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DEPRESSI ONS ANDY OR RAI SED FEATURES Fi el d of the Invention The present
invention relates generally to storage nedia and nore particularly to
storage nedia that utilizes depressions and/or raised features. s
Background Data storage on a rotating storage nedia requires position
sensing information to he included on a pan of the nedia surface so that a
data can be accurately accessed using the nmedia. Prior arc devices have

traditional | STRBAGE PIBK&QMIRIFENG REP RESYONGANOR BAISED FRATURES
sensin, inf O'Fﬁﬁ bPﬁne l;‘pcn!{ogdl tional Wnchester magnetic storage systens use

magneti c si the thin filmnedia surface for this purpose.
The position sensifhgpnesrfrmnrwamlamrrelas:stgymr@lal toysmsregmmddad anyg ridre psairelagy s ens
used to wite data t hﬂ urdace.in a,or o gz known as servo writing. The
posi tion sensf ﬁ’gei"}?fj@r £ ‘Bﬁes SPTEEIYP 4R ”r‘?’sf' FMEH a by an external servo
witer tospr@ackigotndck i dentification and position, which is then used

during the witi n& and readi ng}éapr ocess to ccuratel y. positi oneg ing head
during these oper RRPRSHEECRARA PRI SIHBEJRTUA [eQuites RASHICH SERSIRE HUPFHER fT

series of trggkrluded6h alph@6Rihbehdath SREE: JoRh&fa durebiR acBlira®BCARESed WAL
each in turn contain nultiple bits of binary data. Since the position

sensi ng i nf ofeEtdim Prsorlaé@éY‘ﬂ@dm&ﬁ"édaE‘Pﬂaﬂéé‘é?dcﬁ Heresunetheds rentore 29d sioaye

medi a one di gfs AsitRntskiBg ihembdde required to conplete the servo witing
process 20 increases as the total number of disks, sectors and tracks

i ncr easesi0 I n opt Traditiogalt Winshesterguagspia émgagmgnbpsq wagneficsyignal§ weorded
exanpl e, Al dealh K&g@ L6 b0t BIAEHB! TR B0 RS BR A8 is

refl ected fro e use to provi e the p Ion sensing
i nf ormati on. wlpicaby Ine:tordrpthwcm sgmt aysenny agd lsysmterttattaemtbeSBmgacpnm@assess may

be used. Here the 25 SeLY9 . Se¢L AL nformatL qn Si tical
11t hographi CE% Sr'?gno WY esc&os’lﬁ ¥ 8”“:%% O & ’8°° ‘?P%Q} éa‘%ézh
surface of aeifEtfn&“ seirod dmté\wluﬁqrroviﬂe pdaalsﬁdsnudtaics amt;lmsatcmurvatxem csomexes;saf
this pattern ma 2 prroducgd la?/ ect{on nol (? roc sses gl nce the
nol di ng dper APiGnhF $TRIDg AN Kep %f’ést O FfREOhPIEtE % 6 head SEres thsse i s
provi ded on bﬁ&iat&ﬂ&! By piblaBii t}SeUdzft@-G?ﬁaMAnTgBd ﬁmla&ohmme_gﬁle\se)mmnesach waki ng
witing of 38|nd|g|dual_ sec |nforma}t‘|on %nthe di sk unln Feb )é 09
0 CT 2002 eing made up of a num er of sectors ich each in tumm contain multiple bits of binary
data. Since the position scnsing information is recorded on each recording surface of the
storage media one disk at a time, the time required to complete the servo writing process
20  increases as the total number of disks, sectors and tracks increases.

In optical data storage systems using optical disks, for example, CDs and the like.
diffraction information obtained from light reflected from disks may be used to provide
the position sensing information.

In other 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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In such optical systens the pits are typically required to have 3
di mensi onal tolerances to performadequately in their intended U!EgyGﬂ3?h§002

exanple. the depth of the pits should be controlled to a specific fraction
of the wavelength of light , used, for exanple, 114 wavel ength of 650 run
light. The observed servo signal is caused 5 by destructive interference
that occurs between |ight reflected off the pits, so that changes in the
pit depth result in changes in the magnitude of the reflected optical
signal. Since interference is used to generate the signal, significant

| at eral chanpgegch ptifw Sis@sothet PRs Sdﬁ@tty;ﬁaﬂlycaéq%ﬁed he mbacewtngmtt edges to
effectively, overlap reduct g the nqgnltu e and distorting t q ﬁhape of the
(viind maplg.

servo dinwaionaltiglesancey o pRRsIoRM; asisa A ingh iseRded pss- ¢ Fer 553 act to
reducegthip o@rmé bl siulf bd B&uf&lfehqstaeﬁc&ng rf?a!ctxon%ﬁﬁrc WiRIREBSEMGM Of pits
can act to reduce the snoot hness of di sk and thus can cause head ’

f1 yabi bsedyfas Iewnelﬁsl/ﬂ Sravplengls of RAP nalrlsgha ntTéﬁebisnteé senvg sigsakisCpsedur f ace of
the me i ined

whe ebyy BrRtEE R ARABEkACRNR Rlichiion] RERIE) HUERIEAD BR FARE: s st ed
r ecor dimte guitddepdtacisuly iro¢hagdatsainghe anaghitudag thé refiested optical higsalt $imee of

magnet i tlcal st.em ided for.servo t ing in the
mmaner rigtRricsdh o S Raleod Merhl, 3t e SaneR] i B G S e

st or agepdlllcsrk czﬁaa tnsadieennglesdges to bfadively cﬁzﬁflqg&aiubmntthtenﬁgmmgenml sk. Wat

i S needed, gore %s a net hqd .and aE aratus hat acts to,reduce the
ndes: FENAE G cesmsrorahs ST R el Ty CHE HHGhe DIt Gy HF PUS of t he
Pri@r aidact to redBcedh® afiplitud® L 1HAUBNEAA sddnal.i AGso| h¥ PRiski8 of pRs pirement
invention provides for the enhancepent of the storage caga(g ty of a data

di sk di Feusthiheessmeothieinel Bistdiskapng thus capires) heaf dyabibini bl 18F t he nass

and COHPJdemameqhemqshmgzhsaﬂ&a@ebmem%urfme systemutilizes |ight
transmtted by 5 optical elements to servo track a data di sk and to heat

the data di Magoer wg aptiraliterhinglegias sae bh gowbingd tvherehn the ordige prasednd

magnet I t e dill
may | n%ﬂ tr%lSﬁ‘nﬁE# ess %Hgﬁgt‘ aYH} ra§a§|1 se g{ngﬁbgg e nylﬁ £ (ﬂb§gt§ ta ed and/ or
polis shéidkwitt thisvape cﬂmamtleppm% system pitd mayalyo bapromded Fprsscurvba@ekms provi ded
cond  Toe e ASePERSERE b Re A REUALAS bt LS ot Bt Y 1D ot
sur f acean mwmﬁeatqddmamfg dffaetsamitimaaterggendiyk.be r educed or el i mnated. The

Filler mrethal Rkt MARkOIDE AL e Gl el 30 ARld:GgL o anal

reflected from 1 6551 ons Candfor o ai s eef be provi ded with
a | ar gendaimpd eﬂfwlseofpﬁhend datiag in mmagrﬁeuthe)rhgeghtvefofdmphbeamrat erial used for
filling the depression and/or raised feature may be used for sector

identification and track followi ng. Additionally, the depressions and/or

rai sed features nay be made to present a reflective area that is )
proportional to the radius of the data disk at which they, are disposed. -
Consequently, the frequency content and/or anplitude variations of the
reflected optical signs! may be mnimzed over a radius of the data disk.

In the present invention, the data storage disk may further conprise a set

of 20 channel s and/or nesas di sposed in-between data tracks conprising the
data storage di sk. The channels and/or nesas may be used to thermally

channel and direct the thernal

(28]



effects of the light applied to the data di sk such that the shape fga@(ﬂ' 2002
domain marks that _ arc used to store data along the data tracks

confined in a cross track direction and defined to nore accurately rratch a
preferred rectangul ar or square geonetry. The ;5 storage density and SNR
may consequently be increased. The channels and/ or nesas nmay be al so be
filled wth a filler material. The invention includes the formation of a
master pattern_of depressions or raised ' features and the subsequent
transfer of tké!—'ﬂg%’-'-’(—@fﬁ‘—klé—%il@ﬂsk substrate. On top of that substrate, at
| east one sacrifi CIﬁ{e ;!»ray&f idveniiroprboiass Rt R é}mﬁ&h@hi Yy siaeargel chARY ofgy
30 sacrificial |ayer is nmeant that the layer is relatively easy to etch
or ot her wi se r@rﬁ)\ﬂékl ﬁf"@ whije gedycingy oprical patbineptiss) eldctranicenend/ast thp. masy ad
hard |ayer, bt LOBLiatBGedAVAle hehal ©! be3Night v3h
resistant. adtn} erQﬁ?rage alf/er fray sgrve as]tarﬁ é@k 8811 er Forﬁﬂggdrrﬁ’ye,
in a magnet:o oqtticelaglerdenss msewmgaﬂe@datdldwg a;rldaclhemye Qata shids\dudieg writinig dndt h
silicon nitri i Y. i Xi de
ayer acting aednE e A0 iR rine @ABieni Yot gorhdl Bl siORABE
silicon nitride, réEftmidasa aoraghéxsbmda)oflcltxdaedqprqssnemandl’m raisédjﬁettluals which may
alternative, e r al.um num be deposited,. with
t he al umi num atfeugg '{ ap?/oﬁd’o[nﬂggd‘é i Vgg?%ng‘aﬁaﬂ; ﬁ‘egF%l é?uraeg“ctog} SUfas 5y
the enbossed sgbvided fufr QligRbd/Om)e h@dahdt&&/ﬁrodi'h@'hﬁéll}t pahuAnd iafa fyiver @ﬁljdmbﬁnt

| ayers of silicon dioxi siljicon pitr or S|mlarthtd|elecr
| ayer. Sinte tYRE t9spHeP it :j]%"nij‘ﬁ@ dﬂ%t%"fgfe t é! %{Pﬂmnﬁ&ﬁ@%ﬁ [&r ?‘%Er ageyatu ‘Oﬂlﬁin

that of the siddnG@{inditPxladebe feld8Edt SiCelmhiHMENUMKE MR A SdIqRay0be BlaBERYILSe
renoved down to_a | evel equal to or sli ghtl%gbel ow a planar surface with

the silicon dit6Qpdive suih thayaneonsiclisien! @ omghrdeparssions rl/ararisedoleatusal |

level of over c%ﬂlﬂcspnbﬂged WifiSa 1a}gwa§ipl.iu99nmtréﬂéiﬁoé Y ®le light REcR B +t¥nal
protected; the silicon dioxide |ayer partially remains and Is partially

renoved: and tused {@ fdlingrihedeprestion andiorgnisedsfepiurg may he Uﬁﬂdt for pacpr degrifigatiop a
| evel SUbSF‘ant%nl%l J‘a)fk ?cﬂfb%nnxls hﬁdeﬁﬁB% llfyI fﬁE gt‘:ylg}pssﬁ)lﬁg Exﬁtﬁﬁrar lsed ?:%tu?éslrh Orﬁbc?e)ibde

Al ternative fi mat er | a nasim process a as an
appropriate se;brescm ¥ ecflegtivvarca maoase]sqursiOWal thelrhdiusvof ﬁ\es:lafaf disk Bn\tvhlch they

selectivity. In, Seﬁxa{‘@n %q“e“hgn‘%é??‘?ggﬁ%;ﬁ%‘%}‘ 2o aﬁ‘ng}nﬁcaecuna} §1:3Lf the

| ayer; the SI|ICOﬂ ack side’is serve ayer, “and
it is renoved nafﬁmedsd»mmhysmdahmm bahﬂmnﬁmﬁiover :etaﬁmslnﬁéxntdatatdm silicon
di oxi de | ayer coul q tted | can qbtrl d a eorén now bei n

the hard | ayer. For "c‘gﬁ\}’é wa?&grxpet‘l? 5%%8 ghé RiEprPeddiBns
or raised ioeatWae&lsrm;d/dnena'sak Heplomi ﬁrhbawaandamgmrs |c0mpm;xeg tmlda&md&a@sdxsk

al um num gl a such as am d a netic.material of

hi gher or lo %*‘“8‘8?‘ Blof i52s B6er &lé (5“)50 %é)e Us&g%%elbﬂdlcflﬂr/“gﬁ& gﬁm’@hed
snoot h. Such fefrdczsraitu&r figtt appiaddnoitie: dued diskt ﬁ.dh@lﬁhtttheshbﬁSbSdaﬂf ddriiin mArRMRA| e
selectivity relatlvetot of, the magnetic recordi

e bas t eri

i sk, The. br ecERESSTo e G AR Distia Rty B Singd it SERuE diag ey
conprising a SadFmbd ab enofehcoidbs) hiatd £ PRTeired Rgaaghlap oﬁwglfxaaél%e@\'ﬂ@lr)a bfet om
surface, 30 the top surface and the bottom surface defjned by raised
surface potti ofieragg density and SNR may consequently be increased. The channels and/or mesas

may be also be filled with a filler material.

The invention includes the formation of a master pattern of depressions or raised
features and the subsequent transfer of that pattern to a disk substrate. On top of that
substrate, at least one sacrificial layer is provided atop a'relatively hard layer. By

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

(oY)



depressed surface portions, the raised surface portions of the topqg.uygq'egooz
and the raised surface portions of the bottom surface di sposed al ne
OCT 2002

0
that are substantially in parallel opposition to each, and 4 09
depressed surface portions di sposed between the planes: at |east one
| ayered first material, the at | east one layered first material conprising=
a top surf acenaoledaplodrtsem Byratmoklaydrhie ishmdantthatse kperds wslatyvely patish east one

| ayered first terial ,dj sposed .above the raised surface portions and above
the depr ess%&mggﬁ%’é' ﬁ(ﬂafaisgcmxg’elyfaqaﬁécqgﬁs%ngcg-f the at |east one
|l ayered first nuwopetanlple]iisspangtbid pxl designahoreoriing staak sag be prdvided portions
and above the depressed surface portions; a |ayered second erial; the
| ayer ed secHiftp E‘@F?W“@Gﬁﬁ‘??’gf‘ﬁ’g‘{‘%mgﬁﬁprﬁa%éﬁﬁdﬁ'ﬁoﬁaﬁcﬁhﬁyﬁfface, t he
bot t om sur fRegR: Afa &Eﬁﬁéiﬁﬁﬁ’fe?lib SRGR gﬁit (RLFd 18Yer,dif SioSERinRieOtemaitiat t Op

a

surface of the at |east one yered first naterial and above the depressed
surface porth¢ enskof thgproease In g furthsr pliseatiye, atlpyer phalampym aboumaloYmt er i al

di sposed a Al 7 S A SR Blubd Bl BepeRgeed surface
portions: ancf%et#g?/ge@g’z@t ?lru mat er ?fa}llké ﬁﬁgapglﬁg?gsgﬁistﬁ?%égmt erial
conpri si ng (aretieg by thefembwssed derac bormatios)io f dayel higles thaoapy af Bapdigesat of t he

| ayered third tial,.disposed abqve the t r ayered second
mat eri al ar%ﬁyeésg%t\f °t°ﬁéh°(}éd;er%§cs°él a@ﬁ?’f%é‘@’%ﬁ?’?f%ﬁéﬁ%&ﬁ% ﬁ’t'eﬂla?o‘ﬂﬁ surface of

t he | aysr edpdlishingratedfahé aslumivapaadd fatfaseridemahat of the hidicomgiosidefthere of t he |
> | ayered second. material. The Itﬁ\%/ered thirg matter"al1 ma%i cogs‘;f.r{)t e a netal
material, dopBFRHMM ¢ARhEsiched orgthnviss remaved down 9.4 exel eqyal 1 pfSUSPRE o ¢
invention tfowsh plaa@Suthdekvit @E GliodH diok@dINithIBSsiReon@diidd lagaiaflewdgand a
bott om nost_surface, wherein the topnost surface and bottonmost surface are

subst ant i alfPgsameymaliieyel phever Pelibimgelluig, the silison nfride Jayer SREICBR | ayer ed
Fi TSt TR el ORI Sidk 31 HRARY A ARishah BRI R0 8B e at 20

| east one layered first material nay conprise a magnetic material. The

rai sed Kur falwoingormétalnshictnig fills thedhts rissssaty to arlévet subplantiallygquatale weanpri se a

servo pattegn, Téﬁﬁa J&rtﬁ‘egﬁlicdcjns&foﬂ@ey conprise a plurality of data tracks,
wherein the Tarse eatures conprise nesas or channels, and wherein the

nmesas or channelAltemative filpaaseridienwebnudet én plinilad progesciatiang astanacks. ''s The

present inventian conprise a disk drivye,. including a. di ubstrate,

t he di sk SLP@EEOP&f%gggﬁﬁ’F{;g’Pﬁvj?amgﬁffsa?af@,abX%‘g“%ﬂﬂ"%{E% s%S‘Hﬁ'r‘tiyzﬁ’gﬁg“r ai sed
features angkafMgRl @8 arRchih@AFLicAS)s ak AQadrficREMyéreak Uiliesn BRRRIdesd Ng a t opnost
| evel ; abnd fi.ller material, vvhergi,n the ' filler materifll is disposed in
the depilessEECRE 1S o 8 ard laxee| and itgs feamor phmpsp siRytl%I IneB atfRat Spnost | evel
of the rai s@gboliGadnttBssiliddnalisi®aghr c¥ad BBYmitted K the GiliRsn Sidid Igwdr ce of 30
light, wherein the light is _directed along an optjcal path between the

gh ( ]
sour ce and HOREPRERe BB dtieaTar prIyewioanl magneliq eqriw disks.drdepresHens rom t he
substrate. Jthgsddntds 8y bdeRLEeRRY nén-ﬂag%et?ic Chaterihl 40845 LGRS $12RY

conprise a servo pattern; wherein the | is reflected fromthe servo
pattern. THS palyakr.drelves nedyamfids, ehemagnstip mateaiabofdighsneidoweryer and a source

O %, RSB ek A5 AL S SRR bl aperveen (e
again is selected on the basis of its removable selectivity relative to the basic hard
material of the magnetic recording disk.
The present invention may comprise a storage disk, the storage disk
comprising a substrate, the substrate comprising a top surface and a bottom surface.
30  the top surface and the bottom surface 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



5 The present invention nmay conprise a storage disk, including a di

substrate, the disk substrate conprising a surface) the surface Coréb QG\J 2002
a plurality of servo features. the servo features conprising a dinension

that is proportional to a radius of the disk substrate at which the servo
features are disposed. A nmethod of utilizing a storage disk substrate that
conprises rai sed and depressed to features, conprising the steps of:

defining said substrate_to conpridse raj sed and depressed_ t" features;

deposi ting a fdePIeetd nirBFs AOripRsr ‘%ﬁ‘?s‘gt gﬁ‘@f’bﬁh%tﬂl#"&élea‘t deagt @Bptlavered firs

suf ficient SuGhubhalheah dedeBrieRSQE eatmh&l RbGiplilihl @%b Suffabehdh botom
substantially equal or above said etch stop surface; and differenti aI}y

removi ng sai d siffpqeethenhtion airfagyof tharat deastopreilpyesed fiest metesial disppsed Abavesthe h

Stop surface iigsl PAPKEL piubhs hid ddofe e BBreb &R Oforiad afd it B ABrRUIJraCe

t 5to leave a substantially planar surface conprising sal Il 1er materi al

and said etich tsg apleasuwealeje:rcdrg@t metetiddlispasedfitaexisad above!thelwmiseHsudaegpoations
depositing a sagrif.i.cial t . f or
deposi ting. ¢ nanfiprisrnEder ey sRHEE phiEnElol SLERcB TRl HFEh Second
subst anti al | y nedtehwdsompmsifig & laprsuefact ande bsaemishifadcalhclbaytem sucfateafibe ayered

substantially planar 20 surface,conprising.the.etch stop surfa and th
Filler materi arcorpmeialdiepsy Balepe sy~ Risnn ol s oitraChn o ered didpgens
wherein the sa@adisbbed 8e dystedcanface pesions,|dndohie db@xidsce df theelapéres §&dond
i nvention nmay conprise a stor age di.s

r

, including a disk sybstrata the
di sk subst'Pat e¥GHHEHPPY ﬁb°é’ﬁ_ \“’a&aés,eléfsr‘l’ agw?%legs _(?B‘grp"ﬁi)‘é‘? Y ?%ﬁriséﬁfi PUEREr es
and depressed phARhLIEAE, a lered didiafat @Al HE RFerc@MMFd @hRBaldohilRiiRgta lof V@lface and
di sk substrate | eveling neans for Ievellgg the depressed features to a

| evel subst antap@kbpuemsuIfageoths bppgisuiace of te laferedibird apajeripl dispespdeabovaihper

features and agyanfa06puRilafeh@ REGRAGPRIeddNUENEBRE W BprlSEP DR TRPPBRRAL, 4h@
person of skilled in the art who studies the follow ng invention

discl osure. Thes paueege offbe ke bish tisd maerigelisontd aick leveltafahs prrcsurfage of the
enbodi ment g d'l?ﬂ%l‘e(afjs%goddqgﬁ%'ﬁﬁl. el kG @nd%atérﬁ)aﬁpyy @&Hhét{)@ §’?ﬁe1&lhﬁxét§8£1: a8S
as de ed, of "a nuhber ways)

the invention, scri may be used in any nown and
unknown at t hipslymeriroatendl, pi trensprent Magrigl. CIa 1RO PResBrti ipferdoscthe pitorage @fskt he

Drawi ngs In Fi . ic e t tor S seen; .In
Figure 2a. a (519 %Lyﬁrgtc’)l? ctoﬁ'?lﬁ?%easégﬁﬁggnsére@ eiag’%qﬁgsﬁg g‘eﬁ‘°?‘%%fa’§¥°aikﬁ‘;@’ﬁ%ﬁlﬁt§8§%s‘
" '"b, a typicalrfserand teeotronosi surfaeenre Jubstkatgliy 3 eyvevibeinsentite strfacag el tara

readout | e aOL the {;Efg?% LR QS S5 l._a“eeri ur & doudad e

showi ng a reprE8eftfafVE" opt (MEa 2 pafh T eP YR FYEUTES? FATRY V4T blis

views a head oéast bee pyersdnfirsi meteridliroay asrepriseanmagnetic material. The raised surface
portions and the depressed surface portions may comprise a servo pattern. The storage
disk may comprise a plurality of data tracks, wherein the raised features comprise mesas
or channels, and wherein the mesas or channels are disposed between the plurality data
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



In Figures 5 views of storage and readout |ayers of the present inyent]
are seen. In Figures 6a-d, steps for the formation of a servo pattbrﬁ b%nT 2002
seen; 10 In Figure ?a-h, signals derived froma servo pattern is seen; In
Figure 8a, a substrate conprising raised and depressed features is seen: In
Figures 8b-e. simulations of heat diffusion resulting from application of
an outgoin' ' laser beamto a nedia conprising no channels and channels are
seen; In Figures 9a-e) formation of a disk conprising nesas and rai sed

f eat ur efeaiusessman compusd assetve FngUT, esheddinithe dighe serdflatted Miwnofthet samper at ur e

profiles  in adisk,c risi S nQ nesas i s _seen. 9 0 CT 2002
Det ai I‘eﬁatﬁ&cp?‘f)t‘r‘%%ggﬁee b 2@5&% %’%“\fg%?iaontobalgg)a?ycfésa“?oar SPRE 8€H5 tenment of

t he st owh@geincdpaidht \is direacdatomgdirs kiptilral pathwbétlveerd @dusiung it ibeadiskpat h

opti cs, %I ectroni c% and/ orl the mass and s conplexity of associated

r ead/ wr FHPEUHB tpdREat REOGBEEIST-uti | i zes |ight transmitted by optical el ements
to servo trarie mestat Mvelitih niditeontprilieatsiordiR Al thelidilg LU Asive therg and

readi ng of data. and inductive and magnetic _elenents for actual witing and
r eadi ngdiskpbsHale gomprsiaga syrfase. eysuraes craprisite oalrabins obssayvicatEssed
feat ur ege Joh Borisihb danalion Rk SRGHrNidaN o/ RTABUS o Bledifal 5. 11
this vva;%‘e ngs)rcr%%tt. surfpalc‘ehi s to p‘r ovi de‘d for rtt r?e Foeaél W | St)e heéd that is
aer ody nsubstcat htywinglh Hieserye deatyresare [dispasgdcondi tion very close to the data

di sk surface r oV 6 ng of: : m nant s
may be r educ%(ﬁ-IE %’F&eﬁﬂr@%@f’g%@%e&% ﬁ%étgaqgrg‘afarl a# %n;a%g%gg?rgg%&%g&ﬁ~
r ef hect fenmresucmprisate thnstepstafcddfingigpaal substfdtie ot @dptisorishendldgpresssi ons

and/ or fajsed.features.can be.provided with a.arger, anplitude. The

o | ect FeBMTSS iRt 5 Pralfish o Pshatosthop EragBul SrasPT oty et

depr essihansaphdépéssedifeaanest aatfiilee wrayhelht usisthntiolly sQal or abadekidfdterat i on and
track follow.ng. i.tionall t he depr.essions, and, ~or .raised features may
be. e PR LA SrEIAN 14 et ALE MOREROHORl b EQmalfaar ad us of
the dat gvedisslf etth sp fRfatdiRYembRdWRIPAGRGD: feqBHEHISNEAIN kichRevpf ueeency
content and/or anplitude variations of the reflected optical signal may be

ni nithi z@dedper substaniigllysplanar sHEaG RO AT R, sasblillsy raneriahead 64e cfshaRR i on, the
data stgrake disk may further conprise a set o f channels and/or nesas

di sposed i n-between data tracks conpri si ng the data storage disk, The
channel s andTheometied gy fughap éndludedhs gep REAeReSItpS @rsasrifisial daygr averél t he

t her mal g0y ?t(){)%ﬁrtf&e%dtbﬁﬁ)ré a%&mggﬁe ﬁmerzrgatmg idat.andiviferSVeR ddidle the shape

of data domal n marks at are uséd to store dat'a along the data tracks may

be conf steresubisiantalbyr ehestheafikerdind dbg sasrifiginbila3e tadedvaacgubyantistly phaveur at el y

mat g a IS HARIUGY siPfacS BRI AIRCIRLL M1 THE ahQkA0R depsi ty and
SNR %ysx@%ﬁégﬁ{agﬂ?ﬁﬁ ﬁ_lbe iné@ésasgé. The.chan?]mlélsr a-r?g\/.c;:r nécgpg%ynggabe al so be
filled earaprisa siticon aitrigrmandrihgrein theisecrificéal daver fomprises gficdnsdigrgde.t o be limted !
to the specifyc i j i i: t.Gat i qui val ent ~
t hereof, as I-llheep r?%@%?%%?’ﬁ% %&@?? é%pagtr%yﬁ(bg‘?@gg’gaas 9{‘5#‘8%16?935??61 nunber °
ways, kdokwsutatrate enkpoving atsutfimesthpenifand cofnprisime raised features and depressed

{

features, the raised features comprising a topmost level; and disk substrate leveling
25 means for leveling the depressed features to a level substantially equal to a topmost level
of the raised features.

Other features and advantages of the present invention will become apparent to
person of skilled in the art who studies the following invention disclosure. The present
invention is not be limited to the specific embodiments disclosed in this application or

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

ways, known and unknown at this period of time.



p g pCT 2002 Referring now to Figure 1, basic elenents of a data sﬂ&zﬁﬁT 2002
systemincorporated as part of the present invention are seen. FiLUre 1
shows a storage system 100 conprising an actuator assenbly |20 which noves

a flying read/wite head 146 for witing; and reading of data to and froma
plurality of radially spaced apart concentric and 5 circul ar data tracks

103 on at least one rotating data storage disk 10?. Referring nowto Figure
" '"a, a disk of the present invention is seen in further detail. For the

pur poses of deBeief Desegiption dnlxheiDraningsf the present invention, a particular
data architecture of tgg.dksk 107 i@ﬁdescribed. The di sk 107 is

ci rcunferentialf ég‘éﬁ“\}i SF §iements obt (HAFPRE: BT 8%5% v and m

circunf erenti ajnl Bigse as efdispaf the prRAGR isapads SRV dea@t ors Z12 extendi ng
contiguously outward _froma center. .A corresponding plurality of ~edee
shaped and spalddeupaPt? WRlcA! ¥R ¥FOTBEMre i nterposed circunferential ly
bet ween ands adjaggehtk 2t O/i8AEHE Wbrage ARSPARL MFerPd the PlesGRINRNSALIOERn212. The
data sector 216 includes a plurality of data bits (marks) conprised of
magneti ¢ donai 2@ 3t hdirgmreshesder 2 tpesottaive aptigahpathdhseem t he di sk | 07.

The magnetic data, I r Fﬁ%gg M. 1. tant |inear
spaci ng al ong @ﬁgé g$§i§9§§%39?6§§%ﬁéﬁ at a fgggﬁgw%ﬁgngpggggaced apart

radi al |y with ln Figwedaviesontstange pediieadoutayers of the lprgsetdhvenpon Refseamr i ng now
to Figures 1 through 4a-f, a St Qf system.of .t he present invention
w1 how be el eee i e iR AR R L HRaEa T o show a

general structlarfgwt 7ab, sigraildariyedsfran agervs pateetiiskeéh; whi ch conpri ses

opti cal elenenf for read%n%gthe servo sqftoQE 2I2,5as wel | as optical,

i nducti ve, and"HHBHEEHE VPHHAN, ELPILY I8 TAISET 31y dSRSEd deAWGS Bt bits to and
fromthe data meFiboes 88k6sinitataenf heat iffision fesulsysrem applcdtioglofde Sumomgt
of flying heads 146 that arc ' 5 adapted for qf wth a set of double sided
di sks™ 1 07. OnelafarPrap heBYdipFEMPEISHR 50 FoRagels a7 UBIFISHERSES of di sk 107,

The heads 106 Rr@qo&ed®d-8dotRat@dnloPhAl¥ cBmbHAhPMeSBARC iR iRted isASSOR ¥ 120
by a suspension 130 and actuator arm |0~ by which they are positioned over
the surfacks ofh kigeredPEicsrepeesentptions s perppesyretiielilgs ¥ka dish rompasipy MgsERBy a
spindl e nmotor to.gdenerate aerodynamic lift forces between the flying heads
10b and the rotating 30 disk 147. The aerodynanmi c forces naintain each
flying head 106 in a flying condition above the surface of each disk 107.
The lift forces are opposed by equal and opposite 9 090CT 2002



spring forces supplied by the suspensions 130. During non-oper atimgem 2002
flying head 106 is nmaintained statically in a storage condition a f

the surface of the disk 107) typically on a ranp (not shown) away fromthe
surface of the disk 107. System 100 further includes a | aser optics
assenbly 101, an optical switch 101, and a set of optical fibers 102. Each
set of optical fibers 102 are coupled along a respective one of the set of
actuator arm s 10~ and suspensions |30 to a respective one of the set of
flying heads 106. The | aser optics assenbly 101 includes a di ode | aser
source 131 o@ %"5J§§M¥ﬁ‘k known in the art. The | aser optics assenbly

| 01 directs T aser beam 191 fromthe | aser source 131 towards
an optical sWad plesehOinvediin prasides fmpthec&hmm&bd of thOdrorgreadapastytdfen r ef | ect ed
| aser beam 192 and r,ocesses the si for output as a sibnal 1.19.

Ref erri %lj rﬁizﬁ?v drgv “&UF d° c"ighBPtecafé’g(S cRANCS EFCHRnIAY AWK ﬁ’ﬁ BayseHidesent at i ve
optigal caadiéxisf of BRosiNRE Bt Reald)r tmrsy@@hﬁht'mzek Nighf Grapseiied Nsd

enbodi ment, the representative opti cal th includes: the optical switch

10-t, opRSicakelements &g sevo Hpek & dptadisseand tqsbertobe dyAdiSrdrinE Wiengsad of flying
heads 1rQ§d1nJ GPdERPtah@ﬁ{du@tWeta(ﬁB nqagnéncwlé??{én%eﬁr §d~ﬂ dl k&hﬁgtanﬁi?&ﬂg@s of

sel ectivity for directing the OUtgeaclp | aser beam 19I toward-a respective
proxi mal endTifdaa $l@@9@ét3l\\i@}’dp‘tlll epfastiens andor raibed (gatuersi whichawer beam 191
is diregt Y, ex o | .end so as

to pass ‘t?rﬂoég aﬁﬁl%ﬁggﬁ %Herﬁﬁwlgm%eag&isogggh@ o ainr é*@‘ é\%? i\?} §riaé’o'%ﬁ%§§c% EO The ¢
af olcerrepl‘owdnédarolpxt reedvripahdadithat s aemhdyeaxnrcahmarnammmmkruraeﬂyu@gcmddldmgI y a -

refl ected | aser, a irected t.hrou t n 106
t owar ds e:t”héf ar &9 )'I‘e ggt% ‘%Sk %Sur{g t‘r’rgwpmgragetpoo?}gfurf# %% “g%[{ogdo | aser beam
I 92 prapageihass aiaerhg; teldecedpdri ﬂ&hmithdaerrh&&alerr@n@eﬂdl ridy bt sneasivwl end and

is selectively by. the optical h,10-t. for frans sion to

| oser. opfre bt et srbisgeat B EotpRtiobrind S Taary s

r epr eseginde pravidéd ma mr ahﬁizﬁﬁgﬁtﬂh@mefwm&ﬂdﬁd-rel Kot TR oS eevpagaglt or s 212,
Referring now to Figure pi cal servo sector 1n seen. |In Figure 3b,

t hete i'wedhendling rrﬁgrrprqsean EJ‘Eﬂ/?”Sﬁedofea‘é“’c PRy Bapseddpy secisdegyifioaton The

fol | ow m&&&%rm&monAmhbnipryl @atldyprssamah@& hR&d fRRSANSaf & mRdON di ng the
out goi ng | aser beam 191 to selecti vel y access informati on corrgrr sing the

servo serere@rérefieztwerrréam\r&)prgwrer% Qs radiupef d8 d3r dipk adwhics ghayo

| nfor Mk ofshlAl  Chgydaa ameqerqmaatc%nreﬁr %rmcaenpwéaceoarm@rm gnaRl e access
to data in data sectors 216 of the disk 107. In the preferred enbodi nent.

t he dat &flesledrrticabsignapmay he @inimprpd 2vargrading pf t@pdﬁaezﬁsh servo sector 212
cont@in threg iknfsenf u@@ﬁ%e%a 9&9 sIRddeOdlsk $RY fufthdd f@rﬂgns'gﬁzr ks {STM 217,
data track address marks 2, fine circunferential position error

si gnal {@E&?ls g/ rON eGP §t5p¢mﬁ k%b%“zeﬂ 92 deaks cpppusi@tigwlata Heragedisko sectors ¢
212 rmy 6@:&%9@5&%& hefdas Hrrapao%eusgci t@tﬁﬁm?ﬁf Afndtand Err&lt'rtf'?e ?H%):m&ro”p“ sing

t he di s r's ot erwse formed to conprise depressions or ralsed
f eat ur eeffecBndfobslighy appiiidae throdatd digk sush thiit dhe shape ¢fslatmdienait mmiksubatpr ovi de

et 2R B8 NAERG0RRG FATeL XARAELIPLEL Bl Al on o ke
pubki shédindd aunmeoresacasratedy \mzitdh krpoaterrddnrdchamgalat or Is@;anﬂ@,eembmdr Meet . t he
sen~o infornlation a _co ation of i sed t ures and

depr essEAPR SR %M "éay EPreve lynlfl TRy e@?e%’alnggls&f’ °F Bf¥&%enced as a
pit 21~ma} behlSo badﬁédstvﬁbd filleaiaterialanot her enbodi nent. the function provided

by the pit 215 could.he rovrded arrsdfe ure. Furthernore
o though ¢ Pl preers itveaft 1 1L B BE spri i Sasis GRS

under st Qpl@rst:ﬁbﬁhuatnhﬁ oPhhy equivalahy tHerivh kb I Bt &fion S&aﬁ@é‘nbeﬁoﬁqaﬁbé‘md&
circular or simlar shape. In the preferred enbodi ment, the pits 21~ are t
~ M?ttmnmo(ﬁﬁ@ueérwr% o a9 uakiermras ig perigd ofliBer tracks 21 Om 210ml,
210m2 . . .



The master tracks are concentrically di sposed and centered and equall y

spaced and separated by a track pitch Tp'2, wherein the data trac{ﬁqt 2(]02
conprise alternate ones of the plurality of master tracks The ser im ng

mar ks conprise a first pattern of pits 213 that are witten from 20 the

otacr dianmeter to the inner dianmeter and the certain ones of the master

cracks 210m 210m+1, 210m+2 . . . to formconti nuous radial |ines. The disk

drive control syste DDCS k dr i configured to
ecognt ge. the 111t MG hotie FiED hobtenel<hfalsot o i 0wk gur Sl afisrperase
each time the fisrmtt pRUkEprest® ﬁle&xﬁ@heade stéh. t IRgE of @héwel cepbage BEem 46§
data track address marks 232 conpri 20 cmd S pattern of m%f vi dual
pits 215. The <$BEBHYNDANt TS g‘é‘&%ﬂé Bopescs thripe geaddviie bead A0gsfor
pointers for i d@isfangadddan #laias bachbah pllakiay b A-lkly Jsggcedlaﬁart B&xc@ﬁzﬁfc%& ed
enbodi nent, the position error marks 252 conprise a tﬁ attern of

i ndi vi dual pi t §irpulardatartracks 103 ep pideaskens re‘amw%gowasﬁﬁlsbdﬂ entrically

di sposed segnents 2RLferddno’ s anﬁlrél 2a Bk e e %&Eﬁr ﬂvéﬁloHSF?QCérp 1?%1‘[!}‘6?
position error si 8na| s for o perform ng position ust nents of

readl write headc®06 boetheapyrapics cafl dascr maavrmthmfrlhqursmtkn@eékn ng
and follow ng a c T 2002 Each pit 21~
may characteri fela“ Y‘%LL af{H né%gf{l)jgglb??lg.{ lsgfgeknggtﬁt rolled: a radial pit

wi dt h (ef pw), a ci r&"ucrtcbxlerw? as cpicomferaitiblly dopdedaimto a pluiraldppifmr(mmd)y airdne

control and rm.t t_posi nd_di blis

For the ooce.t s EimEEmuath Saskd ony Sadde Pope B anL iR P A etiondle, oot
appropri ate corutvard bar dehtzas. The servo sector 212 of the present
invention may or nmay not utiliz C control fiel

brof or ably. - an AGC PefiresEonine Rual 20 oo aapl B PReiE R Prors e
sector or equi V@E@agddycnﬁcemmmaa%ei»mn did Qd_deeﬁf ag&cﬁaamc:letpecmc pfaeoda&rao
sectors 21b. In the prior art, fractlgn i nf ormattig be used

mai ntain a posistq'eh 2d¢- éfhfcsiaﬁesae%%bﬁr inglugesa phualisy © tabftﬁése&r‘\a)rcoanmsgﬁof
However, insa sygh&m &d?ﬁémstmsmarhtré &l 1d sbRrififondhddd &F tHeQiski TT70I TR htheTRY
be undeS|rany degraded by the optical properties of the optical fjbers.

The present i ndewdonwin2Homarknareasaprratedithacpusiany lingaropaaied gang terdatanieacks t s
215. The pits 339 dﬁﬁé&&f&hh&g NJ:'aFEt ;HazarﬁawrmaﬂmmefAo?mﬂotoh§§ﬁrra&sﬁm92
such that the beamis anplitude changes in proportion to l'ight reflected
fromthe di sk % pitihelehances in anplitude are enbodied in the reflected

| aser beam 192 and gLe..§ DR | KoY 28 'aca&aasmag Slehd 6khe present
detection techniques on t aser- optics asse ut put as ?rh
signal 119. “OThemsngwawlM@w ibs dgseluecasﬁampbéltlnrp@gh & f ore Py to(shES)a gaperal
mai ntain the p (o}

of course, that(:gﬁplbér%bxg sy‘ruk em t‘ﬂs?dsé % \égermu??fl‘g}e\égp%l ? Sés 1 ?ca!»’@f!:ﬁ{eﬁk RS
di ffracti on i nfreadivet thersefvocestarscRiZaadivelk a9 optecabi| idduséivesad mwnesele»lpcmems for
tracki ng and, ths [ t { limted to pits Z15,
but coul d instéed m@ anQ a%m% cﬁe& b&%e %P’ fl&&? h\régg{aggﬂg)%sr#gr mation from ot her
ser~-o0 tracking fea’rALsr mn n‘\ diigwex dnplyeem A nndhdesandett b flying eheads R@6 ehati arg

to Fi i i
Coon: i Bisor ST i BReSHF o For 5t il S eRts 2 e BV IRy Y B e 0ee?
recor di ng/ st or ageh duafaes ofSdifk 7. OFHe heddstlio6 asadoupled th & katar}Qiétuaibh enaghatiang cbigad

105 includes: a slider bearin yface .44 a reflective
subst rat e 400, 2aaebpabby peuipnrion 190 Sodsctistey B B bR Sihychadhy ped Fosifes
di mensi oned t o0 RECMETIRERLS of AR NEKskioNg lﬁiloﬁ draiie SheDEENECEIT 4rb@oRRHas 4 Yindle
optics 4.t6, the optical fiber 102, and the reflectj ve substrate 400. The

refl ective subdreiari® groeraeAFrqdyBrEdifaiorsss Pewern thedliing heads JAF and the ratatigaed
so as to difectyhhg apgr ae{g@o}qﬁnpc%rce?’gxaﬂr%n Eanang hem i0windd akinkQondfdn

for exanple, for f| ne trac urposes. In one
above the surface of each dlsk 107. The lift forces are opposed by equal and opposite



enbodi nent, the reflective substrate may conprise a m cro-nmachi ned m nor as
is 13 09 0 CT 2002 described in commonly assigned U S. Patent []9 OCT 2002
Application No. 08184.4.707. entitled "Data Storage System Having An

| nproved Surt3ce Mcro-I~tachined Mrror." which was filed on 18 April 1997
and t~~hich is incorporated herein by reference. In the preferred

enbodi nent, the reflective substrate 400 includes a small (in one

enbodi ment, |ess than 300 pm square) stcerable reflective central mrror
poni on éb?ﬁg(f@)rkésl@Fbl@éde@ ihe sEk;&lﬂﬁienﬂmCD.yDdﬁﬁ@%@n%h&%ﬁor{%%heﬁﬁﬂﬁ atidve of the
reflective central mrror portion on ,a side of the steerable m cro-nmachined
mirror HSsie mainaingdpdaticady i 2 siomee wRndiHoR away fpmi thy surfase ofgIdiskdi0Ze and nass
of the & r SRCA } i idgety to design the
flyint ﬁggémfl% ~Wﬁqgﬁhg&gg\§%ﬁgﬁ%%ﬁﬁ%§8ﬂﬂ ed?gAisd.’Used in the present.

i nvention) fSysiemt K0 fustbii ingluderda daser eptiss aksembdy 40k eni apticafswiwhriy, t r acks

may be r N i t S lL.e hve n ! r.ror

por 1 orttizh i3, petial Bbdt 109, _RRNSIEUNSy Rbort 30 o RAMIES SRk o °f e

out goi ngspeaseronbeéirhesdi ofacthatdrarm'eflDd abhd susparssirns 180 4 BRpécsive hangfed bef ore
transm ssi on bo tgedo?bgctive optics 4-t6. As cross track data track

densi t i B8 ST REPERERAG 095" nder st ood that a hi-bandwidth | ow mass means of
fine tracki e liseropdespassamtsled 0D)inditides i dibBe MREMiouesd 1BIr 6104 Jypaardiid be
useful . A tow pmass h[i-tiandwi dth m réor Th‘gi reflective central mrror

por t--ork¥20 N4 Bf-at'dd 83T ABHFYASTEElYal Kl Sresh thaiowgsinsmeerttsaa Wdt of drive (-
el eqt r oglés tfkOader setlce 13Th@watds Arapitiiadwinal 0a9ahe NaskNEpiRS @6kmBflefiCr eat es an
el ectrostatic force that rotates the reflective central mrror portion 420
about areawtesdie rafigciad Insen eam 1Phandopragsseestthesigndl deratpipes eeignaddd? 348 in a
radial direqldiin38ulo PRuldS BietkisGn 4 BigdRuPXAORLE"Y conhadiarnt, @
rotation of approximatelyt? degrees (equivalent to approXinately f4

t r acks)opsikalt preh of dlegr aytem r 0| ctunher dewatlr aln nlie peiensdr ¢rmbndim@0. e used for
novene jcal ISt Qr age r eadi of _

i nf om—g%f’ rggne,nfap ?%é’ﬁ&? gﬁq%\%l]% %dggéé%%@@%g%@%cﬁgr%bgn“g oggfeaS%F?%%ﬁ%g%od%gﬁot her data
track. 102. atdhere ofniposht wéflysg lehtiel06. afijespiifal soitat | ®hpolidehsufitiesr abl e
reflective ceptral. mryor.25.poption 420 .are possible. arse tracki ng nmay
be nai n e§feﬁse8PB§)e%l j“t‘is{(’f e e ghree?lr?g?'%tlﬁsér rbg?rgrvt?a‘c?twﬁé%Srre?Pé“g‘hv& and coi |
assenblprodiz@l ¢ndi cfurrespeclive dpricahBbqarliodr Thetoutgobipviasdr ivemal19mid dirqated pl atter

W nchest er nmagnetic disk drives use a.set of respectiye suspensjons and '
act uat o %f ﬁEgﬁaﬁilllberng%tq Ft ANTERTHS déﬁg‘ ?rﬁt ¥oPa Rt thro c’gﬁgémé'?ach f1ying
magnet i lzath ¢@6omd a saspértian diskti@@ral unit is fixed relative to another flying
magneti c he uring.30 track follow.ng of a particular nagnetic disk
surflace si rralfpf @55‘59??%&03‘5?\ BQ\ﬁhnUm%Lfgé‘i‘iBP‘PFér‘“n%Wéti e rgxlgglgu,af ace is
not posefiédil laden beant19ags firedicd ieougiinhe ifyRipt haall 10band Jowarl@s theQidalT 2002 ;
present invention, Lrr ective_of the novenent of the set of actuator arns
105 andtid&f ‘}Eff"pé‘ﬁ%lpflél?fé'Eigg's%Sd?ﬂcétegelfseéfbei"ﬁgl%gtpé%ﬁaﬁﬁ?%3lﬁ‘f’%l‘llz?-ﬁ’ﬁ%t‘&ﬂi ne mnor -

assenbl fies 10 wtehR aPitEpRRImAl BYE BRd BReEBWePLrous@byliRe SRARARNAchNdgRgNdent |y
and thus pernmit track follow nc and seeks so as to read and/or wite

i nf or me¥ANSMISHER N MSFIeoRtTanAssHEblYi LI JoF rsybiequent asppversighy i 4 isigaal _
| ndependgitentatiac ke tho s rOMiIGmMidn SRBK R Th 1 RnS8bcidis 29pncuT ! ently operating
st eerabl e m cro-nmachi ned assenblies 400 woul d preferably require a set of
separ at e r eFFE&ETiPE BOY it Eiguren 2i anfgpigaldserontsetod i sdeng IeFiegre Bnithese is, 41 t hough
sl ider hgg BV S LpRANSELY sSh G Fhe Wifdkving 44N on WA " PI CO" -
sl i der sé.%_ a?‘taé?%gii%_i veﬁ )l;@((%! rrents)Jiponqglé_Tg?(isdtg?rxégd?}ées@lgkl?" crlrén}?/ﬂgfogo@ge uscd. to
The ofpigflysbmfriabee theOrasoss éoupbeidingahe hutgolngdaser boaty 191 10 sdleaivelyy an axi al
cutout 4-13. the obj.ecti i 6 4 oupl e 3 sl.i der body
T Seblia b ol PSR € s8R sffon 2 A SRR BAYREITT may be
desbs@neghcadedcbmniefbfmationgh@idnesdes arcoardynand fedrersiei sy abnmehalenghiermntesst eat ur es,

or nmeans for, couplin d_alisni the optical fiber 102 and objective
optics FOIIaTG“@B‘atsﬁ%°%I23?ﬁ§%FFe‘§§‘ i@%rnfh%gf%%"é"rd%‘é@ £ ‘haﬂﬁ‘alt@?‘\% raverse
an 15 optical path (to and fromthe disk 107) that includes: the fiber 102,
the reflective substrate 400, and the objective optics 4-1C. The optical

fiber 102 and the objective optics 45t6 are positioned to focus of the
out going | aser beam |91 within the spot of interest as a focused



optical spot 3-18. The optical f ber 102 and the objective optics -t46

be subsequently secured in place by using ultraviolet curing epoxﬂ Q)rOCrIFZUUZ
simlar adhesive. Al though the 20 optical elenents conprising the optical
fiber 102, the objective optics ~i~t6, and the reflective substrate 400 are
iIIustrated to be aligned along an optical path offset froma (

| ongi tudinal central axis of the flying head 106) it is understood that in
ot her errbodl t P . Id be, al i gne sone ot her
opt cal pat h 10F o RS EasEleh i tecfi AREbAabttch s ek PR Rerts
illustrated itmifg guarks (8@M)357R&zizeuta“ckmgdms>vmnms EBguhestnéhrrcumfar:kdumhpagtabn

el ements conpri si.n head ,of th esent ention are seen in top and
si de cross-s&éBPT 8%'%1%%%1) sﬁ?‘@fbé‘ﬁlgﬁe}@%zdmt”%’?d%ﬁ@“p ESEMP St%%ﬁf% BAY the
flying head 1QGnitaysetilgr henrm@ctmdeut&mmerwlﬁcmgmgvej e&aﬁmsms.au&ha.e.t qloﬁml

el ement, a shield elene and ma%?etl c elenments, including mal

t
| oy pol e pi eQHeppise @%B%F?W IS5 SERFeRINE OF poisedfeatugre E 8%‘1”&‘?‘\9/@’ m°’d”’ﬂ
el ement - ht F' he &80 167 30urifeMt¥das roBd@hnuR&drind nd &&: aa@afn%ésedtﬁmﬁéloﬁent
the el ement MR conprises a class of nagneto resistive el enments
made to provimieria Eorgankirh disks pay rtarforlmed| has hyem wg!l ddantifisd 2nd dusraihed @nfal
macr et o-r esi %ttntssr&'pﬁgﬁtttadmanttaats 14\§clpﬁrﬂﬂmﬁttﬁ af.€adi ng nore narrow data
dormai ns marks, and thus, narrow data track pitche for exanple, a G ant
Nl agnet or esi sti velg Gmrnébélmt th@sgeRo he@m@mmwmys aj eomahdtioknvmiseh t he

Primors D) RUBAPE G $Brer RERSUPATIRS o ool ¥ BRRERE ALY By

Sept. 1997, iphCefphriatettrsardaha lbynmm‘remnmmcnmt}tetfougtummoxadledd»ethpbmnyb

enbodi nment the Ierrent ses t echnol.o der,st ood, t hat
t he present IkI’FIpE) V’ﬁ‘ytﬁoﬁ mt[Tspd BT %‘@f”ﬂ?rc ﬁ“}é"%y%rﬁhﬁlf’ ﬁ%'ﬁ‘f‘ﬁ@?d
typesI of el emeatuls«w alroi'nlza/tbdhtlsma]bd)@ iS affeestedd mhetherpasnﬁtmavmbefﬁrf iqegchetmtages.
exanpl e, Spin Valve el enents an 10 In the ef erred .enhodi nent,
data is wi t[']%frF\BSPPtf Fgg‘ﬁ gﬁ'etqtaeef|'&x"‘§é’ﬁ%’?‘5‘t%ﬂ“¥3@'@6ﬂd&t§t%}5 S ng
the macneti c wpRled aPin@ ceRailk o]aes 5% plardlity eBglasisd gkeReomnE S 210R+2 53, . 1N
an exenpl ary _enbodi ment. the el enents conmprise a 1 ug&thi ckness suitahl ~

posi tioned sdNadNasFr AR HyRIcERIric yefiétPosteéni%’r sanipred gporeppally2 sRectdbpifed i n
a recordi ne/ s§RfAGELT aXREk dRch PY2! BBereROthe 348 1wdids R0BBEMPHiRt dhetrRiedneo ¥t f OF
reading and r 5 witing by the elements as the optical spot 348 is scanned
back and f or i myalineofmsieataskie substrate 400. I n achieving the reading of
narrow data trackrpé t&b@%nttgemat@%@%nwmm ?Qt%rﬁ“a@ PR 29 uf st'ermﬂtcnqtom
problenms. A first problemis that when data tracks are placed close

t oget her)20a verquudidigmeer ipghe inaekdingeter pust the spsainiooes ehida imastse ey 2dhmnt ed
for data ”a‘ilﬂ)rﬂgl 3 1 @‘a”]J'tS)forﬂt t&mt&o@&&m Qiftc:sl U SR dfi CAAR) &stem
cross-over frequenc sgreat r than the present invention, this
concern is adldP&sse lh tfirt‘F;!Pnglat/ heccfrtfrgerqdrtaet@osglzea]@afmtlnatttreesmarklme

m cro- machi n EQP,_Q jjrent of the -
reflective su sstgarrg(t;fgkflf)%m %{/o\g)ﬁzsu Qlﬂt&ﬁgﬁwﬁﬁgmée |%e tracki ng can be
achi eved with an imthle(wefmemembndtm@whdéata@rfaclaaddr@asmarks233 QPrise heeCpnd or
art. 25 Secon hey. wh § |on
servo patter RS’ %gelrf\'/ncgi“(/tﬂ?a? prw}?r e%Eele?céggd @%‘Sﬁgﬁ &E‘%c%?eg@%?%jes ?’Fdo

flutter and sam‘!rastl;mrhaalforngemxﬁmtmneﬁtpaxbﬂcelardmmuhcks(ma can expect a servo
witing accuracy of about di.sks..,lpn the
present inventi on? {7 QTEJWeF'ﬁg%C@Amg‘ﬂdﬁeesB%“W teﬂorr é‘r%‘r eﬁy1 CP@PHffe third
descri ption @Eu&rh@fﬁhd:ﬁd?al nalz@seThsuﬁhi pdd@in mwnsperdteebnmtrtcemylalsgxfse@er Vo

patterns may 30 be achieve ccuracy dawn | east. Snm 090
C T 2002 A t BFSTEERT dYb éH*lzé-”'\t%t‘ Tﬁf igd pat ‘e‘a‘f'SH%Fch’ﬂﬁS‘/ “c%‘iig‘é?%f?aéﬂ%‘taé%fafe of

data tracjs %@rféﬂﬁng tpgﬁflorpadjaﬁf%@ﬁts Qf ThePiEhd/Rhidleh@IdAEN6 Gvet & fARRLRF Had 0K
proper operation of the record/playback process to elimnate old

i nformation. 1Pdeves trackiseekingienddebeving as savedkngin the#e gap width of the
wite elenents, and the gap width is determ ned by the desired nagnetic
data domai n density, which is preferably as high as possible.
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Finally, head design presents problems associated with tol eranci nBSQTDET 2002
phot ol i t hographi c tol erance in manufacturing nmagneti c head el enen

about ten percent of the thickness of the elenents. If the head el enents

are about ~4umthick: the tol erances would be about 0.4~tm tO --The | ast

two problens from above arewddressed by the present invention as descri bed

bel ow. Referring nowto Figures ~a-c, views of storage and readout |ayers

of the pres Dtl on are seggB The foI | ow ngpdescrl pt i on su ri zes how

t he out aoi nﬂF%Qer B &% giactaized By thrge digreggions, Bpyarg cersaliqdnp G743t i on from
the dats widatkepuI GRURPFdrédtaY ptzhad@la(t:@pa)%reac&@aep:m&d@f THeodlirstk 107. In

the preferred enbodi ment, she djsk 107 conprises class of nedia that

i ncl ud@sd amifosasy afwejt pastieni and diraensiopp astaplighe d@ﬁls foncthei dPIRGS st or age

| ayer F@&q f G081y bRYSRF refSded\Bars¥ Yard &k hARPr i se a

magnet %95 at E:eaf?re di a orvan s’ex{: anege z(l:ou?glmr%mt @L%Eas(rt' orage layer 202 is
pr efser abl y dheaempgwt@ddﬂ@fwheth%ol lr!irm'rmona’l’a)'tdm!aymppmlnzesﬂnaﬁummced dat a
bit densit g iyt ora that it has
pot ent A" B LuaR LaRETeFieRee By RO TR Bbl deF bR B Fe % dfendency of
adj aceniie stovmbatsortod edewmlgmte;t tczmc&aszhheﬂhers)orar?EMpmerd ithe dag seqopr ef erably
hi gh e%ggh that the magnetic domain marks in the storage | ayer 202 cannot
be wri n to at tenperatures below 55 C. However, by heating the storage

| ayer 202 vvim lthet préor3Ht. @lufx@aild’igmfdiﬁlaﬁmbeﬁmbl%ed {oh@aiaer aipskitign of at he
storage | er 202 IE”Bref erab % %ed enough sucg t hat bitE can be

ur i 0t eleadd VeT SPBFLiSYRr FER SRFIHAT EBisHr FOMRYE BghYEFE I hePY AR haf t er

ref er r @b @i infoktakian dR4@bE uﬂaéshabxz&ﬂeobahea Bythe o§ﬁ&'l gﬂ@pérﬁ%eéf #Q2 by the
elenents P 1, P2, C. It is understood that in an ment in which the

st or ag@Ppliea) dibemo The,Hipssitt 1§ vepLIgn s3so Hstepd. arﬁﬂecemowowngn foscthe pitshe P |

p2. C %pg.rr%ﬂéﬁmwud&wuameut [Heer 9 @%3@] el MR R B! A0 R AL | Y i th
an in plane orientation (Fi'gure ~h ereas I n an enbodi nent 1 n which the
st or ageea\ragsemglﬁmde;@hgm,csee monmtn@r tallighth sefleetréhiftpim shiadnse 100 9 h@ C T 2002
the Jver ; T o8I S
ori ent ehén\%g% th Ca?lﬁ’&ﬁ??&é engUrﬁ)g g&tp ?ecgpg‘%gg(l)ag?%%? %til‘l;‘(;nz{;l\(j Eﬁélé mg\é I n th
pr ef er veeti lewiwmdwmemltqndtdh@trﬁceladcﬁmtldnay@ml@@ﬂom lesmppnsseasaemblasl@Oof medi a
that exhibits e t,yr 1 u Jal

magnet )cﬁ%rr%/usf ala?l[bleeggﬁﬁn?é erhqes @HPF{%E usp@& °&$s€§$rresg [g(ri: Péée?st? 0 heat:
howevemaitthi@ the adkdtidn <bfayehe3210w6lcfycrmspiuhsl|0\7e liin uaddstﬁ«ﬁcbroémbumayhathan t he

storage_ | aye r.eadout & 204 . magneti zed

such t haé ® ?ftﬁ?%g%}a%ogf "Ry u‘fhze ’ﬁigqﬂ’éefs dggr?r%ioﬂ pémz 1%0 agzﬁ%%lfggerl yi ng

st cmageohlamrused)%r&aﬁlotacheo reddhwhénr fiaknhiaedreidn woald mtafeplrmedae descri bed
"Proc SPII: 10 209 (1991

| ncor p@?tégza t?'l%r‘&”ﬁ igyreaderempsive die Ysh 0% ﬁl%gfa%}?ada FRgton Qr%eréléed Strﬁg dat a (

domai n uABKiKg fehbired, fier exediplielithahfeleindBdiikes heat ed by the out goi ng | aser beam_

191 to a Io%r ten‘gerat [e th n the stora Iglyecé tf2%2 i s heated for

writing. &5H 8“’6[03: ?Jrvénﬁ}lst)YIFW 5"? S350k IGF REF NP eadout

| ayer 2@4sely. mslngsgeigrtge h?ﬁx@fhcb@m it Qo fdrfuee oK alrB@doriliafBicksgeln this

errbodl ment articul ar
25 layer 355 oPone of the set oft glak % Ql'%e flying head 106 includes: a slider body 444,

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 substratc 400. The reflective substrate
400 may include a reflective surface, which is aligned so as to direct the laser beams 191,
30 192 to 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



15 along the tenpezature profile 279 creates an aperture 580 in th&ge&%o_rt
| ayer 204. wherethrough flux emanating fromthe data domai n nmarks 2002
beneath the aperture is coupled to vertically aligp a region of nagnetic
domai ns in readout |ayer 204 above such that the magnetic domain marks in

t he readout |ayer 204 can subsequently be detected by head 106 el enents 51.
MR, S2. The thermal tanme constant of the readout 20 |ayer 204 shoul d
preferably be | ong so that the heat generated by the optical spot 348 will
not di ssi pat e deycridpbing ¢amemek agregadd &l Bnatns ApRicaBbn N§20§/844. 20\ entitidie” Baot .
Tn this enbodi J PN L ux T i rk L g under st.ood
to be-accessi bﬁﬂﬁn?};ggluhaﬁ} mgﬂpﬁén%dgﬁh\?ﬁ?@@é ﬁéﬂg@ﬂfégﬁﬁér'l ggéérﬂ vgaeszlf#cg%
is applied todhotdmAphie 18pérandrehiciPiefimogiorargd héreinapersfareecen |Ih the preferred
preferably smaller th th ot 348 djaneter 25 and.the outgoi ng | aser
bear 101 vi &1 enentimienf e {RefRe G Yo TR e 3l Uit PR R e B
but will defi3e0phesque@lisiuralie seflentiveoseniral miror patonlada(illuskated 1O Bigirs £Cby§ On
(radially). | not her enbodi nent . the dia 107 canprises a storage
readout | ayer %Eg‘ﬁgtlﬁ’&f TRRIyS MRS ioggﬁf‘? r’ie‘g%%nﬁ@"a% HBHB’t VRIS ah%%‘%@& By an
optical spot 3d8rnbR nFBro3fMadPRidaRirorbeseBIPEpaLivae thd: Whidl RNidibe). dakas QM n
marks 281 in the storage | ayer 202 bel ow couple to align the magnetic
domai ns i n t heizeepdimass Afdyemicoomaghpebmingweneputesislthiedility tolsighiisdltient
descri bed aboyg,; YEERIRWRI hisd B QUS| %seﬁse!?f%@%elgﬂes&rﬁ ihef, Ahd
17 0 90 CT 2002 the nagnetic donains in the copy layer 204 renain In an
al i gaed orPentrackiomand sharhseskepbd skries of nearhie trpeks | regyabe peniermed byO®mtingythde
positioned on i Linng:.ed h f t .

real i gnnender eslgﬁ]%fé@o#eﬂ? %le\%rrggnrﬁe?iz i%nﬁéﬁﬁg}?‘%ot A ugg%é&ﬁg%raxﬁsoﬁ W’lt e{}ﬁc
exenpl ary enbedipapnioh anbk ¢fribt enigemgniagnotan 84 agd tipr icfested I45er beagn. d92 tih
materi al such _as t ovide sufficient magnetic field strength for the .
real i gnnenti ercgasnﬁrée).bgfoﬁe (‘)quﬂserﬁlsseléﬂ)g%?}prfeﬁ?jg‘gwfi°p|%fs ﬂgé'un%sercg Sgo" CI‘ h‘i[ftta Prﬁ%l‘
pre/ erase nageisitkd trkrenell idisalnderstoed tiac athébandwidih ll@adiasgmeageofdinet ik kingad
elements | U6 or on. or off the head 106. Because the netic domgins remain
or ot ed 11t APREGOAD P o SHARORT Pty Soud ber PeisinAp ot et LBBu ot
in Ej hi s gnbod:nm}gi Thé h&}dche&’ gediral Gnigbepbiioe 480s deacai Bedpsbpyen dimsefdamh
need to be relied upon for readout. The roomtenperatum coercivity of the
read | ayer 20X°ltaged 6§§h°é@f“§sﬁq‘?‘f&°d‘fso%df f@’cﬁ?%g%gf"fﬂ‘ég‘@?‘la&?@? eqtipdes o
it can be eragfdib¥n tREUMAICTHRE hatB@Red thi OfTkctiVecehlthismatdreonaini 428 about a
enmbodi nent, because, t he na%eti c dograi ns i.n the readout |ayer 204 renain
aligned until sgrasdid! hingey Fi0dpireayedhe foguseeatica seateiif 4n 8 rpdiahvirection A30 ghde
easi er singe theddk Joe! aReHt sedPiPlenBBEhD DR Aioh UL 45:-SliRaRIy 22 ldaBrees
optics 446. In yet another enbodi nent, the nedia 107 may conprise a single
| ayer of amor i@ ARPRRPIRIRAE R Falrackpelithy seunplediirents centis BETFaratiehi ck
(~100nm) singlygo | A%RED b Rovdthedn Bl Ehel BEG@BphidA SpABIBLHLP QoMREand (BRidMyr can
be tailored for both | aser assisted thernonagnetic witing and readout by
the el enents dwfamdisnngatknilinwig. ool 336s flamcenspdn trgtornather da rpdtagiet i c
RE-TMfilmis o%?.%ﬁm@o@iﬂﬁhtst Bter FdigeL BPGARAL SORe | FUPBIA S OFAT iR
tenperature. providing |gh coercivity for safe storage of the nmedia 107
and di mi ni2§hedonivadad eictppssible e Coyrag werkingrmayrkgtmainiaingd by adiluistingrd quirregt toThe s
sane design w_|J -7e I i d siapal)
ear room T emsaenh Bt SpnECt A RRA, TRONSHLET P33, CERE AT
25 of the dat andligle klated WMindhiet¢r reagndjiadisktrivasask a setod gt giekl) veatuspdnsions and
noderately elevated te erature toafdet he rea.d'{ n%{ bezilm . Su_crza ﬂedi ais i
descr i bed by ESUHRAEORaGHOve 7 dadens 55 pus Blegiy S o oo s, Sy fldime dnagheri
Recor di ng MedihdadJsf sighlasitegths unktie dixRe aeddté itb @andibehiighg ghagdetic péiSdatiegl i n
paper | 3-B-CS at |.S- Magnet o- Ooti cal .Recording Lnternationagl 0Si um
'99, on Ja’ﬂual"i?a'i@ ing §9§ RATIGYEA, (TRIRIGLIC @Ak SU % Shmpapeous track fO%w?“g of

another magnetic disk surface is not possible. In contrast, in one embodiment of the
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30 is incorporated herein by reference. In sumary, the outgoing |
191 and the reflected | aser beam 192 are used as part of an opti caﬁsgeowr?goz

systemto keep the flying head 106 centered over a 18 0 90 CT 2002
particular data track. Unlike prior art optical drives, the outgoing |aser
beam 191 is used to heat the storage and readout |ayers 202, Z04. The
readout | ayer, when heated to a |l ower tenperature than the witing
tenperature, copies data domain nmarks 281 fromthe storage | ayer 202 to the

r eadout prlegivelnvéflbnSitebpdcaé of e nfdvitinBft JTeRsel BPat o818 ahd21 OF i €Nt ati on
of the magnetl c _domains within the aperture 580. Although the dinmension of

the el etHEPANSIond AN iasieh §f thesterralle Migroapachifedmimar assemblies @hthe pressk 103
pitch, a@b&u;oﬁrmsy B W& By Bpdrh® ihQpRRALNDY atnhemgyba%mgméka?& o»@ﬁaah&% will

prefer define the edges of the wittien data donain nar (in the
cross tyeakksalpy tcrerdmpd/orgle informaiopossiigomers Bhan wad ctlﬁeStd&lt«‘a ademal n marks

281 prorg 1&??’1%@{:{}@@ tPR¥ (518 ngﬁ a%c? sl L%xﬁg 2 sbtho c%ﬁ?&rpe‘i’u& %ﬁﬂx’aﬁ%%r ack

st orage den system 1 prac WEVer, possi bl e
t hat t haednad¢ napptmmﬁubsi ash@nbiusgﬂOngomldsmfebMynrdcﬁﬂ:etm stthef bep,aens 202 204

may tend tot d| euse Ul’al %&Ht hre L nqj;lctl tnl me the heated region travels under
t he edd&Rsf l‘teh HEGH NG PR ENTE Bringsdectianicsy  \R Sz, Heat diffusion is

desired suchalifvagh Elﬁ&r&@@#ﬂﬂaﬁﬁﬁlu@&ﬁhdﬁ@tr\f aamddtramextm farpgaough 15
under the el enents head el erréag\é% E‘b‘il ‘Eé MR, S2 for readl ng and

wri ti nghdrwtEERtIvE ¥ dipRnsions f dorfigs i, alﬁ‘h@‘: ¥%54r nml gradi ents t hat (
creg e the apRrdpues tﬁ%pxmmg c@QﬁBIeJPQ) e QRderaddy RNGRNE AR aRADESoRf448he dat a -
domain marks 281 may not be well controlled or defined. For reading of data

by t he Héatic obisribiet aptiss s cagpleito Hgtshidaohed intHhrlkss agverddad gp@epr ef er abl y
conpr i Sﬁlt?'iﬁr-t‘i'lgh{he‘%qg)‘%t?s mda@hml ﬂm& deY gﬁédaps dRnhEL e HAL 8 Liacks 103

I n genera the layers 2, have different rates of heat” diffusion
in ver tdtberisuiabky ellgmndfeatafcérerlmf(anﬁqulcah@ngcﬁndebgmoashe opticairfiher $@2and t he

e bt 25l il 2 344 RARPHORE TR 210 Qe BULLRR Bl 108Gl 2o 07 WO LY

t he out90|n e anal ogi zed pouring of a 25
Vi scousopticali pthofmo @ndf frat threodisntp7s draf axcbx,desnmeer Bban lﬂhehhe:f@hm» ecﬁubitim: fl UI d

hi's aritody PRADCRE SREF 4°6,0 0 SEEREAFA0F apd Inforiti B o RE BB har t e

i socli r;&snmhecatolfactteroﬁlthetcemgmm@tawebem091 Métherf the@pmtozﬁmnerhﬁlaglatfomed d | ook

i ke an_ex andl ard | ar,y | at eral ure |Ie 279
for med By P siPodTRgrl el Srebu FTBe talec P Palis HERLE MSeihte an 1o
090 Ge&'urEdUUipTE@e lbndsrrfgt andviblee curirtig emoady ¢h §ifmiisi edhepneceaslﬁ)oughehe

t enper at ur rofile 279 as own i n..Fi e the disk 107 ca e

angléJ bgi %pé‘(ﬁ% e‘a“% FEER"TRP &E@ﬁ!’{/\ﬁﬁ' g'f'Pef ﬁél‘:"f I[}Eﬁ grigethyer PRl %ﬁe a@%r‘%’ cal flow
causes fehectge adbserales00r @t ¢llwtrachange atifndd alogy Beopidal phd ditefr ROMmE St eep. {
When the vertical flow.s h,. adj ace ata tracks 103 on the dISk 107 )
woul d sleagifydinaf Fegtrafo axis %ﬂ“%’n ﬂyg,"éaﬁaﬂ;gl&g it dS ¢ ypdersiaedd Uik ighotherrhys) i f
one candfodadenisthesdGptiear dibdiadts bould at alighedHibdUsinothat dicaidghiagent dat a
tracks 103 may be over-written and/or jrre~ ularly shaped data donmai n nmarks

281 nar leglankgy2lpRe the dopsifudiapleenisr] ags. asrllestraredia Heyte it r ol

23 Referring now to Figures 4h-n, additional elements comprising the head of the
present invention are seen in a top and side cross-section. In a preferred embodiment of
the present invention, the flying head 106 may further include a conductor-C element, a
shield-S1 element, a shield element-S2, and magnetic elements, including: a permalloy
pole piece-Pl, a permalloy pole piece-P2. a magnetoresistive element-MR, and a
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



the formation of the data domain marl, 281 for proper reading by t eg
elements S 1, 1~-IR S2. to The present invention identifies that-tﬂ OCT 2002
provi di ng channel s or nesas 2b6 bztween data tracks 103 of the disk 107,
undesired effects of the aforenentioned vertical and | ateral heat diffusion
can be mnimzed and/or controlled by bl ocking and/or directinj thernmal
conduction between data tracks 103 of the disk 107 to thereby provide

i mproved witing and readi ng by the head 106 el enents. Use of channels or
nmesas 266 wi |qonsentignalduasseid- TBM‘U&R/C’W“W%*W&qagabtlhetreddlseu@ﬂ Wcof dsthe
pits 215 is e f [ n u 6 S

formation of pcg)%dél%t Ce’?%rﬁgf gﬁéal g)gjtstl’ %%B‘Qegkrngss%g 'é%retsf&gnd e subgé ent
transfer of tMeQrfeeatSu&tefs(@MR)h&;mbs@Maﬂ@aQICEBnaitbgyt. sewad] lsdowmﬂ thesarsae)is The

steps may inc th G ional .in di hno
make a pl astlcjce ebﬁstrg?}jg\%f" P¥ fagFma TelQreH Cc]o Iﬂgﬁrbhﬁ’ i{]oge% i’?ﬁgt
30 t echni gueslransattlions ohMa:eu&methSdﬂoa SqitaIQWeinyomhna&dmhyﬂrbv réfa;;eafc_ on a

substrate of | i she ass, or a AI ter ive may be
Gof ned: by agbRiRh T hemg e rtbpa Redlendy SR samerlicn 6Tk HBRutBh s

gl ass or al unin@eriood filgd: Ghd pﬁeh@@ﬁmmmlslm tebé Minigd thyahdemyodindre @b %&r and
. the photo sensitive layer) and etching the substrate by neans such

reactive i on BRI BEMEPISAHWHRN PHEFOPOP] BREESER} P ERHIRI ToLEXamp, Shit 83135
sensitive | ay@ments ddiitbdGke al ternative woul d be applying a photo sensitive
| ayer of a desired thickness to a substrate material, and defining the pits
directly n the pHoths refgrd pobodimms daayisyeiies hﬂfd»ecmmécneius ey reapgtited
step. O her s Landefel RidAgi Andid td)epn fy\ @t her
types of dri \albggcrogl ncl ud}JnaErraegn Jﬁon%%“%ng’é% ff)plrzpl CA rE%b?u%ﬂ%@?y’ggggnnﬁ
defined, or rﬁvelxalanecatdylpbe:ennﬂeﬁlme!d tlmdledmnuaoiorrmouspml Hgn ghicksass abingblon 30
or a part of thi nven | kit technj ques
descri bed abé’vé“’gﬁ%’ \éﬁhsegr Q‘gleﬁf d o tec ﬂ?l%ﬁalsl%g’gg?g" rg}r“ed??? e{r%%%qg 4
etching into recogdxass/stomgbsayeaﬂéa tbl,mehef pat &483sndm38prderﬁ iteneldow Morarendihgtand el y

cxamp o, He. M P BrBoHeRERe i oPIPRybPEL 3 BTN g TPt BF VSR

renoval step, subsftravmmh the 5 exanple to be discussed is chem cal mechani cal
pol i shing (CWP), atl velh%/ hard apd polish resi stag l.ayer i s .needed
over the substrat ’SY'GEr’ JeHETS R naLO g yragk MRS BFePEifat fiPYRndAR g

el evation of aaaessds Skmbrﬂicﬂgf@ﬁﬁmlisedl\ tﬁ@ll’pr@!ﬂafmisahatl Whdnl @is @8clGaar®Glicad t he
di sk 107 of the present invention, a sequence of %ﬂ ontrol t her mal ,
ARG izs

magnetic, an§'GHEIsEHe ﬁe‘f‘f’br‘ B0 FRckipgeeriqy rrige! Hdopduy.

Such Iayefos itfacﬁn%yfmeaalmmé aSfack Piidrag @ uEOSh O RqURY a CRSS- acte freQuérﬁ%‘faFe‘ﬂ@F mal
spreader |ayer 61 for exanple, .such as .alum num a bottomdjelectric

|ayer 612, tKesE &tHgeln epresnbinveions BitiSeRcemalperddstsaed bingulizipgghe fine

diel ectric | ayekin®26aphtiliats el afidto-BMRREEBAlor! Renidii AN @8R riBEd &ACH, Of
these layers is about SOnrn. As will be discussed, the dielectric |ayer 620

may conpri se cb9pimanpAl e reficgava sibstef00sampvafyrlo has high sased finsitrackipg can

di oxi de | ayer,61e W ith S’r{ﬁnﬁ?&?e'ﬁmeﬁ%rﬁké 3ﬁleyofpa(?iéa§th OK%beStBé‘BIxoraal?{j thus can
potentially function as a hard | ayer he ferential renoval process.
The cross¥sect i on Sarongiy.tthg svrifingpfithe mﬁﬁnﬁmwg@n@teb pogitier seryainattemns
nust be rem?f(?e%@%tuﬂg} regli'i're% Acéurht% acéﬂerﬁé@%ﬁ?&%% f?xﬁ HERE Spifdle bBXS, vsno%”d
that the present invehtl not I'imt use vv|t such a sequence of

| ayers, but rmrepdamblecanotte Onasan gxp2G asdryptvertingaccuraey ofi abhutdl. 2en wmxgm&mm

optical opti et dis a.si l.i con
nitride | ayertﬁ lﬁgtso’gﬁ}ggvxﬁp nfa%h%gr%%gg'&v ’ton E"s ctoﬂge)ergg ag{a}r%é e Hkreger{ﬁmte
t her mal spr eadedescamin Fikk pin 246 aboveotichieat neah perdect bmesrwhﬁtsmbeanem may

relatively saoft.
;/ be achieved with accuracy down to at least Snm.



In a conventional enbossing process for optical data storage disks gha 1-2002
depth 25 of each pit is typically about'/ wavel ength of, for exanpﬁL é&
light, or about 160nm deep. Wth conventional pits, therefore vari ati ons

in the pit depth tolerances may result in variations in a detected

reflection signal. In contrast, in the present invention, the signal 149
(Figure 1) denved fromthe pits 215 may be a function of the reflectivity

of a filler t vel ht toler qui red for
the 30 pit dogiy PROVALS AR uAdE, OFUR kg ol 3% ot BB AFRRAES Wt 1 ¢ ne
sili conthelicmotdrdef bbgmro 651181 arSide heeassid nsccprbféttéd fsteplopye bp&i2foraoe msed. The
silicon di "adg ki&er is sed as ?.SfaCI’I]CICI | ayer to insure that a
correct'ef%{% RESs g 8 r‘fﬁlnﬁ?%l IHIRENEIRG- oFOWEHET: dh"eFr‘idEﬂ“b’GIsi"%lﬁsl ng or

ot her ek@hihnge %ap wifth9 f0the WrikO0ZmertOCaRSthd el WiaeH iPaeMhinéd by R preferred
enbodi nent, iller material 630 is depgsited, or otherw se laid down on

top f dasiEed ‘99@&‘@“ data dogain depgjty, “'I’EF)I!)‘S BT@’“EHQQS highas pessiti-e, one filler
material 63yl dndag aw&ﬁ ehrestndl WrAUMHR 055594@1&1 rw;a@ alohPncird) BHETPI ary
thi ckness is abolt twice the depth of each pit or exanple, for a pit
5 dept hphofoligisgeaphics Gierpnaehén thingfagieine mhgndiis hqaldl elemapis eisi &I0UB3M i s about
300nm T, ub filler
mat or 1 o @g0 T HE TREGLNY B lehend MEAERECAIML b B GRERIIT e ¢

subj ectteldrancesavalild beateut Ddhm ermval pr ocess whi ch renoves the fil I er

material 63 i S stopped bst ant.i toppe the harder silicon (
di oid de | aygrlheéi%f "R B@ggms Prgcé{) QLE i AF 6@ gﬁ‘i? o &ft‘?{" B B otess 10

deveI opdzecrfbed bélbe. | C i ndustry such as descrl bed in a paper by WANG ct al.

" Chemi cal chani cal ishing O . Dual, Damascene um num_| nt er conneet s

St ruct ur esM?R E%W%aﬂ‘ad%%awmisn% e VIRTS R Afora09 g readgis I¥FT5 CE 4 RiSER!

COMMET Cinddnki¥n aadeb@bITBe BAIWIRE Bésc guimmh%afm(ﬁ hé© Ry mbeiag PREI KAiNg
sel ect|V|ty of about, 100 between the filler material 630 and the silicon

di oxi del%layered g selectingly acqsss informatign HSF’H?‘EGP‘ér“a'éBéaWﬁl‘:@mPPﬁm%Hle 42 ng
all1300nm.gfs 2188 ffHeldigkriomaterial and with 15 50% over polishing, I|ess than
2nm of the sacrificial silicon dioxide |ayer 618 is preferably renoved. The
resul ting sdnftbeepwfsrrscblsgtbaﬁweansheﬂxssh 10 ompsiaes i glasst ¢ff mediantasteri al 630

1111 Gofkshl 208 mbertl i GOMatliRELLE ity §30rd BENLELGAG) Wi th a

wet chem ca ich preferably does not- appr €ci ably etch the
under | yneenigusidvpca% nM rekefapRey mggdiarmaugompried ermidngio-gdticemedidemenn ast

st eps, e S 0] re 6¢. .s have a
maxi rrurfélx Eﬁanggtcggﬁlg%gé dgaceﬂaep%?%aggnaﬂ 2 %pgg%b%gg?t%g'%hh&%wffggs of the
| ay2r 6R8etfgdchitapepdits k Siepyedodath rbltad\enemerrp*raragh aatdgedifne high absairitya f act or

of 10 ls???ﬁge | 95'?' lg Bﬁ: R'Ha?éot@{)ttlal f'cT%rcomné:%tsrusﬁg%rér%{:%rt}?lﬁeirniif){/ uartl;e the di Sk{

107 of t present ention presents a su i'ng head 106 _
that i stenﬁesc)uolbadjmnf d@waingid dﬂnwnbmeath@t}he)adT eocdergivisyt mlprefembly~or with a -

reduce nough pﬂ% &Q%a \Q@t qt'%gﬁlype 0 s(iiorlage ltg{[]eer Zgét ?%né)élo% ,g{“ Z€ as

being b n*é S CH Stions as
wel | aSa:ttbmpérhmmgbae\acbﬂ@B dHowdver, pryeheentngl the estdragan layBE(zalZISenH: hie pits 215

are_now filled with | ective. the reflected nal 192 wll have
o S8 A it e T BF° FoSe VY SF HE' vpet Wit 26 rvratratbn ot r acki ng
met hﬁd , erlo@gh ﬁkﬁ,rmdtéb,lts icin B& »\?Kel;]md) arsqumﬁehtimftbmpasmg MefEnk@ @akains
Furt herpore, .the pits 215 t he vention do, not _present cavities
subj ect ("e5naBsR ST P G & aﬂﬁldgﬁﬁﬁ"c ?‘2%3#12) r¥qrash Laver ?r&t Ebr‘ h& r om t he
22 elements P1, P2, C. It is understood that in an embodiment in which the storage layer
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



0 90 CT 2002 disk 107 itself, for exanple, disl. lubricant, depoﬂigi@@‘ppﬂoz
whi ch woul d degrade the signal 1.19 over tine. In a further inprovenent, |

a small reduction in the silicon nitride |ayer 699 thickness can be
tolerated, then no sacrificial dioxide |ayer G18 woul d be needed, and the
top surface would be even nore flat and snooth. Referring now to Figure 7a,
there i s seen a tegreicalatsotrepy (erzobIiGos thegrtardomiaingmarke dhsWAIRe r adi us. As

descri bed proegrirtng‘?elrg‘:antgll}ﬁthsagro\ﬁpo qﬁe%eﬁ%ﬁ%ﬁ%}ﬁ’“gﬁe%ﬁr esent invention rrta~~

or may not utrTlTze an omat1c galn CO (AGC). If an AGC field
is not used and Irfth¢ peforedembodineht, dwrsidantlayr 204 map compriseraafiss obf a

correspondi n; .di sk, ignal ~o derived fromthe pi . ' ry because of
t he sl ower &&F@éﬁ%ﬁ*@‘%’ﬁ%ﬁgﬂ?ﬁ%ﬁ% g?ﬁeﬂ‘ien\cles&’atalﬁagﬂcgél} (?fe{([}%a %tg t he di sk.
Figure 78 i kivstailindafiSotfopyePliciapdit2al isvlsolradpohdiecto hiedt: owkvar, tepeawent at i ve
servo signal derived therefro t both _an outer radi and an i nner radius
of a corresFIRUHMgS Eﬁsg?aswlct‘“Fggféé@ﬁwf’%%“fh‘?é%%ﬂes}@'c&# ‘h of the signal nay

vary, a charact ety siel epnbdBinteht, MrefoiElayer208. 18 mapHcALA K6V tHat Mk Ng of a head
over the disk. ~ 5 Referrlng now to Fiqure 7b) signals derived frompits
é

conpri si ng amawAting iog: Biadate denais marks 28d dp theupderhyingtierags layd 284653 hent . t he
pits 215 ma I di ] AATER Sdt QN Pl porti onal
Po the rad ug aHeR Sathdlelf L AR G adufiod bR SR A Prck SHLEPOL o
exanpl r 10 ald?%806% (1901 wirprhiisinaerparated hersin iyelcsames. dioghis pmhodiment, toadi us. The

conpri se a 3300 s doralth dfl3a) et layes bl 8 nfed ey b i IRGET BYERLY,
215 on t he teak13D(5.a |OFastenpenturs/tharytie satage teyet 202tihkeatedrfoowdiimnd 149

derived fromthe pulses fromthe pits 215 e mnim,ze I n_an

erbodt ment _8pe e R ErSRaHoE S A s Eormied e eafabarpt Qe RRABE 1 n whi ch
the pul ses aiser eamplogds GieGhskNe Gétaie Un this detibdEsht 3Paricung tempeangeoul d) t hus,
be utilized since the pul se width obtained fromthe outer diapmeter could

preferadfy 8ionpdeiemecrayrapofing S afpesap PREURISER i Baradowiayeh?Wot ai ned from
the inner diaeRiESugR fuxhenathedy 3 Lhe!dkta'd%m‘dﬁqﬁz&ﬁ; P0G ehbiat ]tcl'E![ahénﬁ'@ at

conprise a dinension that is proportional to the radius o e di sk 107 at
whi ch they &pwled teyedicallialitna regiawof maghetic domaigs in meadputdatsodPhaherei n whi ch
they are no i i . Pl i i i hat
utilizes di %?%&%t%nﬂééﬁgﬁggé%l%%%%ﬁ g‘%tr?dgﬁut?%%?nzﬁceingfl%s? aﬁdéﬁc;l?ﬁéf erring now
to Fi gure 8dgtestbbbehdad 166 elemants MBS i Tareythemaluigire constenyf thetreadovhpr i si ng

rai sed d S r.es i pLIust rat hat,.t ess for
Fri1ing2s S8 BRRRSEHANY ne Tt dh oo Re neay A ERERY BSOS e
channel s 26&:ill fbndissipeertiychofimt e lsadeedbene MR, Si. 82 phasedef thespdtiThihing t he
pits 215 wth,the fil.l terigl 630 nma I .apply.tq. filling.the
channel s 268’,“"’?%?’%& ﬁg‘rwe(r’gfaoﬁéthﬁgﬁ%g?w]ﬂfnyaﬁ&o@ﬁd? ﬁg‘eét@ﬁé? L%WF%E’&F f or
mai nt ai ni ngoalyfduthfthe tiedecht LBEhakesutfdity b beakl) T9 B apfildd t@forintBe benef it of
providing a 5 red&;%%g@gitaét he accunul atj on of contanjnants, Filled

1

channel s or AP aperoye Will e peaderably smallerithan the spet 1PAINREST des

25  and the outgoing laser beam 191 will, thus, not limit the 25 resolution in the track
direction, but will define the readout resolution in a cross data track 103 direction
(radially).

In another embodiment, the media 107 comprises a storage readout layer 204
that may function in a manner such that when heated by an optical spot 348 to an

30  appropriate temperature, flux from the data 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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the present invention with further benefits. It can be seen by f hgt
anal ogy that highly conductive and hi gh heat capacity filler mtﬂgaﬁﬂ@m
al um numor netal in a channel 266 between data tracks 103 may act |ike a
heat sink, whereas a | ow 10 conductivity and | ow heat capacity filler

material as discussed bel ow may .act |jke vertical | | dat a
tracks 103 to bﬂ@@@@a%ﬁ%m%dg%%wia f@ﬁﬁ%??ﬁ%ﬁ%ﬁﬁhﬁﬁgﬁ y

conduct i ve if inid @ibodRhét, Bé preBfise BidEhkt 2664ahay e peditionaldastrdilieg éigat gener at ed
by the spot 348 to diffuse, which 1n turn mag cause fhe geonetry of the

data donai ef fahrad Wi§ifor sibpeguent realigpmentierasuse of the anagnehin AogRINg I ¥ s quar e
shape duri Lol f 16k Q¥mpesduct i ve fill
mat eri al nggp%%tégezﬁ?.hlgagrg?%uﬂ%‘zélﬁtkm%}ekbgggag@?g be ?rtore strgi ght and thus
in an appr care euth marerigengeasdd provide sufficienemeagnatinBeld spggthieathet oppi ng at t he
chapel s. Conse ] t.: \ r the filler
mat enal 636&%?%%%{%%{3%%%3“%&g%(g)@#‘ﬁ%&%ﬁ ﬁ’fs h%‘ngﬁtgﬁﬁgfgmg %%tl%tg ween data
tracks 103 n2@nerd0p4 tadd 260 be loedted ovelegdingedzows thediesd clemenih 1Bt ratio of

nmore than 5 tQ.J,, Wi li,mt the vertical .di j e channel s
266 to bet %Bﬁ%agh@?%@%’sﬁ |.m°§8l‘r¥1e° of'llélﬁnﬁr?nf/aﬁgog%nﬁ ‘ﬁlra%rl%%r%c{ugnal s that
are refl ecldyepzouhan] erapdsit cachamdeRiond tay ortkis ambodimatt, theyhesmpbort t hese

di mensi gn and aspect rati,os ingcludes tals (i..e.,.the. af nent i oned

S ity EReTEe Ry aBovsrions Bt pett op Lelebishi et gt FRRh 055
above, net gdmmeitsrelBE8NiLy BPINY r& 18/ePEME is Shdtkn sdAstopRlAfFFEY the g t | ow
conductivity and thus are usable as filler material, howevet; they are nore

difficult fayepdl riso itcambeaassd by shepie/cmsnmemmatilAoti {n ®ip altemative anot her

mat eri al ' ; s 3 YsafhQlikgtgan

enbodi rren\tMélhﬁ eﬁgﬁgfﬁgﬁﬁg%ag%?@é%%ﬁ% t?iéﬁwggee@? red, fc#&exarrpl e,
such as i nuatil evpseilfabricdtipw of thébead glementsSs!, MB.1S248 miadmeasist &iperathe on 30 for
servo tracki f eni Fi - i mul ations of heat

di ffusil(%)n iréiecgr%msﬁﬁélgpfr}%rﬁng%g%ﬁ%{aggf%’%y%ﬁﬁ%%ﬁg%#gséi ng | aser beamto a nedia
conpri sing no chaysehstharechboliment ke Retlia 1 QY GayQCTPRSOPsingle layerel As

di scussed above. application .beam.of |iaht .t . edia it prior art
may result a}:ur?rpiop%ﬁg@}egf Eﬂaerlﬁfg’? Y%fsee abl?g’tm ez?*’?%‘??%vc yotrﬁlr‘r:g'?i foo"rf])nrg? SIPEIE dat a
domai n mar Bgrepfla suitghsls irdra bAnh-udnisitidh afetad (RE-TM)|cuss be atlerd fertperlatanr e profil es
of a typical ,aperture as woul d be fornmed in the pnor art, ile Figure 8d-a
i 11 ustrat eds{¥ PIROMAgISHICor Hyngand r?"ﬁ%‘ft%é(rd?f é%ﬁ?@ﬁ“ﬂ?&'ﬁmﬁ&%g di sk 107
conpri 3png 1586 6AAFHR 0% of GR - feBnazBAR KELTOVAI B¥hdlen ERBREAHHeve tenperature
profiles in Figure 8f, the tenperature gradients are steeper in a disk that
conpri ses CRABPEHAIMTLFEPIBEIS D845 E0QM PR PETEILIRHMICTERREYe | y, the data

domi n_ITar I¢hrebhegdlof uhédhl | Hkl1RBHnARG: CRRMRY st BebS ibpliakoand cr oss

track directions. is seen, therefore, that "the channels 266 of the 10

present i n¢askle BRLES (Thissame dadgn wikhave Aeargrromprmaneat megmetizadion endiieh t hat t he
dat a domai i | i  or
ata donai @eaﬁesi%%p%g& ¥érh ltexﬂﬁﬁnﬁ)%, ﬁ\é@ﬁfﬁkf;ﬂ?ﬂl%@%@%ﬁf&%&%t%%hjd@ﬁt or square

geanetry such t greater nsity w provided to the head 106
S 1, MR S2f8iealatartrack (with hige ndjackinhgadkfcrasstalk) atBhe moddratelyedpvated dat a domai n
mar ks 281 i -t . LLeql. Lo = uni.for ise.into the
head el errertl canrgi‘r?)hee r?n&%?[eﬂd%%ﬁ %@H'\%Jsd% S%Q%E?&Q %89'3%3‘! a?fa}nraglw r eadi ng,
whi ch per mattgleentitigd ENew Mugagie Rirbalingdviadis Usioy Baset Asdisted ReddéWpita or art .
Referring to Figures 9a-e, a di co |.Si nesas. 2 and raised

f eat ur es 2%%%?%%%%[9”*?5%%%%&&&%5 I%%?@’r}%nﬁc’f@%}ﬁé “QFPPoach to
channel headitegatatabSaapdjunf o0t Taairy 30Q8, 398 aviefikey, CAcUSAl #hichacks 103

(Fig. ) are di sposed 20 between nesas 266 rather than between channels.
I Chi SOeriblr R S thRgE oes

In summary, the outgoing laser beam 191 and the reflected laser beam 192 are

used as part of an optical servo system to keep the flying head 106 centered over a
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may conprise the sane material as the substrate 245, for exanpl telga&CTl 2002
fabricating the nesas 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 nmesas 266 It is understood that in this enbodi nent

t he servo sect.on aj terns L r al 5 rat her
than the pi Pﬁc'%%é%ln%f%'a m%@\%@?"‘f&%&%%&%%’fO%ﬁ%&%r%ﬁés%ﬁ%éérs of

mat eri al s t el iwliat depodeadd raadiitayes|200Vd04gT e datout layernwhemhegfédg. 9c)
which is renoved to a planar level, using e.g. CVP . .polishin Fig. 9d), a
bot t om di el ©&IPWEr FRPEFRIUE a%‘@%}”&géﬁﬂ?%@ﬁé@ﬁ&ﬁ&gfé%ﬂaﬁ%gﬁs 204, a top
diel ectric framake stdagLMPsT02 ky/the rAc@TAyRA20T spckpdat the fymg 3@adli Bkean 07
conprising mesas 266 nay therefore conprise:. nasterlggmaégtlhgg ubstrate

) By > )
245 so |3 hagensiiie periatiopay theaagnetic dpmains; withia the pperfy fure depth

of between §Qeallon JO8e BlethehE tOmPNing HEROI 106 ALk Aerdthatha Hi¥e BhclPEI3NEI | OY
(nickel and 1ron) layer 610 on the substrate 245 (Fig. 9(:_Lx and chem cal ly
1]

mechani cal | pitqhottic semprmptengprefile fairmed by the puteaing lasgr Tyvill prsferlyof gl ass
25 09 0 4 i : it Fi q.
%ﬁrﬁ%@?ﬁzeggypéﬁtﬁ@&ﬁn&x &t@@on??? Al zgfo gﬂ(ﬂze'c%ss ok qifkeRe®I ting (Fig

9e) a diele erbl 0, a storag ayer and a readout |ayer 204,
and deposi t T, #ispdssiblento read iedietasDmapumanky 28 | mereinagrewly(than thayeambei n Fi g.

9e). The,nesas_ 266 pref bly .act _to.inte e | conduction of the

t her mal F(g/ c‘é’ﬁgffétufc\r/easgﬁﬁéﬁqﬁglr%lfé?/%%e %T@ﬁél%#g%ylséeg @g"gause t he recording

| ayers 202, 204 Iarpeactiet,abiveedryit inay be pesbiblet that @6 Reasapplibbbynthk bytgomgduct i ve as
t he--under-1 ayer, t couple thermally to aluym nymlayer 610. Hence, even

t hough ther@s"rﬁyﬁ 28&%‘3" aaaﬁsgrpfﬂ@gfn%é?ﬂ?deé&g;ﬁe_*ﬁ}“&%%ﬂ?ﬁég%ﬁ? di ng

| ayers 202, hegl refib€ tréveld diddeP@e eddeEiivBlcad ABE L PRP2JCSSIOMR, 83 Hyatat the
edge of the nesas, 266 between the tracks to_provide a goaod heat 10 barrier.

rt is expecBifiysion isdesined gucksthss de apasroif05er by farmedto GFERMIAFFROYEN | pass

t hroughy§ heyf&f fleQicibnlsHied Scmbits PR, cTélmysg@a‘rngadkﬁﬁs]ﬁa “hﬁﬁ%! 191 will
either be reflected by the alumnumat the center of the track 103 or get

absor bed byHpwevesihssaysg pEbonditfusigniteetheynal srgdignts 2pwsrisete theapeiere d8ht  Li ght
ill b f t L t 10% of
W ere %ngf %xgtﬂ)te%\gacfa Pﬁ%ﬁ&@& g:{e eﬁ%eesgy?ﬁle d%ﬁ%mam%n&%%%@ﬁ%@% akau Y

t he inciden e reflec at the nesas ependi ng on
requi rr, ~meeansrolled ondedised. ffobreadieg of datchytbe heddi eipmentsiSIOVIBL 82 thevdstasus ser vo

signal 149 .be required. 1t .i g .understood .that thi iffere in
reflection ?rr%mggmﬁksse lfsgéjm%gp{/%a ; ?é?ﬁ%&s?%ghéﬁg%eﬁ%%?t}?gkdtm? ﬂ‘é{}ﬁﬁti lizes

di f fr ac20® onbétweear datd trawks 16xferring now to Figures 9f i, a representation of
tenperature profjles in.a. 20 djsk, conpri Si nesas afjd nesas i s shown.
i gures Of a1 SRS, tedRgraty. 2 Eoate Riermes B L BER Fon © n o e

di sk 107 f overtiéul exigyaiddbofab(ih plahé)dire@ionf0, and a 150, and 60 ns after the
out goi ng | aser am 191 i s applied,as 3.ns and 1 mWfocysed,.spot 348 with
a full width halbf° w&%@tﬁﬂdﬁﬁ%ﬁmﬁmﬁmgﬁm%mﬂ%@ﬁtggase Tﬁ%"'cent er
(upper | ef t digRIOEWitR the@REddin! 19de} beal B 1NRA) B ahRI6gBEPAt ST pburirgef X 25

directign and the radial direction of the disk s in the direction. The
left edgd oVs¢Wé flgidAn § Batmqyingrsurfacee whereinitke keght gbthe fdabaveshek 107 film

structure i sufige Borfespdnds td lefBBrafid. i A be 2B dAlfrotn SRRy Aldmeeadout
| ayer, SS nm of al um num on agggl ycarbonate substrate. The nesa 266

ext ensi on ofluidiould spsead pubinallsiirsctans surd thg thedsactinestof @ lateral tagperafet r eadout

| ayer so th ) LS M}@ .0t h, of sais 30
about 80 a %%}gﬁ%gyﬂégﬁgyr eﬁ %%Obggg%%{(%mber gér‘lytd% fégncf%rébqr' ght edge of
Fi bt ur es 9f lgtera teinperatiiepavide 970 Simnedbyt the ovtgoing taaer teemdOl atasilbispated i | e

di stribytion 4. tsk wth no channels or nesas at 60 ns after an outgoing
| aser bgdam ?ls ‘Q’ﬁ%ﬁ?‘ed. The thermal gradients 26
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09 0cT200z inthe disk are very low. The Figures sliow that fo 65@ )
107 conprising nesas 266. that the tenperature profile distributi og @t th ZUUZ.
storage and read layers is quite uniformat the track 103 center and that

the thermal gradients are steep at the edge of the track. In an exenpl ary
enbodi ment, where conti nuous power is applied to generate 5 heat, the heat

w Il propagate as a wave between the nesas 266, with the heat remaining

bet ween the _nesas 266 at four microns, or one mnicrosecond after the spot

348 passes [ndedersand theveatiaad @iffusiaty prpdess the empamiraproiils 2i9sisshewn Ot her

f eat we viant: r ' ' i | rent to a

per sohﬁlol;‘ﬁg%ﬁi%?‘l [ﬂ%\@?ﬁ@ gntge\?tﬁg §?§§|Q%g Eét}%gp%lr'og@gmm?hn‘sgﬁ?{agcﬁﬁgllggéI osure.

' Ther efToe egrtidA) flomecassaspke gfadidne (pate 9€ nbanign\oé Mluidbheigls) toobdomotd stedped onl y by

t he fol/J.owing claigs. .27. . 0,9 0 T.200 at ,is.claiLned,|s: A storage
di sk. E‘Q‘W*B?}?eg‘l'eﬁ%‘?all gggdﬁglgpa?‘gfce%?ﬁa §rﬁ§§t21r0§th°é‘ ISSMi@?H‘Qc’UAA fegplg[g%rface and

a bet t heat, St seanal®aows toape Sluid BeghtanTheqiiflohotdnat &djisk Anevaedd med by

rai sed surfaa_\gfe, ortions and depregseig surface portions, said raised surface
por t i oferdiIEuYioN fai AYPGeRE d2anircks 183 maYs by oxrWHks® Hfari R8UIBHY sai d

bot t omyiREd AL dEhER SRS 28 ORArRI ANEBe Fdtakd 2IChe M. 3RES. Biké Yo Edhugar al | el
opposition to each, and said depressed surface portions di sposed between

sai d phgrdesnatig of g datagiomain gnarks 8 fpeproper readiag by & deragnts 2hsYRone | ayer ed
first gmterial conprising a top surface and a bottom surface said bottom
surface of said at least one tO |layered first material disposed above said (
railged sur f Breeprpgntinentionidenaifioy hakky prodisiteccivatk!s or hesee 2pobetvgers. and sai d '
top supfaggafl1gRblnaladiett AREsilaYaReR §f [RlatREERIM:q UchRAPaRy L0 extend
above sald rai séd surface pdrtions and above sl epressed surface

por t i ohaseralehehtadi€iusion sarc bednimahieed ahd/oseirdrollay &y edockéqoard/oradisaciiad

conpriging,a top.surface and a.b am,suy.f.a sai d bottam surface of said
| ayer eg‘eg'g’éﬁﬂﬁgﬁ?"éﬁ“ﬁeno‘% éapggcekaqg%&%"esc{ﬁlﬁf@o‘ﬁ tsﬂg?ya%rgv'g'f’ B at | east
one | aweitipgl add featlingbl ahé Abadab@b elbmems.saUse dPpliangsie dr siecdsalss oy bé ons, and

said tqop surface of said.layered seco mat erj al di sposed above said raised
sur’facg‘si}ﬁ?epibﬁﬁ?é"'g}‘l‘oﬁré‘t?o@é‘%g%‘g’ﬁwaﬂﬁ}‘é@g“éa’%g’f‘é@éo‘b% tions; and a | ayered
third mat erRéfbringab®@ th Fygured6i-b] stehsnBi fel BImAMHY A Spaigmiot @ReSUsd ace and a

bottom surface, said, hottom surface of said |ayered third materjal disposed
above g%arﬁsecdo‘%mgtfﬁ e gﬂeoﬂvggfé.uerﬂﬁmfmf BESeRrehi e PUPUARP R sai d

depr esged 199§ 868, PP 5lepS madNidlclsded: dhé QRe DEIbACGhal SAletkidrPWRIBS third
mat eri al di sposed to be substantially level with said top surface of said

| ayer etfclnoiasydo mBRkE 3 RIPSUCSUDTIRLC of &rBRiRriadisyrh as Pelyearbanate oF RIS 1, wherein
sabgl | RYRligestshil & MRtfidabing Srselaciag thrnoga@mgxr oy &f assubRtad ofmaterial,
polymer material, a transparent material. 2 0.9 OCT 2002 3. The storage
di sk aBolisbed glays qrglugmippm, Pltaprsively nfealwres maobadriingd Sx appivigi Y'Y t oprost (
sur f acg.rgide TnaBR1dyRNBRS! sudWrdt@GBeh YR Br REANIRPIRES 1ifbefpaR AN ~
bot t orr?%lglt. surf ac_gear e ssubstra{nt Pal | ygfa_l _atr o@g?n slg”l l(I);Iﬂ_&?o|olrmsrgt@anéq’}gai d

bot t omAefnings e fdgsieed regionsTard eaphwiesadbisike day er,coidtesahingnthe |sabsiate bxvher ei n
said a : LSt ' ' 0 r and a

? eadoa™t g e Rl PTG clehind pr Bh Shhie, RS AL OBPUR DRIET 210 2

| east onmeitivayayend A further aHemalied wouldpre epyiag rmapimae isensitiveelayerl of 6. The
storag I ‘ i i | aj , I: i d..raj upf ortions
and oangfisd SBE] b bl g el oAOREA, W Bl BL80 BB

st or ag_eenslitivk laysr byeonedne df hrphotoalit_hmgkaph_Msimi @t@aiaplprsaqhesa@edafﬁinhi_g aphpri ses a
\R/lnglr’ 2! Iﬁ% egr? EP atssggsttrra?ecgfs Oth\é\'rh%'rpgsl gf araxl\lle%, llrnac uS 1r(\jg }cn%grtxelilcg %Sﬁc%ﬂngjprtfca?ope sas, and

magnetic can be defined, or have already been defined and do not comprisc a restraint on

30 ora part of this invention.



are disposed between said plurality data tracks. 8. The storage {i3kQ&sT 2002
recited in claiml1l. wherein said storage disk conprises a plurality of data
tracks, wherein said raised features conprise channels. and wherein said
channel s are di sposed between said plurality data tracks. 9. A first

surface storage gl alf fedBdHniqued\@bscribediabéve2nl Sﬂz@ﬁi@dar&&tt@qﬁi&&i kxcpbiokr at e
conprising a surface, said surface conprising rajsed f aturgﬂaglnd depr essed

f eat ures, sdifferentigl stchingdnio grakass subsiate dedeptigey Bpnbrdefingdmare ¥ filler
material ?trsl?déé\}g]'?‘ea?%béa lg Litfer PFE@J dr%lunhﬁu:ﬁi b Hgﬁ%ﬂml '?orséhﬂ rervigased

features to ntia qual wth t opnost evel of said
rai sed feat thndlment ytilizingpits Ziécfmﬂh@ater Jifferentialgemevaé 331?159\77 P‘?‘i‘{j’ht%r nal

ani sotr Yio [ era drayer
overlying S %%eopri?llé)g[ Ellqstéghg cﬁ%%r%éc %&&BAIIRQ%%@%%& e g?% as recited
in clai m9, andyetich msisahtdafes s needsl cryerrth slsbstrae georder t@d@ﬁm}raﬁ neathycaswher ei n
said light is fle om sai rvo er 11. 'The disk as recited
inclaim9,P% ﬂ‘i’fﬁgerﬁ@glﬁﬂ eeyptig e[ fl%\%c qp& eg}re%dl sposed above said surface,
and a source of Fdrgkdmpwmmrumssamdmthgldiskum dfmeptemhtaiventgmam optical path

bet ween sai d sourc and said ubstrate to said s age | ayer. 12.
A et hod of Segpsnce 9 id éje"ét%‘i%lra‘d'b FRAgPERs; fudiopt lfiﬁgfrf %fgé rai sed and

depressgd ffeesxﬁ{nesn e RAPbE ﬁéeﬂgsﬁcma}fé?sﬂﬁﬁ (?%cal it éxﬁfaﬂ@déﬁﬁglndn@ubatldl@t eto
conprise raised cf depressed features; positing .a filler material over

an etch st oploigr ﬂ‘ﬁ@%altsbfe&dea bayers 19, for P@D@H%% W UL ROUQE, o5 sed
features ar efe{:lﬂ: Tas'cf szatﬂe%to%ye IS 2 R r@Ad'out 185 aba;Qhd akQPVdeisatid etch stop

surface; nt1 al renoving sald fil materi al so that said
filler mat elaya|626vleransa¢rdpleny@mbsdmpns @hcfthrelgxessofreeﬂm/féhemlthrsm ghoue or no

renoval of g3 .!u-g & fi'pl §J£Pctu§§éﬁftﬁ8§1e%9mc?aa‘éﬁ :ﬁéépc%ﬁﬁ%é Lﬁl}fonoﬂfg-m@r surface

conpri sing sai sur ace The net hod
as cl ai hed 1ayercﬂ9a|and/mﬂspu1tterledlsilmtg1 dibvadé layart6e8 u&iohramiiothitqims'ﬂlmgogs}a

sacrificial Iaer r said etch st surfa bef gr e,.de said filler
material ; ang- g\{ﬁ SSAT 80151?%“?[ ? 5%1?5 %*«Eﬁ‘ﬁ@?ﬂg" g}eg‘bgesru hzé;e"%r}’lgall ly etches
said fill erprﬁﬁés&mkalcrdiﬁ-decﬁﬁhdﬂa‘amﬁ step & sabwh RYEigurt 6b) @aeegansvirattet i al |y
pl anar surface conprijsing. said etch stop surf e and, said filler material.
e ot REEIRToR b4 s o8y o APl SIS AT BT esh R B BT e o1 | 1 con
ni tride andingbiioflisindtdintted aCideith sath & 48énce BIRY4rS DBt fittler €A betkaliygi de.  15.
The method of claim 12, wherein said filler material is selected froma

group i 20 of adgpiedfon uspith/other magusty erticalnpptical, aT magnefi rqeidmeshsksder i al . 30

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 variations in a detected reflection signal. In contrast, in the present invention,
the signal 149 (Figure 1) dennved 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 pitdepth in the prior art.

In the preferred cmbodiment, 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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0 90 CT 2002 16. A storage di sk, conprising: a disk substrate, 1 s
substrate conprising a surface, said surface conprising raised fe@i?u(ﬂeg-r 2902

depressed features, said raised features conprising a topnost level: and a
di sk substrate Ievel ing means for |eveling said depressed features to a

| evel substantl | | features to
define a mERHTEHTS %ﬁﬁ §%F‘?’§t nstl}}? nggﬁﬁgr\ﬂbﬁﬁni%ﬁtegﬁg %%%?rgagfté ?gg 17. A nmagneto
opti cal stdaﬁmedc&s&eaﬂbsltardadomvdnemeomehgexsﬁustsnatzezmﬁlssé% mesas of the

sanme materj al asthe bstrat SS9 i n efin t n said
mesas, thd °ﬁﬁ’éaé‘§’l?lé’w STMRIEpR 93&?‘5’&‘@ B?’ecgglﬁn%f“ﬁbor ¢l olﬁgglu\rﬁgce of an
al um num fAd &x@mplay ﬁﬁdl@bssb@ibbﬁmléd'tﬁe aqmsfeaampit mw forgxampla) fora piam

over | y| ng the nesas, pl anar stor&cglé ﬁé al QP"B and t he
nesas, Sandiepof aboit 19@’5’&&!& thckyess o f’” atfﬂ“’i {1 B‘Ptéa . 18. A
storage d'c%{]s @écnfah%rm%qube&aﬁlzas %é&heﬂmbﬁtea flbemiRsAS3IQIsshe®himed to
interrupt thermal conduction of the thermally conductive al um num between
t he nesas Figge 6q e a dexsistepsthe disk dﬁ'éllslsanéqted imaHiferprtiabromoAlPIeqest age | ayers
are rel atiy f :rgtlép :88y e di sk as
clainmed in }§+%|Ié£6f)& %ﬁlfé?#ﬁ%ﬁflﬁﬁ&?ﬁl %8#%9%%%%5 £a§} a readout | ayers
conpri se shatdecsxhccm d.loxldelaamflﬁl Al useffal phiocess epoligepgwith g EMPE pr2eess A st or age
di sk cl r. onprise a storage
| ayer al%t he“aefl dfnr &ngtamd%s ﬁgg @esgr%h]gr%?%(gr condé'l}lj(??%v‘&e\l material, the
rai sed feammkal-mehamqat Pcnghmgefrmhl Dma‘kuatemdum;nuoﬂnteln@nhml i ng nmeans.

Rt e e e S R

cl ai rred i rhvﬁlﬂa%'ld’@o%%rﬁﬁﬂ%ﬂ atbrids @tp%»fmepduamg SeldcHvitg mbbinelooal sed features.
31 CT 20 24. A nmethod of formng a storage disk.conprising: on a

subst rat e, Wmﬂifgﬁlb{“ﬁé&r@]r53;9aﬁtﬁflé1?°fﬁlléﬂ°n|d&1x@§dabfeé@(% AP EHS depr essi ons
defi negd i I 5b d

depr 058, o2 HRSlhe b0 6 us lishiAR ol 35 CPRORI. BEcraI IR IR S SUR TR Y har

| ayer whi qiolislting, d¢sathiag@nip qfthid saerifimial eilicon diexide tayert6184¢ preferbly o the first
sacrifici I | evel

defi ned bsrL%lh%efg%r?ﬂ gé‘#é%ﬂgu&%gghwéggﬁuﬁjgﬁb‘iltﬁfg?eé%%\gé}}a%g%@t he first
filler matfdlingthepits 2E. ﬂheSﬂegr@g&édlaVG@I&n@ebmwiEéWlﬂiheﬂmbaslcblut does not
cover the f Y. xposed, and
deposi ti ngett% %?" cg%de f?ébli'{a g?sano% pziecéar (ﬁ@%&@e@lﬁ@% Sﬂg% gg? ﬁe filler
mat er i280l Heyeé®h t he nesas. 25. A net hod as clainmed in cI ai m 24 incl udi ng

the further st f depositin fil ver or a e and readout

| ayers to a su%??t%'agﬂt E%éb"tcﬁe gﬂasf"pf f'%o‘i‘%gﬁ H’B"l’l |l er materi al
i ﬁ hi gper ngm&a 68,380 illd hesd rlnlhﬂm@fn Heighit memkbaad:l dpprRinsdtelp teaaie as dird )

t ereater m)w ille pl anari ze .t esur ace so that
the fillerh eé? ?&8 L’*é{ﬁ‘a‘ifzr%l’?r ﬂ%ﬁ@%@ﬁpé cf"?%é?’@r?“ﬁ?g Petrate over
the storagectaist 1096 e theyd: S, THIS, ﬁ%ﬂfdsﬁdo ﬂi@éﬂwaﬂ'tﬁﬂafsk\l\m bft@e t Op
surface of the raised features, 26. nmet hod as clainmed in claim?25 wherein

the fi49 erPr?sﬁﬁ'e‘P"e@&H’bPTeé% al%"@%‘i‘i’l%ﬂﬂ‘%& hegd 1A9 Rains disrghance free.A net hod as

claimed i Wﬁ&]@hﬁﬂﬂs@hé"ﬁ&%ﬁ% Ry EtQB!c%H./@r WitP4 M&eh%g%e?g‘ﬂ%fﬂxéﬁh@de' i con
dioxide or silicon nitride or a simlar dielectric |ayer.
skilled in the art will recognize as being beneficial for near field type opncal data

storage applications as well as the flying head 106 of the present invention. Because
the pits 2135 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 conlamination from sources

such as particulate matter from the
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28. A nmethod as clainmed in claim27 wherein the alum numis renovednt
| evel equal to a planar surface with the silicon dioxide, with thedQ'g)'@GJ 2002
32 D9 0 CT 20U dioxide | ayer being a sufficient thickness to allow for
sone small |evel of oveipolishing. 29. A nethod as clainmed in claim 28
wherein the silicon nitride layer is protected and the silicon dioxide
| ayer partially remains and is partially renoved and the al um num whi ch
fills the depr [ g , Y e | 1 t he very
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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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channel 266 between data tracks 103 may act like a heat sink, whereas a low

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 turn 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 aun aspect ratio of more than § to I, which
may limit the vertical dimensions of the channels 266 to between 100 and 1000 nm.
Some known type of filler matenals that are reflective when deposited as thin layers
and that may support these dimension and aspect ratios includes metals (i.c., 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
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10ttL) ]l@%&' prosehtidttlES€adt ko ditekP4d 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-¢, a disk comprising mesas 266 and raised
features 215 is shown. Figures Sa-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. 9c) 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. 9¢) and chemically mechanically polishing the

aluminum or permalloy using a surface of glass
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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 wil] 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

IS 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 ns and 1 mW
focused spot 348 with a full width half height maximum (FWHM=550 nm) at the
track 103 center (upper left cormer of each plot). The media 107 depthisinthe 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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depressed surface portions, said raised surface portions of said top surface and said

raised surface portions of said bottom surface disposed along planes that are

substantially in parallel opposition to each, and said depressed surface portions

disposed between said planes;

at least one layered first material, said at least one layered first material
comprising a top surface and a bottom surface said bottom surface of said at least one
to layered first material disposed above said raised surface portions and above said
depressed surface portions. and said top surface of said at least one layered first
material disposed to extend above said raised surface portions and above said
depressed surface portions;

a layered second material; said layered second material comprising a top
surface and a bottom surface, said bottom surface of said layered second material
disposed above said top surface of said at least one layered first material and above
said depressed surface portions, and said top surface of said layered second material
disposed above said raised surface portions and above said depressed surface
portions; and

a layered third material, said layered third material comprising a top surface
and a bottom surface, said bottom surface of said layered third material disposed
above said top surface of said layered second material and above said depressed
surface portions, and said top surface of said layered third material disposed to be

substantially level with said top surface of said layered second material.

2. The storage disk as recited in claim 1, wherein said layered third material is

selected from a group of a metal material, polymer material, a transparent material.
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5. The storage disk as recited in claim 1, wherein said at least one layered first

material comprises a magnetic material.

6. The storage disk as recited in claim 1, wherein said raised surface portions and said

depressed surface portions comprise a servo pattern.

7. The storage disk as recited in claim 1. wherein said storage disk comprises a plurality
of data tracks. wherein said raised features comprise mesas, and wherein said mesas

are disposed between said plurality data tracks.

8. The storage disk as recited in claim 1. wherein said storage disk comprises a plurality
of data tracks, wherein said raised features comprise channels. and wherein said

channels are disposed between said plurality data tracks.
9. A first surface storage disk comprising:

a disk substrate, said disk substrate comprising a surface, said surface
comprising raised features and depressed features, said raised features comprising a
topmost level; and a filler material, wherein said filler material is disposed in said
depressed features to a level substantially equal with said topmost level of said raised
features to define a mechanically flat surface having thermal anisotropy, the disk

further comprising a planar data storage layer overlying said topmost level.
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12. A method of utilizing a storage disk substrate that comprises raised and depressed
features, comprising the steps of:

defining said substrate to comprise raised and depressed features;

depositing a filler material over an etch stop surface to a depth sufficient
such that said depressed features are filled to a height substantially equal or
above said etch stop surface; and
differentially removing said filler material so that said filler material
over said etch stop surface is removed with little or no removal of said etch stop
surface to leave a substantially planar surface comprising said filler material and

said etch stop surface.

13. The method as claimed in claim 12 including the further step of depositing a
sacrificial layer over said etch stop surface before depositing said filler material;
and wherein said differential removing step substantially etches said filler
material and said sacrificial layer to leave a substantially planar surface

comprising said etch stop surface and said filler material.

14. The method of claim 13, wherein said etch stop layer comprises silicon

nitride and wherein said sacrificial layer comprises silicon dioxide.

15. The method of claim 12, wherein said filler material is selected from a

group is of: a metal material, polymer material, a transparent material.
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" \p ) ‘?dglsk sub:é?ate said disk substrate comprising a surface, said surface
comprising raised features and depressed features, said raised features
comprising a topmost level: and a disk substrate leveling means for leveling said
depressed features to a level substantially equal to a topmost level of said raised

features to define a mechanically flat surface having thermal anisotropy.

17. A magneto optical storage disk substrate wherein the substrate comprises
mesas of the same materia] as the substrate, depressions being defined between
said mesas, the mesas having a top surface level defining a top surface of an
aluminum filler material between the mesas, and having no aluminum
overlying the mesas, a planar storage layer over the aluminum and the mesas,

and a planar readout layer over the planar storage area.
18. A storage disk as claimed in claim 17 wherein the mesas are defined to

interrupt thermal conduction of the thermally conductive aluminum

between the mesas.

19. The disk as claimed in claim 18 wherein the storage layers are

relatively thin and couple thermally to the aluminum.,

20. A disk as claimed in claim 19 wherein said data storage and data

readout layers comprise silicon nitride and silicon dioxide respectively.

21. A storage disk as claimed in claim 16 wherein the raised features
comprise a storage layer, the leveling means comprise a thermally conductive
material, the raised features interrupting thermal conductivity of the leveling

means,

22. A storage disk as claimed in claim 21 wherein the thermally

conductive material comprises aluminum or aluminum oxide.

23. A storage disk as claimed in claim 21 wherein the storage layers is atop

the raised features.
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24. A method of forming a storage disk comprising:
on a substrate, forming a master pattern of raised features with
depressions defined between the raised features,
depositing a material in said depressions and over said raised
features,
depositing a relatively hard layer which is relatively polish or etch

resistant relative to the first sacrificial layer, and

polishing or etching the layers down to a level defined by a top
surface of the mesas on said substrate so that the first filler material fills
the depressed regions between the mesas but does not cover the top
surface of the mesas, the mesas thereby being exposed, and depositing
magnetic data storage layers over the mesas and the filler material

between the mesas.

25. A method as claimed in claim 24 including the further step of
depositing a filler over said storage and readout layers to a sufficient
depth that the lowest portion of the filler material is higher than the
highest layer of the hard etch stop layer, and thereafter removing the
filler material to planarize the surface so that the filler material remains
in any depressed region of the substrate over the storage and readout

layers, the material being planar with a top surface of the raised features.

26. A method as claimed in claim 25 wherein the filler layer comprises 15

aluminum or aluminum alloy.

27. A method as claimed in claim 26 wherein the data storage

layers comprise

silicon dioxide or silicon nitride or a similar dielectric layer.

28. A method as claimed in claim 27 wherein the aluminum is removed to

a level equal to a planar surface with the silicon dioxide, with the silicon
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