WO 02/ 37488 PCT/ 1B01/ 01688 -1 AFM BASED DATA STORAGE AND M CROSCOPY Thi s
invention relates generally to AFM Atom ¢ Force M croscope) - based data

st orage vedd2/srn48% oscopy systens. Particul ar enbodi ments oPCT/RN1i0mes8Nt i on
provide read/ wite 5 apparatus for use.in data storage devices and sensing
apparatus for use in atomc force mcroscopes. The atom c force m croscope
is a now well-known device in which the topography of a sanple is sensed
by a tip nounted on WME@MTA&T@%@}EW. As the sanple
is scanned, the interaction of atom c forces between the nanoneter-sharp
tip and the sanple 10 surface causes pivotal deflection of the cantilever.
The sanpl e t opRGIABYON 2188 RhEIaNE b RYM (AR BRIFIE: Mﬂrésc@?é)l-lﬂﬁ,éd @4ta stbigzeAFM
t echnol ogy has al so been applied to the field of data storage with a view
t o proviadil mjcresenpy systams altdrienlar enphagiimelen of thg invenghn @mvalderraatgwnim a storage
devi ces for tmat%(sﬂ,ﬁ- rrermr%t apogl i cations. . AFM based dat.a storﬁge.if descri bed

i n dePaiPPTTRUP BN UST 8RR SOOIECREYICES R SnHDE SPBRAER{OT WL #E 44 Ro. 3, May
2000, ppdid@sédies. “The 15 "M lipede' - Mre Than One Thousand Tips for

Future AFM Data Storage", Vettiger et al., and the references cited
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device is shown 20 schematically in Figures la to |Ic of 'the acconpanying
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read/ wite tip 4 is provided on a heater 5 forns a platformat the
end of tdheicesfor mass-ereniory Tpplidatigid. Wb bestdsiatd stong@b deseritied avdetall egBMa, 2b

define curre at h cannectin e heat | gt f 5 en pair of
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storage nediumindi cated schematically at 6 and shown here in

cr 0ss- seod ilmrefdreces citdvetheteor. dyee, tediantileyenmoisted tip isudeddonresdibs andat e 6a
and a 40nmthick pol yner surface |layer 6b.. 30, |n.the wit e, the heater
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A read/write component 1 of the AFM-based data storage device is shown

20 schematically in Figures 1a to lc of the accompanying drawings. The component 1 comprises
a generally U—shaped cantilever 2 which is connected to a support structure 3 (only partially
shown in the figures). Flexing of the legs 2a, 2b of the cantilever 2 provides for substantially
pivotal movement of the cantilever about a pivot axis P. The read/write tip 4 is provided on a
heater 5 which forms a platform at the end of the cantilever 2. The highly-doped silicon

25 cantilever legs 2a, 2b define a current path connecting the heater platform 5 between a pair of
electrical supply lines (not shown) on the support structure 3. In operation, the read/write tip 4
is biased against the surface of a data storage medium indicated schematically at 6 and shown
here in cross-section. Here, the storage medium comprises a silicon substrate 6a and a
40nm-thick polymer surface layer 6b.

30 In the write mode, the heater platform 5 can be heated to a writing temperature Tw by
application of a write-mode potential across the supply lines. The consequent heating of the

tip 4 results in heat transfer to the polymer surface layer 6a causing local melting of the



tip 4 results in heat transfer to the polynmer surface |ayer 6a causing

| ocal nelting of the WD 02/37488 PCT/1B01/01688 -2 polyner. This allows
the tip Avoo2/pasetrate the surface layer to forma pit, oPChiRoliomessnt ati on,
7 as shown in Figure la. Such a pit represents a bit of value "1", a bit

of value "0" being represented by the absence of a pit. The storage nedi um
6 can be noved relative to read/wite conponent 1 allow n%_ the tip to
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been expl ai ned above, in 20 practice an array of such Conponents is
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read/ wite co nents to drive the heaters 5.. Thus, with the gbove
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One of the two supply lines for each component is a row supply line which is common to all
components in the same row of the array, and the other supply line is a column supply line
which is common to all components in the same column of the array. In this way, the number
of supply lines is minimized and a simple x-y (row-column) addressing scheme is used to
25 supply power to the read/write components to drive the heaters 5.
Thus, with the above apparatus, only a single pair of supply lines is required to address
each component in both the write mode and the read mode, allowing use of a simple x-y
addressed array structure. However, in the individual components, the heater platform design
is necessarily a tradeoff between the needs for writing and the needs for reading, and this
30 limits operating efficiency in both the write mode and the read mode.
According to a first aspect of the present invention there is provided a read/write

component for a data storage device, the read/write component comprising:



30 limts operating efficiency in both the wite node and the read node.
According to a first aspect of the present invention there is provided a
read/ wri teO ognponent for a data storage device, the readP@riBu/otes8ponent
conprising: WD 02/ 37488 PCT/1B01/016883 -3 | ever nmeans and a support
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20 signal-to-noise ratio in the read mode, while the decoupling means operates here to inhibit
current flow to, and hence heating of, the write heater, thus preventing this heater from
reaching a writing temperature. The efficiency of the component, for example in terms of
writing speed, power consumption and reading sensitivity, can thus be significantly improved
without requiring additional supply lines for the dual-mode operation, allowing convenient

25 implementation of a simple x-y addressed array arrangement as discussed above.

In embodiments where the decoupling means serves only to inhibit current flow to the
write heater in the read mode, then in the write mode some heating of the read heater will
occur during heating of the write heater to Tyw. While this energy loss may not be critical, in
preferred embodiments the decoupling means is arranged additionally to inhibit current flow

30 to the read-mode heater via the second current path in use when the power supply means is

operated in the write mode. In such embodiments, the read and write heaters are effectively



occur during heating of the wite heater to T. Wile this energy | oss may
not be critical, in preferred enbodi nents the decoupling neans is arranged
addi ti onaV0y2/81388 nhi bit current flow 30 to the read-node PEBARN/ W68 t he
second current path in use when the power supply neans is operated in the
wite node. In such enbodinents, the read and wite heaters are effectively
WO 02/ 37488 PCT/1B01/01688 -4 independently addressable, allow ng the
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optim zation., Arrangenents can be envi saged where the decoupling neans
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t path .th d t path_bej imlarly.defi the 20 |
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| ocated on the cantilever. In another exanple, the cantilever conprises
t hr ee | fisearal deyori kypdgsegiportignpeachiimaronnasting ttegw odeg portiops dleirss ¢he first

Cor L e PR SRR LS BURRR ! R kb b P S B GE
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portion to the second outer |leg portion. Again, the first bridging portion
conpr i shsmsdiveseifine theofiiest eraeeme pathnidie sénond suwend path kignggmplerly defineddnypthe ses
the 20 leg portions and the second bridging portion. Such an embodiment will be described in more
detail below, and in this case the decoupling means is located on the cantilever. In another
example, the cantilever comprises three laterally disposed leg portions, connected at
respective corresponding ends to the support structure, a first bridging portion interconnecting
the central leg portion to a first of the outer leg portions and a second bridging portion
25 interconnecting the central leg portion to the second outer leg portion. Again, the first bridging
portion comprises the write-mode heater and the second bridging portion comprises the
read-mode heater. In this case, however, the first outer leg portion, the first bridging portion
and the central leg portion define the first current path, and the second outer leg portion, the
second bridging portion and the central leg portion define the second current path. With this

30 construction, the decoupling means can be conveniently located on the support structure as

will be demonstrated below.



read- node heater. In this case, however, the first outer leg portion, the
first bridging portion and the central |eg portion define the first
current ped®h2/3askl t he second outer |leg portion, the secoRdI/BGLH#ESEg
portion and the central |eg portion defsi.-ne the second current path. Wth
this 30 construction, the decoupling neans can be conveniently | ocated on
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novel 25 read-sensing arrangenment. In particular, the support structure

may ext arthe mgad meogiet Ilpzafe@d/g\{ritg/ component for use in such a system, the write decoupling

20 means may simply inhibit current flow to the write-mode heater in the direction of current
flow resulting from application of the read-mode potential, and the read decoupling means
may simply inhibit current flow to the read-mode heater in the direction of current flow
resulting from application of the write-mode potential.

Embodiments of the invention described above may additionally employ a novel

25 read-sensing arrangement. In particular, the support structure may extend at least partially
around the lever means in a plane substantially parallel to the axis of pivotal movement, and
the read-mode heater may extend over a surface of the support structure around the lever
means to provide a gap between the read-mode heater and said surface, such that the thickness
of the gap varies with pivotal movement of the lever means. With this arrangement, rather

30 than using the storage medium as a heat sink for the thermal read-sensing system as in prior
devices, the support structure can be used as the heat sink. In embodiments employing this

arrangement, the read-mode heater can be operated at a higher temperature without risk of



around the lever neans in a plane substantially parallel to the axis of
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invention, therefore, a read node sensor is
than Tw, and by application of a second signal pulse, which is of smaller amplitude and longer
20 duration than the first signal pulse, via the supply lines in use, the read-mode sensor is
heatable to a reading temperature Tr < Tw while the write-mode heater remains at a
temperature less than Tw.
In embodiments of the second aspect of the invention, therefore, a read mode sensor is
provided separately of the write mode heater as before, but here the decoupling mechanism is
25 thermal rather than electrical. Specifically, in these embodiments the arrangement is such that
the thermal properties of the write-mode heater, the read-mode sensor, and the adjacent
regions of the lever means, enable: (a) the write-mode heater to be heated to Ty by a first
signal pulse while the read-mode sensor temperature stays below Ty; and (b) the read-mode
sensor to be heated to Tr by a second, lower but longer, signal pulse while the write-mode
30 heater temperature stays below Tw. Thus, the write-mode heater is effectively thermally

decoupled in the read mode to the extent that it does not heat to Ty in response to the

comparatively long, low-amplitude read-mode pulse. Similarly, the read-mode sensor is



provi ded separately of the wite node heater as before, but here the
decoupling nechanismis 25 thermal rather than electrical. Specifically,

i n these veobodtidsent s the arrangenent is such that the theemEBolpIEsgerti es
of the wite-node heater, the read-node7 sensor, and the adjacent regions of
the | ever neans, enable: (a) the wite-node heater to be heated to Tw by a
first signal pulse while the read-nbde sensor tenperature stays bel ow Tw,
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of the elenent. Simlarly, the thermal tinme constant of an elenent is

dependesiirfasps efhibe elereent fan@ et effioisncy efmdjacsutrdleroends of tratsporihg heattanddmd t he
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di fferent thermal coupling strengths between the wite-nbde heater, and

sur r oundiervgsic-raeds lsetonerhsurrmandingsl-and detwrsattey readranasigrheatenaidwyeroundiags, be
achi eved, Ien Breefcgrred enbodi nents, the wite-node heater is smaller than
t he rea%a-anI)aag K&KSor, and the regions of the | ever neans adjacent the
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the wite-node heater in use, while the regions of the | ever neans adjacent
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the 20 rate of heat loss from the write-mode heater in use, while the regions of the lever means
adjacent the read-mode sensor provide for a relatively low rate of heat loss from the
read-mode sensor in use. For example, in the particularly preferred case where the lever
means is formed substantially of conductive material shaped to define said at least one current
path, the regions of the lever means adjacent the read-mode sensor preferably comprise

25 constrictions to inhibit heat loss from the read-mode sensor in use.

The lever means may have various configurations, cantilever or otherwise, as in the
electrically decoupled embodiments, though a particularly convenient cantilever configuration
will be described further below. Moreover, embodiments of this aspect of the invention may
employ the novel read-sensing arrangement discussed above which uses the support structure

30 as a heat sink, and may take advantage of the mechanical amplification available by locating

the read-mode sensor further from the pivot axis than the write heater. In some embodiments,

the read-mode sensor itself may comprise a heater as before. In other embodiments, however,



read- node sensor in use. For exanple, in the particularly preferred case
where the lever neans is fornmed substantially of conductive materi al
shaped t ovalei/3188 sai d at | east one current path, the regbPOnEBw@f1488e | ever
means adj acent the read-npbde sensor pr-eferably conprise 25 constrictions to
inhibit heat | oss fromthe read-node sensor in use. The | ever neans may
have various configurations, cantilever or otherwise, as_ in the
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r ead- seasmp@siag:r angenent descri bed above, the efficient inplenmentation of
read/ wite conponents which use various read-sensing nechanisnms becones
praciPcabl e. levpimeansand adiupport sirecturh; thel leyspaeansdfeingeonpeciediotthe srymorti on
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read/wite tip provided on the wite-node heater; a first proximty sensor
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the lever means; and
a second proximity sensor element provided on the lever means and disposed over the
20 first proximity sensor element such that the distance between the first and second proximity
sensor elements varies with pivotal movement of the lever means;
wherein at least one of the lever means and support structure provides a second current
path for coupling of the supply lines via the first and second proximity sensor elements.
Examples of read/write components embodying this aspect of the invention will be
25 described further below. It will be appreciated that embodiments of this aspect of the
invention may employ decoupling means as described above, in particular to inhibit current
flow at least to the write-mode heater in the read mode of operation, and preferably also to
inhibit current flow to the read-sensing arrangement in the write mode where required.
Moreover, various configurations of the lever means can be envisaged as before, though a
30 particularly preferred arrangement will be described in detail below.

While the above focuses specifically on data storage applications, various features of

the components described above, and most particularly the novel read sensing arrangement,



20 first proximty sensor elenent such that the distance between the first
and second proximty sensor elenents varies wth pivotal novenent of the
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During scanning, interaction of atom c forces between the tip and sanple
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first system enploys an optical mechanismto detect deflection of the

cant i | eGatileysr. Thgithizd sistese papieys amin-inegelectipde 491 meuntpd abeve trheansitayendl.
SYSt &§n i ls!e17vgssasaa proximity sensor for the cantilever 13, the distance between the cantilever and
in-line electrode 19 varying with deflection of the cantilever.

Various problems are associated with the AFM systems described above. The in-line
electrode arrangement 19 is difficult to fabricate, whereas provision of the optical sensing
mechanism 17 results in a relatively complex arrangement. Where the piezoelectric

25 mechanism 18 is employed, sensitivity is dependent on the stress induced by flexing of the
cantilever and this stress increases with rigidity of the cantilever. A more rigid cantilever gives
a higher sensitivity but higher tip-sample contact pressure is then required for the same
deflection, resulting in increased wear on the tip and potential damage to the sample.

According to a fourth aspect of the present invention there is provided sensing

30 apparatus for an atomic force microscope, the apparatus comprising:
lever means and a support structure, the lever means being connected to the support

structure for substantially pivotal movement and the support structure extending at least



pi ezoel ectric el enment 18 which senses the stress caused by the pivotal
deflection of the <cantilever. The third system enploys an in-line
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the data storage components described earlier. Here, said part of the lever means may
comprise a heater, the lever means providing a current path for connecting the heater to a
20 power supply via the support structure in use, whereby said part of the support structure serves
as a heat sink such that the temperature of the heater varies with variations in said distance.
With the support structure serving as a heat sink, the heater can be operated at a relatively
high temperature without risk of damaging the sample which may be a biological sample for
example. Whatever proximity sensing system is employed, to enhance sensitivity the
25 aforementioned part of the lever means is preferably located at or near an end of the lever
means remote from the axis of pivotal movement. As with the read/write components
described earlier, the lever means may have various configurations, though the swing lever
configuration with mechanical amplification is particularly advantageous here. As described
further below, various other features discussed above in relation to read/write components can
30 be employed to advantage in embodiments of the sensing apparatus.
Another aspect of the invention provides an atomic force microscope incorporating

sensing apparatus as described above. Respective further aspects of the invention provide



however, at |east one of said parts provides a proximty sensor elenent for
sensing such variations. Particularly preferred enbodi nents enpl oy thernal
proximtyw@ens3i4sy) simlar to the data storage conponents BebtBI1Deedsear|ier.
Here, said part of the |lever neans naylleonprise a heater, the | ever neans
providing a current path for connecting the heater to a 20 power supply via
t he supgort structure in use, whereby said part of the Sl@port structure
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What ever _proxim t%/ sensing systemis enployed, to enhance sensitivity the
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var i ouscanpdregtfortidatisstotapodeicd; he swing | ever configuration with

mechani cal anpplification is particularly advantageous here. As described
further bel ofii8Uteat iscuschemals repesetaben of acaigwicdorsavisTasponedilastrasmetee

read/ wrjte. £OIMRANSM ﬁafi%ﬂsﬁge&%ﬁ ?ilgp% qﬁls.to advant age i n enbodi nents of the
sensi ng appar at us. Anot Rer aspe(l,3 of  the i nvent i on provi des an atom c force
m croscope i Rgorgodisal schgmasereptadentaipsod disa adrage sevicd Bowhih vead/Regpect i ve
further aspects of the invention provide WO 02/37488 PCT/1B01/01688 -11
appalt@t cRMRBEPisieRbedyig the mypntim qaade/ommlesdeonponent s according to the
first, second:. and,, thi f ot ' i on, ta.st.orage devices
i ncor por at i nglggﬂec%a ltgg rsgg%ﬁaﬁgﬁé%gp 38@%@%%&9‘%&% Cé)?f{%’lg ngllﬁie \Pé’ﬁﬁnggﬁ?mi Il now
be descimivbgibn; by way of exanple, with reference to the acconpanying

drawings in which 5 Figures [a to 1 c illustrate the construction and
operati on of Figupyttothowsdhe eguivalent efnsiisabeitcuiidior hederdawstestoamoneh\f ce;
Figure g8 8.schematic representation of an atonmic force mcroscope

illustrating the basic detection nmechanisns used in prior systenms; Figure

3 is18: schenBigute 3 B Lhenh@d llofrAfonaf dabeorsiepitRAemelR bt 6 eddnwmiai ch
read/ wite 10 conponents enbodyi ng the invention can be enpl oyed; Figure
4a is aCURMEEBEic illustration of a first read/wite conponent embodying
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Figure 6b shows the equivalent electrical circuit for the read/write component of
Figure 6a;
20 Figure 7a is a schematic illustration of a fourth embodiment of a read/write
component;
Figure 7b shows the equivalent electrical circuit for the read/write component of
Figure 7a;
Figure 8 is a schematic illustration of a fifth embodiment of a read/write component;
25 Figures 9a to e illustrate various proximity sensor arrangements for use in
embodiments of the invention;
Figure 10a is a schematic illustration of a sixth embodiment of a read/write
component;
Figure 10b shows the equivalent electrical circuit for the read/write component of
30 Figure 10b;
Figure 10c illustrates read and write-mode signal pulses for driving the component of

Figure 10a; and



Figure 4a; 15 Figure 5 is a schematic illustration of a second enbodi nment

of a read/wite conponent; Figure 6a is a schematic illustration of a
third enmyooo2emnss of a read/ wite conponent; Figure 6b shp@sIBhAISqui val ent
electrical circuit for the read/wite-¢drponent of Figure 6a; 20 Figure 7a
Is a schematic illustration of a fourth enbodinent of a read/wite
conmponent; Figure_ 7b shows the equivalent electrical circuit for the

reggl wite cggﬁ%%éifs %?C?‘elp?%?e@r ghtapeyof ATl seBsing appRERRt $BOFdYIREHeat i on of
a fifth;grhegi ment of a read/wite conponent; 25 Figures 9a to 9e

il lustrate various proximty sensor arrangenents for use in enbodinents of
t he inventi oRefdriing fiest iDBigue B tischeastbiage idelivs20 atciwales allaa sairagehmedibadi ment

of aread/wit conmponent ; Figure 10b shows the equival ent el ectrical
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first to Fjgure 3, the data storage devjce 20 includes a data storage
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anplifiers etc., where required, though such additional circuitry Is not
cent A8 G 85 Bdisater tehrmaatically e figyeniflsrmperents 23 ethe seme ronpt thedrmyom t he
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t he ar ra¥ ) sehare t ge st%me r0\2/lvndsutgpl y line R Siml 2r ly, Cgll Iegggrponent s in
the santlybieansyesient plthg apray and storage medium, whereby the array can b ately
located in its operating position against the storage medium and, during operation, each
15 component 23 can scan its individual storage field as described earlier.

The row and column lines R, C of array 22 are connected to power supply and read
detection circuitry indicated generally at 25. Circuitry 25 operates to supply power to the
components of the array 22, the individual components 23 being addressed by their row and
column lines in known manner via row and column multiplexers (not shown separately) of

20 circuitry 25. Each component 23 can be addressed in both a write mode and a read mode, the
power supply circuitry supplying a write mode signal via the supply lines in the write mode,
and a read mode signal via the supply lines in the read mode. The read detector circuitry of
block 25 operates in the read mode to detect the bit values indicated by the read-sensing
mechanisms of components 23. In general, this read detection can be performed in various

25 ways as will be apparent to those skilled in the art. In the particular embodiments described
hereinafter, however, the read detection is conveniently performed as in prior systems by
measuring the voltage across series resistors connected in the column lines C of array 22.

Figure 4a illustrates a first embodiment of a read/write component 30 which may be
employed in an array of similar components as the array 22 in the data storage device of

30 Figure 3. The component 30 comprises lever means, in the form of a cantilever 31, connected

to a support structure 32 only part of which is shown in the figure. (An integral support

structure is in fact provided for all components in the array, the entire array being fabricated as



share the sane colum supply line C. Drive neans, indicated schematically
at 24, enables the relative novenent of the array and storage nedi um
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formed by known semiconductor processing techniques. The cantilever legs 33a, 33b here are

formed of highly-doped silicon to provide conductive connections between the write and read
heaters 36, 39 and the row and column supply lines R and C on the support structure 32. It can
be seen that, by virtue of its shape, the cantilever 31 defines two current paths between the

25 supply lines R, C. The cantilever legs 33a, 33b and the first bridging portion 34 provide the
first current path, containing the diodes 38a, 38b and the write heater 36. The legs 33a, 33b
and the second bridging portion 35 provide the second current path, containing the diodes 40a,
40b and the read heater 39. Figure 4b shows the equivalent electrical circuit for the component
30. It can be seen from this figure that the diode pair 38a, 38b are connected so as to inhibit

30 current flow in one direction between the supply lines, whereas the diode pair 40a, 40b are

connected so as to inhibit current flow in the opposite direction.



10 the ends of the cantilever legs 33a, 33b renote fromthe connection to
the support structure. A further pair of diodes 40a and 40b are integrated
in the sav0obwsEsof the cantil ever | egs between the firstPaniBamtesad

bridgi ng portions, one on either side-of-the read-node heater 39. These

di odes 40a, 40b constitute read decoupling neans as expl ai ned bel ow. By
virtue of flexibility of the |legs 33a, 33b of the cantilever, the
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Similarly, in the read node, currént flows in the second current path to

read heeplqdimeni/p achicuelhs clmiricahdecooplingeffect. IRowefer.do rthleptefftrtﬁdt he wite
Pﬁgt g\? i %rga%'g%%gt h t'g%)sqt;%fe% roirqurl] h ;Pala} aqe 'prsovicf?agl t gr(ljcebt){e can?‘?ever about atnd 38b. In
longitudinal axis perpendicular to the pivot axis P. Note also that, of the two heaters 36 and
39, the read heater 39 is provided on the bridging portion of cantilever 31 which is furthest
from the pivot axis P. While the opposite arrangement is possible, this arrangement ensures
that the pivotal movement of the write platform due to read-mode scanning by the tip 37 is
25 enhanced in the movement of the read platform. Figure 5 illustrates an example of an
embodiment in which this effect is exploited further. In the component 45 of this embodiment,
the various elements of the cantilever correspond to those of Figure 4a, but the ratio of
distance d; between the read heater 46 and pivot axis to the distance d, between the write
heater 47 and pivot axis has been increased, thereby increasing the amplification of the pivotal
30 motion of the tip as indicated by the arrows in the figure. This mechanical amplification
mechanism provides still further improvement in read-sensitivity of the component. Clearly,

the amplification factor (di/d,) achievable for a practical tip-to-pivot axis distance will depend



small, lowresistance wite heater 36 in the narrow bridging portion 34 can
be heated very 10 quickly to the witing tenperature Tw, w thout
unnecessay@ orxpendi ture of energy on the read heater 39.PCHIBM®1688ad node,
the relatively large read heater 36 provides high sensitivity for the

t hermal sensing operation and, during heating to the reading tenperature
TR, the wite heater 36 is protected fromheating by the decoupling action
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design constraints. 5 Figure 6a illustrates a third enbodi nent of a
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co npﬂ?efi]éurg,oa \glfitetcmcgupq{g%ocﬁ&ige & is %ggﬁe%te%%rérpv{/eie%%ﬁe Fow supply line R and the outer
leg 53a, and a read decoupling diode 61 is connected between the row supply line R and the
outer leg 53c. The equivalent electrical circuit for this embodiment is illustrated in Figure 6b,
from which it can be seen that the diodes 60 and 61 are connected to inhibit current flow in
opposite directions between the supply lines R, C. Thus, in operation of this embodiment in
25 the data storage device of Figure 3, the power supply circuit again applies potentials of
opposite polarities between the supply lines in the write and read modes. In the write mode,
current flows in the first current path to write heater 56 via diode 60, but flow of current to the
read heater 58 in the second current path is inhibited by diode 61. In the read mode, current
flows in the second current path to read heater 58 via diode 61, but flow of current to the write
30 heater 56 in the first current path is inhibited by diode 60. Corresponding operational
advantages therefore apply to this embodiment as to the component 30 of Figure 4a. Here,

however, only a single diode is provided in each current path. Moreover, with this cantilever



cantil ever 51 connected to a support structure 52 for substantially pivotal
novenment about a pivot axis P. Here, however, the cantilever has three

| at er al | waloypased | egs 53a, 53b and 53c. A first bridgi hgI/pBMiLEss 54
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53b. The first bridging portion is formed by a wite-node heater 56 which
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bridging portion 71 and at the other end by a second bridging portion 72. A small write-mode
heater 73 is located in the first, relatively narrow, bridging portion 71, and provides a platform
for the read/write tip 74. The second bridging portion 72 is formed by a relatively large
read-mode heater 75. The conductive lever body and connection arms define two current paths

25 between the row and column lines R and C on the support structure 67. The first current path
is provided by the connection arms 68a, 68b, the sections of the legs 70a, 70b between the
connection arms and first bridging portion 71, and the first bridging portion containing the
write heater 73. The second current path is provided by the connection arms 68a, 68b, the
sections of the legs 70a, 70b between the connection arms and second bridging portion 72,

30 and the second bridging portion containing the read heater 75. Decoupling means in the form
of write decoupling diodes 77a, 77b and read decoupling diodes 78a, 78b are provided on the
lever body 66. The write decoupling diodes 77a, 77b are disposed, symmetrically about the



5 the electrical decoupling systemcan be inplenented in various other
ways, for exanple using transistors or other elenents arranged to provide
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are enployed in the exanples here for -tihe wite and read nodes of
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78a, 78eatdreviti @y74ed on the |ever body 66. The wite decoupling diodes
77a, 77b are_di sposed, symetrically about the WO 02/ 37488 PCT/1B01/01688
-17 | ongi t udinhe emppdiments descritedabolbm dsad-ssasing ean bdperbwmedes ioprier s and
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8 illustrates an example of a read/write component in which the lever means and support

structure are arranged for thermal read-sensing to be performed using the support structure as
the heat sink. The component 80 of this embodiment is generally similar to the swing-lever
embodiment of Figure 7a and only the key differences will be described here. Firstly, as

25 illustrated in the figure, the support structure 81 in this embodiment extends around the lever
body 82 in a plane substantially parallel to the pivot axis P and the general extent of the lever
body. (Of course, the surface of the support structure need not itself be planar, the plane
referred to here simply indicating the general orientation in which the support structure
extends around the lever body). Secondly, part of the lever body 82, specifically the

30 read-mode heater 83, extends over part of the support structure 81 to provide a gap G between
the heater and the facing surface of the support structure. It can be seen from the figure that

the thickness of the gap G will vary with pivotal movement of the lever body. In this



heater 75. Figure 7b shows the equivalent electrical circuit for the
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20 appropriate configuration of the support structure. In such cases, the write-heater platform
could be raised relative to the read heater if desired to increase the read heater-to-storage
medium spacing as described above. Also, for example, in the embodiment of Figure 6a the
read heater could be offset further from the pivot axis than the tip platform to facilitate use of
the support structure as the heat sink and exploit the mechanical amplification mechanism

25 discussed earlier. In any case, where such a read-sensing arrangement is employed, it will be
apparent that the support structure need not extend entirely around the lever means, but just
sufficiently to enable the structure to serve as the heat sink for the read heater.

With the read-sensing arrangement just described, proximity sensing is performed
between the read heater and support structure using the read heater as a thermal proximity

30 sensor. However, with the same basic arrangement, read-sensing systems using other
proximity sensing mechanisms become practicable. In general, a first proximity sensor

element can be disposed on the support structure, and a second proximity sensor element can
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equivalent arrangement where the two contact electrodes, and hence the current path between
the supply lines, are provided on the lever. Clearly, however, an arrangement such as that
shown in Figure 9e can be envisaged, where an electrode on the lever is connected to one of

25 the supply lines via the lever body, and an electrode on the support structure is connected to
the other supply line via the support structure. In this case therefore, the current path for read
mode operation is provided in part on the lever and in part on the support structure. Of course,
the electrodes in Figure 9e could also be contact electrodes for operation as a switch.

Depending on the particular read-sensing mechanism employed, electrical decoupling

30 may or may not be necessary. In preferred embodiments, however, at least write decouplng

means is provided to inhibit current flow to the write-mode heater in the read mode of

operation as described earlier. Provision of read decoupling means may be less important, for
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power supply circuit 25 is operated to apply different signal pulses via the supply lines R, C in
the write and read modes of operation as shown in Figure 10c. In the write mode, a relatively
short, high amplitude pulse Sy is applied. In contrast, in the read mode a relatively long, low
amplitude pulse Sg is applied. Although the read and write-mode heaters lie in the same

25 current path, the cantilever configuration is such that the thermal properties of the heaters and
adjacent regions of the cantilever provide a dual-mode thermal decoupling effect. Specifically,
application of the short, high-amplitude write mode pulse Sw results in heating of the write
heater 105 to the writing temperature Ty, but the read heater 107 heats to a lesser extent
during this process and thus remains at a temperature less than Ty. Similarly, application of

30 the long, low-amplitude read mode pulse Sk results in heating of the read heater 107 to its
reading temperature Tg, but heating of the write heater is less efficient in this mode, so that the

write heater remains at a temperature less than Tw. The features of the cantilever design giving
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herein may be a mean or RMS amplitude for example, rather than a constant dc level as in the
simple example of Figure 10c. Further, as will be apparent to those skilled in the art, various
other cantilever designs can be envisaged here to provide the required themmal properties. In
addition, in some embodiments, instead of using a read heater which actively heats to the read

25 temperature Tr in the read mode of operation, the read sensor may simply be a
thermal-resistive element which is heated primarily by heat loss from the write mode heater in
the read mode. Moreover, various advantageous features of the electrically decoupled
embodiments described above can be equally employed to advantage in thermally decoupled
embodiments. For example, the mechanical amplification mechanism may be employed in

30 some designs by locating the read sensor further from the pivot axis than the read/write tip. As
a further example, read-sensing may be performed in some embodiments using the chip body

as the heat sink as described above.
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sections of the legs 119a, 119b between the connection arms and second bridging portion are
therefore conductive, defining a current path for connection of the heater 125, via the support
structure, to power supply and detection circuity as indicated in the figure. Thus, during
25 scanning by the sensing tip 122, the support structure serves as a heat sink for heater 125, the
temperature, and hence resistance of the heater varying with variations in the gap G. The
detector circuitry can monitor these variations as before, for example by detecting the voltage
across a series resistor in the circuit to heater 125.
Since no heating of sensing tip 122 is required in this application, the sections of the
30 legs 119a, 119b on the tip side of the lever body are formed to be highly resistive, thus
providing means to inhibit current flow between the connection arms via the first bridging

portion 120 during operation of heater 125. (Of course, the sensing tip could be otherwise
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t herefore conductive, defining a current path for connection of the heater
125, via the support structure, to power supply and detection circuity as
indicated in the figure. Thus, during
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and t hefifshanrdseser cureabpathpbefivger aanir of dlcattisplcapplyrlies (%,ﬁgon the support

advant a i i ipn.relati to th a s e _enbodi nent s.
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sensi ti ¥y arifdFMo8ensDs readpfieat us. It will of course be appreciated that,
while particularly preferred enbodi nents have 10 been described in detai
abov®) many tWayEede hepterddpf 4t 20i Ghorevideden gdever mrcepvindhe Ersbodirenint s

wi t hout q parting fromthe scope of the invention. WO 02/ 37488

PCT/ 1BOHT 01688 -24 CLAIMS 1. A read/wite conponent (30, 45, 50, 65, 80)

for a data Séwad@ﬁitéﬁgi(% 57204,,84Y Peovideanh the ivie-6aBABABE conprising: 5

| ever neans (31, 51, 66, 8?@ and a support structure (32, 52, 67, 81), the
| ever means a Baflwgededsalet {36 40008 A8, & ppoidedsan the deveemeans igustegnnd al | y
inOta|mﬁQ¥§”%HR1%”d providing first and second current paths between a
pair of el BT A supply lines (R C on the support structure via which

the {gver nMegRsuplscRERecsshBEb, 408, 401 60,161, PPVETHSTHAPY §h)EaARSedReA@Blte 1N
a wite node and a read node; 10 a wite-node heater (36, 47, 56, 73)
provi dediresat flpw to thearriteuneds haater yéa th fisst carentgath in use when the power supply

means is operated in the read mode.

2. A read/write component as claimed in claim 1 wherein the decoupling means (38a,
20 38b, 40a, 40b, 60, 61, 77a, 77b, 78a, 78b) is arranged additionally to inhibit current flow to
the read-mode heater (39, 46, 58, 75, 83) via the second current path in use when the power

supply means is operated in the write mode.

3. A read/write component as claimed in claim 2 wherein the decoupling means

25 comprises write decoupling means (38a, 38b, 60, 77a, 77b) for inhibiting said current flow to
the write-mode heater when the power supply means is operated in the read mode, and read
decoupling means (40a, 40b, 61, 78a, 78b) for inhibiting said current flow to the read-mode

heater when the power supply means is operated in the write mode.

30 4. A read/write component as claimed in any preceding claim wherein the lever means is

configured as a cantilever (31, 51).



path; a read/wite tip (37, 57, 74, 84) provided on the wite-node heater;
a read-node heater (39, 46, 58, 75, 83) provided on the |lever neans in the
second ovOpEsM8Ppat h; and 15 decoupling neans (38a, 38b, BOWIBMOIGSS60, 61
77a, 77b, 78a, 78b) arranged to inhibips_current flowto the wite-node
heater via the first current path in use when the power supply neans is
operated in the read node. 2. A read/wite conponent as clainmed in claiml

wher ei n5t he Adesliprithepmpensst ¢s3daimed 20cR8h 4 Wigaein Axreadmodg heate7@9, @),

78a, 78b), i ranged ditionally to inhibit cur fl to the

¢ ead- mobdoslsf b AREon J6¢ tods®Oihn Beghen e e L LA tn i Tipet i n use
when t hari@we (32, SUPHay thRewhE modORAkR (86l 470 the wite node. 3. Aread/wite
conponent as clainmed in claim2 wherein the decoupling nmeans 25 conpri ses

wite decoupling neans (38a, 38b, 60, 77a, 77b) for inhibiting said current

flow fo,. the,wite-node heater en.th ower supply neans is operated in
the ri a_g‘ m)dé,re #grﬂlee%odnpodlgeto%qumﬂﬁdﬁ%glﬂgn?Eféﬁfwﬁ%b‘?’/h%‘il,n’ 78a, 78b) for

i nhi bi ting sgle@asiev@81y doprises tiSlatef Al ABSRed o8 Ba, 13B8), BOWREaUPP! Y
means is operated in the wite node. 3074. ‘A read/wite conponent as

cl ai medatiraspgativeprastsspindgngénais e theesupport sthasture(32), anshiiicst arsl secondftirgigined as a

cantil ever. é3é ?%‘)3 VO 02/ 374&8 /1B01/01688 -25 5. Aread/wite

conponel TGRS Crtaf Hedch Piecapnee TGHErEP e EYP¥ad- node heater (39, 46) s

| ocat ed furt hRfifRBetber FQONER LORPREL WEER it B0 8RN AR YEY arld3e seebag and the
5 (36, 47). 56. A

support structure (32, '52) than the wite node heater
r ead1Qv brtidging pertine 63 5)@omprria¢ntbel réad-robddd Imater §39)cl ai m 5 wherei n: the

til 1 i t I [ | i d | ti 33a, 33b),
connected  stelepaBers Boeotpeaib st belsfr o (2 BRone e Rt ceiu (3
and firgimnand tﬁcelég%rt'ﬂfd:sqg?;d]93b)p£{dtth<9§b%oﬁc§ﬂrid%§3%§>§ﬂféﬁ BHREROMRRELIfO t he

two |l eg portions; the first "bri'dging portion conpri'ses the wite-node
heat er ¢B&ntpatd; arde second 10 bridgi ng portion (35) conprises the

read- node heater (39); the rtio (33a, 33b)_and the first bridging
bor 11 on (34 B grepihiaieprs L A AR OBt Ccandion e SPuger 11 ons (334
33b) 14and the second bridging portion (35) define the second current path;

and
7. A read/write component as claimed in claim 6, when dependent on claim 3 and claim

5, wherein the write decoupling means (38a, 38b) is provided in the first current path on the
first bridging portion (34), and the read decoupling means (40a, 40b) is provided in the second
current path beyond the first bridging portion (34).
20 '
8. A read/write component as claimed in claim 4 or claim 5 wherein:
the cantilever (51) comprises three laterally disposed leg portions (53a, 53b, 53c),
connected at respective corresponding ends to the support structure (52), a first bridging
portion (54) interconnecting the central leg portion (53b) to a first of the outer leg portions
25 (53a) and a second bridging portion (55) interconnecting the central leg portion (53b) to the
second outer leg portion (53c¢);
the first bridging portion (54) comprises the write-mode heater (56) and the second
bridging portion (55) comprises the read-mode heater (58);
the first outer leg portion (53a), the first bridging portion (54) and the central leg
30 portion (53b) define the first current path;
the second outer leg portion (53c), the second bridging portion (55) and the central leg

portion (53b) define the second current path; and



t he decoupling neans (38a, 38b, 40a, 40b) is located on the cantilever. 15
7. Aread/wite conponent as clainmed in claim®6, when dependent on claim3
and cl ai woB23mBerein the wite decoupling neans (38a, 38PJT/ABO1OIE8]I ded in
the first current path on the first bpgdging portion (34), and the read
decoupling nmeans (40a, 40b) is provided in the second current path beyond
the first bridging portion §34). 20 8. Aread/wite conponent as clainmed in
claim4 or cibgider®phingmedans (Gt 61riadedates\aythe Supporiipcivse&2)-hree | ateral |y
di sposed | eg portions (53a, 53b, 53c), connected at respective
correspondi ng ends to the support structure (52), a first bridging portion

(54) i ngercopnesdAiviige EdiBpdiRht 4sdlaihRE iPElafnh 8RvHeadRpeddenPor E1amt 30Vhdrb@ out er
| eg portions 25 (53a) and a second bridging portion (55) interconnecting

t he centheatrite dgecqplting oreaps@H) iseonnénted brtweerda sad supplelingGtand the BBt putet he

first.byidagi ti 54 i t h .l t e- node. heat 56 dth
R A I S R G T R
first ogHemdigdsdeerd b@t@r%g tiorl(38c) i rst bridging portion (54) and the

central l'eg 30 portion b) define the first current path; the second
outer leg portion (53c), the second bridging portion (55) and the central

| i 53 defi th ) t t.h; Q2/.37488
29, Bolh hon e feluis e Second cut ent oL, ond MO SRlaTan
struct %@aﬂs@%}nprﬁes agh élgﬁéﬂté"{e'véﬁo&i?r(@@,@'j‘tan@ﬁv&éd’ﬂn@@@oﬂ Anfl(B3dr68p)vhen

dependent on claim 3, erein thé wité decoupling neans (60) i’S connected
bet wie nexiersnglostwapily fioimee (&R)er hodly (Goed2)i anstitheuside thefedfl apnpenting dire le8a) ,

and the read decoupling ne 1) .i,s.connected betfwe t hat supply_line
(R a0 S imbe s tr TTaT o b HEFBEER Pt oA (Pl QPoh 1B LB SR HEE as
clai mdleb&lﬁﬂy (861829f avolidwARh thd Bvet B@ﬁ?bﬁ}dﬂs fnhRe | BUSHherdlR ASwWHRIRLASES an
el ongate | evef body (66, 82) and two connection arns (68a, 68b), 10

ext endi Imgptay (T HeandIrgad-morde héeter (89,682) hoddisgaBéd oB2ppasite sideh ef the pet tkie (Bof |
connecti.n thehle%fr goﬂ% to the support structure (67, 81) and defining a
pi vot ook new)the gRgslthq feden by ends of the Iever body (66, 82), about

whi c{s t he | ever body pivots in use, and wherein the wite-nmode heater (73)

and read- node heater (75, 82) are disposed on opposite sides of the pivot
axis (P)l. A read/write component as claimed in claim 10 wherein the read-mode heater (75, 83)

is offset further from the pivot axis (P) than the write mode heater (73).

12. A read/write component as claimed in claim 10 or claim 11 wherein:

20 the lever body (66, 82) comprises two laterally disposed leg portions (70a, 70b), a first
bridging portion (71) interconnecting the leg portions (70a, 70b) at or near one end of the
lever body, and a second bridging portion (72) interconnecting the leg portions (70a, 70b) at
or near the other end of the lever body;

the first bridging portion (71) comprises the write-mode heater (73) and the second
25 bridging portion (72) comprises the read-mode heater (75);
the first current path is defined by the connection arms (68a, 68b), the sections of the
leg portions (70a, 70b) between the connection arms and first bridging portion (71), and the
first bridging portion (71);
the second current path is defined by the connection arms (68a, 68b), the sections of

30 the leg portions (70a, 70b) between the connection arms and second bridging portion (72), and

the second bridging portion (72); and
the decoupling means (77a, 77b, 78a, 78b) is provided on the lever body.



at or near the ends of the lever body. 15 11. A read/wite conponent as
claimed in claim10 wherein the read-node heater (75, 83) 1is offset
further fwWom/s1a88 pi vot axis (P) than the wite node heat ePCT/TB)N01688. A
read/ wite conmponent as clainmed in clapm 10 or claim 11 wherein: 20 the

| ever body (66, 82) conprises two laterally disposed | eg portions (70a,
70b), a first bridging portion (71) interconnecting the Ieg portions (70a,
70b) at or near one end of the |lever body, and a second bridging portion

72) i ing the | t.i 70a, ,70b) at t t h d
of the [ Ever sty biifporit BRIGERAT PR s i iEh hensRis Fidkim febfirRe. mode
heat er thé3pritarided 'nf 2KQAS (77877 1W) iFgotide @ the FRst(chbnGRMPbstSBSN iHae

read-node heater (75); the first current path is defined by the connection
arns ( 68Ny armsHe3% &8b) andsthe rithmode gatpio78), @and ther@ad ddDbpliemeesn t he

connegt j QN and. fi.r.st, bridgin orti 71), and the fiyst iLdgi ng
ot 1 ot TS oS idet i ng oo Ukt b s Bk ammnisi: i) e
(68a, 6@BkeadMBdSBELEQNS).0f 30 the leg portions (70a, 70b) between the
connection arns and second bridging portion (72), and the second bridging

portion (72); and the decoupling nmeans (77a, 77b, 78a, 78b) is provided on

he | b . 02/ 37488 PCT/1B01/01688 - .13, it t
e R e e P e e A gt S0 et
decoupl p&ger BB theahd whichis aiérﬁl)lééﬁqg la?%? al gdtdnil &ff S tpofdity ﬁ&WGQ@Eﬂa&nﬁﬁ%wge n

the connection arns (68a, 68b) an e Wwite-node heater (73),
r eadl@elbensgRi G imibarveits n{orig and 2@blential qitioyopiedité polatiy teewesndhe suppdytingsat h

bet ween .cannection arms (68a, 68b) and the read-node heater (75). 14.

A read/Q%?ﬁénggﬂﬁﬁigﬁﬁeéﬁh%?éinpd in any one of clains 3, 7, 9 and 13 for

use with pOM@wr‘ﬁtHlél@édﬁpﬁ'ﬁ?&&aﬁW%Q, g, 81 rﬁagﬁﬂ))ﬁso(ﬁmvx t@irﬁﬁﬁi@gﬁ&%lt £l one
y 10| R a

polarity between the supp ines (R, O inthe wite node an
pot ent i althewrithmodp poater @661, 46i 13) ib dtewtientioef aupp! flowiresdting( f&HomC) i n t he

opar at s SREERGT hE et Bt terfad Tt PRt ddin 0 0] e ob,
73) 1% 19 idbpeeatvean itibie ik &R ol B\hd l%ﬁ&drﬁdd@%eét{af)@&@&rﬁsl ?%@32%}1 Qﬁist he

read- node potential, and the read decoupling means 8a, 48 a,
direction of current flow resulting from application of the write-mode potential.

15.  Aread/write component as claimed in claim 14 wherein each of the write and read
decoupling means comprises at least one diode.

20
16. A read/write component as claimed in claim 15, when dependent on claim 7 or claim
13, wherein each of the write and read decoupling means comprises a pair of diodes (38a, 38b,
40a, 40b, 77a, 77b, 78a, 78b) located so as to balance the lever means (31, 66) about a
longitudinal axis thereof perpendicular to the axis of pivotal movement.

25
17. A read/write component as claimed in any one of claims 4 to 16 wherein the support
structure (81) extends at least partially around the lever means (82) in a plane substantially
parallel to the axis (P) of pivotal movement thereof, and wherein the read-mode heater (83)
extends over a surface of the support structure (81) around the lever means to provide a gap

30 (G) between the read-mode heater (83) and said surface, such that the thickness of the gap (G)

varies with pivotal movement of the lever means.



15 78b) is operative to inhibit current flow to the read-node heater (39,
46, 58, 75, 83) in the direction of current flowresulting from

appl i cat ivodow8748he write-node potential. 15. A read/ witePCDIBO0E6S as
claimed in claim14 wherein each of thggwite and read decoupling neans
conprises at |east one diode. 20 16. A read/wite conponent as clained in
claim 15, when dependent on claim7 or claim 13, wherein each of the wite
and r eadS-dec Ouprd/HgitheamroneahgsGlamedan glaim 1gfwherein e leggancagg32) ingmpedob,

: : | he | X 66) -.ab
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25 17. delreaiviite dpe(Sadash el plas &l saidwerate) any one of clainms 4 to 16
wherein the support structure (81) extends at |east partially around the
| ever means (82) in a plane substantially parallel to the axis (P) of

pi vot al ve her eof rein.the read- heater (83) .extends
Pver 3 W71 SRERb AR e300 WO Rl ARG ARG QR i losiep Hpsisis 4
provi deardayd@R) 3Orcb@vrhetyvapshehtiansichathedntgnyhgatling dsin, 306 ssplfligsbf ace,
such that the thickness of the varies wt Iaﬁlvotal nmovenent of the

. ap (G va .
| ever n@aéhs;pnmmlmlom@gowcsupnlsgmd g&ich ip gomgronAo pd gdimpenends iwchpeament as

clained jn aiml erein the | ever n 82) is,shaped ., such that the
o et o pisypof 8 bt DL o snBl e 2Pen. b Bho R BEAP S Corufit Sipbiipe

di rect i @ wihich ist®nirB@e{omll dengonBnts $Hhe shinePoludeh o BO 8rrf gﬁgj d surface. 5
19. Read/wite apparatus (22) for a data storage device (20), the apparatus

compt®sing an array (22) of read/wite conponents as claimed in any

pr ecedi cl ai ne s |y l.ine of . each component being a row supply |ine
(R mhi@% isgéghwﬁwag%ﬁﬁﬁgygg SHEYNYEE i n the same row of the array (22),
and the ot hegdgu@wry%elrhaﬁuﬁf(zgﬁch conponent being a colum supply line (C
which is common to all conponents in the sanme colum of the array (22). 10

20. A data stead/aygde deparges (9yimedrpclaginig; theappantas beiog pgsitinsableraldtive) ;
read/ wjte apparatus, as clained in Lai 9., the ar.at s%c?lein .
posi t1 oo Erer af el ded BRfpiieThfoefiie g RogPBRELE o Sesfrmibonyatdncn
t hat 14 h@leragggl(ygt)iig Eia§éd3a§@fns%€ Rurf&@apnent in 15 the array (22) is biased
agai nst the surface; an
power supply means (25) which is operable in said write mode and said read mode to
apply a potential between the supply lines (R, C) of each component;
wherein said surface of the data storage medium (21) is such that, in use, heat transfer
from the write-mode heater on application of a write-mode potential between the supply lines
20 (R, C) of a said component causes local melting of the surface allowing penetration of the
read/write tip to form a pit, whereas, on application of a read-mode potential between the

supply lines (R, C), heat transfer from the read-mode heater of the component is insufficient

to melt the surface.

25 21. A read/write component (100) for a data storage device (20), the read/write component
(100) comprising:
lever means (101) and a support structure (102), the lever means being connected to
the support structure for substantially pivotal movement and providing at least one current
path between a pair of electrical supply lines (R, C) on the support structure;
30 a write-mode heater (105) provided on the lever means (101) in the or a said current
path;
a read/write tip (106) provided on the write-mode heater (105); and



power supply means (25) which is operable in said wite node and said read
node to apply a potential between the supply lines (R, C of each
conponentwOwh&mes n sai d surface of the data storage nedi uRCT/PEOL/0L&8SUCh
that, in use, heat transfer fromthe-29ite-node heater on application of a
write-node potential between the supply lines 20 (R C) of a said
conmponent causes |ocal nelting of the surface allow ng penetration of the
read/wite tPpeAIP: %?pépr;{#&m RRvdeden t@&ﬂ%ﬂqaeaﬂ%hl e 81 ¢ e CriBemE

potenti gl between the supply lines (R C), heat transfer fromthe

read- node heater of the conponent is insufficient to nelt the surface. 25
21. A read/ wwheeircthopiesmeat propEdies bf)lhe&vﬁ&h@o@ttﬁﬁt&g@l(ﬂ?ﬂﬁcbﬁijéc%ﬁt) regidne
read/ wite conpaonent (100) conprisin | ever nmeans (101) and a sui)d)ort

st ruct ukld8 (1@92)0f therlgvaraneansangd o thesien %lﬁﬁw&@%and %a@abﬁﬁsmsé Qct ur e

f b th
bt wein Lk Iefertfls e SRMERER by RO L4 ffhe FengtRRe S0 e By, P
30 a wlihes-(Rpdy ihest te WriteShode it €1050 s idaeablectver wﬁﬁ@g"l&nfp&ﬁﬂl)re g wiike or a

sai d current path; a read/wite tip (106) provided on the wite-node
heat er thedsy -maﬁ@sww%mwrrs@rﬁimmr@tya@sss thom Ty, gndpy-applieatioaier (107)

provi deQecBFd L ﬁal %¥s§ éss(e;%ﬂﬁ:ﬁ 1} 8119 élﬂer rag'@hﬁfde And ?(%n%s%éﬁrﬁ&%f thél? ﬁ’}erfir wher ein

t he therna e Wit ater acen? regi ons
(108, lﬁgl)al(pfuls'e M@w)l elaahe @iﬁ@mﬁlin@r(@, o)) it he, irathdimdee saiasp(nom@ Batatild to

adj acent regions (109, 5 110) of the lever neans, are such that, by

appl 1@at rqaﬁl%ftelapwwgq Tsﬁg’FmaWh%ﬂl@éfvr(tSW}OdmI@a&ehéloémmnayms iafREPYRUIT) | n
use, th@ ha qwmde heater (105) is heatable to a witing tenperature Tw
whi |l e Re Fead: node sensor (107) remains at a tenperature |ess than Tw,
and by application of a second signal pulse (SR, which is of smaller
anplitude and | onger duration than the first signal pulse (Sw), via the
supply 3. nesA(rRad/@Ptq omppoment; (400 ascadaipsd an elains g1 Wherri thegviiteanedsihsales 10 a

{mper S0P LR SPRUEF Gad eyt sShbl B ofL R IRAR SRR Tghof Bl ot BRI °

cl ai 03 ZﬂleﬂﬁLQfdﬁacBnttth@M&—h@dﬂhﬁﬁeﬂ’(&@ﬁﬁprovi(d& @5 a tetativEB! High rddi@iheah®sd £ad- node
sensor (107), wherein the regions (108, 109) of the |ever 15 neans

adj acentherHEewRodedenisHEn e atnsk wherom)the regiang 61994 1Q) ofghaleveransans adiacenit e of
heat | O réa{’dgrg'ode sensor (107) provide for a relatively low rate of heat loss from the read-mode

SENSOor in use.

20 23. A read/write component (100) as claimed in claim 22 wherein the lever means (101) is
formed of conductive material shaped to define said at least one current path, and wherein the
regions (109, 110) of the lever means adjacent the read-mode sensor (107) comprise

constrictions to inhibit heat loss from the read-mode sensor in use.

25 24. A read/write component as claimed in any one of claims 21 to 23 wherein the lever
means (101) is configured as a cantilever comprising two laterally disposed leg portions
(103a, 103b), connected at respective corresponding ends to the support structure (102), and a
bridging portion (104) interconnecting the leg portions 103a, 103b), the leg portions and the
bridging portion defining a single said current path, and wherein each of the write-mode

30 heater (105) and read-mode sensor (107) are provided on or near the bridging portion (104).



the wite-node heater in use, and wherein the regions (109, 110) of the

| ever neans adj acent the read-node sensor (107) provide for a relatively
| ow r at e vo® 0218&88 | o0ss from the read-node sensor in use. POT/PB1/0A688

read/ wite conponent (100) as clained.gm.claim22 wherein the | ever nmeans
(101) is fornmed of conductive material shaped to define said at |east one
current path, and wherein the regions (109, 110) of the | ever neans

adj acen®5.t heArreadiwmttieorsansor as(cl@med do apyr preeofdmims 2il do 2émheredn thehi bi t  heat
| oss from.the read-node .sensor . in use. 25 24. A read/wite conponent as

cl ai med™ ?%?SSH%)rSPm@flﬁffSr@l %It o 23 wherein the |lever neans (101) is
configured as a cantilever conprising two laterally disposed | eg portions
(103a, 103b), connected at respective correspondi ng ends to the support
struct u2® ( 162pad/wnide eompamedigsredripedtin any ¢reoxf)cldims @i dodhederamgthehe | eg
portipons 103 103b), the le ortions and the..bridgi.n ortio efining a
SRR e R R et S S
(105) apsid-sRde ARAS G65)58ht HeAOIbks R6M tRE QYkdIBRBAO Redbr RRML a})bﬁ'c_akabh dgineg
portion (104). WD 02/37488 PCT/ 1B01/01688 -30 25. A read/wite conponent
as cl ai seednd sigaalypubtsedSofin ubad¢ansestieating ofithameadainnde semsom(@ad)-tnthteregding or
conprises a heater. 26. A read/wite conponent as clainmed in any one of

cl ai ms SPPCEWE jherein the 5 read- mode sensor conprises a

thermal -resistive elenent which is sufficiently close to the wite-nonde
heater (105) that heat loss fromthe wite-node heater during application
of th@ 2BecoAdesd/gritd cqpment(BR}aiinad irs enycenesdsldimatil ny26fvheteen thead- node

107 th di t TR 10 27, A d/wit t
e o a e ngedpgrer IR Dfard BFBR FoBe afs o i oot iR e
(107) | RritrrBli€Heddtr sy fromthe axis (P) of said pivotal novenent than

the wite-nobde heater (105). 28. A read/wite conponent as clained in any
one of clainms 21 to 27 wherein the support 15 structure extends at |east
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t hi ckneths agfs (Phef maptal/movesentithidreqf] smat whereimohermmdimale seheor legteads omeans. 20

surface of the support structure around the lever means to provide a gap between the

read-mode sensor and said surface, such that the thickness of the gap varies with pivotal

movement of the lever means.

20
29. A read/write component as claimed in claim 28 wherein the lever means is shaped

such that the write-mode heater is offset further than the read-mode sensor, in the direction of

the read/write tip, from the plane of said surface.

25 30.  Read/write apparatus (22) for a data storage device, the apparatus comprising an array
(22) of read/write components (100) as claimed in any one of claims 21 to 29, one supply line
of each component being a row supply line (R) which is common to all components in the
same row of the array (22), and the other supply line of each component being a column
supply line (C) which is common to all components in the same column of the array (22).

30
31. A data storage device (20) comprising:

a data storage medium (21);



29. Aread/wite conmponent as clained in claim28 wherein the | ever neans
is shaped such that the wite-node heater is offset further than the
read- nodeav@ensasg in the direction of the read/wite tipPCTABINONGS8 pl ane
of said surface. 25 30. Read/wite appgratus (22) for a data storage
device, the apparatus conprising an array (22) of read/wite conponents
(100) as clained in any one of clains 21 to 29, one supply line of each
conponent befoag/vaite eppasaippl32) lap AN lnwﬂﬁlmﬁq ﬁle(ﬁmﬁl@hlStb@lrm posnimmpbinent s in
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in the sanponed! UWOD) RAfthé &eayafsrb%/seﬁagamst% é’u%facé\aﬁata storage device (20)
conprising: a data storage medium (21); WO 02/37488 PCT/1B01/01688 -31
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inawite node to apply a s first signal 5 pulse (
conponetherepf00) via the supply |ines (R C) thereof, and in a read node to
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eoholy 1 nesVhreRaic yBe oF he s Sothed e ELIoR SER0E b et gh Seahkger
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(105) of a said conponent 'to TW heat transter fromthe wite-no 10
heat &0 lqeiatﬁXlQﬁéusws leebineltiigtof tig wifathalleung aeretakiboof tiy rpmhwnteamp on of
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r ead- Moge heANSALTef ﬁ%( % %eddflﬁb'&é éeﬁs&rtﬁ %’Q;—ls m%hfﬁc&éh% tSHeft MEsurBle. A

read/ wite conponent a data storage device (20),
the 15 read/wite conponent corrprl SI ng: Iever nmeans (31 51, 66, 82) and a
support ans nnected to the

suppor t3 Hﬂ‘gr%ﬂr‘dzwﬁ("%rzcoggﬂzﬁ’%‘%%ﬁ) 90:)4%8{) O?ﬁﬁ@@ﬁgﬁf‘gea‘%d’n%r(g bHieng a first

cur r ent e RAtRiIOEIHESRnAC ﬁsnﬁg'] electrical supply lines (R C) on the
support structure, wherein the support structure extends at |east

partially arl@mrdnetdne (3 h\ﬁér 6Greahsnd mswpppttatrectB: SRHS2, &ft 8B thy lpaer aldand t o
the axi l;sel g on%ectegl to thelsﬁlggo%tl strr{l?:%/u?g?or}tsﬁbstantially pivotal movement and providing a
first current path between a pair of electrical supply lines (R, C) on the support structure,
wherein the support structure extends at least partially around the lever means in a plane

20 substantially parallel to the axis (P) of said pivotal movement; |
a write-mode heater (36, 47, 56, 73) provided on the lever means in the first current
path;
a read/write tip (37, 57, 56, 84) provided on the write-mode heater;
a first proximity sensor element (91a, 91b, 92a, 92b) provided on a portion of the
25 support structure around the lever means; and
a second proximity sensor element (90, 93) provided on the lever means and disposed
over the first proximity sensor element such that the distance between the first and second
proximity sensor elements varies with pivotal movement of the lever means;

wherein at least one of the lever means and support structure provides a second current

30 path for coupling of the supply lines (R, C) via the first and second proximity sensor elements.



a wite-node heater (36, 47, 56, 73) provided on the lever neans in the
first current path; aread/wite tip (37, 57, 56, 84) provided on the
wite-nodeOhnanes ; a first proxinmty sensor el enent (91a, POL/B019268 92b)
provi ded on a portion of the 25 supponp.structure around the |ever neans;
and a second proximty sensor elenment (90, 93) provided on the | ever neans
and di sposed over the first proximty sensor elenent such that the

di st ancg3 bet ‘ébe@ﬁd/t\’vﬁiée ﬁ@mp@n@h@!s daigieddn climd2r heyeis one of thelfaptemdsesend es
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el enents. WO 02/ 37488 P 01/ 0168 -32 33. Aread/wite conponent as

cl ai nmedfirshaed sgcand progfimityisensenelements lsemprisesta bridgingenmtatt (3% oridrvbereinahs or

eI enmept ri ses. a ir_.of contact el rgdes. (92a, 92 ach conpected
5 B BOTPHEE BB B EerPrerl SRR Prdleh e Rrkiicdonheloat Birpethen:
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conprises a bri dgr ng contact (93), and wherein the 5 I'ever nmeans’ 1Is

pi vot abflisciaroied oalﬁmspniagfmlmrcxdhs Rat¥b)bri dgi ng contact (93) connects

the pair of contact el ectrodes (92a, 92b) and a position in which the

bridging contact (93) is disconnected fromthe contact el ectrodes (92a,

92b) . 344. A padsdMEid SorRPEHRANA WaidRdGh BlaltR32iwhefdiRbiR S2mERRESHA s9€b?1d0f the

first and second 10 proximty sensor elenents conprises a palr of

el ecl® om@gm(l@ﬂSf&lSOIQﬂbI)lemachmlmm@qiaatbfteiﬁcafoderse@ﬂ)e&lb)/&ohmennﬁctesiandt supply

I R, t ond th t first d
second PIRSELHF £° Senid PEe i e Ebmpribesesda0 pirgein gudy e e giber g'esrh%g%rﬁéﬂged
opposi t gyd RBondprokinity %n‘é‘&t 81886 EShpRses ANing Q1P (96) ﬁ'r Qd b s?cE ?ﬁe}'\e
wherein the thickness of the gap varl es wth pivotal m)ve ever

means. Dn&r g&eledtradesnit har 91te te pryyoteengapaberebetiveed wherdh aherthﬁiknms oB4hevgver i n

t he second pr Xi.m t sensor cel enent conprises said pair of electrodes
(91a, 9P Fs PIWB?HW%IP%%P ﬁf?gle‘é%d’&ms current path is provided by the

| evefsmeans. 20 36. A read/wite conponent as clainmed in any one of clains
33 to 35 for use with power supply neans which is operable in a wite node
to appl J5-a whirtal/writtecqopaneti asl clamed sisclnhe 33 supd Wheteimthe seamd proximityead

mode t Ose%?cg‘l e¥en§enrt %gglpgggsesapdo Iga?rncg e?elctr%aéso(@i a,tgl%, 3%? B&l\)/) wfqérgl%;s the second

current path is provided by the lever means.

20 36.  Aread/write component as claimed in any one of claims 33 to 35 for use with power
supply means which is operable in a write mode to apply a write-mode potential across the
supply lines, and in a read mode to apply a read-mode potential across the supply lines,
wherein the component (30, 45, 50, 65, 80) includes decoupling means (38a, 38b, 40a, 40b,
60, 61, 77a, 77b, 78a, 78b) arranged to inhibit current flow to the write-mode heater (36, 47,

25 56, 73) via the first current path in use when the power supply means is operated in the read

mode.

37. A read/write component as claimed in claim 36 wherein the decoupling means (383,
38b, 40a, 40b, 60, 61, 77a, 77b, 78a, 78b) is arranged additionally to inhibit current flow via

30 the second current path in use when the power supply means is operated in the write mode.



wherein the conponent (30, 45, 50, 65, 80) includes decoupling neans (38a,
38b, 40a, 40b, 60, 61, 77a, 77b, 78a, 78b) arranged to inhibit current
flow to tWeomsi4see- node heater (36, 47, 25 56, 73) via theP€TABM/0¢es8r ent
path in use when the power supply neangsis operated in the read node. 37.
A read/wite conponent as clainmed in claim36 wherein the decoupling neans
(38a, 38b, 40a, 40b, 60, 61, 77a, 77b, 78a, 78b) is arranged additionally
to inhi B8t chreedwritd enmpanent mlmn@d%e@h@w&frql@ms 3840 B7 wierpsethgtevert he

IIC;(C):\',I\'I/erlBS gﬂ%cé)gl p%@'g%é?elgg Z{t‘g\ " f&‘?nd\%(?g ’e% 3%%5nen?nn§§ %—./nf,?é(éga t? 8131)ny one of

cl ai ms gReddngddutwhedlfiffont HR 16RY Bbdy gasaag) SPeTek 5188 tIﬂ:Pecﬂ" WhHigAtEnleev@e body
(66, 82) and two connection arnms (6 68b) extendi ng outwardly fromthe

| ever blsaigr iy to gm)suppois rsiméures(ﬁaeS 19 bed é@ﬁne thé xih (Dopestwhich ghe leesrdrodpody
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proxinmty sensor elenent (90, 93) are disposed on opposite sides of the
axi s ( Pyppositosidercefrthe Aels € oofnearrtbe twlsef theoldyer 1®Gy. A read/ write conponent
as clainmed in claim 38 wherein the second proximty sensor 10 elenent (90,
93) is offset further fromsaid axis (P) than the wite-node heater (73).

40. A rsad/ WAl rbgl/&amEiineAtasClAndB ¢ ERing B8 wWReRSn B s6tHIPred %ﬁédi‘ the
| ever body conprises two laterally disposed | eg portions (70a, 70b), a

f i r si0 belengnt(§0, 301 ofdset further ifnomesacdavie OR)ithan thhevritegnqdeheatond3at or near
one end of the |lever body, and a second 15 bridging portion (72)
i nterconnecting the leg portions at or near the other end of the |ever

body; the flA&ea@wtlfmédiﬁp&@ﬁﬁascaralﬁl%aznagﬁmsgﬁaahﬂ@wmk@n .node heater (73)
and the second bridging portion conpri ses the second proximty sensor

el ement (90, thedgver hody cdreptises swo mra]éymdlsp@ﬂeﬂ l¢gspagibisn@ta, W)bi ldirstdnitgoig on
arns (68a

- Lhe secti f the 20 I t 70b). bet
Fhe conpatioR B inthSudirthe e ppiiiiin g’ Gt off e Bedhicrtind!. st aspeond |
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device (2 he apparatus conprising an array (22) of read/wite
conponebady; as clained in any one of clains 32 to 40, one supply I|ne 25 of

h t b | whi ch
component s | e S CeaisRe Bt Ok Eorapiy Iyl Ao Bl LEUppRIbe kends  each

conponeRtdded fetidn ¢81) EOmpBethY second proximity sensor element (90, 93); and
the first current path is defined by the connection arms (68a, 68b), the sections of the
20 leg portions (70a, 70b) between the connection arms and first bridging portion (71), and the
first bridging portion (71).

41.  Read/write apparatus (22) for a data storage device (20), the apparatus comprising an

array (22) of read/write components as claimed in any one of claims 32 to 40, one supply line
25 of each component being a row supply line (R) which is common to all components in the

same row of the array, and the other supply line of each component being a column supply

line (C) which is common to all components in the same column of the array.

42. A data storage device (20) comprising:
30 a data storage medium (21);



line (C) which is common to all conponents in the same columm of the array.
42. A data storage device (20) conprising: 30 a data storage nedium (21);
WO 02/ 37488 0PE7is8.B01/ 01688 -34 read/wite apparatus (22)PepmIRiiAiess8d i n
claim4l, the apparatus being positiom@ple relative to a surface of the
data storage medium (21) such that the read/wite tip of each conponent in
the array is biased against the surface; and power supply nmeans (25) which
i s operabl e fead/avrite ﬁpl@rﬁfmﬁ@%ﬁﬁc@m@d@ clrdret 1t thegppirptus etilgm@t?lélﬁtl@ ¢ across
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supply lines (R C of a said conponent causes |local nelting of the

surface al | op@#WRy sypplzteans 649) ovhieinie operable/ineivwrée masletapd fgean Mog to.apply 43,
Sensifng. a gt.us 15). f.or. an A orce mcroscope, the apparatus
corrpr{'st1 R‘Efg% é'\feolsgﬁlg égplﬂlf‘éﬁoa%ﬁﬁgmgﬂ%rgg t structure (117), the lever
means bei ng ¢RARBECIRsUrfice bh@le%ﬁmﬁfrﬁ%ﬁé&iﬁhﬂ%) fsQucts tHas iR 0dd, Bédt YraRéf¥ot al
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around from thewsite- mdﬁhe:(tqucm) apphcalqm cénte)v@taﬁm@rmtmnlayaqm&sah«t gipphyolindse 15

axi s ai d. pi votal nove ensi 122 .ovi ded on the
Mever | niRue o Ba o e AR L els o5 A Pyhg aeerBi B e | 5
(122) apddmredpkefdddapiecanned thereby in use causes said pivotal

novenent of the | ever rreans wherein part (125, 90, 93) of the | ever neans

(116)0 ext ends over part of the support 20 structure (117) around the |ever

h t t t h di G t d t ith said
pi vot al ereiei] | ERe BpagERg< Pt B e rasitis SAheBa T8y « ne
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as clainmed in claim wherein said part of the lever means is |ocated at
or 25 theawpramt strvdtuod farisebdtanrielly pemted mayeniest énddhe supposhsirciufe ({il Vot al

novenent : ara as clajnmed in clajmd43 or. 44 wherein sai t
(125, pitersje GBS EHapE ot laeve: RupndTi ootk mSRRTp Sl Rifhe ne
| evefs n&gp?: YRJIE Q¥ib Bt iedVehRAE aR@t h for  connecting the heater (125) to a
power supply via the support structure (117) in use, whereby
a sensing tip (122) provided on the lever means (116) such that interaction of atomic
forces between the tip (122) and a sample (14) scanned thereby in use causes said pivotal
movement of the lever means;
wherein part (125, 90, 93) of the lever means (116) extends over part of the support
20 structure (117) around the lever means such that the distance (G) between said parts varies

with said pivotal movement, whereby the topography of a sample (14) scanned by the tip in

use is indicated by variations in said distance (G).

44.  Apparatus as claimed in claim 43 wherein said part of the lever means is located at or

25 near an end of the lever means remote from the axis of pivotal movement.

45.  Apparatus as claimed in claim 43 or 44 wherein said part (125, 90, 93) of the lever

means (116) comprises a heater (125) and the lever means provides a current path for

connecting the heater (125) to a power supply via the support structure (117) in use, whereby
30 said part of the support structure serves as a heat sink such that the temperature of the heater

(125) varies with variations in said distance.



30 said part of the support structure serves as a heat sink such that the
tenperature of the heater (125) varies with variations in said distance.
WO 02/ 37488 oPgTiRE.B01/ 01688 -35 46. Apparatus as cl ai ned PaT/EBEI0MG85
wherein the sensing tip (122) is proviged on a portion of the | ever means
(116) which is offset further than the heater (125), in the direction of
the tip (122), fromsaid part of the support structure (117). 5 47.
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el ement of {90 ¢i Qm),ﬁaﬂls\aheﬁawftﬁésd@@ﬁtstﬂaereo(fntme | ever neans (116) and
support structure (117) provides a'current path for coupling termnals of

a power supply via the first and second proximty sensor elenments in use.

10 48 par at us i.rre .in claim ere rst and second
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conprises said palf of electrodes whereby the current path is provided by
t he l@ver neans 20 (116) 50. Apparatus as clalned in any one of clains 43

to 49 wherein the |ever ns.co ate Jever 116) and
two conffect | ORPHAE a% ilf’z‘?ée PLERR e‘% %ﬁ’é‘r%& %ﬁ‘ish‘”l‘ SeP?‘tﬂwl?rP fye%?orbody
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25 structure fine the axis about which the | ever
pi vot s Jrespascaee omheﬁmdttesramals inxses andPyhei czthcrfdfﬂm fifst amd sehendprosingity tdneoﬂ ever
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vvhereln 93) of the |ever neans”l of fset fdrther from
sai d axmsvcﬁxﬁl}.nttolﬁdrelbmm@mm ng tip (122). WO 02/37488 PCT/ 1B01/ 01688

49.  Apparatus as claimed in claim 48 wherein the second proximity sensor element
comprises said pair of electrodes whereby the current path is provided by the lever means

20 (116).

50.  Apparatus as claimed in any one of claims 43 to 49 wherein the lever means comprises
an elongate lever body (116) and two connection arms (118a, 118b), extending outwardly
from the lever body (116) on either side thereof, which connect the lever body to the support
25 structure (117) and define the axis (P) about which the lever body pivots in use, wherein said
axis (P) is offset from the ends of the lever body, and wherein the sensing tip (122) and said
part (125, 90, 93) of the lever means are disposed on opposite sides of the axis (P) at or near

the ends of the lever body (116).

30 51.  Apparatus as claimed in claim 50 wherein said part (125, 90, 93) of the lever means is
offset further from said axis (P) than the sensing tip (122).



-36 52. Apparatus as clained in claim50 or claimb51 wherein: the |ever
body conprises two |aterally disposed |leg portions (119a, 119b), a first
bri dgi ng woon2/3188 (120) interconnecting the |eg portions (RCPEBIIDIAS) at or
near one end of the |ever body (116),3&nd a second bridging portion (121)
interconnecting the leg portions (119a, 5 119b) at or near the other end
of the | ever body (116); the sensing tip (122) is provided on the first
bri dgi ng2-por Apparafus2g rlaimedin ¢leins 2 onelainr p Hghergiporti on (121) conpri ses

id t (125,90, 93) of .the | . .53, | ai med |
i a2 whelRAeR haan FoBhrite SR Erny Rpased R poRRET RE BB AR hr e
path i spg@fihg ?leam (12 ifRAIAALIHRAB tRY BB pbAi?a (1 1bh8P)ob) bh&: aebh8R &ftht he

| eg portions (1.19a, 119b) between the connection arns and second bridging
por t i onleyartiody (Ah@), eika serend hddging ggiting (hahtinrconteting tAleg popimmat Lkdaas

clained,jpn.claim53 ingcludin ans.far jnhibiting flow of current. 15

bet we nljt%éaL%‘??élﬁgfeoqqﬁ e O_?ih%gg‘,'eri’fg%fiw’a the first bridging portion
(120). 55. AmcabMThEtip 0128 idproviaed R ehLPhidiNgporBiBA 1009, Aapar at us (115)
as clainmed in any one of clains 43 to 54; a saine support (15) for
supporting athsseging tridging portiopOgil) camprises baid pertr{hzd 90y93)Ivé thedloveranedmng ti p
(122); neans (16) for effecting relative novenent of the sanple support
(15) and sensing apparatus (115) for scanning of the sanple (14) by the
tip (128); apdpamanss chrhed BY 148! $EHhAYdMRLEG: LARRIMMYSRcHhit B 3R6Ri{ O
during scanning of a sanple (14) to provide an output indicative of the

t opodfy aphd cwfent pathsadpfired by the connection arms (118a, 118b), the sections of the leg

portions (119a, 119b) between the connection arms and second bridging portioh (121), and the

second bridging portion (121).

54.  Apparatus as claimed in claim 53 including means for inhibiting flow of current-

15 between the connection arms (118a, 118b) via the first bridging portion (120).

55.  An atomic force microscope comprising:
sensing apparatus (115) as claimed in any one of claims 43 to 54;
a sample support (15) for supporting a sample (14) in a position to be scanned by the
20 sensing tip (122);
means (16) for effecting relative movement of the sample support (15) and sensing
apparatus (115) for scanning of the sample (14) by the tip (122); and
means (25) for detecting variations in said distance (G) during scanning of a sample

(14) to provide an output indicative of the topography of the sample.



