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SEASH TIVITY OF AN ARTI CLE TO MECHANI CAL SHOCK The present invention
*general |y M0 eay®d412/0 apparatus for reducing sensitivity oPCHIB02828§5ticle to
mechani cal shocks and particularly rellates to apparatus for reducing the
sensitivity of a |local probe storage device to nechanical shocks. An
exanpl e of a | ocal probe storage device is described in "The "MI1i pede" -
More t happRXRATUSSEOR REDPUCING SENSITEVIAMNOBAN ARTMCRESTO MECNANICALr et
al. 1BMJournal of 10 Research and D@}% ment Vol 44 No 3 May 2000. The
M| Iipede device conprises an array (SRermal resi stance sensor probes.
Such arrays may be enployed in the detection of the topography of a
surface in applications such as surface visualization and data storage. In
t he dat a Fheprsenapwentier gensraliatedates toappardtusiforresiucingsensitipbigebamy may be

et oct ) Hoabnatg dut haniGL sha s AR Aad Bt B Ebpdrafs L e,
surface agersiRitdios baoea phstiestoradedavicedanecahidahehoekst ace varies. As

described in the aforenmentioned Vettiger et al. reference, the MIIlipede
device conprises a two dinensional array of cantilever sensors fabricated
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el enent t anprises amakray bf theadahgsistahcersensogpropes.cfudvarraysiway bps of  t he

array are brought into .contact, Wth [ 1.Q: di
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force to the filmvia each tip an ip Vvia
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i ndentati on or erein. Each heati nfq el ement al so provides a thernal
read backsensesandibe sudace as thedistance befween the sensor and the surface varies.
As described in the aforementioned Vettiger et al. reference, the Millipede device

comprises a two dimensional array of cantilever sensors fabricated on a silicon
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substrate. Each cantilever is attached at one end to the substrate. The other end of
20 each cantilever carries a resistive heater element and an outward facing tip. Each
cantilever is addressable via row and column conductors. The row and column
{ ‘) conductors permit selective passage of electrical current through each cantilever to
heat the heating element thereon. In both reading and writing operations, the tips of
the array are brought into contact with and moved relative to a storage medium
25 comprising a polymer film storage surface carried on a plane substrate.

Data is written to the storage medium by a combination of applying a local force to

the film via each tip and selectively heating each tip via application of data signals

through the corresponding row and column conductors to a level sufficient to locally
30 deform the film, leaving an indentation or pit therein.

Each heating element also provides a thermal read back sensor because it has a
resistance which is dependent on temperature. For data reading operations, a
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resistance V\:hl ch is dependent on tenperature. For data readi ng operat ?
a.o " -1 FEB 2006 WO 03/021127 PCT/1B02/02865 2 4{ ) heating si gni E%ZUOB
appl i ed sequemd/oralahy to each row in the array. The heati npcwirpmaisss heat s

all heating elenents in the selected row, but now to a tenperature which is
insufficient to deformthe film The thermal conductance between the
heating elenents and the surface varies according to distance between the
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facilitating detection of recorded blts

15 A problem associated with such local probe storage devices is that they are
sensitive to mechanical shocks causing unwanted displacements of the storage
surface relative to the sensor array. Adcordingly it would be desirable to reduce such
sensitivity in the interests of reliable operation. '

20 In accordance with the present invention, there is now provided apparatus for
reducing sensitivity of an article to mechanical shock, the apparatus comprising: a
.frame; first and second planar masses-mounted in the frame for bi-directional
movement relative to the frame along a first axis of displacement; a first lever
pivotable about a first fulcrum secured to the frame; the lever having one end

25 connected to the first mass and ihe other end connected to the second mass, and
the fulcrum being disposed between the ends of the lever, whereby the torque
exerted about thé fulcrum by the first mass is countered by the torque exerted about
the fulcrum by the second mass in response to a mechanical shock applied to the
frame along the axis of displacement such that an article carried by the first mass in

)

30 use has reduced sensitivity to the shock.




pi votabl e about a first fulcrumsecured to the frame; the |ever having one
end 25 connected to the first mass and the other end connected to thd FEB 2006
‘second nmaswo oamzi12t he ful crum bei ng di sposed between t he pergBo2ai2sdshe | ever;
whereby the torque exerted about the3fulcrumby the first nmass is
countered by the torque exerted about = the fulcrumby the second mass in
response to a nmechani cal shock applied to the frame along the axis of

di spl acengy firgtahd E8@dncagsdd a9 dglemr Altdrhativiely, $tie fiiss mdss ridy bse has
reduced sensitivity to the shock. EB 2006, WO 03/ 021127 PCT/ | 802/ 02865

3 The fi rdispased 'Bé‘d?iﬁ@le ﬁﬁé?élélswr?dgd %pla@ﬁﬂ amrthe gecendhmiass ey sughdhe i r st
mass nay ed fromthe second
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generating a magfietic field coaxial with the axis of magne on of the
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ful crum bei ng di sposed between the ends of the second Iever whereby the
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the third mass and the first mass being mounted in the frame for bi-directional
movement relative to the frame along a second axis of displacement in a plane

20 defined by the frame and orthogonal to the first axis of displacement; a second lever -
pivotable about a second fulcrum secured to the frame; the second lever having one
end connected to the first mass and the other end connected to the third mass, and
the second fulcrum being disposed between the ends of the second lever; whereby
the torque exerted about the second fulcrum by the f'irst' mass is countered by the

25 torque exerted about the second fulcrum by the third mass in response to a
mechanical shock applied to the frame along the second axis of displacement.

The first, second, and third masses may be coplanar. Alternatively, the first, second,
and third masses may be each disposed in separate parallel planes each spaced

30 from the others. As such, the first, second, and third masses may at least partially
overlap each other.



25 torque exerted about the second fulcrumby the third mass in response to
a nmeéchanical shock applied to the frane al ong the second axis of -1 FEB 2006
‘di spl aceneWO 0¥9pd1%7i r st , second, and third nasses may be BCPIBNIARS6S
Alternatively, the first, second, and*third masses nmay be each di sposed inu.
separate parallel planes each spaced 30 fromthe others. .As such, the
first, second, and third nmasses nay at |east partially overlap each other.
-1 FEB 200Befenablythexieraid ReEs|ddogirises @Sirat autedtor elemgnt réepopeivertd inpas s
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for generating.a magnetic field coaxial. with the axis of nmagnetization of
the Firet TRGHRLTRFRIY HaHIEE 2R ExR o rirdratzd b aial R INa et S8E Phul ue. bei ng. an
el ect r i waldigplidemnéntidriib difg b66pdrativid witle i firstailsttiidialy Toaanétiva ol Mhdlinted enent
conpri ses cond permanent magnet neans having an axi s .of ‘magneti zation
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paral | el O tﬁﬁérajge Sonaratings mRoRRtiield snrel Wittheaxigolpagatization ohi t h a
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per manent aigfeal chrantfiow in thedissiwsili and the seeqid: astuatayialgment angnprises

el ectrical ' - CQ : WhSi net
reans pr ofpany polmenchtohdbrch esRE FRYNGR| s BemahhzaREh FRRARLITRACC
wi t h | i35e spobrd akiscf displacement aod being cdopefativetwithor sedandidlegideally bet ween
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per mnent the. r;‘)%i 2timulus being an electrical current flow in-the.second coil. The first
permanent magnet means preferably comprises a pair of first p'ermanent magnets
20 disposed with like poles facing each other and the first coil is disposed between the
first permanent magnets, and the second permanent magnet means comptises a
pair of second permanent magnets disposed with like poles facing each other and

1 \_\
-/ the second coil is disposed between the second permanent magnets,

25 A particularly preferred embodiment of the present invention further comprises: a
fourth planar mass mounted in the frame for bi-directional movement relative to the
frame along the first axis of displacement; a third lever pivotable about a third
fulcrum secured to the frame; a fifth planar mass mounted in the frame for

" bi-directional movement relative to the frame along the second axis of displacement,

30 and, a fourth lever pivotable about a fourth fulcrum secured to the frame; the third
lever having one end connected to the first mass and the other end connected to the
fourth mass, and the third fulcrum being disposed between the ends of the third
lever; the fourth lever having one end connected to the first mass and the other end



25 A particularly preferred enbodi nent of the present invention- furtheq FEB 2006
conprises: a fourth planar nmass nounted in the frame for bi-directional
‘movenent r WQAYRE2To the frame along the first axis of dpGpiBacersent; a

third | ever pivotable about a third fSulcrumsecured to the frane; a fifth

pl anar mass nmounted in the franme for bi-directional novenent relative to

the frame al ong the second axis of displacenent; 30 and, a fourth |ever
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exerted adigplaceimenf.ourth fulcrumby the fifth mass in response to a

mechani cal shock applied to the frane al ong the second axis of
di spl acenent. 10 Preferably, the first, second, third, fourth, and fifth

nmasses @I Prefoiabi) He first) 3ot ithird, TBaSh l%ﬁidﬁtﬂ‘ﬂﬁ@é&dar‘erbogmafr rtﬁg?ov.ﬂﬂw the

side of the first nmass renote fromthe second nass nmass
beil/ng nouess beingiReunted i therrame osithe sisle afiiae first sassiramete famxthef r om t he
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masses my e eac | sposed in sep ar ara anes each spaced from 15
t he ot hermasmmgferfromweethmdsmassédtenmtlvemMﬂrstaaeccmd #hictd, fourtty amdsses may

at | east r t econd
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sti nul U5 therotharsi Ag stitle, tbe«ﬁcsiplsemsd third afount, and fiftle nfasse® m@Eyatdeddd t he
first axis '? | di s acerrFl to produce a correspondi ng noverment of the first
mass rel B 99’?\’ lfiﬁ’eeafs ol ong the first axis of displacenment and the
third mass conprises a second actuator el enent responsive to input

stimlus ,&s men |o:1g<9 egrri'i%r, the second mass preferably comptises a first actuator element
responsive to input stimulus for moving the second mass relative to the frame along
20 the first axis of displacement to produce a corresponding movement of the first mass
relative to the frame along the first axis of displacement and the third mass
(o comprises a second actuator element responsive to input stimulus for mdving the
third mass relative to the frame along the second axis of displacement to produce a
corresponding movement of the first mass relative to the frame along the second
25 axis of displacement. Additionally however, in a preferred embodiment of the
present invention, th'e.fourth mass comprises a third actuator element responsive to
input stimulus for moving the fourth mass relative to the frame along the first axis of
displacement to produce a corresponding movement of the first mass relative to the
frame along the first axis of displacement and the fifth mass comprises a fourth
30 actuator element responsive to input stimulus for moving the fifth mass relative to
the frame along the second axis of displacement to produce a corresponding
movement of the first mass relative to the frame along the second axis of
displacement. The third actuator element preferably comprises third permanent



third mass relative to the frame along the second axis of displacenent to
produce a correspondi ng novenent of the first mass relative to the f r ArREB 2006
‘al ong t he wedasne126 axi s of displacenent. Additionally haGviBn/02865 a
preferred enbodi nent of the present iénvention, the fourth nmass conprises a
third actuator elenment responsive to input stimulus for noving the fourth
mass relative to the frane along.the first axis of displacenent to produce
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coil mounted on the frame for generating a magnetic field coaxial wt the
axi)s of niggeel maane preferablycaropiisss painakibivd peryarentmagnets dispesednse to

the 10 ingist 1igd h%%?écihgbﬂgn afhe‘?laﬂﬁttﬁ% ﬂﬂ#db@ﬂrié ﬂﬁgoéé&%’eﬂv&be‘h?}ﬁeft th coil.
The third permhen magnet neans preferably conprises a pair o hird
per manent permanent ndigoptss and thetfouilth ermanend Magnieh meaasicompiiges arpindfe t hird

per manent (ARSI Oe R BaolS st o RBGAGIYs SABAR sl et dricing e
di spostil edikib disposeq bebwedrathierfgurtia pbrmarent neaghetdie fourth 15 coil is

di sposed between the fourth permanent magnets. The present invention also
extends to a | ocal probe storage device conprising: a storage surface; at

| east oneTiw phsehpinvesitsh algo @xtends 1o & lecHl hesbea/stbidgeadelidecdnpridivgy: asur f ace;

A Scanme e Surlacd; af15a8 ona prabs for feading data fom and/or witing data o the S°2"
surface; a scanner for moving the probe and surface relative to each other to scan

20 the probe across the surface; and apparatus as hereinbefore described coupled to
the scanner and one of the storage surface and the or each probe for reducing |
sensitivity of said one of the storage surface and the or each probe to mechanical
shock. The or each probe may be carried by the first mass. Alternatively, the |

- storage surface may be carried by the first mass. |

25 |
The present invention further extends to a probe imaging system comprising: at
least one probe for detecting an image of a surface; a scanner for moving the probe
and surface relative to each other to scan the or each probe across the surface; and
apparatus as hereinbefore described coupled to the scanner and one of the surface

30 and the or each probs for reducing sensitiVity of said one of the surface and the or
each probe to mechanical shock. The or each probe may be carried by the first

mass. Alternatively, the surface to be imaged is carried by the first mass.



-

20 the probe across the surface; and apparatus as hereinbefore descri begp 2006
coupled to the scanner and one of the storage surface and the or each
'probe for mealoszi2nrz? sensitivity of said one of the storageCtuBaesss and t he
or each probe to nechanical shock. The or each probe may be carried by the
first mass. Alternatively, the storage surface may be carried by the first
mass. 25 The present invention further extends to a probe inmagi ng system
conpr i si nd/iewing thepsésanuhmwenbbefrbmamtﬁheicasmt almenerfagewquoadedl,rd ace; a

scanner for q r obe sur ve t.o ea ot her to scan
Than o on dRsRYlg teanAGuBE C et ey e i moligfadl O g ranse Fal e VAR
descri bed rsiatwd ffltheGrdrhe aWéx@%fi d%ﬁf&cﬁfnehh% paw Bﬁﬁ@m?dheﬁﬂﬁmafghetsor each

probe for reducing sensitivity of said one surface and the or each
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mount ed om dureert Fioivtih ¢hevcdih | i ke pol es of the magnets facing each other and

with 5 respective axes of nmgnetization of the magnets being coaxial to
each other and parallel to the axis of displacenent; and a coil nounted on

the frage RerddrEsiments Y88 Spﬁ'é’&n‘f'ﬁ'%ﬁhén will ﬁJWbe%iéﬂ&r‘iEé?i gg v@iiyscﬁ=I aced

relative to the frame in response to a current flowin the

Pr &f er r ed XamOA Al ‘éﬂﬂbfefef@cﬁﬁeﬂ&ﬁcqmﬂﬂﬂfmlﬂgsntbl/\Wbléhdescr i bed by
way of exanple only, with reference to the acconpanying draw ngs, in
which: Figure 1 is a sinplified plan view of an exanple of a |ocal probe
st or age déigure;1 is 8Ssimplifieceplaniviewa obampkamplecdofsi Idealirebe sforagedendoe;ce;
Figure 3 is a block diagram of an exanple of an el ectromagnetic drive unit
for the device; 20 Figure 4 is a graph of displacenent as a function of
appl i edsclrigwa® i arsimplfiodside tviewnaithetdewicd; i ve unit shown in Figure 3;

Figure 3 is a block diagram of an example of an electromagnetic drive unit for the
device;

20 Figure 4 is a graph of displacement as a function of applied current for the
electromagnetic drive unit shown in Figure 3;

Figure 5 is a block diagram of another example of an electromagnetic drive unit for
the device;

25
Figure 6 is a graph of displacement as a function of applied current for the
electromagnaetic drive unit shown in Figure 5;

Figure 7 is a graph of displacement as a function of power for the electromagnetic
30 drive units shown in Figures 3 and 5;

Figuré 8 is a plan view of part of an example of a local probe storage device
embodying the present invention:




Fi gure 5 is a block diagram of another exarrpl e of an el ectromagnetic dry
unit ‘for the device, 25 Figure 6 |Is a graph of displacenment as a funct1 %&2006
'of appl i edwowswzn?? for the electromagnetic drive unit shecwiB0ZioBésgure 5;
Figure 7 is a graph of displacenent a8 a function of power for the

el ectromagnetic 30 drive units shown in Figures 3 and 5; Figure 8 is a

pl an view of part of an exanple of a |ocal probe storage device enbodying
the present invention; -1 FEB 2006 WO 03/021127 PCT/|1B02/02865 8 Figure 9

is a sinplLified plan view of an exanple of a sh?@k resi stance system
" enbodyi ngFigHes gﬂ%gémplifmmgnawwgfmgmrapwfﬁss ckirpgistanca 8ysie®n vi ew of

part of agﬂbgﬁflnﬁ)ﬁ%ﬁ"@seﬂi lﬁrehf?&i" probe storage device enbodying the

present invent Is a sinplified plan view of another exanple
of a shock resistance system enbodying the present invention; 10 Figure 12

i ong | nEgREaI0 Bt eoded iy HarEO SR el o Pl bty e
sect i onal sty @dviddembpayiagthd prasentinveatiors 11 when viewed 15 along line

B-B in the direction of the arrows; and, Figure 14 is a sinplified plan
view of part of yet another exanple of a |ocal probe storage device
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conbi nati o an exanp | ocal probe data storage device corrprl ses a
two di rrenembndylnarth%lpretﬂent:mvenm@ver sensors 10 disposed on a silicon
substrate 90. Row conductors 30'and col um conductors 40 are also disposed
on.the substrate. Each sensor 10 is addressed by a different combination

of Jthe roRigueni2is @cosdtestidnalofiawnf thersystany sBow in Figeree1 hwben viswwad of

col um 25 Ok S: each colum of sensors 10 and one
r ow condu@@ggﬂHé '5‘ 'P%E}g?ﬁ&ﬁ@{?éﬁgﬁ%k Sf sensors 10. Each sensor 10
conprises a S|I|con
Figure 13 is a cross sectional view of the system shown in Figure 11 when viewed
15 along line B-B’ in the direction of the arrows; and,

Figure 14 is a simplified plan view of part of yet another example of a local probe
storage device embodying the present invention.

20 Referring to Figures 1 and 2 in combination, an exémp_le of a local probe data
storage device comprises a two dimensional array of cantilever sensors 10 disposed
on a silicon substrate 90. Row conductors 30 'and column conductors 40 are also .
disposed on the substrate. Each sensor 10 is addréssed by a different combination
of the row conductors 30 and column conductors 40. There are a pair of column

25 conductors 40 associated with each column of sensors 10 and one row conductor
associated with each row of sensors 10. Each sensor 10 comprises a sllicon
cantilever structure of a iength in the region of 70 micrometres and micrometre
thickness. Limbs of the cantilever are fixed, at their distal ends, to the substrate 90.
The apex of the cantilever has freedom for movement in a direction normal to the

30 substrate 90. The cantilever carries, at its apex, a resistive heater element and a
silicon tip facing away from the substrate 90. The limbs of the cantilever are highly
dopad to provide a conductive current path. The heater element is formed by doping
the apex of the cantilever to a lesser extent, thereby introducing a region of



cantilever structure of a length in the region of 70 m cronetres and
mcronmetre thickness. Linbs of the cantilever are fixed, at their diisFE& 2006
‘ends, to twe wswbaeTate 90. The apex of the cantil ever hamctiBeneses f or
novenment in a direction normal to the930 substrate 90. The cantil ever
carries, at its apex, a resistive heater elenment and a silicon tip facing
away fromthe substrate 90. The linbs of the cantilever are highly doped

t o provi déincreasetklettrical resistante tp@uhrentTiey treatgh thel cantilgver.STHeosuTRghtby

dopi ng the a ex of the ntilever to a |l esser exte t her eby i ntroducing
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el ectri calasé@csa@ti%ﬁﬁnﬁ CoRtNictSIR! OnleQF thé' EONATH ddtRIueRIMs id éaf%cteﬁhs the!r T ent
path through the cantil ever extends between the associated row conduct or

and the &88ieven\da apdntgrmediataidiede s Spesiically, threcatbpdenef therdiode bris i s
connect 8d ohAnbdiga 16 Y ddidh'cohlilcP. THY GhEFELIAF dindfigioPls chRGbEHGB/hy. the

cat hode o ode D1s conne um1 conduc Re o
col unm corcdntilever wa; achiveeirceill 60oThéd anodaotf ihlee:l:@de i ancktherinpe to thiecdrive 60.

The anode of i ode D, a the driv Gircu

Connons eq gt i aff, FeaRhit b3 eotREbbndite bW gphdider Vie e hbasBlaBient. The
row conduqherrswdndastors80 csuhdif conductBrs 40, ditkfos and dilwe:\éea(ﬁax@%l@é e al so
di sposed on the substrate 90. The cantil evers are pre-stressed

resi | i ent HgPgsad opie qustfatwoam? caplayqraare afﬁ;ﬂr%%%@dge rewﬁrmyé}l%ﬁ then the

tip isqgr g?gawaglfm tﬁé)s@bsgragggge surface 70 conprising a 'planar storage
mediumin the formof a polynmer |ayer such as a film of

pol et hyI nmet hacryl ate (PMVA) of a thickness In the regl on of 40 nm The -

| to th
g? o)rlggcra medi h@%ﬁ&n'tﬁe?@bé hgb&%gﬁ?&lﬂ) hq's(?&aggQ’af’foca {5 |sln§ %Iﬁéggtn orgge ©
surface 76torage tl'tedlummﬁledoh'ealflarrgalymerlayqtrsmphmﬂhgoh wite current
th h t f t 0 to the 20
I oudh ¢ B Bl R TPAAARS RO B PRSI e S
cant i | dfelayec suseriod by ahullioarsubktratent t o heat up. Heat energy |s passed

fromthe heater elenent into the tip via thermal conductance. The wite
current is selected to heat the tip to a level sufficient to locally

def or m t h@asd isrwm@rsturthaemrage hfedluraw scgmbinadtion bhapplying ef localdbreerber in
ther eg| Oﬂ'ne storagensurfacg %a\y iat C)he tip arqg heatlng th%ailp tl))ye Sgssflr?gug (\j:vnte current
through the cantilever from the corresponding row conductor 30 to the
20 corresponding column conductor 40. Passagé of current through the cantilever
causes the heater element to heat up. Heat energy is passedlfrom the heater |
“element into the tip via thermal conductance. The write current is selected to heat
Y the tip to a level sufficient to locally deform the storage surface 70 to leave a pit 20
therein of a diameter in the region of 40 nm. By way of example, it has been found
25 - that local deformation of a PMMA film can be achieved by heating the tip to a
temperature of the order of 700 degrees centigrade.

The heating element also provides a thermal read back sensor because it has a
resistance which is dependent on temperature. For data reading operations, a
30 heating current is passed though the cantilever from the corresponding row
conductor 30 to the corresponding column conductor 40. Accordingly, the heating
element is again heated,_but now to a temperature which is insufficient to deform
. the storage surface 70. Reading temperatures of the order of 400 degrees



25 that |ocal deformation of a PMVA fil mcan be achieved by heating the tip
to a' tenperature of the order of 700 degrees centigrade. The heati NG 1 FEB 2006
‘el enent al WO 30dMkHes a thermal read back sensor because PGT/EBAZ02865

resi stance which is dependent on tenp#tature. For data readi ng operations,

a 30 heating current is passed though the cantilever fromthe correspondi ng
row conductor 30 to the correspondi ng col um conductor 40. Accordingly,

t he heat i cantigehdevars, forexaggile, inaufficidnt toudeformmatRMBIA filrp bubnevesthatessh i s

insufficient.fo defor t he storage surface 70. R ' t es of the
order of Q’@U'C{?e%chggb%rq—e@e@gz%gmﬁ\mcﬁjgﬁﬁﬁ%%%ﬁ%@é%ﬂ'@éntigrade
are, for eeainy aembﬁﬁaﬁd thed stotadetsuiice 7D varlRyNecbiding tddistaney batvedres s
-provi de acceptabl e readi ng

_ | erformance. The thernpl conductance petween
Phe. ¢ heatertipaing almentand e se3aguriacs facWNFD e tdSOVEBIA A 40
di stance Mﬁ@maypgsps%ggﬁga gg@tsﬁkt%@ma@@mm 70, S Bistaitcbdetvddh thdhen the

tip noves I1nto a e array” i s scanned across the storage
surface 7beatingesldnenband thevstoragersurfase Morduce; Eecmediunbetwees the or age

curface ToediEpmedl Fnd e HBtatE! o FRlel Do s o BRI RGNS 5o 2%
Z 3; $ Zgg ;&eth? ?ﬁ\?ﬁéﬁtg&ﬁi e 7 0. Hodh erahifog betvesarmthedeating eleshant znd

when fhe ti ves in the pit 2 he 10
t enper at u S&ﬂ@%ﬁé’ﬁéf’%% 0 rore ?fh%'%'t‘ﬁﬁ% tip Mevas It &'ﬁd"ﬁﬁ%rﬂﬁt reduces.
Changegp fetmpetaRPs ahd tiforford i FRitamietorthy heathg eiohstiroductseCRANgERN be
monitored, ‘thereby facilitating detection of recorded bits. The

af or ement NdABWeRIYEY ¢idhe goptipHously heatad beating o'epanf cAR be MeRtared vol t age
pul se 1ﬁhte?eﬁmcfﬁfé{ hs%%}‘ﬁbﬂg,f;%rgé@g”gt or 30. Accordingly, a heating
eac

ti
current ows "t hroug sensor 10 connected to the row conductor 30 to
whi ch the heating voltage pulse Is applied. Al the heating elenents in the

correspongy . . LS then
Fend out TS RdHoBlioddiEnas e el 1 pSiGest By REPVED o AEAHGIRaBaLRIE? | |12
array 15 tothe coeadpemting nw abhguciacd0.diacgrdingly, @ heating icptrewt floyvsstbiough. The
array is npyeable relative t he st o e f ' I rallel to
the st orSa exipadd opngde Yo ik rolk ShREIS o B R By A RaB8
cor r esponplilsg i appliddBAll the heating elements in the corresponding row of the array are

therefore heated. Recorded data is then read out from in parallel from the heated

row of sensors. Each row of the array is thus read sequentially according to a

20 rmultiplexing scheme.

The array is moveable relative to the storage surface 70 in a plane parallel to the
storage surface 70 such that each tip can be scanned over a corresponding field 80
of the storage surface 70. Each field 80 can accommodate a plurality of pits 20. In
25 both reading and writing operations, the tips of the array are moved across the
surface of the storage medium 70. In particularly preferred embodjments of the
- present invention, the array is moveable relative to the éto.rage surface 70 via a pair
actuators each acting in a directional orthogonal to the other. In particularly preferred
embodiments of the present invention, the actuators comprise electromagnetic drive
30 units. ltis desirable for such electromagnetic drive units to provide linearity of motion
as a function of drive signal applied and low power consumption.



of the storage surface 70. Each field 80 can accorrrmdate a pl urality _of 200
pits '20. In 25 both reading and witing operations, the tips of the arraJ9
are noved W& BY1he surface of the storage nedium 70., PCIRRMAI8EUl arly
preferred enbodi nents of the presentnvention, the array i s noveabl e
relative to the storage surface 70-via a pair actuators each acting in a
directional orthogonal to the other. In particularly preferred enbodinents
of the pr &eferingho Eigured, antexamplaiat @ electromadnstic drivaunibfargriecalprabe ve 30

e ty SfeRE BPURS o5 elbindhors aSiiisedTRaiocs bertBobLiriah i hove:
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Figure 3, an exanple of a, electro c drive unit for a |ocal probe
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70 and . the substrate 90 carrying the array. The shuttle 120 i s nounted on
a frame 13wtion & theshultlei 12 toiaplpae prraliel toébelswage surtecs. Speeiicaliy; ¢he
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field 10 150 W@deﬂqwfﬁdd th@%@grfbtkﬁﬁoﬁmm@fthé&ha%fbﬂﬁ@ erré t he

magnet 140 are coll'inear with the axis of displacenent 70 of the

shuk t1 e 190llinegravith thecaxis Af %P'a&l?@ﬁnh&&ﬁmeﬁwt@aﬁ% d hecjeoctienoby

reversing dFsB?ac@h’fé?ffH'T@rbaﬁfbeCM/é%@H byl reVeisthg the du‘é@ﬁén éﬁéhrrdn'f‘ﬂBW% #id on, the
force actrn'?éont e shut for "a given current flowin the coil 160

is functi 6@ 50t|ﬁ(9P@|T%HQ§h8@ M%@tmgmtr@o'rhuttiesmz&fm a givemewrent flowoin 15
Du 160 and
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a non | hear ative to
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coi 160 THechBll1gERengas BeteBlpRiadell ARPnER FRfich MpiRERE b " "
drh spl aclerrappliaadﬂmahet:deGOmesemm;ﬂe if the érmmehmzm iedra@ towapisthedoihnay, f rom
t he coi

ol ative B 8a PR G ArIGenInG FAGEBt 10 the ool FH0 BeRaitRt dhi o0
reduction give rise to larger forces and displacements than those present as the
20 shuttle 120 is pushed away from the coil 160. Figure 4 shows the displacement of
such a shuttle 120 relative to current flowing in the coil 160. It will be appreciated |
that this non linearity in performance is undesirable because it leads a

corresponding non linearity in power demand.

25 Referring now to Figure 5, in particularly preferred emb.odim_ents of the present
~ invention, the aforementioned non linearity is overcome by mounting a pair of similar
permanent magnets 111 and 112 on the shuttle 120 and positioning the coil 160
between them. The magnets 111 and 112 are mounted on the shuttle 120 with their
.maghetization directions 141 and 142 opposed to each other but remalining coaxial
30 with the direction of magnetic field induced by the coil 160. Again, the coil 160 is
‘mounted on the frame 130. As will be described shortly, in preferred embodiment of
the present invention there are two such electromagnetic drive units each operating
~ in a direction orthogonal to the other. |



that this non linearity in performance is unde5|rable because it |eads a
corrésponding non linearity in power demand. 25 Referring now to Fi gurleFEB 2006
in particuw@ugyeeferred enbodi nents of the present i nRGEIBOH)286She

af orementi oned non linearity I's overcBre by nounting a pair of sinilar

per manent magnets 111 and .112 on the shuttle 120 and positioning the coil
160 between them The magnets 111 and 112 are nounted on the shuttle 120
with their nagnetization directions 141 and 142 opposed to each ot her but
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torques0acting out of the plane of the device. 10 In operation, when a
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shuttle 120. by application of current
to the coﬁrea@l?d ffqre tn%cwhé?»%ata@rebu paqqqcéraﬁw@pia&ﬁa@nagf theeshydle 1R3-ween t he
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force resulting from the increased distance between the repulsed one of the
magnets 111 and 112 and the coil 130. The arrangement is symmetric so that if the
current in the coil 130 is reversed the equivalent magnitude of force and
20 displacement are generated in the opposite direction. Figure 6 shows the
displacement of such an arrangement as function of current applied to the coil 130.
Referring to Figure 7, an additional advantage of such arrangements is that the
power required to attain a given displacement is significantly reduced in comparison
with the aforementioned single magnet implementation.
25 |
Referring now to Figure 8, in a preferred embodiment of the present invention, there

is provided two shuttles 121 and 122.

Shuttle 121 is connected to the frame 130 via a pair of parallel members 101 and

© 30 102. Similarly, shuttle 122 is connected to the frame via a pair of parallel flexible,
members 103 and 104. In operation, members 101 and 102 permit translational
movement of shuttle 121 relative to the frame 130 against a resilient bias in a plane
defined by the frame 130 along an axis parallel to the plane defined by the frame



20 di spl acement are generated in the opposite direction. Fi gure 6 shows t he
di spl'acement of such an arrangement as function of current applied toTthS 2006
‘coi | 130. wWeeea2ti2hg to Figure 7, an additional advant agePGHIBOQ01865
arrangenents is that the power r.equi A®d to attain a given displacenent is
significantly reduced In conparison wth the aforenentioned single magnet.

I npl ementation. 25 Referring nowto Figure 8, in a preferred enbodi nent of

t he presemEOispmﬂdadjyg meimbees 10tapd 402 deel flovbleshunadvemen2in the@lar®2. Shuttl e
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permt translational novenent of shuttle 121 rel atl ve to the frame 130
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f tted t (N
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menber §01B8dmpaRéht'd anafibstroradritiic dNYIMRH020 s érdinbleford Hbsémdedf ihve to the

frame 130 in either direction al on?l the y axis such that shuttle 121 is.
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thin th
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shuttl e 1mbveshuttiecid1 againstdhelblagdmpoesed bythe meambars d@1oand he2 aloagdha 30.
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t he coil move nst e menbers 101
and 1025abamenttflosy inythaxolk. The rmverrent can be in either direction
depending on the direction of 15 current flow In the coil. Simlarly,
menbers 103 and 104 in operation permt transitional novenent of shuttle
Similarly, members 103 and 104 in operation permit transitional movement of shuttle

122 relative to the frame 130 against a resilient bias in a plane defined by the frame
130 along an axis parallel to the plane defined by the frame 130. However, the axis

20 of pemitted movement of the shuttle 122 is orthogonal to that of shuttle 121.
Members 103 and 104 are flexible for movement in the plane defined by the frame
130 but inflexible in directions extending out of the plane defined by the frame 130
so that movement of shuttle 122 out of the plane defined by the frame 130 is
inhibited. In the interests of simplicity of explanation herein, the axis of permitted

25 movement of the shuttle 122 relative to the frame 130 will hereinafter be referred to
as the x axié. The bias imposed by members 103 and 104 acts against movement of
shuttle 122 relative to the frame 130 in either direction along the x axis such that
shuttle 122 is biased into an equilibrium position central to a range of travel defined
within the frame 130. The permanent magnhet component of an electromagnetic

30 drive unit 201 as hersinbefore described in mounted on shuttle 122, The coil of the
drive unit 201 is mounted on the frame 130. In operation, the drive unit 201 Is
actuated by supply of a current flow in the coil to move shuttle 122 against the bias
imposed by members 103 and 104 along the x axis. Again, the movement can be in -
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by the frame 130 along an axis parallel to the plane defined by the‘frEEBeZUUB
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by a pair tgv]:/a d%ran equnllbrlum posmonrrgentral ?o a range of travel defined by the yoke 220
- and the frame 130. Members 107 and 108 are flexible for movement in the plane
* 20 defined by the frame 130 but inflexible in directions extending out of the plane
defined by the frame 130 so that movement of shuttle 121 out of the plane defined

) by the frame 130 is inhibited.

Shuttle 121 is coupled to the substrate 210 via a lever 241 and struts 251 and 252.
25 Similarly, shuttle 122 is coupled to the substraté 210 via a lever 242 and struts 253

and 254, Lever 241 Is pivotable about a fulcrum 232 secured to the frame 130. A

pair of resiliently flexible members 261 and 262 define the position.of fulcrum 232

relative to the frame 130. Likewise, lever 242 is pivotable about a fulcrum 231

secured to the fréfne 130. A pair of resiliently flexible members 263 and 264 define
30 the position of fulcrum 231 relative to the frame 130. Members 101-108, struts

251-254, and members 261-264 are substantially resistant to tensile expansion and

. comprésslon. However, members 261-264 are resiliently deformable to facilitate



15 and 108. Menbers 107 and 108 permt translational novenent of the
substrate 210 relative to the yoke 220 along the y axis and in a pl aneFER 2006
‘paral l el twaés2annat defined by the frame 130. The substPET/BI20IB6S S
resiliently biassed by nenbers 107 and 108 towards an equilibrium position
central to a range of travel defined by the yoke 220 and the frane 130.
Menbers 107 and 108 are flexible for novenent In the plane 20 defined by

t he frame ph@ting of thendédreesipohdinigrieviirs 241 iand242xabed theycaraspohdingdulptums

defined by tlhe f,ﬁf@ge 130 so that novenent of shuttle 121 out of the plane
defi ned «g me 130 is inhibited. Shuttle 121 Is coupled to the
substrate 210 via a lever 241 and struts 251 and 252 25 Simlarly,

shuttle 122 is coupled to the substrate 210 via fe er 242 and struts 253
and 254. IRoperatian, dl§pla¢%951b¢fesfwmﬁﬂ21auwcen eptyatomel die iRt he f r ane
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232, In operation, displacenen uttle %n actuation of drive unit

202) I's 5 deapreing cadhe élre@tmo fdigplageraent af stzsﬁe nfRigtivertg the frameo1Ba. | ex in
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Lever 241 pivots a out In resp e to suc | ace nt The
transl ati @nial in gésponge é@dwplawmem of shlu;tla_.221 rMemhet;@ @bandghd08 flamn theo is

thus 1 a0 lealoaibeiyBhbying Hefid P83lo HARACENE oh Sk MUGmadl  The

rotatlona ever urn co nicated to the 10
substrde 210 by strut 252. Specifically, strut 252 pulls or pushes the

substrate endi,n t he di.recid 0 | . shuttle 121
relative {%%Swgﬂsﬁ’aﬂ%&'i%gnﬁﬂémglh[?sq'#a‘?ﬁ;orﬁﬁg#@oﬁ ﬁfj@%p‘@w@éég relative to
t he yoke &aﬁstinlttddte lelrer @eiRi byrstnit %HeMymmxS $03 anddopdlexdn the planes détheedrent
of shuttl % %he frame e‘C)rtsc') alc%gmarqugdajfe such g)élslprl]aée%ent Lever 242 pivots about

fulcrum 231 in response to such a displacement. The translational displacement of

20 shuttle 122 relative to the frame is thus translated into a rotational displacement of
lever 242. The rotational displacement of lever 242 is in turn communicated to the
substrate 210 by strut 253. Specifically, strut 253 pulls or pushes the substrate 210
depending on the direction of displacement of shuttle 122 relative to the frame 130.
Pushing and pulling forces imposed on the substrate 210 via strut 253 are

25 communicated to the yoke 220 via members 107 and 108. The yoke 220 and
substrate 210 are thus displaced in the direction of the x axis relative to the frame
130 in response to displacement of shuttle 121. Members 105 and 106 flex in the

-plane defined by the frame 130 to accommodate such a displacement.

30 The yoke 220 permits independent movement of the substrate 220 relative to the
frame 130 in orthogonal directions parallel to the plane defined by the frame 130
under the control of the drive units 201 and 202. This enables the storage surface
70 disposed on the substrate 210 to be moved relative to the array thereby



pl ane defined by the frane 130 to accommpdate such a displacenent. 15 In
operation, displacenment of. shuttle 122 upon actuation of drive unit.2 q:’lEB Zﬁﬂﬁ
‘transmtteWwa@/oueer 242 by strut 254. Menbers 103 and 10ec1iBexoises t he

pl ane defined by the frane 130 to actormbdate such a displacenent. Lever
242 pivots about fulcrum 231 in response to such a displacenent. The

transl ational displacenment of 20 shuttle 122 relative to the frame is thus
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frame 130, Pushi ng pulling forces inposed on the substrate 210 vi a
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axis relative I'n response uttle 121.
Menber s 19dbsirate a@dgithe x axis |smethqo¢thaedlmuoned by. the frame 130 to
accommodat e such a di spl acenent. 30 The yoke 220 permits | ndependent
novenent of the substrate 220 relative to the frame 130 in orthogonal

di r;act : onShuwr';ealljzhebubsﬂrat?ew,l I?va %{Hf , fuledinb232,end tf@mfﬁﬁg)sttrmw%ﬁ dﬁéﬁf
contro e, dr.i ve . uni an napl es the s e surface
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arr.ay to be 'scanned over the storage surface as hereinbefore described. It

wil) “be aphstiEte2io and e ppsiion atiiarumizoe alenathe langihcof levar@4{ istishdhaing t he
y axis, U 1GRTISERRAN WhoBaue By Bhuftle mﬁmﬁ%&ﬁwa@%ﬁ@ﬁ&d Byfhey aXis

is in the opposi noves 1°’n one 5

di r ect i ontusiiog gnamentimpesed by thensuahratrate 2@ about, fulchem @82r espondi ng novement

of the substrate along the x axis is in the other direction. Shuttle 121,

substrate 210, |ever 241, fulcrum 232, and connecting struts 251 and 252
col | ec1$ v8inyilaklyy shudtld 3122 rsubstrate Z't(alybke 2820,1ever 242, fuieduns®®tlkand n t he

Ly ot e lnabfod B 289 A PER R el e BPBS B obBhenst, o
f ul cr um 2&idcks dmthet dimction 9f theot akle.\@pediﬂbhlly,uhé nmidwstof shuttle 122 is selected
| relative to position of fulcrum 231 along the length of lever 242 and the collective
mass of the yoke 220 and the substrate 210 in combination such that tuming
20 moment imposed by shuttle 122 about fulcrum 231 is balanced by the tuming
moment im'posed by the combination of the substrate 210 and the yoke 220 about
~ fulcrum 231,

It will be appreciated then that shuttle 122 may be more massive than shuttle 121 to
25 compensate for the combined mass of the substrate 210 and the yoke 220.
Altemnatively, the position of fulcrum 231 relative to lever 242 may be different from
the position of fulcrum 232 relative to lever 241 to achieve a balance in turning
moments where it is deslrable for shuttle 121 to have a mass similar to that of
shuttle 122.
30 | |
The balance in turing moments between shuttle 121 and the substrate 210 reduces
the sehsitivity of the device to translational shocks in the direction of the y axis.
Shocks applied to the substrate 210 along the y axis are counterbalanced by shuttle



the turning nmonment inposed by shuttle 121 about ful crum 232 is bal anced by

the 'turning nonent inposed by the substrate 210 about ful crum 232. 151 FEB 2006
‘Simlarly, vehoyeier122, substrate 210, yoke 220, |ever 24BCT/AR0202865n 231,

and connecting struts 253 and 254 coltfectively form a bal ance resistant to
transl ational shocks in the direction of the x axis. Specifically, the

mass of shuttle 122 is selected relative to position of fulcrum 231 al ong

t he | engt h20lid lever 2% andide veesac dMdre gpecificallyni andmpulsiveytedre|@Rhabfoica he

bstrate, 210 ,j nbi ti h that, t ' 0 t ttl
155 about i aMRIIEES S dpdcs Boad ER visks netthet dfecgonnbRB ot ARaBEd 2 erithe | ©
conbi nat i gip Sibstiacs SYO I B Bcdelératatflintthe siMeadirbéflonI9ewevdriiherresultant. |t

will be appreciated then that shutt|le 122 ma\éﬂtae nore massive than shuttle

121 to 2braeepexertadby shutiled2d angithe subsisie ol 0onduleimyy 232t ePPesg e26h t he
yoke 220Q. L-WE 04 f r | afid r 242
vy be- 8 Pisr EAHeEE olinpe bR 1O The WifinGmoriat (PG 2 RIANE bLRKT 170,
achi eve a2Balissulstamtislyequalgo the terning méraest oftthé subistsate i0crelative déhut t | e 121
to have a_nass aézﬂilar to that of shuttle 122. .30 The bal ance in turning
moment s bEIGUBN2¥ut t1 e 121 and the substrate 210 reduces the sensitivity
of the device to translational shocks in the direction of the y axis.

Shocks applied to the substrate 210 al ong the axi s_are counterbal anced by
shuttle V\%k@w}-‘@ﬂ@balﬂw I@UE’)'O@BH’S"G'W*)&WGG&B %tzﬁgﬂdmw@ 0241 and

vi ce vepSaariRf the BESStFHtS 2410 YodudesaRe bEmMHivity \tR thd a8wtatd Bamdlaticiate s

applied to the“device al ong# the y axis In efther direction, then both
shutt | e 1shocksdn thedirectipstatshe x2Xis. Ghpeksrpplied de thayake 220 apdoEane

directiong, UL ' ' d th
9 2CL Ny s ASSUSRl cAHANERRBATEYSARY BRI fod L 1
t he turni Mprespecitically, i lanfilpalsh2iranslationaldotas it @ppliedrio theXavicesalong thet i al | vy

col Lo, K AL PRIBL R i e 122 PR L £ ottt 222
220 1Q5cwqilriye agedlidvatediingthe samelditbctionlUdmsovdnctheaasiltant tdrjues exértedlieyi ce to
translati 81neaéhuttle 122 and the combination of the substrate 210 and yoke 220 on fulcrum
231 oppose each other and hence cancel out if the turning moment of shuttle 122
' relative to fulcrum 231 is substantially equal to the turning moment of the substrate
210 and the yoke 220 relative to fulcrum 231.
20 |
It is desirable for the levers 241 and 242 to be of negligible mass relative to the:
masses of shuttle 121, shuttle 122, yoke 220, and substrate 210. It is also desirable
for the tuming moments of the ends of lever 241 alone about fulcrum 232 to cancel
each other out in the event that an impulée force is applied alorig the x or y axis.

25 Similarly it is desirable for the turning moments of the ends of lever 242 alone about
fulcrum 231 to cancel each other out in the event that an impulse force is applied
along the x or y axis. In particularly preferred embodiments of the present invention,
the shape of levers 241 and 242 are selected so that their centres of mass are the
corresponding ones of the fulcrums 231 and 232. This provides enhanced shock.

30 resistance.



shocks in the direction of the x axis. Shocks applied to the yoke 2204
“and/ or substrate 210 along the x axis are counterbal anced by shuttle E%ZUUB
‘and vi ce vaveas/o21igbre specifically, if an inpulsive transpet/ipanaise orce is
applied to the device along the x: as8s in either direction, then both
shuttle 122 -and the substrate 210 and yoke 220 15 will be accelerated in
the sane direction. However, the resultant torques exerted by the shuttle

122 and t Struteo2®1-284 ipprmitievdie24 At 242 esilitlosa il s0d @22 Abl@pdo)lapjum 231
oppose each, ot her .and hence capcel out if the turni ngermrrent of  shuttle i22

rel ative SUb§IAtRLIMIoHe Gollapsacsinicelpsd ppxirgitalo qash ¢aek Hierehyrefang of the
substrat eth@%ﬁmygg.,é/gg@cgﬁje}oq?]oﬁm Mgtiéﬁfﬁggﬁg,%_zm. 20 It is desirable

for the |overs 241 242 to of negligible nass relative to the nasses
of shuttle 12 1, shuttle 122, yoke 220, and substrate 210. It.is also
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t he shape of levers 241 and 242 are selected sgo that their centres of nass

are the &bpr3pSilady, dMeis comnepleditathe ather ond of HiedeyerB30iviaa rudddes
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Struts permt |evers 241 a 2, shutt and 2, yoke 220,
and subs860. Sinlady M 1lie comnacigbtathe fever 880 by stiub 60at a distarcecof dt from
t hereby r ' : ' BARY ' ' ' tion and
shocks. 5 ;ﬁ'é/\(g?/mbmﬁ ﬁr%?) ﬁéé&éé?)‘#’ﬁ‘r?ai?rhggog%gde%@ra gl |@§E}£%g%§ﬂ%g ystem
enbodyi ngbidsse menevars 320v 8imilasly, ki2lis comvedbed tictherfidmeal 300 via a pairef ence to

e oaalRaBhLABR baNSrs BTSRRIt Y ittt oo
ML is gontirebed members 3200 Eathohthd galsrof 3démibes 310 and 820 #Sibxibke fard arly, M2
connect edbFOraqenAvareTBe BRI 1R aesnsiaed Ballelt BR8N BPRRS from the
ful crum  perpendicular to the rotational axis of the fulcrum 340 and inflexible to movements
- out of such a plane. M1 and M2 are therefore free for bi-directional translational -
movement along parallel axes y1 and y2 respectively in a plane perpendicular to the
20 rotational axis of the fulcrum against the collective resilient bias imposed by
members 310 and 320. It will be appreciated that M1, M2, lever 330, rriembers 310
and 320, and struts 340 and 350 may be coplanar in the interests of minimizing
thickness of the balance system.

25 If the masses of lever 330, strut 340, and strut 350 are individually and collectively
| negligible in comparison with both mass M1 and mass M2 individually, then the
system is balanced when the turning' moment associated with M1 about the fulcrum
360 is equal to the turning moment assoclated with M2 about the fulcrum, such that:

30 M1d1 = M2d2 (1)

Thus, an impulsive translational force applied to the system in either of the two
directions parallel to axes y1 or y2 accelerates the masses M1 and M2 in the same



360. Simlarly, ML is connected to the |ever 330 by- strut 350 at a disl%ncé
of dI from the fulcrum ML I's connected to the frame 300 via a pair o# b
‘paral | el rwsidsioentty biassed nenbers 320. Simlarly, M BCI/B@M286st ed to
the frame 300 -via a pair of - paralleld resiliently biassed nmenbers 310 of
simlar dinensions and properties to 15 those of nmenbers 320. Each of the
pairs of menbers 310 and 320 is flexible for bi-directional novenent

agai nst t HigectB0 EoWeodr, ties rdguttant tb'rqmsieixeaeqbbwthae masseehdi and M2 dro t he
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are individua and col l.ectjv ne ar th.bot

ML and madait@p *%Fﬁif“?ﬁfﬂ[?aﬁﬁp"bFﬁé% ?’ﬁ‘@ibl%'ab ﬁ?q @@'&Hﬁﬂ@éig&ﬂ'\émmwm??%r g?ﬁ;
nmoment  asgPheadtREr ¥f rhlsdds P ARH NI GiafltHe fverB38aAditie wmasb@s ai@e turni ng
nonent associated with M2 about the fulcrum such that: M2d2 (1)

30

Thus, an aﬁ?ﬁlﬁ@ﬁ%mt(?nﬂ%ltatdir@ﬁtéﬂ“sf bhes bodpmasses Mrand M?sqr%ﬁiﬁpfﬁcéﬂt"ﬁm of
the t y2 accel erates the nmasses ML and
MR 120, FesioREH B IRAIER06 1 OB TMandts, Y2 000 Bt € o it aet: on.
However, t he resul tant torques exerted by the masses ML and M2 on fulcrum
360 oppos s the
case wher Z‘st%%g#é%tt%?éd eérz §‘nﬁn P@é&ﬁg?léﬁﬁuﬁﬂ £ ﬁj%n cankétP eacﬁm E)é'? SO0
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moveable in two orthogonal directions within a plane defined by a frame 130 and a

pair of shuttles 121 and 122 each counterbalancing the substrate in a corresponding

one of the two directions. However, the present invention is not limited to such

20 arrangemehts. For example, referring to Figure 10, in another embodiment of the
preéent invention, there is provided a local probe storage dévice comptising four
shuttlés 400-430 each coupled_ to the substrate 210 via a corresponding one of four
levers 440-470. Each of levers 440-470 is pivotable about a corresponding one of
four fulcrums 480-510 secured to the frame 130. Shown in phantom is the yoke 220

25 to which the substrate 210 is connected via parallel resilient bias members 520 and
530 and to which the frame 130 is connected via parallel resilient bias members 540
and 550. As hereinbefore described, the bias members 520-550 permit movement

" against a bias of the substrate 210 within a plane defined by the frame in orthogonal
directions x and y but prevent movement of the shuttle out of the plane. Each of the

30 fulcrum 480-510 is centrally disposed on the corresponding one of the levers
440-470 relative to the connections to the corresponding one of the shuttle 400-430

“and the centrally disposed substrate 210. Thus, if the substrate 210 is of mass M
and of shuttles 430 and 410 is of mass M/2, the_h the device Iis balanced against and



accel erated i n opposite directions. Thus, both masses ML and M2 are
di splaced wi'th 10 respect to the frame 300 In opposite directions.~ AEEB 2006

‘denonst r at ggo esedi1i@r With reference to Figure 8, the genepel/sigsisesn

herei nbefore described with referencesoto Figure 9 can be enployed to
provi de shock resistance in devices having an el enent nounted for
controll ed novenent in a orthogonal 15 directions contained In a comon
pl ane. | n hércerdsistantadoimpiilse ferces epplied alongtia xoaxis Meindlarteif theeshlitey | bed
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corresponding one of the two directions. However, the present invention is
not |im teSyramelicahinteras phdighibbton of masses.dhp pensitivdysf thengeviee 1o gure 10,

i n anot her (bRl FRRibn hdishBekLisSrifithizegvention, there is provided a |ocal

probe storage device conprising four Shuttles 400-430 each coupled to the
substrate 210 via a correspondi ng one of four |evers 440-470. Each of

480-510 5ol PES RSN Sl Ragor iR RORPGes Pesciinec it rosdighse ™ o
whi ch t he wUkighiests; 924Ad 119, thenesdescary ioarmaainl thé intefdstd SMhinkhdgrenber s

520 and 530 .and to which the frape 130 | s connected via parallel resilient
bi as. menbelickBREs. HeweusEdhe Atesat nviepten lsequally. ppplicgble toesystonas inenish s

520 5501@%6‘%%&%&%%%@&@1}%&3%%? pmé‘??é?ﬁ“ﬂ% ﬁ@a@%ﬁé&?ﬁﬂﬁs‘fﬁé ma'%sé‘s p! ane

defined by the frane in ort t prevent novenent
of the shuiothessunarpesed ereope anetherdhereby further reduding thewsansiivity obsuch

central | yﬂ%s?&fﬁ RS r R Ir{AP s GRS SR F&lu@f?@ %ﬁa%ﬁ%ré%ﬁr%xﬁﬁ@kﬂi%&ﬁﬂit lve

to the connections to the correspondi ng on I"e d the
centrally tgiFdgeresd 1s 18 sinddiSan zombirwtion, ah exampleseftssich at sysgro embodiingass M

o0 o Pyt Bibiea TBE e ekl A B p8atstell 0557
i npul sel§ ootbes Maxs| 6 s alonnectotito & franes64Gviaid pait yf, parklldlresiliénttrhdrabers4 00
o 420 g iugh, e AR Sothesint o B ARSI P R ol eRle T
devi ce i s mymiets 666 Oparati®r obthefpaits Df rédiient bnibers BS0&Md BalEssensi tivity
of the de'vsiu%%te}n?ially as hereinbefore described with reference to Figures 8, 9, 10. Mass 610
Is connected via a strut 680 to one end of a lever 620 pivotable about a fuicrum 630
20 secured to the frame 640. Similarly, mass 600 is connected via a strut 670 to the
other end of lever 620. In operation, an impulsive translational force applied to the
system in a direction parallel to the y axis accelerates masses 600 and 610 in the
same direction. However, the resultant torques exerted by masses 600 and 610 on
fulerum 630 oppose each other. If the torques are equal in magnitude, which is the
25 case where the equatioh (1) is satisfied, then they cancel each other so that there is
no displacement of masses 600 and 610 relative to the frame 640. However, if a
translational force is applied to only one of masses 600 and 610 only, then the
applied force is communicated to the other of masses 600 and 610 via the lever 620
and the two masses 600 and _6'10 are accelerated in opposite directions. Thus, both
30 masses 600 and 610 are displaced with respect to the frame 640 in opposite

directions.



5 rotational notion and shocks is minimzed. In the enbodi nents of the
present invention hereinbefore described with reference to Figures-~4, FEB 2006
‘and 10, thwmeﬁﬁre coplanar in the interests of mni rrp@mmz/oigbs ckness.
However, the present invention-is equally applicable to systens in which 10
the masses are |located In parallel planes. This advantageously permts the
masses to be superposed on one another, thereby further reducing the
sensitivi tBefefnrgmbwtcs[f@uethm armbdification ofsthe gksferad emtsodimedtiof thg surface

F f t o,Fi 1, .12 3 i nbi
xampl e oSSR iaveriBh Hareiteials HescHong yiltietronsa in FEns 8BRS PERS  par
- of masses HPOarinshififies wpahaqeecar@lans%@ad w?%nermam@ Soded] GrPBRSCL ed to

a frane 640 via a pair of paral resilient menbers 0. Simlarly, nass
600 i s corpiethargltvdll bﬂ@pprmedﬂwtéh@@mngemntomratasssuhstantiallmsmers 660.

Oper at i ntially
as hereﬁb’?%lbggfggggé?%ﬁgg wﬁ% é?ée‘rﬁ{gﬁﬁe i?%b%&@ﬁ%&ﬁfeaﬁp@éeg 610 |Is
connect ed Again,yssupsrp@tiy the mmstratuﬂtﬂ and shutde 122Gl 122nathe sehbsitivityeof
fulcrum 630 red..t o fra Simlarly, mass 600 is connected
via a st rﬁﬁe égtﬂ'%ggg{ﬁgﬂ&bﬁ'm&%,ﬁ' g%srreéigs I% operation, an inpulsive
transl ati onal force applied to the system in a direction parallel to the y

axi s accel er.at es sSses 6 and 610 in th di rectl on. However, the
resul t ant BEHgyEIY W@Qtﬁ we&@gnmloaﬁwrem efgre P%ﬁr@ﬁdrﬁ"ﬂ%@fﬁiﬂbﬁ%e each

other. 1of 16 PFRydr8'8I465arid ¢4 %H%uh@sﬁ&iﬁa‘b@@lonw&ﬁ akid ér@%oaéleﬁ%ﬁl%cﬂﬂer e

the equation (1) Is satisfied, then they cancel each her so that there is

no )i spl adethsslkstraieddeweeuoit a’ﬂlcb%ﬂm)fﬁélaéﬁd that,tip othes embnﬁmem of thevef/er
f t
o L2 BRATEASSE 19 ARG RibvbanBTng B PR e BRI 640

and 610 V|sabsﬂnetelmthe Bie. Inihe amizodimentreftheprésent im@nan harankzaford er at ed
I n opposi 3 di ed W th
respoct -t SeeRIBEF e Rlars R o FRIY 8. torRiE 1t 385 Bidad fa 8 BPeRos. 1oy
PCT/ | B3/ @&h8& suBstratef2i0; Hogveneryittvall Begippeecﬁa(led lthivatawmderf embbdiaterts of he
preferred,enmpodi t of the resent venti o bef descrihed with
reference tQ%pﬁs&Hf @‘Vé',‘“qfhé“% ﬁ&@f maype @%teg ntg' Lﬁ“ﬁF@%t f%f Mtﬁ fk?bboﬁ e
di sposed iapprsviatbd ehatphe pessept POERNISIER euaiapplicable to storage devices in '

which there is only one sensor scanned over a storage surface 70. Simllerly, it will

" be appreciated that the present invention is also applicable to imaging systems in
20 which one or more probes for detecting an image of a surface are scanned across
the surface to be imaged. '



e
anot her It wll be appreciated that this arrangenent ‘operates
substanbl,.@lzbm@@ﬁ her ei nbef ore described wth reference to Figure 11 fHBozaas
‘both the X and y axes. Again, by supempqQsing the substrate 210 and shuttle
121 and 122m the sensitivity of the device to rotational notion and
shocks is reduced. In the enbodi nents of the present invention hereinbefore
described with reference 10 to Figure 8, 10, and 14, the shuttles noveabl e
al ong the x axis are coupl ed di r EWCLAIMS1e substrate. However, it will be
appreciated that, In other enbodi nents of the of the present invention,
the shuttles noveable along the x axis may be coupled to the substrate via

the yoke. |DAEﬂS@a&J@H@dtdﬂi@Bhg@Enilfhﬁtyﬂﬂ%ﬁ@iﬁclda w/eetharicd 8he¢k) Bed apFaratus
descri bed wit referers}ce to Fi 8ure , 10, and 14, the storage surface 70 i s

| ocatfedeormprising: Rdramedirstand seegnd piaiaq @assqs moginted Hb‘h&ﬂfﬂ*% ofthlgireetional i n
ot her %Bo&h@mb@wé to %E‘?rd?rﬁéaﬂeﬁ%a'fﬁ‘é‘t@?dé ar&sdia@n%rnﬁeyf.@ﬁbév&eplb&s%ed on
the substrate 210 al so appreci ated that present 1 nvention
i s equahayt afipst |f%'ﬁ'[§l"és?%"§¢ ta thgdramsiithelevephavijg ene @'I‘fé?@ﬂ%tﬁﬁﬁpyh@ fiest sensor
Scanneqnayesndihdtdhetdhdddnhased {9 theddEohaeds, drd mb'fmcrm 7 b8P IdRepcaLAd | hat

the present invention Is also applicable to imaging s i ch one
or nor detwedretherands ebthelevery Waﬁrq%@@t%ﬁ%e@meﬂaﬁ@@uw@ fyl@ambu tlm:ﬁnsss t he

Surflﬁcemé& iQ%obﬁ‘@%dby LR EE&:QQ%ﬁucr&% d}}ﬁﬁ%g{;@&d\ﬁg appar 84 for

reduci ng sensitivity an article to ani cal

conpri 40 ngnec,hanmwaom.apmlecémhgé@mmalpn@mamm@stsplmmmucmthanenf r arre
Ijors)pbl a?il*c{lt?gér’rlga?:}' thé‘??t‘é?m%% irf &é@ﬁéﬁ«%ahe%& §1§1s tl'i/WFo ﬁlb%ﬂ?gﬁ &&Hé@e&% Aﬁ? o the
frane: sen@‘gg;j ,_?mptlmﬁih@c%ﬁéf elemea&te@aom%vqmnwtrs@mulusdgswmguha ot her. .
end Cog Sic ;ajé@rél&iﬁ,e%swéﬁﬁam%ngans ak@%fhi&b%@ﬁ%ﬁﬁio[}ﬁo&'% Sed” between’
the ends of the

ever; where X he torque exerted ul crum by the
firds ecorraspending mevepentad thy firhmass reiliveds the fsama sdang theaxisef cr um by t he
secondgPfazeimBnt.esponse to a mechani cal shock applied to the frame al ong
t he axis of displacenment such that an article carried by the first. mass
j n use has reduced sensitivity to the shock,.and wherei n the ";second;hia‘
conprises an actuator elenen iresponsijte "to;dnput stirijUias fog noving
thecI sgcond Appastiy & elhinved In@ldimme!, whpain el dritsevohd nitfsses ar esptarmnt to
produce a

20 3. Apparatus as clalmed in claim 1, wherein the first mass is disposed in a plane
parallel to and displaced from the second mass.
4, Apparatus as claimed In claim 3, wherein the first and second masses at least
partially overlap each other.

25

5. Apparatus as claimed in claim 1, wherein the actuator element comprises
permanent magnet means having an axis of magnetization parallel to the axis of
displacement and being cooperative with an electrically conductive coil mounted on the
frame for geherating a magnetic field coaxial with the axis of magnetization of the

30 permanent magnet means In response to the input stimulus being an eleétrlcal current flow

in the coil.




15 correspondi ng novengnt of the first mass relative tgthe frame along the
axi's'of displacenment. 2. Apparatus as clained In claim1, wherein thf

‘first ansHgsspandzgesses are coplanar. 20 3. Apparatus as clai med | i 1ckESi 2606
1, wherein the first nmass |Is disposed i 38 pl ane parallel to and displ aced
fromthe second mass. 4. Apparatus as clainmed In claim3, wherein the first

d d { | east tiaLl h other. 25 5. t
e clai Ned 1 At 25 Sikae s ERES o giiRbe Bedamnt awraet mesns pomrprisesa

nmagnet pako$ pbanamgt aiagAsisisiosed Wi Iiké%idlémaaﬁ? ?Ihélg Ibf'i/e? g}o-,ﬁ m%ﬁ,i@goi -

di spl acerrent?fzgd bei n,g cooperative wth an el ec /

mount ed ASROSGLOEIWERR the per Phiaggets- magnetic field coaxial with the axis
of magnetization of the 30 pernmanent magnet neans in response to the Input
stinmulus being an electrical current flow in the coil. BIRO-.a"MI | n
CH920010023 -23 -1 FEB 2006 6. Apparatus as clainmed in claim5, wherein the
per meheht madRearaissclaiesin staimdl, futhar comprisingam thitd masy) thethirdsRasSEaha t h
i ke p { ' I L .S di sposed bet ween t he

per manert TIRAREARS hohleelin MEHrait® 1GPbldlcBionk BRYBRent elfEia e frame
conpr i s#pRg agecond axisakdisplapement ina plass delited tyithe frianss antbehdipnAboRENt ed

in the BdlBs il gdiract | tive to the frane along a
second fF'Lg(l S o?p@?@%f%téeﬁ’eén% Q%dégg%{’?ﬁ&é@? %hg'dt 329N frilctym, seciued iq mg?gonal

t o t he frame;ghe sreendieverihayingoanesend cenreetedrtd thefirst maky ah@ HecotabPerid @ second
f ul f. : | r havi ng, one end connected to
t he 17} FoPREAtEATo ire g mach iR i \BoB8 Mlhirihieite ARHbAh fifiedmte endbcott ho
secbnd theisesand lpesryherieby tectordus exsrted dbouthdseodnd fuldris BYERE MEst NSy is

wher eby. t t o] fulcrumby the first mass i s
count e?ég%&émﬁt% c}rsgﬁé eggretgﬁ)gg&étﬁggts 3?%@@%8& ﬁy?thﬁ gfﬁ'rﬂ‘%ﬁﬁ Ipkespamse do mass

I n r espdnechanival shonkapplied td thelftare alophitezisecont lagisfof aspldeniant.t he second

axis 'of displacenment. 15 8. Apparatus as clainmed In claim7, wherein the
first, second, and third nmasses are '

15 8. Apparatus as claimed in claim 7, whereln the first, second, and third masses are
coplanar. '
9. Apparatus as claimed in clalm 7, wherein the first, second, and third masses are

each disposed in separate parallel planes each spaced from the others. .
20 |

) 10.  Apparatus as claimed in claim 9, wherein the first, sécond, and third masses at least
partially overlap each other.

11.  Apparatus as claimed in any of claims 7 to 10, wherein the second mass comprises
25 a first actuator element responsive to input stimulus for moving the second mass relative to
the frame along the first axis of displacement to produce a corresbonding movement of the
first mass relative to the frame along the first axis of displacement, and the third mass
comprises a second actuator element responsive to input stimulus for moving the third mass
relative to the frame along the second axis of displacement to produce a corresponding
30 movement of the first mass relative to the frame along the second axis of displacement.

12.  Apparatus as claimed in claim 11, wherein the first actuator element comprises first
permanent magnet means having an axis of magnetization parallel to the first axis of




coplanar. 9. Apparat us@s claimed In claim?7, wherei n(t)]e first, second,
and t hi gHomaesesemre each disposed in separate parallel planes each s aced
‘fromthe others. . 20 10. Apparatus asgfaimed in claim9, whereimt ZUOB
first, second, and third nmasses at least partially overl ap each ot her

conpr | s HepRBefef g péifa Bldpeony AR st seckfbanB6idilofye i BBFREH 8RS,
(rijI Ing {ramedergentratirgsa nalgatiio/field coakial wittathe aximfgnédmt‘fzatrdhtofam Sredf
i spl acenent (st nmas

d di
el ot 1 vEoTAnek b mReRALRga B RIS REPLY S e Bt Bt cHh e fow o

mrass Cipiipe first eo, dheiCthedserbhd aictuater elereht 6@ﬁmlsbéoﬁd3pérﬁ@h%nﬁﬁl'aﬁliétus for
noving the third mass, relative to the frane along the second axi§ o

di splac®Rant hadng Apaxise! magsetizalionparalle! totheseenrdhexis of ﬂiﬁ@laﬁemgmtamiss
rel ati vigef d@cé&t%réf@rﬁttﬁé Qéébﬁa*\ﬁeéiﬂéawu&v@fcoﬂ h?daﬂnfecoeawme frame fdPPPar at us
as cl ai ne i rst

In claim1l, wherein'the actuator elenment conprises first

per maneFRNETNgR Magartic firld peaxialvitidhe axis efderanetizationwt thmsedond|permanért
first f ?@_)?,13 lm%
cee;er Z’?l Q m%{gﬁ % fgt%ﬁ? c%tls:[:ﬁééon uc??@g'eggﬁgp%ﬁﬁpg%p%mghe frame

for gerﬁcaﬂd gell.a magnetic field coaxial with the axis of magnetization of
the first permanent nagnet neans in response to the I nput stinulus being
an dilectrical current flow in the first coil, and the second actuator

el enent conprises second permanent magnet 5 neans having an axis of
magnet i12at | AWPRGERIS A8 (clairped H@'@'étb%d”%@(ﬁ@ the figst QQMNtagaeﬁnem ng

coober Eoirphsdl & pat o‘fﬁe@pém%re?ﬁ a%btsvcugw&u%ﬂm&e Xlelss fngQHgﬂas Bifek Fﬁdf rame

for generatin coaX| a h the I'on of

t he seé@n@sb@'gﬁﬁmse%@@@" tee st parmangmbmagnets, and thmp@nondtpemnhnentbel ng
an el emargnemneaHé 'i:@r'?lbnéé@é("phi? of ScondifeMan&itagnbts dispodddRiAl Kepofs clai ”Ed

in claim™ vvhere| n first permanent magnet” neans conprises a pair
firdf frging Otha@fm @ecﬁeegraﬁe%l' iRidigpospgt eemfsenél@e $%Rﬂnﬁg36r@ao¢ntdn¢mehand
the first coil Is disposed between the first permanent magnets, and the
-second per manent

14.  Apparatus as claimed in claim 7, further comprising: a fourth planar mass mounted
in the frame for bi-directional movement relative to the frame along the first axis of

20 displacement; a third lever pivotable about a third fulcrum secured to the frame; a fifth
planar mass mounted in the frame for bi-directional movement relative to the frame along
the second axis of displacement; and, a fourth lever pivotable about a fourth fulcrum

) 'secured to the frame; the third lever having one end connected to the first mass and the
- . other end connected to the fourth mass, and the third fulcrum being disposed between the

25 ends of the third lever; the fourth lever having one end connected to the first mass and the
other end connected to the fifth mass, and the fourth fulcrum being disposed between the
ends of the fourth lever; whereby the torque exerted about the third fulcrum by the first mass
is countered by the torque exerted about the third fulcrum by the fourth mass in response to
a mechanical shock applied to the frame along the first axis of displacement; and whereby

30 the torque exerted about the fourth fulcrum by the first mass Is countered by the torque
exerted about the fourth fulcrum by the fifth mass in response to a mechanical shock
applied to the frame along the second axis of displacement.

15.  Apparatus as claimed in claim 14 wherein, the first, second, third, fourth, and fifth
35 masses are coplanar, the fourth mass being mounted in the frame on the side of the first
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gnet means conprises.a pair of second pernanent magnets di sposed W th
l'i-ke* pol es 15 faci ng each other and the second coil is di sposed bet wee Wee pEg ?@6
'second peHe2OM®028agnets. 14. Apparatus as clained in claim7, further
conprising: a fourth planar mass nountegs-in the frame for bi-directional
novenent relative to the frame along the first axis of 20 displacenent; a

thi rd | eiess Rineté HOPNBRBMBSE [ahdf ik HI MBS B BnbGhibd%h fHeAMhe Bofihd L1

pl anar nmass nmounted in the frame f bi -direction novenen

t he frarsideadfdhg firstimassgemate som dhethirdimassacement ; and, a fourth Iever

pi vot abl e about a fourth fulcrum secured to the franme; the third |ever
havi ng one end connected to the first mass and the other end connected to
the fourth mass, and the third ful crum bei ng di sposed between the 25 ends
of the tibi Apparetusrgs claimetidn claim [1dywheteinihadirstnsecend, tbm,rfeattmhdd)flﬂme first

mass and th 0 1 fth Ss, urth ful crum
bei ng dF?ﬁSgiap%g?e‘{De‘ﬁ%sﬁng‘%&ﬁg P%'%’ge?f’[?n?? ﬁa?qﬁ eg&ﬁ‘? Eﬁpgﬁ'@-torque
exerted about the third fulcrumby the first nass is countered by the
torque exerted about the third ful crum by the fourth mass in response to a

mechani r ng the first di spl acenent;
and whel toy 0Perl e Gl 2y BB e tafone Btniodyne sad i o
mass | smaesed atieastipartiaiiy overtapueacheotkert ed about the fourth ful crum by the
fifth mass In response to a nechanical shock applied to the franme al ong
the second axis of displacenent. 15. Apparatus as clainmed in claim 14
wherein, the first, second, third, fourth, and fifth 35 nasses are

cop)l Hhat8. t hAppmatusrasrmaimeUém agy nbclainEdM to th evhkrefmthe®ecbhé@ n&is@%oﬁfprfs@@

f t -1 te th

the- 11 14 e aeEaRE eichart fexbafiéns 1€ helPlletR oS dhi 3Sencl Rass (Haedace .
r enpt e the dramehalong thedfirateads ofldisplaq:qmerattuprmce habrreshonaing moverhdnt oIS ei n
the f , t d d
e bt mBEE e S irrh @M nd i b o BRSSP RS o5 "
cl ai meccompriseaiaraetend attuator alepant Fésponsive éxiopat, stirhulusfor frovinighthe avid iiaéd h

Masq3s éafat.bé?o%enﬁarnné abhyi@vgéaoﬁg SR ollRbmentto Hodifte {802 .{%@@

I'n an I al s wher el a
f | r st mwfmemt of thenfisal massersitive ite thet feame gleng she sedond amrofrmaplaugmdm second
mass relative to the franme along the first axis of diisplacenent to
produce a correspondi ng noverent of the first mass relative to the frame

al ong the first axis of dlcﬂ) ?cement and the third nass
19.  Apparatus as claimed in claim 18, wherein the first actuator element comprises first

permanent magnet means having an axis of magnetization parallel to the first axis of
20 displacement and being cooperative with a first electrically conductive coil mounted on the
s ) frame for generating a magnetic field coaxial with the axis of magnetization of the first
permanent magnet means in response to the input stimulus being an electrical current flow
in the first coil, and the sécond actuator element comprises second permanent magnet
means having an axis of magnetization parallel to the second axis of displacement and
25 being cooperative with a second elfzbtrically conductive coil mounted on the frame for
| generating a magnetic field coaxial with the axis of magnetization of the second permanent
magnet means in response to the input stimulus being an electrical current flow in the
second coil. | |

30 20. Appératus as claimed in claim 19, wherein the first permanent magnet means
comprises a pair of first permanent magnets disposed with like poles facing each other and
the first coil is disposed between the first permanent magnets, and the second permanent
magnet means comprises a palr of second permanent magnets disposed with like poles



conprises a second actuator el enent responsive to inpufistinulus for noving
the third mass .15 relative to the frame along the second axis of _

‘di spl acepmgtodioopgoduce a correspondi ng novenent of the first mass 1 FEB 2006
relative to the frame along the second-2&ts of displacenment. 19. Apparatus
as claimed in claim 18, wherein the first actuator elenent conprises first

per man eQF%'H@%Q% ogﬁe? Bﬁg g}gé’n%{]!%ng r’(}g%@ FssedBRRdrRb 's@@orﬁ%é}wa‘?\%ﬁ Rabhés.

first a el ng cooperative

electrically conductlve coil mounted on the franme for generating a
magnetic field coaxial with the axis of nmagnetization of the first

per manent nagnet neans in response to the input stimulus being an
electrical current flow In the first coil, and the second actuator el enent
conpri sed. secpphratas maciairmedigelaim 20peheseihdhe foyrtarmass condrisea@rthkrd zat i on

par al | el second axis rajiye with a
second é° é,@[tqr et rESRIPAE @éﬂpﬂ%%ﬁ%ﬂ@%ﬂ?ﬁ@oﬁﬂg ‘}?Sfoyﬁéﬂg &g{e‘é%{?e%ﬁtl ng a
nmagnet i Qrafrrbé%éldngi tdirat axié bhdutsﬂjlacememt tobroduge etoozr@e;b@rmmﬁ nbganéﬁmnﬁe first

per manent s in et ut sti ein

el ectri é%ﬁssdﬁgf' {o”t%pgwmena Hg @'Ebwas BQEFP'agﬁP% a"g'é '&QG@S SORPEBRRd i n
TS P B noneru L L Ko ol e o g e the
first cdaf "'f‘@e&?%]gggéﬁeﬁgii\g’@ﬁ°€W§p'??"r’§?“lig%gﬁ’éﬁ8ﬁ? cr%@g%‘?’kd,'"ga'ﬁ'&"?'ﬁé"%%fcond
per Mpeftie firdP@IRSS i@l tRsIAMBatory thaisecslid HESONdishadaiaItNt magnet s

di sposed with |like poles -1 FEB 2006 CH920010023 -26 facing each other and

the second coil is di sposed between the second pernmanent nagnets. 21.
Apparatus as clained in claim?20, wherein the fourth mass conprises a third
S actuapgr e Eﬁﬁmusf gsclainsdd/ia daimi21p wherdln thelthisd ctuatspeienint bempasds thirdass

I I he f d d
Cor respBRIRAGTERRBNTeRrs BAdAY B ot 3t gBgheuRliof pAAIBE TR brebRub el ong e
f : r st ?uisplaeéménsmidtamm@nb?mdt_mehftﬁ a fHird ekecticatip nﬁmdtfﬁﬁ ﬁﬁl meunttebloa?huat ;)r
e responsive to in , f.0r. | e fi ma r ive to
'? herTE| affamg| BrﬁQ%%t'%%gﬁgngﬁé {é'ggf: 8%%'%'&@?&%@8@ 38“19!"8%{%'8" QP%rtﬁgépondi ng
mov enenperaianehOmiageet mears imasspansk d¢ thednput stimaiisrtzeing an elngtr‘bhlansmbﬂdfvaxi S

of di Spl{y\%ﬁ%ﬁ% ¢%0|I23nd AR §ct§§to? E%‘ﬂ&?n?’cégrﬂﬁgée%' f?h@&ge%ah SE;H& third

actuato rnses BVI an axis of
magnet i maan®hayiag ah Iaesls quagr@tlzattosrtpaaadlebmhe sacqm! avisofatisplacetndndiand

cooper af Live cbddatvd Wit § tGlrRrLIbERGAINERARANE LhiY MotiRiel JFRHE Hafhetar t Ne

20 generating a magnetic field coaxial with the axis of magnetization of the fourth permanent
magnet means in response to the input stimulus being an electrical current flow in the fourth
coll. |

23.  Apparatus as claimed in claim 22, wherein the third permanent magnet means

25 comprises a pair of third permanent magnets disposed with like poles facing each other and
the third coil Is disposed between the third permanent magnets, and the fourth permanent
magnet means comprises a palr of fourth permanent magnets disposed with like poles
facing each other and the fourth coil is disposed between the fourth permanent magnets.

30

24.  Alocal probe storage device comprising: a storage surface; at least one probe for
reading data from and/or writing data to the surface; a scanner for moving the probe and
surface relative to each other to scan the probe across the surface; and an apparatus for
reducing sensitivity of an article to mechanical shock, the apparatus comprising: a frame;



15 frame for generating a magnetic field coaxial with the axis of

magneti zation of the third permanent nmagnet neans in response to the |nput
'sti nul usCcHe20030883 el ectrical current flow In the third coil, and thtFEB 2006
‘fourth actuator el enent conprises fourt{27 permanent magnet neans having an
axi s of magnetization parallel to the second axis of displacenent and

bei ng cqppeitded8nd'biaRalmbosdd MoBhte }He iih‘gaﬂ'érﬁ{e W{bﬂHﬁéé&%ﬁﬁl@ﬁg&?@&gg}Eﬁﬂvé’{B the

frame for 20 gener%\’Pi ng a magnetic coaxlal w't

magnet i zhe fremedlonghe fitsd axis lof gisplagement; afiistieverpivatablé abowdspliratieldramt he
i t stj ' | ' fourt il,. 23.
nopar at Geced3p S RhmB G e R 56 oo Sopdecidt b st ket abel 18 tier s
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the f th coil, i ' d, bet the f th t magnets, 30 24. A
| ocal *pensd Gried T hedliris Sioggule &t o Sisp 8 emanEstcl Mt il raed hyfbe
probe f @fst ma@ath 0ge Has redlcedrsensithvity tothet shogk, kalcPapparitds being depleddo fiNNEr

for nmoving the probe ,and, surface relative to each other to scan the probe
acr oss. sAmes pndode oL e soradestriase,end bie oreaghpran ‘GerrebENgisepS BN

arti gheshig GREOANE Wraghitacetdil thEBREAGHISrOBE W Ficthalcaldhb&iane; CH920010023
-1 FEB 2006 -27 first and second planar masses nmounted In the franme for

bi -directional novenent relative to the frame along a first axis of
di spl acenent; a first |ever pivotable about a first fulcrum secured to the

frame; tée |awRvichasiokmedm eain 2o nassteiadhé or bash probé Is ¢ERAEd By thd fitgt Ot her
end connected to the second mass, and the ful crum being di sposed between

the end®@3} 5 the | ever; whereby the torque exerted about the ful crum by
the first mass is countered by the torque exerted about the ful crumby the
second mass in response to a nmechanical shock applied to the frane al ong

use o7 oA eRled B Eihe oV 2h Ay Bhine BriRl iR a el e iedlrel oa 1o

the soamser and one of the storage surface and the or each probe for
reduci ng sensitivity of 10 said one of the storage surface and the or each
probe to nechani cal shock. 25. A device as clained In claim?24, wherein the

or each 7probe |'s carried by the first
27. A device as claimed in one of claims 24 to 26, wherein said apparatus is equipped

in accordance with one of claims 1 to 23. -
20

) 28. A positioning transducer comprising: a shuttle mountgd on a frame for movement
' relative to the frame along an axis of displacement; a pair of permanent magnets mounted
on the shuttle with like poles of the magnets facing each other and with respective axes of
magnetization of the magnets being coaxial to each other and parallel to the axis of
25 displacement; and a coil mounted on the frame and disposed between the magnets so that
shutlle is displaced relative to the frame in response to a current flow in the coil.

29. A probe imaging system comprising: at least one probe for detecting an image of a
surface; a scanner for moving the probe and surface relative to each other to scan the or

30 each probe across the surface; and apparatus as claimed in any of claims 1 to 23 coupled
to the scanner and one of the surface and the or each probe for reducing sensitivity of said
one of the surface and the or each probe to mechanical shock.




mass.* 1526. A device as clainmed in claim24, wherein the storage surface Is
tarried by the first mass. 27. A device as clained in one ofclains 241t[_<E 2006
26, whergiigpopaodzapparatus is equi pped in accordance with one of ‘clai s E

to 23. 20 28. A positioning transducer_ggnprising: a shuttle nounted on a
frame for novenent relative to the frane along an axis of displacenent; a
pair of permanent magnets nounted on the shuttle with |ike poles of the
magnets facing each other and with respective axes of nmmgnetization of the

magnet s hein ial to each ot her and allel to the axis of 25

di.spl ac@ﬁ'ent 9\ %?ggggﬁqrmﬁﬁml@m gﬁ' Wﬁeé'eﬁ‘?‘éﬂ@r gaRh Eﬁog’B&% rigd bydbe firshe
magnet spg@st hat shuttle is displaced relative to the frane in response to
a current flowlIn the coil. 29. A probe inmaging system conprising: at |east
one probe for detecting an imge of a surface; a scanner for noving the
probe and surface relative to each other to scan the or 30 each probe

across $fie sardewfce asfdlsimze a | ' L

coupIS§ed, to the scanner angﬁgﬁgﬁgg ' tﬁlﬂgh?ul;ﬁ?g’ggg%éggy?ﬁtem%re%'eig?ﬁ&lﬁdgyéﬁ?or
reduci nsE®ASFtivity of said one of the surface and the or each probe to
mechani cal shock. -1 FEB 2006 CH920010023 -28 30. A systemas clained in
claim?29, wherein the or each probe Is carried by the first mass. 5 31. A
device as clainmed in claim28, wherein the surface to be Imaged |Is carried
by the first nmass.
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