4
, e3e~L|, 6*T~\ mw \W‘M\STORAGE DI SK COVPRI S| NG DEPRESSI ONS AND/ OR RAI SED
FEATURES Fi el d”of the Jnvention The present invention relates generally to
storage nedia and re particularly to storage nedia that utilizes
depressions and/or raised features. s Background Data storage cﬁga[}@q'am@g
storage nedia requires position sensing information to be included on a
part of the media surface so that a data can be accurately accessed using
the nedia Prior art devices have traditionally used different nmethods to
encode and store this position sensing information. 1 o Traditional

W nchester magnetic storage systens use magnetic signal's recorded in the
thin film nmedi i , (| i Laf i on
o typical Iy r STOMGRGERISK COMRRNEDErRESSIBRY AyPlR FERIS TR FEATVIEES
surface in a Fieldedsh&Inyemtiaas servo witing. The position sensing
information is recqrded on .1 he.rredeilq b% an le,xt ernal servo witer to provide
track identificatidmeARAcHJBYPHORTCIRRT BRCTLY 1h Strage @edip P goreRariguiarivig
and readi ng prssggesmédia macutiiatedaprassisnd andror aaifddyfesigrehlead during these

oper ati ons. TyBi gallé the data is arranged in a concentric series of

tracks. each t L ng made up of a nunber of sectors, which each in turn

contain mul tiple bifasa Qbrapé BéiﬁYot%@sto@ﬁ@ﬁﬁdkh@q&ﬂ§%&ii%h Sémiml NAformation to
information is recorded on each recording surface of the storage nedi a one

di sk at a timee iedhedetliope RABAQSthegpeqid srEaTppRthe! # Aata sat boacmuralsingeqssse esisg 20
increases as (hemtahapri e ice§ h&ves&amoﬁiﬂgg&% dRfY o &éﬁl&%s;@%‘ggﬁgh%&?he

optical data storage systens using optica I sks, for exanple,
li ke, diffractthiopositidrosensing ivforotatiaf.ned from i ght reflected from di sks may

be used to, provide . ki I i.nf jon. In other .optlcal ta
Storage syStems enfoutifP ShAR-EERALIde s TRMeRY ust Tl SPYL Bordd
i nformati on neyhke vin fdmnmedia ngrfaget foc ahis Iputposg r djhki possipat ensing Anfomdties iof

pits may forned .anld recﬁl i{gt, ghdc %nt 0 surface of. adrret al, nol d. Numer ous
plastic di sks W JENPS & T5TE FPePRiED G VHITIHRP Het SPGB P Bpeess
i nj ecti on nol dinbgn ps acaseatng. SThegwsitoe semingi infrnapeyndt raedrded ohakd madid by an
| ow-cost, the conplete servo information.is.provided on.the entire disk
surface with teﬁiegﬁ‘s NEN P& B'r°35g§ %C&fﬂ&’i‘ﬁ@%fl P’i‘cﬁ§°%'f‘°'§owﬁlﬁgi‘?/i“@fﬂa‘l‘sed
sector i nf@r maukiag tRMwiitiey sHdSisadifg) PRRES a6 YecuratelY poSition @ fyidg B&A2durig IHGR

optical systens the pits are ically required to have very tight
di mensi onal t(?Pé'ra‘a\?f@eshWa&‘érL%Bmada BREC8I ) & FPNCRNE SF%?Seﬂ%Hﬂ‘késﬁth RERCk

exanpl e, the deRlfn dphE aRiulnbe SHIL@rsDOhRARLEDI B8 doRiatn SRAGHIE bEs Sr@kdd on
of the wavel ength of |ight used, for exanple) 114 wavel ength _of 650 nm

light. The obd$@yStncsdps/pesiiagiansingsinfmaten 1syeewededroncerly eecpring fusfaehekthe hat

occurs bet weendri@hhedi£bnehitiesl atithe. thetime tequire®1d Malpl GO ANORSvo whillnd HRcs
depth result in changes in the magnitude of the reflected optical signal.

Si nce i nt ePf eriedTedses & ol PUmBREI0E Aktk e SErs andjiiealy inerogRes i cant | ater al
changes in the sizg, eﬁuctah@q@aextaﬁ@@ﬁz&%_ttﬁﬁxgt&acﬁ%@@%; eI p1& TS SardChe like,
effectively overlap, reducing the magnitude and distorting the shape of the
servo signal . diffasjonsiéurmatien psrined freorichiraflsated from disks piay detused tmpravidet o -

reduce the a i : ted signal. Al so, the presence of pits
gg{'ljéc %&?ﬁg%&nsﬁxﬁ@ﬂftﬁ%ﬁ% g p p

can act tor no ness of the disk and thus can cause head
flyability probl emdn piher optical data storage systems embossing processes may be used. Here the

25 servo sector information maybe written using optical lithographic systems. A series of
pits may formed and replicated onto a surface of a metal mold. Numerous plastic disks
with accurate copies of this pattern may be produced by injection molding processes.
Since the molding operation is fast and low-cost, the complete servo information is
provided on the entire disk surface with this inexpensive process, making writing of

30 individual sector information on the disk unnecessary.
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heads that are intended to fly near the surface of the nedia surface.
Magneti c and optical technol ogi es can be conbi ned whereby the optics are
used to transmt light to provide thernmally assisted recordi ng and readi ng
of data on a storage ~ 5 disk. in this type of nagnetic-opti caIO Qy@@"hmgz
may al so be provided for servo tracking in the manner described above.
However, the application of the tight to the storage di sk can cause
undesired heating effects in the storage disk. Wat is needed, therefore,
is a nethod and apparatus that acts to reduce the undesired effects of pits
and heating in a magnetic-storage drive of the prior art. 0O00ocT
zooz Sunmmary of the Invention The present invention provides for the
enhancenent Iofsucheomicalr ageercapbeifiy ot @pitallp dysieddio HeveMvedyetigiaduci ng
optical ,.path optics, electronics and/or the.mass and conpl exity of

P o, AiBa ol tcsS i BT Ao BIEDO, hOF i wed g FT RXABRIS 180 by s

opt i caldepihedfedit pits @hduedd be conréliedatodabpeclicSkadiidd drQhdQatelédpeh datightdi sk
during witing and readi ng of d é@ agd i nductive and magnetic el ements for
act ual YsFd- £Rr kB, 1 S RYS .”g‘f'rféra a0 Helyr olgie apeskednaggvoi Nl HeCaBAT essi ons
and/sor Hg@e&ﬁﬁti@@ﬁt&fe@&rce‘(ﬂt 6BcuiBetRBer light BEhRRALH hPFitd, SO@dt dMahgbsvar i ous,
materials. In this way, a snmooth surface is provided for the read/wite
head t Hathe pit deptbagsuling sbanegs Haihstaignitudg of hefreflacted apipalisigneh Sinsevery cl ose
to the; ' r Q¥ 8i g tion of
cont am e erients ST e L QY S TR, SRR ZSEBP L Do rde
to be rspftcaptcavse tbeedjatennpit gdgespoiefattivelygoedrlap akdwirtgettie imagnittdesandepr essi ons

and/ or gaised. featu . provided wi t . | ar.ger, ampl.itude. .The
reflectdllsgonr%% ﬂfch%aﬁ g’ﬁ?‘gg \!F:}(‘)'?n%f 3&%@% i‘CaPmﬁéai‘anPg?“f‘?fFf‘F%‘a 1 pdtépr essi on
andibor cambaad réduat teantpliyudesfuiserbflitaed sigailorAlio] et grédeaidt dfpitsicamaand track
foll ow n%.‘ Addj ti onaH‘%, %ggc ?.egr eﬁsLons and/ OF‘ raéseq_ featyres_my be nmade
to pred®ntduge the Foeqtiness g 1§82nf U5 AR orAsOAeAd Hxebilive PRI f%f "t he data
di sk athexdiitkdt atdR}enaéErodiysieas 8@ sufaieoe tHeantdiy surfade frequency content and/ or
anplitude variations of the reflected optical signal nmay be m nim zed over

a radi us of Mageeuapnd epticpl tephpolegles ran e fombinsdivhestpy thaptipsiase 4dr age di sk
may fund beksnGO NPk 18 ProvideatherdlalldQsGted RRbRY; d%adﬁ?%@ﬁdaﬁa SPR3RFhgkN- bet ween
data tracks conprising the data storage di sk. The channels and/or nmesas may
be 'dsedisko Ip Hiy e PimagnshiaopPtical dYHem @Bt makalse he prayided forasstwy tfckinBe | i ght
applie Al C 3 : L that arc
used tgn g@o&i}ﬁggj%&éﬁgﬁgoi ﬁe g;‘{égér{ Frhggﬁglt%ggn githggl:%?‘l ﬁgg@%tgmgg glr%gss track

di r ect icomcansel undasirerbloratiog affecs indbeftaraet giskmat ch a preferred rectangul ar or
square geo o t d i n ni. Ly bg i ncreased.
The channem&fndf g{égdrfcg’sg{se@ang? ggga%éé(tg&ggn?iuﬁg%x\smﬁ?aﬁ%ggﬁ :%I {"g%/cerrglte erial. The

i nvent iupdesimd effess ofi pits ahd heaitngdn a gfagaetivetorage gravetod the pfordapr essi ons or

raised ' features and the subsequent transfer of that pattern to a disk
substrate. On top of that substrate, at |east one sacrificial layer is .
provided atop a relatively hard layer. By 30 sacrificial layer it is nmeant (&
that the layer is relatively easy to etch or otherwi se renove in 3 090 .
C T 2002 a controlled, planar step. By a hard layer, it is meant that the

| ayer is relatively polish or etch resistant. A data storage |ayer may

serve as this hard | ayer.
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For exanple, in a magneto optical design, the recording stack may be
provided with both silicon nitride and silicon dioxide top |ayers, wth the
silicon dioxide |layer 5 acting as a sacrificial layer to ensure 2? ﬁg _
hard | ayer, of silicon nitride, remains at the end of the proceg 136 %002
further alternative, a layer of alum numor alum num alloy may be

deposited, with the alum num plugs filling the depressions or raised
features (created by the enbossed servo information) to a | evel higher than
any of the adjacent |ayers of silicon dioxide, silicon nitride, or simlar
that dielectric layer. Since the 10 polishing rate of the alum num can be
far faster thagsumidralfthéBneitibgon di oxi de, then the al um num can be

etched or otherw se_renoved down to a&JéeveI equal to or sli g{htly bel ow a

pl anar surface wit hTRASSSFIIBYRTUAR HAVIRES 106 i cobiacement of IeTIRETRAPRE e a

al lowing for squp SoRldrivkav@le RIduBME ophedll Sdith Mricsl kS rohid® a8/ RNMALS L fle
| ayer is preferablé protected; the silicon dioxide l'ayer partially remains
and is parti al cgmplerity ofi:asgagiptadneead/svrine Bapdsumlhe tspsterminitidizes Helti ransmitted i t s
rises only to . ' ot e - : t he
SiTicon di ofi dg’."l‘%ytg%?ﬁg?is%g%ﬁ*éég ook i }ré’a@ééb{eﬂeﬁiaé%&?lﬁagﬁigﬁﬁnﬁﬁ”ﬁ o
process as | ongeadga dapppardgndustize ars magrictic elesanrs fr aptuabesting andaeadlingabl e
with sufficient sel AR LS, I t he al ym num,f.unctions.as a
sacrificial |ayer; ? ﬁéedés/tla Isl}sagr?rhtl)%cﬂfgg}'s?’é@’g?gg@'ﬁsséw 33&%@1’5{/& £eeat"{78esd Wg’schafn?‘?ar d
| ayer, and it ibs filedoaredornpolishal ewdhyvarions amataddler riatthisewenbodimo@nt surfabe is

silicon dioxide |ayer. could be.omitted,. wwth the silicon nitrigde |ayer..now
bei ng the har d PIAHER ORGF rEgnvaR Rt R nathee s R A ok Ding Ry
depr essi ongoor vedi ek dbent WagsdisByurfie! B groMdidp @ sRRBTRGREE | RcufRdlShorabf
such as al um num gl ass or BOlé/ r, sugh, as polée?m de, or, a magnetic
mat erial of hi GERMEANE JURY ©25 ‘g’gf‘h@éﬁl”[“?’laﬁd- c¢ &ilgr mypterigh may, Eéﬁ‘l‘qepiol bey
and pol i shed spORtfive sidk fhat bh bptidt QbhA refRARE TrdnS 112 YeSiet$hsARd/oh i 28 Fd aburd
its renovable selectivity relative to the basic hard material of the
magneti ¢ recor @imbe aroyidedith plaseramplivdent Thnreflagiicacfphe dightafrem dhagategisk k,
the storage di %L%d%ﬂﬁmné'tﬂtgd@pr&%ﬁtaﬂ%ﬁraisteﬁ‘??a?&}b%am}ee\ﬁ%’E@?rsleébﬂﬂeﬂ%ﬁcgﬁon
30 th ace and the bo r

surface and a bottom surface, 30 the top surf _ ttom surface
defined by !f ai seditreakrfoHewingoddsipsalin dhedinpressigrscand(or faised fpuunes max be rmade to
rai sed surface [ , . I.al r t.iQns
of the bot t om By adtfiedive ol s B ARG NG PRWLAIEE AU LIZRFRRY Y
paral | el opposhte dispased. edonseqaentlys the HehegeyCoona0Gad/de pmptitide vauatioag ®f the
POt onS 91 SPORSHASLARERLha PhARSS el R15L PG JOERE () St Tmterial
bott om surface, thelhdtet prrsesitinfventonnfthe ldetaastodagadiskanay Ifagter edmprisess set of
mat eri al di,sposed abqv i surf tions_ and. abqyve .the depressed
surface por2§ i oﬁ@‘fnng}rslgn@ﬁ;en}%(s)%ads'%?gegclg bgwet%ﬁggtétdafq sa%qtmpéﬁ‘len%ﬁtég/garme opﬁ?&sﬁ.
mat eri al di spoTae channelst amidorainesae mdyebe asedew thenniadlg echpnie] iaod sliracickhabioareat he

mater: o conpr FORIyoLe SERarpsE b he dad B8Rt e Fusbe of R YPGBt

of the | ayeredagasedt sivreaiaiaallongi thpdae dackiovay Helvanfingd i8wrdrass erack ditdedombnd

| east one Iayereg first material, and above_.th de?@sed surfacengortiqu",
e

and the top sudfired 1 MOFf 2pSAlFly ateh Bnpreferied rrgipnguiar) org IR B SRy e

rai sed- sur ace sRedgki RAsiaad 8NRVAaf BensdQRAES $e dndelstdC ThR RhidrRRSAndAR tndas
| ayered third material, the |la erte{iﬁrthl rd material conprising a top surface
and a bot t om s¥dealsobsdillsditd Llisr matesiabs the |ayered third naterial

di sposed above the trgpisuhfi@rRcRibied e fdrmuBELET §BRABHPIREEST RpredfithsahFYRed he
depressed surface portions) and the top surface of t%e | ayered third

mat eri al di spodeatres and the\supsegpent f@angfepofsihiat patermoo 2 Hisksubstiatey cPe dops ef Bt
material. The layered thifkd APtekinRlal TBYr GOPRIMAER Rof el MalBY SlakfldyeR By

30  sacrificial layer it is meant that the layer is relatively easy to etch or otherwise remove in

v



polymer material) or transparent material. In the present invention the
.storage disk preferably conprises a topnost surface and a bottom nost
surface, wherein the topnost surface and bottom nost surface a
substantially flat over their entire surfaces. The at | east onQ%BAJBﬂéQUUZ
first material may conprise a storage |layer and a readout |ayer. The at 7?0
| east one layered first nmaterial nay conprise a nagnetic nmaterial. The

rai sed surface portions and the depressed surface portions nmay conprise a

Servo patt gddnediftd, plediragg. By $ HhafiFiyes, AR et that/@hd 1B ig igladibelgl pbitsht r acks,
wherein the raised features conpri se nesas or. channels, and wherein the

mesas or cleaRishiesisiang 6id§§§émel5§ﬁ@é¥lsqwsﬁlﬁﬁlh&‘ldil%)_?"-data tracks. ?5 The
present inventi gg GBYofOTHY mignetd ¢ '?Kl JeEifY, She rebWrliiHg b1k Maglbshrosidest r at e.
the dish substrate cor?pr] sing a surface, the surface_conprising raised

f eat ures arwdthoheph siiewchitrida aud silicontdiexidetop tayers cwuithythe silisemioxide layen t opnost
| evel ; and a.filler npatar] i fi] : ! i l.§posed in

t he depgessaé'anq‘ aésaa&s&?ﬁg@cuﬁéi}gl' Peeve E?&B%l%g%tdilylek’??glggéaﬁl?-glleiljﬁ%afﬁg%ﬁost | evel
of the rai shdeddadther@scesdiea firgikr altemativernyayeuof dieninvmmpalusenum gher ce of 30

i ght, wherein the Light..i I rected al n.,optical pa en the
source and Wg’ecdgg?f1t§gﬁ'§‘fq't§? glluﬁ‘ﬂ’é‘ﬂgl%s @Pﬁ%ﬁ‘?é}ﬁﬁeﬂ?n&o P 1£a§]sgd F‘isg fromthe
substrate. (Jfegred B%Nh &edm@a@heﬂeaf@mdah afbion) tc]cr?le@emgi;ezﬂﬁaaﬁ;eaﬁme adjacemy conpri ﬁe
a servo pattern, wherein the light is reflecte romthe_seryo pattern. The
di sk drive lwysqfaﬂfﬁeéfoé@ﬁpvli@énané%afﬁﬁi@a{@9‘&?‘*1 Yo SRER B 11 ght

wher ei ot hepoligrﬂﬁg rateSofthd AGhBAmAaRBE fift Bastip taf Mat BANB sii6s\E@EXIdE, iens OUr ce and
the di sk substrate to heat the storage layer. 5 The present invention may
conpri se a the dnmiyamiasibe eiched erdithrgwise sranved doyen tozt lavel eqnal i anslighthyst r at e
conpr [ S N 31634 DGR sultl vt hEARcA LRI Wil b Blcdh Alddde 1er RS €L Ures.
the servo features conprising a dinension that 1s proporticonal to a radius
of the di skosuostsmatldeat ofdviecpolishing SBhuy,chd sbcanmasidatayenis ppdsady A net hod of

utilizing a _staorage disk substrate t.hat conprises rajsed and essed

f eat ur es, @5?1‘5?‘?@%95?*%8 déotxé%éa)gf P“ﬁgl& PAG g%f‘ﬁ pgﬁ%@’f FAce e?’oaggg{ﬁpri se

rai sed 13nd aligpinessedalfvtadhiic 645 thdfofidsionly taaldével fibstamialy eqlal theaeryan et ch
stop surfa;,je to a deptgfs ffi %i ent such that said depressed features are
rolled to drhBpghifecepitieicondiatidequal or above said etch stop surface; and
differentially rapmatgfiBaimhiédald Biy BERIsed in?d sidlarlictlessSRi16hg dslaher materi al
over said etch stop surface is removed with |ittle or no renoval of said
etch stop S@poatae seleqtiye ranenal procaspismaxpitabls with suftigient seleqtivifr.dn dgdrpri si ng
said filler Ler Hgﬁgm;" . . 1 Jray further

i ncl ude thec "%?'té%’ ﬂc}?h eposl ﬁnﬁt@ﬁ%ﬁgggércﬁp f%ﬂgil&ftgflé%pé:@nvgea?ktgglse_t ch stop

sur f ace0ancefisetivehxsemied @8 2 barddayenand itliy removed meteslowly fr pn alsgsertivRer ei n t he

et ehi ng St CRRUARRAM Glidot dRhxEldI8y ek DAnd bé dfed Wt HE sBEG difrlaehler | aver to

| eave a substantially planar "o surface conprising The etch st p surface
and the fi |Howrbeingthe Kad laygh Eortoniversiony magpesic reevydiog isks, the deptesdons nitri de
and wher ei crificial ¢ [ i_licon dioxi T resent
vent on A TaRE gl B ol Gl £ BRI BB, Bl OGS el B TRC™

di sk subst reapelymernpuslsisipglyamsde; draecmagretie materiflad dighengriowerng rai sed features

and depy.essed features,. the raised.featyres conprisin topnost | evel; and
di sk suBst rpzif“éealgg%lc??‘ré“’%' %é‘ésﬁgpt‘f%blfty F’é‘t%‘ﬁﬁsh"dl ﬁ%@ﬁ’dgb‘g’e@%@a et ures to a

| evel substaggihiifdeldtted@rahe BaRisdf tORMITAbIE SARNIvIH roldi9e (s Bskid mag ures. O her
features and advantages of the present invention wilt become apparent to

person of dRatralaf the Magpengrecopdipe diskidi es the fol | owi ng i nvention

di scl osur e. The TiE pRagH: irveX@dH A conpriddh stfgh ik iffabQed fig specific
enbodi ments disclosed in this application or 30 any equival ent thereof, as
t he i nvent i°OMpPrising g sehsipiscthe sybsiyatp eorprising atop myrfase and mbotiear supftgs) known and

unknowypat wdop sRfdce afld Be bbottd sulface defined by raised surface portions and
depressed surface portions, the raised surface portions of the top surface and the

raised surface portions of the bottom surface disposed along planes that are
substantially in parallel opposition to each, and



0 ~0¢cc T 200z Brief Description ()f the Drawings In Figure |, basic
.l ements of a data storage systemare seen; In Figure 2a, a disk of the
present invention is seen in detail; In Figure ?b, a typical servo sector

is seen; In Figure 3c, views of storage and readout |ayers of ypgv@ m
invention are seen; In Figure 3, a diagramshowi ng a representat? tggt'
path is seen; In Figures 4a-n, various views a head of the present
invention are seen; In Figure 5 view s of storage and readout |ayers of the
present invention are seen. In Figures 6a-d. steps for the formation of a
servo pattern is seen; to In Figure 7a-b signals derived froma servo
pattern is seehprelssudFSLgfaFe reaiong disposadr Aetweonnipr ipgdneg  atalesetd oandaykeqr dssed
features is seen [ e | ati ons of .heat dlff ion ulting
from applicati one" n‘gg ag {agl(s)?%bra iargdzlrﬁ{:gggg&n%”{ap CMREY PR 2SR s‘fena"ar 3 Bottom
channel s and chefaretts lmtzensmeface dfthEiagleag onBaayred ﬁfsﬂ&iate@rlal dFSpasedlaskve the
conprising nesas and.raised fe pqli)res is, seen; and 15 In Flgr?cﬁres

represent at i of&SEt SWRRHRPTEPLT M APSYY fhs Hepryssgd (§P gce greraR égrf%ﬁd’fno

NMesas i S SeN.the at 1éhsOor? 16y efePfPmBleti &lidispdseds exted hWeTﬁ@raW&&%@ﬂﬁcelpﬁﬁﬁﬂE' on
provi des for the enhancerrent of é’ge stoorage capacity of a data disk drive

whi | e reduci ngneapeedhe gerresserpiurtase pattiens adryesed sasandmatenal: thg laysrsd second

conpl exi ty of rﬁa'i&%t&ﬁ&@snﬁﬁ@d/p\%ifs& @8 ®Seont faerf&séSIh% rB'oHSh'sh?f@&: e zsmayered
transmtted by optical elenents to servo track a data disk and to heat the

data di sk dur ﬁr@nwmamrr?d; disnerce @hevenige ¢ap walee ot At hepsiceneviey ermdl finy graseriab
el ements for %§§ %!nev\fﬂeta&?esé’éads&ﬁ@éi \Aﬁ'%é Qﬁa@g& f%?ékf?{fa}gan Gt klali@ %%h&'de

depre55| ons an ral sed features
with variogs mutteraﬂ dlisposednatioe shma]sedesusfmopdmxsm faad:ebmse the cpnpmssdedxrfaoc

the read/wite atn?az{ abred r(aq'xdﬂ?rgr}l Qﬁ‘é% ergmlﬁfrB r\}alﬂ d;owgns{né aqgg gurface

condition ver;?oclogs he d 'sur
surface. accumul abbwemalirfaenthabbuansafarayf the laeatichitd eratdial mspaiceldboﬁl'elwg
filler material ma

e tqg be reflective ,such that an |cal
et | ect ed fr o EGRRF BEIHSITS AipaR Grars efatod o Sresirh SBIF Boried 3 «
a larger anpl uwﬁlp sur'fm dfehd Reércd thi@f mitbigal ldi@bted &Mt MR i sakfade 6ft|:l§ed
for felli ng the d %}sion an]d\/xﬁr ra|§ ﬁ f eat ug % be used for, sect
i denti ficafi of®4 mEsFIRloiR QY SRATT T SIRAFTA), MPh TR & S SR of
rai sed featur @glymRy rl%iexﬁﬁider trénsparefieihteall efd @t \Aﬁké@erﬁrlﬁﬁerﬁllaﬂtthh Sstorage disk
proportional to the radius of the data di sk at i ch tgﬁqe are di sposed.

a

Consequent | y, Pri{erably SqmeHes 'ORTEH Sutirg 28 2 doprm uey sy pihgEsen Bie toppost

reflected optisg@hceSndNhom@YbsDurfatN ¥l 8HardMAY fFar loREH Weir it Qurblaba The K-
20 In the present inventign) the data storage disk may further conprise a

set of channelleaseeng/iayershint maiegplgaaycomrise RBRACBY S andaciead s hdyer shhé@! t he

data storage @éékonyna}aedqmmﬁkﬁaxaﬁg/ &fmﬁfﬁ%%sm'ﬂ?%ul@emb&%ﬁﬂ trPe trRSLd Rl baYe
channel and direct thé thernal fects of the ht applied to the data

di sk such t hatrottieas §h<hﬁ‘t§ dypreaseééUémomqﬁ\amey &tqﬁrmnsaraesemt&em sTht storeat a
al ong the dat ;4rReks la%m;an; opgsla i beeid, £hOS th %{%d%m&%'c% AROmEsls

defined to nore accurate y match”a preferred rectangul ar or squa e geonetry
The storage denshanpelgnendSiierainihemasss goekanngls see disposed beveeTike plzatifiefiasa

and/ or nesas tracks.

25 The present invention may comprise a disk drive, including a disk substrate. the
disk substrate comprising a surface, the surface comprising raised features and depressed
features, the raised features comprising a topmost level; and a filler material, wherein the
filler material is disposed in the depressed features to a level substantially equal to the
topmost level of the raised features. The disk drive may further comprisc a source of

30 light. wherein the light is directed along an optical path between the source and the disk

substrate based on a reflection of the light from the substrate. The raised and depressed



rfay be also be filled with a filler material. This present invention is not
to be limted to the specific enbodi nents disclosed in this application or

" any equival ent thereof) as the invention, as described, my be ﬂs(fdoé i

any of a nunber ways, known and unknown at this period of tine.VUss %92602
T 20D2 Referring now to Figure 1, basic elenents of a data storage system

i ncorporated as part of the present invention are seen. Figure 1 shows a
storage system 100 conprising an actuator assenbly 120 which noves a flying
read/ wite head 106 for witing and reading of data to and froma plurality
of radially spaced apart concentric and 5 circul ar data tr:ﬁcks | 03 on at

| east one rotating data_storage,diwskreld the 166 rre @ tedofiomothFisgirPe ' 'a, a

di sk dEatutge MAYeS ‘?“Sienﬁléer{%? % cl?rg seen in fﬁﬁ her dPechai,l ure O{f MP{E pur poses

of des&qtggi NghAR; QDG mey tfurdfer ttemppse deHeraphiayAt Aeh 2 R par ic;t_J kar dat a
archit’ecture of the djsk 107 is d Li BSE- belW&nding ksod@# and the disk

ci r cuniierentthellight ¢ gl‘&‘é‘&ijlialﬁf‘%sag Ecr aPi ty “of uni f or y and to

circunferent] Yihe BRFRE Iagart wedge shaped servo sectors 212 extending
conti gﬂ‘g’ﬁtg“{?%/{c’gltftla war d 1?‘? om a center, a.sé elqf_,grdrigsQ,Qﬂ,gil—@@h Qtkgudbtedty tif  wedge.
shaped and Rpawestntipaentiogqpay CIHSF § 15 are’ i nter posed circunferentially
between and adj ace FiSi&j’g 283 ftHce theasurfaspemrhprisingoapluradity 8esetP ¥8LTGrs 212, The
dat a sdisk 805538 PRENY s a plurality of, dat aonti)'r;[afté HBLKSY of eHEPdisised of
magnet i1z @asBfeatrd&onnsinga SiMRHEIN BT FFPIRGr mafion on the disk |07.

The magnetic data, domai SlredBlekispaE. separated with a constant |inear
spaci n§ubsirag gt ‘Evh@hg’éetn%n{arfgc%rsc 153.. pa'i'he data tracks |0 edaaagdglp,@g@@j apart )
radi al [y W hhnanhoest willzigonseraat disk gibairatg 482 CPPRERS St ch g Refgrri ng now {
to Figures 1 through 4a-f : 1 QL AR/ NS tafprik railxel qdalspiassef nvent i on —
wi 11l ndwt\ueS-G@@E?‘?‘g%H‘.e SEP%B?&%‘ T rlough d4a-f are 8r 0\%\%‘% Lo, shew a
generale, 8 éy%k}éﬁti@aﬂﬂemmﬁhlmr an gichgtorsspsfaes o P OATER Conpr i ses

rents f

opti cal eﬁﬁ enmen or readin he, sef v $alld |as abeld sas ewpti cal )
i nduct itha,saidrd#prnﬁgﬁeleﬁe?tef"élaéegrghf smf%?1 y‘&?‘?ftﬁgﬁand%ggdi nogggg_t rﬁ%&?lii “IHS to and
i

fromt hﬁc&,da‘}, 8§e;1§,80&iﬁ‘e£ﬂ{6ally%memg said fileyumaterial soythpteil udes a set

of flyi eads 6 that arc 'S ad ' iResRbtopfsudauebl e si ded

di sks~ 16vr sd@hetchlssoprigripeedis rq_'B%"ef‘s“‘ﬁ%@?&ggsf’%ﬁ&’é‘gg&%ﬁrfacgop di sk 107.

The heads 106 ap %%‘%ﬁgﬁﬁat-@uﬁacéobmpyisiagtsaidt@iermi@ﬂ angh L 61 SPs errbl y 120
by & su¥p&hsi‘oh afd actuator arm 105 by which they are positioned °

over theayrfawe.faces of the disks 107. In operation, the disks 107 are rotated
by a spi ndl e ot of ¢ %@q&lmrmma@ﬁdepois'ﬁingfacspz,fefwééﬁtbﬁéeﬁft“hee f1ying
heads 106 anﬁ S REPOr ar | ng:. 30 disk ‘ 07. t‘é’hei l%g;_oﬁxq@{grgnﬁmaaﬁngmi ntain
each f yicpgobaasadmd iefae BeRashigedin Bt BAUEoVe the surface of each di sk
107. The lift farces arepopnesad by seetialal ayer wpposci a sbgantidyPlaL_ 7007
spring F@Péé@t@ﬁ‘ﬁg’fl €d by the suspenii ons, 1 30, rgfr-}ﬂlget&pgbppﬁg,aﬁ,hpn, each
f1lying hedsbelOfprisingabaetch siep surace 2ad e Mg B, age1 cog_dl ;di'on away from
the surface of .fhe disk hEaklificianiagerrcamprifasctlicom@wii®away from the
surface CBF‘P’E‘FFeS‘ld?"é‘IP“I%?.a &‘gﬁ?%ﬁqmioo furt he?ej ¢l 498s. 2 dlsRSBYsuaRt ihes -
assenbl y | 01 Thamrépitiicentisninay §Ompase &1ief2g° g‘é? DDt | caF fibers JH.OZ. Each
set of optical fibers.102 fhcakomprifing @ispé Eeatures andedepiesitie set of
act uat or 1&?%&"%@?‘3”&“%%%%%5?’8%%&?30 to grregﬁpeﬁtcirv‘g NG lebhiggset of

flyi ng headssl8@- raised features comprising a topmost level; "and disk s

25 means for leveling the depressed features to a level substantially equal to a topmost level
20

of the raised features. | »
Other features and advantages of the present invention will become apparen

n of skilled in the art who studies the following invention disclosure. The present

perso clost - P
sclosed in this application or

invention is not be limited to the specific embodiments di

1 i i i a number
30 any equivalent thereof, as the invention, as described, may be used in any of

wavs. known and unknown at this period of time.



The | aser optics assenbly 101 includes a diode | aser source 131 of a type
well _ known in the art. The | aser optics assenbly 101 directs the

out goi ng | aser beam 191 to fromthe | aser source 131 towards an optica
switch 10.1. The |l aser optics assenbly 10l receives the reflecteg}QaGT; 2
beam 192 and processes the signal for output as a signal 1.19. E 002
now to Figure 3) there is seen a diagram show ng a representative opti cal
path of the system 100 in further detail. In the preferred enbodi nent, the
representative optical path includes: the optical switch 10-1, one of the
set of optical fibers 102, and one of the set of flying heads 106. The
optical switchp $thegﬁg¥mdﬂ3fﬁwﬁﬁmﬁhﬂﬂt degrees of selectivity for
directing the outg0|ng | aser beans 191 toward a respective proximl end of
a respective optFigure i Pt clemonts pha dya slgmRnsysteasen seamam 191 i s directed by
the opti cal flpﬁp,ggzmt@d@mbfm@pthRQQkhMﬁ1ﬂgg%qé(E Gi.s0 as to pass through
the flying head 186 onto a respective disk 107 ¢ aforenenti oned
optical path i In BiguigiZbed tyipisighseryhsesw@r isrseen; Accor di ngI y, a reflected | aser
beam 192 i s, diy, At hy t istal end
of the opti'cal ,}egls,gg,q %L(%wgﬁfe&% %ecte ohgggﬁr}g mpT§ %ggﬁna{]gge%m ong the
optical fiber IOBPigtre Jexidiagem sl’tos‘/lpgz)mprmdmtawd optichl psthgedeent i vel y routed by
the optical swt aser - IICS assenbly 101 for
subsequent co\rll\’l\?e}rcs?%%%n 3 ,glhggé,@ﬁ);ﬂ g‘% dgog-ﬁéespéﬁstc t iy ‘81“ ANELer vo

i nformati on eninckigded 5i weuhef sterage amdaﬂ:hdlrus lagdr2 of Mefpedsentigventivn i@ skdngur e 2b,

a typical serv eCtOé i,n seg ? | gur e 3b, there.is shown a magnified
portion of a t@pﬁg%ffs a5\ SRS ?:‘ttB? osationofa Seto|P3FTAES ¥&8<r i ption wil
briefly sumrarinZbgidaibeI3naas dedved e adeg phteen RUbaRi ng | aser beam 191 to
sel ectively access |nforgﬁt|on conpr.i si ng ﬁe servo sectors 212. The servo

sectors 212 colfdrigde 834 WREFIRECE W’?ﬁf@)ﬁ‘%P@ﬁseﬂﬁ@?&WﬁﬁéISMS a

coordi nat e refgrepeRs g¥3t emulldiahs enabiQ o 216
of the disk 107. ?n %he referreé enbédﬁﬁggﬁqg?ﬁgldg%gi? h&@&ﬂo?%ﬁ%g&gm

T 2002 103 thai@segﬁaﬁnéca%weéercvas@esmclzqnzeleemdiannqlhareeem nds of encoded

i nformation: sgr S

and fine C|ch§H§ é%%?%pgggg#%ﬁSg§§¥%Sékémﬂﬂ%%aféégfh§%§$% urs éﬁ mar Ks 282
As descri béd blal oaures Rei, s@mc@@mr@r@tmm prefilesbyos disH compesisginfesasaandf a
substrate 245 (Fliguce 2¢) conprising the disk 107 or s otherwise formed to
conpri se depressions or rai sed features. Enbossing and/or nolding the disk
t 07 is understood to provide nmanufacturing and cost advantages. The type
of materials fromwhich disks may be fornmed has been well identified and
described in a nunber of published docunents as is well known in the art.

I n one enbodi nent. the servo informati on conprises a conbination of raised
~0 features and depressed features) with a representative depressed feature
referenced as a pit 215 1t is understood that in another enbodi nent. the
function provided by the pit 215 could he provided by a raised feature.
Furthernore. although, the pits 215 are illustrated as being elongated in
shape, it is understood that the pit 215 may conprise other shapes, for B
exanple circular or simlar shape. In the preferred enbodinent. the pits
215 are witten alone certain ones of a plurality of master tracks 210m
210m+l, 210m+t2 . . . . The master tracks are concentrically disposed and
centered and equally spaced and separated by a track pitch Tp/2, wherein
the data tracks 103 conprise alternate ones of the plurality of master
tracks. The servo timng marks conprise a first pattern of pits 215 that
are witten from 2o the outer dianeter to the inner dianeter and the
certain ones of the master tracks 210m 210mtl, 210m+2 . . . to form
coniinuous radial lines. The disk drive control system (DDCS) of the disk
drive 100 may be configured to recognize the first pattern as marking the
start of the servo sector 212 each tinme the first pattern is detected.



1 n the preferred enbodi nent, the data track address marks 232 conprise a
second 25 pattern of individual pits 21 S. The second pattern i-s decoded by
the DDCS and used as address pointers for identification of partic Iar_‘d
tracks 103. In the preferred enbodi nent, the position error mar k£] aZUaOZ
conprise a third pattern of individual plts 215. The third pattern
conprises four concentrically disposed segnents 211, 212, 213, 214. The
third pattern is used to derive position error signals for 30 performng
position adjustnments of the read/ wite head 146 over a particular data
track 103 during track seeking and followng as is well known in the art.

0 90 cr zooz Each pit 215 mar' characterized by three dinensions that are
controlled: a radial piit width (erpw), a circunferential pit width (ecpw)
and a pit depetpiledldescripthod control and uniformity of pit position, and

di mensi ons eﬁ]@?l‘ésﬁh iAveRash provifes ff&&h@@ﬁ%n&@ne@x?ﬂp %%rggérﬁfpa&?vr odi ity of
user recorded data by appropriate control algorlt e servo sector
212 of uhe dgislesiene whileeredheng alicadrparfagptigst elecirdriose amomtheomass endjai n

cont ¢ ol f A t e nimze
the 3i zéggﬁﬂeg??é%s%)ﬁ%{:gegc Swg)'?{e ggit}fvgﬁ’en%ﬁ q? Uﬁhﬁe légﬁ [ngrﬁ&ttfgt@ st or age
capaci t yptifal elrenecdatia sewottrack a2ls6 difinartdhte m:m te danatdisidddirtnrgaetiiionandf or mat i on

b d t t t t data track
of o ai Sl d0 D SRl RAT et B P i SRR 2t on

~i nf or mat i on TRy dixe sishgesiiskahhy indmgé aqﬁ@ksbyis hrhﬂorqﬁtsbd:aémﬁés?msdhi sy of the
opti cal Bpers The resent i nvention u gstead. refl ecti ity
i nf or mat¥ H‘eérwqrh@ 15heds Watpovariphy, “Ii‘i“‘t”s" 5“ JES Vet YBPON HYEFF dte with ¢
the 15 ef bppied hase readRaite hOa Mbch aérb@,tna&;f@up%rmn@&rmfi hyidg compeges in :
proportion to light reflected fromthe disk 107. The chances in anplitude
ace enbdeiyeslosentot the dawar dighe Swépcr.a dbr PIOXiding1 @ smaplh srfece (asmemulyjornel | known
optical cSfidmffs ka8 rRkarbE enmtngfehn'meﬁp&%bﬁax' f3Pbe ARldeCR goSenbly
100 for output as the signal 1a9 used as a position
error siglalive REShat an apiaat sigmal tﬁbcqgéfnom 1be depressivas hedidr faiﬁ@d dantures he di sk
107. It n (o) t tilize
opti cal % 90% d(sfﬁﬁ?% a%%& %rﬁg?dﬁa?ﬁ%n& ?cg‘r%%a?gﬁetrmg@ o coﬁeI"ane used
for 1$er weedt ﬁoaﬁHlmgghqadmb,resshug)id/bhaxspd ézame mamxbemlsecbfmr\swd::didmtﬁcmod imted to
pits 21 Id| S action information
from ot edr Pélcé(rf\?/) YPﬁc%ddﬁ%s ity e edse%'%fssé?n gﬁgpﬁ{)faésegé%é‘ﬁﬁsewgy gﬁﬂ’afi'ﬁ like.
Ref erri pepsevaw x‘eﬁedﬁvgmaashzﬁas piopeaichadus the mdas of tie dmdlsbfat whehphesent
invention are s n Fi ur.es the f |s.sho for use
above a®fS %6‘?05?%9%&’61“5@% &V e?eoé'g% o?onbeﬁlé)‘éﬁ#}g‘t WBSI%% ° SPUISKS ﬁ’j’? The
flying !ne'aadteal(bﬁntameﬂgudesavt&rﬁxlmmieafd dodyradids4f therdanidisibear i ng surface 447, a

reflective s rate 40U a jective o e sl.ider body 444 is
G refet oned 1 TR ABNEB bR F055e DK Tots e TESHBTHes GBS 801 1 vo
opH CS 4hirfelstaRe/op plebad dispbiddein-bBZen and table doiphisial thedfalbsiagatek40U. The
reflecti

ubs rate 400 inhclude a ref ive face, which js allgned-
so as tJ\" é‘lﬁest FHBERS 5%%7%6 hat] ‘OS‘B‘:’E@QY tcg‘mei‘ﬁha'l“; giFFthiae dhmal 07 and, -
for exarpt@&s of Bk hfgmn@phécatbkmagatpursp@mahazlme §hage 6PA8 doRATh mirhﬁthraef | ective
substrate ma corrprlse cro-machined mrror as is >? C T 2002

a
descr i b@Ef ¥588 & rﬁiﬁiaﬁ‘%{gg]‘@ﬂaéﬁ"&kgmaw&eéﬁ%f ingh i 7 CERSF Hﬁclf\@recem Bk 307.
ent izl edefifdl & Rlofy @Qﬁra&d?trﬁmmvﬁrgﬁrr@@ réJm{gQM?%r S;.HﬁirécfeOMeﬁ'n o-Hchi ned
Mrror." which was filed on 18 Aprii 1997 whi ch I's Tncorporated herein
by ref estomes denpitst frd BNBf BRY ERNSERHSBHEN h@emcreatsma Iber Fé@tn?lﬁeang@bsmqsa% e 400
i ncl ude (d e 9 | ess than 5 300 pm square) steerable
reflect ?nﬁg b(%::re]%torbg ﬂlﬁqd??@ra por'?Hla‘(E)Einﬁ F420 (illustrated in Figure 4a by dashed
| i nes repr esdhisauresget ipfertion is ndtitede |hvete¢&mtheasbecnﬁ¢ embodioetisaiscloned si de of
t he ste i p5|t thtwhl his
vi si bl e?n ﬂ’ﬁ]g)pg‘]rrétﬂn 2 Q‘?galgn%tstéé?g fassstg %II) d% esgré 4 Ty éoa(r:u ributes
to tioe dhahy dfla ﬁm&ée&agsnkﬁdsm iddyunhgowmaahis ia%odvmfttdmea Iow mass and a |l ow
profile. As used in the present invention, fine to tracking and short seeks
to a series of nearby tracks may be perfornmed by rotating the steerable
reflective central mrror portion 420 about a rotation axis so that the

3



propagation angle of the outgoing |l aser beam 191 and the refl ected | aser
beam 192 is chanced before transm ssion to the objective optics 4.16. As
cross track data track densities increase, it is understood that a

hi - bandwi dt h | ow mass neans of fine tracking, t ~ as provided by

m cro-machined mrror, would be useful. A |low mass hi-bandw dth nﬁﬁgﬂhZUOZ
reflective central mrror portion 420 is rotated by applying a differenti al
voltage to a set of drive electrodes 40-f, 405. The differential voltage on
the el ectrodes creates an electrostatic force that rotates the reflective
central mrror portion 420 about a set of axial hinges 410 to nove the
focused optical spoReSagng novy tq Rigiueel 1.diasieclements45@ data Qoragheysting knCprbratédl
an exenplary e f, oxigmat el y deg ui val ent
fo appr oxi mat oy 1 T ans, BresGh AR arPRBRE IE Y b EERERRe Ry 00
portion 420 is Lumedsm@lanrmmwerﬂssmblx 120 fvdhichs edvexpa i fydrkg sqzadtwradazeﬁdmw for

data track to STbURER et kBTaRR' s Bbhell Pt BRI sl pnd

rotation of st henrsularefaahheks 03 matllcaez @emdiatrg dmmasragédxplow'l on 420 are

possi bl e. Coarse tr rral nt ai stln a current.t the
rotary actuator %8{‘5"&%1”%‘ it? é%"s%rrf)l?/ ng’q %“tl'“?cn"loﬂ 1 EE I Birthgy ¢ |
conventi onal rrubztanpl Botiat perposté rurrm&rafngmﬂwuoemﬁtnsK:fdambvpﬁ@seuﬁewenﬁ&{ Pf
respective suspensions and actua at nove in tandem as one

[ ar
integral unit. PEECHAGEABAER IR ﬂéhﬁﬁ@hem'édﬁ‘ééée‘bf such an integral unit
is fixed relative tghanpihesy fid xaragnmnﬁw ewma%odwbmamﬁﬁotfrﬁ%nmy and
followng of a particular magnetic di sk surface sinultaneous trac
foll owi ng df anrsemderentghesnaecdippagt ‘ymﬂﬁab@eﬂ Senotseposs? i3 etendmgcmmxga@ush in
one enbodi nent oQ&aWﬁor‘h%cen@r.g 0 ¢ T zooz present invention, irrespective
of the novenent of e set of actuator arns 105 and set of suspensions 130,
a set of the steer abl@mesmndingmiilitg ohivedusrshapdemtispasd apan Hata peaors 216 are
i nvention may : h trac
foll ow ng and gngeelﬁéﬁgcérg‘s"ggg&?%ﬁ ‘o&%%%ﬁ%&nﬁﬁ% 3?’% f’%%pn&wﬁgp B &Se{‘ﬁo
one di sk surf asstas Zhhy Tye data stdiore2 16l indedm rdsintalityr altdatd bitd oudrky cnrtprisek ks
usi ng a set _of cone ent | eratin erab e mcro hj senbl i es
200 woul o 7 or BREBRY deamet B e BFe BLAGE etpdioetn Foaskie. dPa ceag and
m nor driving ehleabmemm mabkd zhewghrzséd wdﬂfab@d;an{lhﬂéhr SpatingtdngiBe idmd Ugkky
standard "m ni ers. alternativel i mensi o
slider bodies A8i4nﬁ§)ﬁaéﬁ }‘ng%s“@cfpace Pyt ‘i%éatnép‘f”i éImFﬁngoT@aZ“ ’%degtﬂ?fﬂ ed

to the slider badypidhlrpl al ong an axial cutout 4.13, and the objective
optics :14b is coup#tg to the s gl der Pﬂﬁ 4.41. a%g a vertical_ coner
cutout .111. The cubtBGErEE403 Shd &hfes| %}/"“Be & [OAgE S siRfePisthe present
V- grooves, 20r ai¥nttinheill W babéserigdd. FigRey | flﬁ@\th@Sf)ar@lbrdV&I%H&ofs@éw G%ﬁér’aﬂg
and aligning the optical fIbEIi 102 and objective optics 4.16 to the fly

ng
head 106. The &8 AN egPlarhdorees visietWe which SO’BB‘E‘feéaHP“ﬁ%{tﬂ“{‘F‘H"J%
fromthe disk mzmgtzhekerweéd&e&utnewén Besptitd2 indulBve, %h%%gh&ec éluaeatrs%:e
.t00, and the objective optics 4-16. The optical fiber 102 and th
obj ective opti C@“‘ﬂ&ﬂ”‘b%d‘ﬁééi“?|b6ﬁ@oP“fj(§’°f’b‘éﬁ§aléﬁect‘q{é2b®t goi ng | aser beam 191
Wi thin the spot of h@ts%&?% F?g%maxf%wqomam& aswetoﬁﬂ}lfé% hé8 ﬂnst arc

fiber 102 and the oéjectlve ptics -t4fi g subsequen secure

pl ace by usFngadaptaddor esearithcaset ﬂbd%‘bl?ﬂﬁeéﬂls $ A7 a@naﬂh@glhv | 108 is hm:fg#dtfhte
20 optical el epgent S, S
416, and the re esgiflgve sdtlj sl{a rga:rggﬂ ggéelérflc‘)ﬁg%dr%% tggbpﬁ%n&a&rédf
an optical pat hssgﬂnbb/eﬂﬂf b)omsaﬁpbmmp !l(mndaﬂctt@mntanallﬁxb)swm‘chtth@' 4re\posigiohahd
106, it is underst I | nt ptl ca ement s

coul d be align8§al's & sur 5 S o”ﬂfﬁges?gég Ti GhpP %‘It% &F r;&ﬁﬁg‘? at%‘feg?ﬁﬁ il

| ongi t udi nal Cﬁﬂild’rab ga:xdrStc aamdydalrmshftdbxeds bemwé'dnghe Ayihg. headﬁs F&sfaefdr:ihélgotamw to

Fi gures 4h-n, onal nents conpri.sing t esent
noent on dbe 8860 Lhe i iiie Rt BETCRALt T 153 06 oy G condition
enbodi ment of bLh®eRhESEMceioh ¢aIH diSN107, hnehefinalf&geméld;pw&dr@yeqwsrtaeépposm
i nclude a conductor-C elenent, a shield-S 1 elenment, a shield el enent-S2,
and nmagnetic el enents, |nclud|ng a permall oy pole piece-P I, a pernalloy
pol e piece-P2. a nagnetoresistive el enent-MR, and a

9



30 pre/erase magnet 1064. In the preferred enbodi nent, the el enent MR
conprises a class of magneto resistive elenents which may be nade to
provi de nore sensitivity than to 0 9 o ¢ T 200z conventi onal

magnet o-resi stive elenments and that is capable of reading nore r
domai ns marks, and thus, narrow data track pitches, for exanpl er&;geegn?agmz

Magnet oresi stive (GVR) el enent. GVR head technol ogy, is well known in the
an and is described in. for exanple, "G ant Magnetoresi stance: A Prinmer'’
by Robert Wiite, | EEE Transactions on Maenetics. Vol. ?8, No 5, Sept. 1992,
i ncorporated herein by reference. Al though in an exenplary enbodi nent the

el enent rd Heeahnqliofy 134t pl T od that qt-hepresent
i nventi ?ﬁﬁﬁg&%t*?@&g?ﬁ m t ed b‘y th?i’.s' le)kﬁggi“?rgr?ﬁératswnoftﬁ%rﬂi’g‘bg%rdof
el ement W6ds maintditednstatically dop stofge tchedipemgeay {romubatirface of the deskadfpl e, Spin

Val ve el SRR & AR RS hbiR) abd) 40 o EEREL Sepemhogggent . data is written

by di recting magn ux gen y CcoOn usi ng the nagnetic pole
pi eces P 1, Wemaltd fueher insludes ®lasercogtss BssemtMRIGL . anl dpriasl sviehbar y
enbodi nent, the ele ) ri.se a 1 .umithigckne sui t abl ositioned so
as to efchE e‘)rpnf‘;i"m3 Q’%eé? éﬁ%eﬁfﬁrﬁf & eOPBF%f le&‘és 3% aF%FPr‘é‘HXq Rloag a

r ecor di ragdestiv@roag of thayser ofdofaakty atrdve 109 aid SibBetivhs 338w Wisgdckivé eneddl ow f or
readi ng. and 15 wrjti n?pby the el ements as the optical spot 348 is scanned

back arfBeP"éPfWiB%h?‘ﬂé &fl ective substrate 400. In achieving the reading of
narrow dat a-pe agke BhtShRSerttlE 101 §RQides IaNNiBHE 1RE RAdLe8 et AyprtRar of

problems. A first problemis’that when data tracks are placed cl ose

t oget henowa indheyami diie Jascy @ptigsaraieefy bl oiracesj e tautwoinghlosdrcbehm %l enent ed C
for datg, 4 El?q!\(sjep&iuréeohl%@ms% o?ﬂ&glas%}fﬁgﬁilzlbgh Tﬂ% 1£ser“58tf$? ¥ssemBlY! fof. & .
cCross-over ftrequency of greater an . IntThe pr esant nvent i on, this
concer rredesveatidrelesead lser beanh 193 angl prhees$asnbe sipead Korngtpuapadsipad 165 of t he

m cr o- machi m rror. i ch escribed,in an enmbodi nent of the
reflective gﬁg?t'?gaf' %w4[6\8ﬁ§§r5v¥é%§%cﬁ {eﬁréta RiaSFTS SEWENE i EPIPSURYSg can be
achi evesptivilt pattaof itpsysienei®0 onfurther dewddr bf tat ple@agd dmddimsar thehe pri or
arc. 25 Secondl I he it f the radial .and circunferenti osition
Servo. Jemeareye auiropa el e rlEpBeR d0f ine B acseh e PR SR  di Sk

f 1 utst ertoanshdsque Rdhie seearf Nyhgreadepiat T 6ptidan ewWitch Qlﬁ‘prﬁaiﬂeﬁéiﬂﬁﬁéma servo
writing, accurac o,f,abtout.O. 2umwith Q.$. mMm ' thick 3.5-inch disks. In the
pr esentd"‘P'?‘ﬁ%ﬂ{sl F%?ﬁ""f‘ﬁi r dGREEIenthe OUleRinS: d88E b HI erupEh e dewEc!ivRe

descri Hrb@malodndtdfa rEiﬁeSti&l?tﬁ_bloﬂ&)’ 1892CITht RatgoliRAhseP Be{E Ab1 PAditeRfedS Of servo

patterns may 30 he ach’i eveqd with accuracy down to at | east 5nm t5 ~ 9 ~
~ T 2007 he el figeroHiZeit §dt 2 FRSPESHVE 14RO Watsdomass harnel 187 dxingr asure of
dat a t rrRek$06Whto a respective disk 107.

20 The aforementioned optical path is bi-directional in nature. Accordingly, a
reflected laser beam 192 is directed through the flying head 106 and towards the distal
end of the optical fiber 102. The reflected laser beam 192 propagates along the optical
fiber 102 to exit at its proximal end and is selectively routed by the optical switch 104 for
transmission to laser-optics assembly 101 for subsequent conversion to a signal

25 representative of the servo information embedded in the servo sectors 212.

Referring now to Figure 2b, a typical servo sector in seen. In Figure 2b, there is
shown a magnified portion of a typical servo sector 212. The following description will
briefly summarize the reasons for providing the outgoing laser beam 191 to selectively
access information comprising the servo sectors 212. The servo sectors 212 comprise

30  encoded servo information that includes a coordinate reference system that enable access

to data in data sectors 216 of the disk 107. In the preferrcd embodiment. the data tracks



the order of about 0.3 um Side erasure is preferred for proper operation of
the record/ pl ayback process to elimnate old infornmation. However, the side
erasure scales within the gap width of the wite elenents, and the gap
width is determ ned by the desired nagnetic data domain densityikghbigTi
preferably as high as possible. Finally, head design presents p beZ
associated with toterancing. The photolithographic tolerance in
manuf act uri ng magneti c head el enents is about ten percent of the thickness
of the elenents 1f the head el ements are about 4umthick: the tol erances

woul d be about A4pm to -The last two probl ens from above are-addressed by
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sectors 216 of .t JA feryad [
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t hat supports naneﬁleszl frrmd wlatladiskg ntdyerbslfbrynedArnsaﬂmameageemﬁe& ahd gbsceibRIr @iavi ty

storage | ayer is t h otenti al over com ng the superparamagnetic
limit (i.c.) FHBYET @@h‘é@#@? %C&E@ﬁf*‘a BN ndh¥mgnet i ze each ot her).

The coercivity is p ghelkeabiintthghhesaughnforditidnheompieetal Conthifdibn dTaaks | N
the storage | ayer 202 cannot,K he written to at tenperatures bel ow 65 C

However byl®hedtaHe tKedsresedyisalugie b G renfessntative dopressstl Jeatwrg reisesaredmsaam

191, the coer ¢j;%i§ Y119 uddeBiSddQhAGE an S emBORirricht. mre%ﬁrtﬁsﬁlpyov,aéa\wzﬁ@lp,emwgh
such that bits can be witten to a storage |ocation conprising qnetlc

donai ns ( her eptdf be pravidedryeairaisgd feature. dbyrghegoangi Athessghd 28115)2131%6 h‘élfa‘ed
storage |ayer ;2 &Wmh@ﬁecﬂnﬁ‘ﬁ@w 0 if ur\deréD 3od t@ﬁt %E lph%lﬂ | Zg%?@ beR@L shhfks

enbodi ment in wﬁr cht storage | ayer 20 ani so ropy
(e.g. CoCr), fdreE\mp)elercmmreamdarSShwﬁI Iorthemteferhmi eobaihmantdtmmnm 2hdrakes

281 1 0ngi {40 QR WL NAe G PLADSSHLELF ARLONCAEL 465 Pl aF6EES . 11 20

errbodrrrent cht orage | ri ses amaerra
exhibits a 16 The Onz&tam tcacks Zoqozomdtrmrmdfyt dpbsed nanglotenagpsd @ed gquéers;ﬁo@d trhie

data domai n marks 1vm|| tlcaII out o
o antot ron ¢ ST Elt: Htap BRD ThEIMEGLMRE WaB tratidy 4" B oy Blne ) BBE0r
may conprise axeqjlmbuojfrrmdraadldsat exhr bi ts a terrper ature dependence that

is a function of tocr anstro 204 S .al so
responsi ve to heattrﬁfﬁoﬂg?/zf'mn%%‘ rea ?e ay Pat °f§“sr%£%‘ Tluﬁ“go

di f f er ent 20ay tiehdicridiEmatowabe innaydnm202and me@aﬁaxembmmthomasreheadmeadmut

| ayer 204, is netjzed such that flux emanatj e data do

mar ks 281 i n” RROGRAIR Ay s b ae e oad el ko b PE g, fhafrel Bter
heated. for expDpESpofds dbkseive be«dmby b&conNgatednb rec@fnidé theHIrQpafilth s #arkiA99.
209 ( 1991 ), Wthhfjﬁ mcorporg&e ngelg gy ref erence. In this

embodi ment ,  t $1ersatofthe sqni seCle Akt FRchEimeShe Bt paiery BA361Ed| ayer 204 i s
heated by the out gmm@plr@éxeéd SREUAIA&E, th@dﬁa k@m&&a&&%@éw&o&mﬁ&sk&md

st orage Iayer 202 is heated for wjitin ing so a tenperature profile

279 is for¥redPRRETR REiNdiddenl pits awmfcw M@nbr;tdgsqqrs byahe DKSa#rd1used as

the disk 107 w&a;sep%xdr&sr&rlée.ﬁi@r@awnrmamcaapmrrg&lsansterrper ature 15 al ong
the tenperature profile 279 creates an aperture 580 in the readout |ayer

204. wher e t hroughlf [thex pesterrrgh embodimenh theeperiion eBPmMAriea? i comarisendbith

t he, aperture | hhea g &

readout | ayer pé‘bﬁggl@ove lég%*% ﬁgltg tht}g,l gﬂﬁtr c" rgfé?snﬁ;ur ﬁ‘tﬁil %‘Hg Flea out

| ayer 204 can segrissecidn21y, 203, 2dt é'be édrdh;anbmaduswﬁo étmmsxoﬁtnomnasz’or The
thermal tine constant of..the,read u refer I | ong
So that tHl hestoganePaTeR BYCTRETS sl fe-reR S hins IR BRHRLET e &R
the tine the headushen®ikisseNly arfdifollGinpass W):\IH{nOWﬂénﬂ'patrt In this

enbodi nent, the flux fromthe data donain marks 281 is understood to be
accessi bl e



only during the time at which the outgoing | aser beam 191 is applied to
formthe aperture. Preferably, the aperture will be preferabl-y smaller than
the spot 348 dianmeter 25 and the outgoing |laser beam 191 will, thus, not
limt the 25 resolution in the track direction, but will define EQ] adout
resolution in a cross data track Z03 direction (radially). In & me,. 002
enbodi nent, the nmedia 107 conprises a storage readout |ayer 204 that may
function in a manner such that when heated by an optical spot 348 to an 30
appropriate tenperature, flux fromthe data domain marks 281 in the storage
| ayer 202 bel ow couple to align the magnetic domains in the readout |ayer
204 above. Basepie2}s malwichaattnrizddeb}emmimemmniesnrdréf)edhtﬁ:lbl@ﬂfz radfsén power to
t he out 0i.n Ias beam 191 T..200Z the magneti c
domai n8 |“Hd HE™, ‘épﬁ‘/ clr‘é%tfrefaﬂls?‘erral ﬁgcc W ﬁ"ilalpgj'n‘g“@”"b&Pé%t AP M n this
embodi Hi&ﬂhmfbﬁﬁnproe/petr pss@um’ﬁgmdtdniz&ﬁéiomystblﬂxsﬁoélbtﬂx@rf&dtl&n DDES ab | i ng edge
of the head 106 fo 'Fb quent ment / erasure of the magneti c domai ns
in the€ ‘E,‘BWS‘I“S?‘H Va?élﬁ ) ‘?'Fré‘i?é?e'r%l ?&Y&Pﬂﬁfﬁr‘ﬁ@ﬁpmr?lﬁéﬁ%?@ﬂ%rase magnet
1064 conpri $RésdvPsecid @121 tha pra@bmIinntisn fay 38 mh{ nbf @Mize @n Suibhdatit ent
magnetic field stren th for the realignnent/erasure. In other enmbodi nents,

ti it BanaemterldielbAGEatPreisebiy an dlLs Beldaypuuseono srnimizaig 61881 | ocat ed on
a leadlh@%e%g%ctgt- o@@&hﬁ@rﬂlye{bqg@gﬁsg tHd-Ehe P G1oPRe @ agftv of i headedf}§. Because
the magnetic domains remain oriented 1 n the readout” l'ayer 204 until erased,
it can2bfe understood that in this enbodiment, the thermal 10 aperture 580
descri bed a e does_noi for. readou.The om

t enper at ure{%c%g1 rl:’(?lO{/?"t1 &t(g?&?ﬁg 'é@gg‘%%q‘l&%‘?gﬁ Pe:agoc Uy ago%lllslonn%{gto af f ect 1
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In thi | ternative.enbodi nent a e net i c, domai ns |n t he readout
| ayer g’(gta ?@Mﬁ#’%ﬁﬁ‘ﬁh&ﬂyﬁﬁ}‘?“%‘f%@ geor{“i ngal% Briicak PERETSE L8 Bf ement s S
1, MR ofial ﬁbéI'B,dQ'hE{z\ﬁer&ft lmenaen tdee. ihsiéade reEERMNIS A nMatiom et thephe situated
close to the optjics, 44b

et_ another e i.men 107 may
conpri ¢E5-alks A 13 d(f;%\‘c"éff"ly a’ﬁiﬁffﬁﬁdﬂéh %ﬁdﬁ'g‘gf% losgt ‘F%"éllgz F‘I‘Fq‘t‘ﬁi’@h"enbodl nent ,
a rel abdanel Yanidtinsde &mg&nm ;IJ_ﬁ:lpBﬁioﬂ toaly@ft eflecleds tbfatNeCdikRID7. The
earth-transiti'on netal (RE- can be tailored for both | aser assi sted

t hdf nofpfagaes incanplitedergye maoqhé%rbme rpllectadelagr dmitl92 @pdpra simmed Me head 20
106. Aw@ﬁ'iEHQ@hto'#gEhl%dfeﬂ@trfcﬁfdétéﬁgﬁ‘%chﬁqﬁﬁ JIMnE 148} bticS DS tmh that the

conpensation tehperature is near roomtenperature. providi n(%
coer ci faroptuprs guef verat dihgdhosisntld 4deunsedias pasitiodi emonisidnak (,E(Sém:l vity at

el evat ﬁqmttzﬁm ;?Js“iroﬁ otf%eemﬁgll% W(/értthé'lglsk 16151 s?@ﬁrr?deg?fddg Bt X\Adrée mye

near-zero remanent magnetl zation (and no rea near room
t enper it apysterathay dees RGLaitidiae opgph bﬁrzatixf@a@npwnfgmaé@mfm eetagfodisk 25 of the

datg t &gﬁéf bl Wsddpo g&%g a}]ﬁ@&%ﬂg\u&rﬁsgr&smﬁj gL&) waﬁx e bg‘agg{e@ft@' y

el evat nperature o € rea |a i'S scri bed by
Kat ayapgs 215, ablut couldh instead comptige @ntum plediffraian wa?gmrempc fRaw othdr sRvdvedi a Usi ng

Laser @g eéf%gﬂog% ca#@epg GRAl 89ieSike. Presented in paper | 3-B-0S at

MORI S- | ng I nternational Synmposium 99, on January
10- 13, 1999Rafen1mgmcm e:yflgms anmsmv@ﬂoﬁ $hea|doﬁnp©pased imemgom by
reference. I'Yaotilen 0 and the refl ected | aser

ut
beam 18% Sg?ré {J éﬁ""ﬁs e %)fmog r‘Htl 50 wé‘r@é“se Pé enfi‘feé:o RYISPREE £ | yi ng
head 10fec33H afrond oﬁﬂersetaoflﬂsks 107. The flying head 106 includes: a slider body 44,

an air bearing surface 447, a reflective substrate 400, and objective optics 446. The slider
body 444 is dimensioned to accommodate the working distances between the objective
optics 446, the optical fiber 102, and the reflective substrate 400. The reflective substrate
400 may include a reflective surface, which is aligned so as to direct the laser beams 191,
30 192 1o and from the disk 107 and, for example, for fine tracking purposes. In one

embodiment. the reflective substrate may comprise a micro-machined mirror as is



0 9 o cT zooz particular data track. Unlike prior art optical drives) the
outgoi ng | aser beam 191 is used to heat the storage and readout |ayers 202,
204. The readout |ayer, when heated to a |ower tenperature than the witing
tenperature, copies data domain nmarks Z81 fromthe storage Iﬁﬁgr ifinééb he
readout |ayer 204 such that the flying head 106 can 5 sense B '

of the magnetic domains within the aperture 580. Although the dinension of
the el enments conprising the head 106 are wider than the data track 103
pitch, the tenperature profile formed by the outgoing | aser beam 191 wil |
preferably define the edges of the witten data domain marks 281 (in the

cross track didegeibbd)conlhivisy absignie8 LNSSEatddk & phleatiSAflo! HEysalRdey. dandd iRy KS
281 nore narrowmy than they can be --- 10 witten, increasing the in track
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under the el enents el enent s readis ng an
writing. Howewuashed Uecausmtmtaheapfdhff freflsctve, certe! mheorrmbngnamh ensn&: pfiabe

create the ap ) the dat
domai n mar ks g%ﬁ%rlg r§ggot Eﬁg% &% con%S%%ﬁya% 8&%38&“& Wg”g’li' V'Sr’b 5)d| hy sd’l’a]gat a
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I n general, ﬁ‘gaq[ 5@3 gé‘gi’og’ 5% 879 ¢ ?l‘é\?éoéi f‘Ae“r\ésﬁg pa eegreé‘meE%ﬁ““BT’f 895 on
in verticab (Mtlﬂha a§hdrde@klo 4 bddieplofRerbytra&StrhANBe prforkhied &y Soaifidg tthe
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causes the gradﬂl I f L uj ei ght), to be t
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one cannot,_ adj vertlcal ral sion ratio) .adac
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281 mar ks may (mnfatnnn&dappﬁmnmlylﬂ tradkeisof the keertlsle cemt:mﬂ cetnlmal marorgiondsn of

the data dOfTB.I mar ks, 281 for oper. reading.b S 1, h:1R

The present ﬁ‘g%n'tsltﬁﬁd ??fe’ﬁ?vwcglgofﬁ‘aﬁ{oﬁve?fg\ﬁ g? e“(’:‘ﬁa{e héﬁogaggran%égagéngzé% -
bet ween dat a fifambsiod Oidackf follbwingdi and 3&Ks fumdes cmadtreéld‘ eChfotdr dabitrack. In

af orenenti oned vertical and | ateral ﬁat di ff t‘ii on &%@tb m. ni m'zele and/ or
control | ed by 081668{9#’?@"}%8/ 8ihetyFanges P lj‘”i“f?@r‘?é € SH FRIFCiet GRER! U
tracks 103sof pbARNARE krelfdésible. Cbﬁl&@ﬁ%kﬂfg@ﬂdydﬁ mdIRAAYEDy WijuitindG ciRdntBaRt Ng
by the head 106 el enents. Use of ¢hannels or nmesas 266 wil] be t ~

di scussed bel GHRIYRGHuatar maaengt 4ng o @sseably trls(Figtre ). ¢ Hethiprier ar; eprvgntional

provi ded. multiple platter Winchester magnetic disk drives use a set of respective suspensions and
actuator arms that move in tandem as one integral unit. Because each flying magnetic

head of such an integral unit is fixed relative to another flying magnetic head, during

350 track following of a particular magnetic disk surface simultaneous track following of

another magnetic disk surface is not possible. In contrast, in one embodiment of the



Referring now to Figures 6a-d, steps for the formation of a pattern of

rai sed and depressed features and the subsequent transfer of the features
to the substrate 2-t5 of the disk 107 is seen. The steps may include: the
use of conventional injection nolding technology to nmake a pl asty

substrate of a material such as pol ycarbonate or alternate ?0 tﬂcﬁn@Q}EQOUZ
such as the enbossing of a relatively thin polyner |ayer on a substrate of
polished glass or alum num Alternatively, features may be defined by
applying a photo sensitive nmask | ayer on a substrate such as gl ass or

al um num photo Iithographically defining the desired regions and the photo
sensit i ¥RslYRlnid Are3becth Dt iiehovMBAI IR R ofEARRLSHAN 195 ah@galkve | on
etching or ton mlling followed by renoval of the pPIOtO sensitive | ayer.
A f urt heuspensians 130.i a/set\od tihel steerablp phigiongachipth otmorsasnenblies of Ity presast  a
desired. thi ckn t [Re=1 cdef i .ni ng [ irectly
it he. PHERESTOEAT ok el R SRR FedRhED' ol BE it fpBhlBnd’ "Gy
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above and other simlar technigues. except far differential etching into a
gl ass sIASRACHNE Bng WekingAnd TUFORSVIBRelaE9MSd in a relatively soft substrate,
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enbodi ment utiliZing pits 215. For the later differential renoval step, of
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resulkt in. vagiatl i tBC d egli j o, t , In the
pr esent i nve%ﬁegrnr{g tEeH;F_ rlllgaﬁ %4%%?4@5%%&%&?&%glrnlgggédn% r”g'mﬁ%ﬁe&g?%s 215 may
be a fupostronnwshtisrhas sednl ig@ttoy and sidé crps§-bdctien. kraa preferredaambadirnent loé

latively tijight | [ ' i [ t.
o the " Sedres Rl dioBRb e 166 theb Hpheldncdads boftiplone Aehf RGP
si | i conshieldr§ Idelemented shifld eereentsSiddandlmagsadtici edaners, dreldding:ay permiatloyised as a

sacrificial ]a to insure that. a rrect | ayer. thicknes emai,.ns at the
end of tpﬂg E‘ﬁ@%ﬁéa? HfBP?Sl iﬁ@lgo?‘eﬁet'ﬁ r 2ePREYTDTIve clementMR. nd 3

30 pre/erase magnet 1064. In the preferred embodiment, the element MR comprises a class

of magneto resistive clements which may be made to provide more sensitivity than



~ 9 0 CT 2002 process described below In the preferred enbodi nent, a
filler material 630 is deposited, or otherwi se |aid down on top of the

| ayers 610, 612, 202, 204, 618, 699. For exanple, one filler material 630
coul d be sputtered al um num or alum num all oy. An exenplary thi @geﬁﬁ'riooz
about twi ce the depth of each pit 215, for exanple, for a pit 5 dép 0
about 160nm the thickness of the filler material 630 is about 300nm The
cross-section of the substrate 245 with the deposited filler material b30
is showmn in Figure 6¢c. In a next step, the disk 107 is subjected to a
differential renoval process which, renoves the filler material 630 but is

stopped or subghagticakll HageepRsistiieldraishan deft iSidphneBr gl Geork AXesw 648 A
useful process is polishing wide a CVP process 10 devel oped for the 1C

i ndustry such naiesdpibed 23pd HuSagefrovy dpndracsk  aitches. dpend@EIPIveEh & al

Pol i shing O %ﬁhn%%%@@hﬁf}@é@gﬁuﬁ? Gmﬁemm&égﬁwm Kien in the an and is

Sem conductor International, his process useés comercially avallable

equi pment and deseréhed an-sfor examss i §iéanp Magagiprssisiardce &t Primmery byfRabs WhitoGEEE
bet ween the fi W &nl kR0 angl 48hRoSi KL GOTogd QX ViEai S,
inthis | S pa—lr-ljtaﬁ%ﬁiar gxan%rfée,s'i n _o[ﬁg%i’ Egﬁaﬁﬁs%ﬁﬁgﬁ‘@t éelg%r?eeff;mye'
mat eri al and whltiough ib@vexew@tary einbediingny thd desert MR cBmprisss GNIR terhoelogy di ial
silicon dioxide [|ayer ' f. . re okhe resul ting. face is
subst ant | ai |y SR8 e tnt Bredff At is TR B8 B8 TR SR R 1
The silicon diwpdsde elemyrrs Hd 8ithin thexdope v the (hravettingenvoh. fohexdanead, SpircWakt,
whi ch preferably does n tlggpreciably etch the underlying silicon nitride
20 | ayer 699.?5Q§¥ﬁﬂﬂﬂ&f ter these last steps, the surface of the disk
107, as shgwn m Fi gHkige Seferred embediamedaaa Isuifaam n@iihy Hlagidiic TRRGRnerated
approximately the sane as the thickness of the | ayer 620 (perhaps 10-1Snm
or in an exgnﬁl)wd%o@li”ﬁ’ﬁﬁf}}e LA ROl BEEEST P bf222nd read usingplempRis 5 i BiR-
art. Thus, in £ontyastedemplddP ebo@imedl tthe elReelisSéonftibe of 1hMChERnE:CRRAE I
invention presents a surface to the flying head 106 that is disturbance
free, which alrosignecheéonandot e§1dy o¥trap| latespldearpemitur profiteddd@dformgd rig 2
hei ght, whi ch Lhas6.Atorddeqtl dr Bk G B¢ tpotVshs ah®6 YN 45d1R %0 ARL RGP RABRE Ghd
for near fleIJ type optical® data. storage ggpllcatlons as well as the
flyi ng heath 106riodg hibe pleasatatas thaaptieal arvt 3B ssegarmned thackpandsforth By ghecreflestive
filled wth rg%kggﬁé;@blﬂaterial, the reflected signal 192 will have a 30

| arger anplitude over that of the prior art diffraction servo backing

met hod, for exanpl dn achieamgethenmehdiny of mbodivndais tra8k t pitvtbes kigr gessent invention
Furt hernore, t its 215 of ,th [es i nvention,do not .present cayjties
subject to corﬁgéﬁﬁgsﬁatal ot c‘))r%psmgbd?%sésg‘gffﬁréLp?sQB’aﬁtlhétu gned%}raaﬁ fag}?s ?r% \r{nact‘%e
22 0 9 o0 c jclasealgethicslka Y0¥ highsetvb traflong exammejcetiordstwkid bebirmpdandnied for data
deposi tion,of which, I r e Sl I 9.qver ti ln a further
ot ovenntt. i kg 8P ket ALE eliforu il Rlay b EXFloy bl (el il

t hi ckness can than 2diter afredhe piesamt movestingy; ithis coaderdisoaddessédbe rutificidgwbellfoe be

needed. and the top sur 2 l.d be even,mare flat and snpoth. Referring
now to Fi gure tﬁ?""t%hé?pe@gﬁ@e%\é%ﬂg SHIRATEHBL BYTe o‘%"g?t\gasco FIOSH nlf 0
const ant radi usnbolimeR 9 tHeheflequive vibsuat Y00 abveve ssick ohas diphapedtilZneotrack g can
present invention may or, may not utilize an automatjc gain control field
(AGD) . If an AsEchiearwit b Beerausmenton b prienat pileast Lk oVer theghtame i se

over the redii of &eeoidigsOnditig 6fi ®K radialSarfd@ndtcuhFerdfid] REitibh @BVoNsatRirk S
may vary because of the slower velocity at an inper _radius vs an outer

radi us of the (@FI¥pWItingyFequires 3oryraietplacement despils, digfe lvtiariapd spingle| beaknhnen- and
a represent at i ¥Ee 34/ QinSind THe A Expe8th dehQy Whili YA REraBPE AR Q0L AIwikRgg#smand
an inner radius of a corresponding disk. It is seen that the pulse w dth of
t he si gnal maythiekr3,5-ingh dishs.aln b Peesent inNpRtion, s coarera dt addaessedowirh sference to
posi tioni ng Oftg@fi@s%ﬂ li&i’&{thé & HisSovel sueh B8h Gedr! @Qeﬂ?\ﬂtérgscﬁ'sgl'% aftbbhs may
signal s derive rontprts conprising a non-constant radius are seen. In’the
preferred gnbosk avhizved whb agiursy 20%m et lessnpm.se a di mensi on such that the
di mension is proportional to the radius of the disk 107 at which the pits
215 are disposed. for exanple, a dinmension conprising a reflective surface
area or a radius. The signal 149 derived fromthe pits 215 of Figure 7b
will, thus, preferably conprise a 30 simlar pulse width, irregardl ess of
the position of the pits 215 on the disk 1Q4. Consequently, variations in
the servo signal 149 derived fromthe pulses fromthe pits 21S may be
mnimzed. In an enbodi nent of the system 100 that utilizes a digital servo
_ channel in which the pul ses are sanpled and integrated, a reduced
sanpling rate could, thus, be utilized since the pulse w dth obtained from
the outer dianeter could preferably ?s be made to be the sane as the w der

I e Y



disk 107. It is understood that pits that conprise a dinension that is
proportional to the radius of the disk 107 at which they are disposed coul d
also find utility in an enbodi nent in which they are not filled with a
filler material, such as in a drive that utilizes diffraction BQ@QI?QQ
reflection fromthe pits. 30 Referring now to Figure 8a, there is Sgen 2
end on view through a substrate conprising raised and depressed features.

Figure 8a illustrates that the process for filling 33 0 90c'r zooz the
pits 215 may be also be used to fill the channels 266. Thus, sonic of the
same benefits derived fromfilling% the pits 215 with the filler materi al

630 nmay al sé Byl Rrolgmsis that nyitng ! datanmaY sayse aidefepasumxelingsitatradks oBenefit of
provi di | st e f org; JE b ALk Nl 7, d Ve glhe di sk

107 as [%Pﬁjegs@t %%’%é%??‘p o-f1 provi di ES‘Q’ gﬁﬁee utgF igpé%%?n‘)pge%gmgc@uwﬁl ation of
cont anirecand/playlfick Ipeatessniaraligtinate oldvinfermatien IHbwesem titadide trasickscal®3 of t he

di sk 1Q7.praovides t r i i (th further benefits. )Lt can be
seen by" 1{‘}{'}} epePa )Y, CF@@? tﬁ%g}hﬁie&h\qﬁa{sé%%ﬁ% 53R Wdal ‘ﬁi%ﬁerﬁ'&f st%:yalﬁlgci ty

fillser dasitedmaghetid data ddrnaih demsityy whieh & preferablicdsditgteds piesibleet ween data tracks
103 may act _|i heﬂg}t’:h(faéﬁ si nk, wher eagl a low 10 condycti vi tg. anq_hl ow heat
capacity fi FIeHYndedt i osi88s PIFSENE sRQIeRE Sororidirdacith jtRlsrancipgr (ihgal wal |

bet weephe@tidopiapkils Stoledihck Oinbhaalfaciadh@ méieatic fHeadv.eiPhdid 3 iong &how t hat

hi ghly conductjve filler, material 6@0, such as al um num causes the heat
gener atPsgemPlihrathickgess D4ahe gements-y Jb thedisad §lementsiars abaiy 4eBubErt 98 geonetry
of the glabRcedAUMRIdbe oSO HBH. t o | ose their preferred rectangular or 15
square shape during witing of the marks. On the other hand, a | ow {
conduct i ve -fh¢ llastrawe rireblempyirambeve ie widressefohuithe prasenteldyrmsion disbe more
strai grE!Esc?iBQd&{%@ in an approxi mation, perpendicular to the channels 266
and stoppl ng at the channels. Consequently, alum num nay not be the best
choi ce for Rhaferrfing dosy tnEigeres ak-c68@ws bfistarage aedpdadow (eydpodf thepteserithe

channel.s 266 bet ween.d Iac : 20 comprise 20 a relatively narrow
ot dnrion 98 8 rib ol A HESerhitn e RRIRL R e e B me vert | cal
di mensilong éd folselectinaeinadcessAtdrmatidnefrore elre d3Diraukd 109 08mpukingSbedatknown t ype
of filler gr{%I a ggﬁ% are reflective when deposited as thin | ayers and

t hat miﬁ“%rggﬁ) PithE AR i mensi on and aspect ratios includes netals (i.e.,

t he af oremely ig pebfatednemnbogimamd the diski 1071 ¥pRprik £y Af WiRdiS thadowever, as
di scussecli 5 apove, netal .acts undesi rabl%1 @% a heat sink. Dye dpol ymer s

exhi bi t"9W\FF ableasiciovnegretn FrruSeLinter i aloriding & stprage lawst 807 ard 2however
they argdo@r Byét 204 U txdniplp@l insdla nBECasIAEr R A5Rhas-sloW maMlUehvi ty, it

i s anot her nat erlsdn V\:HI ch ﬁoul d be used, however, glass would be usable in
an enb@3THARER COYPIShEAia nd e AueeS WP dP? df Arelerably B afigh €geCPHY exanpl e,
such asmdidtiaRa@Rupsds ddesiedtduad bitdehiiges adi idvaagd Op o RERIBRLIVAP 30 for
servo tracking. Referring now to Figures 8b-e, sinulations of heat

di f f usistomaedasr {5 Hgt if PERAGNIA ROV HROBIMELRe SYRGITHEPENsiehMBdam 18 a nedia {

CONPr i SidaBnd) o FCAMHIBR! doniiives ©NRAABhIz€4ach Bther)O The LodRRZ1yAE GreIatHly AS "
di scussed above, aggl icatjon of a beamof light to a nedia in the prior art

may r edughenphghathatdipERgRaticdlopagy mirks in e steragsdaysr 294 sranPoRF WHittanHe data
domai n RLKS Abks YRS 6528! Y HobleOU! 89 l?éatig%'t{xigt%ﬁbdl:g@t Byed Q@ﬁ)%@t gee profiles

of a typical aperture as vvould_be?ormed lor-art, I'le Figure
8d-3 i |dutgoingalases beempl@d athgreoesiityi ¢fetbe tstvgagealareri292nie drefbrmblyusivergda di sk 107
conpri sj t : i . 'Y erature
prof | 1 Sobiky' s ATBCLS, £DAr AR PE BB LA B Al BREERE BB T S Pt
conpr i {eseinkfterchfermé i a2@6datd domhain pnakisriz8l).nnetht iswmgeGoysetPdent thy, t he dat a

domai n mark 8l1.are better fii nd forned in the j,n track and cross
ook aRistR B2y PE iier o e dp A SelsBRIRR hEWhig 8 oS, 1
202 exhibits a horizontal anisotropy (e.g. CoCr), the P1, P2. C elements will orient the
30 data domain marks 281 longitudinally with an in plane orientation (Figure 5b). whereas

in an embodiment in which the storage layer 202 comprises a material that exhibits a



10 present invention act to direct and control thermal diffusion such that

~the data domain marks 281 will better exhibit a preferred rectangul ar or
square geonetry such that a greater flux density will be provi d(ﬁd to the
head 106 S1, MR, S2 elenents during reading of data. By confini QO@Td?BBZ

domain marks 281 in the cross-track direction, uniform background norse
into the head el enment MR can be m nim zed during wide 15 witing and narrow
readi ng, which permts a higher storage data density over that of the prior

art. Referring nauwifcdtiafidb®spyaz ETbRCH) Bk dste Abmais infagks B3 3811366 and rai sed
features 215 is shown. Fi gures 9a-a illustrate a different approach to

channel heaeriepeadeegtically with 48 ouiniiplane ogenttiondBiseclby t he data tracks 103

(Fig. 9e) are dig c20d BRLYBRBNES fadAR Baye b 0ihayl RdibriEh BRESLIChannel s In
this enbodi nent, the nesas 266 nmay conprise the sane material as the

substrat e 2media that exbibitssl tempgratyes dependergsrthat it 3 fygctionof i TBEUSIBE, t he process
i nclud I I | : . ¢ t
may 1nc #"Ofﬂgéhﬁ}ﬂe %ﬁ&?{?ﬁ.erhrqu’ef 04 9 afs@{%{aé&yﬁﬁéﬂ@a‘i. HRwdl &Kt MalBilt L O

i ncl ude Ion servag sector 2 patterns as well as the nesas
266. It is lapeed0dtisoesponbisie in axiffhient wapttbati the storaghyed®o sect or 212 patterns

may conprise 25 raised features 215 rath t han the .pits all that
above, the disk ]jr‘L‘(??e ﬁ@?c’@ﬂ‘ﬁﬁﬁ’ ﬁ’fée %'8‘5‘/‘4?3’? g(§4 M@egﬁegg?%a?marg deposited in
the fol | ow ggarati ﬁbﬁ&b&dﬁtﬂdﬁmﬁfggrksgsl wmeeimélyilngetmgedzlqteﬁm @bactar | evel
using e.g. CWP polishin i.g. 9d), a botto jelectric er. 0 a storage
oyes 503 G Toekitbin o Bt S ambl o GREPE b K ARt AnFrOE SED ary

fabri cajd on1459088E@ 99 O whicB R il otkordted h&SIAMY rsiblRfce VRS &is stblbdiddnttoer ef or e
conprise mastering a g1 ass substrate 245 so that the nesas 266 and servo

patterns 21a¢Bngriaglomainmaks?d! Bepedowsiayselldaeheatsd byihe aweringlassi g ob)

deposi ting ' It S5 i chy a%&ikOmon the
substrate 2%“?*3‘3@’93‘?:9)’%%@&%% ca t%étgrrljégéhlgg?cg Fsy%tg{li shir#gét r?e al um num
or per mal | ogoingsatempsmidraprfitef27§linfosmebin thregdoyt layer 204 by theyimégoing e 245 as
an etch stop(Fig, b4 N Fi .9 diel ect.ri,c | [ 0, a

st orage Iayggerggﬁnzg%lasaﬂrggg cl){jj d até/sérl!%f%)"gﬁﬁcﬂteﬁgéﬁhf?ﬁrgte%}%? |%on nitride
699 pasti vailongthe spgrerdtre prafiioTd drentdsiag.ap&aire S8hia thisaeakuPlgerd0ef er abl y act

to interrupt,ther conduction of the ther.mall ductiye al um.num | ayer
620 rad al | YhBBIHED £5F AEming eyt A oHEan g 285 Bepat B altr YR 51
about 20% | gspledhevératdily alion 6 vlid it ngnétitQlonAls in leaddit laybi g abowp| e

thermally to al.um num | ayer 610. Hence, even_though there may be sone
radi al heat s"ég#&&@ﬁ“&@ﬂﬁwws it Feafoty lay 2D BEbSCPRIY Phere wil | be

a thermal cgdekicdtiyeadli6CQBhEMRY 5L IMRISY T8e 6901 Bhe bR 5 Phe AAfokiet ween t he
tracks to provide a go 10 barrier. It is expected that about 50% of

d heat
the out #bi nigverash %efe@a?b?m long so;hat the braysencratedrbydhe entisal spal3iss 202,

204. The OULAPAAIQiskiRSE by RRATMAAL n¥id diefint e i@yl umi num
at the center of %shlg tr%ck 103 or ete agssg\?%’e% %{/E{sﬁg@iﬁgﬁﬂ?ge&é%.

Typi cal |y, «neadimemotheflux frem;the datedamain giatks @B is understopd tncheadosssiblehe cent er
of the trac ﬁ"r}ﬁréh : 00,05 1d1Gl i i1l be
reflected a‘%&ﬂ% e sgggfggkxﬁ%%hfégﬁ%gﬁeﬁ%a%niﬁ%%ﬁ%@n@%tﬁg t radeof f

bet ween i ncimgente. Piefambly tsoanettumiwill be preferabdy smalkr thaakhelspdt I8 didmeeterequi r ed.
It is upderst I ifherence in reflection,.may .be used for servo
t r acki ngéji n&gﬁg"g?}gg%%r%tc %gtlgg'?’ ?lﬂi%ﬁuésmc&?’f"l“rtg%ﬁ rc?ﬁ“?“h%?ﬁﬁ‘faﬁ . Referring
now t o Fi gudiestiod, but will defipe ezaeddati rosdlfon itapesadad wacR103 dir&siohn a 20 di sk

conpri sing (Teqs)%f and no nmesas is shown. Figures 9fg,i show an exenpl ary
t enper at ur " §PBP1 e distribution in the disk 107 for three snapshots in

time at 90, and laadSfler sxibddfifbnf)Shexhédd 10 @DnPrib&lQl sifagedsloubRP2DYL i s
applied as 3 ns_and 1 mWfocused spot 348 with a full width half height
maxi num (FV@RH@O‘“H?H“&P aganersyetithatydhen bigated by anppeicalsget 34840 er of each

plot). 3he iPpeipfiakQemp@Rife, fitx frBmitheda¥a domain marks 281 in the storage layer 202

below couple to align the magnetic domains in the readout layer 204 above. However,
unlike in the embodiment described above, when power to the outgoing laser beam
191 is turned off,
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25 direction and the radial direction of the disk is in the X direction.
.The left edge of the plot is a half track point of 350 nm The disk 107
filmstructure is 85 nmof silicon nitride, 20 nmof a storage and readout
| ayer, 55 nm of al umi numon a pol ycarbonate substrate. The rreﬁQZ@CT ?002
extension of the substrate rises to the bottom of the storage and readout
| ayer so that the alum num | ayer is broken. The width of the nesa is 30
about 80 nm which is centered at about 20 percent fromthe right edge of
Fi gures 9fg, anthe mageegridamains isitweopy lnyendddtremain in anpligned QricaigbPRf i | e

di stributiqn,.n a di.sk wi I . : an out goi ng

| aser beam glﬁﬁﬁﬁdgﬂ?nt%épﬁe{%rs?m E‘S"'ﬁé@?‘ﬁ%‘?ﬁg %%ltﬁhe(g&bp%lﬂ}ﬁézg%g in the

di sk ate veifyheHewd 108 far fibgequest redlignmeitierasiierof thedhagneticOdomaprsgn ithei ng nesas

266. that the te rafure prafile.distrihution at the r . read

layers is GApPYBY rﬁ%f‘ r‘?Péf‘g‘Pﬁ@‘thc?ﬂ"%g aind ‘éﬁas"a%%gnfhﬁﬁtcﬁlgg?%ggrml

\% adi entss  34R eaitleRBterill subleasad Qavg;fe suffiidne ﬁﬁéhetilr:] ﬁelarsuexgenfmkh drey elmlaodi ment,
ere conti nuous power is i to generat ea e heat w pr opagat e

as a wave 5@4%@@%%@%&@956@?09%%&% %ﬁfﬁ%iﬁ\ah\tﬂﬁa“%éﬁﬁeen t he mesas

266 at fOUfmz{(?nemea cofldl I35 8e [BeRb@EEE RAGIng EARIof tHetheaPeltmadtS 1 gisrsms under t he
head 106 read/wite elements as is desired. O her f egdﬁ,ures agd advant ages

of the pressnfl thaheedlPoBagpyse hsaraEnpticdaTamsFFmii8 ogeTy i1l in the
art who Stg%’ne?mQﬁilgﬁ?@fﬂ%a*{gé'ﬁfe%@s%d%ﬁmﬂ?%ﬁ’°d@%ﬁ fﬁfeQﬁ&mallo t he scope

of the pre Invention'is imted only e follow ng clains, 27
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10%@& () - ! #F. " 10%6e4%tita, hywaver, il mdNBdBoskible that the heat applied by the outgoing
h laser beam 191 to the layers 202. 204 may tend to diffuse during the transit time the

heated region travels under the edge of the head elements P1, P2, C, S1, MR, §2. Heat
diffusion is desired such that the aperture 580 can be formed to extend far enough

15  under the elements head elements P1, P2, C, SI, MR, S2 for reading and writing.
However, because of heat ditfusion, the thermal gradients that create the aperture 580
may not be stecp and hence the edges of the data domain marks 281 may not be well
controlled or defined. For reading of data by the head elements SI, MR, S2 the data
domain marks 281 should preferably comprise straight edges and should not overlap

20  between data tracks 103.

In general, the layers 202, 204 will have different rates of heat diffusion in
vertical (axial) and lateral (in plane) directions.
To understand the lateral diffusion heating process, heating a surface of the

disk 107 with the outgoing laser beam 191 may be analogized to that of pouring of a

25  viscous fluid on a flat moving surface, wherein the height of the fluid above the
surface corresponds to temperature. It can be understood from this analogy that the
fluid would spread out in all directions such that the isoclines of a lateral temperature
profile of constant height would look like an expanding teardrop. An exemplary
lateral temperature profile 279 formed by the outgoing laser beam 191 was illustrated

30 inFigure 4h.
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shaped data domain marks 281 marks may be formed. One would. thus, like to contro}

the formation of the data domain marks 281 for proper reading by the elements S1., MR,

S2. —
10 The present invention identifies that-by providing channels or mesas 266 between

data tracks 103 of the disk 107, undesired effects of the aforementioned vertical and

lateral heat diffusion can be minimized and/or controlled by blocking and/or directing

thermal conduction between data tracks 103 of the disk 107 to thereby provide improved

writing and reading by the head 106 elements. Use of channels or mesas 266 will be
15 discussed below, but first a further discussion of the pits 215 is provided.

Referring now to Figures 6a-d, steps for the formation of a pattern of raised and
depressed features and the subsequent transfer of the features to the substrate 245 of the
disk 107 is seen. The steps may include: the use of conventional injection molding
technology to make a plastic substrate of a material such as polycarbonate or alternate

20 techniques such as the embossing of a relatively thin polymer layer on a substrate of
polished glass or aluminum. Alternatively, features may be defined by applyving a photo
sensitive mask layer on a substrate such as glass or aluminum, photo lithographically
defining the desired regions and the photo sensitive layer, and etching the substrate by
means such as reactive ion etching or ion milling followed by removal of the photo

25  sensitive layer. A further alternative would be applying a photo sensitive layer of a
desired thickness to a substrate material, and defining the pits directly in the photo
sensitive layer by means of a photo lithographic step. Other approaches to defining a pit
pattern in the substrate of other types of drives, including magneto optical, optical. or
magnetic can be defined, or have already been defined and do not comprisc a restraint on

30 orapart of this invention.
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sequence of layers to control Lhennal magnetic, and optica performance of

10  recording layer may be used. Such layers in a typical first surface design may include:
a lower thermal spreader layer 610, for example, such as aluminum; a bottom
dielectric layer 612, the storage layer 202: the readout layer 204; and a top dielectric - -
layer 620. In an exemplary embodiment, the thickness of each of these layers is about
50nm. As will be discussed. the dielectric layer 620 may comprise a silicon nitride

15  layer 699 and/or sputtered silicon dioxide layer 618 which are both relatively polish
resistant and thus can potentially function as a hard layer to the differential removal
process. The cross-section after this step is shown in Figure 6b. Once again, it must be
remembered that this is just an exemplary sequence of layers and that the present
invention is not limited to use with such a sequence of layers, but rather can be easily

20  adapted for use with other magneto optical, optical, or magnetic recording disks. For
example, a silicon nitride layer (not shown) may be used between the substrate 245
and the thermal spreader layer 610 in an embodiment where the substrate is relatively
soft.

In a conventional embossing process for optical data storage disks, the depth

25  of each pit is typically about %4 wavelength of, for example, red light, or about 160nm
deep. With conventional pits, therefore, variations In the pit depth tolerances may
result in vanations in a detected reflection signal. In contrast, in the present invention,
the signal 149 (Figure 1) derived from the pits 215 may be a function of the
reflectivity of a filler material and not the relatively tight tolerances required for the

30 pit depth in the prior art.

In the preferred embodiment, both the silicon dioxide layer 618 and the silicon
nitride layer 699 are used. The silicon dioxide layer is used as a sacrificial layer to
insure that a correct layer thickness remains at the end of the chemical polishing or
other etching
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Figure 6c. In a next step, the disk 107 is subjected to a differential removal process
which, removes the filler material 630 but is stopped or substantially stopped by the
harder silicon dioxide layer 618. A useful process is polishing with a CMP process
10  developed for the IC industry such as described in a paper by WANG ct al..
“Chemical-Mechanical Polishing Of Dual Damascene Aluminum Interconnects
StrLlCt;J;eS”. Semiconductor International, 1/95. This process uses commercially
available equipment and materials to provide polishing selectivity of about 100
between the filler material 630 and the silicon dioxide layer 618. Thus, in this
15 particular example, in polishing all 300nm of the filler material and with 15 50% over
polishing, less than 2nm of the sacrificial silicon dioxide laycr 618 is preferably
removed. The resulting surfacc is substantially flat, but now, with filler matenal 630
filling the pits 2135. The silicon dioxide layer 618 is next etched with a wet chemical
etchant, which preferably does not appreciably etch the underlying silicon nitride
20 layer 699.
Preferably, after these last steps, the surface of the disk 107, as shown 1n
Figure 6d, should have a maximum height disturbance approximately the same as the
thickness of the layer 620 (perhaps 10-1Snm) or in an exemplary embodiment, about a
factor of 10 less than the prior art. Thus, in contrast to the prior art, the disk 107 of the
25  present invention presents a surface to the flying head 106 that is disturbance free,
which allows the head to fly stable and/or with a reduced flying height, which those
skilled in the art will recognize as being beneficial for near ficld type optical data
storage applications as well as the flying head 106 of the present invention. Because
the pits 215 are now filled with reflective material, the reflected signal 192 will have a
30  larger amplitude over that of the prior art diffraction servo tracking method, for
example, in an exemplary embodiment, 3 times larger. Furthermore, the pits 215 of
the present invention do not present cavities subject to contamination from sources

such as particulate matter from the
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U& () - $-10% thickness can be tolerated, then no sacrificial dioxide layer 618 would be needed. and the
5 top surface would be even more flat and smooth.

Referring now to Figure 7a, there is seen a signal derived from pits comprising a
constant radius. As described previously. the servo sector 212 of the present invention
may or may not utilize an automatic gain control field (AGC). If an AGC field is not
used and if the pits are of constant size over the radii of a corresponding disk, a signal

10  derived from the pits may vary because of the slower velocity at an inner radius vs. an
outer radius of the disk. Figure 7a illustrates a representative unfilled pit and a
representative servo signal derived therefrom at both an outer radius and an inner radius
of a corresponding disk. It is seen that the pulse width of the signal may vary. a
characteristic which may affect the accurate positioning of a head over the disk.

15 Referting now to Figure 7b, signals derived from pits comprising a non-constant
radius are seen. In the preferred embodiment. the pits 215 may comprisc a dimension
such that the dimension is proportional to the radius of the disk 107 at which the pits 215
are disposed. for example. a dimension comprising a reflective surface area or a radius.
The signal 149 derived from the pits 215 of Figure 7b will, thus, preferably comprise a

20  similar pulse width, irregardless of the position of the pits 215 on the disk 107.
Consequently, variations in the servo signal 149 derived from the pulses from the pits
215 may be minimized. In an embodiment of the system 100 that utilizes a digital servo
channel in which the pulses are sampled and integrated, a reduced sampling rate could,
thus, be utilized since the pulse width obtained from the outer diameter could preferably

25  be made to be the same as the wider pulse width obtained from the inner diameter of the
disk 107. It is understood that pits that comprise a dimension that is proportional to the
radius of the disk 107 at which they are disposed could also find utility in an embodiment
in which they are not filled with a filler material, such as in a drive that utilizes
diffraction rather than reflection from the pits.

30 Referring now to Figure 8a, there is seen an end on view through a substrate

comprising raiscd and depressed features. Figure 8a illustrates that the process for filling
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benefits derived from filling the pits 215 with the filler material 630 may also apply to
filling the channels 266, for example the benefit of providing a flat surface for
maintaining a flying head 106 over the disk 107 as well as the benefit of providing a

5 reduction in the accumulation of contaminants.

Filled channels or mesas 266 beiween data tracks 103 of the disk 107 provides
the present invention with further benefits. It can be seen by further analogy that
highly conductive and high heat capacity filler material like aluminum or metal in a
channel 266 between data tracks 103 may act like a heat sink, whereas a Jow

10  conductivity and low heat capacity filler material as discussed below may act like a
vertical wall between data tracks 103 to block radial heat flow.

Simulations show that highly conductive filler material 630, such as
aluminum, causes the heat generated by the spot 348 to diffuse, which in tum may
cause the geometry of the data domain marks 681 to lose their preferred rectangular or

15  square shape during writing of the marks. On the other hand, a low conductive fill
material may cause the data domain mark edges to be more straight and thus in an
approximation, perpendicular to the channels 266 and stopping at the channels.
Consequently, aluminum may not be the best choice for the filler material 630.

In an exemplary embodiment, the channels 266 between data tracks 103

20  comprise 20 a relatively narrow width and an aspect ratio of more than 5 to I, which
may limit the vertical dimensions of the channels 266 to between 100 and 1000 nm.
Some known type of filler materials that are reflective when deposited as thin laycers
and that may support these dimension and aspect ratios includes metals (i.e., the
aforementioned aluminum) and certain types of dye polymers. However, as discussed

25  above, metal acts undesirably as a heat sink. Dye polymers exhibit low conductivity
and thus are usable as filler material, however, they are more difficult to polish.
Because glass has low conductivity, it is another material which could be used,
however, glass would be usable in an embodiment in which increased reflection is not
preferred, for example, such as in an optical drive that utilizes diffraction information

30  for servo tracking.

Referring now to Figures 8b-¢, simulations of heat diffusion resulting from
application of an outgoing laser beam to a media comprising no channels and

channels

24
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Consequently, the data domain marks 281 are better defined and formed in the in

track and cross track directions. It is seen, therefore, that the channels 266 of the

10  present invention act to direct and control thermal diffusion such that the data domain
marks 281 will better exhibit a preferred rectangular or square geometry such that a
greater flux density will be provided to the head 106 S1, MR, S2 elements during
reading of data. By confining the data domain marks 281 in the cross-track direction,
uniform background noise into the head element MR can be minimized during wide

15  writing and narrow reading, which permits a higher storage data density over that of
the prior art.

Referring now to Figures 9a-e, a disk comprising mesas 266 and raised
features 215 is shown. Figures 9a-e illustrate a different approach to channel heat
generated by an optical spot 348 whereby the data tracks 103 (Fig. 9¢) are disposed

20  between mesas 266 rather than between channels. In this embodiment, the mesas 266
may comprise the same material as the substrate 245, for example glass. In fabricating
the mesas 266, the process may include using negative resist to reverse master a disk
format to include formation of the servo sector 212 patterns as well as the mesas 266.
It is understood that in this embodiment the servo sector 212 patterns may comprise

25  raised features 215 rather than the pits.

Recall that above, the disk 107 may comprise layers of materials that are
deposited in the following order: aluminum (Fig. 9¢) which is removed to a planar
level using e.g. CMP polishing (Fig. 9d), a bottom dielectric layer 610 a storage layer
202, a readout layer 204, a top dielectric layer. An exemplary fabrication process for a

30  disk 107 comprising mesas 266 may therefore comprise: mastering a glass substrate
245 so that the mesas 266 and servo patterns 212 comprise a feature depth of between
50 and 100 nm (Fig 9b), depositing an aluminum or permalloy (nickel and iron) layer
610 on the substrate 245 (Fig. 9c) and chemically mechanically polishing the

aluminum or permalloy using a surface of glass

25
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5  conductive aluminum layer 610 radially. Because the recording layers 202, 204 are
relatively thin, about 20% less thermally conductive as the under-laycr, they couple
thermally to aluminum layer 610. Hence, even though there may be some radial heat
conduction through the recording layers 202, 204; there will be a thermal conduction
discontinuity at the edge of the mesas 266 between the tracks to provide a good heat

10  barrier.
It is expected that about 50% of the outgoing laser beam 191 will pass through
the recording layers 202, 204. The outgoing laser beam 191 will either be reflected by
the aluminum at the center of the track 103 or get absorbed by the substrate 245.
Typically, about 20% of the incident light will be reflected at the center of the track
15 103 and only about 10% of the incident light will be reflected at the mesas 266. Thus,
depending on requirements, a tradeoff between incident light absorption versus servo
signal 149 may be required. It is understood that this difference in reflection may be
used for servo tracking in an embodiment that utilizes diffraction information.
Referring now (o Figures 9f-i, a representation of temperature profiles in a
20  disk comprising mesas and no mesas is shown. Figures 9f,g,i show an exemplary
temperature profile distribution in the disk 107 for three snapshots in time at 90, and a
150, and 60 ns after the outgoing laser beam 191 is applied as 2 3 nsand 1 mW
focused spot 348 with a full width half height maximum (FWHM=550 nm) at the
track 103 center (upper left corner of each plot). The media 107 depthis inthe Y
25  direction and the radial direction of the disk is in the X direction. The left edge of the
plot is a half-track point of 350 nm. The disk 107 film structure is 85 nm of silicon
nitride, 20 nm of a storage and readout layer, 55 nm of aluminum on a polycarbonate
substrate. The mesa 266 extension of the substrate rises to the bottom of the storage
and readout layer so that the aluminum layer is broken. The width of the mesa is
30 about 80 nm, which is centered at about 20 percent from the right edge of Figures
9f,g,and i.
Figure Sh shows the vertical temperature profile distribution in a disk with no
channels or mesas at 60 ns after an outgoing laser beam is applied. The thermal

gradients
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at the track 103 center and that the thermal gradients are steep at the edge of the track.

In an exemplary embodiment, where continuous power is applied to generate
5  heat, the heat will propagate as a wave between the mesas 266, with the heat

remaining between the mesas 266 at four microns, or one microsecond after the spot

348 passes under the head 106 read/write elements as is desired.
Other features and advantages of the present invention will become apparent

to a person of skill in the art who studies the present invention disclosure. Therefore,

10 the scope of the present invention is to be limited only by the following claims.
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