefHeatESAIPRE lo6dedBn @ mrieable parmbyhise bf  sehsitive tmagneti¢ semsevpladedt diean

magnet i ¢4 ) t i ¢ sensor(s), respectively, The magnetic

sensor sgcéﬁ&dl el ernﬁalr%t)gsr['gl:';ﬂr‘l3 lﬂggr{agrargg%sé)& cﬁ%ﬁfs&)éel %{Taé’lgfff ghﬁ"ﬁ rPB\?%\W"t Parh an ghe

meander maghetics diple, aRO refsRidbie ai SnigheBE reddifént 2ht HRAGked Vﬁﬂ%@ﬁ;@%d&, the
o] e

seqéors in the vicini t?( of one magnetic el enent, which is usefu r
det!Hct i BREBEUG HinsPhHRould be petitienadepraperdwith aespettdpshamagsaiceslament in order

o gn, EAE e ARl AORAMTA BEIC oA 4 g Tl Sp s Rz he

desi gn, depends on“the ap ion.

mi cr odesdnsivityrfihe sessiavip) of ahdht ¥ nfgnoRy QHRIn@ d}ﬂfete%tiéﬁ‘QyﬁEmea%QQrdin%Zﬁ) the
noveabl e gan,at | east one magnetic el enent and at | east” one nagneti c

sensor . PIESHICAREANIOR Gn hecatdeast 3 tisnesthsitsr then dor the kndwh fpigzendsistiva senhaigiet S)
can be ' .t .hi u . m.erodevice. 8 APR . 2004
bESCR P CRee i By REE M Beimiicksto be RABLBIBHE oo devise biOPbmew «
refiér enueedt of tshecidlobbtivil ngeassh@natmsgrdtiawendhg dr! detecliof GNP cFENGORI itE
cillustration of a ngn&b]i c detection systemw th a magnefic sensing ‘unit
accor di Wg’lf@e’?‘ﬁg_‘ 3 dFINPIogY titha¥andardmphatalithegramhys Rifferert magnepit amteriatsy of
a typi Pg”éonhéi‘r\{@ss,tahgﬁéﬁhsﬂfg %Wagfatigﬁﬁéaqmc?%rhg&ﬁgﬁl éﬁgnjvz\‘e l%l“%@ ﬁ%acgs%ggiltigity.

detection systemwt two rrﬁgnetl C sen accor

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 a mégnetic field,
and a magnetic sensor detecting it. The moveable part is attached to the fixed part and further
comprises a free end with'a tip. 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 magnetic
sensor is located on the moveable part and the magnetic element on the fixed ﬁan. At least
25  one magnetic element and at least one magnetic sensor form a magnetic 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 investigation and/or
manipulation device. The magnetic element and the magnetic sensor are arranged relative (o

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



the present invention: FIG 3 shows the magnetic field dependence B(x~, yo,
z) along the z-direction as produced by a nmagnetic elenment (dipole) |ocated .,
at four &vdbpiend di stances xo, wherebybyo i s maintained cmmo/mzs«se4
shows anot her embodi ment of the investigation and/or nanipul a.t op %
W th a magnetic detection system according to the present inven Si ng
mechani g nﬁisgnéﬁa‘ IsEfot Q9-defek@bleSBy SREVEF AR ﬁﬁbﬁé?l!cn?éhfsow Sljbs@]'uédtprlngdsu in
magnetic sensing units for enhanced sensitivit shows a furt %
enbodi méautilitést procask theinéormator bbinedriyi theg semsor sandl dcrrmmaharedtesem valuwithay .
All the figures are for the sake of clarity _not shown in regl dinensjaons,
nor are‘st kePresenttive i thet HERIACEHE! ArnioRde € ‘g’ﬁdmsf‘ﬁa[éorf @afiog manipulatign’

: EK) 2004 , WD 01/20616 - 10 - PCT/11300/01256 DETAI LED DESCRI PTI ON
O: THE F | ON The principle of a magnetic gradient detection schene is
given in Fig. 1. At first, sone basics of a magnetic deflection detection
system rRjwQef Gkaidigef a@nealdmsa&tnug 1518 bRMHEOANSY St @ViceA AR rdlaivOmbhen
present invention are dressed. 5 Magnetic sensor Anong different types of
magnet i or peswomsg umacdshodurcobuoumbdnd posstile nnl davieesnvhére trhevipg geenmeeche dast i on

and can- be si Y, rat silicon, e.g.) magnetotransistor,
magnet odf a%nspgyeafﬁ ‘Jh‘?'ﬁg %greacuéﬁlor%” sensor, only the case of

Hal | sensor is discussed here Such sensor can be bui It si nply in a planar
or cylindrical geonet ry, with srriall size directly by. dopi ng the 10
silicon he actj.ve Hal %gl on | Xi a

o bomor 1 e Spfiselit e cal 50 walhesd AaBhlTele' fe SaeiPs ArEpy fYR e ifabdes oy

el ect r odgsur@NdatHak! figh et hedsseneiie dGhéeRhd¥iraes M hinbeic dbAdodsinana e
surface can be covered by an inversion |layer to- mni mze the intrinsic

noi Ke. Eredigeyeferably theingaxdmil fredd ghadiediy can\el dC(GthdB)ld deteeméned i s t he Hal |
vaoltage, | 'is the supply current and B the applied magnetic field. For a :
device of a thickness below 20 um 15 a typical sensitivity of 400 V/ AT can
be reached; as described in Mechanical Sensors, Vol. 7, Edts Gopel) J.

Hesse, JheVnagnetiessnsorran/bs pegg for onWytiess detction WIhFFhalsc%ﬁPF?iaPY @gyantageous

conflgura 0 0

Feachad e bbbl 16isE RABRd e BRSERiG ¥ Bhihiapa, The AR ¥ad RayEEe
and R Sthd%ﬁb%ﬁbfe pdx’aislfrc‘éeﬂaﬁbsdam&iéamrﬂiuh@wd Bristol, Philadel phia) Newvork,
1991. Techni ques to conpensate 20 the thermal dri fts and minimze 1/f noise
are known. In particular the Hall voltage can be neasured at rather high
frequency (< 400 kHz) by | ocking techniques. 1n the |ast configuration, the
equi val dvihenoaitaoge paitioh tof theembeeablecparbissseparated frdin ihe 2xa&l parTby aNgagnttendhe

nadl s eVt cecgitet o 1 Bef GRO-RE S Yﬁﬁtl@ﬂhﬁﬁ@ﬁﬁ%aﬁw‘% Beficer T

the sur %Q&Hﬂ!e@@ \»@l‘ﬁratn%rnlp(ﬁ‘gé&ﬂ&sﬁfh@lé @nge.

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 magnetic 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 componcms:.

AlINiCo, FeCoCr, FeCéV, FeCoVCr, FeNiCo, NdFeB, SmCo. Also, the magnetic layer can
' comprise crystalline or amorphous mefals, e.g. an alloy of AINiCo-type, a platinum-cobalt

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



tenperature. Different geonetries can be thought to optimze t/h ggbbﬁ

.stray field of this nagnetic clenent. One approach is to have & nex | 4’

| ayer or wabmdid m with rectangular  €7ess section: thickngssydeg /sz g few

hundreds nmto 10 ~tm w dth yv of several tens of ~ttn and a E, 2004

WO 01120616 ' 11 - PCT/ 1B00/ 01256 I ength | which flts to the S|ze of the

m cr odeypk: u t.the e es _not perturb
A allb\e dr Fz}?@ec%ﬁhsimxhhﬁoxel‘ﬁe th BQ% ayfalhgar? ?ﬁ)\g $ f i2opluEalidy &f

t he nechani cal “properti-es of crodeveee o
mani pul atatoelderd compboents x@asferably hidd 6R\WERard rﬁah&?échRJa l|a§rl%‘? ?8&%“
for a gog}egﬁl ze magnetic npment and leads to a strong field gradi at’t he
sensor S FREET AL oBTPOnRRLs San he edapsed éQCbrdmgt(Emeanpthetdmnl arge
remanence can be a magneti ¢ recordi ng conmpound used in the storage nedi a
like Co(Cr,Pt) alloy, or Fe which bas a slightly larger saturation nonent,
or Fe~ OIf ﬁs used.in nmagnetic tape. Al so possible are Co, Ni) M, My, V, Cr
. Ba, Hdpe magneliq Wéort%@r%df“egﬁ’f‘cq‘ inte ﬁépndm06fh6tﬂ|@ubbldrdhaalq)a¢p[qmne,ats

AIN|C0 it. sh € a material easy to
depgsl t[f%&gggwsag i lgggan ar ao\qﬁé? HB‘amSﬁ“gﬂ }’%ﬁ’ € adtyaptage jogeHTs yhatwhe
conpl i caiagmlemaynso@ xi;creumnﬂ!;i:dmldoc@ﬂbttde‘éh‘ﬁ bQElxﬁi’é@c’oe‘f&e% pol ymer, orient
the particles in a magnetic field and glue it oh the silicon surface with
the appropriate orientation. This~can be used to create layers with a

t hi ckness of 30 um For an estimation of sensitivity) a cuboid-shaped | ayer

of Co wliftthe mismtlevied CMpﬂmmﬁdoﬁaéchﬂ]eorfna%trc denéot 1‘§rIH(egraTed1n¥l§§héA‘§H{c 8
is considered. This nakes a volune o ’V =

and of 50 X

2.5 x 1 e?pefEr?@Vé'HageaOOFBESdhatr%thpl@o stamdard:plaotenmogmpay/éamae afplrdcan
approximate the field "distribution along 'the z-direction of the:layer by
that of a point nmagnetic dipole. At a given distance xo the field change

al ong z,ng:ean be tcal cul at ed assa +~= B~ [~ ~t (17,. -x- ~)[ |
-1- . HiREPeUK sensir Gy be ﬂ%se@q&nam@w%ﬁasww ,nmagnﬂodlbéc,ng & hgammbove
refati qna eoréddiive ak , nd it radi e al ong z
in order gtﬁg choose tl%g}gﬁe}g%mggﬁ P?%%vr\asﬁggggé}r]\ééls {rg\f?ltat p Eo?tssﬁﬁsoéscﬂ‘ﬂ’ﬁf‘é"dof the
overall sensitivity of the magnetic detection system according to ttie
present invention it is assunmed that the Hall sensor has a lateral size of
20 p. mTiel angnetic sdidor Sar? beS apaigatedichy netic

| ayer of si zg 50 x 50 x 10 pm . g%y m?eb@gglﬁﬁgﬂ{%@uc ch (?rglﬁlt)(? oVt the
act ual TBFATRRY BeNdceopr %Mﬁ@ﬂhﬁgmhhﬁ ¢ Hetgeninoreefi clargraanlenubﬁtre mbgneftﬂceﬁdid By r

~) and center, of the Ha ensor. 8 APR 200g
v o1/ S5k Susteafif Realidloc URHEER PhnhabiTior ave Bet ISdeprestniavet thy

i nvest irggpectove defidétion oranctsl @hiberiedovd £ fhaNdWodssifyer can be estimated by
usi ng the equation: o~=lxSHx ~

15 The moveable part and the fixed part can be made of the same materiz;l. 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  thenthe 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 the effective width of the attachment means can.be reduced leading to a reduction of the

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

adjusted for optimal sensitivity.



For a typical current of I =1 mA wthout heating effects, SH = 400 VITA
and the Co | ayer 5 nentioned above with the magnetic nonent m.,.8 ??Un,'
10' 8 Ane éhe 03 sitivity can be estimtged to be OV/~ = 6 iAo/t

foll ow nav 38?3 di spl ays sone typical sensitivity values versus di stance
whi ch can easily be reached. xo (~rt 1) B/ (T/nm AVIAz (pV/Inm 20 6.8
10's 27 40 4.25 10'6 1.7 80 66 10'" 0.11 10 Table 1 A piezoresistive .

| ever sénisi QSPWI@@/Y agyanipgeons h%?heﬁﬁﬁ%f)e“éafﬁe%@‘wﬁih& MagEIC {ANSen e Prapged
Ts e S0 e Byt Rudh 1BOAShE SR REC AR ANROE ThAELIRMLNEIRY SN

system a | nven 10on sensi or nore ttmes tter

be reac m@nt:ﬁa@eﬂshﬁg wseamrmlssdah\m Sohseved Immeemsvmld Pt pRYstd intd the Gasd be
achi eved al so by choosing other materials, e.g., Fe having 15 | arger-

sat ur at iper oftiynidredaviem fbtrheen@reably partamdshe Byed parhareazangsd igghe same plane

the sensitivity ca elncre |nc udln arreha rrp|f| at.
A R b FPAL IR B Riss P BT
detai | Bgk@vparf &enlth%h%nﬁn@c'&e”ﬁéréé‘seﬂ'Ad’l'ﬁﬁtragédu@l@ BEcaifte offefiB efnkéhanical
detection systemwth a nmagnefic sensing unit accofding to the present

i nvent i amplificaticor msie- secti on with additional physical 20 sizes that can be
part of a m crodevice. A magnetic dipole 1) also referred to as nagnetic
elenent 1, is arranged on a noveable part 10 at one side of this noveable.
part 10. The noveable part 10 with the magnetic el ement | can be displaced
wi thin t\w@emmmm@dwme @@nprmmswaplecaltﬁy of meagaetGo RSP sAndent tleast ﬁmeaaﬁneu@art.

10. A fi erenc n as.an _ext ensi.on art.of a f .xed

separ at 8(?“?9“6?? &'Sf é ﬁ’%\argpcﬁcb SEISE ¥R ‘ﬂpﬁff{ﬂ? tpr%dﬂ%gtnf ¢ 35855506? a.5e is

Pl aged 9Batda ihi t'h%twéx‘ﬁft rcﬁ’rlﬁ@ h neti¢ 2ldmdn?Vaen Shd hévaatie b3curd iBat e Rgdnal

~ AP R 200 WO 01/ 206 C T/1B00/01256 sensor 2 can be int egr at ed

i nto si kinptimder by msehef mleplealsensbrSt han rhiec instkagéde On rllhsLmherahWﬂ/ Wh@[’t the is

an integral part of it |ceenent 1l can eit

"t egr amigieabRG Bmerisiy Bantbh P RGN ph & TR S Beadt B0t he

nmoveabl g hffhg akB togddhGH Magitdid seiBiapanithal fhikerTRINALIdicRIGNEIN ark anfadbed

the magneti c sensor 2 are an essentral constituent part of 5 the

m cr odem the.vidihidy ef cararelnglghp enagneiés sengoip themnbe advanBige oreves ke semsdtivity
ement 1 ot the rra netic. sens It e magnetic

or ﬁaqé C IFTRRGLY PRUL AR 3?°n‘i)ft"°'soef 9% He O%CF%e 1 C detﬁ&ﬁsgmf‘;g in order to

det ect and neasure a high f| eI d gradl ent, preferabl y the highest field

gradient. In other words, the rragnetl c eI enent 1 and the nmagnetic sensor 2

are arrang \V h h y\/r;,%@ Lhe aPR¥SEAPLdRrda 19e|s

di spl acg@ Sﬁi%r[ﬁ%h?e%h Oql%"%helg'?‘gleﬁcl %’?115?‘% Laﬁégre tn h[e magnletl cflsft I el dn

the magpalized ¢ nsmeardesahajieel gm tat ecpdoytesithe mbvdahle mrgfmm thesfemdqrarlzand]' he

magnetic field Bis indicated B{ field |ines, penetr netic

tin
Coaor thereryigh hafRenriie SEIAUAT FBM e BB ICReGa P bol K rAsetSed
If the b S n .
magnet | S aRc R Rlent Lo o e R propt il 1 aTRGP A, t Shnfrel o
pr qgor t possitle ivtd kmeam@f dtdedsit owoangnieticidensofs inhibe Viciminy ebbieempgnetic kdemeuty
mat eri al can be used for nakij ngﬁtsuch a r]1 F‘ c{&rgl ce or, an |}§1vesb ?fatl OE
and/ or Wiy asefyh faehe detgqtiony bsiensThghe eePpigd DAt et A% ma¥e8h of
Lo O BRUSHlTRLEHS Brdge! d'mlaBfei Ol @ife it B fheAbdt Qs U ARYH HepRilOSh RN S
of the fnvention are descri of "an exanpl e an Tnvestigation:
andl or ggglicatbat i on device . used |n scanni ng probe 20 m croscopy.
Referring to Fig. 2, the investigation and/or manipul ati on device with the
magnetic detection systemaccording to the present invention is depicted in
t op-pl an view and shows two nmagnetic sensing units. By the way) the above
descri bhdskil® pdssitda e thegacaddvias campooesea pleslay lof ohoveable Rrts madet pasther e

~the magnetic elenment 1 and the magnetic sensor 2 are arran%ed Zé V\/nere
t h@SsanBovapte PRAG! Aeast Phe ”@ﬁﬁﬁ““pélref@"i and alclgast gae BRBAFHS FFNEqTgA “"‘ﬂ‘%O

i nvesti tlon and/ or

nor eat ¢ SrerEPuiREER s B Rk Bea i Aty %ﬁéﬁgﬁ‘%&é%mﬂﬁe&i%ﬁ% Yo
Fig. 1. pledevact geonetry of the noveable part 10 can be of any type.
Further, the noveable 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 al lows the investigation or mani pul ati on of a sanple or sanple ,surface,
.that for the sake of clarity is not depicted in the figure. Fr 'EAPRZUU
noveabl e Wao12®06 ext ends an attachment -8eans  =- 8 AP R 2046612620616
14 - PCT/1B00/ 01256 14a, 14b that here has two flexible legs 14a and 14b to
al l'ow fl exion and torsion of the noveable part 10. For sure, such an

I nvest i PEICRIPINIGNCOFBINE MM AW NG gevi ce can al so have nore than two | egs.
In the article "Piezoresistive cantil ever designed for torque
magnetonetry”) by M Wllemn et al., J. Appl. Phys. 83 (3), 1 February
1998) pPhe inhedtidd Fdesbribadini de@MEb o Wivi t ect the
torque in two directions correspon?:li'ndmtlg?%‘rﬁggggg{eaﬁgé?@tgssggcﬁg tf'ceéra"‘”“gs“
descri bed. Each flexible |eg 14a, 14b conprises an aperture 15 that here is
~a slit 15, but it can also have one or nore holes or constrictions of any

Feach o5 SUpport or notnring ceet o £2aeielE elol Bkt My BaRiele oo
part 12. The nove&¥Iségunit aQ’p@rdjngmﬁldaeq;)'rdem’iwmuibhxed 10 part 12 on the
oppesi t i4gle and_each flexible |eg 14a0Q 14b on the ot her sides, '

r esgectlﬁv(z‘!g, def Flﬁ%wsaajs[aﬂ?rlaé‘- ¥ﬁ§’pg@la dﬁé?ﬂldgv%ag%ﬁqrhﬁnﬂfmmmahmwph glevicen
Sosentially more o et REBOT LRl bRSnINER sk wnid acagingro
order to have an dpmfosehnHIvehgvori;i near rel ation between the defiect i on of
the ti 8”@% d the %nertgi c elenment 1 whereby on each side of the noveable
part 1 “dui t hi nSHONE s Blagpetis tield, depeaderagnBidac yel Bnaontg thd s-ddesiich aped

closed to the gap inﬁ%g i S d fo unt | pur poses.

Besi de t he nnveab?ﬂgag%cptwylé a et?ﬁéelre?’%éxédgqoig)ﬁ8@%‘“&9}2‘%%@1‘&%%%} diSERNCES K5t
ref@rence part 12wherehylyaissedonihedebgsignce part 12.2 are extending fromthe
fixed @&1]‘? respectivel y, whereby each cuboi d-shaped reference pan 12.1,
12.2 is ™%his SHEARE cerabodimgnys ple theeinestigatiomaad/ohenaniphlatiort Bevice -
novabl e part 10 w i i ke free end of each 20 reference part
12.1, 12.2 reac h&hggp?%@%faht é‘ftg&ﬁﬁl o S{éﬁé qcﬁ?@{% 1o thEHEESFHY eRsP oD avsingl 0.
Each ref erence panechhBichl anglificatidni S separated fromthe noveabl e pan 10 by
t he ga?‘,lé?. The g%%g 13 canalso be filled with a fluid or any other

appr opFingt 82mat erMQMS ah&MberERGY cwith Anuléple mpgneliz. Seraing wnigi €ori enhanced
copari son to theeggfil gt abl e noveabl e part 10 which is advantageous for

r ef eregtl:geggr posei. l?ln each reference part 12.1 Q 2.2, a magnetic sensgr
2) tha i s ahbiab| a2furgensanbclimes MAM trhANE HOMWAL .13 .and

t he noveabl e part f1)0. ,Each magnetic el enent 1,§arrange[§'$(§%n§?1%al%6l\jlseggrl e
part 10, faces i t8NNCEPRSERTH W hagnetic sensor 2 and forns a magnetic '
sensing unit. The magnetic elenent 1 is oriented in such a way that a

maxi mal field gradient can be detected by use of the nagnetic sensor 2. One
magnet i tgé?msrnet aIre rrlgvong rrggpe.ti C sgnsor, 2 together formhere a magnetic
def| ect’ion® d&t'eed % SYRSMOOFAEHOPR! SBOWRiRifat ditncasives oo aredhs tedatioms t he
r especbétwees tikediftleniibis SHNGAR! LrePiil s1del N order to enable ' together the
nmeasurenent of the flexion and torsion of the noveable part 10. This can be
achieved if the nmagnetic elenment | and the nagnetic sensor 2 are arranged
relative to each -- 8 APR 200 WO 01/20616 - 15 ' PCT/1B00/ 01256 ot her
such that when the noveable part 10 is displaced the change of the nmagnetic
field at the magnetic sensor 2 is detected by use of the magnetic sensor 2.
Several configurations between the magnetic sensor 2 and the magnetic

el ement 1 are possible. That neans there are different alternatives to _
arrange a magnetic detection system e.g. in a vertical arrangenent. 5 For
the sal e of clarity, no further parts of a nmeasuring device) e.g. wres,
processing units, or display units, are depicted but the infornmation

obt ai ned by use of the magnetic sensor 2 are processable as known fromthe
state of the art. Fig. 3 shows several plots of the dipole field anplitude
B(xo0, yo, z) at four different distances xo, with x~ =5 ftm 10 ftm 15
~tm and 25 p.m The abscissa indicates the distance z in ~m 10 whereas the
ordinate indicates the magnetic field B(xo, z) in Tesla. As can be seen,
the field has an alnost |linear slope around z = 0. Its value is larger at
shorter distances, thus for highest sensitivity it is favorable to place

t he magnetic sensor 2 close enough to the magnetic element 1. The magnetic
sensor 2 should be also thin enough, i.e. less than the peak to peak

di stance, ‘to prevent the averagi ng over the positive and negative sides of
the B(xo, z) curves. 15 Fig. 4 shows another enbodi nent of the

i nvestigation and/ or mani pul ati on device using nmechanical anplification.
For sinplification purposes, the sane nunbering for the sane parts is used."

—— Y o o v p— ~ S ' N Y I T I 1 M



systemis arranged at the end of this central beam 10.1, wheregby, here only’
one magnetic element 1 is placed at the very end-of this cent r'al8 WBR\ 2904 .
Besi de tI\g Wlﬂﬁ%i c elenent 1, two magnet.i c sensors 2 are [P the
fixed pan 9 that here includes the function of the reference part I'n order
to enhance the sensitivity and to detect torsion. The magnetic elenent | 30

par 1 cutir ST Pl P TR TR BB IS R B3 001s ~ 18 et/ Bob) 01256

contact node. The central beam 10.1 should be rigid in conmparison to the

other p f e. . i rder fq transf coy.r ly the z
notton’ ape glneBIEoTRHERRE Aitn ticclof SeiRing 8 aieAIR UL, £ 80 B5 et B
mechani epla maphdtici 8&fldc@bn idetediivie Bydtdm RakoL#fdrrdd, toMhd Mdenetie betechBf system,
mechani cal anplification can be used to increase further the sensitivity by v«
adapt i ngcaoh@ing te Huesenyiavendiogtare addressed., to the application. An other

advant age of placing the magnetic elenent | and magnetic sensor 2 far from
the tip.4is to mnimze the interaction with the surface which m ght be
magret i #48retiofensdh additi onal way for increasing the sensitivity of the
magnetic detection, systemis naturally to augnent the nunber of sensors 2

so to have a |. er.output signal. This.can he achieved,,10 far, exanple, by
f abri cafiht gan#{ﬁé&pgvpgﬁggmg% SR n’?‘éc(f'acsangﬁol{/@ﬁfi i"ha‘fcﬁg_ialnfi? def/ﬂﬁ’ﬁérr?i?ﬂfe.
Fig: Sainvepien &l @RIRNIMBRinteglatdl if4lidoR! € g TReHRAEIEaRG8S!, MthdhBiddSodeObiant
enhanced sensitivity, whereby only .the rel évant parts with the magnéfic

det ect i onagssiotesistante,tdndlallseasari oy thencasaof dlallmensquu$ discensediberiec Sueli gensor

depi cted. The protrpdi t g the f d with the tip ' not
ahown i 85 Rl plicin g B 5b bulidlical smdeResaRGnE s e Py Bing e
daslo- angitieét. THeNRive ThiM rBioh 3¢ RHRIeAIn @H‘%ﬂmﬁma@ixgm 0e c%aﬂiﬂﬁﬁg dffind Bt i he

end of the noveable part 10 or the central beam 10.1 en
meander defineddyy despp+ iselgtion didfusiappFhpeuratrg eddrapdes andpldsld elekrodss avelfbrmethe
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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, has a permanent magnet
25  with strong and stable moment with respect to' the surrounding perturbations and to
temperature. Different geometries can be thought to optimize the magnetic stray field of this
magnetic clement. One approach is to have a magnetic 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
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The magnetic sensing uni Hm- wher eby the noveabl e part
(10) projects into the fixed part (12) of the mcrodeV| ce, 3. The magnetic
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One can approximate the field distribution along the z-direction of the layer by that of a point

magnetic dipole. At a given distance xo the field change along z can be calculated as being:
Bo=Ax(my» %) 14+ 2]

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

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

to choose the best conditions.
Sensitivity

- 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 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.



-19 Repl acenent sheet 4. The magnetic sensing unit according t@Q lAIPR?UU’t
wher eby the nmagnetic elenent (1) conprises a nmagnetic layer ( 1 7,
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according to claim1l) whereby the nagnetic sensor (2) is a Hall 5 sensor, a
magnet ot ransi stor, a magnet odi ode, or a gi ant nmagnetoresistive sensor. 6.
The magnetic sensing unit according to claim1, whereby the magnetic sensor

(2) is.gkra . . e netic sensor.(2) and a subsequent

onsur i e aaun ot deiSftiof A2 o RH Iilese SR Bl hafipRiaod HeRRE R adever
field. ¢an BhesiRaeEbY gsis,griﬁg 8ghayBht according to claim1, whereby the
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means ( 14a, 14b), preferably by a leg, and said attachment neans ( 1l4a,
14b) allows free di spl acenent o%&ajﬂsm\%abl e part ( 10). 8. The nmagnetic
sensing unit according to claim7, whereby the attachnent neans (14a) 14b)
conprises an aperture (15) or a constriction. 9. The magnetic sensing unit
accor di Fgr h@ypitaidirtent WhE=EbynA REitNBWE MRERYd EfFeQO S =SB WL aid Weakh tiYyep'
moveabl e parts and at each noveable part at |east one magnetic el enent 1
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according. to ¢l ai wher the magnetic elenent ( 1 ) and the nagnetic
sensor £ Wﬁ?‘gtogéeg%%éézeﬂ%%e\p/émneander-shaped gap 40. 11. The magnetic -
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and/ or emilypelredched devi ce for a sanple) conprising

Xo (Lm) AB/Az (T/nm) AV/Az (uWV/nm)
20 6.8 107 27
40 42510 1.7
80 2.66 107 - 0.11
10 Table 1

A piezoreSistive lever sensitivity, on the other hand, can be AV/Az = 1.25 pV/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 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 chn by a SmCo layer instead of Co. Further, the senéitivity
can be increased by including a mechanical amplification ratio R > 1 or 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 present 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 10. The
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 part is separated from the moveable part 10 by a gép 13. A

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

R B
n
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tail of Fig. 2, namely where the'magnetic element 1 and the magnetic 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 has 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 part 10 can be
of any type. Further, the moveable part 10 forms a triangular free end where a sharp tip 4 is
indicated. Th; 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 -
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v by PRGN W8 it by MG htyicn RS e whin
" MLO%}| &nhanc@fid AédibRity) The SHo4IAAMOaEs/ 14h0Md 1ffkeach to a support or mounting
section 12, hereafter referred to as fixed part 12..Thc moveable part 10 on one side, the fixed

10 part 12 on the opposite side and each flexible leg 14a, 14b on the other sides, respéctively,
define a square-shaped opening 16 within the investigation and/or manipulation device. 'I‘hé
platform of the movable part 10 is essentially more rigid as compared to.the attachment means

‘14a, 14b in order to have an approximately linear rclétion between the deflection of the tip 4

and the magnetic element 1 whereby on each side of the moveable part 10 or within the

15 platform such a magnetic elcmeht 1 is positioned closed to the gap 13. The fixed part 12 is
used for mounting purposes. Beside the moveable part 10 and the flexible legs 14a and 14b,

the first reference part 12.1 and a second reference part 12.2 are extending from the fixed part

12, respectively, whereby each cuboid-shaped reference part 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 free. The free end of each

20 reference part 12.1, 12.2 reaches approximately half the lcn-gth of the moveable part 10. Each
reference part 12.1 and 12.2 is separated from the moveable part 10 by the gép 13. The gap 13

can also be filled with a fluid or any other appropriate material. The reference parts 12.1, 12.2

~are rigid in comparison 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 here is a Hall

25 sensor 2, is positioned towards thé gap 13 and the moveable part 10. Each magnetic element
1, arranged on the moveable part 10, faces its respective magnetic 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
magnetic sensor 2 together form here a magnetic deflection detection 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
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5  For the sake of clarity, no further parts of a measuring device, e.g. wires, processing units, or

display units, are depicted but the information obtained by use of the magnetic sensor 2 are

processable as known from the state of the art.

Fig. 3 shows several plots of the dipole field amplitude B(x,, Yo, 2) at four different distances
Xo, With x, = 5 pm, 10 pm, 15 pm, and 25 pm. The abscissa indicates the distance z in um
10 whereas the ordinate -indicates the magnetic field B(x, z) in Tesla. As can be seen, the field
has an almost linear slope around z = 0. Its value is larger at shorter disténces, thus for highest
sensitivity it is favorable to place the magnetic sensor 2 close enough to the magnetic element
1. The magnetic sensor 2 should be also thin enough, i.e. less than the peak to peak distance,

to prevent the averaging over the positive and negative sides of the B(x,, z) curves.

15 Fig. 4 shows another embodiment of the investigation and/or manipulation device using
fnechanical amplification. For simplification purposes, the same numbering for the same parts
1s used. Thc-configuration according to Fig. 2 can be. modified to amplify the defléction
amplitude Az at the position of the magnetic sensor 2 which is here smaller than the tlp
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
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 1, 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 flexible 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 central beam 10.1, whereby here only 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 includes the function of the
reference part in order to enhance the sensitivity and to delecl.torsion. The magnetic element.1

30 is separated from the two sensors 2 by the gap 13 again. The approach is particularly suited in
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y S#$1 0% BagnktiAdEREREE/ §ys(ehx Bive_r@cHadical AmpliQo4d®n(i} given by R = L,/ L, with L, > L,.
The mechanical amplification can be used to increase further the sensitivity by adapting the

5 respeciive length L, or L, to the application. An other advantage of placing the magnetic
element 1 and magnetic sensor 2 far from the tip 4 is to minimize the interaction with the

surface which might be magnetic or not.

An additional way for increasing the sensitivity of the magnetic detection system is naturally
to augment the number of sensors 2 so to have a larger output signal. This can be achieved,

10 for example, by fabricating an array on a comb structure as shown in the following figure.

Fig. 5a shows an cmbodiment using multiple magnetic sensing units for enhanced sensitivity,
whereby only the relevant parts with the magnetic detection system of the investigation and/or
manipulation device are depicted. The protruding parts, e.g. the free end with the tip, are not
shown for simplification -purposes and are therefore only indicated by dash-and-dot lines. The
15 forégoing embodiments can be varied in that the end of the moveable part 10 or the central
beam 10.1 ends in a meahder-shapcd 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 is rigid in comparison to ihe moveable part 10 in order to
have reference. As can be seen in top view, in each protuberance of the meander a single
20  magnetic element 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. 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 1
should be arranged properly as indicated by an arrow within the magnetic elements 1 in Fig.
25 ° 5ain order to avoid negative mutual influences, whereby N stands for north pole or *“+” and S

Y]

for south pole or

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

by mu]tiplyihg the number of magnetic sensing units.
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10948 ( ﬁcv&qew&ie@)mwa‘mmﬁmqm mmeﬂuwmmmemd)of the moveable part 10 ends in
a rectangular-shaped form. Multiple magnetic elements 1 are arranged within a row at the end

5 of the moveable part 10. On the other hand, multiple magnetic sensors 2 are also arranged
within a row on the fixed part 12. Both rows are separated by the gap 13 but the rows are

arranged such that each magnetic element 1 faces directly one respective magnetic sensor 2.

As mentioned above, the magnetic elements 1 should be arranged properly in order to not

influence negatively the adjacent magnetic sensing unit.

10 Any disclosed embodiment may be combined with one or several of the other embodiments

shown and/or described. This is also possible for one or more features of the embodiments,
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5 a magnetic sensor (2);

said magnetic element (1) being located on said moveable part (10) and said magneltic
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);

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
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

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 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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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 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 moveable 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 storage device.

AMENDED SHEET
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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 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 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-senéor (2) is detectable by use of said magnetic 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 c]ement (1) and at least one magnetic sensor (2) are posmoned for the detection

of flexion and/or torsion of the moveable part (10).
20
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