WO 03/ 021127 PCT/ 1 B02/ 02865 1 APPARATUS FOR REDUCI NG SENSI TIVITY OF AN
ARTI CLE TO MECHANI CAL SHOCK The present invention generally relates to
appar at uswbas/oeaduci ng sensitivity of an 5 article to neclramised/o2sésocks and
particularly relates to apparatus forireducing the sensitivity of a |ocal
probe storage device to mechani cal shocks. An exanpl e of a | ocal probe
storage device is described in "The "MI1lipede” - Mre than one thousand
tips f0rAﬁPAWA?r%MGhtnEEU@maeéEN%lTanlBrAthFHHCLEBmemMNmAL 10
Research and Devel opnent. 3, 2000. The M I 1i pede device
conprises an array of thermal remst%ﬂ@& ensor probes. Such arrays may be
enpl oyed in the detection of the topography of a surface in applications
such as surface visualization and data storage. In the data storage
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As described in the aforementioned Vettiger et al. reference, the Millipede device

comprises a two dimensional array of cantilever sensors fabricated on a silicon
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



WO 03/021127 PCT/1B02/ 02865 2 heating signal is applied sequentially to
each row in the array. The heating signal heats all heating elenents in
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sur f ace hebfiRg GigHak e &splleet swprentinly assach aiveth theadirag Fiehealingsignahe
storage medrumreduce. The nedi um between the heati ng el enents and.the

sur f ace hegisal heatingelementie R EiF SHECIREIOM LI NaTEIPS TRBITS VGl &
sur f ace'inéiﬁﬁéieﬁt;ﬁr@éf‘éfm J\ﬁ@?i%.ﬁh%ﬁﬂ%ﬁ%h&@%ﬁb?@%@w%ﬁjtﬁé‘ﬁeaﬁmd ace

beconmes nore efficien en the ssocl ate p noves Into a pit. The
t enper atelgraeaizcarichtvees ofaret Veriasemicording ¢o distahee babtaamiediaatipgt t her ef ore

reduces. Chan%es | n tgg%era re of. the conti nu?uslx heat.ed heatin
el enet SlameaRand the tlladse YHRER AJIRSHOYR R PK &F e ASEYHS SoRHITd Attssng
det ecti gy QIJﬁé@é,%gﬁﬂsg?h%%sebéﬁve%rpﬂh@bds%%ﬁé@ﬁbéﬁlﬁ% eWirhénisaehthbasistagy obe

storage devices is 2y are sensitive to nmechani cal shocks causing
unwant ednetiism mckicenT ke ofeditien betoreagdhe beating ¢lerppalsi and the suitacsensor

array. Accordingly, it would be . desi,rabl I SRR I n the
ot of et ngrers dak BelweiBLing Rea SRt o WG ERae RUitmEs et lpridte!

i nventi gRiwé&eeach ﬁe&ﬂﬁ%@!&ﬁéﬁ%cﬁﬂ@élﬁf&&e betomes tuteredficiensihér iy of an
article to nmechani cal shock, the apparatus conprising: a franme; first and

secorl® @isancintarhiiz B¥ovesuntoad pitnThe iempaiatuecrndthespiose the rraistaier ehilif
relativ I.LS | | ; i ever

pi vot ab%gtagﬂé%?eréé T se?éfgtﬁlfg{:e?duljr%eé'e@nrgégé? giﬁeﬂﬁeﬁ%}%gﬁg?@?ﬁeéc?g@ﬁeqﬁ{?l Vi ng one
end 25 ¢eansthestingelenterits o$taohsswaad bmonitbrd mrphrabelntherelly t o t he
second nass, .and the ful crum bei.ng di sposed between the ends of the |ever;
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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 the other end connected to the second mass, and
the fulcrum being disposed between the ends of the lever; whereby the torque
exerted about the 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.



3 The first and second nasses may be coplanar. Alternatively, the first
mass may be disposed in a plane parallel to and displaced fromthe second
mass. As wodh/etibe  first and second masses may at | east pamtiBed/d2g6sover| ap
each other. . 5 The second nass prefeBably conprises an actuator el enent
responsive to input stinmulus for noving the second nmass relative to the
frame along the axis of displacenent to produce a correspondi hg novenent
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A preferred embodiment of the present invention further comprises: a third mass;
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 first 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.



Preferably, the second nmass conprises a first actuator el enent responsive
to input stimulus for noving the second nass relative to the frane al ong
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first mass and the other end connected to the fourth mass, and the third

f ul cr um heiinpuistipdysdeing apeleatical eHenbflowiie thayseepnd coil. The first
permanent magnet means preferably comprises a pair of first permanent 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 comprises a
pair of second permanent magnets disposed with like poles facing each other and

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



| ever; the fourth | ever having one end connected to the first mass and the
ot her end WD 03/021127 PCT/1B02/ 02865 5 connected to the fifth mass, and
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As mentid)n@d earljer, the second nmass preferably conprises a first actuator
el enent 9% Qﬁ%'ﬂgp e to input stinulus for noving the second nass relative
to the frane along 20 the first axis of displacenment to produce a
correspondi ng novenent of the first nmass relative to the frame al ong the

fi rstlOatreferably, 5 Hissraasongntnindnéourt), endifsmasaps peesoRlagat 8l fetttiat or
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As mentioned earlier, the second mass preferably comprises 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
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 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, the 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



the frame al ong the second axis of displacenent to produce a corresponding
novenment of the first mass relative to the frame along the second axis of
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per manent WO 03/ 021127 PCT/ | B02/ 028656 6 magnet nmeans having an axis of
magnetization parallel to the first axis of displacenent and being
cooperative with a third electrically conductive coil nounted on the frane
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first mass ternative he storage surface may be carried by the first
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The present invention also extends to a local 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

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 probe 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.



and surface relative to each other to scan the or each probe across the
surface; and apparatus as herei nbefore described coupled to the scanner
and one owotohe2gerface 30 and the or each probe for reduciPeg/1IBeieBéi vity of
said one of the surface and the or eé&ch probe to nechani cal shock. The or
each probe may be carried by the first mass. Alternatively, the surface to
be imaged is carried by the first nmass. WO 03/021127 PCT/1B02/ 02865 7
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an exarrp%vggﬁgPﬁ%é\@ir?heoégge storage device; 15 Figure 2 is a sinplified

side vie igure 3 is a block diagram of an exanple of an
el ectromagnetic drive unit for the device; 20 Figure 4 is a graph of
di spl acement as a function of applied current for the electromagnetic
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electronagnetic drive unit shown in Figure 5 Figure 7 is a graph of
[ ctronm c_ 30 drive units
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a | ocal probe storage devi ce

15 Figure 2 is a simplified side view of the deVIce;

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

electromagnetic 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;

Figure 8 is a plan view of part of an example of a local probe storage device

embodying the present invention;



enbodyi ng the present invention; WO 03/021127 PCT/1B02/02865 8 Figure 9 is
a sinplified plan view of an exanple of a shock resistance system

enbodyi ngwohg/opriesent i nvention; 5 Figure 10 is a sinplifiped/1poz028ss ew of
part of another exanple of a |ocal pr8be storage device enbodying the
present invention; Figure 11 is a sinplified plan view of another exanple
of a shock resistance system enbodying the present invention; 10 Figure 12
is a cross sectional view of the systemshown in Figure 11 when vi ewed
along line A-A" in the direction of the arrows; Figure 13 is a Ccross

sect i onafigure@isa simelidgd plan Yewa anrexangpleef pshaekesistancg systeral ong | ne
B-B in I i t; ows; and, Figure 14 is a sinplified plan

vi ew of %@?9%@%&%@%@%%&%@@% e of a local probe storage device
enbodyi ng the present invention. 20 Referring to Figures 1 and 2 in

conbi nation, an.exanple.o | gcal _probe data storage. deyice c rises a

two di heReuEhAP '%a,sgrﬁpﬁfﬂeiaﬁml%w@%@gr@cﬂ@% %ﬁ%@g&é a lealpiahd con

substr at : onductors 40 are also disposed
@tgg%rea(?%ﬁbéggﬂiw&ﬂ%g)%@ggnﬁgwﬁﬁbrﬁ

on the su séensor I's addressed by a different conbination
of the row conductors 30 and col utmm conductors 40. There are a pair of

colum 25. conductors 40.. asspciated,with each col u f sensors 10 and one
ow condigtits 1 iR 8 simaltis BRPN T & Hblhes Banfilt PEB sfook 1ERSkrg sy

conpri sesmBodyih 498 préssttih@ionst ructure of a length in the region of 70
mcronmetres and micronetre thickness. Linbs of the cantilever are fixed,

at thEdr distal ends, to the substrate 90. The apex of the cantilever has

freedom £. 5 i i rect | r he 3@ tr The
cant i 1 oveBUEaTE L8 croge pdaisl Fbae) BElTBlerh Skl Pt P Ywel T con
tip faciaenghng A-A0M theediradiivhraittiee 9Bowshe | i nbs of the cantilever are
hi ghly doped to provide a conductive current path. The heater elenent is

formed by doping the apex of the cantilever to a | esser extent, thereby

I nt 1 oducighlrd8 595 o s PelcrinB sl &1 $hE8%AGR 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 example 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 addressed 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 silicon
cantilever structure of a length 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
doped 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



9 increased electrical resistance to current flow through the cantilever.
The current path through the cantil ever extends between the associated row
conduct orwernd/oehe7 associ ated col unn conductors. One of tRETABIAIZR6S
conductors is connected to the cantiPever via an internedi ate di ode D.
Specifically, the cathode of the diode Dis 5 connected to the colum
conductor. The other columm conductor is connected to the cantilever via a

drive ci ncueasedDelethicabresibtande tdeuendvttandgh e captilbvén Thbeudrante
ng row conductor via the heater

circuit 60 are cqnpected. to the correspondi
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toresiliently bias the 10 tips away fromt strate n operation,
the tip tantieyadiagaiintrmedliate sieieabe Spacifiaglly, 10e cathwmdesdfribe alipdeabas
storage nedium in the form of ol r ,Jlayer, such a f.il mof
pol yret nop it Fo ikt o Bt g iR B atnEL & S ichhran oBnhagerdp thee
pol yner cd&tilbdetalia asdrRY difcefit 60, TheSad b Hielfibda DPandPMinpht ¥4 tHd fvd © the
storage nedium by a conbi nati on of applcei/l ng a local force to the storage
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surface @icuii @0 afrecenpediad todhe cagespanding ray cpaddctoy via theiheateelement.
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cant i | evdisposedisathe sabbieatecdO.clmneaitiléverbeas pup-strbesdd enrisiiiently biRseRd .
fromthe heater elenent into the tip via thermal conductance. The wite

curreh? 1iRs aweyfiosythe swsirate®e tip to a level sufficient to locally
deformthe storage surface 70 to leave a pit 20 therein of a dianeter in
the region of 40 nm By way of exanple, it has been found 25 that | ocal

def or mat Inooperfitian AkbKip islurged aghmshttha stardgb suhfeat i7lgedrhprising at planar
tenperature of the or.d% g{i 70 deg,r eei centigrade., Tg)g heati ng el enent

al so pr oV LS DEHHUP {R he I o2 RPOYSRI JRYSY, 5 AfiMA 5 resistance which
I s depenggipineylirRRaihty M) dlat Midkpads MWiRPRIGISH 8n80 nfn. TR B@pmel?g
current |Is passed though the cantilever fromthe corresponding ro

condué? olaygoisteartied by & sibegrpadbsitateol um conduct or 40. Accordingly, the
heating elenment is again heated, but now to a tenperature which is
insufficient to deform the storage surface 70. Reading tenperatures of the

order of Défilisdediteret® the storage medium by a combination of applying a local force to

the storage surface 70 via the tip and heating the tip by passing a write current
through the cantilever from the corresponding row conductor 30 to the

20 corresponding column conductor 40. Passage of current through the cantilever
causes the heater element to heat up. Heat energy is passed from the heater
element into the tip via thermal conductance. The write current is selected to heat
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



WO 03/ 021127 PCT/1B02/ 02865 10 centigrade are, for exanple, insufficient
to deforma PMVA film but neverthel ess provide acceptabl e reading
per f or marwe.03/0bE21 her mal conduct ance between the heati ngPergapexmi2seénd t he
storage surface 70 varies according t® di stance between the heating
el ement and the storage surface 70. Wien the tip noves into a pit 20 5 as
the array is scanned across the storage surface 70, the di stances between

the heajanfigr&lears)forexhrhple, Hsoffienttordeioren 2P MtAfiln, bltmevedhelmsbet ween
the heati n_% el ement and the stor agﬁ?surface 70 traasfers heat between the
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to a 20 nul tiplexi ng schene. The array is npveable relative toq&he st or age
sur f alde tempetatire pad dhemiere the resistanse ofithe Agatigy efepentigdiiges: ¢hangesach
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r eadi ng therbbyrfatilitagingdstattiaonst recbeddd piss.of the array are noved across the
surface of the storage nedium 70. In particularly preferred enbodi nents of
the present invention, the array is noveable relative to the storage
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pulse is applied. All 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 multiplexing 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 embodiments of the
present invention, the array is moveable relative to the storage 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. It is desirable for such electromagnetic drive units to provide linearity of motion

as a function of drive signal applied and low power consumption.



WO 03/ 021127 PCT/1B02/ 02865 11 Referring to Figure 3, an exanple of a

el ectromagnetic drive unit for a |local probe storage device as

her ei nbefwpe3gerser i bed conpri ses a permanent magnet 110 mOXTBE2865 a
shuttle 120 for actuating notion betwden the storage surface 70 and the
substrate 90 carrying the array. The shuttle 120 is nmounted on a frame 130
of 5 the device via parallel resilient nenbers 100. The resilient nenbers

100 consRefdrfing i Figqured, anhexasipibtdfe di2btrdmagnptieddveanilfbed Idoal phebest or age
surface. SpeC| fically, the resilient nenbers 100 are non conpliant for out
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given current flowin he coi I's function of the di stance béfween the
coi | 160resilignt membeisetO0a® narscompliagt fat vubof planefmeyemeniefithe shattle t he

or oduci nif HERReReL iAo digpid I BRERRE: 21D SORRAERL S FREMS | 160,
For exanfidl@ 150fgdrieeatsttiby heoll AG0 modnwaron theaframet 18D, Buth tHékhagrichie figlde of
t he gft(;)sbet ween the magnet, 110 and the coil 160 is reduced. The reduction

gi ve 5Q proditcgerbyf theceal!l thiand Hie masnstizatio 440 ohtheemagast O e t he 20
shuttl e Jgfhd-5 P aﬂwd[s{pme%tcﬁ'd 8- shﬁ'tti’é“iﬁoﬁrﬁ{@%ctd?n of  he coil

di spl acenent of  "such a shu relative 1o curren
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undesi r abl.e ause | carrespondin Linearity in wer,
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of the phes@itisd BHEALIEH of iHaishAEe HRAVESN Btk 88iP160 '&ﬁarthé!fnégtﬁ}]é?“ieﬂbco”e by
nounting a pair of simlar pernmanent magnets 111 and shu

120 altd Podng aohiatigntdidhe shuttiestR0, the wistancenbetwerndherapil G andithend 112 are
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magnet i cagglilddoitnd¢efd 80y Fohexamble, e shaitid 120 Redietin tokfds the coil 160,
the size of the gap between the magnet 110 and the coil 160 is reduced. The
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 embodiments 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
magnetization directions 141 and 142 opposed to each other but remaining 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.



nounted on the frane 130. As will be described shortly, in preferred

enbodi nent of the present invention there are two such el ectromagnetic
drive uniwe ogaetizpperating in a direction orthogonal to toa/1BoXesss WO
03/021127 PCT/1B02/02865 12 In the interests of mninmzing the thickness
of the device, it is desirable to arrange the conponents of the device in
a planar manner. A variety of techniques may be enployed for achieving
such an objective, including planar batch fabrication, 5 injection nolding,

d hot i ng. Based. an h.t.echni he f 13 b
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coils 130 may be enbedded in the thickness of the device. This has the

advant agemployatl dehachiagngiseieh &n eljactive; qirleding planpraaiclhfalrigetipn.ane of t he

devi ce, . ; i S e 4,130, One
of 't ne bbb MR, e s Shebspid, Bbstas A e hIoRE Y e R ahe ot her
of the magpekifabdddieditbrd by ofa rapigel df efifféreatmidierialoislich 36, silidea| Aatals,
produci ng a displacenent of the shuttle 120. Wen the shuttle 120 is

di spl aced MIgstgsHIUCEAS BRotgPlasiiqseAherBagnRis dditiandsh 12 end cpds i1serea% ei n
attracti ; t : Te] A one of
he magrin 2o 4F ifthe iKABE, BEIEER e RS nas i aBDHY DS AhATEAl,

r epul si Viercdsaaruktargses actirgy duipoh thbelame obtieedeviéest ance bet ween t he repul sed
one of the magnets 111 and 112 and the coil 130. The arrangenent is

sy ic so that if the current in the coil 130 is reversed the
equi val aRtodERattd, WitterPh clifeheisiibsed tHictRIRBERIN1 30, Bneei ehé hifrichs 4 ¢
opposite direction. Figure 6 shows the | spl acenent of such an arrangenent

as functarsh1t? iscattrected tou@rdethe coit ha0 eodithe sther dkdhemagneticd 1Hi and 812, an
e n deoroaelianing el o, BepRRBRRsng § dtfndntn MRS RIS 1
t he af orwrenttherAditR TR B disgiaetd biyRipplieatici oPsurretht tReheebil ngopw t o Fi gure
8, in a preferred enbodi mrent of the present invention, there 1is provided
two shutip¢rease in afirastiye jorce as the gap between the coil 130 and the attracted one of
the magnets 111 and 112 is decreased is balanced by the decrease in repulsive
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



Shuttle 121 is connected to the frame 130 via a pair of parallel nenbers
101 and 30 102. Simlarly, shuttle 122 is connected to the frane via a
pai r of papaBiozii2f| exi ble, nenbers 103 and 104. |n oper atrcanpoxessiers 101
and 102 permt translational novenentd of shuttle 121 relative to the frane
130 against a resilient bias in a plane defined by the frame 130 al ong an
axis parallel to the plane defined by the frame WO 03/021127 PCT/ | B02/ 02865

13 130. 1SmeQddcifrhlly, meritees $01Ghdatop afflexisleffoeridveendmiin thevelmest in the
pl ane defined 2% the frane 130 but inf|lexible in jrecti?ns ext endi ng out
of the plefined Rychefeme,l Sorutinligdbledn digcliong eSSV RARANS 121 out

of the %[emggdrgfx fggenﬂamewsb@o fA MrovER 't%f!gnmtfa i@ﬂod@f%h*é%hﬁé%ﬁﬁé? fn;] .
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position central to a range of travel defined within the Trame 130. The
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act uat eGebp¥raf tPRIringS obtravéIrddtinetivaivhin thé franmeoi 80.tThe porrasénitrhagnéi21
agai nst the bias inposed by the nenbers, 101 and 102 along the 'y axis. The

mov e nhtcosapenantiof ag; eletrorpageetic diveiepik RARAs hareinbelererdascribaddn 15
current i [ Lo | ar | [

e ¢ Palielt A8 1. PhEseReltihe FRUS S 26 ActirkEd dineRiras 190,

agai nst |a opesatiorsnie dirias unit 202pk actuated ibyestipply ofee ctiranteflovt 30thed coibtoan axi s
parallel to t pl ane defi thefrcgbrre 130. Howe ' 0 of

d.b ot
permttéao\ﬁ%w?'gﬁ%'ﬁﬂ fa%BS@EGtW $IMPese mqq@_&mmmﬁ?% HQH%Q%%EGQ 1% 121.
Merber s fé%ﬁg.gpﬁ? ril;rgﬁ/eﬁﬁ tidaprtdineeiltflr dR¥A8® BbpbAdinBeorPindN@retebhgd by the

frame exible 1n directions extending out of the plane defined
by thes fausrent fl8® indbe chikt novenent of shuttle 122 out of the plane defined
by the frame 130 is inhibited. In the interests of sinplicity of

expl anation herein, the axis of permtted 25 novenent of the shuttle 122

rel ati vesihfilatipembhiiges 186 aMd 104 &1 eperativr pebititefmitiordl hovement 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 permitted 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 axis. 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 magnet component of an electromagnetic

30 drive unit 201 as hereinbefore 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



as the x axis. The bias inposed by nenbers 103 and 104 acts agai nst
novenment of shuttle 122 relative to the frame 130 in either direction

al ong t hewp oapa2such that shuttle 122 is biased into anPequBo2/2863um
position central to a range of travellddefined wthin the frame 130. The
per mmnent magnet conponent of an el ectromagnetic 30 drive unit 201 as

her ei nbef ore descri bed in nounted on shuttle 122. The coil of the drive
uni t 20leittserrdieatiod depehbihdg orattee diséctidnofaperettifiow, intthe cdili Viee voild agd1 is
actuated by supply_of a current flowin the coil to nove shuttle 122

agai nst ‘?‘Piesr&"‘ﬁ‘s'n F‘Eﬁ&gd by nenbers 103 and 104 along the x axis. Again,
t he novenent can be in WO 03/ 021127 PCT/1B02/ 02865 14 either direction
depending on the direction of current flowin the coil. The coils are not
shown i nABubatrated2 1A\ carrpingrihe st@age carfage g ism@nsneoteaige tharffame 130 vis a
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the frame 130. The substrate 210 is resiliently biassed by members 107 and 108
towards an equilibrium position central to 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 substrate 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 frame 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

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



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 a
| ever 242warnid/ostieut s 253 and 254. Lever 241 is pivotabl eralvaBoz/@sésul cr um
232 secured to the frame 130. A pairlSof resiliently flexible nenbers 261
and 262, define the position of fulcrum232 relative to the frame 130.

Li kewi se, lever 242 is pivotable about a fulcrum 231 secured to the frane
130. A peivetigf of el doresddondingehevbise24re ahe 242216k ud itk 26dte sjedridineg BOciLines
position of fulcrum 231 relative to the frame 130. Menbers 101-108, struts
251- 254, 23h8NdesBer s 261- 264 are substantially resistant to tensile
expansi on and conpression. However, nenbers 261-264 are resiliently
defornmable to facilitate WD 03/021127 PCT/1B02/ 02865 15 pivoting of the
cor r espondipeyali@valisplagamantiobglauttiedar upes advatepohdiivgyunitRPé2isrs 231 and
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substrate 210 depending on the direction of displ aceﬂent of shuttle 121
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I n response to such”a displacenent. The translational displacenent of 20

shuttl® 122 relative to the frame is thus translated into a rotational

,? Lfﬁl 2gﬁﬁ]ﬁe6§{i%lq‘?%ﬁéeﬁé%%ht gp&d’tﬁé a}ﬁb%%ln Q&tﬁgﬂi&%ﬁme 8|I1it }261’ s 242 is in
transmitted to lever 242 by strut 254. Members 103 and 104 flex in the plane defined
by the frame 130 to accommodate such a displacement. 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



substrate 210 by strut 253. Specifically, strut 253 pulls or pushes the
substrate 210 depending on the direction of displacenent of shuttle 122
rel ati ve wo oshe11ieT ane 130. Pushing and pul ling forces i mpe3dadoansehe
substrate 210 via strut 253 are 25 covnuni cated to the yoke 220 via nenbers
107 and 108. The yoke 220 and substrate 210 are thus displaced in the
direction of the x axis relative to the frane 130 in response to
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| nposed by .t he substrate 0 .abou ul c 32 5 Sigpilarly, shuttle 122,
subst rattHYnZ'l%,m%?ét 'Emse%é% €% ,Siﬁakﬁ é?@‘ﬂ%@%&f,”}%{HH’ nnecting struts 253
and 254 collectively forma balance resistant to translational shocks in

the direction of the x axis. Specificalléb the mass of shuttle 122 is
sel ectedBinilariy: shwatle d 28osubsteate @10 ypke AP 2leyedddulaiem ZHgERdof | ever 242
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f ul cr umghdtks 3n tal direstibnbof thb e dxis.rGpeifically, the mass of 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 turning

20 moment imposed by shuttle 122 about fulcrum 231 is balanced by the turning
moment imposed 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.
Alternatively, 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 desirable for shuttle 121 to have a mass similar to that of
shuttle 122.
30
The balance in turning moments between shuttle 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 along the y axis are counterbalanced by shuttle



nonent inposed by the conbination of the substrate 210 and the yoke 220
about fulcrum2231. It will be appreciated then that shuttle 122 may be
nore masswoaslbban7 shuttle 121 to 25 conpensate for the cechiiBep2sess of
the substrate 210 and the yoke 220. Wl ternatively, 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 nonents where it
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121 and the substrate 210 on ful crum 232 oppose each 5 other and hence

cancel dulerum 238e turning nonment of shuttle 121 relative to fulcrum 232 is
substantially equal to the turning nonent of the substrate 210 relative to
fulcrum 232. Likew se, the balance in turning nonents between shuttle 121
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t he turni ng monent of shuttle 122 relative to fulcrum 231 is Substantially
e

equall5t avill be acgeldraigdnip teasante dirrctionb slowgver, the resultant torques exerted by
the shuttle 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

-t 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 turning moments of the ends of lever 241 alone about fulcrum 232 to cancel
each other out in the event that an impulse force is applied along 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.



210 and the yoke 220 relative to fulcrum231. 20 It is desirable for the
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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, members 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 associated 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



novenent al ong parallel axes yl and y2 respectively in a plane
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opposite directions. As denonstrated earlier with reference to Figure 8,
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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 arrangements. For example, referring to Figure 10, in another embodiment of the
present invention, there is provided a local probe storage device comprising four
shuttles 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, then the device is balanced against and



one of the two directions. However, the present inventionis not limted to
such 20 arrangenents. For exanple, referring to Figure 10, in another
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storage device conprising four shuttites 400-430 each coupled to the
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of the present invention hereinbefore described w referencé to Figures
8, 9, angystemsitadotationakshacksagl aaareducingsurface asea. & afexaimple; refening
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610 i s coendeare®60o Opefratinreobihe paiss of npailienbmepaveat 1680 areb660 @ant nenber s
substantially 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 fulcrum 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
fulcrum 630 oppose each other. If the torques are equal in magnitude, which is the
25 case where the equation (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 610 are accelerated in opposite directions. Thus, both
30 masses 600 and 610 are displaced with respect to the frame 640 in opposite
directions.



650. Simlarly, mass 600 is connected to the frame via a second pair of
resilient nenbers 660. QOperation of the pairs of resilient nenbers 650 and
660 is swbasantieal |y as herei nbefore described wth refePemaBoy@séd gur es
8, 9, 10. Mass 610 is connected via 2 strut 680 to one end of a |ever 620
pi vot abl e about a ful crum 630 20 secured to the frane 640. Simlarly, mass
600 is connected via a strut 670 to the other end of |lever 620. In

oper at i oRefering mew & Figure ddsina Mmaslificationad thg piréfedredembedinsydtofthé n a

di ti | , t h i I t 600 10 in. .t

di v oct i ol RBRIbERiOf ePModitd (Bl BRI EReas 1§ FienlEl Mevw Bhitrl6 10 on
ful crum 830 andpdreticatd ahtien? dre difsosded mman@q;l@:wéuwﬁag@@bh% whi ch
is the 25 case where the equation (1) is satisfied, then they cancel each

ot her so2Rpifertihwilkbe apprasialpd ihaldbifcarangenantererstes sulptanimllyasati ve to

helt " . . . .
msses” 08 St A Rirbad wih b ttelel Mddre | Paihd Sofiffio didhd L4888 he” °
ot her of Agains by sGperpusind it silmstiate 21 Overd Sdtle dad drite12am, tRSS@%IRAY ¢ind

610 are C(S:cg% eraé}ed in opposite directions. Thus, both 30 nasses 600 and
(qt

610 are es{HAR alipne mhign ard shecks igredeaed.i n opposite directions. WO
03/ 021127 PCT/1B02/ 02865 21 Referring nowto Figure 14, in a nodification
of the preferred enbodi nent of the present invention hereinbefore

descr i belh hetembedigrants of the Fiegantin®entitre hetdisbefare degdribexhwitls hefetreese 121

d1 di d i | I.el.. pl d on. t ot owill
be. appi o 300F Brif 2 LR P B oy e 4 eh ik s Aer pLRpSaracty
her ei nbefoane sipatraid) Hbwiier, t AilebEaPréAateddHAE i bitrAPobdiRntdI8f theddyd v
axes. Again, by superposing the substrate 210 and shuttle 121 and 122m

t he sensineiResgnignvention, dae sbettles meveahle atangibeioaxiamiayhe cesplesl todbiaced.

o or onca b Jiatngy ok 8E IS RRbE d Re el AN B RES PR RGe  he
axi s ar edesmripkddvith refetdnce tbFiglve & ults tanat B4, thowesrage sulfase 70 i8%ocated

appre](r:ijate that, in _other enbodi nents of the of t_et?lresent i nvention,
t he shut?m ﬁ@?@%ﬁ’@@} yaveb wihie appieciaied thad koingr erwodimestsreft e vi a

Gesor Phale ToRSRIFEIARATIN, oy 6 agtbg EI AR QUMM Brare 1
| ocat ed appreciated that the present invention is equally applicable to storage devices in
which there is only one sensor scanned over a storage surface 70. Similarly, 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.



15 on the substrate 210. However, it will be appreciated that, in other
enbodi nents of the present invention, the array nay be |ocated on the
substrat ewP/021127 Wi | | al so be appreciated that the pres®ca/iBm@8ssy on is
equal ly applicable to storage devices22in which there is only one sensor
scanned over a storage surface 70. Simlarly, it wll be appreciated that
the present invention is also applicable to i maging systens in 20 which one
or nore probes for detecting an i mageChlMSsurface are scanned across the
surface to be i maged. WD 03/021127 PCT/1B02/ 02865 22 CLAIMS 1. Apparatus
for reducing sensitivity of an article to nmechanical shock, the apparatus

conpri si mg:  aApparatus forretusing seeiivity pf anairticle3s esedimiitdhbdk,ithe 5 franme
for bi-directional movenent relative to the frane along a first axis of
di spl acefRparatys epmprisingy aframeidiirgbpad geernd Blanar slassgsdnavwitedduihal to t he

frame; sthgmd f%Y%f—gE%&!ﬁdiﬁl m&%mgg&ggg&q% E’rlaHEGalfohé.séﬁr'é?ﬁﬁisad?d the ot her

end connected to second nass, crum b&i ng di'sposed between
t he endsdisplaceendrtya first levwearpitgtablecathaut quiirseideruadsedioed td tise frahes: dine by t he

first mass is countered,by th orgue exerted about the ful crum by the
second nﬁfé’?r ﬁﬁv'm?ﬂ@n%"éd F%n%eﬁﬁéﬁ%h?ecg‘is‘?%&(‘ e c?tE@r ?Bgtcﬁ@n??tﬁﬁéoeﬂﬂ%ng_
the axi ss@dorfli $RL3CAEMHe ANGTIN B&hg%ﬁ%ﬁdsreu%&weeﬁ&ﬁé BAARYf i .St mass in
use has reduced sensitivity to the“shock. 2. Apparatus as clained in claim

1, wher ewherehy therterqueneixartasbaboutdbe ddlcaune by 1be diogti rnass is @untgedriat ihe as

cl ai i laim1 er el he first mass is disposed in.a plane .parallel
o antd olobpia Bedhes st Beduladiia mhlle SR Mady i RREnsE S AR ARG T m
3, wher esiodkepglictisb th8 drapes alshgMestss of dispRebmapRElitithat Hvaticrp each
other. 5. Apparatus as clainmed in any preceding claim wherein the second

nmass cofPiieddy tha fustmassin use haptredeegsbsgnsivitydoithgghoek.i nul us for novi ng
the second 25 mass relative to the franme along the axis of displacenent to
produce a correspondi ng novenent of the first nmass relative to the frame

al ong t h2. axi Appératus aplciiesrin claim 1, wherein the first and second masses are

15 coplanar.

3. Apparatus as claimed in claim 1, wherein the first mass is disposed in a plane

parallel to and displaced from the second mass.

20 4. Apparatus as claimed in claim 3, wherein the first and second masses at least
partially overlap each other.

5. Apparatus as claimed in any preceding claim, wherein the second mass
comprises an actuator element responsive to input stimulus for moving the second

25 mass relative to the frame along the axis of displacement to produce a
corresponding movement of the first mass relative to the frame along the axis of
displacement.

6. Apparatus as claimed in claim 5, wherein the actuator element comprises
30 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 generating a magnetic field coaxial with the axis of magnetization of



6. Apparatus as clainmed in claim5, wherein the actuator el enent conprises
30 permanent nagnet neans having an axis of magnetization parallel to the
axi s of wpgplaenent and bei ng cooperative with an el ect PCxaBoo28enducti ve
coil nmounted on the franme for generaiding a magnetic field coaxial with the
axi s of nmgnetization of WD 03/021127 PCT/1B02/ 02865 23 the pernmanent
magnet neans in response to the input stinmulus being an electrical current
fl ow i n teepgrdidnent magnedraeans nsrespansetd ihe iopual stingulugisirg an etectpealmanent

magnet ?@E@ﬂ@&&ﬁf@{*ﬁ' ses) 2 pair of permanent nagnets di sposed with |ike

poles fa e’ and the coil is di sposed between the permanent
magnets. 8. Apparatus as clainmed in claiml, further conprising: a third

mass; the third mass and the first mass being nmounted in the frame for
bi - di r ecti onaf\PREAEHEAS Claimeddn SOt wherel heRRIMANGRY MAKEE IRENSK| s of

di spl ] : ' . ] '
axi & of O pliac & BBt ieran midereREcisBBEED AR IRE PSS Rling Sadh Bt
secur ed &md tHeecdit mndispddesl Isetovmreth the\parmiaaenhigagnetsend connected to the

first mass and the other end connected to the third nass, and the second
ful crum bei ng di sposed between the ends of the second | ever; whereby the 15

torque egert eﬂg??n‘eéigﬁ% %Q%Ia‘-’rﬁ%@ﬂﬁ clanCy ,‘%Hrtﬁé!r é&ﬁf}iﬁi%iﬁg? a MRS nlaSsChgthiged by

the torque ex out the second ful crum third nass I n response
to a mecass@ald theHisstkmappbeing mounted i thenframenfay bidcérestomal dneverse il

di spl t. 9. t laimed. in claim8, wherein the first
seconll - HAerPr e Hread albhst spebud Biis ol disriedSmentina Hlene cefngiidne

cl ai m 8, fryferaidofthegdridl 6 the Rt asis sitfisglatdemasfondllév@dsitotdbrposed in
separate parallel planes each spaced fromthe others. . 25 11. Apparatus as

cl ai med #bpuwicasesorl fulgiumeserured 19 thestramesimepcansdever havingosesendat | east
i all . ' i ims 8
o SRS B s PRk s SRR ALY oo R LR i Bl ™

f
to 11, erern €s a or elenen

responsi secdna fultpuin Isgingdispostdbetmeenthd brdSof Brcssubnubeser, @lharéetHeo t he
frame_along the first axis of di SB| acerren[aet_o produce a  correspondi ng

movenkht O5Ug RXered gboyiine secondifyleryrp bydbefirsiBass ePuniered Rsthederauef

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.

9. Apparatus as claimed in claim 8, wherein the first, second, and third masses

20 are coplanar.

10.  Apparatus as claimed in claim 8, wherein the first, second, and third masses

are each disposed in separate parallel planes each spaced from the others. .

25 11.  Apparatus as claimed in claim 10, wherein the first, second, and third masses

~ at least partially overlap each other.

12.  Apparatus as claimed in any of claims 8 to 11, wherein the second mass
comprises a first actuator element responsive to input stimulus for moving the

30 second 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 third mass comprises a second actuator element responsive

to input stimulus for moving the third mass relative to the frame along the second



di spl acenent, and the third mass conprises a second actuator el enment
responsive to input stinulus for noving the third nass relative to the
frame al owg@ oslog11gecond WO 03/ 021127 PCT/ |1 B02/ 02865 24 axipsTaBoxki2s¢d acenent
to produce a correspondi ng novenent of4 the first nmass relative to the
frame al ong the second axis of displacenent. 13. Apparatus as clainmed in
claim 12, wherein the first actuator elenent 5 conprises first permanent
magnet nadssf displacgnaentdripsodiicaragoetespandiog rpaverheet oftthe firblembiss sélative s of

di spl acenent .and bei ng, cooperative with a first electrically conductive
coi | mouiiaa e AP e aeon e PRYISRIECAMA et i ¢ fiel d coaxial with the
axi s of magnetization of the first permanent nmagnet neans in response to

the input stinulus being an electrical current flowin the first coil, and
t he secohd 10Apparatusoas eladnedtin cimrid aghareindhe fisstanivator elergert neans

d spi s onue stk PRARERGEThaGRoERedh: Reud e e By Rz parmlilia ve

coi | nouhegiistodxié bEdispRitenidnt grRNSsiAg icoBparativB Wit 4 Eirdtictéstrieglgxi al with the
axi s of magnetization of the second pernmanent nagnet peans in response to

t he i npugorstucive Geil rauijed pndhedtame kor ganaraiing anaagnatic fiedd cpaxisgbwshd coi | .
14. App t ' ] i ' PEP gnet
roans. b8 BEmBbALTEN AT o(h8 Lt s ibdrBf riedr i InABEBRIET ) FRI"C.) o
faci ng eapbt stirhbles bty aheldotrisd] aumieht flowdh sipe fiesd co#f sved rthe lsecbhd st

per mpnent magnets, and the 20 second pernanent nmagnet nmeans conprises a
pair B} 3¢y HG@WPE%%Q%O“ %rﬁ&wt\mqqnqt%w@m@éngaei ehch

ot her a i blin | ' ;

magnet o, SGMEURRBAKAERY o e SBHRT Ads o ditioerh o SRF BORGRIIRIANS ¢ our e

pl anar nwids aZecondeieatricallyt donductivie coibmdrinteld badhé draahe fonganenatingsbat i ve to
the frane_al ong.the first. s of displacenent: third |l ever pivotable
about | o TRBPaLY fif E el egidfiem anaBnafEeY of feisokpas pERaRE ount ed i n
the frammafrst ibads irtdsponak toBYE APt stifiufld N&ing e d1B6trich PO Taitdgy inhe
second axis of displacenent; and, a fourth | ever pivotable about a fourth

ful criimtbesgeendcellt he frame; the third | ever having one end 30 connected
to the first nass and the other end connected to the fourth mass, and the

14.  Apparatus as claimed in claim 13, 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

20 second permanent magnet means comprises a pair of second permanent magnets
disposed with like poles facing each other and the second coil is disposed between

the second permanent magnets.

15.  Apparatus as claimed in claim 8, further comprising: a fourth planar mass

25 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; and, a fourth lever pivotable
about a fourth fulcrum secured to the frame; the third lever having one end

30 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 connected to the fifth

mass, and the fourth fulcrum being disposed between the ends of the fourth lever;



third ful crum bei ng di sposed between the ends of the third | ever; the
fourth I ever having one end connected to the first mass and the other end
connect edwpDm®3km2fi fth rmass, and the fourth ful crum bei n@gcCaiiBpeees bet ween
the ends of the fourth lever; WO 03/081127 PCT/1B02/ 02865 25 whereby the
torque exerted about the third fulcrumby the first mass is countered by
the torque exerted about the third fulcrumby the fourth mass in response
to a nevharshydhesbupie apptaceabawd thadhifd futeruat byghe fisstimast isaousterbd by

di spl t: d b he, 1 t the f th ful b
the 1 steraialt ek pBrdyhe Ty FHERIE IS SadHt BiesedBueSionssro o
ful crum schBgichl SAEEKASSicdtotRE PRAINSE aldhc®heTRS@0S 6ﬁHis\Pm§e‘ﬁ1é¥ﬁ hh@d to the
frame al ong the second axis of di sg(laacemant. 16. Apparatus as clainmed in

cl ai m 15whiesbyithe terpier ¢xerted aedribie feuth &ylctusu by ihe firdd mass isicomatared ar e

it e REseE bRefiPY 3LBGLAR ARRACER - P e RSt BESGBEE Baunt ca i n
t he franmeehahiogl shabtk adpliclieoflthe stanm@akmngeetsecbhamxief dispkderess. 17.
Apparatus as clained in claim15, wherein the first, second, third, fourth,

and fifth masses are each di sposed in separate parallel planes each spaced

fromthesn 15 . . r; ' I.NE: ' , i
first, s1e6(;:'on(fa b?%{a?lés é?gheﬁt{ﬁ%ﬁ "gtr?!ﬁ m}?ﬁ %@h%@gl&e rfé L l%'gggrgra,ptgﬁ’?%)ﬁrt@, %\Bgr | ap
each ot hiifth m23s&8 ardppplaabusthasouttiamess being myowrdited limthvsframetan i sidbefei n

t he second ymss conprises a first actuator ele t responsive to |nput
st1 milQsDEGISHBRSR FEMRLS TTomY g ESR08 TParsANsLtheg HIHEaEs RRINGIONGTRchS 1 r st

axis of WeSPhE Pk dide Bf RSt PasSIRRIOHUM i HRuGRRES, of the first mass
relative to the frame along the first axis of displacenent and the third

mass conprises a second actuator el enent responsive 25 to input stinulus

for novi he third ss relativ o.the fra al on he seco axi s of
di spl aceﬂgréprfq{aﬁ'%%g%megm agwgr%i%r%\}éﬁﬁ§t’ 8?(:% tf’f‘?éf’”ﬁ@&“‘fm ative
to the ffifgdimhaskesaré Bach esptdedih Sephralé paraRe pRiHes eHth Qo the
claimed in claim19, wherein the first actuator elenment 30 conprises first

per nehen®thgynet means having an axis of magnetization parallel to the
first axis of displacenment and being cooperative with a first electrically

18. Apparatus as claimed in claim 17, wherein the first, second, third, fourth, and

fifth masses at least partially overlap each other.

20 19. Apparatus as claimed in any of claims 15 to 18, wherein the second mass
comprises 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
corresponding 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

25 to input stimulus for moving 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 axis of displacement.

20. Apparatus as claimed in claim 19, wherein the first actuator element

30 comprises first permanent magnet means having an axis of magnetization parallel to
the first axis of displacement and being cooperative with a first electrically
conductive coil mounted on the frame for generating a magnetic field coaxial with

the axis of magnetization of the first permanent magnet means in response to the



conductive coil nmounted on the frane for generating a nmagnetic field
coaxial with the axis of magnetization of the first permnent magnet neans
in resporwe do2tibe WO 03/ 021127 PCT/ 1 B02/ 02865 26 input CTmBoumsesei ng an
electrical current flowin the first 20il, and the second actuator el enent
conprises second permanent nmagnet neans having an axis of nmagnetization
parallel to the second axis of displacenent and being cooperative wth a
second dhput stincallik oedrg dn @tiéotecal aiulrremb tlowdd toa fitdieofly ame thersegendr ati ng a 5
magnetic fiel gﬁg)axi al with the axjs of rragnetization of the second

per maneACUARE RIAM AREFRMPHSGLIRMMIP]EANGRT maaiet SheFRR IRVIRE AR X Of

el ect ri GahqgGauZ-R0h ddrakelitd thé BBcsRE aRd di lidpladdmeMPRiM Bbing csdpekatvard in
claim 20, Wwherein the first permanent nmagnet neans 10 coffprises a pair of

;@ rst peqviltfa_a@egpnd@lmgdcdlysmwagv@ cail mdcmt@@bestheékam@fcuragﬂmeraﬁngﬁa and thg
per nareneabgHe i HaE R SRR Aot pBheREL BT s SRR Rerflivat's "

di spos e‘dné%ﬁét hbkAs P tesponaeitd th& aput etifkilusbsing id sleewied] eatdntifwdinsposed
between the second permanent nmagnets. 15 22. Apparatus as clained in claim

21, whertBpsecaadceilst h mass conprises a third actuator el enent responsive
to input stimulus for noving the fourth mass relative to the frane al ong
the first axis of displacenent to produce a correspondi ng novenent of the
first mess r eApparatud as clhéméd dmelairh @0y whegeihi the tfirsbpesmzinedit araghet mexdnsand

the fifth 20 nass comprjses a fourth actuator el enent respopsive to input
st i mACHHRIISASA R O St RaTTanRRL STA0BPIE ipRosed iR e it esing eaeh second
axis of &lhé%ﬁ&ﬁ;@ﬂﬁsﬂcepmﬂpﬁged semcg@m@%éi Q&M&Yﬁ‘gﬁﬁ%ﬁrﬁt&té}ﬁi fhgst mess

relative to the trame along e secon axi s of disp 25 23.
Appar at isecasd desimanent maghat mezihs canepridas a pairtdiisedoad paananerd reagnets

conprises thir er.nmanent net neans having an axis. of .nagnet,i zati on
par bl | erdsneaduh ikE By BeRetadrze ARt e BCoR i B vafehh o
third elipetseceal permafBAtfaignetscoi | nounted on the frame for generating a
magnetic field coaxial with™ the axis of magnetization of the third

per makfent magnet neans in response to the
22. Apparatus as claimed in claim 21, wherein the 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
20 mass comprises a fourth 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.

25 23. Apparatus as claimed in claim 22, wherein the third actuator element
comprises third permanent magnet means having an axis of magnetization parallel
to the first axis of displacement and being cooperative with a third electrically
conductive coil mounted on the frame for generating a magnetic field coaxial with
the axis of magnetization of the third permanent magnet means in response to the

30 input stimulus being an electrical current flow in the third coil, and the fourth
actuator element comprises fourth permanent magnet means having an axis of
magnetization parallel to the second axis of displacement and being cooperative

with a fourth electrically conductive coil mounted on the frame for generating a



30 input stinulus being an electrical current flowin the third coil, and
the fourth actuator elenent conprises fourth permanent nagnet neans having
an axis oWoogmgretri zati on parallel to the second axis of acIpBex@sent and
bei ng cooperative wth a fourth elecirically conductive coil nounted on
the frame for generating a WO 03/021127 PCT/1B02/ 02865 27 magnetic field
coaxial with the axis of nagnetization of the fourth permnent magnet

means i Mmeagsgiinfieldtavaxiad withghe asdid ofuinagnetizaiipnaof the detinth patmanentemaghbbw i n

the f th il. 5 24, | ai med | lajm23 rein the third
per manerboRRS btespRassdo S5 Bt simiysch e g afPpe Bt o haghedelin |
di sposedgpith |i ke poles facing each other and the third coil is disposed

between the third permanent magnets, and the fourth permanent magnet neans
conprises a pair of fourth permanent magnets disposed with Iike poles

facin h o d . I i | i . fourth

bor e macnratcad BRimEHIA Biaff 2o, Wb BRAS i BRAfEReni b L00r oo
sur f ace;maans easipriess a ipbEtHirdIparertiengnedinetd disposad ivith IIeigolegfaag to
t he surface; a scanner for npv robe and surface relative to each

th
other t SashoineRand tap thikkeaibs dishosedheiween1he g RppaRRenlynagnetsarRgd | n

any pre i I : face
and {he 00 ragE bR eEnEn 5 fbdfs SRR s A EAi BPictinn Solfh et oyt 20
sur f ace dispbgduewith like pblgs fabimgtendmesthanandfthe fourth céibis dispseddsetaeenl ai ned
in clabigbzg Ii{gerein the or each probe is carried by the 20 first mass.
0P deurta PEIMARGY MAIREIE m 25, wherein the storage surface is carried
by the first mass. 25 28. A positioning transducer conprising: a shuttle
nmounted on a frane for rpvenent relative to the frame along an axis of
di spl acéfent ;A tpgahprolsf stosagedevice comptising: amiotage swnfacecatleast brewi th |i ke

pol es of S i each ot her n i th respective axes of .
ragnet | 2APPEIORRIED (G B B e Al s Rt the JurBeE Rar i REr g ¢
t he axi shefprébé Bhacanast reRfide fo eath offidinb @danthé beolld acmsatite sOrfdésposed
bet ween the magnets so that shuttle is displaced relative to the franme in
15 and apparatus as claimed in any preceding claim 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.

26. A device as claimed in claim 25, wherein the or each probe is carried by the
20 first mass.

27. A device as claimed in claim 25, wherein the storage surface is carried by the
first mass.

25 28. A positioning transducer comprising: a shuttle mounted 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 displacement; and a coil mounted on the frame and

30 disposed between the magnets so that shuttle is displaced relative to the frame in

response to a current flow in the coil.



response to a current flowin the coil. WO 03/021127 PCT/1B02/ 02865 28 29.
A probe imging systemconprising: at |east one probe for detecting an

i mage of wolamtaer; a scanner for noving the probe and surPCaaBoy@BeX i ve to
each other to scan the or each probeacross the surface; and apparatus as
claimed in any of clainms 1 to 24 coupled to the scanner and one of the
surface and the or each 5 probe for reducing sensitivity of said one of the
surface 20d tAgrabe imagingrsybtenn @ommisiragaiattﬁasg lonekaroBe forrdaigstirgraas cl ai med
in claim29 erenthe or eac robe is a[)rled%ﬁthe fir

S

37 Cn” aobraie St ifcrd peinel e BB s bt A iredelMBd HRbon | <
carried othgr ’éd@cefri thel or@ech prbbe across the surface; and apparatus as claimed in any

of claims 1 to 24 coupled to the scanner and one of the surface and the or each
5 probe for reducing sensitivity of said one of the surface and the or each probe to

mechanical shock.

30. A system as claimed in claim 29, wherein the or each probe is carried by the
first mass.

10
31. A device as claimed in claim 29, wherein the surface to be imaged is carried

by the first mass.

15



