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and noved relative to a storage nedium conprising a polyner filmcoating a
pl ane substrate. Data is witten to the storage nmedi um by a conbi nati on of
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al so pr dev@escoxnpmmmartwo eirdehbsiokalamapof beudens densbesfabricated on a
silicon substrate. Each cantilever is attached at one end to the substrate. The other

end of each cantilever carries a resistive heater element and an outward facing tip.
- 15 Each cantilever is addressable via row and column conductors. The row and column
conductors permit selective passage of electrical current through each cantilever to

heat the heating element thereon.

In both reading and writing operations, the tips of the array are brought into contact
20 with and moved relative to a storage medium comprising a polymer film coating a
plane substrate.

Data is written to the storage medium by a combination of applying a local force to
the polymer layer via each tip and selectively heating each tip via application of data

25  signals through the corresponding row and column conductors to a level sufficient to
locally deform the polymer layer, thereby Causing the tip to penetrate the surface of
polymer layer and leave an indentation or pit.

Each heating element also provides a thermal read back sensor because it has a
30 resistance which is dependent on temperature. For data reading operations, a
heating signal is applied sequentially to each row in the array. The heating signal
heats heating elements in the selected row, but now to a temperature which is
insufficient to melt the polymer film. The thermal conductance between the heating

NN

*G00002*
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The storage medium can be thermally erased and then rewritten multiple times.

2005

Cdnventionally, to erase the storage medium, the polymer-layer is heated to beyond
its melting point for a few seconds. The heating reflows the polymer layer thereby
removing all indentations recorded in the storage medium. It would also be desirable
to permit selective erasing of only a one or a subset of the indentations recorded on

the storage medium.

US 5,307,311 and JP 08297870 both describe conventional probe based storage
device each having a data storage surface, a tip moveable relative to the surface,

. and means for deforming the surface via the tip to record data bits on the surface.

In accordance with present invention, there is now provided a method for erasing
data recorded in a data storage device in which a data bit is written onto a surface
by applying a first combination of energy and force to the surface via a tip to form a
pit in the surface representative of the data bit by local deformation of the surface,
the method comprising applying a second combination of energy and force via the
tip to prerecorded pits of the surface to be erased, the second combination being
different to the first combination, and forming new pits overlapping pits

representative of prerecorded data to be erased to substantially level the surface.
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of  new L Seh vk 'of Br&REHrdld 446! BPErased to substantially level the surface.
The forming of new pits preferably comprises offsetting the new pits relative to the
deformations representative of the prerecorded data to be erased. The forming of
new pits may further comprisé forming a line of new pits in which each pit overlaps

the immediately preceding pit.

In a preferred embodiment of the present invention, unwanted data bits are erésed
by overwriting them with a greater density of new data bits so that each new data bit
* effectively erases the immediately preceding data bit. The erasure need not be total.
Some residual surface relief may remain. It is sufficient that an erased bit is not
detected as a data bit by the reading mechanism. This will of course depend on
data reading sensitivity. In some embodiments of the present invention, it may be
acceptable for the last new bit in a sequence written to erase an unwanted data
sequence to form part of new data to be recorded. In other embodiments of the
present invention, the density at which new bits are written to erase unwanted bits

may be such that no new bits remain recorded in the surface.

Viewing the present invention from another aspect, there is now provided a
data processing system comprising: a data storage surface; a tip in contact with the
surface and moveable relative thereto; and a controller operable, in a write mode, to

apply a first combination of energy and force to the surface via a tip to form a pit in
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representative of prerecorded data to be erased to substanti l'evel the
sur f ac@xample only, with reference to the accompanying drawings, in which:

Figure 1 is a plan view of a sensor of a data storage device embodying the present
invention;
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Preferred enbodi nents of the present invention will now be described, by .
-way of exanple only, with reference to the acconpanyi ng draw ngs, I4FMAY 2005
whi ch: Fi gwoandéizs4a plan view of a sensor of a data storagpcfl@ydzg,@]m
embodyi ng the present invention; AMENDED SHEET WO 02/ 061734 -

1005 PCT/1B02/00116 Figure 2 is a cross-sectional view of the sensor when
viewed in the direction of arrows A-A; Figure 3 is an isonetric view of

t he dat aFgjure e aderoissasectibpalndev ofSh@senmbenwiem@di invihevdiefctian®f or age
medi um of data storage systemafter a wite operation;, Figure 5is a -
cross- seBfPY§A-Aii ew of the storage mediumafter a selective erase 10
operation; Figure 6 is another cross-sectional view of the storage nedi um
after a selective erase operation; 15 Figure 7 is an energy diagram of the

surface fFlgures istanrisgmetrislview oftheudsta 8tdrage devizss- sectional view of the
stora?e rredl umduring a wite operation; and, 20 Figure 9 is a

cross2sectional view of the storage nedi um dur| ng a selective erase

enboayi b oA aBsp eRliehf el ol MERTBNGy RerdsbRbge HtehPEpya’ o

canti | everitsepeetionl0 25 di sposed on a substrate 20. Row conductors 60 and
col um conductors 50 are also disposed on the substrate. Each sensor 10 is
addressed by a different conbination of a row conductor 60 and a col um

cconduct ofpfis 552G r3882RESRaIGAERdf #58 sforage medium after a selective erase

10  operation,;

Figure 6 is another cross-sectional view of the storage medium after a selective

erase operation;
15  Figure 7 is an energy diagram of the surface of the storage medium;

Figure 8 is a cross-sectional view of the storage medium during a write operation;

and,

20  Figure 9 is a cross-sectional view of the storage medium during a selective erase
operation.

Referring first to FigUre 1, an example of a data storage system embodying the
present invention comprises a two dimensional array of cantilever sensors 10

25  disposed on a substrate 20. Row conductors 60 and column conductors 50 are also
disposed on the substrate. Each sensor 10 is addressed by a different combination
of a row conductor 60 and a column conductor 50. E ach sensor 10 comprises a
U-shaped silicon cantilever 15 of a length in the region of 70 um and thickness in the
region of um. Limbs of the cantilever 15 are fixed, at their distal ends, to a silicon

30 substrate 20. The apex of the cantilever 15 resides in a recess 70 formed in the
substrate 20 and has freedom for movement in a direction normal to the substrate
20. The cantilever 15 carries, at its apex, a resistive heater element 30 and a silicon
tip 40 facing away from the substrate 20. The limbs of the cantilever 15 are highly
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pol ymetH e ﬁHétey?%te (PMVR) of a thickness in the region of 40 nm The
tip 40 may be mechanically biased towards the surface. However, in other
-enbodi ment's of the present invention, different types of bias may be
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15 _carned by a silicon substrate 100. An optional buffer layer 110 of cross-linked
photo-resist such as SU-8 of a thickness in the region of 70 nm is disposed between
the polymer layet 90 and the substrate 100. In both reading and writing operations,
the tip 40 of the array is across the surface of the storage medium. In writing
operations, the array of tips can be moved relative to the storage medium to enable

20 writing of data over an area of the polymer layer 90.

- Data is written to the storage medium by a combination of applying a local force to
the polymer layer 90 via the tip and applying energy to the surface in the form of heat
via the tip 40 by passing a write current through the cantilever 15 from the

25  corresponding row conductor 60 to the corresponding column conductor 50.
Passage of current through the cantilever 15 causes the heater element 30 to heat
up. Heat energy is passed from the heater element 30 into the tip 40 via thermal
conductance.

30 With reference to Figure 3, each of the row conductors 60 is connected to a separate
| line of row multiplexer 180. Similarly, each of the column conductors 50 is connected
to a separate line of a column multiplexer 130. Data and control signals are
communicated between a controller 210 and the row and column multiplexers 180
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15 microprocessor, micro-controller or similar control device or collection of control
devices.

With reference to Figure 4, the write current is selected to heat the tip 40 to a level
sufficient to locally deform the polymer layer 90, thereby causing the tip 40'to indent

20  the surface of the polymer layer 90 and leave a pit 120 of a diameter in the region of
40 nm. By way of example, it has been found that local deforming of a PMMA film
can be achieved by heating the tip 40 to a temperature of the order of 700 degrees
centigrade. The optional buffer layer 110 has a higher melting point than the PMMA
film 90 and therefore acts as a penetration stop to prevent abrading of the tip 40

25  against the substrate 90. The pit 120 is surrounded by a ring 190 of polymer

material raised above the polymer layer 90. A second, overlapping pit 121 is shown
in phantom dotted lines.

The heating element 30 also provides a thermal read back sensor because it has a
30 resistance which is dependent on temperature. For data reading operations, a

heating current is passed though the cantilever 15 from the corresponding row

conductor 60 to the corresponding column conductor 50. Accordingly, the heating

element 40 is again heated, but now to a temperature which is insufficient to deform
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15 recorded bits.

The aforementioned heating current is produced by applying a heating voltage pulse
to the corresponding row conductor 60. Accordingly, a heating current flows through
each sensor 10 connected to the row conductor 60 to which the heating voltage

20 pulse is applied. All the heating elements 30 in the corresponding row of the array
are therefore heated. Recorded data is then read out from in paraliel from the heated
row of sensors 10. Each row of the array is thus read sequentially according to a
multiplexing scheme. In a preferred embodiment of the present invention, the

storage medium provides a 3mmX3mm storage surface.

Turning now to Figure 5, in a preferred embodiment of the present invention,
recorded data bits are selectively erased by forming new pits 121-124 overlapping
each other over prerecorded data to be erased to substantially level the surface of
the polymer layer 90. This is achieved, in particularly preferred embodiments of the
30  present invention, by performing the aforementioned write operation to overwrite pits
to be erased with a greater density of new pits 121-124 overlapping each other so
that each new pit effectively erases the immediately preceding pit. Referring to
Figure 6, the overlapping new pits 121-124 merge with each other and the pit to be
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other and the pit to be - 4 MAY 2005 WO 02/061734 PCT/|B02/00116 -8 erased
rent i onddh BT8R 1o KBUG 2ot ilack GlobemolBPaloROg kg siabia Dppl es 200
may be lgpddind Btat@®30 and a metastable state 240. Applying a combination of force F,
1_5 and energy Ew to the surface via the tip 40 deforms the surface into its meta stable
state 240 at the point of contact with the tip 40. Referring now to Figures 7 and 8 in
combination, in a preferred embodiment of the present invention, a data bit written at
a location on the surface by positioning the tip 40 at the location and applying a
combination of force F., and energy E. to the surface via the tip 40 to deform the
20  surface at the location. With reference to Figure 9, the data bit is then erased by
positioning the tip 40 in deformation and applying energy E. to the surface via the tip
40. Energy E. may be less than that required to write a data bit onto the surface but
greater than that required to read a data bit recorded in the surface. Alternatively,
energy E. may be similar in magnitude to energy E.. Either way, energy E. is
25 sufficient to relax the surface from the metastable stable 240 to the stable state 230.
In the erase operation, force Fy is reduced and may, in some embodiments of the

present invention, be removed altogether. The relief of force F,, may be implemented
via the transducer 220. With the force F, relieved, and energy E, applied to excite
molecules in the deformed surface, intermolecular forces F, in the surface are

30 sufficient to push the tip 40 out as the surface relaxes into its stable state. As
indicated earlier, the different combinations of energy and force required for reading,
writing, and selective erasing operations are provided to the array by the controller
210.



'surface of the polynmer layer 90. It is sufficient that an erased bit_4’ B pmp
-detected as a data bit during a read operation. This will of course deée
on data rewolingidssensitivity. Referring back to Figure 3, pchapeomtiie! | er
210 is operable in an erase node to cegtrol formation of the new pits
121-124. Returning to Figure 5, in sonme enbodinents of the present
invention, it may be acceptable for the last new bit in a sequence witten
"to erase an unwant ed data sequence, such as the bit represented by new pit
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vi a he%%”ﬂegﬁ%ﬂﬁ ﬂ@%ﬁﬂtfﬁﬁﬁs ﬁ)n% §Lfr§acr?e Hng %Lgc%ll'bopgrlaﬁp@s.mo at the
poi nt of contact with the tip 40. Referring nowto Figures 7 and 8 in
conbination, in a preferred enbodi nent of the present invention, a data bit
witten at a location on the surface by positioning the tip 40 at the

| ocati on and applying a conbination of force Fw and energy Ew to the
surface via the tip 40 to deformthe 20 surface at the location. Wth
reference to Figure 9, the data bit is then erased by positioning the tip
40 in deformation and applying energy E. to the surface via the tip 40.
Energy Ee may be less than that required to wite a data bit onto the
surface but greater than that required to read a data bit recorded in the
surface. Alternatively, energy Ee may be simlar in nmagnitude to energy
Ew. Either way, energy Ee is 25 sufficient to relax the surface fromthe
net astabl e stable 240 to the stable state 230. In the erase operation,
force Fwis reduced and may, in sone enbodi nents of the present invention,
be renmoved altogether. The relief of force Fw, may be inplenented via the
transducer 220. Wth the force Fwrelieved, and energy Ee applied to excite
nol ecul es in the defornmed surface, internolecular forces Fmin the surface
are 30 sufficient to push the tip 40 out as the surface relaxes into its
stable state. As indicated earlier, the different conbinations of energy
and force required for reading, :



writing, and selective erasing operations are provided to the array by t he
controller 210. - 4 MAY 2005 WD 02/061734 PCT/|B02/00116 -9 In prgfg ﬁ%
enbodi ments of the present invention herein before described, energy |n
the formof heat is applied to the surface via the tip 40 during witing,

reading, and selective erasing operatiops. However, other enbodi ments of
the present invention 5 may inpart energy in different forns to the surface
during such operations. - 4 MAY 2005 -10 CLAIMS | . A nethod for erasing

data recorded in a data storage device_in which a data bit is witten onto
a surface by applying a first conbinatilddM§ energy and force to the
surface via a tip to forma pit in the surface representative of the data

[ t hod, conmpri ing a
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first co on and. f new pits, overlapping pits representative of
prerecor detP Hafoqm: § Pitig @Fa?é‘ wpgeﬁ%qtaﬁtqfathp @aiaelvlélb}’tlh@l draation Df the
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conbination is greater than t applie he S€é
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[ t he e er in the second conbjnation.
3"A ot hae s omeBh g 1ok B BISRNeBRBE Wihrarsr e Voo gREr gy b b | n
the first beam&e@@csuhdammnpﬂmtuheuarf@errpri ses heat. 5. A method as clained
inclaiml, wherein the formng of the new pits conprises offsetting the
new pits relative to the deformations representative of the prerecorded

data to be. erase@ihod as claimed in claim 1, wherein the force applied in the first combination is

greater than the force applied in the second combination.

3. A method as claimed in claim 2, wherein the energy applied in the first combination is

greater than the energy applied in the second combination.

4, A method as claimed in any preceding claim wherein the energy applied in the first

and second combinations comprises heat.

5. A method as claimed in claim 1, wherein the forming of the new pits comprises

offsetting the new pits relative to the deformations representative of the prerecorded data to be

erased.

6. A method as claimed in claim 5, wherein the forming of the new pits comprises

forming a line of new pits in which each pit overlaps the immediately preceding pit.

7. A data processing system comprising: a data storage surface; a tip in contact with the
surface and moveable relative thereto; and a controller operable, in a write mode, to apply a
first combination of energy and force to the surface via a tip to form a pit in the surface
representative of the data bit by local deformation of the surface and, in an erase mode, to

apply a second combination of energy and force via the tip to prerecorded pits of the surface to
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6. A nethod as clainmed in claim5, wherein the formng of the new pits
-conprises formng a line of new pits in which each pit overl aps tth
i mredi ately preceding pit, 7. A data processing system conprising: a A‘M@N
storage surface; a tip in contact with the surface and noveable relative
thereto; and a controller operable, in a wite node, to apply a first
conbi nati on of energy and force to the shlrface viaatiptoforma pit in

the surface sentative of th% data bit b{hgl ocal deformation of the
surface andf erF‘Sr? cSPed crpanatip beigy diferent de Bisrfirsteeombiinationoandoap ceneelghe and

force via ghest t@wP S
[RA:\ | BOO] 6872 b RO BralRBe it reflepdrifly gsﬁo‘%‘?ﬁ%ﬂ%‘%éﬂ%ﬁdm Brsstased fon
bei ng di ff%ll’f’etmtlatlldlttwethmsmsfaceconbl nation, and to control the tip to form
new pits overlapping pits representative of prerecorded data to be erased
to substantially level the surface. 8. A systemas clained in claim?7,

wherein the for&eyagnlasethimed th@aikd 7 Sﬁlh&élmhé]ﬁ)tréeoﬂ)p'h@d D IRANS ¢ {on(?s
force applied IF the second, conbination. 9. A systemas clainmed in claimS8,

wherei n t HECAAShYYths Soies arplied it the spond combipptioration is greater than the

energy applied in the second conmbi nation. 10. A systemas clainmed in claim

8 or claim9, wherein the energy applied in the first and second

combi nat i dhs cohpydteess bleamed ibtlair & ydierin ths endray apsliedrin eeafirgd combMRIORIIN

the control ]| erabl e o copntrol offset the new pits relative to the
g B8 180 e sfrend cesbin

def or mat i o ey P & S{io8f & &Pata to be erased. 12. A

systemas clained in claim1l, wherein the controller is operable to
control the tip to forma line of new pits in which each pit overlaps the
i medi at el ¥ pr e%éiéﬁt% ap plaimqdrn\claip@oyradaim, Y odheritcthe energy applied in the first and

second combinations comprises heat.

I1. A system as claimed in claim 7, wherein the controller is operable to control offset the

new pits relative to the deformations representative of the prerecorded data to be erased.

12. A system as claimed in claim 11, wherein the controller is operable to control the tip to

form a line of new pits in which each pit overlaps the immediately preceding pit.
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