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low cost. Applications in the field of mass data storage achieve much smaller storage devices

and opens up the possibility of achieving storage densities in the range of hundreds of gigabits
per square inch. In the field of microscopy, for example, the scanning tunneling microscope
15 (STM) and the atomic force 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 techniques. 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 different ways of operation are contact mode, non-contact or dynamic 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 variety of micro mechanical applications it

will be described with the focus put on an application to cantilevers.



Al t hough the present invention is applicable in a variety of mcro

mechani cal applications it wll be described with the focus put on an
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A si | i coluserdetaeeadl deflestionat eri al was used for the fabrication. 15 From U. S
Pat. No. 5,345,815 a mcrom niature cantilever structure is known having a
cantilever armwith a piezoresistive resistor enbedded close to the fixed
end of the cantilever arm Deflection of the free end of the cantilever

ar m pr od Ytitha Riegesesistive techriagrthe change plresistapneiof a piszoresiptive pathy defined ptahges t he
Pi €2 €5 ttdol e [ AR S of B8] GHARGE: n b neBAFEL. U the rticfAPAINEY Kircd 1
proportion to the cantilever arms 'ection. A resistance measurl ng

appar at usidgresc@py usinga et#zomsmmcqnhbzm”eby M. iTegoness etsalo Prem ofidwdoy EConfs

resi stance n gLres v arm s
ot act o, SO S:le SERGE ufg ARIMIE sanC RLASEBYN 08 S L1d0tP pE ORI IS She
scanni ngfapticdrien nefca csﬁmopecahﬂiﬂaVer berani wdthsara 1rpegated ep&aazstesnstor Aop sasingsitof .

fabricati uch a ¢ ilever is further scr
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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
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 microscope that
includes a piezoresistor. A process of fabricating such a cantilever is further described, the
process yielding a tip which has a high aspect ratio and a small radius of curvature at its apex.
25 A combined atomic force/lateral force microscope including two or more piezoresistors

responsive to both the bending and torsion of the cantilever is also disclosed.



process yielding a tip which has a high aspect ratio and a small radius of
curvature at its apex. 25 A conbined atomc force/lateral force m croscope
i ncluding two or nore piezoresistors esponsive to both the bendi ng and
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However, piezoresistive cantilevers in spite of alnost simlar sensitivity
as optical schenes,  suffer fromlow frequency noise and tenperature drift
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can al so be wused instead of the optical or piezoresistive technique to
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parts of a mcrodevice. 20 Deflection detection techniques which are
external to the cantilever require tine-consumng alignnents. A variety of

f eedback chani s can be used to, acquire data and to intajn roper ti
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15 today. But other techniques, like capacitive, piezoelectric, or thermal techniques, can also be

used instead of the optical or piezoresistive technigue to detect the deflection of a cantilever
or microdevice. The capacitive or electrostatic technique measures the change in capacity of a
capacitor formed by the cantilever and a fixed reference electrode. The thermal technique uses

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

20  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.

The combination and integration of microfabricated devices with electronically controlled
functionalites facilitates nanotechnological applications, characterized by precise movements,

25  increased sensing, and actuation.



The conbi nation and integration of mcrofabricated devices with

el ectronically controlled functionalites facilitates nanotechnol ogi cal
applications, characterized by precise novenents, 25 increased sensing,
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t he measurement of the field B of a nagnetic dipole |ocated on a noveabl e
part by ¥igBMEAL. 3 sensitive magnetic sensor placed on an adjacent fixed
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sensitivity of such a nagnetic sensing or detection systemaccording to the



present invention can be at least 10 times better than for the known

pi ezoresi stive technique and offers the advantage over optical techniques
to be fully integrated on a device without the 15 need of special optical
access. TH¥ORHY6 i c sensing or detectidn system can easi PGTEROOOIISH| enent ed
into Si technology wth standard photolithography. D fferent magnetic
materials, geonetries, and sensing configurations can be proposed to

optim ze further the sensitivity. As a first enbodinment it is proposed to
nmeasure the deflection of an investigation and/or manipul ation device. For
that, theSUMMARYANDPADYANTAGESRQF FHEINVENTION ce conprises a 20

cantilever, also referred to as noveable part, a nagnetic el enent
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and offers the advantage over optical techniques to be fully integrated on a device without the
15 need of special optical access. The magnetic sensing or detection system can easily be
implemented into Si technology with standard photolithography. Different magnetic materials,

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

As a first embodiment it is proposed to measure the deflection of an investigation and/or
manipulation device. For that, the investigation and/or manipulation device comprises a
20  cantilever, also referred to as moveable part, a magnetic element generating a magpetic 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 part. 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/for
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 to

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



occurs that the field of the magnetic 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
det ect i onWhHER616s especi al | y advant ag@Gus since no fri ECFERMO138sses
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earth WD 01/20616 -7- PCT/1B00/01256 cobalt alloy, or a rare earth iron
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the moveable part is free and not damped or hindered.

When a large portion of the moveable part is separated 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 magnetic layer that can be made of Fe, Fe,0s, Ba, Co, Cr,
Mg, Mn, Ni, Pt, Sr, V, or alloys thereof, or made of one of the following components:
AINiCo, FeCoCr, FeCoV, FeCoVCr, FeNiCo, NdFeB, SmCo. Also, the magnetic layer can
comprise crystalline or amorphous metals, 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



The magnetic sensor can be a Hall sensor, a magnetotransistor,

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

advant age that several types of sensor can be used. The magnetic sensor
can be armagedsisuch that the nagneti e7sensor and a subseRITIBE0/01AFasuri ng
device or systemare able to determine a field gradient of the magnetic
field. By this subsequent neasuring device or systema characteristic
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spring constant for higher sensitivity. Simlarly, the thickness of the
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The magnetic sensor can be arranged such that the magnetic sensor and a subsequent
measuring device or system are able to determine a field gradient of the magnetic field. By
this subsequent measuring device or system a characteristic value that is representative of the

respective deflection or motion can be derived for further processing.

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

If the moveable part is attached to the fixed part by attachment means, preferably by a leg,
20 then the advantage occurs that the moveable part shows a free and smooth displacement. 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.



10 arranged in the vicinity of the magnetic elenent, then the advantage
occurs that the signal anplitude by use of nultiple sensors can be
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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 magnetic sensing units for a magnetic detection system can be
realized by a meander-shaped gap that separates the moveal')_le' part form the fixed part and
therewith the magnetic element(s) from the magnetic sensor(s), respectively. The magnetic
sensors and elements can be arranged appropriately in a row within the meander. It is also
20  possible is to arrange at least two magnetic sensors in the vicinity of one magnetic element,
which is useful for the detection of torsion. It should be hoted that there are several

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

application.

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

microdevice.
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sensitivity is define , where VHis the Hall voltage,
i's FIG.4 shows another embodiment of the investigation and/or manipulation device
with a magnetic detection system, according to the present invention, using

mechanical amplification.

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

enhanced sensitivity.

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,



the supply current and B the applied nmagnetic field. For a device of a
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Edts Gopel, J. Hesse, JN. Zemel, VCH Verlag,(1994) p. 181.

In a cylindrical configuration, with ferromagnetic concentrators, Sy = 2000 V/AT can be
reached, as described in H. Blanchard et al., EPFL Lausanne, IEEE, 1996, and R.S. Popovic,
Hall sensors, Adam Hilger Bristol, Philadelphia, NewYork, 1991. Techniques 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 the 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, 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 element. One approach is to have a magnetic layer or thin film with rectangular

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



particles in a magnetic field and 'gl ue it on the silicon surface with the
appropriate orientation. This can be used to create layers with a
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For an estimation of sensitivity, a cuboid-shaped layer of Co with a saturation magnetization
of M, = 163 emuw/g = 1.745 Am%cm?® and of size 50 x 50 x 10 um 3 is considered. This makes

15  avolume 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:
_.;_
B, = A*(mx-x- [1+y+z ]

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

20  Using the above relation one can calculate the field B(xy, y5,2) 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 pm®. By integrating
the relation for B, over the actual dimensions of the magnetic layer one can calculate the field

B(x,, z) and its gradient dB/dz at the center of the Hall sensor.
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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 even by a SmCo layer instead of Co. Further, the sensitivity
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. 1 shows a schematic illustration of the magnetic detection system with a magnetic
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 gap 13. A

25  magnetic sensor 2 is placed on the first reference part 12.1 towards the gap 13. The magnetic
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In the following, the various exemplary embodiments of the invention are described on hand
of an example of an investigation and/or manipulation device used in scanning probe

20  microscopy.

Referring to Fig. 2, the investigation and/or manipulation device with the magnetic detection
system according to the present invention is depicted in top-plan view and shows two
magnetic sensing units. By the way, the above described Fig. 1 can be regarded as a zoomed
detail of Fig. 2, namely where the magnetic element 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. 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



clarity is not depicted in the figure. Fromthe noveable part 10 extends an
attachnment nmeans WO 01/ 20616 -14- PCT/1B00/ 01256 14a, 14b that here has
two flexible legs 14a and. 14b to allowflexion and torsion of the
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t he nove or wthin the 15 platformsuch a magnetic elenent 1 is
posi 10 oneatt 42 @sdabe ppposite sige pnd gachTitexitle Jegd4pal4b arpthe pthey sisds.frospeetivghyt i ng
pur poses esi de th
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the end &fa AR imerighiodayeaq aprioximatsly; lincas sejatign petwgen th deflection of thedip 451 20
ref er encen Pt T%@aeﬁc elefient | SAHERDY HOBUCR SidEBSrehY pitVedblé Ipart | 10N&H Witkih thére
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magnetic 1 ,ergsspgcr:tiv%ly, %vtﬂgrtebyb St c1insoi -stl_a‘%leé 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 length of the moveable part 10. Each
reference part 12.1 and 12.2 is separated from the moveable part 10 by the gap 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 the 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 1 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 1 and the magnetic sensor 2 are arranged relative to each



25 sensor 2, is positioned towards t he gap 13 and the noveabl e part 10.
Each magnetic element 1, arranged on the noveable part 10, faces its
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oyst em Jtisge B35 herng BRSLI! porl {07 b fact PR ANGS. b UE miibhbORalBL BE. ' O
noveabl empgietic 3éhsor? Brderetell by aswdf] the magigeic barsoi 1 Sentralaonfigmationsibetween

flexion and torsion of the noveabl art. 10. This,can be .achieved if the
memet | OB AN SRR 4 ahf, he TRRARENS SleBBHJ e poskible, TRPIPGAG Uheeh E UERAS och

WO 01/ 20Gdbnatidex to B%ée%%é@é@é@ete&bﬁ@fst&h{%. thaberhef Brrul}emeRy eabl e part 10

i s displaced the change of the nmagnetic field at the nmagnetic sensor 2 is
detected by use of the magnetic sensor 2. Several configurations between
t he FagnEdrithe sakn obrlaityanol further partsrafta roeasiudmepdetvice, eig.ewiness piosessing Tnits, areans

t here ar i fferent ,alternatives to.arr.ange na i c_detection stem
e.g. in %Sﬂ@f Pl?lgsaf“adre g&egebr?gme. mgorln—’g?o'{ ﬂea@s‘}(g}' S?QQFI ?i’?%ﬁgethcoseflgorrtiéf parts
of a Wegﬁgéésmldj@\ldnﬁﬁnfﬁn&hebﬂafe&ﬂ",them’rocessi ng units, or display units, are

depi cte ut the information obtained by use of the magnetic sensor 2 are
processabl e as known fromthe state of the art. Fi 3 shows several plots

; > § 9. ) .
of the dFigoB shawseseserahplpistofithe dipole fieldamplitudeBire e zHatifouy differeat distapeess  x0,
wth xo = 5. 1 in{n T. 1.S58: . Ladi : . di.st ance
z in gm™L lty\}nxéf' gsag'mf ﬁé or’c}lsﬂ'g{li’e&?n ica’tgge ?ﬁgﬁﬁ‘gﬁlé’?‘?ghﬁ&e‘ﬁg“%g’é‘ Z) in
Teslld. Awhereas the osleay; intlivate$ thel agnetc fAinldaB@p ) inl TesbmAssdanbe seem thedficdd= 0.
Its value is |arger at shorter di.stances., .thus f.or highest . sensitivity it
|t avor isieB =irosh el IO RE ST T Dol B e asmi e, YErieh RO B AR | o
el ement  sehsitiVifyeit iPfaRsthble tSHAGthe thaghedid! sensde 2 @los@erdigh tethe Wikgnetic demdreSS
than the peak to peak distance, to prevent the averagi ga%sover t he positive
and negat-iXhs maggelic sspsarFeshppld be ajsp thinrapgugh, 1.6 lessghanths pealistopeal distance,
enbodi het¥ging SR iHe PRsiBVE AR egﬁﬁ'\}e%‘i’de@hfﬁh@ V3 &Brvdsi NY
mchan?ﬁ%}praﬁg{t?ﬁ‘(’:égtgﬁlz%. Forq)gimrrpl ifi% tion purposggjp?’ét)he sanme nunberi ng
for the sane parts is used. The configuration according to Fig. 2 can be
modilf5i edFigo 4ashoivs fapothke endbbdimenti ofithe investigation and/or manipulation device using

mechanical amplification. For simplification purposes, the same numbering for the same parts
is used. The configuration according to Fig. 2 can be modified to amplify the deflection
amplitude Az at the position 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
the fixed part 12. A first length L, indicates the part of the moveable part 10 that protrudes
from the fixed part 12 and on the other hand a second length L, indicates the part of the
moveable part 10, that here is called the central beam 10.1, that projects into the 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 1 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 detect torsion. The magnetic element 1

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



anplitude Az at the position of the magnetic sensor 2 which is here snmaller
than the tip deflection. The general approach, and thus the nmain
difference to Fig. 2, is to extend the 20 noveable part 10 with a free arm
or centrawdm2o6160. 1 in the opposite thhection, i.e. towXCHIBOOORES6f| xod
part 12. Afirst length L, indicates the part of the noveable part 10 that
protrudes fromthe fixed part 12 and on the other hand a second length L2
i ndi cat esontae maet The cenitral beapy £:bIshoukd be rignl int ¢pmparisgncto; the gther part phthe

central beam,10. 1 ] ' i ' e part
101 5 at ORGPt 14T brBLR) Gr pBihtub e L b BPlnction ofE Y §5Re°. 2
25 rat i o n@gnétitaletcetqesysiene The ngthaichlzanplificationcia igivee byride Lb Algeith L4vaha.1. The
magneti c _detection s¥ 1%em IS ahran ed.at th ennd of this ent(ﬁaé. bgam
10.1, whanempechanica! sRPiticHeEn suyhe B © drogsn furfber e seativiny 198B9E NS cng
of ths g&g&&ﬁk 1R} O L,y 1BeRd SpLtARnMRAANGhCadRbRERNGL Placing R ARAGRALI C
sensors re arranged on the fixed part 12 that here includes the function
of the rekeimenthead pragneticrsepsalé far froanthetipet isnte minisizeithg inferagtign ithieect

torsion. The et | . IS separated fromthe two sensors 2 by
t he gap f%‘qa@fﬁa‘ﬁ ?1 gtlgeprgfg%lgé%aﬁ%qparticul arly suited in WO 01/ 20616 -16-

PCT/ 1 BOO' 01256 contact node. The central beam 10.1 should be rigid in
conpar i S 4dditioasl wdyfer inefoaking thet sensitiviywdfald magieetic dé@ction systemris hatutallgnsf er
correctly the z notion or defle;lztion of tgfe tiB 4 LO‘Q?L% magonetéc d

det ect i o ayEReahihcHymbERehSeRFUS ¢ 510 have; & 14t8eE Ruiput 38 FERE LPYE with
L2 >34 - forle O\ARbS@king AR hirdy &iAd éodb SrBuRLasih6n idthé RlloRagdigty.t her the
sensf?i vif?ryagryﬁgaapti ng 1t %e 5 ryespect ive length L2 or L, to the

application. An other advantage of placing the magnetic elenent 1 and
magnet i ¢ BigSachows dneemiodiment lwsing impiltple magnstigsensingAwits fus enhanesdsensivityn t h

the surface,which mght b i . . i td .

i ncr easi MyerERE oglé( E&%‘i ¥ \Y?‘E‘}’g%w? ﬁgﬁen’%&ﬁée%%kgg@g??%%#%@g%ﬁ] %s(ugrrllg{nlc}lroél |y
to aggn’eﬁxﬁ]aniﬂi!ﬁtiﬁhl dbdice ot depioed.r Fhedroteuding pantsce.g. thefrge endowitiy the tipi, greaot Thi s
can be achiev

St uct ur haNn G SRR SRR A PrBCreon el § dffadlod 188ine
USi ngs Mulgbieplife BRBABIERSs S£BS Vatied!h iat ki endrdfahe abveddlespari 10 trythe cedteal eby
only the relevant parts wt h- t he magnetic detection system Of'blteha% well.
i nvest i gdearndOdradyin a meander-shaped form. Any other appropriate shape 1s possi
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 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  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 propeﬂy 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

% I
= .

for south pole or

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

by multiplying the number of magnetic sensing units.



mani pul ati on device are depicted. The protruding parts, e.g. the free end
with the tip, are not shown for 'sinplification purposes and are therefore
only indicated by dash-and-dot |ines. The 15 foregoing enbodi nents can be
vari ed i nwomredie end of the noveablelbart 10 or the cerRGTABOV/YR¥m 10. 1
ends in a neander-shaped form Any other appropriate shape is possible as
well. The nmeander separates the noveable part 10 fromthe fixed part 12 by
the gap 13. As nentioned above, the fixed part -12 is rigid in conparison
to the mbPupdb shovard frther embodietent osing) awdtiple freagnetice sending anits Hfer sateanced t op
view, in eagh, erance o he nmeander a_.single 20.magnetic elenent 1 is
posi t i on&XPSHVit ’|WI“3° yo@ﬁa"b‘?n{yh © SelRwnt pats, of ﬁ}f’ @é{ﬁﬁt}g?té(g‘p%@??rv’@am@gﬁm%r part
at the fijxaeck 28 dbpidtdd. M@REHoAinERNEVaSePindhf tRO&Id drARERoWabIY partal 0reédds iBesi de
the end of the noveable part 10 also a |l eft side sensor 2.1 and on the

ot her si deectangplgnshapediforme Nidiplo magnetie elepenist] arp arangad witirr 3 soedatpb@ end| 2.

The gn i

or ope 'y Ok 2, bRk lD. Dot eulfR AR o HllnBc serSilR S e ABOARERET 5
5a i n or eéthirt mrm@hcthcﬂﬁgad pate lmmlmwmﬁ}ewpmdbﬂméghymbat madewitafe north
pole or "+" and outh l.e or he.arrangenent shown in Fig. 5a

al | ows aA™aged SR ﬁ‘teaﬁ magpe Lﬁlﬂﬂ‘fnts}lfﬁ?ﬁld‘rﬁfﬂ%%" ReGH s MagRelG SeRsPh Py i ng
the nunbeys méntidR&NESdve, SEHRdghetid! Blefnsats WQlﬁﬁfdz&G&%rgH propéery k:BQl%P%@E& Fig.
5b shows a further enmbodi ment usi ng nultiple nmagnetic sensing units for
enhanced inflnepesi negatively, thoadineenymagpshiasepsing upite rel evant parts of the

i nvestigation and/ or mani pul ati on device are depicted. The enbodinent is

vari t,t . t .

et Sguiay sicsdfeistuRend i BPUSRUMGL PR bad B ERER oF e Dy exbodipents 1y 1
row at t esovanshdfordscribed. Thisds blse pasaible foPone@r rhdre feaatdres ofeénbodihént! e
magnetic sensors 2 are also arranged wthin a row on the fixed part 12.
Both rows are separated by the gap 13 but the rows are arranged such that
each magnetic elenment | faces directly one respective nagnetic sensor 2.

As nentioned above, the magnetic elenents 1 should be arranged properly in
order to not influence negatively the adjacent nmagnetic sensing unit.



10 Any di scl osed enbodi nent may be conbined with one or several of the

ot her enbodi nents shown and/or described. This is also possible for one or
nore features of the enmbodinents. WO 01120616 -18- PCT/IB 8%&%%@ CLAI V5
1. A magnMad28@fsing unit for neasuriittg di spl acenents b& froveabl e
part (10) and a fixed part (12) of a m crodevice, conprising This Sheet
Has Been Repl aced a nagnetic elenent (1) having a nmagnetic field; and ..
|, 111 ~CLAIMS.| ~ ||| IIl IIll 5 a magnetic sensor (2); said magnetic

eI errent (1) being located on said noveable part (10) and said magnetic
sensor (2) on said fixed part (12), or said nmagnetic sensor (2) bei ng

| ocat ed aid noveab [ X said
fixed par‘t ‘% etéc ﬁeasnﬁ%&mp |%’césé]%}§%rﬂﬂ€lf? e(Et ;Egg%;%gl gn&n%%r?gp I'C e g‘?r&;?lt (D)

being an i nﬁw;&h (mydfaeﬁxcﬁ:aewdce, il:&npnsing)dew ce; and—--sa4—d—#&gne{+c —el-erent
(1) and said magnetic sensor (2) bei ng arranged rel ative to each other

such that when said noveable part (10) _is displaced t’IlhsSlmdq BeeoReElaedj
magnetic f# Biagnesic element ﬂﬁb‘ﬁ’é@ﬁ abmg@qgg)flel(i@nd, s det ect sal d
magnetic sensor (2). 2. The magnetic sensing unit acco

wher gby the gnﬁ or (2) is 15 arranged opp05|t magnetlc

el errg’ﬁt (D" H% 5&}181819 tic sensing unit according to cl al m 1, wher eby t he

detection by use of the nmgnetic sensor (2) is a contactless detection. 4.
The magnet i &id ﬁmgﬁemg elemdnt Deimd locatédor kaid mnolzpabhh pare I010) ang ridi magnefic t he

noveabl e part 1S, S rate romthe fixed ap_(13). 20
5. The magn¥0fr éé Quisald ﬁ’?ﬁ%t Bﬁrnﬁ’ BraghediC fFs St \X%?eﬁ%{% ?%lcﬁ%dg%‘gsr?é‘fl c
el ement (1)mboeable pART( B8 baidBABMIIC 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; and

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).

2. The magnetic sensing unit according to claim 1, whereby the magnetic sensor (2) is

15 arranged opposite to the magnetic element (1).

3. The magnetic sensing unit according to claim 1, whereby the detection by use of the

magnetic sensor (2) is a contactless detection.

4, The magnetic sensing unit according to claim 1, whereby a portion of the moveable part

(10) is separated from the fixed part (12) by a gap (13).

20 5. The magnetic sensing unit according to claim 1, whereby the magnetic element (1) is a

permanent magnet.
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pjiitij rereer ritrrorrert e rrrlr W 01/ 20616 -19- PCT/ 1 BOQ 01256 6. The
magneti c sensing unit according to claim1, whereby the magnetic el enent
(1) <conprises a magnetic layer (1), preferably made of a hard magnetic

mat er i al . waorBbe6 nagneti ¢ sensi ng unitl%accordi ng to cl ai POFABWM2SbyY t he
magnetic |layer (1) has a rectangular cross section and/or a thickness that
allows to detect a field gradient by use of 5 the magnetic sensor (2). 8.
(Th)e magngt i Thes emgicximq sefsihg amnoacddxrﬂglfgt mhah'ﬂi m hﬁ%bg rtﬁbynﬁghaimmgnﬁhi ]gl)s e gsor
{2) is integrated into or on top 0O e noyeabl e part (10), .or the fixe
batt (12) | CUBMSERA oETRC avgt oo SRbly BRI b § PR odiora B par ¢ of 1 he
m crodevi ce. 9. The magnetic sensing unit according to claim11, whereby the
m crodevi ce conprises 10 silicon and the nagnetic sensor (2) is integrated
into theysidyc 0. card ¥ L:00 <UD rdi ng.: i

wher eby Z'h eh#reag]ﬁ%?eﬂlg Sg e%%oém?%%%dgngzﬁnl-éw 6‘5‘2%%%@{:&% rgrréxfggtéét galy glgglg rﬂg t}g r, a
magnet odi odeectangular quosasectiongnd/ona thickeesdsimt aBowoto. detedt a fidld gradipmeby ssesfnsi ng
unit according to claim where the magnetic sensor (2) is a Hall sensor,
wher eby thethFlg’Fﬁgn?WBWr 5 a planar or cylindrical geonetry. 15 12. The
magnetic sensing unit according to claim1, whereby the nmagnetic sensor (2)
Is arranged such that the nagnetic sensor (2) and a subsequent neasuring
device age P HabfeticARhGhgTuli® abedrifl do Hiddl ENim&iny 8 8¢ lsénsbt €hdis 13.
The magnetic sensSing unit according to claim1, whereby the noveabl'e part
(10) and t histegfdtedeihtgar en top0f the monveablde part (162 os theefixedtparti (AR), shch that the] 1111
1001 I T T O I I O O iS.9 LIl lihlfi/flp WO 01/20616 -20-

PCT/ 1 BOO 01%%"6&' §enfhre(£2:‘§3aﬂé{l|§§51 ens#fﬁ%erﬁ%f degg%ordi ng to claim1, whereby
t he noveable part (10) is

9. The magnetic sensing unit according to claim 1, whereby the microdevice comprises

10 silicon and the magnetic sensor (2) is integrated into the silicon.

10. The magnetic sensing unit according to claim 1, whereby the magnetic sensor (2) is a Hall

Sensor, a magnetotransistor, a magnetodiode, or a giant magnetoresistive sensor.

11. The magnetic sensing unit according to claim 10 where the magnetic sensor (2) is a Hall

sensor, whereby the Hall sensor has a planar or cylindrical geometry.

15 12. The magnetic sensing unit according to claim 1, whereby the magnetic sensor (2) is
arranged such that the magnetic sensor (2) and a subsequent measuring device are able to

determine a field gradient of the magnetic field.

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

A

fixed part (12) are made of the same material.
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attached to the fixed part (12) by attachnment neans (14a, 14b), preferably
by a leg, and said attachnent neans (14a, 14b) allows free displacenent of
said noveabl e part (10). 15. The magnetic sensing unit according to claim
14, wher elmo dthrestat t achnent nmeans (14a,20-5 14b) conpri ses PERIBAOOI2S6r e (15)
or a constriction. 16. The nmagnetic sensing unit according to claim1,

wher eby the nmagnetic elenent (1) and the nagnetic sensor (2) are arranged
wi t hi n t M Thecmagretic csensing: init lRe¢ordingde edaiinc bl whexelyyl thei maveabls partc(l®des t he

sensitivity of i netic sing.unit. 17...Th nget.i nsin nit °
accor di ng t?me}Feiiat& °Tﬁgﬁ9§?aé‘oﬁ}§fﬁ%a‘ hrent heans ({42, T@B%reg%%’g’f ?aiﬁ’ gﬂ‘fo t he
fixed part éiRtaciméntenean(194]aubyalows Sree dplatempme bf aidsaowsablg pani(10)accor di ng
to claim1, whereby the noveable part (10) and the fixed part (12) are
arranged in the sane plane and nore | ength of the noveable part (10)
projects into the fixed part (12) than protrudes out of the fixed part
(12). 1915.7Fhe megnetic sensingrimitragcerding ta claimdidn hersby (the #tachmepy apeaps, (14ge

m cr Qdevi ce ' Qh &Nali . qoveabl e parts and at each

m)vegbl e palr{ﬁgé% ’gsgi?‘?“ néﬁrﬁa‘g%e(?iagggﬁt@%ﬁ? (1) and at |east one nagnetic
sensor (2). 20. The magnetic sensing unit according to claim1l1, whereby the
magnetic elenent (1) and the nagnetic sensor (2) are separated by a
nmeander - sé) aniR0ngRptid Sbnsidg unithecorigs ¢ chim @ whagby thetmagnenx elementt(0) ame of

t he preceding clainms bei n&apart of a 20 rricrorreghani cal] device, sugﬂ as a
canti| ever ¢ mASREHS FRRSPTeGR A% amanged Witfun Mg, microdeyice suph ithat & mechanic

and/ or mani | ey i ketsiag uhit! 111" 1

LRI Ij%@Cﬁm’llgﬁ%seggﬁ%igéns%r@g?pﬂmﬁeenehReShgced LErrrrrrrrerrerer |
11 1111 WO 01/20616 -21- PCT/1BOQ 01256

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

10 into the fixed part (12) of the microdevice.

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

19. 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).

20. 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.

21. 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.

[T

22. An investigation and/or manipulation device for a sample, comprising

This Sheet Has Been Repla
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a noveable part (10) having a free end with a tip (4), said noveable part
(10) being attached to a fixed part (12); a magnetic elenment (1) having a

magnetic field; a magnetic sensor (2),,5 said magnetic bei ng
| ocated oNV&WH6Mpveabl e part (10) and®5aid magnetic sef‘#séom%?%ﬁ%an sai d
fixed part (12), or said magnetic sensor (2) being | ocated on said

noveabl e part (10é and said magnetic el enent | (a on.said fixed Part (12);
sai d magnet RcMe¥IRIS, Paroll0) haying a drge £ndayita i P et movesble, @amh ¢ I Qbeing egr al

part of sai qm&@@;déﬁyﬁrﬁaﬂqm; 10 said magnetic elenent (1) and said
magneti c sensor (2) being arranged relative to each other such that when

sai d noveabl e part (10) is displaced the change of said magnetic field at
sai d magnet iagnagaetiosleriont (1having eataghétis fipld;use of sai d magnetic sensor (2).
23. The investigation and/or manipul ati on device according to claim 22,
whereby at | east one netic elenment (1) and at | east one nmagnetic sensor
(2) are posPTENEY F*BI{He detection 15 of flexion and/or torsion of the
noveabl e part (10). 24. The investigation and/ or manipul ati on devi ce

accorgling t Qajﬁ|rﬁ&gﬁht?c2gletf{€ﬂr(‘i¥)ﬁeiﬁé 16caRa on! 4R MIREGBRL 1%&51 ﬁ@g%ﬁ’d Said %ﬂagﬁétfc
positioned in the VICII‘]ItfyO the magnetic el ement %’2 25. The ]
i nvest i gat i eepsané@oen paidifized pamt dh2)l v isaid magnetielisengor (2)deangnriogated whesaisby t he

roveabl e pacle (10) oAt s GlealdJhdhobhiE b P bid Skpak ) 11 111111 1T

1111111 IN
said magnetic sensor (2) and/or said magnetic element (1) being an integral part of said

cantilever; and

10 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).

23. The investigation and/or manipulation device according to claim 22, whereby at least one
magnetic element (1) and at least one magnetic sensor (2) are positioned for the detection

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

24. The investigation and/or manipulation device according to claim 22, whereby at least two

magnetic sensors (2) are positioned in the vicinity of the magnetic element (1).

25. The investigation and/or manipulation device according to claim 22, whereby the

0y

moveable part (10) projects into the fixed part (12).

20



