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The present invention generally relates to nmechanical data processing and
parti cul aplgoywhaties to erasing data recorded i n a nechanigagdabh@16t or age
device in 5 which a data bit is wittemonto a surface by supplying_energy

to a tip biased against the surface to form by |ocal deformation of the
surface, a pit therein which is representative of the data b|

of a such a storage devi cMEGHAMGALHAATAPROGESIING i pede” ”mml!@mmm“\o
one thousand tips for future AFM data storage P. Vettiger et al's |BM,

Journal of Research and Devel opnent. Vol .44 No.3. May 2000. As descri bed

t her ei nThelpresdatinventionpensraty eelhates tdi mectsrmedl|data procedsingpand | ever
sensors fabricated on a sil.i con substrate. Each cantilever is attached at
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20 25 30 heat the h a%'ienc?aaebgrrent thereon. In both reading and witing
oper at | &pRreseqiat 'ﬁ"?ﬁg @O8rray are brought into contact with and noved
relative to a storage nedium conprising a polyner filmcoating a plane
substrate. Data is witten to the storage nmedi um by a conbi nati on of

appl yi ndneexarople dfar siech a stdreg@dbywerls |cte§embed | Mﬂwel y
hea&gng ( spondl ng

o a% LIS

r ow AL 2

pol ymer Hea¥afch an@ mlmtmotm Nd B, Mﬁy Qeoet Aéto%sbhl@eé mérerhe tf% pol yner

| ayer an eave an 1 ndentation or pit. eating el enent al S0 provi des a
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el enent gndfidaehzintidved cavlgs abtﬁslsnw Haater dlemeek ahdrad odtinalnd facing tip.
|nsuff|C|ent to nelt the polymer film The thermal conductance between t he
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st orage medi um ns as e array is
scannedheattbmheatmgselenmymhmdomm t he di stances bet ween the heating

el enents and the storage nedi umreduce. The nedi um between the heating 5

el enents and the storage nediumtransfers heat between the heating el enents

and 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 1o 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
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the storage nmedium Heat transfer between each heating el enment and the

st orage nedi um becones nore efficient when the associated tip noves in an
i ndent at i & o2ldsg7uenperature and therefore the resistance pfr/igue/obAat i ng
el enent therefore reduces. Changes in itznperature of the continuously

heat ed heating el enments of 10 each row can be nonitored in parallel,
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25
The present invention advantageously permits selective erasing a single one or a
subset of a plurality of data bits recorded on the surface.

The force applied in the first combination may be greater than the force applied in
30 the second combination. Similarly, the energy applied in the first combination is
greater than the energy applied in the second combination. In a preferred
embodiment of the present invention, the energy applied in the first and second
combinations comprises heat. In a particularly preferred embodiment of the present



may be such that no new bits remain recorded in the surface. View ng the
present invention from another aspect, there is provided a data 20
processi nyos2akGETM conpri sing: a data storage surface a ti ppdmiBogniiact W th
the surface and noveable relative ther€8e; and a controller operable, in a
wite node, t o apply a first conbination of energy and force to the

cer resegérative of the data

surface.via.a th%rto rflo(im a Fit i‘?nf t.he surf.?
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ar awi ng SetaraéBou B SHih prdfesBrdc a5 Sabat g e of

st or age néavpitemeyifattnengompfis® faRNg a IMeeoitnaw pits iVWRichled it dvefiapd PCT/ |
B02/ 0011 Figure 2 is a cross-sectional view of the sensor when viewed in

t he dir &e inomegdiatalyrprreedingpit. Fi gure 3 is an i sometric view of the data
storage device; 5 Figure 4 is a cross-sectional view of a storage mnmedi um of
data storage systemafter a wite operation; Figure 5 is a cross-sectional

vi ew of It hepreferreabembedinientadftties peestrit dnldntioncuwanted de bt iaps erdddadire 6
i s anot her cross-secti on&{?avi ew of the storage nediumafter a selective
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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

15 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 provided a data

20 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

25 prerecorded deformations of the surface to be erased to substantially ievel the

surface.

Preferred embodiments of the present invention will now be described, by way of
example only, with reference to the accompanying drawings, in which:

30
Figure 1 is a plan view of a sensor of a data storage device embodying the present

invention;




25 di sposed on a substrate 20. Row conductors 60 and col um conductors 50
are al so di sposed on the substrate. Each sensor 10 is addressed by a

di f f er ent wapédajeilyi on of a row conductor 60 and a col um cerdispbo61160. Each
sensor 10 conprises a U-shaped silicon gantilever 15 of a length in the
region of 70 umand thickness in the region of um Linbs of the cantilever
15 are fixed, at their distal ends) to a silicon 30 substrate 20. The apex
of the qagtid 2ied cidssrssitidnal Vieweofrtae esasdiOvhen isvechintthe diteption f e 20 and
has freedom for novement in a direction normal to the substrate 20. The
canti |l ev®foiSANiries, at its apex, a resistive heater element 30 and a
silicon tip 40 facing away fromthe substrate 20. The |linbs of the
.cantilever 15 are highly WO 02/11G173~ PCT/1B02/111111C _5. doped to

i npr ove et 3 iscarh isvometric viave of thEhdatacioragedlayiaent 30 is formed by doping
the apex of the cantilever 15 to a | esser extent, thereby introducing a
regidgn of increased electrical resistance to current flow through the
cantile ' -$drtioht r&qe riddivaof Hatd storage egsterh afteraa r ow
conduct;@bg%sﬁfsggaﬁsn%éeh?ﬁgﬁ@?ﬂfédib%dﬁg’ééo. The ot her Iinggog t he

cant i | eweriteldperatiargnnect ed to a col umm conductor 50. Row conductor 60,

col um conductor 70, and di ode 80 are al so di sposed on the substrate 20.
The cantilever 15 is pre-stressed to resiliently bias the tip away fromthe
subst r at gigdkd 5 ia Beésy-éédm;napwwpoﬁhgwt@age rhddiutri aftéva Bslectiveedrasgai nst a

pl anar stgrage mediumin the formof a polymer Iayer 90 such as a fil m of
pol yiet hoparstivnicryl ate (PMMA) of a thickness in the region of 40 nm The
tip 40 may be mechanically biased towards the surface. However, in other
embodi ments of the present invention, different types of bias may be

enpl oy edFiyarai6 §eandtbet crpsésetionabviewu tiseisfaaage niddiumaifieresr salegte 90 is 15
carried by a silicon substrate 100. An optional buffer |ayer 110 of

cross- | i @& PRI esi st such as SU-8 of a thickness in the region of 70
nmis di sposed between the polyner |ayer 90 and the substrate 100. In both
reading and writing operations, the tip 40 of the array is across the
surfeze Bigutd® isanreagegyndidgam df thessudacryobibersioiagesmedivgn;array of tips can
be noved relative to the storage mediumto enable 20 witing of data over
an area of the polyner |layer 90. Data is witten to the storage nmedium by a
conbi nat gpfof i@RRIYNGedidrRe dlev 6f e stérageanediuaarihguarrité@peratidnie tip
and applyi'rng energy to the surface in the formof heat via the tip 40 by
passing andyite current through the cantilever 15 fromthe 25 corresponding
row conductor 60 to the correspondi ng col uim conductor 50. Passage of
current through the cantilever 15 causes the heater elenent 30 to heat up.
Heat o@neFgré § iPawresk-sectioraloidneaf e stbragerhedian during hselégive@rasen

t hermal conductance. 30 Wth reference to Figure 3, each of the row
conduct oPBe@YORNs connected to a separate line of row nultiplexes 180.
Simlarly, each of the colum conductors 50 is connected to a separate |line
of a colum nultiplexes 130. Data and control signals are conmunicated

bet ween Refarring fitdtdo Figuie dn cint éxample of ad datst steragaisystemearabedying the wo

02/ (11173 PCT/] 802{i001lG .6

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. Each 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




and 130 via control lines 140 and 150 respectively. The storage mnmedi um 90
can be noved in a controlled manner relative to the array in orthogonal

di recti ongyg/hsue®si tioning transducers 160, 170, and 220. pepigdweass 160
and 170 effect novenent of the array insa plane parallel to the surface of
the pol yner layer 90. 5 Transducer 220 effects novenent of the array in a
direction perpendicular to the array. In operation, the controller 210
gener at edoped todmgirgvenelectrigal ¢éonducigned.cThe anted efamenty3Q isi fogmed dydaping ,

read signals for, drivi th rr during.r rati . i tioning
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ol ot ordgrests e SheRdh of L ba SRR SRnBRE SR SO Bfb ddnddeferigt: <2
appr eci aRew dohductr 86| colphreosndrdto?, @icdipde B0bdre. aldb dispostdanl tae 210 may
be i npl enent ed 56 a 15 m croprocessor, mcro-control|er or simlar control
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wite cugr | ected to heat the tip 40 to a level sufficient to

| ocal | yu@e%bﬁ#r?hezg%ol ynmer |ayer 90, thereby causing the tip 40 to indent
20 the surface of the polynmer layer 90 and |l eave a pit 120 of a dianeter in
the regi gn of 40 nm wa f ex le, it has been foynd that | ocal
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acts as thigkeess iratheoegionopl 4® npr. chhentip 40 mali g mechanically piasedowagds tst t he
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read back sensor becatse it has a @%rem stance which i s dependent on

t ﬁﬁp@:} atearged byra gilieen swhsiralg 190 Amontienal bufferdeyery! tAef eiessiliskpdssed
cort ospanithoRst Sl a8 Su e BEAREE EPBREONN S010 RRDR LM s bliert,
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and 20he walingref datayaver a6 areaicéshapolymtirigyer®Qli st ance bet ween the 5 heating
el enent and the polymer layer 90. During a reading operation, the tip 40 of
is scanned across the surface of the polynmer film90. This is achieved by
nmovi ng thataAk dittenttbahé $eorage rhedinfl byarcombinatith oMsilyingea fochl fePcay es
into a pit 120, the distances_between the heating el enent 30 and the

pol yner thgyslyroer leyaile viarthe tirand appbingenergydo %@%ﬁﬂ'ﬁ@c%l%ﬂf'ﬁﬁﬂm@f &gat t he

pol ymer |. : t i 40 and the
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pr oducedcdnduafgyicel ng a heating vol tage pul se to the correspondi ng 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
.applgged. 're?e'?én&ﬁs)t FiEﬂr@B?ﬁE&ﬁ 8f {He rol %m&%rém%ﬁhﬂ%fe‘a%q séfifafd I ay
are therefore heated. Recorded data is then read out fromin parallel from
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of 't ho. pRa SRR B St b RGH he? ERiTBool Brlr oS ERERAR, Torage

sur f ace. communicated between a controlier 210 and the row and column multiplexers 180



25 Turning now to Figure 5 in a preferred enbodi nent of the present

i nvention, recorded data bits are selectively erased by formng new pits
121- 124 owas b2@ep1339 each ot her over prerecorded data to beperawmedot1o
substantially | evel the surface of the elyner [ayer 90. This is achieved)
in particularly preferred enbodi nents of the 30 present invention, by
performng the aforenmentioned wite operation_to overwite pits to be
erased @A 30 Yacontpl inassi4Q agd 190 yegpectiveby Thesstelade mesiug 9980 ke her so
that  eagh ek i ARStot ' ioqq?gl ' it.
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to substantially level the syrface t he pol yner yer 90. ment i oned
earlier ,m?‘I?én%'Fté%fJF%aFf@an ﬁcﬁia%% 99653%' _toﬁm e B)ft%PiRFHV'@gre(SYGr B8y be left
in the SYshafif & reeem in O ddidl ased bit
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depend anrayatraoperationgheaosiroller 2Y0 geaérmtes wyitd sighatsofoFidgiving tAe arteay

control ler. 210.is operable in,an erase de to control fornption.of the new
pi ts 1200150 Wik SRR ref BBl Tor dMUiGshe A5t chling FAT onelapPas et
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to erase an unwanted data sequence, such represented by new pit
124 f or movemenrt oftthe tips in herarray relativedathesustegaaidhe polyeer leyerr @@ dTheé n 10

ar o0 PO 5o Bbo el Rt MU schua AGAg e Sndlprbie ah o 1 -
r ecor depatticuldny refdresceembtimestsasians présentiriushtion, tramedwdsrs aee, af7ot he
pol ymer |ayer 90 has a stable or ground state 230 and a net astabl e state

240. Apph¢idrd aredapsmentedbyorigzaaiectiic tiansdugars cpleckiomaanelic t he surface

via thegtli e 3 r i i Mpgst . t the
poi nt of RBadCerE 0P8 FBril o hARL Abfielbf iR NGEIe i o™,

conbi naimplemeniations arlegpossibleTivel corinbllerf2 i0heap besamiernentstd bya, a data bit
wititen at a |location on the surface, b gsitioning the tip 40 at the

0 H oGO ot COnBo TN ar PR e TEa) denog Rt colerth ehportiplt ne
surfaceqéipethe 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 Ee to the surface via the tip 40.

cur 1 ace T T @ee TS FideR, WS B RARE 5 uskiod TolledTi f 208 hdaldln e

sur f acesufficlept natdcn@I deformetheypdhgmerlayee 98] thiekdtly taudiMg fd HP 0o ivdeitgy Ew.
Ei t her way, energfy e is 25 sufficient to relax the surface fromthe
met #&t atesuiaga af thapohuneniayst 88ianddeayeapriol 20 of a dianaetes i thediegiaroef,

¢ Founi i : : . tion.

be. om0 S5 YES o SRR, it hes BBSF (e e ¥k aBforffe BE £ MVA fE" | 2

t r ansducan b2zithidVedbyt heating the tEw40 eloi setemaperatute ef g prdet af MO deyrées excite
I I I he__def or f . I f ' f

are 30 GaRIGTEREnTNE ol buer (er d0sts BbienRs melirGeent srandee PRAGRIT ™

stabl e fifb6-antthbRdbiePaAE 282 béﬁ?t’r?ﬁd?ﬁstégftg %I&lrant%%mﬂgtdf%ﬁﬁ&oe“er 9y

and force required for reading, Iting, and sel ective erasing operations

ar e2r oapaiegt the substrate 99. Jetpit120ia swroundegity, a ring0 SRoDPAyBer

pef or o CEAGHRRReoBRBYE e REDHEABHN B A edtond uBURSERL VALt 1
t he ti pirdghahtormndotied lingsg, readi ng, and sel ective erasing operations.
However, other enbodi nents of the present invention 5 may inpart energy in

'di fferent forms to the surface during such operations. WO 02/ (1G173.1
PCT/ 1 B( 'I"ﬁéﬂéﬁlﬁ;g é?e(?n%d\@so 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



1. A nethod for erasing data recorded in a data storage device in which a
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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 paralletl 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.

25
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 suiface 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



10. A systemas clained in claim9, wherein the energy applied in the first
10 conbination is greater than the energy applied in the second
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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 F, 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.
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5 may impart energy in different forms to the surface during such operations.
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erased to substantially level the surface.

10 2. A method 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.

15
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 any preceding claim, comprising forming new pits
20 overlapping deformations representative of prerecorded data to be erased to
substantially level the surface.

6. A method as claimed in claim 5, wherein the forming of the new pits
comprises offsetting the new pits relative to the deformations representative of the
25 prerecorded data to be erased.

7. A method as claimed in claim 6, wherein the forming of the new pits
comprises forming a line of new pits in which each pit overlaps the immediately
preceding pit.

30
8. 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
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10. A system as claimed in claim 9, wherein the energy applied in the first
10 combination is greater than the energy applied in the second combination.

11. A system as claimed in any of claims 8 to 10, wherein the energy applied in
the first and second combinations comprises heat.

15 12. A system as claimed in any of claims 8 to 11, wherein the controller is
operable to control the tip to form new pits overlapping deformations representative
of prerecorded data to be erased to substantially level the surface.

13. A system as claimed in claim 12, wherein the controller is operable to control
20 offset the new pits relative to the deformations representative of the prerecorded

data to be erased.

14. A system as claimed in claim 13, wherein the controller to operable to control
to the tip to form a line of new pits in which each pit overlaps the immediately
25 preceding pit.




