; vwxye3eb Dy 6TWO 02/ 3p88 1 AFM BASED DATA STORAGE AND M CROSCOPY Thi s
invention relates generally to AFM At onuc Force M croscope) - based data
st orage @ifo7gdsoscopy systens. Particul ar enbodi nents of p¢tresor/oyegti on - P
provide read/wite 5 apparatus for use jn data storage devices and sensi ng
apparatus for use in atomc force mcroscopes. The atom c force m croscope
is a now wel |l -known device in which the topography of a sanple is sensed by
a tip nmounted on t heAEMIBASED DATAOSTORAGE eND MIGR@SEOPYAS 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 topog [.S: i d L 0G: .thi O 1.

t echnol ogy hg‘zj Psg g%n%g@%%ﬁ%pé?ﬁ%%@'%o ﬁgﬁﬂﬁeﬁlg ﬁék&dlgl?%b%? g‘lfi)agge(\l/\?%ﬁﬁaé%\ﬁeew

t 0 provhgt Aicrasddpwsgeaas. dartidulafentbodimelrnsf thy invengbn gatvidd rehdwelied a st or age
devices for mass-nenory applications. AFM based data storage.is described

i n def akPparafus BwIuse Uy fip siofagrasuisecandsemEns pRpATEHE forvise imptomie forgs. 3. May
2000, pﬁﬁ%ﬁ- %frl)gs "The 15 "MI1lipede' - More Than One Thousand Ti ps for

Fut ure Pals st orage", Vettiger et al., and the references cited

ther ei n. Her @heftenic dbick hB¥REcoPR YN Bewtwell-kifowts&syidcoin wigalslthegopupdaptyidfi Ng
of data on the surface of a data storage medi um The basic principles of

t he cantistmpleris sense¢hy anip meuntedenithgead @F pmdcHibricaicd santieecrspihersanple
briefly.bel ow read/ wite co nent of .the AEM b da { or age

devi ce i MR @eiolig bF e GRS R aeluRadhd Ral a7 R Bt S4RAR g
dr anQ%ﬁ%@aﬁmmmweﬂe&mfltﬁ@@anﬁkg@ﬂqmlshmpiétaF@gm%ﬁ@ra&uehﬁma bg Which
is connected to a support structure 3 (only partially shown in the

f i gur esetectingxthisglefliectiore The g\ M dechpplogy hahalse hean applied toothg figld efedatd or

substantjal ly .pivotal nmovenent of the canti.leyer about LV is P. The
r ead/ wr PPEEE] a yjprﬁpﬂ?ggﬁlg&peg/ %eé‘&fai‘.p ng f \fléc?]enlsxg}[#gglgd p?‘é?q% g%sg{ra@%e
end of HbAC&HRF SV Blendry IRichiiGR. KFlppafdsiald toage R deadtitdday étall g9BMa, 2D
define a current path connecting the heater gl atform5 between a pair of

el ect ri daimahgfRepedrein &sD¢vedopméntaiglune 44 Bos dpay £06Q, ppé23rp40,3The n
i the, dwite tip 4 is.bi | t h f, f t
oFor d8e b1 ¥ ShutOut MBaiend T PRE o BRARPLRAR S ke Fufker & 417 ©

Cr 0Ss- Sgfd ﬁfé'"refet&fe@slz citdih &y, MR, WRM MM SNRbLSRE ti% islidddaBrreatis ha@t € 6a
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and a 40nmthic ymer surface layer 6b. 30 In the wite node, the heater

pl at f or mrBinganf dota dvethe earface of avdata stergge wepieua (e dagigphigcigisiof thetdaohlewér a

wite-mde potential, across the..supply lines.,The,consequent heating of the
tip a rdenet enq the g R rapigne W SR RITILPIOVayer 6a causing

| ocal mel ting phakiifte compod¥h©1 b He3XFYBBasBETAth BOrddcQlevicBls stowap! yner . This
allows the tip 4 to peneFrate the surface layer to forma pit, or bit

i nde@pas¢hematizallisinstigunes il a trl gof the aceommuyngalrpyings.dhesomposery lixlompyiseyal ue
"1", a bit of,v e "p" i ng.represent ed t he absence of, a pit..The
stor age asartt B inedennihRh2 MRGTR SR Ran ipRERSRETE A il Patialey ng
the tipghQyiMu the ﬂ%ﬁ%e%%.,@!&ﬁngmf Ak ®s Oh, 36F the bhRAver Qprowited RY Sulfstatidlly 5

corresponding to the field of novenent. In the read node, the heater
pl at f or pivetdlsnaysetnaef the chrgilendr abewi aqrivasyaxsd) (e readgwiitestip 4 is provided on a

t - t i St . A d- nod tial, i l.i.ed
e’ sup By § RBER I AP R ARG 4R oh B BA - Ml SRR Ch e
| ess o8 h@ﬁhtﬂ@\?‘er‘l\ég;gtsﬁa[‘gb h&rRel i patW cambeing tﬂairﬂbteﬁ?wghn t5hebAent Pl dfi Ng

of the polyner. the storage field is scanned by the tip 4, 10 the
pi vot al ejsowical spphf lindséna@showhperethe Zupporestoletiye 8. erdtiom, thefréasywritedirot di ng

to the presence or absence qf it 7. In the absence of.a,pif, as . ,shown in
Figure Tobinteasaist A serttre ke iraps mediom dicel seheariral af 6% shodtum 6
.iI's_greaigle ihRARS SDQIHOHERS BRHAL Sb&UATENMIED §ilRbA sitbtRietReRl and the
tip enters the pit, as shown 1n Figure | c. Heat transport across the air

" gap bet voem-thivk gobatarsufaenidyata age medium 6 is thus nore efficient when a

it is present at a bit .
P 30 P 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
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15 position, and since nore heat is then lost to the storage nedium the
tenperature of the heater 5, and hence its resistance, wll be reduced.
Thus, aswde/sig age field is scanned, the data bits are peigsdiRdsdgy

nmoni toring changes in the tenperature_gf the heater 5, in practice by

nmoni toring changes in the voltage across a series resistor in one of the
supply lines. Wile the operation of a single read/ wite conponent 1 has
been expilpnaeThalzbloes thatiR 0 tp paetiatahasurface dyyepto fouma pigrop biténdentation, 7

enpl oyed as described in the article referenced earlier. One of the two
suppl y 3sishewnfpFigse ke SYap 8 pdiepiesenss ¢ biosvalpe vl amdt offviakie “0s bedgon to al |
conpone, I he . t I Ly i S, a
col um 1Sbisstied p R ARRerce B 2 o B Al el bioln B BB e LB TE
t he ar r@ynpondntt halfowiay thel tyetowitieeiata0dves dip pley of tieeiriase, or Mhtdtage dickdd a
sinple x-y (rowcolum) addressing schene is used to 25 supply power to the
r ead/AwSaEspadingierihe field ofmepemene heaters 5. Thus, with the above

appar at us, I i e j i i I each
component 1 e feof ol o ebuct babRES y b3S Rerk BRI SoRORRETS 2

si npl e tsmyeRfloé-depadent reaytaftd. UCteud-tnodtiporRwmeil is appliddeactdrdithe sﬂllp?ly lines to
conponents, the heater platformadesign is necessarily a tradeoff between

t he nedtpst hghegier to angading terpperp@egiEr Whichixless Han thenwriting tengoratyng wsand
operating.efficien in bath t wi.te de, and t he. read nod cording to
2P E1 T st biabnopeh (e BRbhe' T uhe Be PapE Pl el Reem R pydFeRp £
conpanent pivekal poslabr o thelcatiflete\l £@act Hie pbSAEH WitfetLaccorine®the pRRBIeTrNI:
WO 02/ 3p8§ PCT/1B01/ 01688 -3 | ever neans and a support structure, the |ever
means babisenge©f apiict dul thebsense ol ppay os shomwdn diigure db, the distange belfwepn phey ot al

ol oot r el SBRY S orake bt B eibiL F RGeS i Y BOA e ans
i s conngelaaditeand the BpRnterOthBPNC hs SHORR iX 8% c.OR&dt dth§ortacfoswliid £r ?ﬁpie and
e

i\
a read node; 5 a wite-node heater provi ged on the lever nmeans in first
cur r entbeteeen the heaterdy emd sterage predivay b dedius morheffigtent whewd@itHepresent aga bit

- node. heat ey . i ded on .t he | in. th d t, path:
o TIPSt el shdTop T il FERES mefliehl o R e oF Rt
heat er §/iaad hbfeefits'r8distahte] @l b &ddcéd) THES a\@ﬁﬂ%ﬂstéﬁage PEMEE s&MRBd, XhdTBAR Bith S

operated in the read node. 10 In enbodi ments of the present invention,
t her ef care deteelpdbyreonigoring changes guidie huigeritore efithe heaterpy, avprieticedry t he | ever

means in r.espective curren at hs between the.supply.,.line n the support
ot et uPebiEHRE <t R HiscraeBR SR S Rl 4R O0F PERSEPY RBe% dr r ont - pat h
to the wit ewnfdend @RIA/IONMTANIIIE G QRRRB BIpbSen® P Hadb&sh dxpILimal 4894 ifDde.
The use of separate read and wite heaters, together with the decoupling of

t he 24 i prectieaneayray of sirh qomndnanid és anplegedasateaenind, in ghe asticletreferegeed eatliet t he
wite d read heaters,.to bhe tailored re closely..to the.needs of the

o e e PG oS SLRP b OF ricRaeRieBRel £ ST S ohtp SEGRmgR o pF, of
suppl y donjRgeit? itGheEHe réh f GRAYEMd the ofHee sipply TRERS cdidihn SXFIPlige t he
wite heater can be made small, with a |ow resistance, to provide a fast,

| ow vol whigk is domwnpoteeal] gathpainggtséh éhressame colnneroof tha etray tInahis eeay. heawsrbecan be
made | arge to.increase the thermal sensitivjty.a 2Q signal -to-noi se ratio
"t he S SHRPOES S ATBIZER AR SRR R e p AP dresanf s iedt it g1 ¢

cur rﬁltsupbwmr tihe bR Ateh@Rponentoto diNethwhiAtgrsieat er, thus preventing
this heater fromreaching a witing tenperature. The efficiency of the
conponent , fDrusewithhesatiove ppparatusfonly & singly peprad duppipises songuredttd addrassd
readi ng sensitivity, thus be . significantly i.nproved w thout requiring
addi t 1 GHER Campeept I btk tegrmtenods e trad st ot ieBriDE 353 Bl PP Veni ent 25
i pl emepiaktin Ry Hrusiuf® 'I—Fov@%v)ér,%@ﬁfe%&@ﬁuﬁl@cﬁﬂpcﬁéﬁ@ﬂﬂ@ REREr Asicting igsed
above. I n enbodi ments where the decoupling neans serves only to inhibit

cur r entis heapasaridy & hradewtl baweemthemeeds foheriting dndtiveneetih for readinghenduliis e node

sone, heatjng of . the_read heater will occur during heating of the wite
heat lffaltﬁgwer%mgl figipgy ’é‘ﬁ@%f}‘el"ﬁggmaﬁﬁh%a Modecal , in preferred

enbodi ments & P9 SBRAB5hE PredlA AR bl § ig¥d b ReadAIiRI T
current flow %rggg?ﬁe 1r easdé%ode h gater Vi aqgﬁg%%%%%lcurreﬁt pzlit h in use
when t henponent fetipdity swesgesieviepihe rerdédrite cotnipenenticompniside: |1 n such

enbodi nents, the read and wite heaters are effectively



WO 02/37-188 -4 PCT/1 B0l /01 G88 independently addressable, allow ng the
maxi mum per f ormance benefits to be gained fromread and wite heater

opti m zaky@p3A%¢ angenent s can be envi saged where the decedphfidggans
conprises sonme form of supply-controlled switch for sw tching between the
two current paths according to the 5 operating node. For sinplicity
however, in preferred enbodi nents the decoupling neans conprises wite
decoupl i ng nizaessmeatsiand a snppdait stsuatumer tietlever owatobdilgeconmnetied ithe soppdrer when

the power supply neans js operated in the read de, .and read decqupling
nmeans WHRCSHIP A9f] Sb‘ibﬁtén%iryrlﬁﬂ&a]f Pg¥ementan ché’é‘gf-l 56 apd sgcond GRESL RIS poner
supply b S i - WL i f ow, the
ooat | ontiare p Buf e bR A Sobliidt ch tuRiffor AnclbA W JACE U ICVEF malhett
parti cut@mectaslegin 3¢, thipewee ngiplyrarass opblebld Rivewriteaaode amlya fvad a@dei gur ed as
a cantilever, and whil e enbodi nents can be envisaged in which the current

.pat hs® are pr dWdemods hegigrpiovided onrthe leyepmeansdn gherfirst @yent Bgly, t he

>

cantil ever i i . jve structure which defines
The urr ont | SRR Yok RORTE FitnbR0RNE the

ue o S shape. In one exanpl e,
cantil ever corgadiraede heaterlpadwideal by thtIevitr spasesh the gecpd ci@e® patpan@ct ed at
respective corresponding ends to the support structure, and first and
second bri dgfiefgupbng meHs amnged i iahbiaent oy thhewiitetragdahsater yisthe Her e,
the fir i dai .porti [ i te- .heat er -and _the second
bri dgi né}sﬁgl?ljfl oﬁggldﬁ%rs‘% g’g’gn ﬁ%g% r@g?ﬁg{ﬂ@%@aﬁp %Pe?\i 1{1&%51%3%{(%1@%%, the | eg
porti®ns andid difbddimshts BF kikgpro@np iivehtish, FRyefbResapataeFritieindead-aodei r st
current path, the second current path being simlarly defined by the 20 |eg
por t i onBeaigisl areroidedan therlevryitpRAng & respertivegetsend paigibetiasrike supply livees
described. in nore detail below .and in thi.s. case the decouplin aps,is
ocat edobifeeHER Lo ume e S Pns e Bt Bt A A POt A e
three | @tigs-moby héliteMsattht @8mpendrt ¥ GpersteNnaié fhdahodec TRE G8d ofSeparate read
correspondi ng ends to the su%gort structure, a first bridging portion
i nt er cowrbwritehgatens tegether avith the dpenupling of dieavrite heaterpin théyecadmase of eg

' d d br.i dgi iqn_2S i i |
Por t1oroRanions SR Birel B PR PRl ard Bl o T Bort PPl R Bor 1 on
conpr i sgsedt BEtheiie al® ded@sdesperitibris RhiR a6 riéﬂbﬁhgigm?& SHH1E hAROLQRIY Ses

the read-node heater. In this case, however, the first outer |eg portion,
t he fi rBnesip pddyestgihp epmpeoreni iuthe o aeades dior lesgmpler the ovrite b dterecanibe rhadest

current h,..and the. second outer le ortion, . the second bridging portion
ond ¢ nesthih i fost RSPRESIO pEMFLs 18 QLB i Eod SaRfin B BRh T Ty D°50
const r Ugdru@sy, thei8adiRmedtRhh 86 nmam&g@mnb@ageoﬂﬂwwr@mtdeﬁsitwﬁgmﬂ on the

support structure as will be denonstrated bel ow. WO 02/37.188
PCT/ BGriguel 8 ®0iss ratip iarthe raad mpede;, while theadegenpling means pperatel higrele intybit

confi gured a cant.il eve [ he prior proposals. the |ever neans

conpr | sebteaf e shoiiptS b the e bR PE g hBe RS e 05 B rafhg

out war diexicHif® AwiritgltevipéraktRél YTHeefREERSY ofthélorhhitetn For sxamiphinitdiehstdre | ever
body to the support structure and defining a pivot axis, offset fromthe
ends of wriiag beegdr pdyoatheonsthiapiionsangireading spasitivitsrcapdiays s significantlydsyproved t hi s
"swi ng | ever" arran nt. th i te-nod eater and read-nmpde heater are
di sposel T RAHLRE ARERaLL sty Nabe/Bs IR el S04E Oaftifed AMOHIRRASERER, ne

| evers bpslemégadich oﬂd"ﬁn‘)fpfé’f—@r Adardsdiiray anahgdfdht bo ddelisseeaidve. two current
paths, and an exanple of such an enbodinment w Il be described in detai

bel ow. Wat elneambdsémenis wherd the deenwpling ecannsesfestandy lodubibitrauaest, flow to the
preffered, enbodi nents 1 he 10 read; node heater i ffs further fraomthe
xS, of WHIBAGE e most: TsoRIRS Bt Bre Srme feefne St B Bered e |
Thi's fegdcuf &uﬂgﬂ’{éaﬂﬁg o tHRBFIR MetR} (AT IWhilS Bid QRrgYBeSARLY Abi Bt dritRhl, ife

pi votal novenent described by the read-node heater is anplified as conpared
wi t h t hprefeoned rarbtodihesds thoeldcduplingencaas o asranged additiorally devinhgbistirtent flowt her

i mprovenents in read-back sensitivity as conpared with prior arrangenents.
15 TR BABbESHTRRAGHEAIRE Vi Be Fcond FoTrepPHILH 5o /B rp Qe SHORIR 1o foor
alia, ofhd¥i inftie RANE ok PRl hcBABSdinRnD Bledbahnd WiiRhehiths Hé Ef€RRly modes.
In a particularly sinple system the power supply neans nay be arraﬁbed to
i npose a potential of one polarity between the supply lines in the wite
node and a potential of the opposite polarity between the supply lines in
the read node. In a read/wite conponent for use in such a system the

write decoupling 20 neans may sinply inhibit current flowto the wite-node
heater in the direction of current



flow resulting fromapplication of the read-node potential, and the read
decoupling neans may sinply inhibit current flowto the read-node heater in
the diregio @i7és current flow resulting fromapplication péTaBA/MEst €- nDde
potential . Enbodinents of the inventiop described above may additionally
enpl oy a novel 25 read-sensing arrangenent. In particular, the support
structure nmay extend at least partially around the | ever neans in a plane
subst anhd&lehyerBraaldtesbatiq alibwirgxths nefkirpimgicaformame endfits anbk gdired fam- node
heater may extend over a surface of the support structure around the | ever
means t§abawsl Ve healgs SPHBEZAER: t he read- node heater and said surface, such

Bans (S h the read- mod id
moans. wi n AR B beRAOihAd Fheckih LY AIE Y BT RN sk BB T

<

heat sigupplyadontiblied heit¢rafor k@achifg beiwtgn SstveRuent pathy acebrdisytoads, the
support structure can be used as the heat sink. In enbodi nents enpl oying

t hi s arepsrjdgenede. Faesippligitybene vesaindreferpd pubeiatentsdbe decoyplipgymenns

t enper . WM ut_ rij 1. 37 - 6 i t he
T i skl e h R TEA R B ST L RAARIERRTRL AR,
gap betwepbwbi@ippBatedRde op@atee in BlRAefLPPEOS, tand féddtiebtilingind2@s Wagker snal |
and can be accurately controlled, for exanple using a sacrificial film

pr oces sinhibfis sument Alegeiedhe raadusody hesies wien|the pewertsepply maany érmngtatest intthe

read- node, sensi t,i vi.t v, |.n,_enbodi ne of t first,.aspect of.the
| ent s Ut EOd A Aidssredl it PR TRy indilfe PooRpIT e hRir b
cur r gNt compdedtidpéritidson the phiticulap addigifofthe lef8seMs. t he write node heater in

the read node of "operation. A second aspect of the present invention
provi des a rBeedeverimenns omgydrecsonfipuiedas d gantilevesr anglevidipvdnseodiments cambl wri t e

{. risi.ng:, | d. t St { t he.,l
bei ng caniraetb Vo Hs BspLAI e Sroidd R oRdiods padknon e CoMPYSBaeys
NV enenhe andildVepVd chnRenidhtly Rasmbd Q98 cEMiucané stRditiie RAMEETIRs BRI durRht paths

el ectrical supply lines on the support structure; a wite-node heater

provi degenerally by vigweeof itsesbape. Imoneexample: thabantidayer eomnprings lwo tateralyl/ write tip
provjded on e wite-node heater; and a read;.node, sensor provjded on the
Pevel rhstioed e RREtaR: omogr e AL rasrfveootresDasth g th A weBRL Fipegtore, nd

pr oper tfi@6arif seb iRl BiidghSr pHIEBnS\GRh ShiteRBANGHAN BRIy I 189 b HdrE & ht BYLT

means, and of the read-nbde sensor and adjacent regions of the |lever neans,
ar e suchridgieg portign egrpprisesttheowrits-madé heater anddhesecpud bdging pottionsopipriges | nes
in use,, the wite-npd ater i egtable to a i.ting . tenmperature Tw while
e 'r eatl® Fdenads TR i Shmp, Mo amTion w16 e B e iR Hi By

appl i cahbRbe1ds Rfif€ aR kst aRAl patH! B8 secthiClrrb st fath %ﬁ%&iﬁ{ilaﬂmbﬁhétﬂ@y fad

| onger 20 duration than the first signal pulse, via the supplé lines in

use, 2Q Heg pedignsraetbthe spemmd tirlgingapaitivn Sueh an eabadimynt withbe desgribedrin morgw

while t Wit e- node heat i t L. t | th T I

embodi rbgrLba%: 88 408 RSl BB s S TR Gl 1 ao0ety " noce
Sensor dxanPld) HedRdtiROBPEhtisks fired Reriiy &iﬁ%dm&i%g%ﬂ‘icﬁ{s, ésnnb&k@re, but here
t he decoupl'ing nechanismis 25 thermal ‘rather than el ectrical.

Speci f irespieciiye ¢arespersingeindsdo therquppom stragtnng &t btidgisg pogiontih@rconhectinger nal
properties of the wiite-npde ater,.the read-node sensor, and.the adjacent
el onsht Ferink RRpEOn B Bist aHg Ptk [ag P I PGP THEREOTEN be. heat od
to 9% BteBednhbéciingShe Bliral WeSRriivH dodhd %oﬁ@@d&:m%o&ﬁﬂsQ_’Fafn?flﬁ%&tﬂﬂcﬁirfgt ays
bel ow Tw; and (b) the read-node sensor to be heated to TR by a second,

| ower  bpertidroepeprises thprwtitepmpdrchesteriapd thvesenpnd leridginipportion comprises the

read-mode heater. In this case, however, the first outer leg portion, the first bridging portion

and the central Jeg 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.
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30 heater tenperature stays below Tw. Thus, the wite-node heater is
effectively thermally decoupled in the read node to the extent that it does
not heat w@o2l3Msgs response to the conparatively |ong, | owampsdiitoness
read-node pulse. Simlarly, the read-ngde sensor is WO 02/ 37=488

PCTI 1 B01101C>88 effectively thermally decoupled in the wite node to the
extent that it does not heat to TWin response to the conparatively short,
hi gh- anpl i t utheanmlicreative derapgdmsant, raghenibiah being cohbigured enh kyntdevcoapinstie

enbodi nents desc i&h%q above, therefore,. a read de sensor i s provided
Separ at BHGY RPPRHS: VI 716" RIS SRIBREFES BY Flopge Ksp BrndLa copfeqlioggrms,
addr essfﬂeﬂcﬁh@@ﬁt@a?dl *ﬁ%gyvmeq@vg%edjr gﬁl@nﬁ@gﬁﬁ B0 ¥ty e géugg bB& fo Of

nes.” Correspondi ng advantages are therefore provi

enbodi ndatsspmrpdtorciurg and defitihga pilot deismffdet frgmtbe hadsi cfithe leventiddly, eut

appreci at e t hose skilled in the art that, various aspects of the design,
such swbﬁg t@%m‘frrmyi YOt gwsaglgéﬂiénf‘:vmgr}%é, AgpagEmERY tinyiferRpde frater

el enent A g j i t he
Fequi 1 e e iy BE B oS b R P S ARP Bt i e e RHACEE 1,
gi ven efheideet body. Aghic abd eeerdfody meayebeshaiedad defise thy twequirestcpaths, ebdn t he

el enment to a given tenperature and depends on the material and vol une of
the el ef&HPl %fﬂach&mey}boéﬁaerv et ﬁ’aﬂeﬁqﬂﬁeg Hb&f&%léﬂ?lom an el enent is

dependent O“WHA vEAHHE pafticIERtohRBEbd Ofths ‘}gvfef’lﬁl%ﬁnﬁfin {;J&Fen@&%ﬁ%h'm@rﬂgtﬂehe
efficiency of ad] scer]i)t el enments 1 n transporting heat, and 1s thus

dependierhd-awodedeter & cffehfuaibet fiem3he sxis df piwoti oSementafshskedr Meand Nishn
material. By 15 appropriate choice_ of various features, therefore,

di f f er ethe WrHemmade hegiep Thgfeature prgwides p assiancal paplificaléonmaehanism bythaind
surroungi - = . . ' - be
2eni ovele B MR RRLNBER AR RRIAPRBACHRNE: RDURU AP 17
the reaglonEéntslensibed banke tdad/wrizgtip/diodfing kil hiether immanemads mcend-bhdke
write-node heater provide for a relatively high 20 rate of heat |oss from
t he wri fe8siHyHE aheqmpared withguior gpngemens. r egi ons of the | ever neans adj acent
t he ad- no . J i . t om
the Ead- modtrsanoapufi fthiplind G ot Mot il Hel BB oh 858 ¢ 3
case whpowertshipplly eveahs iedpesatedinfthe sl diffebsit arddes [Thy pafticodmuimplesyseingr i al
shaped to define said at | east one current path, the regions of the |ever

means aldP REWRE SUPRE Meanf- mayBe agangsd tinepase apoientiahefrang oty between tei ons to
reans. & . t i | s .
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el ect ri ahé yead eesiepireslreathatite 0BMponent RrWEE irdsyen fat systena tHeywiete e ediphin g
cantil ever configuration will be described further bel ow. Moreover,

embod? nBsIns 183y $impdy Bbiteurent Hlow 1o fgawitedRodeleatarin By direstippRigurrent
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avai | abiney biynply bibinguridne floead theoged-awids deatbtint the dirddtivm df kerr@it\fiiw axi s t han

the wite heater. In sonme enbodi nents, the read-node sensor itself may
conpr i sESHtipg froay applicptigropidhe wiite;mede paleBERli nent s, however, WD 02/ 3p88

PCT/ 1 BO1/ 01 e - r i . i
thermal -res %ﬁ?@%ﬂéeén&s%f?ﬁg |v(g:ﬁgoﬁls(§e§u eIdCal%gﬁ? ﬁ?%h%glégw%ﬂ@o%intot‘a’?lnode
heat 25 fchdkert@ad art-@$8mEROIN pdrcudr fHR-supsiet sinrtee niliyrdxtgdap Pastqattialy of the

read- node siglgal pul se in use causes heati n? of the read-node sensor to the
r eadi ngarouRghidiedever aepps inn planesybsigntisllygparsiie] e axisraf péygsalanqyemens andy el

read Ses % ALAPRASISIE ASGHIRE (ARRY Y A BLUIFLSE dARaRELgE T on o

read/ wite conmpone use varili ous rea econes

. practi caBim to phaisde 2E&PbElvBEN the réad-Mblciheasdrent] soild suffece) s@Iahdt theEEKne S

there is gr ovided a read/wite conponent for a data storage device, the
r ead/ wr ¢fithe gaprparinsnvitiepivpiel Biovgment®f thedeverrmaeans. Wiid this suppgement rather ur e,

EH LR e ek e e e 1R
p b q B

el ect ri gifices UBRkYppdri@mchite EALLSHLRAS the HehUSHIH T embBEMRING dofffoPiMpRas t
structure extends at |east partially around the | ever neans in a plane

subst anatralgkmenia thel read-node heaserspan e opersteiddt pihighen tempevatwgrvithouerigk of
wite-node heater provided on the lever neans in the first current path; a
read/wite tip provided on the wite-node heater; a first proximty sensor
el enrent provided on a portion of the support structure around the |ever
nmeans; and a second proximty sensor el enent provided on the | ever neans
and di sposed over the 20 first proximty sensor elenment such that the

di stance between the first and second proximty sensor elenents varies with
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Exanpl es of read/wite conponents enbodying this aspect of the invention

w il be 25 described further below It will be appreciated that enbodi nents
of this ¥gpegig the invention may enpl oy decoupling neapstasoifesssr i bed
above, in particular to inhibit current flow at least to the wite-node
heater in the read node of operation, and preferably also to inhibit
current flowto the read-sensing arrangenent in the wite node where

r equi r egeltiMp tROpEIymey fid hete GOsHibIY eraaingatasa. i fabfiealigyhe composent ahe pep

envi saged as before, thou%h a 30 particularly preferred arrangenent will be

descri Pon tetead-mpde Boatengrd|sEPRATEStEISHE CRp by Btede spall and sa1 Pg/acsHralely a

. . . j . \ . - above.
and oo HRIEEIb} Stkinpld b Sag ARAH T, fRocdss nife TRANERICR: B8S GoRS TP LS
PCT/ | BOutBa6iprotenaa oftifeaesd-mode eemsitiyifyf i cant advantages in atomc force

m croscopy applications. AFM technology is well known in the art and need
.not be descringmabodimgris of therfirsieaspestof fhie inventipnrag|desesibed A vee AeqOMPliRG| | owi ng

basi ¢ descri.ption, of the ti i nCi L.qur - AC anyi ng
bas o SRS bAoA DAL 1, RS BByl A opaep e
sane di pateih tHGeddiRe BASHSRatila]. ACIccomt aepeirastithePresstivimiaton proviksart . The
sensing apparatus 10 of the AFM conprises a mcrofabricated cantilever 11
connectiedd/wgite cemperant fartardata sipraga devies. thaisad/Amite gpmponsny epraprisiv&ienent
about a pivoi _axis P, this nmovenen i rovi ded a for flexing of
fhe-cant 1 evisySiBERn= apra Sery SEehire- 5 ReP ARULORINE SorBhiEl o X sofiiL

cant i( estRictire et s@bstanallyRvShIAeVemdik b€ brovedihg at leist ORE bdrdi Pathdbebiddl £ 14
to be 10 anal yzed is placed on a sanple support 1S. A drive mechanism

i ndi catpair efcdlesiricdl sapply liaes awthespppart ructrar i ve novement of the sanpl e

CIBPS5, Dor P hgrieamr BeReP ARl on Gttt P G AP Rab SRR L Y and
sanpl e sur f ag gea@f@EtD Rbyidbdbn HRUAIRIho®S hdab®; &aNt 1 | ever 11, and the

t opography of the sanpl’e is reveal ed by detecting this novenment. The three
basi ¢ det ect & ovadgyedesensarprovided onlihedeved mpane irathe pr asaid zorredt pagld 19. (I n
practice, of course, only one of these detecti.on syste i s_enpl oyed). The
P rol3 oyst ent BRI SHmbh i Ration O RE Sl et el 150 sl regiPhs X il

cant i | eneér AéansNAHdCH RS rena HBSRE defigtr ladd alljadent répibMeoflth@ver mEhR, sRGaaH
systemutilizes a piezoelectric elenment 18 which senses the stress caused
by t he that by abplicatipe of i dmstsignahpulssayia ithessppply e in kse; thesyrteempdaipdatards an
in-line electrode .19, nounted .abo he cantilever 11..20 This serves as a
ot oxi m BpiaBle fogh e teraeegai Pegipe s Teffoe Stihe B g S Re over
and i n-{hhA g, chRrby HiicdSor/ 8f ¥ idabnakikhal Paiseewhicans 6f sthAlRr aapliiude Waa longef | OUS
problens are associated with the AFM systens described above. The in-line
el ec20 odiwatior thay drefinst signal pulses ia thel pply lingbin vset the repdemeds sgnsovissi on of

t he opt, cal ,sensin chanismA7 resul.ts.in relatively conpl ex

ar r angeff@fRPle W@gflggmﬁ?e&tgéq t“cf ﬁ‘l‘”cvbjl? the &{gﬁ“&(}#i@aﬁ%%&%ﬁﬁgﬁ} &d,

sensi ti gidpérdnsre d@pERFEN. On the stress induced by flexing of the cantilever
and this stress increases with rigidity of the cantilever. Anore rigid
cantil ever glnemsbadimentsof theenestnd aspeat obthe inveyition, thepeferanpread sansiesensor is
pressure is, then requirred f.or the sanme deflection, resulti.ng in.increased
hear  orPeHEel SEPRHEY S LR mod i oS PEiosS S Be bR B PR ¢ n
aspegs mtmﬁél%adﬁéletﬁ@@Emh@fé@ﬂSPQ&ﬁMIM fh thEse ¥R RGNS BRSirRtgSBeRNP fichitHg f or
an atom c force mcroscope, the apparatus conprising: |ever neans and a
suppor t thetharmpalpmpertice of teerritoaeds Hseienghe madeguodsdsensort 4rsl thepgieeantst ruct ur e
rg;sts ubrsetglaorrllts Io?lt}leyle‘g)elr\fﬁjéa%ls, errrlgl\)/lg%yEheav{/]r?teznquesﬁje%%?rtg be hézﬂ:gc{ t%r’ﬁv 1%3( :El %rr]sql ng at

signal pulse while the read-mode sensor temperature stays below Tw; and (b) the read-mode

sensor to be heated to Tk 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 Tw in response to the

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



WO 021 37-L.88 PCT/1B01/01688 - 10 partially around the | ever nmeans in a

pl ane substantially parallel to the axis of said pivotal novenent; and a
sensi ng (LidoRre ded on the |ever nmeans such that interacpipi@figon c
forces between the tip and a sanple scanned thereby in use causes said

pi votal novenment of the 5 | ever neans; wherein part of the |ever neans
extends over part of the support structure around the | ever neans such that
the di séfesetieeclpebsvanilysietshphal inghy afitemode tdths @k@npihwoit dbesint heand Twwher eby
t he topography of a sanple scanned by the tip in use_is indicated by

vari at i EBROTISH tesBiegoaipstasinely shoy, high-ampbididesyrits-ragde pilse. Asyadrthef t he

i nventign,, . fare, .ti venent i Ler .l tecting the
relati veceie%lr.l%@ﬁ)’ﬁlg%@uglfidf eoplg?etnitsc uelsgr(r%ﬁ%a%%gg’gﬁ ér% é&%g%é&;'ﬁﬁe%g%’nsgﬁla support
st r uct usrevidiel iseipaatalyrabe WHiteSmpa©ONe A&t te cdnfofdhieal etill bt ghdr¢ssed fin BotaNt
proxi mty sensing nechani sm obviating the drawbacks of the existing

. syst ehsthdivgite §8d teadtipedes using pnlyya single Pairaf aupRIK dinpsh Gorespanding aslivantpges

and par tEdEPrERE Rl o ot fRaLELUPI S S iimiEhEpLrid Pectibleibe, ac
| east one of Iti’ﬂild)e%{ﬁe@iawdqw #88e SkildOMithe Ay (€ DENus A SR Of theHess@) Shdld

such variations. Particularly preferred enbodi nents enpl oy therna
pr oxi nuasythe epnsitugtion, priangenent t shepel sizg avd onaigyéal.ocf epronents of the dayer ineansecan| i er .

Here, said r{ of the.lever neans ma ri.se a heater, the |lever ans
pr ovi o o ARt oSk & Blovile Mo gt PREnHaRoRrtto Fa 9milsudhe BRaRLy vi a
the syipRRatitanct BEh $vniclkmédeis iMHRAPRYofIAE Qmaaﬂttofeﬁer?gee R PG heat kdiCt Ure
serves as a heat sink such that the tenperature of e heater varies with

vari at i dementrtoegivendieniparatiee ad dépentie on thepoaterialtand yolwnee efghe tlemens a heat

ink, the. t t ed .at | at | I hi t t i t hout
ok of Selra: it At SraRan s et ¥ depindgl bl e BiBR b PSR i o
What eveg,rROXbTht ¥ledRns iand ttﬁvafia%héysoﬁmé&waem&&s ﬁ{lﬁi@r&f,l@mﬁg Redtt dndiky the

25 aforenentioned part of the lever neans is preferably |ocated at or near

an end ths ti¢pententen fagtarssuck apthe sfzepdimensioaxicsossfseqggiongindlmatenalnByt . As with

t he ad/wite conponents described earli , the | ever ans have
Var | bR RRR G RO PO egsip iy O syt DGR GUPUEE SFeafapetveen
nmechani gahyfeRhdde Hedtel ahd &Lﬁrdh%HfdgE,Lﬁxﬁfﬂer@éinﬁ@ SRR et and*@rﬁlﬁﬁﬁi"ngb,ed

further below, various other features discussed above in relation to
r ead/ wr¢anebecoheoeént s can 30 be enpl oyed to advantage in enbodi ments of the

i tus. Al h t af the | ti i ic f
s or oscone IUF FordEP G LRith o Winate boAE on BRI GF vl mpChat ve
further,asme ?ég?or%fofttﬂ@leiv&vrﬁ@éﬂs%?j daéﬁ’c\é:-}]éi Rrite-MOAO B adedr (18P € d @Qﬁkl@l@f@@%%le' 11

apparatus conprising an array of read/wite conponents according to t
firs?Q msecdiitablods frhinrtte asiteotasle dbatehm uspyehils tha regions efdhaleyeoneas devi ces
i ncorporating . such, arrays. Preferred embodjnents of..the invention wll now
be. deoch Dt B Lot Seior AP Lte [ 1 U e A TR SSIBRB LI ng

dr awi NGl iindMd!sEhso ith&l.JF/&Semeﬁ)lé,qn fheparliddialy eRrlel@a&ONBdrt welle@t and

operation of a prior read/wite conponent for a data storage device; Figure
2 i s a schenaformedespbstadiallitof condictize matesial shapod tedefinersaisod feasti dniewestrentt i ng
the 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,



basi ¢ detection nechanisns used in prior systens; Figure 3 is a schematic
representation of a data storage device in which read/ wite 10 conponents
enbodyi ngy éxm7ugsvent i on can be enployed; Figure 4a is a SBUBRTEIIOC6SS
illustration of a first read/wite conganent enbodying the invention;
Figure 4b shows the equivalent electrical circuit for the read/wite
conponent of Figure 4a; 15 Figure 5 is a schematic illustration of a second
enmbodi ndwtreaskmade seaddmiy simpdyrpempise; a thegeal eedstiviesersos wihéakes pefficiantlyt r at i on

f third di . t /wrjt t: Fi b. sh th
o bt GIBSIHIE oot Bk ke SBR Ro B e f R SRetS o 20
Figure &ﬁrb@-ﬁo&&ﬁg%tﬁu&e'ih Lsts z[u%#}s'l%'ﬁtiﬁ’%oﬁth%%ﬁd-ﬁo@é%?&ﬁ@'&&e &Fdiﬂﬁ .

t: shows t cfrcuit for

.read/wite conpone Figure 7 e equivalent electrica

t he reattmperatgedanponent of Figure 7a; Figure 8 is a schematic illustration
of a fifth egbodi ment of a.read/ wi (s nent; 25 Figures 9a tq 9e

vill us% rate vgyieéﬂlgltﬁ‘rgég? m&lgpggqﬁ%p%ﬁwr@%g%ﬂfgn#r& e‘i“ﬁ“téﬁ%ﬁ?eﬁent s of
the inv IO~ ~Fri héit: G ol i . S i ment
of a 1o sy sTsau Suplihch i SERGRIAE ol Shhicl ot wticHh Eda- AT

Ci r cui t miechanisihes beeamiéspiatécabinilbng atcadling@o Eitlgivd asptiixf thd geseat i¥ention
illustrates read and wite-node sigpal pulses for driving the conponent of
Fi gur e HeEe 1s grRyided\gepdvatte a@gpmg f%@fﬁ&%@@g@ davicerfhe fpad/wiits compangRemat i ¢
repr esegg@ﬁm:of AFM sensi ng appar at us enbodyi ng the invention. Referring

first to gure 3, the data storage device 20 includes a data storage

medi Wn 21 ank@veraaednstani @ sapyat sttucsure,the fevef meansieidcaneayd 2hetuppad/ wri t e

conponents 23. (Various 5 enbodinents for use as read/wite conponents 23

wi || beStEesEs foesybstantidly piyotplangysmant apd proyidine a Histt suireRtdgth hebiesned paif hat

t hese ¢ i W Welst | ' [ filers etc.,

Liere COrBRIS Sy LhCLE SR LR ASUEY g RS A

enbodi neaitpaafally heound\ienlevernmant ih & pldnersabstartiallpiphiaie] oropadihef hegcri ptions

hereinafter). Each read/wite conponent 23 is connected to two supply

| i nes, BIVPBWISUEPERL |ine R and a columm supply line 10 C, as indicated

schepgtical |y jin. ' g;g)]g 3 | e w of the array

shar gyt he sa%\g)n?%\%[v{% ?ﬁfé‘%%g‘rﬁf’ﬁieﬁleb@z° fi I 'm P%%@gng%c%%pcgﬁgﬁf%ﬁ?’n t he sane

col um of t heradivaye sipgrevidédomns tigeviietiode Isapp] y |ine C. Drive neans,

i ndi cated schematically at 24, enables the rel ative novenent of the array

and storage #HEH GFRAXIMKEseNSPT elrmentprayided An B@orion ofhe supppy saneare aroynds

operati bl ai nst the storage medi um and, during operation, each

15 corrpg%elﬁ{&b{fh@%%ﬁgcan its individual storage field as described earlier.
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,



The row and colum lines R, C of array 22 are connected to power supply and
read detection circuitry indicated generally at 25. Grcuitry 25 operates
to suppl wpepasst 0 t he conponents of the array 22, the inBCTIBUANGSS
conponents 23 being addressed by theiegrow and columm |ines in known nmanner
via row and colum nul tipl exers (not shown separately) of 20 circuitry 25.
Each conponent 23 can_be addressed in both a wite node _and a read node,

t he povan aspappyide sigaificapyadyapiares ingiemigfprce migwpscanygppalicatioastAMsuppl y

lines in the wite de, . r ead d i i a S Ly .lines in the
Fend moeoisal s YRHRE R e & PECHSREpT Bbed LuckIPRGEAR K i KBTS
node t ocsHRIdRE the tfBoWinly basicWescripfigh ofitRbpeyatinB@ribeipibssensi ng mechani sms  of
conponents 23. In general, this read detection can be perforned in various

25 ways as wFighreskobibp aeeaiepanyingifisawingk iy 4 whematie rrpresentatiomof aneAPNEt i cul ar

enbodi nent s_descr.i b her el r. however .. the efection IS
- conyg%@ﬁ%ﬁ}m%elg % Bt S%gn(f @égr:a%atfaé }%5?6 ]%ay°' t aéer?}esc.h‘gb %&gﬁg{lg g"'.’ﬁ)é’e€ o] t.thgalét - 18 0ss
series §e‘ﬁ§i'n§h9¢ﬁatﬁ@ N0 € HROAFM dongorized 4l ficiofabeisated @antdéveRY 1 48nnccieditba 4a
illustrates a first enbodiment of a read/wite conponent 30 which nay be

enpl oy esippart siuctureah? for suhstantialy piyetsd movemenisabohba pivohgxio P, this mavenent a

t devi ce, of. 3 i 3. T t 30 | | ,
he. f or G PERvickries Peler B feving o he GEIL Lo oslip B oPSEE ot ki e CSBOBA) part
of whi Clfelefid 1@ ah et et embolUrén He uphbit 8@ LreSIUP BPSferaidil & kithflel 13 tbibef act

provi ded for all conponents in the array, the entire array beihg fabricated
as 10ACRyz81 ist 38&cedi® @mple BOport/ 101 Al @dveanedhabisgy, idéwhtesd scbermatiaadly ag 16,

i i t echni f 1y k t . that th
et n Dot relRS B BB YA e SarhlE SuttopoRY Sienipg Aavty B suditnedft | over o
31 i o 5Ronedb (52 0h i1 EBSHingSdkahdink OIEPSLRN of BB TS doby e TR

cantil ever | egs 33a, I nt erconnected by first and second bridgi ng
port i onsd:amplisudface efpes pivtdl movAment afsheroaidildeh é htand tGtopsgraphy obthey

di sposed on the first, . relatively small.sectiopn bridgin ortion 34 and
For s oSAgIELE FsaPYRRIoEh DY JRCGH B PG miavament, 188 thrpe Bas's AiFCaR SYSEMS 8 and 38b
are jft i Lo Abi : i J eater 36.
These e T g e e e o e bel ow
The secsystnisris emplogegolhe dmst 3Bstern ehnplopschntpptigalmeedhanisoidollewredefBotiooLh i s
considerably.|larger than the wite- e heater and connects .10 the ends
of 't he- BAARRTIEERS i tosihematea ¥ abt .5 16 Hekire 166 AraB0 FEYER JUHFS Suppor
struct %i@zoe&ciﬁtf ABBEnPA whith sétised@s stha c%ﬁ&d‘ﬁ%bthé‘ biotdl defgsRiRdrik: t he
sections of the cantilever |egs between the fi'rst and second bridgi ng

por t i oneantitaver. dhe ¢hitchgystesn dmplylys almé-lieadectnde 19embented @bovehths eardilowed 140a,
40b titute read decouplin ans as expl ai ned bel ow. By. virtue of

{1 exti ThiS §ET8FS d5Eompaiu nspsoiiop e aphle Vol [ealimee it eshiiby paniliever 3md 1.5
descri bg 131engdcaRbt 3H 'v&g%é’@itﬁ'deﬁé&fﬁﬁ%ﬂh@&ﬁ Hjeve, Pi VOt axis P at the
connection to the support structure. (It wll of course be appreciated

t hat, since Vhiisusipoemestrd asseriated dedh thy AlFME sy stcamodestiilsedeaoye. Bhean-linegs,
the motion is not strichly pivotal novenent about .a pivot axis as.with a
rigi o Boagr B areneTeen 40 i $BcuTR dulat bbriE RS Byt PO PO SIRIRE,
however yme aldish 7 fRA1RSin Preladivaly c%&b%éﬁg@rﬂ%ﬁ'ﬂ?h\éfét th&pleSoeldGriused herein
shoul d be construed accordingly). 20 During fabrication of the array, the
var i 2usmethanisnt 58 Bfenijieyecasdnisitivity iis dependenti pe ther strefomdeckddyy fexdmgof the

sem conduct or {){ﬁot essing techni ques.. . The_cantil|ever |egs 33a, 33b here are

for med GRUEVEH PEESSSIPFICAYH “g gy abthe SARleYsT e YR B ¢ VeegWeRn
the wijfe t . i nes R and
C on thgieﬁl u%ﬁsg?tﬁagwﬁ@tlﬁglzﬂ%% Saﬁ%l%é;ﬂlt%cgsrserggﬁle tﬁ ﬁg?‘%%% ﬂf@é&l %éf]{e: ts shape,
, t he canddfleetian, r&hltief inimgeised vear oethe tipadndpoatinedamageeo Afs smpjd. y | i nes R,
C. The cantilever, | egs 33a, 33b and the first bridging portion 34 provide
the first cuffeREingse pfowrBhaspesiohgha nescat ByeatiogperedSBIOEdSRRSING i t e heat er

. 36. e - i dal J 35 provide the second
cur r%@ntaﬂﬁ’gﬁ?s‘%‘égﬁ% %ﬁﬁ?ﬁg&ﬁgﬁﬁﬁ%gggqﬂgéﬁﬂ%ﬁg%%éigr ead heater 39. Figure
4b shows t heleeetihssms and aghpmirt stagture, the lever inednstbethga@npenedto tBO supgportcan be
seen fromthis figure that the diode pair 38a, 38b are connected so as to

i nhi bi tSUBGEE FQrSHbstantiply iphvQialdneNemeat arshths sHpROSHSIUGHITS GHERYING AhIEaSt wher eas
the di ode pair 40a, 40b are connected so as to inhibit current flowin the
opposite direction. WO (1 2/37-488 -14 PCT/1BO 1/01 fi88 In operation of
the conponent 30 in an array 22 of the storage device of Figure 3, the
power supply circuit 25 operates to apply a potential of one polarity
between the supply lines R Cin the wite node, and a potential of the
other polarity between the supply lines in the read node. Thus, in the

o, o - T




5 via diodes 38a and 38b, but flow of current to the read heater 39 in the
second current path is inhibited by diodes 40a and 40b. Simlarly, in the
read nmodeyo gadugnt flows in the second current path to repdrimatesss39 via
di odes 40a and 40b, but flow of currenjpgto the wite heater 36 in the first
current path is inhibited by diodes 38a and 38b. In the wite node
therefore, the small, |l ow resistance wite heater 36 in the narrow bridging
port i onpa@daltyaarobrd thedewat meany il @ phoe sidistantially paraliglito thecpxtieoiraidpivotal TW

w t hout _unnecessary expenditure of energy on the read heater 39. In the
read mo@EYVEPER: ¥ atively large read heater 36 provides high sensitivity
for the ther i @t i i t I i Ng
tomperat ure TR Py R O R IR TBEL e

decoupl batgearcthedip apid a fasplk siesed3Bareb Bbuseidagsdsispidd vatatimpedyere of sher f ace

| ayer_of the storage nmedium are therefore kept cool during reading reducing
.15 rle¥ef PEANSHol yer. Overal |, therefore, conponent 30 provides a highly
efficient re j SOMP i ) = ,

consunpti on g"ﬁé’%ﬁ %Eﬁt r ead%ﬂg}eﬁg v%)!tig/r,ﬁls\r%hwiglkcmﬁfc%ﬁrltﬁ%e 125&5&@8@(&30@2@ c(l)% § nodes
Vi a t helesemgeanspach that the astaed bet eemsaslypapts wati¢snverh s4ill pawdtal morimengne di ode
of each pair 38a, 38b and 40a, ,40b need be provided in this enbodi nent to
achi ovevherEbe hedppoaranty PPl EFapRedidt the g yes is indictril 8y yardatians dpysaid
arrangegent.. the two di odes of each pair are provided to bal ance the

cantil ever about its |ongitudinal axis perpendicular to the pivot axis P.
Not el@l so t hhi emiaddiinbats tofihih espeer of tBEinanticlf) thekdfore, eiptndveaicat cadhd S

provi ded on the, bridgi nlg ﬁorti on of cantilever 31 which is furthest from
the pi v@pnigred simplyky|dstectae Bisgsletive Prximityehibs pajtisulss gagtynpidhe {gypgmeans
arrangeg}%pgu JV I I . eto
r ead- node Sg@ﬁ%?fﬁwg&g&q& lgg@?%éuf‘i?lhg pﬁ@gﬁ'@ﬁégﬁiﬁ%p ?thﬂgg’%\%%!én fpgéﬂ%ngtg r ead
pl at f or gensih Guecharisin| biwdatirg the deawieackpl the efistmy Stoeh disvtssddrabohié.ch t hi s
effect is exploited further. In the conponent 45 of this _enbodi nent, the
various el entkrEydhe vadationsdp pesximity gf the afersmentioned gais of thejagparatus £an pet

t he t i i i S to the
di st g%c%&%gé%glt%@ﬁgg ﬁgs’ve\l/? ?ﬁ%ﬁﬁgg ggarﬁlgésg‘ﬁgﬁg‘% %%f ﬂ?&‘f@%‘gs %eé%ﬁ 'ncr eased,

t her ebyhdweregas ldagt driecofaaidl pafts Padviides a0frokin@tyenstr@leniéht i sefdin@budhhe tip as
indicated by the arrows in the figure. This nechanical anplification
nmechani @fiahippsi Rasdcwlasly preferrad@pbodipenty rpiay thermad prrdmifyisensing similer tohe

: L heat] f - ' I
or act 1 O cpfesTtaedcorheilel el daflts; ekl S he RYBE A Bay O @
PCT/ | BR3driphts8 & hedfer,ahe st mesnsamrperding adurichepah fqraoanéctitgshgieasdtehaas t he

operating speed, flexibility and resonant frequency of the cantil ever.

Howe¥/& r POVEGT SHRRIY Vi (s SHBIRPIE SHEICHITe dn sy Wheieby said part of ghe, YpRPYt iraeiweseBEs and

in prefear ' j L4 i A g f. 5upto

about - 18 s S SRR Be VMRl (e RERE, S5 i BRaths i MU ROMer 17

enbodi nWith thé s@pposatiruatuird sereingae adieht sink, thisieeaten chBe dpdrated hog Ad@ivdgvi ce of

Figure 3. The conponent 50 of this enbodi mlent Biggai n conprises a cantil ever
Sy

51 connlgh émpesatyresyishentwisk of damagiag te Lgw A g 3 Dioknsicsl sampie yeinent

about [ ' : 4 evern h - terally
di spos Zed&?n é)gés \@@%@vé&g Bé-ﬁ{r@yg Efg%%%hmré F %brﬁlﬁﬁ%%dhg) %glra ??ecs)srﬁ: hgﬁ%l?yn{hgr connects
t he 3t fordnegitional paitlof the leenhieans is @geiodbly lAcaatargd néfr o drdgifiige &t | on SS

i nterconnects the outer | eg 53c and the central |eg 53b. The first bridging
por t i onmeansremeisdrem the s pepivplabmeosament. A5 Wikhi the Tqagivrite SOMPARINGY m f or

B T

. connect ¢nfigutatioh Withemect@icdMampliddion lid patciRaudnsdantieditehesd) RUebcrieduCt Ur e
52 as indicated in the figure. It can be seen that the cantil ever again 15

def i nesfurther alpweyariona ohsr freturerdiseyseedsahope yn relaties trread/wrflgsomppaentgeatr ent

.pat h,i s defined h uter Je a he first i.dgi ng portion 54,
cont %1(;' ﬁ?en'gdnwy?degﬁagg?@?g%@, eI%bnocﬁg?’%é > 8 gh}ersg?sull%%ppg%ﬁ?g The second current
path is defi pgethbyaspb& dB\heeinveRbnIr6vide 1t SR/ DrdY hilPbsASpPMESIpOatig,
containing read heater 58, and the central |eg 53b. Decoupling neans are

agai n p¥cosing epparpus ahdeserib¢rbaletye oRgpestiyerforiher aspectsoefdhe ihventianhgrosigdppor t
structure. Specifically, as shown in the 20 figure, a wite-decoupling

di ode 60 i s connected between the row supply line R and the outer |eg 53a,
and a read decoupling diode 61 is connected between the row supply line R
and the outer | eg 53c. The equivalent electrical circuit for this
enbodiment is illustrated in Figure 6b, fromwhich it can be seen that the
di odes 60 and 61 are connected to inhibit current flow in opposite
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WO 02/ 37-488 PCTI 1 B01/01(88 - 16 design the decoupling neans can be
conveniently | ocated on the support structure rather than the cantil ever
itsel f. Wedxsgdsodes are enpl oyed as the el ectrical decoupti/mgimessgani smin
the particular enbodinents illustratedijn the drawings, it will be

appreci ated by those skilled in the art that 5 the electrical decoupling
system can be inplenented in various other ways, for exanple using

tr ansi sapparatusrconimisingedncarean &f read/writpeepmpenpnis wiehading ¢o thedirste secoad angl i ng

ffect. whi | ite-polarity.volt loyed in th
exanpl bR e i Gpidh 38 5 BRI SRR E B R o her
systens can M%fe@feweﬁmﬂneﬁt@bfﬁlé@ﬁ%hﬁowimaowet&?l@@oeafbydwfaﬁ 8f 8tdmplevel s

.and circuit elements arranged to inhibit current ow above, bel ow, between
or 10 owith referenes todhe acdomshying drawiegsin Waishe t he decoupl i ng nmechanismis

nore conpl ex_than the sinple djode arrangenments .illustrated herein, the
oo ity To wees 1p i GulBhe e e Rha B R Gripp of § PEPt FetlitiSean b
especi aldn¥roeNaBE gggﬁggora%@@e‘q&pti | ever design of Figure 6a therefore

provi des particular flexibility in inplenentation of the decoupling system
Fi gure 7a i | Figsteriis esschematin tepresersatibmedivn adéma fosmdhinrastepecitloptoatimgtthevher e
the | ever %fgt means h "sw ngpl ever" configuration. Specifically, in the

: S.a
conponefsic ‘i‘}fm?m?ﬁ@%ﬂp?@d NPhEYsfe®%er means has an el ongate |ever body
66 which is & i . ' dally
shown in theﬁg ?fg&ﬁircltg%%ﬁt;}&?%mg g#ﬁ%@%ﬁi%ﬁ& f;d;kﬁalt%é‘%@g@éﬁéﬁ%@!ﬁ\v@%b&%%@t hese
connHr tcontpoacms embodyitgshd mverttidnstaaeieaiplyyedi vot al novenent of the | ever

body 66 about, a pjvot axis P .as indicated by the arrows in the figure. The
| ever body g‘%g%‘f %dﬁﬁﬁ?ﬁfé%ﬂtwﬁu%fle?Qgﬁglfﬂif%%‘getf GompopertsTgdyingdhend 7ob
i ntercoppseicnd at one end by a first bridging portion 71 and at the other
end by a second bridging portion 72. A small wite-node heater 73 is

| ocat ed i n tHgufeidbsshowsehaequiedignt electrival cibeuidior thg rpad/wiitncofdponamcbfpr ovi des
a platformfor the read/wite tip 74. The second bridging portion 72 is

f or med 1§48 43g| ativel y | arge read-node heater 75. The conductive |ever body
and nnect i I L NE: .ow and col um
el R and (e IR ¢ Ehorid MEloh ' A ARARERGE ] iRl 1T

provi desbnipontite connection arns 68a, 68b, the sections of the |egs 70a, 70b
bet ween the connection arns, and first bridging portion 71, and the first
bri dgi ng por¥igui @dnearkampaiciiHestigtipp of hgafcg?mg%ﬁmm@fﬁeeﬁ»{w%wwn%t his
provi ded by ; i d e t Of 70a, 70b
Dot ween ¢ he aaea B e Rl Merd Stk APcircyiTof B b RPE gl [ 2
second Hgu@dgiang portion containing the read heater 75. Decoupling neans in
the formof wite decoupling ,ﬁi odes 77a, 77b and . read decoupl,ing di odes
78a,2%8b ar Figpisviadea sehempatic iflasfiation gty feyith erpodimentof adeafiprittng di odes
77a, 77&1&;098&1 sposed, symmetrically about the WO U2/ 37488 PCT/1BO 1A 88
- 17 longrtudihal axis of the |ever body, between the connection arns and
wite heat erFigire 7nthotvisehe epdvalan elepiricabciciuitfesthéGasd/wite acomgpomemadrar | y

di sposed between the connection arns and read heater 75. Figure 7b shows
the equi§eddt el ectrical circuit for the conponent 65 of this 5

enbodi nent. . : : . 0, . it : j L odes
T7a 775 ar & At SRR YRt Fon T o i RbodiEn s Er PR R, 0O R
C i 23 he oppEigutes 9ditad @€ illwstrate ¥atibnes progithitdeasy! armaggehadefor t8ajn 78b. Thus,
in operation in the data storage device of Figure 3, the read decoupling

di odes ergpdimens PhWIHRYEItiGRT ent fl ow to read heater 75 when a write- node
potential i S | 4 . Lhe .dri.v 1te heater via
Phe firet conany o3 RSP RaHBrLE, iRanb@ubhitE 5RfuatS  Meohs

i nhi bi tcogaffonemtt flow to wite heater 73 when an opposite-polarity, read
mode potential is applied to drive the read heater 75 via the second
current pat FigasriObspowa thepaypataat plepticalaicaiitfonihs readsyide soapappityit o thi s
.enboyd rﬁntreal%bt o the cantil ever arrangenents descri bed above. In addition,
torsion BF the small-section connection arns 68a, 68b is hi ghly effective
for providi nEigpieViot dllugtiyes reat andfiwiitdemb@Veind gdiesfor dhivingUhe &ﬂg@ﬁehﬁﬁm
flexing of the cantilever |egs 70a, 70b. Note al so that the mechani cal

anpl i f iKdaeiedf2ngshani sm di scussed above is easily enployed in this sw ng

| ever configuration, the read heater 75 being offset further fromthe pivot
axis P than the wite node heater with tip 74. In the enbodi nents descri bed
above, read-sensing can be perforned as in prior 20 systens by using the
storage nedium 21 as the heat sink for the read heater. However, Figure 8
illustrates an exanple of a read/wite conponent in which the Iever means
and support structure are arranged for thermal read sensing to be perforned
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t he thickness of the gap Gwill vary wth pivotal novenent of the |ever
body. In this WO 02/37.188 -18 PCT/IBIl 1/ O1&8 enbodi nent, therefore, the
support @igepedsygse provi ded by the body of the array chip paryibgouwssed as the
heat sink for the thernmal read-sensingijsystem This allows still further

i nprovenent in read-sensitivity since the gap G can be nade very small and
can be accurately controlled during conponent fabrication, for exanple by a
sacrificial Figom brsesshematirdrepresersatianaef AMieschsing eppacaivns ¢ebaslyénstbed at a
hi gher Ierrlpterature wi thout risk of erasing data A further notable

di fferelit®1e is that the Iever body 82 is shaped so that, relative to
the surface Réfeldify SHPRAFIEuRLT, Wil dbiLstbAsk ABviEd 80 RAMe S Ah@ stoBae thé@uW I t e
heater is offset further 'n the direction of the tip 84 than the read

heat er . 21 and tead/wrie aprauatas incthb delinmelen artdyi 22 éfgealf wiitevadnpmests @dn(Varicuke
figurg by the u rdly-be section of e.lever body.on t.he tip side of
the D EURBENE oL S v P eampacis 1y aal Bb SrrePed el bripifie s oo

heat er - {0y & AERIRWEREY, Uit ARES L MRntiSRay BEIUGE d4GHiOEh] theuith | Beh aOf
variations in this spacing on the result's of the read-sensing operation,
and f urarhplifiesb@enovhere regoded égighisuch additionat cingdity isafdt eettral cuénmdbdbmentsi eved
in other s in different_arran nts. For.exanple, in one-dj nensi onal
array, %ﬁtngy%v.eﬁa%aqc{ §5 ta5efoB oA fo0n Divelengeintionn PR HPIAUNEL | bed
bel o, {itpdilith 1k Aoffiectélr B'tRb 31} LI BPAGAG K aid £EMAALYAL ShL)
could be | élreaseﬁ SI rrebl y by tiﬁﬁ)%gnfgﬁe rapﬁ%?@?&@ re%tﬁ%to%@yﬁr@gi um
so t h@at Ct sandieatdld heleheaticaldy fnuthe figuref Areotpenemg23iin thh aame bew of the.arMki | e use

of the read-sensing arrangenent, of Figure 8 is particularly convenient in
conponetEEe RE SHME FEW SHRRY %nge%IW ¥ gl eamPeREnt in thy pame,eolump & AT t hat

simlar | i L as
Those. i 2w BEIEHE RO R Hy eI odR, SOl N R IR W PO LRt
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relative to,.the read. heater if desired to ingcrease the read

heat er - 106ted H} WyRPRUE RASHIPAALARSHEe dosigemiumEad<luriRe Operafign. cafthnpl e, in

t he i i e I t}g@? .Qf fset further from

t he E?B%Eh x:gét ﬁ%dr?l Sytgﬁrlieﬁ% ?%%F%l?%r “to g%?‘%?#g%e&gléée} of the support

structure asThéimvhewd calumk liasdReQpif airhy L arereahcunid®dl poswep buppl € aid @ad

mechani sm 25 di scussed earlier. In any case, where such a read-sensing

ar r angeRisriiopsirepigygydigated geqgrally ﬁ@Saéﬁa‘t‘lgﬁtZSt%’ﬁ’Ea“tsﬁé supRip@PYetorthet ur e -

need no ' Y : . ' dCl y to

cnabl o (HEPEEAS of Mo Ly RUR R iR ool 20 Spiopatclit (et P BhYY, |

t he r eacblsmn dinagindmosumgeanmet viaustv ahdsohunethnitiplowrsninby sieenmsdeparatedy) @dr f or med
tructure using the read heater as a

bet th heat d t
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sensin i - B QY 4 [ } .
practi g%ﬁez%ﬁ?ﬁ y g gﬁ@?‘!ﬁ%@?‘@r@?@’%ﬁﬁ@ g%é@%%”e%tlpggn tg H&(l)ds osed
on t he adypead nyide viphal wa tleaipplydaes initheread mibder The el detdotoreitcuiegrof WO

02/ 37-488 - 19 PCT/1B01/U1188 beeqorovi ded on the_ |l ever neans, this second
el ement blBek A3 Oprralss dblie sead medestogetscbthe bifvalyss indicated by thergad-ssnsinguch t hat

the dis . het i - t \vot al - es 9a
totod | PRABRIIR HESMobRE 4P tReN, id Had BERINGA e BNEIRRLm BHBHE DS 12,
el ec23 odegs arveilldeappyedt shdseakilledin thetayt. fethe @artizhwrenibsdintentskdegetited9a, an
el ectrode 90 is 5 provided in place of the read heater on the | ever neans,

and a pliFingicren@uevendhe ragd dstestion & pENsTHCTSlY RFFIQEECDAS InHEIC SRS by
t t : g . i t th
suppl y T Earulighetolf aoS B0 fifths Sonrdda )l BURRRL ke PR L Voo o

,a di el ectri cFigatenreilluithies LB erabeHi SRS d resd/weitd ¢onBpleiC30 @BiRB niay ty ovi de

a variabl e capacitance as the thickness of the gap G varies with pivotal
nmov e e r@MpPYethia anayey of vhpilagcoBpenenis agthe 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 aray being fabricated as



10 capacitance can thus be detected to provide the read-node output. Note
that a current path to the electrode 90 via the |lever body is not required
here, theusyiAet path being provided on the support strupgpigoifoessscoupl ing
the row and colum lines, via the capagitor electrodes, in the read node.
The opposite arrangenent is illustrated in Figure 9b. Here, the pair of

el ectrodes, and connections to the row and columm |ines, are provided on

t he | evad inspdated eireuinglisg demiedmetiicton geodessihpeahEiquasrof tigheeralipkmown Stpe ot ur e.
Figure 9c shows anot her arrangenent in which a pajr, of contact el ectrodes
023, 9oHahite rﬁ&ﬂl@?@}éa &6 CRIRPTYIgBLINE SURRATCEIHCRI® dadorpligang VA ddhthect 93
IS provj . . i r I a swtch to
provi aetiB e Qe SEES o Bhie R0y RRORERDY, £idREd LBtk Hat 3% 8L O i o

i's ON aptercotineetet! byl firvandstsvaabridamgpopions 34 anaB5 repreotivdly £heiné-hdes are
not in contact, the switch is OFF and no 20 current flows between the
.suppl ¥ hear36 ipeentrallyghispesed eethe dirsttelabively seallgestion REdging prifiopi3dend; s
provi de t 1 UK of L - raf i Lgure 9d
Chove ¢ (R RIGLHRP e SIS o] 2 phiPRr GEAE SOROREH LloabUHID
hence tbgdgng peiiion3a] bodast sieen sidbef tigiehier Bé.MERse diodepd Sy BB dominkiberitever .
Clearly, however, a.n arrangement such as that shown in Figure 9e can be

envi sagerFoupling means as|cxplainsd deloy . (The speapdrbridgingpsden 32 is formedkbyne 25 t he
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is conne e-other supply e support _ _ _
casel® hgle@nhad 6f the kentdbver ts 33a! IBb remoteeR6mTRslCorigetici loQRe bppPitGHheEL. iA
part on the lever and in part on the support structure. O "course, the
el ect r ofiwther pairphdiodesritDacgad 49b arsipiegratemin the seasions of deantileverdggsribgtwesn as a

i tch. di . i.cul - i i d
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inhibit current flowto the wite-node heater in the read node of operation
as descri bedByaintweof flemitilitysafdhe logs 33ea 430 ot theanilgverethesrantlgveicaness

i . 2/37-488 -20 PCT/| BU 1 /U 1688 le ip th itch
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proximty sensor elenents in the wite node of operation. Such read
decoupl thegantilaves legsy theemotimeis adt sirictishpivbial movemeriiabpul a piyot axds ay witlag

iate d i  the, | ogat i. : t, path for the 5 d
mode or igidigy FRTRR hCivbb dhe SRS Staphins G S0ty B edfrsy  °°
r ead- sefsiiodl AFRQHEITE BhE“SleSCxiIQd uSaT hdr€ih sh&fl e Wbhdtficd @66 BINERY, Means nay

be provided in sone cases, though preferred enbodiments will provide both
wit@0and reBuringdabrivaionpf thagrrayibe varbadictnsmants ¢f the santdeed srpgiurefase  enpl oy

I i | hani . A I f di i ch
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Fi gur esfokhad bPhiJgQPy-dJﬁw sEfIGRAH QvaidleQQn@ﬁctivB icBniRiEtiead mﬁ%e@ﬂl@iw}jt@@HMéaﬁeS a
cantil ever 101 connected to a support structure 102 (only partially shown)

f or subbeasers B6J3%ans therew andodnantsuply dinesRpind 61 omstiesupporfpiencteraB] kear has
two | aterall i,sposed ortions 103a,.103b interconne d at the ends
oot o £ SRITHE Y0 akiespe b NS 3sapresvegatep Sah e Bien .

t her ¢f 0§®ﬁ1§ Yo s GO Ue i Aile PérI g se38al 33Pdnacka 'fiﬂﬁ%riﬁ%iﬁg PN prede i pPat h
bet ween the supply lines R C on the support structure, this current path
bei ng pfitsy Fereeht pgih; hentainimgithe dierley Hps 38IDaad the 0a1e heater 3o Theilersi3de, T/ t i on
104. Here, ,both the wite-node heater, 105 ith tip.106, .and the read: node
neai e S5V S Seeont ECEE RIS Bohe Fahn Bient L SRR fiorPetHode
heater ggdaidige &@a@c}rem9§9.fﬁg&@r4blsh_@wk thel ddgivARIB B tHCRIircRf Hr e chRfbiet ed
in the equivalent electrical circuit of Figure 10b. 20 Wen the cohponent
100 is 3ot capdst sean fioen thast figuse dranthe diede paér 3ifa, FElpareeoBnectdisopswe mbshippl vy
,circyit 25 is operated to |y different, signal | ses. via the supply

1 nedd reirgent FlopHB e RTEC R MR (o 3G b it BParr it Aol Pt B B6r € 1 o,
N the uGiioBelRs8s cPinkBhRbirdAl fow? RPiLE opBba @Bk ude pulse Swiis applied
In contrast, 1n the read node a relatively long, |ow anplitude pulse SR is
applied. Although the read and wite-node heaters lie in the sane 25
current path, the cantilever configuration is such that the therma
properties of the heaters and adjacent regions of the cantilever provide a
dual - node thernmal decoupling effect. Specifically, application of the
short, high-anplitude wite node pulse Swresults in heating of the wite
heater 105 to the witing tenperature TW but the read heater 107 heats to
a | esser extent during this process and thus remains at a tenperature |ess
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reading tenperature TR, but heating of the wite heater is |l ess efficient
inthis node, so that the wite heater remains at a tenperature | ess than
TW The {\anpbysRags of the cantil ever design giving WO 02138é1488 /01688
PCT/1B01/01G88 -21 the thermal propertigs which provide this decoupling
effect can be seen in Figure 10a. The wite heater 105 is very snmall by
conparison with the read heater 107, but there is good thermal contact
bet ween t he I optesatimadfahe acrdpéreat 3@ jn acardy 22egfi therstodad8 de 28 obFighe3, the
cantilever. In contra%t there is relativehé, oor .thermal contact_ between

the | ar BRVFSHAPHEHCUI 23 9P (P ARPIE aRgfentiahef deqolisy beaveen fiiy sypplyianes
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read heater reas_regions 108, 109 ?rovide a conparatively hi%h rate of

r, . Wh
-heat }o0%2 dfqd&ﬁﬁgﬁén%% up Bgwent currgpido the read heater; 3% in thessasend Surgnt PRIBS put
| oses h . d L | . [ d heater
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cant i | esterent pht thireiid Iatel BY witediodest40a ant OB, i diewpsfl werefibi the Whitd Bfatdre
required to heat the wite heater to TW but this pulse is too short to

cause sP@i the disstcurent patlyisgphibled by dipdpeddacind 38b. buthe pyife mads dherefe, thede
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the a OwW t'0 cause sIgnifican e Wi te heater.
Hence) guiekly e b ridee Ruileraigre TG Rahos AR 849 xpéhditbrd siidhefdmsSthe adadow ng
the conponent to be addressed in both nodes via the single pair of supply
| i nes Reaergd: i argadamaeda: gheerelativelyrergp aead hegten BAPFIidesHuginsenaibivity $0r the t he
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Thus, the AFM readout can be obtained here by detecting variations in the
gap G during scanning of the sanple by tip 122. Various sensor nechani sns
can be enployed to sense variations in the gap G for exanple involving
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30 legs 119a, 119b on the tip side of the |l ever body are forned to be

hi ghly resistive, thus providing neans to inhibit current flow between the
connecti wo éwsmssvi a the first bridging portion |20 duri ngpopes@aioiess of
heater 125. (O course, the sensing tipcould be otherw se WO 02/ 3p88
PCT/ 1 BU1/01G88 -23 isolated fromthe heater current, for exanple by formng
all or part of the tip side of the |ever body in oxide to prevent
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decoupl hengtherizosupling means is located on the support structure. Specifically, as shown in the
20 figure, a write-decoupling diode 60 is connected between the row 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



25 conprises wite decoupling neans (38a, 38b, 60, 77a, 77b) for inhibiting
said current flowto the wite-node heater Wien the power supply neans is
oper at edwaod/dvasy ead node, and read decoupling neans (40apch@Bo1/o6dss 78a,
78b) for inhibiting said current flow jg_.the read-node heater when the
power supply means is operated in the wite node. 30 4. Aread/wite
conponent as clained in any preceding claimwherein the |lever neans is

conf i gudesignatbe decampting encens ¢adhe dohyeniently/ I0caRd 817 theB&pp@bstRCTUre rdbkerltha) 1
&8 5. A reaggwrlte conponent as clainmed in claim4 wherein the read-node
heater P8§§NHEYerisel ocated further from the connection between the

cantilever (g 11351}3@@'&9: éxﬁ@gié@@ﬁh& eRblriéal &Ec%uélﬁ% mé_@llam%ﬂﬁﬁ tltné1 Meijhe mode
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depenglenitside certain trSshahtileelal Whore thé dece;uphﬁglmewhanﬁsin ttanoe rmbm;m:xrtaanﬁle( 38a,
38b) is provided in the first current’dgath on the first bridging portion
(34), aﬁalpﬂqq@osiﬂe@zaartgéa@nﬁ@|lllwgraw@ah%el{l aabﬂmbtp lp@atwlwea@wlma Tpqaas Qe thend
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conpri Sp:@vid&é paubaltaeﬂa;hbmtydmsmgﬂ&deﬁt@@mp@frthe aéts)ubﬁﬁg’:lsysfe’ﬁb 530) connect ed
at respective correspondin s to the sufp ort structure (52), a first

bri dgi ng por thigHe (s ustrates ﬂé@ﬁﬁe@vb%mn@ celsed/Hrite eQpRRent whCte s@olmro a
firsgs oa;emagut ledg@lgv Qr{mf@gat%%. r@)ﬁé”&t‘a@@b natpé%@ﬁlggne% lsﬁ'gf@%t portion (55)

|nterconnect|ng cen por Secon | eg
por t i onerab@&iiMent, the lever means has an elongate lever body 66 which is connected to the support
structure 67 (again only partially shown in the figure) by two connection arms 68a and 68b.
Torsion in these connection arms provides for substantially pivotal movement of the lever
body 66 about a pivot axis P as indicated by the arrows in the figure. The lever body 66
20 comprises two laterally disposed leg portions 70a and 70b interconnected at one end by a first
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 lage
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



the first bridging portion (54) conprises the wite-node heater (56) and
the second bridging portion (55) conprises the read-node heater (58); the
first ou{zgyode@gssportion (53a), the first bridging portionp¢bfBo1anckst he
central leg 30 portion (53b) define thgyfirst current path; the second
outer leg portion (53c), the second bridging portion (55) and the central
| eg portion (53b) define the second current path; and WO 02/ 37-188
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bet we e nartplefi 06N edchiisaIdiieused abbvesis elilydghpleydacihtthieBwinglleyer and the first
bridging portion (71); the second current path is defined by the connection

arms ( 68wiiggsipn, thp geagdiepiep 18 being adfsetfurtherfror the pivet $xi0R thanohy wsite meda t he

connecty 0B, : second bridging portion (72), and the second bridgi ng
comeCt S 08

In the embodiments described above, read-sensing can be performed as in prior

20 systems by using the storage medium 21 as the heat sink for the read heater. However, Figure
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



t he decoupling neans (77a, 77b, 78a, 78b) is provided on the | ever body.
WO U2/ 37.188 PCT/I1BOL/ OLG88 -27 13. Aread/wite conponent as clainmed in

cl ai m 12wihemgspendent on claim 3, wherein the wite decpapiBngiessans
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arns (68a, 68b) and the wite-node heater (73), and the read decoupling
nmeans (78a, 78b) is provided in the second current path between the
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all conponents 1 n ol'umm o e array t or age
devi ce fediphmcspapihp 3k 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



a data storage nedium (21); read/wite apparatus as clained in claim19

t he apparatus being positionable relative to a surface of the data storage
medi um (Rl oyeds that the read/ wite ti p of each. conponeptTiBVIAIesBhEe array
(22) is biased against the surface; anggpower supply neans (25) which is
operable in said Wite node and said read node to apply a potential between
the supply lines (R, C of each conponent; wherein said surface of the data
st or age bepebhvidad(chilthe leves iehng, Had second elementissbg tisposetl @eved the eietiteat oa thee- node
heater on application of a wjte-npde potential between the sugg?y | ines 20
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anpl i t uged mep@cmgé@ thpuost anskeoluram lingse afei previded glmghe lprarged (®wnglei a t he
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claim 2l wherein the wite-nbde heater @) I's smal l er than the read-node
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110) Of bbfReh %éedhpﬁﬁrﬁlﬂ&s,&ﬁhcrﬂ&@ Blectrodes are not in contact, the switch is OFF and no

20 current flows between the supply lines. Here, again, the current path between the supply lines
is provided on the support structure for the read-mode operation. Figure 9d shows the
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 suppart 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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row of the array (22), and the other supply line of each conponent being a
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sai d second signal pulse (SR) to each conponent ( 100) via the supply lines

(R, O tdjecembfegions 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 Tw, but the read heater 107 heats to a lesser extent
during this process and thus remains at a temperature less than Tw. 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 Ty. The features of the cantilever design giving
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25 temperature T 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.



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 o gBsags (38a, 38b, 40a, 40b, 60, 61, 77a, 77b, 7BerngA@mieswrr anged
to inhibit current flowto the wite-ppde 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 claim 36 wherein

t he decoupl i Whilegbaabdv@dms f@Bised dipdata 4@ivageGPpliGitiony, the arratigemesta, wheddhy i s
arranged adgditiona i nhi b| current flow via a %{1 eco d . current
pat h i nPHER! {RdFyer Fn’éyb‘iﬁ/&eﬁf E%B the suppRIt ?‘E“%‘HEF“&”@ CY‘H&*‘W‘ spdepde. WO
02/ 3p88 Bl a 85@?& n any
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near ontEdsied &F apexpsipn R ugtal mavement of diedeyes body ggmggncbm@,n@ HS§,72)
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el enent (90, 93 and the first current path is defined t he connection
arms (6@%er s oymagte@ftth@ﬁm%mdmgesumom slugiiettp @r@qﬂa)anaﬂzmn Giydiigheen t he
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(21) 20 however, thermal proximity sensing is performed as above by providing a heater 125 in the

second bridging portion 121 of the lever body. The connection 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



WO 02/37.188 PCT/1BOL/ 01688 -34 read/wite apparatus (22) as clained in
claim4l, the apparatus being positionable relative to a surface of the
dat a st orageysmgd um (21 ) such that the read/wite tip of peaghoi@acggonent in
the array is biased against the surfacgj_and power supply neans {25) which
is operable in a wite node and a read node to apply 5 a potential across
the supply lines of each conponent; wherein said surface of the data
storag eisnbt!t'dtfmm P Beates cumertt, fohaXampln byudermihgall or pamt of e tiprside aftike lever
wite- heat er onapI| atjon a i te-pode tenti al r e

supp! y TG OEHE (P PRFoBe RS raHR iEI0s cpbEte SISy ssG aPotsiet Bur 1 ace
al I ow eRae @&;neg' of’lflletvlaﬁoﬁf;%?ﬂs‘@f'tﬁeele%r%otdg af@ﬁﬂ%bﬁe@'ats befde 43 Sensi ng
.appar at us or an atom orce mcrosc t he apparatus “conpri si ng:

| ever rmr@r(alcl@plmgldf the semponducﬁdmmﬂbmlelutmgTabndahe:n T erpwiatiy beftei ng

conne ted.to e support ructure for substantiall i vot al _npvenent and
_the p%BP?neﬁttﬁa&vaF E <{y Qny tpp LS ﬁ@eafw%sgéferﬁaf ¥q &1 pPLAxiy digiagee Aerey ever
means (prbiAd tidadvahta @%&Fdaeam&hﬁ %’e]ﬁﬁfnatbltﬁ'é dartgsm%e %ﬁlbaﬁfnfenéfbveialﬁa' d
pi vot aI novenent; and a Sensing tip provi ded ever neans (
116) suhbrefdra,tthlsrdemlga@tdui)descafsimph:rgieceﬁfmumandahﬂghgmanmhee AFM ¢ent@?) and a

sanpl e ( 14) scanned thereby in use causes said pivotal novenent of the
| ever rmPRAS®WSpherein part ( 125, 90, 93) of the lever neans ( 116) extends

over part of ng such
that the di s ﬁ@g%@g}%ﬁe %@ri&%g‘?gﬂ%}r’éﬂeﬂ%ﬁuyg tﬁh}ségleh%\élﬁf\%e{m Herﬁrloverrent
wher Hbybdeh detcpided igdétyil abowve, smanptiangeslahd modifiogiibrisyat bentadpd thestse i s

i ndicated by variations in said distance {G,. 44. Apparatus as clained in
cl ai m 4gnbgfements vigiodt departingifram tha ssope ohdg davention.ocat ed at or 25 near an
end of the |ever neans renote fromthe axis of pivotal novenent. 4S.
Apparatus as clained in claim43 or 44 wherein said part ( 125, 90, 93) of
the |l ever neans ( 116) conprises a heater ( 125) and the |ever neans

provi des 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 tenperature of the
heater ( 125) varies with variations in said distance. WO 02/ 37.188

PCT/ 1 BO1l/ 01G88 - 35



46. Apparatus as clainmed in claim45 wherein the sensing tip ( 122) is
provided on a portion of the lever neans ( 116) which is offset further

t han t heywhigeetugyd 125), in the direction of the tip (122) pctapimoigsd part
of the support structure (117). 5 47._4pparatus as clainmed in claim43 or
44 wherein said part of the support structure conprises a first proximty
sensor elenent (91 a, 91b, 92a, 92b) and said part of the | ever neans
conprises a second proxinuty sensor (lLARSt (90, 93), and wherein at |east
one of the lever neans ( 116) and support structure ( 117) provides a
current path for coupling termnals of a power supply via the first and
second pr oxi NirkiSARIBnRhEMEBDST, BOUSE 80} or 4l MHRESHMCAROF Ik med [ 1
.claim47 wherein one of the first and second proxim Tty sensor el enents
conpr i sresd/sripacompdneet eobprisiies (91a, 91b) each connectable via said current

path o a respective one of said ternunals in use, _an e other of the
Firet® and seleg?rdnﬁnéﬁlm%tly%éﬁia? éﬁ@?@m%mewp&%séi 6%2&%@&%&?%@
{90) ar i i G ReNNa) qvi de a
Gap (& THESapeReREs e shiliorbBhiont i SPMARERY o hafalthith bt bRERY | C

pi vot al firsbarehneenéndodurtehepdtby betweem a pair 49eledtpipalrsapply laes ¢R &) wadhd suppbai m 48
wherein the second pro>iim'ty sensor el enent conprises sajd pair of )

el ect r otBSIRBIaaHCl e 1Fr miaaps f5-AoRneclatie. 4y 13fe &0 BYWEHWPPR\/Brans opfrablsgn
(116). é@ritﬁﬂeﬂﬁ{d?reﬁénfdd]@i med in any one of clains 43 to 49 wherein the

| ever means conprises an el ongate |ever body ( 116) and two connection arns
( 118n, 118y wriexinede hexgerqBoyir, dby73)rppowitidteon thede vy @atbang inlthé firarugehther
side thereof, which connect the | ever body to the support 25 structure (
117) arRfitief i ne the axis (P) about which the | ever body pivots in use,

wher ei n sai i - f setef : I r body, and
V\/nere: n th;d%%ﬁg/?vﬁgg)%lP:S%%?ZZ? 8512é%&c?e@%git??%(r@%gﬂ%&xe&ég) of %/he | ever
means are dispadetbderheapRp(ds), 46, 38, 36583 providedacri the (&)er ateans imtkasedohé ends of

the | ever body ( 116). 30 51. Apparatus as clainmed in claimb50 wherein said
part ( dymntpgh;asd) of the lever neans is offset further fromsaid axis (P)
t han;4 he sengj i I 0213 / 0 S, = ¥ rat us
as cﬁai med Pc?]écgl?pgﬁ%ﬂg%ng;@%q gls?ﬁ\@f %bérgg’ﬁﬁ:’ Bﬁirgh Eg}‘\/%af J’E%daf aglg?répr&ll IQQ@%?V\D

| at er al duyretli Bpwse thel veitennodd sager (vidlth8 dirst Lhibit, pach fni wss twhehi thgparvgerdappliyon
(120) interconnecting the |leg portions ( 119a, 119b) at or near one end of
t he | eviBgansawigperated gythe sead |0d@acond bri dgi ng portion ( 121 )

i nterconnecting the leg portions ( 119a, 5 119b) at or near the other end
of the lever body ( 116); the sensing tip ( 122) is provided on the first
bridgi ngy porAired/writt2Qhipoaatt dslttimed dnelaibt 1 ddieftdn fierdecowptnkdidane 038 | Ses
said part (125 the | ever neans. 53 aratus as clained in

.90, 93 f . al US,
o P 28 BB i Adh Gn 20Tt [T sgtrogBed #ediGonaldp Sitibit Guresat HOBLIPY et
th i i t+ . . t.i th
Path | SedBNER il PG ARNBE 08y AT ekl PR i B8 SREOBBE! (e

| eg portions 1 connection arns and secon ridgi ng
por ti orsupplydieans ivdptrdte@inshe avrtle hidddgi ng portion ( 121 ).

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).



54. Apparatus as clainmed in claim53 including neans for inhibiting flow of
current 15 between the connection arns ( 118a, 118b) via the first bridging
portion fydeéf4sp5. An atom c force m croscope conpri si NgpCEEMAINIEES
apparatus (115) as clainmed in any one_gf_clainms 43 to 54; a sanple support
{ 15) for supporting a sanple ( 14) in a position to be scanned by the 20
sensing tip ( 122); neans ( 16) for effecting relative novenent of the
sanpl e SuppoAtre4d/dhje cmdpmnsasr@axﬁreﬁaﬁ alaits 4(vitHendin fties read-amoderigatef (Iha6panpl e
122); and neans for detecting variations in said
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10 extending outwardly from the lever body (66, 82) on either side thereof, connecting the lever
body to the support structure (67, 81) and defining a pivot axis (P), offset from the ends of the
lever body (66, 82), about which the lever body pivots in use, and wherein the write-mode
heater (73) and read-mode heater (75, 82) are disposed on opposite sides of the pivot axis (P)
at or near the ends of the lever body.

15
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 Dbridging 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.
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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.
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(C) which is common to all components in the same column of the array (22).
10
20. A data storage device (20) comprising:
a data storage medium (21);
read/write apparatus as claimed in claim 19, the apparatus being positionable relative
to a surface of the data storage medium (21) such that the read/write tip of each.component in
15 the array (22) is biased against the surface; and
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.  Aread/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
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, 1 9105/ &1 {8) oH}?e/f%vs(r) melz'a%)g, {g‘e gach that, by application of a first signal pulse (Sw) via the supply

lines (R, C) in use, the write-mode heater (105) is heatable to a writing temperature Tw while

the read-mode sensor (107) remains at a temperature less than Tw, and by application of a

second signal pulse (Sg), which is of smaller amplitude and longer duration than the first

signal pulse (Sw), via the supply lines (R, C) in use, the read-mode sensor (107) is heatable to

10 areading temperature Tg < Tw while the write-mode heater (105) remains at a temperature

less than Tw.

22. A read/write component (100) as claimed in claim 21 wherein the write-mode heater
(105) is smaller than the read-mode sensor (107), wherein the regions (108, 109) of the lever
15 means adjacent the write-mode heater (105) provide for a relatively high rate of heat loss from
the write-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

Sensor 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.  Aread/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).
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5 read-mode sensor comprises a thermal-resistive element which is sufficiently close to the
write-mode heater (105) that heat loss from the write-mode heater during application of the
second signal pulse (Sg) in use causes heating of the read-mode sensor (107) to the reading

temperature Tr.

10 27. A read/write component as claimed in any one of claims 21 to 26 wherein the
read-mode sensor (107) is located further from the axis (P) of said pivotal movement than the

write-mode heater (105).

28. A read/write component as claimed in any one of claims 21 to 27 wherein the support
15 structure extends at least partially around the lever means in a plane substantially parallel to
the axis (P) of pivotal movement thereof, and wherein the read-mode sensor extends over a
surface of the support structure around the lever means to provide a gap between the
read-mode sensor and said surface, such that the thickness of the gap varies with pivotal
movement of the lever means.
20
29. A read/write component as claimed in claim 28 wherein the lever means is shaped
such that the write-mode heater is offset further than the read-mode sensor, in the direction of

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

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

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

a data storage medium (21);
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thereof;
wherein said surface of the data storage medium (21) is such that, in use, on heating of
the write-mode heater (105) of a said component to Tw, heat transfer from the write-mode
10 heater (105) causes local melting of the surface allowing penetration of the read/write tip
(106) to form a pit, whereas, on heating of the read-mode sensor (107) of the component to

Tk, heat transfer from the read-mode sensor (107) is insufficient to melt the surface.

32. A read/write component (30, 45, 50, 65, 80) for a data storage device (20), the
15 read/write component comprising:
lever means (31, 51, 66, 82) and a support structure (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 supportt 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.



10< 10< 10<Y:10%& ()-8 10%& ()- 710%& ()-OdeEb@ 10 100 S

10% & ()-s!'10% & ()- 310% & ()- $L0% & ()-#10% & ()-Y "10% & ()-% dEb@ 10
100 $10%n% 623749PA & () - z#10% & () - 3L10% & () - #109% & () - 3BdDAoS/0G9s80* S
dEb@10 100 .10% & ()-& 10% & ()-1+10% & ()-)"10% & ()- (!'10% & ()-

Yy&FY 0% & ()- ?qdEb@ 10 100 810% & ()- 7YXO%U & ()-f510% & ()-3

104 & ()-2"10% & ()-s0- 10% & ()-6~_@ 10

100S#1034.&' (A- mﬁdl@%t&cﬁ)]pm&#ﬂ.ﬂ%l&h(e)i-m cladit BA%tiefdin one HOheXirt and second

10CRL# IO SERBIENS Compyis@manofisopiacsleasipn {25, SAh)cooh eomppoiefsg e

QoL ‘ g%esé&(ggg gﬁ% o?%aﬁ& ngﬁ}ﬁg hés Q%gﬁ{%o(g}% é?éc%d/‘cﬁg%%to@baﬁi the other of the

first and second proximity sensor elements comprises a bridging contact (93), and wherein the
5 lever means is pivotable between a position in which the bridging contact (93) connects the
pair of contact electrodes (92a, 92b) and a position in which the bridging contact (93) is

disconnected from the contact electrodes (92a, 92b).

34.  Aread/write component as claimed in claim 32 wherein one of the first and second

10 proximity sensor elements comprises a pair of electrodes (91a, 91b) each connected to a
respective one of said supply lines (R, C) via the second current path, and the other of the first
and second proximity sensor elements comprises a facing electrode (90) arranged opposite the
pair of electrodes (91a, 91b) to provide a gap therebetween, wherein the thickness of the gap
varies with pivotal movement of the lever means.

15
35. A read/write component as claimed in claim 33 or 34 wherein the second proximity
sensor element comprises said pair of electrodes (91a, 91b, 92a, 92b) whereby the second

current path is provided by the lever means.

20 36. A read/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 (38a,
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.
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opposite sides of the axis (P) at or near the ends of the lever body.

39. A read/write component as claimed in claim 38 wherein the second proximity sensor

10 element (90, 93) is offset further from said axis (P) than the write-mode heater (73).

40. A read/write component as claimed in claim 38 or claim 39 wherein:
the lever body comprises two laterally disposed leg portions (70a, 70b), a first bridging
portion (71) interconnecting the leg portions at or near one end of the lever body, and a second
15 bridging portion (72) interconnecting the leg portions at or near the other end of the lever
body;
the first bridging portion (71) comprises the write-mode heater (73) and the second
bridging portion (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);



11 "910% & ()-Y10% & ()-910% & ()- 10#10#10# P . 940%t& ()-'P .

98.0% (& ()-12v223033dEVVB 1! "991 10% & ()- $10% & ()- 10% & ()-F

10% & () Wi 9987484 ) - 310% & () - 33- 444D55dEvV8 1! PCT/IB01/01688

"9310% & () - "10% & () - FS#10% & ()- @" 1994 & ()- & 10% & ()- 10% & () - 556k669%4'7
dEVV8 1! "9$! 1094 & ()-,# 10% & ()-!"10% & ()-- 10% & ()-FIL0% & ()-

1094 & ()-778 8e888dEvWB 1! "9

10% & () -- 1&‘%(@/&/r(t¢ appak g &2 as Mhﬁﬁ((d&n(c)lmfrﬂ.ﬂ‘l/ﬂ& dpparatus being positionable
f&310%{&' )-879997:::::dYNC 1! " 10(_.1
7YYA.0% @laél)ve e wﬁw of thexdata gteragy nzednmﬁlw 'sugh that theggag/yite tipef eagh—( 27 <yNC

1! #1ow%m£ip@w AR hpdin S e QNG o~ $& %0%& ()-!!'& %d0% K

K&

é 'G\&C I1 g;/«g 5 ) ;iawa;cm@pl@)méa{hatm MB615 8 oplrab O vinite QP& feQd. A%EE (O appiyV BSBB
.1036@0&@9@%@@@@9@6@%?1mmofiqach9mmr(t) 3.5$10%&' ()--"10%& ()-| CICkCD2

SE EESL!;: X?é) 12 % (S%C( ur@%géﬁfﬁfg &%é%%é&?ﬂ&% Eﬁ_lch that, in use, heat transfer

10@#- 10fo the windd-#ibag8atey oﬁﬂ;ﬁﬂﬁ:ﬁtlc(n) of! alWiikeSmbde Stk adrbsiMt 108 Rlihgs G=HHHJ
| gl | dE7/_10@#l +- #10% & () - (10% & g)- f& $10% & ()-$
10% & (R, Defopid c(o;npqnmmwepe@§oqa peltiagi khaguciaee allawing pepetration of the

7910% & & () - 2S10% & 03" 10% &
#1oo/§ 85‘“’%‘%5'3%% % g"%") ka« (LLLLM s4/ Q?LO (1230/4 & ()- 10% & ()-Y
T 10%@ () - & 10% &' () - 'L' 1 109% (& ()-!L'110% (& ()- 10(M MVNON3NNAE4/ 10

10F"10% & ()-3109% & ()-SF 10% & ()-!'10% & ()-"10% & ()-L
10% & (43.NNSSxdsh{gRppayatusd ! 1) fbl]_@lQ/Q. inig force microscope, the apparatus comprising:

1090 & () - 390 Sedbs (18 M achipSort EFar A1 FHORE Fovled bl tRRR R SREeted to
the support structure for substantially pivotal movement and the support structure (117)
extending at least partially around the lever means (116) in a plane substantially parallel to the

15 axis (P) of said pivotal movement; and
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.
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respective one of said terminals in use, and the other of the first and second proximity sensor
elements comprises a facing electrode (90) arranged opposite the pair of electrodes (91a, 91b)

15 to provide a gap (G) therebetween, whereby the thickness of the gap varies with the pivotal

movement of the lever means.

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).
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52.  Apparatus as claimed in claim 50 or claim 51 wherein:

the lever body comprises two laterally disposed leg portions (119a, 119b), a first
bridging portion (120) interconnecting the leg portions (119a, 119b) at or near one end of the
lever body (116), and a second bridging portion (121) interconnecting the leg portions (119a,
119b) at or near the other end of the lever body (116);

the sensing tip (122) is provided on the first bridging portion (120); and

the second bridging portion (121) comprises said part (125, 90, 93) of the lever means.

53. Apparatus as claimed in claim 52 when dependent on claim 45 or claim 49, wherein
said current path is defined by the connection arms (118a, 118b), the sections of the leg
portions (119a, 119b) between the connection arms and second bridging portion (121), and the

second bridging portion (121).

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

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
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.



