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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the location of the decoupling neans on the 10 conponent depends on the
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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
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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
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i nes %%mpﬁgyﬁg%ﬂnﬁ%g YmﬁﬁﬁgmﬁggﬁﬁﬁF? e conponent for use in such a

systes the Vhd 8&@odfEOREhNRAtsed iGN VIR US FoTRIs\epSHuikY, int6ld17EH4 hbl eng t O
the wite-node heater 1n the direction of current”™ flow resulting from

appl i caP9Wwet sBPply eeang ioppepided ipdheina differeahthodpe In e pdrtigeledypsinplg sytems nay

cur ot tPEsLe! B Ry bt Sptoiea LR e BoRBEN oo pbBristie 8F

Enmbodi "ﬁgﬁab‘f 1estif thel v FhddRnd @SfokdnbiefofaRO ¥EpI¥RY paleist bepwadd tie SERYIP ¥inds
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,

and (b) ckfeivebabempally desanpled inthe paitp mpde & the eFRnpihakit deesgind heatdpdw ibut

I Y I I ' ite- - bel
o TR o i Sl Bl B b S B SR TSI 5 e

read noeRctriallyrdecdubRdtenibddimdrits daefbsiPibove aheretord W resld /R8P SH86r 40 t he
conparatively long, |owanplitude read-nmode pulse. Simlarly, the read-node

sensor PEVWgdsepaehrofithT rripmoda beper buy ther qospnopgrt|opn stk perafidrgssgd dmbethed i n

the conbe e aan Sed o Rl ol sl RR LA oo B KRl Rind FIRARS 1 °

el ectri galtharefiee propided tBIEALHATREILS ePRS nghRld taRPMPdecbiBieS @Ehanind €ad node
sensor is provided separately of the wite node heater but the conponent

can still beltaudrhesppeeciatedie thos: skilded inithears Hut veariahs mephss ofshadesign, yuch

singl e Lt Qof ly lLines rrespandi,ng . adyant ages her ef or e

MR 0 o R S e e R R R A

Wi || bebapneseed aipepriditely fopRvikithd RGuirdd teemaropdiids. Far dauplasrentenpf the
de5|g&, such as the construction, arrangenent, shape, size and material,

of el@nesnasitarce vha giwnelemanh issndigativenef thepmorni®f apgyey prquired tyyhead ther ovi de
the required ther.nal, properties.. For, exanpl .the . thermal. . 10 capacitance
of a gi emedi Srceh GRRARERT dorstes S Tphrdiond eRBrty g e PER Lo noa
the el egemilartyti tHe@N RGBS AW an ANGhAe RaRPend At e FREBF hadt 183G o ume
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

t he reathdibeecgiensydithpleye means adjagentéheawriteeingdd lmnatar previdd fareaclativdy highom

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
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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

cantil ever c&honssatisiseflithegompenenh?? insan arrayi Acfahe stovagndavica pbliguee })ltkﬁ)t

appr oo B et TREDVAEh 23 kS o0 R Helonddl GO MRy piaglh ineGhofilsee °°

cantil eReC lhelgswntdmo@@tan@a pofentigit of3he bk pblﬁlﬁty%ai/eeﬁﬂld@ml AR iR pi vot
axi s as vvlth a i gid body mounted on a pivot. The effect Is substantially

the sani? WMJ@thus ihthepwate grqdescurrest fowsin e Fisshourrenipeth tpwitstheaser 36 as
ueed Seildodauh dnpese P HONAS ATERATIHIGN b B 0L BRI bfh Bftndl e

e varil ous el e cant I’UC ure ar

knovvn Sﬁﬂiﬂﬁt@ﬂdiy(di@desm)eaﬁé 40m Bitnaaiif tesSread HRIE kichENSKs In0BS sctdad 33b
here are forned of hig égdoped silicon to prOV|de conductive connections

bet weenCYIFaLt pathtte r%ddlqa@a Vifedipdasst03 @nd 40b.dwd floweoficowenirie theowriterhesteppl y

i nes t 3 en t.hat irtue
of i ts Span® R SuEnTHRE Bbi L} oo a st PR RE ARRE ﬁaees«ﬁéh%l
suppl y shflgdoRredistandaariGetichte Y& the @8rrS8drid 3i3B p@ﬂibntjlﬂcafnl‘tfes’deat}éﬂ'vg

portion 34 provide the first current path, containing the diodes 8a 38b

and 19 eqwiekly do FreaveiingEmppraiuedys WiBaut BRECessar expradifeicsf ¢nerey dgithereadr t i on

vead nenpisr Bour BRI S sBEY Ry GG O MenRe aF Bt bR e oR Y st o

conmpon efh%rmﬁ@enduﬁg 61§é'taﬂikﬁ1 Sfie BufiigOnaatifg $o fhie Geddingd Rapetie di. HE wRRd headda, 38b
are connected so as to inhibit 30 current flowi1n one direction between the

suppl y B¢ iepsoteqiad fioas heatag diy diedqsabplingaction b therdiodes Gaciibedhe tip 83 and

i nhi bit rren i he, opposi directi.on 02/,37488 PCT/ 1B01/ 01688
0 D REF el Pek Be fd SioBRBRE; fin ot Bt SR kPR i el SR | oo
of Fig UW@ar3)n th® BolyRRWEDVEHID, Fthéfefb'ré einborent 90 BFALES alagiap REficiéht POIIARTleal Of
one poI arity between the supply | i nes R Cinthe wite node, and a

pot ent i gmpsMent &idtajegh ﬁmtwpcteﬁ Jost pesear cph%msmwpl apd Ihighersad-sentshiyityy wanthrmd e.

Thus, ip. t yrren current..path to wite
heat er %aé]bfa\%sg ﬁj&l ‘Ga%bgm%%mlf P%WW o qj)fllgrgﬂtsugpéy ﬁe‘és read heater
39 in the segnaaﬂy,wﬂy e dil@aé Bf éa2h phit B8R 188thnBV08] HaRed Ba pARSHAQR this

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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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
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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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in Figure 9e could also be contact el ectrodes for operation as a Sw tch.
Dependi mgicetedtin thepmuiviadant alecrigaldircai of Rigunetdtani sm enpl oyed, el ectri cal
deCOE(B) ling When the component 100 is employed in the data storage device of Figure 3, the
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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properties of the heaters and "adjacent regions of the cantil ever “provide a
dual - noplgses h’dnﬂlmerd‘empplyngpsmcmdw a &i@meiy leigh ppwer ayphisbat pemoddnd he
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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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of opergtb@briddify p&rtidn 320 SPFheTer BbIPR BheRBnAection arms 118a, 118b, and the
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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preve%t cond%%%%%&gcg{?l’ écé@r&%’ %gdgls‘g@ggt Sé%‘%aé @\g ézrqul%ggédmél’ég&;%g@ee §’ The
di ff er epdinpreprticd esthefsupiat staichas Somabitantdiily tpivothlaneventdd indprevidingyi ded,

as before, b appropriate doping of the sem conductor material during

f abri cafifshand speen Hpsthybeftveen g gair o pleeiricalrapplyines GREY o thet Wppeitp si de,
and the_] . -1 0-pivot  axi I Stanc e, Qvide th .
zdvant SRR SR AR Bt R ool b I TR SR supBy R Eabisidm s
Over al | 3 writd@oes aidka rebinsoddesi gn provi des a sinple yet efficient and highly
sensitive AFM sensor apparatus. It will of course be appreciated that,

whi | 80 parti cuPaitg-jpoge beater (@6, €hBH6d7 henegdetherethe lovep awansiesibe fipse quirgntdet ai |
above, g%ﬁl,y changes and nodifications can be made to these enbodi nents

wi t hout*departing fromthe scope of the invention. WO 02/ 37488

PCT/ 1B01/ 0168fad~matte GpABNS7, 14, 84) pRAGH InitBe GomPatAphedtdd, 45, 50, 65, 80)
for a data storage device (20), the read/wite conponent conprising: 5

| ever means ¢ ®rd-ngade bggter 39, 4617, 45585 poovidest gnibe dgver pRans i52he BEond1) , t he
| ever ng9nsgﬁéﬁj§ connected to the support structure for substantially

pivotalC WeRent*and providing first and second current paths between a

pai r1»f el ecddcos@ingsHk Y384, 85, 408, 40b, 80, 41078 TIBOTda, 786) ahsddEoMAELIWI Ch
the |l ever nmeans is connectable, in use, to power supply neans operable in
a writ ecursabfilawdo therveslg-merdeeheater via the first current path 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).



10 a wite-node heater (36, 47, 56, 73) provided on the lever neans in the
first current path; aread/wite tip (37, 57, 74, 84) provided on the
wite-nmodeohzp34es ; a read-node heater (39, 46, 58, 75, 83pCpiRmiodesd on the
| ever means in the second current paths.-and 15 decoupling neans (38a, 38b,
40a, 40b, 60, 61, 77a, 77b, 78a, 78b) arranged to inhibit <current flowto
the wite-node heater via the first current path in use when the power
suppl y 5rreané read/wipiés eqrapprient ayrdaimeddn plaite 4 vzherainrﬂ@falt@ﬁdvrﬁqde hegapGhett) as

cl ai ned. ergin the.dec 38b 40a 40Db,
0. b, ispecyfihar HOREL B 08 R 0 BN LT o) &t o Clr  ont
flow tosmidﬂﬁer(:epggﬂﬂﬁﬁ tReRR mb&Oheakd (36%7).75, 83) via the second current

path in use when t power supply neans is operated in the wite node. 3.
A read/wite conponent as cI aimed in claim?2 wher ein the decoupling nmeans
25 co |ses wite 1geco 7a,. 77b) for inhibiting

7
sai d rent AFPER %ts ansgglﬁg@%ﬁ %]@Hntsh‘eheﬁ r supply neans is
oper at ed in ﬁf@%aﬁtﬂ@der@ge‘oonﬁﬂ@ei sttt 50URIsB] %Ifs‘t@% 3§Q)bcor§1%ctea8a

78b) for inhibiting said current flowto the rea heat er’ when t he
power sa¥gpippciitcagesreisporsiveg ertds do Fhe supporhstivcturaddn, arBi)ﬁmt andl seeerd/ bwidigineg

t I Wn the | i
Eﬁﬁffgﬁt‘%raogss&aa%é‘ﬁﬁartﬁr‘é‘r%r%rﬁﬁé%et SYes pCT/ 1801/ 01688 - 25 5. A
read/ wite CORBRRUHIRS Sdr8d h@ésr@lélwrrtbema@héate (BEPHITRAG BR@t er

(39, 46) 1is located further e connecti on between the cantil ever
(31, 1(511)r1@mgpd’mosl@ﬁjmotnprlstsrhhct@rdan()@heaﬁﬁﬁ)han the wite node heater

36, 47 A 't t l d I I 5
Wher et 1 netEA PRERY ey bl anp e dbe Hridtction 1S iR Le B &y 11 ons
(33a, 334, ,anaqneeg é)%?horét(%'ae%@@ﬁiﬂd"tﬁe géer)ﬁ&ﬁﬁ@gtﬂg geru%ﬁ%s)tdefh@ ﬁlessuo%trar t

structure (32), first and second bridging portions , each
|ntercomnenwpmb mhb two | eg portions; the first brldglng portlon (34)

conprises th i te-node hegter, (3 % e secon bri dgi ng portion
(35) conpri s&%?@lp}@&&“ﬁ?ﬁﬁ&gﬁeﬁé‘c’e%?’g@ ,ISF‘I’I@t‘Idéﬁ‘ BF?I?tB?\‘éer( 33a, 33b) and
the f4rst bridging portion (34) define the first current path, and the |eg

portions (33a, 33b) and the second bridging portion (35) define the second
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



current path; and the decoupling nmeans (38a, 38b, 40a, 40b) is |ocated on
the cantilever. 15 7. Aread/wite conponent as clained in claimé®6, when
dependentw@n2/31488 m 3 and claim 5, wherein the wite decoR@l/iBig/omesans (38a,
38b) is provided in the first current-pgth on the first bridging portion
(34), and the read decoupling neans (40a, 40b) is provided in the second
current path beyond the first brld?lng portion (34). 20 8. Aread/wite
conponent asthe|dgronpdingnneana (98, 41bis ledatidrmrsthesepportstructiee €80 i | ever (51)
conprises three laterally disposed | eg portions (53a, 53b, 53c), connected
at respective corresponding ends to the support structure (52), a first

bridging poptregdrwtiaddompirRhCanMaaiel i clhiie sGaRthRpedREt HPERINPD, WhRFBh t0 a
first of the outer leg portions 25 (53a) and a second bridging portion (55)

i nt er cothaewite dgcaupling ersaps(60) @g:Opomt@tcbbﬁth@ba said suppdy lisedOredd dhet Grst bl@gr

heat of P ot o e -aL B GBI RG PR oD vl Rh pEvcch iy AP EHE mode

heat er (B%hd thd\&cbhd §ﬁtepwg%6n§&,q59@rtl on (53a), the first bridging portion
(54) and the central |eg O portion (53b) define the first current path;

t he second outer | eg portion (53c), the second brldglng portion (55) and
the cen artion (5 efi ethe se dc and WO

02/ 3748%6 PCT‘f* 6‘1%"8%“1?’0(1“?%‘ %Sr? Aifpgl SUHP Y Sl Slf GFCIP gﬁq 5%kt ed on
the suppekids &Mﬁfﬁé#ﬁrﬁe& ele%er Hody g6/ a1 hﬁ@t&&éﬁ%ﬁl@@t‘iﬁn Asqb@, 6@9) inclaima8
when dependent "on claim wherein the wite decoupling neans (60) is
connilt exdersingowwarily fioth the peptey bbdyneo6( 83) crmdthehsidé thestof muoneecting tlhaalqu:m rtion

(53a), and the read decoupli ans [ connect e uppl y
| he " (B 4hd HDRECBcBbLrs Dagt Dettinba rrs e (b otticttistufiyanda of e
CO”ponel%’ireﬁﬁ)d‘}'(éG alb@uﬁ@bﬁcﬁ@l?e 1@%&10@% gsws ihQisd, AMSH IR LREWHiRYSEe MEANS
conpri ses an élongate | ever body ( two connection arns (68a,
68b), 1lleatert(éhHdindgealinde Ueagerf(70,82) hee dlmcd b dypds@e sid82df tha peiot heis (B) de

t hereof , connectin body to the support structure (67, 81) and
def i ni i %4 E4BE © ﬁgt‘bkvmf et fromthe ends of the |ever body (66,
82),1@bout which the | ever body pivots in use, and wherein the wite-node

11. 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.



heater (73) and read-node heater (75, 82) are di sposed on opposite sides of
the pivot axis (P) at or near the ends of the |ever body. 15 11. A

read/ wi tveoowsrEstmient as clainmed in claim 10 wherein the repatiBodessieat er
(75, 83) is offset further fromthe ppyot axis (P) than the wite node
heater (73). 12. Aread/wite conmponent as clainmed in claim10 or claim 11
wherein: 20 the |lever body (66, 82) conprises two laterally disposed |eg
portions (70a, 70b) a first bridging portion (71) interconnecting the |eg

br1 dgi ngpor (1 SHTRS Coripeal B0 ORI g e 1 2§ B A POMER Hol R By AR o,
near th@leamterde@mqﬂ@g nhdags { 7€Y‘A€77b? ovidBe idf the FHrstiute sl figh B&béPMhe( 71)
conprises the wite-node heater (73) and the second 5 bridgi ng portion

( 72) co?ﬂme%fé@l s (pBadShbasl the arise-meds heaten(@ 3y, |anétthec®ad émoup]amgmesnajef i ned
1 6 th t f t h 70
700) Bet MR HEPodidR i Reahirmt e BENGRY g hgnGee i ¥ 8t ne

first bihedgidighoB®nédt@N(76Y1); the second current path is defined by the
connection arns (68a, 68b), the sections of 30 the leg portions (70a, 70b)

bet ween t he connection arms and second bridging portion (72), and the

second i dgi |on and t he decoupl 7 77b, 78a, 78b)
is pr ov% érfg?cﬁ é‘i/as C@@“@%f%%ﬁ%ﬁ?@@(ﬁaﬂ&%@ %%ui@”l
read/ W hdwerGa Hﬁéhtn il i@ lafFRe YHESE

wher ei np t he gﬁﬂ?te dgcouplllgng neégggg%@gglp%ge%b) |s&%r&’go\1}?§£id)e@%em@%@g

cur r tht ligest(R, G2indberwrithenode ande poicotialaritse ¢igBaite pSblityaretwedusheasiripty inee
heat er :a (tﬂe read, decoupling neans 5 (78a, 78b) is provided in the
second )éﬂgkﬁﬁ? TOgE\BRFPhe connection arms (68a, 68b) and the

read- node heﬁﬁ%‘%mt@ zlééou iiﬂg rrféaﬁse@@é‘@gbt 61,CAUPPIY ?%t o ati:th=:\€1A‘Ab1 Ribit Sy fRUe Of

claims 3, 7, use wth power supply ans Ich is arranged to
appl y atOribQ wmm aiodoﬂle@tnE(3§o47a|561XB)bmthWCHMmenyﬂOWGeSMWrQﬁ O in

th t d Ite | t th |
e 4rRiCR§h e Befiahitastiu®l b BierB Al Gioofp Rt Stans 4t P aeds (305,
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heater (3 in the direction of curren low fesulting from
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.



application of the read-node potential, and the read decoupling neans (48a,
48b, 60, 78a, 15 78b) is operative to inhibit current flow to the read-nbde
heat er (300 02874868, 75, 83) in the direction of current PCDWBMMIESt i ng
fromapplication of the wite-node potestial. 15. A read/wite conmponent as
claimed in claim214 wherein each of the wite and read decoupling neans
conprises at |east one diode. 20 16. A read/wite conponent as clained in
cl ai m 188 whércadpaiRiennpasnedsglampddn clejmilhwhesein fiedeedrmesas (820 fis shapedr i t e
and rea ' [ i r of di.o a,. 38b,. 40a, .40Db,
778, 7R R RS - FRAER AR TR bR Ty Pl B 1SR AR IR e SRt abou

a | ongikeueidmatiteas) @49, Tese ee fadansmdidsuk@ee.t o the axis of pivotal novenent.
25 17. A read/wite conponent as claimed in any one of clains 4 to 16

wherein the support structure (81) extends at |least partially around the

| i | i al | | h is (P) of
oi vot 31 TomveReny keI iR il Rkl 1SR eb e oo mpriile
over a sudy @2poblecal/heits bBpienttds elditee i Sik) praccinitelhine ohe Y&JplyBAeSt t 0

provide a gap 30 (G between the read-node heater (83) and said surface,
such t heachichREIPPR¢E ppimgs oW supplyding (REhickais cemmpintth aicompahenipinghe samof t he

| ever nmeans..,.WD 02 48 CT.1B01/P1688 . -28 18. A ad/wite conponent as
oF ar medrRhor s (230 R EpRb IR br s ecihorcal R AR S aRPRR AR no
wr i t e- nuchew iR isefonirforfd ARonipbnbAg in fRaAmERBIUNAASF iR dRaedYer, in the
direction of the read/wite'tip (84), fromthe plane of said surface. 5

19. Head/wite apparatus (22) for a data storage device (20), the apparatus
conpri sihg an rra 2). 0 ead/w.ite conponents as clainmed in any

pr ecedi%@ cléi%?a%%‘égééﬁ%f?&w REBPS "&ach conmponent being a row supply Iine
(R which i s;ggaRiadednédibtmq@ponents in the same row of the array (22),
and the other supply line of each conponent being a colum supply line (C

whi ch i s conreed/wrde appargosposiaimed in glaithd 9s demppohusheing posidorablaseldftv2) . 10
20. A data stora cgiievi eéz?%é.co { SI hQg; da t orage medi um (21);
Fead w e R A e S s e RSP Shefas s RaYEsRe faphcdhermponcat 1
posi {4 omgla}@y;gj)gg bMSed 4Qindt BkhAER; &ld t he data storage nedium (21) such
that the read/wite tip of each, conponent in
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



15 the array (22) is biased against the surface; and power supply neans
(25) which is operable in said wite node and said read node to apply a
pot enti awhersasesh the supply lines (R, C of each conponebhCT/IRhMIES8n said
surface of the data storage nmedium (2429Fs such that, in use, heat transfer
fromthe wite- nDde heater on application of a wite-node potential between
the supply |ines é a said nponent causes |ocal nelting of the
surface al | ofW$i§ IB%ﬁlf-‘esceP%Rr SR/ )grroyiqed P’égtfllwqrtl%ﬁafl? 0L b1 158 AT 53 cwtGiHer eas,
on applgﬁ gtion of a read-node potential between the supply lines (R O,
heat transfer fromthe read-node heater of the conponent is insufficient
to nelt the stefeactde tiRpmalpropertiendf theivirite-eoodedieatet (105DaNd ddjaceat dgioas st or age
devi ce the read/ wite caonponent = (100) rising; |lever_ neans (101)
and a s il(t ) fhsdevTangangAnd of fhe teééretodﬁéatﬁerg& Thand dlinesat waions (1%
SUPPOEt | iy I t V. | east
one. cur ¢ St theefen RS LA A, by oPlrkalifh o PHERERha RS E M Bl fe
suppor t lisdsr(R; O ireuse3the awrnive irh @detedeer ) é9 helalable) tomrwuﬁ@tén@eratdre Tiyemdrle rrean S
(101) in the or a said current path; a read/wite tip (106} provi ded on

I

the wi therpshiBodesanser Qlﬁ?ﬁ)sl)emwtmmmretmelssm Trenddyepglicatipg of a

r ead- no p I | a said
o SRR AT b PR G0 RS S oTB el Ao Boh 18 2
(105) asignaguieesy), Maghebspply L&, (R109)n afe, tHeaeddmete saBOIS(10ANE hodtathlbgo
read- node sensor (107) and adjacent regions (109, 5 110) of the |ever
nean0 ardingdpmpergture Ery<éfpzpwtu(l%thﬁow1téﬂn%defhea@t (lét%rﬁatlalwt@éemmwmw a the
suppl y k%éﬂﬁﬁ R, © in use, the wite-node heater (105) is heatable to a
witing tenperature Tw while the read-node sensor (107) remains at a
tenperature less than Tw, and by application of a second signal pulse

(SR), V\/m ch is of smaller anplitude and | onger duration than the first
si gnal Pl seATsHy/Writ eompesest3pP)as qlaiesd (chlan;} 2]l whgzedn thetyeriteangflerhsder sensor

oot or CPOER'HRE: b 1 Bad AL b PTR 4adiin IS 5Bt WOk, fodh Bkt o4

conpof emeartsldifhce@Ihe haiteBdde neabxaamsﬁﬁmwm F& anreldﬂﬁeWhlglﬁrd@ﬁHteﬁﬁl@Eﬁrom( 105)

is smaller than the read-node sensor (107), wherein the regions 8108 109)
of t he thewgite-mode heater in use, and wherein the regions (109, 110) of the lever means adjacent

the read-mode 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).



15 neans adj acent the wite-node heater (105) provide for a relatively high
rate of heat |loss fromthe wite-node heater in use, and wherein the

regi ons W092/37u8¢0) of the | ever nmeans adj acent the read-proUSBEAMMSSr (107)
provide for a relatively lowrate of hgat |oss fromthe read-node sensor
in use. 20 23. Aread/wite conponent (100) as clained in claim22 wherein
the lever neans (101) is forned of conductive material shaped to define
sai d at 25. easArca@W@m‘?@mOI}Qat% claimgdwhemeore eftrdaims @ditoA4 wheed the10) of the
| ever s qd acent the r de sensor (107) conprise constrictions to

i nhi bi treﬁl oSESY FOIPHRE aﬁ?eeg “node sensor in use. 25 24. Aread/wite
conponent as clained in any one of clains 21 to 23 wherein the | ever neans
(101) is configured as a cantilever conprising two |aterally disposed |eg
port i ongo6. (163aad/w@33390mmmea§t0édmd im @gp@mt@fw@imeﬂﬂégaémr@ éﬁds to the

suppogt struciure (10 or . in tlngthe
o6 o 1RO st £aplisc i mat msiivE BB BRAGS SiieleBhs 66

def i ni ngrig-Flode h@at&amds)cmatr&at 1oR@krbm tBOGridIfo8s Hea%accihrﬁg abbﬁ'ca%h beuféode 30
heater (105) and read-node sensor (107) are provid on of near the

bri dgi nggcpud signal pilse4$r) INOSONSFABBLPLTIT msmadana%sens@qlq*s). to sherreadihgr i t e
conponent as clained in any one of clains 21 to 24 wherein the read-node
sensor ‘&‘?HH’BF%?S?Ra heater. 26. A read/wite conponent as clainmed in any one
of clainms 21 to 24 wherein the 5 read-nbde sensor conprises a

thermal -resistive elenent which is sufficiently close to the wite-node
heat & 272.05) Atrhal/whigacorhmpment asainitad imanyt erendaénime i ¢v 26 wheredp tlnppl i cation

of the second sign ul se i n.use.caus eating of the read-npde
censor (RGO oRTE (1R T Elrper SO0 8¢ FS (P Lhd BIGep VS DB onent
as cl ai gRek ihBd@RYar@Ngosf clainms 21 to 26 wherein the read-npde sensor

(107) is located furthér fromthe axis (P) of said pivotal novenent than
the wite-node heater (105). 28. A read/wite conponent as claimed in any

one of 21 to 27 wherein the ort 5 stryctu xten s at | east
par t1 a3 ar BURGIYHE ol ra Rt 4 Bosene SoBUES AL FarT yh [yt s
axi 14 RyrRturP ¥Rl at@a‘é%ﬁél 805Pfhe 1604 mbBR! Bl pihdiesy E) ﬂ@gﬁraﬁﬁi‘@r
extends over a surface of tHe support structure ar ound the ver means to
provi detha agmpine& pigetal mbeemens dltbreaidandseherein thoicbadanalesendcaertenduaer that t he
t hi ckness_ of g varies with I?h ivotal novenent, of the | ever neans.

surface o the s p;Port 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);



20 29. Aread/wite conmponent as clainmed in claim28 wherein the |ever
means i s 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

2
corrpone at%g:%v%gs%ﬁ%c& rﬁ%axaéézt %d@eln? éunﬂg%ﬁ F@‘gé%ar%ﬂ%tt (&ﬁ%(:%o‘?‘?ﬁlanents
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

read/ write appeeraupply(means 425) ovhichniscperabls] iaiarnwd® madedo applarassigsfifsesiggal

i tionabl | f d h
Phat 1 nBRGn i 7L Shpopa 7B GeRterd fptnan O (oo mie iiron figie f8°
bi ased A% #54id k&AL n@Pﬁulse;{SS) PQRAEHK co%Hﬁd;He}rit ([%@Pﬁa(tl?ééug(zfy ms'(ﬁ @perabl e

inawite node to apply a s first signal 5 pulse (
conponetherepf00) via the supply |ines (R C) thereof, and in a read node to

| id d. si | | h 100 th
eoholy 1 nesVhreRaic yBe oF he s Sothed e ELIoR SER0E b et gh Seahkger
medi um §,2 3prité-tnci WRateP @05) bha B8E coRPorlt@ptd Tl-g nRht trdolfer ‘Mo&ﬁ fie e Ler

(105) of a said conponent 'to TW heat transter fromthe wite-no 10
heat &0 lqeiatﬁXlQﬁéusws leebineltiigtof tig wifathalleung aeretakiboof tiy rpmhwnteamp on of

the rea it ip. 06) to form wher eas n_ heating of the

r ead- m)dgg\gté’rfe aé’f@%‘ ﬁ)f‘ SRR IR ‘gfrfgﬁfeafidno enﬁgéimﬁroz ‘é’lml?qnﬁﬂ‘i %he

r ead- nogle hsaneMsiet 484 thh %eddflﬁbkﬁé éeﬁs&rtﬁ O’QQS m%hfﬁc&éh% 1Sl #surBle. A
read/ wite conponent (30, 80) a data storage device (20),

the 15 read/wite conponent corrpr|5| ng: Iever nmeans (31 51, 66, 82) and a
support ans nnected to the

tructure (32, 52, 67 t e n
suppor t3 trﬂ‘gtr%ﬂdzwﬁ("@rcoﬂﬂﬁ’%%{?? 90;)4%8{) Orﬁﬁ@@ﬁgﬁf‘gea‘%d’%r(g b Hing a- first
cur r ent e RAtRiIOEIHESRnAC ﬁsnﬁg'] electrical supply lines (R C) on the
t

support structure, wherein e support structure extends at | east
partial |y arlewrdngdne (B b\ﬁér 6Gy8ansnd mswpppitatrecture (32, 52, 67, 81), the lever means
being connected to the support structure for substantially 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.



20 substantially parallel to the axis (P) of said pivotal novenent; a
write-node heater (36, 47, 56, 73) provided on the |ever neans in the first
current waoh37488 read/wite tip (37, 57, 56, 84) provi dedPONIBMA1688i t e- nDde
heater; a first proximty sensor elenenp_-(91a, 91b, 92a, 92b) provided on a
portion of the 25 support structure around the |ever neans; and a second
pr oxi n‘itg sensor el enent (90, 93) provided on the | ever nmeans and di sposed
over thé3firtrepd/pxiterrempenans ay claimeddnclaimci wheatinohe ofithstisioadisecangen t he

first d i it | ' it h. pi.votal t of
the | evBPHEERShsR PR PP mit P R PR M R et 0
St ruct Uk GespE@MiedRs of sﬁ@%@?ﬂy Gited @)'C) vEOrhRakdbntiRureAYRtH, RFd Ble dthé %&ol y

S

lines (R, © via the fir and second proxinmty sensor el enents.

02/ 37488rspam 3Rond prEdBity sgBoBelemants sanpviséstacbredgmmenmiact 23)cindi wisdteinrihe | ai m
32 wherein one aof th irst and second roximity.sensor, el.enents conprises
a paikg gefvercrgﬁ?l}féf P Pgaé{ler %%ggert @E%S,ltl(g’zlﬂ)wgg%ﬁ“eg%‘r‘i%g’(,gtcgata%&ic‘?%ﬁtéé}i“? ve one
of sai dpsitipPtantict BREtréMs (52a, Y2B) dflies SRAVMCn GHEEILME bRidbie C@Hﬂctt(_b? Rt her of
the first and second proxinmty sensor elenments conprisés a bridging

cont act digg@mectgd drophhesiontactdedrodes/ O2an¥dms i s pi vot abl e between a position
in which the bridging contact (93) connects the pair of contact el ectrodes
(92a, 92b) and a position in which the bridging contact (93) is

di sconnggt ed AfeadRkie cERpoRAE as?lﬁ\%eﬁqg ekirh 92 Q@vl%egetaﬁ )e)n? Sfthe Airbi8ad ¥ dnle

conponent as clainmed in claim32 wherein one o irst and second 10
pr oxil®i pipxieity sanser elemants comppsdssgwireofpiictrodds (@l s Xlbpeteh cofdamtedddm) each
connected ta a respectiv ne af said, supply lines (R C) via the second
cur r ent "PRIH Y 8AY Of%ég 8‘%& ﬁ’& S (%hﬁ Viarthe Sé%gﬂ% CUETS ﬁat%p?l&(‘?hﬁioflﬁ?r §§ﬁ7§dc%r st

el ement gnEQREPEd §ixﬁu§§&f‘ 5i%16h &8s EQHBrided Dradhg 81REESHDOPR el B lge OF
el ectrodes (91 %,% 91b tg provi de a grép thgre%et vveer?,q %er&eni%ﬁ tﬁ%os?fﬁst%‘kness
of the pgipof alegticglss (@ ltah9 h) o padvideogapetherebétwiehie Wievan thesthivknest ©f & gap

read/ wijte co&g}gnetnf as clrgi d.in claim33 or 34 wherein the second

proxi nmi Y35 JBHSRYVOld) Bre @E@?‘?@‘éﬁg%%n& pair of electrodes (91a, 91b, 92a,
92b) 1yhereby the second current path is provided by the | ever neans. 20
36. Aread/wite conponent as clained in any one of clains 33 to 35 for use
with power Auppl/yritecomspadentds dlamop én elbine 38 or 84 whieteén thedecdnd maprijitya
write- rrsDe%gor% én?gr}t Icgrlnp%(s:ésosgélsd Igari]reof electrodes (91a, 91b, 92a, 92b) whereby 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.



supply lines, and in a read node to apply a read-node potential across the
supply 'lines, wherein the conponent (30, 45, 50, 65, 80) includes
decoupl i WO nB3M8s (38a, 38b, 40a, 40b, 60, 61, 77a, 77b, FGWIBUiIBIIs8arr anged
to inhibit current flowto the wite-npgle heater (36, 47, 25 56, 73) via
the first current path in use when the power supply neans is operated in
the read node. 37. A read/wite conponent as clained in claim36 wherein

t he decd®pl i Agre@ﬁh(wwse qmnene@tplmmé in m@boneevf clgms 327 37 whereiy hg, levk@b) i s

et b 1 minad SR bk BBt b SHEERE ekt B e o R BEERED roce. v
02/ 3748&(t3ﬁ[ﬁé&ﬁ$/aﬁﬂ§$1%m the3ever B8dy (66, 8B WnEitHee sidO FREIENWhidh chRic®e | N any
one of clainms 32 to 37 wherein the I ever mneans conprises an el ongate |ever

body (vaem)dyaﬂ@het SHOPRIH ﬁm@uﬁedﬂa&lar@nq éefine tb@@}ls (P)eabouthahich theueverrbdidy f r om
the | gver ere nect, the. l.ever
body ToPURE L panierat e euh Pl B prReiifom A Geb on Ry BARE Sy efntRin on
t he |eV€/htéJﬁﬁ>}de ﬁea%ﬂ/(QB)SaﬂdrthQ§&on £d:@infty Séiser @¥ment(BY, 93 atf digsed bAM t he
ends of the | ever body, and mherg?n the wite- nndé heé?er (gﬁ% and the
second ppegiterbides @féh@@xwél’)eamnme:(rgn@ e )of gredevirdpdsed on opposite sides of
the axis (P) at or near the ends of the |l ever body. 39. Aread/wite
conponent as clainmed in claim38 wherein the second proximty sensor 10

el enent 3¢ 90, A93)d/ivsitedéJrgsinehidst el iR FRBE wktein ﬁy%’)seédiﬂrprsﬂﬁnwsbﬁm nmode
heater (73). 40. A read/wite conmponent as clainmed in claim38 or claim 39

wher &9 nelemhat (96,23) iholdset further iftosssaidvexis B)ghar thy wdite puslediehtery(78drt i ons ( 70a,
70b), a first bridging portion (71) interconnecting the |leg portions at or
near one end of the |ever body, and a second 15 bridging portion (72)

i nt er coppect Angad/Witd &nRAkh a%rb‘?alﬁfed% clBRRBS bhelalh BewiRRGN:0f the lever

body; the first bridging portion (71) conprises the wite-node heater (73)
and the secotbd lever bady egmpuises iwo latetally dmmedé@pqrhen&@(é’@mﬁ@bp radkstrhriq,gn@ns or

i P T
the ¢o nmfgm%)ﬁmﬁbi(srgm Qﬂtefdohﬁéctﬁ% ekdle B GoRdhb hOSt deddohe oﬁﬁ:@ chd'8f thé uévéié

bri dgi ng portion Read/wite apparatus (22) for a data storage
devi ce ¥®B}, the apparatus conprising an array (22) of read/wite

cach. conponcite 5eiGeneheR e Y sorpi IRk bRos i bR daepond  *°

conmponekrdsihdpdrfitn (72) comprises the 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);



sanme row of the array, and the other supply line of each conponent being a
colum supply line (C which is common to all conponents in the sane
colum ofwo@hm3ass ay. 42. A data storage device (20) conprpPeT/mp1/0188 a dat a
storage nedium (21); WO 02/ 37488 PCT/1801/ 01688 -34 read/wite apparatus
(22) as clained in claim41l, the apparatus being positionable relative to
a surface of the data storage nmedium (21) such that the read/wite tip of
each conponead/Wrie epraraiis 6A2) psclpingddy clagmi s thetappargiys baing; positianaidever

supply ns.(2 whi i s .operable.in i t.e,node a re de to
aopry” SRS Btk o e B REGRE R P SU S R s s B RE
sai d su&cfrgigcg,eﬁ{intm@a@@ti@bﬁs@d e dhflabe? dpd i s such that, in use, heat
transfer fromthe wite-node heater on application of a wite-nbde

potential acP@y supRlySugaps (23)ivieeh is ORerable inf vrits apadle eohpaprhinoduiose@sly ocal
rreltiyg oft thg surfﬁlce alll ‘ﬁWi n(gf eﬁjetratio, of the read/wite tip to form
a pit-. 3 Botg1al 8EARss 535%% ratu e(%f g?mp%r}en n atomc force mcroscope, the
appar at us CowRérefi A surfaey 6f theRanStdriddhedinth @1514RAEH that lifi Ukt HER tbAdd) . t he
| ever means being connected to the support structure for substantially

pi vot al fremherwnite-mode bpriersanppplicatimraf @t wirie-nademotensial acrassribe supplyelarss
tial d the | 116) i | hst ant i al.l llel t
et S D B SR ool e A BB B b

on the J8yRiiteBARS fhlDpir.such that interaction of atomc forces between

the tip (122) and a sanple (14) scanned thereby in use causes said pivotal
movelent of the |ever neans; wherein part (125, 90, 93) of the |ever neans

(150)" o s ot Rt 3,18 BRI i SR U b ST | v
pi votal noVeRBEme el BNYind ARubRROGRRRAY (10f7),3hS RVBY BednkbeirpCdnR&iedns t he

tipin wuse is indicated by variations in said distance (G. 44. Apparatus
as cl ai tiedupporicitmictnret Borwhiestaitially pivedtad amavenient dnel the suppontstimistuies(1ldcat ed at

or 25 near..an end of .the |ever ans re fromthe axis of piv
ovenerPRE A BT eoE Nl o reeral ok DRebesiRran bl fibe
(12515 9kis @8)orQhid td18¥SemenBang (116) conprises a heater (125) and the
| ever means provides a current path for
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.



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 si nkv@uouzbrsshat the tenperature of the heater (125) PETARM/0MS8h
variations in said distance. WO 02/ 37488. PCT/ 1B01/ 01688 -35 46. Apparatus
as claimed in claim45 wherein the sensing tip (122) is provided on a
portion of the | ever nmeans (116) which is offset further than the heater
(125), 4, t hApdirpestap olaimed intdhaimt 4 pwharpi)the fensingstin d2@hns profidedensuppor t

t t (117). .5 47. t i.med i im43 44 I id
U T e A (L R LR
(91 a, &fthe tiP2822)928M ANPpRAéfAL® MppoRtistrub@rd @19y, nMeans conprises a second
proximty sensor ‘el enent (90, 93), and wherein at |east one of the |ever

means (116) and support structure (117) provides a current path for

coupl i ng ternj nal of .a power. suppl ia the firs d seco roximty
senso .‘errerﬁ@afaiusuass&la“fggﬁ%?léﬂbggpgﬁ%g%ﬁ’éﬁnbfaéﬁllH@’%iof eéPBﬁ"?ﬁgﬁPc&bﬁgrei n one
of the a‘;dxﬁﬁﬁse@aq*irﬁgf%giﬂﬁ@rs%o%kmea@ Qr 91beb2ATBNb ParfdART pRESE tRe RALF Of

el ectrodes (91 a, each connectabl e via said current” path to, a
r espect ingansmompisesasatoneé praximaity sénsoudement80,t33¢, andherereih at leastfane of thend

second proximt nsqQr el enents rises a facing electrade (90

arr angelv BB LT RRY suprorCHCE e {HanBs st & sutgniiyT ks CpUPiRabtbali gap
(G the&efpﬁé%%?plm%{ @R Yirkth8d scnl PESSmAY sbhi®r BRmeYATHh @8 W th the pivotal
novenent of the T'ever neans. 49. ApparatuS as clainmed in claim48 wherein

the $@cond proximty sensor element conprises said pair of el ectrodes
wher eby  t he current th is provigded by the | ever nmeans 2 116). 50.
hopar attis asABpartisa s Gl Kheitinons o B ot GRoeeri RSB EHoans
CONPY | SEEmeftd cBhBAGA AR echOls 014 Db ABNBNGAIC LR SR ol B2
118b), extending outwardly fromthe |lever body (116) on either “side

t her eof respdetivd onoofisast tetthmalsew @se, bod thet wherhod tisfipsoatd @Bomt progimityesenidr7) and
define the axis (P) about ich t | ever body.pivots in use, ereln said
i 5 ( Pt epubiitesadarne et OP e ferouBale bar e dHeRIh Hhc Banei ng
tip (429 58k henbehBn, WhbroBihe Hickites bEMELapTARS @ienditRpged on
oppos?.tepsrlaﬂ{(;i‘eg %th(Iijejﬁ)laxei S (Pl)q’ at r%r ngar1C thse endga f tlhe eve o?ily
(116) . BOv&tentApparlavarsness.cl ai ned in claim50 wherein said part (125, 90,
93) of the lever nmeans is offset further fromsaid axis (P) than the
sensing tip (122).

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).



WO 02/ 37488 PCT/ 1B01/ 01688 -36 52. Apparatus as clainmed in claimb50 or
claim51 wherein: the | ever body conprises two |laterally disposed |eg
portions WQ293748419b), a first bridging portion (120) i nPE€TARMMAEESBI ng t he
| eg portions (119a, 119b) at or near opg-end of the |ever body (116), and
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) |§2pro@@d@@ﬂﬁmsph@nﬂﬂHsﬂmblﬁ@gﬁ@gmpélWW@WH(120) and the second

means, U5, KRRy sSRERa TER 1R Bhbet R aert g Biderk obh St m 45 or

cl ai m 4gxidAhe H6itidn (1@)§ﬁ!eﬂco‘ﬁﬁédt1@i§tthd°ﬁg Bottfond €f 192 Y at BiencaPHRNESI SNhAr N5
(118a, 118b), the sections of the I eg portions (1 19a, 119b) between the

con nect leger bmmil &f)dl anbe orednd bridging gonmnt(lléh) ipterconpeciing thehleg pedimon 1 Bk dgi ng
porti . Appar at s ,cl ai cl ai m 53 i ncluding neans for

i nhi bt t )t("%’gfl Wegfdﬁa’tfgﬁ%rﬁfl of 18‘5’5\)355%411%% connection arms (118a, 118b)
via the firsthelRbhdg fig (POl @avﬁéa@hth&%tmgaﬁg)ﬁaﬁoﬁ@mﬁ dfdcr oscope

conpri sing: sensing apparatus (115) as clained in any one of clains 43 to
54; a sanpl ethssppmdibr{deig fastiors (iZd deompiises said ppit€125 49, 93) of tipdsitrimeanso be
scanned by the 20 sensing tip (122); neans (16) for effecting relative
novenent of the sanple support (15) and sensing apparatus (115) for
scanni ngs of KRBaHARML Blairhéd mtbfalhh?z {vhéh dd2Rdeént %ﬂtélaﬁmrssor@m 4f90{3vh91%h§ct i ng
variations in"said distance (G during scanning of a sanple 14) 't

pr ov i@ esaahcwruanp pathi is déefiwxdi byethe fonreetivropogr(apay 1d8b)t the ssetinpk ef 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.



