WD 2010/ 065892PCT/ US2009/ 066825 1 VARI ABLE TRACK W DTH RECORDI NG
COVPENSATI ON Backgr ound Dat a storage devices generally operate to

st ore andwonoroaisssseve data in a fast and efficient mannecT/uSeens/0edses age
devices utilize a rotatable storage nedi umwhich is accessed by a radially
noveabl e transducer to carry out data transfer operations with 5tracks
defined on the nedium The transducer is often supported by an actuator
positioned adjacent an outernost circunference of the medium Different

forms of actuat onsaRfABKBQWACK VeI R ORBAIGREOVMENSH B Pi vot (rotary)
actuators. The nedia can store the data in a variety of forms, such as

optically (e.g., optical discs), magnetically (e.g., hard disc 10drives),
etc. The Badtgepouadn be pre-recorded or recordable (either once or many

tinmes). The confi(%uration eg( t he various é/acks on a ,rredfia syrface is
usual |y det er fPH8&IORES dryichRarnEradly RETAT 0 SRARGNLOF (RTING. d2ihi@ afedArd can be

def i ned aéfg@ieﬁﬁﬁ!nﬁl%r.o oﬂ%%%l S%g?&?ﬁ@tﬂﬁiek?rofaﬁt:fb@ésto&%g%d&n@%ﬁéhﬂk‘ous spiral

t hat extends across the ra e nmedi um Depending on the construction
of the mexticessed byhtradidley mevabtt trapsdaee tescampyoud dath Senpleogmuiations fwitht her

increase th a storage ,capacity of the nmedium Usually, both user data
cont ent atﬁ%fﬁﬁggéq?élé’dlté%a\?gmﬂ‘gta will be intermttently stored al ong each

track. The userhdaddeRpiedtten(s@pgbrtcdbyCsl RIRAIPosivioH&Padj@iddi sh etc.) is
output to a host device, whereas the servo data provides cl osed | oop

t racki ng euigroroseeircymieigner efethg medipm. el fipsend fempfgictuatons algdkndana

t ransducer ol éOTr acEI1<r v(\:%udgor} 5&5 er s (£r0t }B%Covte;al,f,herr%déial ﬁMtd}eq gf tt he

i nf or mati'0R" {ngrh&ﬁ al r?g a ) DR FPIAER 2°HPRLK pltcﬁ P&PErS tB fi?‘lgu}%ldi al
di stance varietyp éfBrk&RLET asiiptieey {ef@Cdpticl difts), Meaghelidallgie.gl, hakiddisde seen
that track wwdth is rel ateé) to track pitch. These values will be identical
i f tHér e drevepb cicntldevrgdinepndier rercoppdadeor sesofdabre itheicase of prak smes).

Hi storically, o) j re.. rovi i - i - Kk

i dths (and cont CraReRoh B ErBl PRNEOR K aak Wrhte SABUY EMrlh8 Y oh ai
not vary dgingssediher deibieunusifidtade,. Thettracks barbedfmedas baiased discrete
substantially constant. Sunmary ri ous enbodi nents of the

, Va
present |PEFITIOANED €7 gehEPHIMPUUAELaLC e d artoshbs rabahel Bppdatus for
provi di ngl)a)eﬁﬁﬁ\%%ﬂqhg@&{shlﬂltmnt& tH@ﬁl'e@ilahﬁ Iﬁlﬂéﬁlg ré@oﬁj&iﬂg layers may be

15  employed to further increase the data storage capacity of the medium. Usually, both
user data content and overhead servo data will be intermittently stored along each track.
The user data content (e.g., programming, video, audio, etc.) is output to a host device,
whereas the servo data provides closed loop tracking information to a servo system used
to position the data transducer.

20 Track width refers to the overall radial width of the information stored along a
given track. Track pitch refers to the radial distance from the center of one track to the
next track. It can be seen that track width is related to track pitch. These values will be
identical if there is no intervening buffer space between adjacent tracks. Historically,
storage media were often provided with consistent track widths (and consistent track

25  pitches); that is, the track width/pitch did not vary across the medium surface, but rather

were maintained substantially constant.

Summary

Various embodiments of the present invention are generally directed to a method

30  and apparatus for providing a storage medium with variable track widths.



2 In accordance with various enbodi nents, a data storage nediumis
rotated by a notor. A wite transducer is used to wite concentric data
tracks t owohelmtsssvage nmedi um during said rotation, the PCaaisgolandsag

vari able track wi dths established by sel ectively changing a rotational
velocity of the nmedium 5The variable track w dths can be gradual or
abrupt, depending on the requirenments of a given application. G adual
variations in ff@ekdwheRite aride euﬁﬁdlrﬁ&n@maﬁatseo@g@m%%n{lrs%'t%iea Hg%n path
of a rotary actuator. Abrupt variations in track wdth can be use

provi de dmbfasr dnwritedraasduser isrusedto Weitei avgeatitti¢ éfrtémacléspteélilef $terdge mediunwi dt hs.
These and cts,of varidous enbhodinepts rst.o romthe
10f ol | owi %%E%e{agﬁl%ga i tggltjrélglfso}havim ‘éaélr%g%r%c F(‘)Nﬁd fﬁb[fell’fﬁ (25%8%?0 EVS

dr awi ngs. ctlBhielk a%&ﬁbhﬂtdeﬁi@itg)hftﬂ&méa‘l@w ngs FIG 1 illustrates an

exenpl ary data storlazge medium FIG 2 shows a nunber of adjacent tracks

from the nedi uf%Tarmapls track wigths can Be pradyalar éb@‘@t slspendingp thy pattern

recor ded f | ock

di agram o%hgﬂ%nat §§§{ %gﬁ,@ﬁl é‘g}gt% ﬁ?ﬁpch ?%]tr}’r% gih{‘ﬂ?ﬂs I\Rmtrlaf %“E&tﬁ 4% Bé gsne terad dat a
fromthe &hmllawgﬁ)lmdramﬂhatlon path of a rothiyGBtu abok- %rﬁ}btmurldllcﬁﬂsah etk he@hur es
recordedtothe qftorae |umb the 20 system of FIG .4 under different

oper at i on&i" begdised fpgrovide d‘ rerﬁ‘IZ@Ses YArsks bhone differeat eprcificdriaskividthseat ur es
witten over myhdsiRh@ofhRYNpdtis 9?§a1ﬂ{uste%ogﬁlqénmaﬂsde%ﬁ@rs§)tohm fig Process
in accordance wth various enbodi ments. FIGS. 7A-7B show ot her exenpl ary
conpold] t efofllewting desailed Slidc@ssiéh inscoajuntiom wlthithe dsevciated/MRwARISE TRACK W DTH
RECORDI NG r out i ne. FI GS. 9A-9B show how different track wi dths can be
established by adjusting the rotational velocity of the nediumin

accor dancgri¥f béctibod Sttht MRawineE! G 8. FIG 10 represents a linear

actuator. FIG 11 illustrates a pivot (rotary) actuator.
FIG. 1 illustrates an exemplary data storage medium.

FIG. 2 shows a number of adjacent tracks from the medium of FIG. 1.
15 FIG. 3 illustrates an exemplary pattern recorded along a selected track of the
medium.
FIG. 4 is a block diagram of a data storage system configured to write data to and
read data from the storage medium.
FIGS. 5A-5C show different features recorded to the storage medium by the
20 system of FIG. 4 under different operational settings.

FIGS. 6A-6B show different composite features written over multiple
revolutions of the medium using a stitching process in accordance with various
embodiments.

FIGS. 7A-7B show other exemplary composite features.
25 FIG. 8 is a flow chart for a VARIABLE TRACK WIDTH RECORDING routine.
FIGS. 9A-9B show how different track widths can be established by adjusting the
rotational velocity of the medium in accordance with the routine of FIG. 8.
FIG. 10 represents a linear actuator.
FIG. 11 illustrates a pivot (rotary) actuator.
30 FIG. 12 shows variable track widths on a medium with gradual changes in track
width to accommodate a pivot translation path.
FIG. 13 illustrates variable track widths on a medium with abrupt changes in

track width to accommodate different zones with different track widths and/or pitches.



30FI G 12 shows variable track widths on a nediumw th gradual changes in
track width to accommbdate a pivot translation path. FIG 13

il lustratwe 2oavdieatske track wi dths on a nedi um wi t h abr upCTaisarg®essseh track
width to accommpdate different zones with different track w dths and/or
pitches. WD 2010/ 065892PCT/ US2009/ 066825 3 FIG 14 is a functional block
di agram for an exenplary electron beamrecorder (EBR). FIG 15 illustrates
the signal gemresatdis atliRgtongf blbtGliadidm Pbeh akdreslayesedtiontbe® recorder  Vari ous
enbodi ments of the present invention are generally directed to the

recordi nEBR).data to a storage medium The data are arranged as
circunferenti Y1 £ ]  abl rack width. In sone

enbodi nment s, ﬁé’5§¢%§%ﬁ§ﬂ?F%@ﬁg@%ag%gxiﬁgﬁéﬁzﬁﬁa 'so that successive
tracks over at |east a portion of the radial extent of 10the nedi um
successively increase or decrease in radial wdth. In other enbodinents,
the vari aBe@iled Reseripfigi hs provi de abrupt changes in track width, so that
different zoneg,nauenfof RERNGS hE AkeM i ABORLICAASral] AGct@d tfpke track

wi dt hs can be e%tl(gﬁl ingdﬁedﬁ%y vary?ngetﬁe r ot ata% o%gll I'avgl oglyty o@ t he nmedi um
over diffecexding atdata tonastorpgsimediumFIThe dbtquarowirdesdas copupfeamtiallgw of an
exenpl ary rotatable data.storage nedium 15100. In present] preBerred
enbodi menen %trﬁapﬁmrﬁaiﬁ%ﬁﬁ a‘ﬁ‘gg’rﬂ?é&m&s@ OFHHRIFEY i Yaé@fﬁkaraﬁ_ di sc such
as the tyRRIsHE gldaud LaRA sHERSsi ir¥cks OHED) 188t 4 PéttioR Bt tredhBaldiiddi@p to the

mediumin the formof alternating magnetic flux transitions. In other
enbodithenths medhnen peatessmel akercasder degreasoin ragiabptdile aln dhereniboduhéndhy data are

witten to the iymin the f.ormof ,marks. of al ternating,.levels of optical
M eeti vitey e lE Rt by pg! oS deehy o i e Pkt oo
versat i | enfliegeriérBMDack widths/pReicd. ahe vafidne ek Wt @nBREsiBshed bon a

recordi ng surface 102 which extends froman innernost diameter (ID) to an
out er nost vaiyiagsheotatiomy! wslocitiyef ghegnedinmiryer didiesrndratagtionat pasees- 102 conpri ses

mber of tr] Lsh is, denat . The track
ci rount er ont1 a5 (agart o aEMEE gtk bl SEPEIE Gy Rl malifn (7500

arranged BX). alisgauarleeretrel aabeligctonbentcdiven is dhgdictebizeday & magnedic

continuous spiral that ) _ ) )
recording disc such as the type used in a hard disc drive (HDD) so that data are written

to the medium in the form of alternating magnetic flux transitions. In other

embodiments, the medium takes the form of an optical disc in which data are written to

the medium in the form of marks of alternating levels of optical reflectivity, such as in
20  the case of a Blu-Ray disc (BD) or a digital versatile disc (DVD).

Data are arranged on the medium 100 on a recording surface 102 which extends
from an innermost diameter (ID) to an outermost diameter (OD) of the medium. The
recording surface 102 comprises a number of concentric tracks, one of which is denoted
at 104. The tracks circumferentially (angularly) extend about a central axis 105 and can

25  be arranged as a sequence of discrete concentric rings, or part of a continuous spiral that
extends from the ID to the OD.

FIG. 2 shows three exemplary tracks 106, 108 and 110 from the recording
surface 102 of FIG. 1. These tracks are denoted as Tracks N, N+1 and N+2,
respectively. Each of the tracks 106, 108, 110 has an associated track width (TW),

30  which generally corresponds to the radial width, or distance, that each track spans the
medium 100 in a radial direction that intersects the central axis 105.
The tracks are further provided with an associated track pitch (TP), which

generally corresponds to the radial distance from the center of one track to the center of



extends fromthe ID to the OD. FIG 2 shows three exenplary tracks
106, 108 and 110 fromthe recording surface 102 of FIG 1. These tracks are
denot ed a8OTDoeal6sSsIn, N+1 and N+2, respectively. Each of PCmaSeeoaokes2306,

108, 110 has an associated track width (TW, 30which generally corresponds
to the radial width, or distance, that 4each track spans the medium 100 in a
radial direction that intersects the central axis 105. The tracks are

further prRvedeghod thhANn SR ARt S REK sRbWE BetwER) thMdi £BnaeReE alt! ¥
corresponds to the radial distance fromthe center of one track to the

cent er of foll@s2@t0/ 065892PCT/ US2009/ 066825 4 the next track. Snall

i nterveni ng spaces (S) are shown between the adjacent tracks. It follows
that: TP = TW+ S(1) 51t will be noted that in all cases, TP is
proportional tgpBNpAssS approaches zero, then TP approacheg)TW (that is,
if S=0, TP=TW. GCenerally, the extent to which intervening space Sis
requi red between adjacent tracks will depend on the manner in which data

are storegq . ' E I net iG, t can abut (or even
overl ap), ﬂpﬁﬁf&\?ﬁ}e@ﬁﬂéﬁ‘gﬂg géeé’refe(lﬁc r?%oﬁg%ﬁo J\gm%téglglé%g?%neﬁ 7 rtﬂ)sghvf\:nnt h track
pi tch. OnTPhgpwhdies TVEItat 9P Sea) TRHEWS. GEh&nlly)eedeaaiteo WhkthiiBteBRAGE" ON
each side of the track to preyent intersynbol interference with the optical
det ect i onSRiFe BABreguredbsiwecnselipgent travks il dgpandras thamanperig whidedass atehan TW

For purpo l.ari-1y, e rei t ijarily to
frack 1ow g0 pRedibaty Fof bEIAE dniiche MR D &t AR BBl PG o be
made Hbouthichaete pidatre baseck wilth esyhoryegoisivgtideddkpitcho @B, the other hdrds. 3

provides an,SISTIATY palLetn. 12 recorded Lo dhe lrack 104 In FlG 1
(f eat ur esinterdioARik AR VIR optiesl RARtHE PG PhRRaLL &R S iSHER .89 denot ed
at 114, constitutes a
and TP is greater than TW.
For purposes of clarity, reference will be made hereinafter primarily to track
15 width, but it will be understood that similar statements can be made about track pitch
based on the foregoing definitions.
FIG. 3 provides an exemplary pattern 112 recorded to the track 104 in FIG. 1,
characterized as a magnetic pattern of alternating magnetic field domains (features).
The darkened “black™ regions along the pattern, such as denoted at 114, constitutes a
20  first magnetic field domain alignment in a selected direction such as into the page in a
perpendicular recording environment. The “white” regions between adjacent black
regions, such as denoted at 116, constitute an opposing second magnetic ficld domain
alignment such as extending in a direction out of the page.
Other domain arrangements can readily be utilized including parallel magnetic
25  domains that extend in opposing directions along the track. It will be appreciated that
the pattern 112 can alternative represent some other form of transduceable pattern, such
as an optical pattern of reflective marks and spaces (pits and lands) of alternating
reflectivity. While the marks are rectangular, this is not necessarily required as other
shapes such as oval can be used. Data are stored in relation to the transitions between
30 adjacent features; a read transducer may detect a magnetic flux transition or an optical
transition from one feature to the next.
FIG. 4 provides a functional block representation of a data storage system 120

configured to write data to and read data from the storage medium 100 of FIG. 1. The



20first magnetic field domain alignment in a selected direction such as
into the page in a perpendicular recording environnment. The "white" regions
bet ween amipaomntssdack regi ons, such as denoted at 116, PCOASRIMOGES28N
opposi ng second nmagnetic field domain alignnent such as extending in a
direction out of the page. Other donmai g arrangenents can readily be
utilized including parallel nmagnetic 25domai ns that extend in opposing

directi onsvr@ihg@gdata%atyrr@ﬁm-inlﬂfl]e %bti&?o%t@% alcRds bhakpliita iRatesn 112 can

alternative represent "sone other form of transduceabl e pattern, such as an
optical pahe¢ egadingfof date|neast fewdt imethk gengrationvd ediong-pirymgaeatibaginsighal ofith
alternatin sé%&kﬁﬁﬁfY&ﬁg't$ﬁk%e Bp%)ggrﬁ%sare rectangular, this is not
necessariPy Fequired as Bt ey S%aﬁeg SIf%as oval can be used. Data are
stored in rel aTbpRvklcdnhe] 6f tho dhthis@disecsbiorerno39pajvatanty 4 @atnesi22a read

transducer may detect a rragﬁ?eti c flux transition or an optical transition
from ohe feditashanpe) 12A @rojadas a data path peteen a hoghderies (zotshow) 89 bl ock

t ati;Qn. St fi ' t d
P esent RLUAP R A FRRAURLRTSORBYTLAT AR P BHLAR! PAS: fPig L0 2nd
resul t i nstohugehoxdiomt il 00isafarrdedpait varan &uckords2 exdesed idopedriotontrt ofdhe The

reading of data may result in the generation of a tinme-varying readback
si gnal Wi Pﬁ%(aw%o{thaﬁému%sl39%?@&%6%%&@@5%}}8@1%&Ha%% '%‘g.alsvop | evel

control ofe.ithe dakRisiof a6 gi}‘éﬁt‘?m 120 is provided by a controller 122. 5A
data channel 124 provides a data path between a host device (not shown) and

a reatdf wite (Rh&hedivans@liceotatt80r a Reecited oparatemehtelodityt Ve atnaoistigcer 130
relative to.the stora medi um 100 i.s.carr.ied out Vi n actuyator 132.
5 oasd 1 obBictas o QRS By etk ome el T forbe omBod e e b nater 5

provi ded bys ﬁ)ta&é’sdit%'coh§t§1ﬂ5a|n§&1ia90¢1§éif)ﬁ6[®AV)ls%"thatath@Ebtﬁtﬁfn%[ §RddboiRerein as a
servo circuit. 10The nmedium 100 is rotated at a sel ected operational

vel ocity wiotord 3frot eemindidy cavsiaph(d &, HHOAG okt omypes nvishiocRPY!) cwespeasivebl ock

vol oci by PEey e eAgph BhueGrRRIeah L JpadesFrefin ey SR8 18 Nom mai 1y

constent fdates the HEJAOH 10@ 404 e8risQRBIRAF velbbit €LY thatthe sR@ednaV§eed t he
radi al |location of the transducer 130. In other enbodi nents, the notor 136

15r ot at esot the maderi kit chatecatn selatisnde din raflichkogptionedfghe trgnsdeew) 1380 that the
rotational spegd will be appreciated by those skilled in the art, the use of CAV recording will

provide symbols (e.g., marks such as 114 in FIG. 3) with physical lengths that vary with
respect to radius. For example, using CAV recording will provide a given symbol size

20  (e.g., 3T where T is a channel clock) that is longer if located on a track near the OD of
the medium and shorter if located on a track near the ID of the medium. Well known
zone-based recording (ZBR) techniques can be utilized as desired to provide concentric
zones on the medium with constant data densities (i.c., same number of channel bits per
track), thereby increasing data storage density.

25 CLV recording will provide symbols with nominally the same size (length and
width) no matter where the symbol is located on the medium 110. CLV will generally
cause the motor 136 to slow down as the transducer 130 moves toward the OD, and will
generally cause the motor 136 to speed up as the transducer 130 moves toward the ID.
It will be appreciated that the various embodiments described herein can be

30  advantageously utilized in any number of different environments, including both CLV
and CAV environments.

In some embodiments, it is contemplated that the transducer 130 constitutes an

electron beam recorder (EBR). As will be appreciated by those skilled in the art, an



of the notor 136 changes in relation to the radial |ocation of the
transducer 130. As will be appreciated by those skilled in the art,
t he use oWoQAM/m6esver di ng Wil |l provide synbols (e.g., maPKkI/Usa@/oes2314 in
FIG 3) with physical lengths that vary with respect to radius. For

exanpl e, using CAV recording will provikde a given synbol size 20 (e.g., 3T
where T is a channel clock) that is longer if located on a track near the

OD of t hegpRAiaHErANEE SHRIMBY fihé edRSdeTehtORs 8n tHARKIBAA0! MeddFeurdshe
medi um Well known zone-based recording (ZBR) techniques can be utilized as

desi red teanppeluileisereofrabnes todacibiatesthe defidonrpfiirapksyiprericeondask usar cansan

desi red t erginei i , L
data st or St SERGIIREh sSheFRANE Riop sl B8 SR 0eb p Rt O,

the sane fic@eed temgtnhedand, sté.dt h) no matter where the synbol is |ocated on
the nmedium 110, CLV wi |l generally cause the notor 136 . to sl ow down as the
transducer 130lnsemesebadinents.fbe modivgh 0Qgan begaivialy proyisensdeviithablsk or 136

to speed PpeAs LGvE Er?a%:rg'f'%{chiigo cﬁ@éé?v%y %5&1 %gfée EQR tb:}')r(Wi!ié %egﬁ’lres

appreciated that the various e ment cri erelrn can
30advant agetieshadiwhi | Suctds net lamyingumisevciobindée fHediRi (oremivdirtansdirety can

i ncl udi ng, bot h CLV and __CAV environnents. I.n sone enbadi nents, it is
cont enpl alpe'e@teglppéltve{yr@n{ig%gaﬁe)g}osgggayg{)ﬂg}?l}qtquggt S l%gg’éhhﬁ recor der

(EBR) . Asgidcted® a8 BtREsstye oR8RdS Matur&bord Npditatfnlof réflica®d EBR can
provi de extrenely fine exposure % eatures on the nmedi um 100. These features

can iHtl udiscservo features to facilitate the definition of tracks,

re-recorded u ntent data,. ATI P type infornmatign to define th

Pocat fons of SERtbra-st RErTGUpara AUt Roe It P ate A G OEh e et c.
SIn sone giMRAdH IBAifrérdast dpReHteAMIIBRdEBAs. PEIC. BiAt dhdks Y MREOfhtstconged Wi th a
bl ank | ayer of reactive material which is successively exposed to the EBR

t o provi deriftemtaithe snadiine B0 ke dicwystesuld dfdIqot undas so-¢ndled hasebiper , since the
EBR (or ofhet..transducer. [ Vel Ri {. osg a | ayer
of phot or(téosnl%é %ong)%ﬂgt lrgi’a\gtﬁﬁeert?lgglse? ﬁlvr\ﬁl :lé(ﬁlsir}ggageﬁi ba}t)é@% ge "t g&;‘ﬁ%%%t&dgén@ al%rﬁoc essi ng

to provi dehfleaieur s tansducpolBll iabpaatedfat & Bpdclinal Epohdospat 1efdlGS. 5A- 5C
generally illustrate differences in feature characterjstics that can be
achi eved under Thgsepascing valyey sfeingralizes sad tilhyary dependimgonthns a fir st

feature 1r%gul‘%l1n&{t§8f£§i H?Iﬁ%ﬂggiidtﬁg‘ati:gpre?&%&eit%’ﬁég%% attd a(sgt'L@ 4 under

so-cal |l ed Baseline co 1S, 1fet I um 1s rotated at
a basel i necdedingek appliod sorthitehe BXdatd badnédpendsre samictseletted haeroetocitPdor s

operated at a basel ine 1X power output |evel. These basel | ne val ues
are nor mﬁlﬁf&ﬁ- Th6 v 9 W%Léa@mrwgpwsltw%mlv? AT o4 tryf Hh
appl i gat | @8 .wkiefrah&BEENO/ufidicrt $o FRMLLARLAL SfthtMaddifkV recording is
applied so that the 1X rate corresponds to sone selected linear velocity

for the disc. Chetimhponk Fiouip.ia frépeaty modulesdoemdsding bsomeomadl gegnabpl i ed
to (or OUE&J itnclla}igs a substantially rectangular pulse 144. The pulse 144 is provided with a
duration sufficient to define the length and width dimensions of the recorded feature 140
at the baseline operating conditions (1X velocity, 1X power). The pulse 144 is supplied
25  to the write transducer 130, which provides an associated recording beam response 146
with an output pulse 148. The pulse 144 generally determines how long the beam is on;
that is, a high logic level activates the beam, and a low logic level deactivates the beam.
It is contemplated that some latency response will be involved in the response of
the write transducer 130. That is, the intensity of the recording beam as it is turned on
30 and off may not be instantaneous, but will rather follow time-varying changes as
indicated by the sloped leading and trailing edges 150, 152 of the output pulse 148. The
intensity of the beam levels out as indicated by segment 154, and remains at this

intensity until the recording beam control pulse 144 transitions low. At this point, the



20the wite transducer 130 sufficient to forma feature on the nedi um
Continuing with FIG 5A, a frequency nodul ated recordi ng beam contr ol

si gnal 14M20i200l068898 a substantially rectangul ar pul se 12¢T/Ush@9padsse 144 i s
provided with a duration sufficient to define the length and w dth

di rensions of the recorded feature 140 7at the baseline operating conditions
(1X velocity, 1X power). The pulse 144 is supplied 25 to the wite

t ransducekrail3@ ,edg‘@'l@oﬂ%h@i@cﬁﬁﬁngﬁﬁ%ﬁ§&%h%ﬁ& 1r4%|fc%fr9ﬁé?ﬁesbﬁﬁl%{uﬁgs\?vtﬂﬁse 146

w th an output pul se 148. The pul se 144 general ly determ nes ong the
beam i s ofecordiag beam signaibgek todhe stehdystite affivahat es t he beam and a | ow | ogic

| evel deactivates the t is . cont | at ed .t hat sone | atency
response Wil | E)tels Fonnv%rfl@g%ﬁ}ﬂﬁattﬂﬁeemf(ilélﬂ’oﬁ%)em@f ﬁ"{{%éi NrTImESF A Yhter 130. That

i's, the i iredhsidchatcteride.r ERIQCHArAG cRRBaA Be ntankfestbd! e ARer3PaNGs, Hut May
not be instantaneous, but will rather follow tine-varying changés as

i ndi cat edg#ierallyecogicsinads feaairguanpowerdpydl Hit suigele ahved befoofa t he out put
pul se 148 i i 2vel g, Qut  as ing’.i cat ed segnent
154, and ?eeczrgrgﬁnrésﬂg@p{ @?eﬁ%ﬁ%&f@%% d?lfrg't ﬁglsrpé)(‘:voeF Y Shs BPERSREAOYol pul se
144 tr ansiishedithrésheld 1Ate 198 s poi nt, the WO 2010/ 065892PCT/ US2009/ 066825 7
trailing edge éS& o% t he recordi ng beam out put E)ul se 148 commences and
returns the ret8fditAeFCEESHNERAGS] e kha Rpwdidevel abidly reqosdiag beamval ue. It s

cont enpl at.ed dNAL HrlG MBIV A KA, B8N g%\{egal‘?y lSéefo?ﬂég{l g)xg iRSRgkif Vi ty threshold

characteristic. This characteristic c e ‘mani I'na nunber of ways,
but 5teneBahilaylycthed emploacstht ovidthrif nhaaupo M wilEbeprop higibnaius thap odiohi eved
before a rﬁﬁordigg fﬁeature can be fo[lmad on t1[11e medi um This power level is
r epr esent ¥ NBIFQYERERCATHPEBHGIYSY f4§dhatggabove the thrgsheld lingdSe, a5 depistask ances,
unl ess thg pgoyvsa | evel of the recordi ng beam exceeds the threshold 158, no
feature will generally be forned on the nedium 10 Simlarly, the length
and the w dt h BiG.t5Beshpwaanebera@ragionhl dvadpioopdiid systam 124, tdfatredor t i on of
the recordin out.put pul.se 148 that .is above the threshold. |inpe 158,
as depi ctlg%ellgr?ggﬁgt V%R.Qtlon Vanatfﬂncfj‘ EI,’E;HET‘\QWE ValiioHe eéﬁ@?‘%’f*ﬁéﬁﬁ@@%%di tion
of this sysitemsdiiadis meheideactht tR BagsIRieN 3x@Salde, folul fie oVigult g&warbt(ﬂ{écvh%' on 1).
In this first variation, the rotational velocity of 15the mediumis

mai nt ai ne@nstuechd3 Bidaserred DX Nag s thapin Fihé Aouthgepravaleer sofortdifeaturci t e
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pul se 164confparisqyrixos@l 062 and pulse 164 in FIG. 5B are nominally identical to the

signal 142 and pulse 144 in FIG. 5A.

20 The recording signal 162 and pulse 164 in FIG. 5B provide a corresponding
recording beam output 166 with output pulse 168. The output pulse 168 achieves a
substantially higher magnitude above the media sensitivity threshold 158 (which is the
same as in FIG. 5A), thereby providing the feature 160 with both a greater width and a
greater length as compared to the width of the feature 140. At this point it will be

25 appreciated that the pulse 162 in FIG. 5B could be shortened in duration by a controlled
amount so as to provide the wider feature 160 in FIG. 5B with the same overall length
as the feature 140 in FIG. SA.

FIG. 5C shows yet another alternative feature 170 formed under a second
variation (variation 2) in which both 2X power and 2X velocity levels are employed. A

30 modulation signal 172 with pulse 174 is applied as before (and is nominally identical to
the recording signals/pulses in FIGS. 5A-5B). The recording beam provides a response
176 with output pulse 178. It will be noted that the recorded feature 170 at the 2X

power/2X velocity in FIG. 5C is nominally the same in width and length dimensions as



conparison, the signal 162 and pulse 164 in FIG 5B are nomnally identical
to the signal 142 and pulse 144 in FIG 5A 20The recording signal 162 and
pul se 164W0r0fhGs892B provi de a correspondi ng recordi ng PearsewvpuE82166 W t h
out put pul se 168. The out put pul se 168 achi eves a substantially higher
magni t ude above the nedia sensitivity ghreshold 158 (which is the sane as
in FIG 5A), thereby providing the feature 160 with both a greater wi dth

and a gr egkqtathRNAbyifenGRBAS R 01t Bowdl % ReBit) Bshdifisdh 1G4 AL this
point it will be 25appreciated that the pulse 162 in FIG 5B could be

shor t enedThis ishmerely dhustative, ssodiffesht gdtcarsouay providagliffoemrrosilde t he wi der
feature 160 i nFl B with,.the sa overal.l .Length as the feature 140 in
F G b FIG SEA %FEFraQPﬂ891’48?’%@%&%&‘%5"?’ggtvﬁfgém‘i%"?“8 Whder a
second Vafac@d OMpdviah@télapitill FesiicdighlBitdht 2arR@WRT thaRskoditedel oci ty

| evel s are enpl oyed. A 30nodul ation signal 172 with pulse 174 is applied as

bef or & ( affgotidsd frathirpaFpyexagwig, iitdacontemplatedrtbeidpigenigasiregraaies 2 pageses i n FI GS.

5A-5B). T 01 dj ' 176. Wi th t | 178.
ol RReER R FRAMEBA AT B GOTRSRo Pk A ol Y O, 0%,
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feature 140 witten under, baseline 1X power/1X velocity conditions in FIG
5A. This '8 “igPerppiesipigd: ingiepsyag thesvigle ppaeesneedllyresits wag lonssvdwell di f f er ent

results. wvith i n | GO, Ak i gnifi cant
di ver genctémieﬁb%vrfgﬁgééltshgltb’\t}\oﬂeglﬁogéac#%f)oweragﬁgtialvg oci %g% ‘%ﬂ breesul t in
si gni ¥ caolitaicbdbygelowiing ddven desoiiatat datd fecogidadwfiegiowee, whioh aBsasgulte, it is
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0.909X, etc.). As e appreciated, increasing the wite power generally
resul ts iordectegside doelitime Witk resbent ¢o o lgeves eotaiional velpcithr eshol d. As

di scl osed herej imlar advantages c e obt ai ned . | owi ng down
the rotati onaleh?}at@‘ %8?”55 Cﬁﬂ?&ﬁ‘%&?@”%@ﬂ?‘*&%ﬁ ftoéH Wr“i‘iatll?‘iaguri?% a | onger
dwel 115t i mes2abeye s6had 388SThé MdiWdidNfasiied ste ct@MoMB@USHsie] hgrddpn of a
wite beamin a direction along the track over a given revolution nmay al so

be used t@cdinayiotiondyl-Rbcasshawnt kel HndlA, caghmdf the faaturessiide 1 84.d 84, Hidven
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the overall composite feature 180 with overall desired width and length dimensions.
The composite feature may correspond, for example, to a selected mark 114 in FIG. 3.
20 For reference, it is contemplated that the composite feature 180 is written to the
medium 100 by positioning the write transducer 130 at a first desired radius of the
medium to write the first feature 182. This first desired radius is identified as R1.
When the medium 100 rotates around to align the write transducer 130 with the angular
location on the medium where the feature 180 is to be written, an appropriate recording
25  signal (such as 142, 162, 172 in FIGS. 5A-5C) is supplied to the write transducer 130.
This results in the application of power to the medium to record the first feature 182.
For the next revolution of the medium, the write transducer is radially advanced
to the next radius R2, and at the appropriate time the next recording signal is applied to
generate the second feature 184. These steps are repeated for radii R3 and R4 to write
30  features 186, 188. It will be noted that the medium velocity, the recording power, and
the recording signal are maintained constant for each of the features 182, 184, 186, 188.
FIG. 6B shows an alternative composite feature 190 formed over a total of five

consecutive revolutions R1-RS. The composite feature 190 has overall length and width



15182, 184, 186 and 188. The individual features are each formed during a
different nediumrotation RL-R4, as shown. In FIG 6A each of the features
182, 184,w02610/b8®2are of the same nonmi nal size (both wprdrhusacd/obeagt h),
and are stitched together to formthe overall conposite feature 180 with
overall desired width and | ength di nengi ons. The conposite feature may
correspond, for exanple, to a selected mark 114 in FIG 3. 20For reference,
it is conipimpk@hethal RetohliRaGATBARLE® hERhHhendAdiniehibfbriRe t he medi um
100 by positioning “the wri te&?r ansducer 13%Ir at a ?tl st ‘lc]i%sﬁbe tadius of

t he medi ufmatuoe W84 IndFICh @ Af i Uidikefthatameosits Zeatihil §0fiovetverd ¢ qomtposieli us i s
identifie ) . \When medi um 100 rotates. around to align.the wite
transduc efea%f%f) II-%Q ]ts??g%eéit %‘6&?@?’ S_IZS% g‘?aingﬁs’@ﬁfntewgtwr‘?;mgﬁ e\ﬂﬂ‘é?se&tzh égq’ eature
180 i s t o(vadchViretthEshmedy iAFRGOPA ) AldthFRGaAENG RS 1908] 94 SHdCyeas 142, 162,
172 in FIGS. 5A-5C) is supplied to the wite transducer 130. This results
in the appl i calhosmalfer fenfires 192,174 and 4P prctverittenchyagtrespettivesevdleaensr e 182.
For the ngxt - {0 h i he write transducer. is radially
advanced ?ﬁéjir%g:]\gmgiéﬁyer é&%@% ﬁgl,oggﬁhysa Cop IS AnY cl)rgt{B% "FPHEE REVH,

r ecor di ngb&ngitalcaded a8 pphmbeddteiiganticatsed bevrie tn@ateatigr el UBAIGThHRSE St eps
are repeated for radii R3 and R4. to wite 30features 186, 188. It wll be

not ed t hathuf AROrettiit iy et efjindividiatly sispdifoarpoemsrbe wnden he medemdisng
signal ar esitRd B génl'af'a(ge HARA @ br %rcgﬁogcﬁﬁg I?efa?ttreg. h@]hilggﬁe?%)ﬁ oéﬁg fea%u%é's’ f186’ 188.

FIG 6B shows an alternative co Ite tTeature over a total of
fi ve IbnsEKiR. itvMeandedBopiovidensspeidt Farackive dthe M oif tie: agetsitegit 180 bbas over al |
| ength and width. 9 dimensions that are nomnally identical to the |length
and wi dt heRReRited @ﬁ%lngf‘”‘? OF eRqpRAsHe ?Wr%c%’—"i%ge@%amg@%t th§e conposite

feature 1R8Quir&AURY 8 subbtfti ARMRYUckifed GREWRHLIO0 is formed of variably sized
features, nanely two |l arger features 182, 184 (which are the sane as in

FIG 6A) and thi(edAssimsarcohgasity festut® P98 boded fidmlOBumbdr of valigidaill er

features 19 re ptien.during r ective revolutiqns during
whi ch ti %aéﬁs#@ﬁ?@éi% iW%g-s&ﬁ%@ﬁyqr?ﬁcﬂ@a@ghaé(ﬁ&/fgﬁt“[ MpKgidi ng
power]shasadiass fdass 208 Bk Asec6RIMA %&d&/ffd%.tﬁ% HalHeSrdsal AR hiIRed R
features 182, 184. FIG 6B thus shows that any number of i1ndividually sized

f eat ur es sdptapiallydorreanpnddo an edishanclserdesshicd bytdotigénetliatle Grediewi dual or
comos LA Siag WAL SRIRSS, A LB, Bl 455 i, o0

provi de respective S Preci at ed

t hat i ndisitelu@hy eume@dsitires E@eicised aSadtinee, iﬁ@lﬂ@i&lg'ﬁl@ﬂ alsthgleRhtutd@.c.,
requi renents of substantially any desired track w dth. FIG 7A shows

a conposi e synbelys #riitep oy eiranapgle Fiel wion#rd apt Bitcheddpgathridron swltifles 200,
202, 4, They: - I i i dth
pa%geg%.aﬁgy égx@bﬂr J}%lff&@ﬁt%gﬁre% g&%’é?’%\ﬁgﬁ%{?ﬁm@?&gﬁﬁé gtyig}lf‘ Et(c):.r, M

15and t he ur e as a secon es’are
i ndi vi duafolmyied ad desiredd t 0 substantially correspond to an oval shape

(represented b1¥ eater resol ution could be achieved by

dotted outline L
using a | arger Iﬁh%éﬁow ?‘?%F#%gﬁz ﬁ’é%!?ﬁ?ﬂ@ﬁl araceprdracky. hose fealigs #anber of
feat ures GaRpRAINAHIARFIBRE [GRrel M4 B8k BBCARbn 33NN SRRt Vil - & the
synbol is witten over a single revolution and not sti tchéi togeat er from
mul ti pl e 120gthdeata}s 2y, 218Bielovaf indirddsdragh) afegabd vided hahapéisicrau olidtas
rect az’%g”' lese ge\lln%llble lee}lgth’fezﬁgr%s B?SA-B allow the tracks to be provided with gradually
changing track widths.
Some types of writing systems, such as laser beam recorders (LBRs), can be
configured to apply different power (dosage) levels. Other types of writing systems,
however, such as some types of electron beam recorders (EBRs), do not have the
30  capability of easily changing the power levels. Accordingly, FIG. 8 provides a flow
chart for a VARIABLE TRACK WIDTH RECORDING routine 220, generally

illustrative of steps carried out in accordance with some embodiments of the present



formed as desired. FIG 7B shows features 210, 212 arranged on

adj acent tracks. These features are each provided with two base features
214, 216 wbO 20mess2wi dt h and | ength. Vari abl e | engt h f e2Cufsg00208¢25 218B
(shown in cross-hatch) are provided having different w dths. 25These
variable length features 218A-B all ow {dhe tracks to be provided with
gradual |y changing track w dths. Sonme types of witing systens, such

as | aser BRAMIGECAHRE FadilsBIRS stora 8 meiuaPfch 441 66lird PIRARA ¥in @hiit &gk Power
(dosage) levels. O her types of writing systenms, however, such as sone

types of wihestanetheflyaniengasde teite b¢amBRayer ldeelnae unavaslableeor 30peastesll i ty of

easi |y changi ng, the wer levels. Accorgdingl F 8 praovi a flow chart
For o VAR ABLENTHARRE Sy DFer B RES b F s vyt dPU &5 Bt ot ve. o
steps car hiigsllydddlecicd. ATKIRS Slameeswirili liﬁﬁﬁ@g,eﬁb@dﬁtemﬁta&&hattdlﬁ)n@ﬁaﬁﬁ\eﬂﬁe 10

invention to define tracks on a storage nedium such as 100 in FIG 1 in an

envi r chmeReWoHsilldegised fa-the yrightzamgdacer duiing the chbieety plote routmge2g. Fpes,
unavai |l abl e. i e - i .ng: - for a
wite tranSifions TRERGH G20 yisfhe ARRRATEA ARSI MRG0 e 00 20 1
| 'im ting, neliunsaioyt epbed tedhd dhape andodnsti@nd  the irdpat fjoomig sighdls whileised f or
the wite transducer dunin? the entirety of the routine 220. Thus,

vari at i on¥singapaseling.dogiinallyganstapeveierRostce evey AnangadotaHord @elogitnfaronal
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power 10 evbe in Zwoidands with p bbhslino RV veCb¥i wytidigprofike medi um i s al so sel ected

t step 222. T | ocity during the wjti rati 10, be. |
Accor dhnce. wi t RNGVBACEMRCSEI A Leaihelaiep R g® B B ntive 15 G ot o

transducepmelifinf€¥lis 88 Featire TheBe fdAsui@blbatBredubh hsdhoh@Bh WIES! 9 dA1§cst or age
medium This first feature can be ‘any suitable feature such as shown in

FI GS. 3, Bid 6 6dhddaugRscrarthg prepoy descudsianh thipfirss éaaturdivglt bssi on, this
first feat i]l. b t. | d i S .t he feat . 184 in FIG
o8, “wri {1 PP o PR Aty o nare: o5 Wib Ayt ETb il B Pt ur e

is widterp the routine passes to step 226 where the wite transducer is
radi al |y advanced by a variably selectable radial distance ARto a new
radi al | ocati oRng¢ Hetfiyptsfeattesds mEittepriae soyiRe R3sSRR jo st 2ewhere dhe WHEe

rotati Onalraﬁ/s%hgq ii%/ %@ﬁa@ﬁa@@%@%?%\%ﬁaﬁ& '};L,lleé't%% r:?(ﬂlll%étglgcebAYR By f%vb’e of AV

fromthe 1rnitra
radial location (in this case R3, where AR=R3-R2). As desired, the rotational velocity

of the medium is similarly adjusted by a value of AV from the initial velocity V1 to a
20  second velocity V2 at step 228. The AV value is selected in relation to the AR value,
and constitutes a value AV=V2-V1.

A second feature is next written at step 230 using the AR and AV values; for
purposes of the present discussion, this second feature is contemplated as comprising the
smaller feature 192 in FIG. 6B. While the routine 220 of FIG. 7 depicts the writing of

25  just two adjacent features, it will be appreciated that the routine passes back through as
many successive times as required to write all of the desired features to the medium.
The features can be composite features so that multiple features are adjoined together to
form a larger feature, as generally depicted in FIGS. 6A-6B. Alternatively, the features
can be single features that individually span the desired track width, such as generally
30  depicted in FIG. 3.

Because the second feature 192 in FIG. 6B is smaller than the first feature 184 in

FIG. 6B, it will be appreciated that the AV value of step 208 in the foregoing discussion

would generally constitute an increase in rotational velocity, such as 1.1X or so (e.g.,



20second velocity V2 at step 228. The AV value is selected in relation to
the AR val ue, and constitutes a val ue AvV=V2-VL1. A second feature is
next w i tweroerosstsep 230 using the AR and AV val ues; foPCpospaoeseses the
present discussion, this second feature is contenplated as conprising the
smal ler feature 192 in FIG 6B. Wile the routine 220 of FIG 7 depicts the
writing of 25just two adjacent features, it wll be appreciated that the

routine pvasgs.nbag}s. OMQUAsRRe P SHAEEP 5E MAdL iABSJIAS aliGSHidRd to wite
all of the desired features to the medium The features can be conposite
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FIG 6B is smaller than the first feature 184 in FIG 6B, it will be
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general ly e i nC i i l.QClt W, S . 1X or so
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i ncl udi ngsignyl @34 feides Wree gpancd-bearspdend 36 ez J39. IPatsganstihadeltare first
feature. FIGS. 9A and 9B illustrate different features that can be witten
by the robilhel Gregdiggly shorgdiiralinyi um is rotated by a motor in a sel ected

direction T el akkdfaih0 Baekhur! foBRRACAE rdthodinlluPisd a5aLAPAA, Yl ocity X

as indicated by arrow 232. A recording sig I'S Pprovi i cative of
t he dH a Dofiiramt art geteratsd or edpdrse tdhe pebicai23d S, TR@ and 2T déingja beagnal 234
i ncl udes thr s 235,,236 and 237. Pulse_.235 is a

) - t ,
bl e o) B S A R bR Ry RLR I Rl driri) B BaND EibR Gdhien
f oot pri nt §,c @hit 8RS ERIRIMANpARBs aB2 n?éa@hr%&ate;fgkgaé&i ARLpGfNt s are

generated in response to the pulses 235, 236 and 7 using a beam
nmodul at i ofiansidgeesl (not separately shown) and represent the areal extent of

t he medi um upop whi.ch g% wite beam inpin as Be di um r ot.at es
ad acent 1 he Pt 9 6p gh I L0 BB Rl B8 VhiehoB U5
sel ectsed @ised DfenkhelydRdl 4183, Wih6Uph dhdrivetmibHanRmeht pat@aRQkAl | y oval area,
al t hough ot her beam i npi ngenent patterns are

contemplated. The beam may be held continuously on or may be pulsed at an extremely

high frequency. As the medium rotates, the area exposed to the beam will become

clongated. Footprint 238 represents a minimum amount of exposure area, and footprints

239, 240 are depicted as multiple overlaid exposure areas.

20 A recording beam intensity level is shown at 242. The level is similar to the
intensity levels discussed previously in FIGS. 5A-5C and represents a dosage amount of

the irradiated beam applied to the medium. The dosage D can generally be expressed

as:

25 D = K(PT/V) )
where P represents the power level of the write beam, T is the duration of time the beam
impinges the medium, V is the velocity of the medium, and K is a constant.

The beam mtensity level 242 extends between a minimum (MIN) level 244 and a
maximum (MAX) level 246. A threshold (T) level 248 corresponds to the

30  aforementioned medium sensitivity threshold. Dosage levels below this threshold will
not result in the recording of a feature or otherwise alter the medium. It will be
appreciated that some types of media may not have this threshold, or have a threshold

that is substantially at the MIN level 244. For some types of recordable optical media



contenpl ated. The beam nay be hel d continuously on or may be pul sed at an
extrenely high frequency. As the nediumrotates, the area exposed to the
beam wi | Iwbeowmssskongat ed. Foot print 238 represents a mChiusaomansaht of
exposure area, and footprints 239, 240 are depicted as multiple overlaid
exposure areas. 20A recording beamintgnsity level is showmn at 242. The
level is simlar to the intensity |levels discussed previously in FIGS.

5A- 5C and e RAIBREMHH RnAEHIE AR tdarsBted daf2hR WS RaareABRhigd to the
medi um The dosage D can generally be expressed as: 25D = K(PT/V)(2) where

P repr esetitegeadbackpigral i§ meitaingd hehaw Wis theeshelsgo aF t¢ gotinadvguerity on of tine
the beam | ngr%vg%e% t)r(]eﬁrrlregitum Vis the velocity of the nedium and Kis a
const ant. REBEXNT T it ensi ty level 242 extends between a m ni num

(MN level 244 cafde sediakatThidbda Ntensity edtatdbfied By tH8&010Ind bedh fb&paht 248
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5238 1G i msenfsity kiveh242 abowe iltegh@slicdddd.e to the nedium On the ot her hand,

the beamintensjties . established the beam foqatprints 239, 2 re
SUTTiorent <o hIGo8 e rabengaoh oo bak feemsaudans 1hAUS Tongt hs
est abl i shglof fhe heladlct @B artehd SnNah IFI1GT IR eﬁ‘&eﬁ"‘fﬂa@&e&@ﬁti@ﬁﬁ%fo@%gg?!h%y level

242 is above the sensitivity threshold 248. The features 250, have
wi dt hs esmgdiuisieeivced.r Arrani 24 indicathemediaatiatien daeptionut e volbcithef ®&Xm

10intensity,.l evel 242 above the t ad.248. Fl 9B shows anot her
recor di ngsyo%%trﬂaé? Ve ClLPb%{n)t%F ﬁ‘éedéué%“h@g% iggiln"nS lﬁht%ﬁ‘i gFIQB?AaSOH&Otﬁ%e par anet er s
are tie sadlbeiBSschlihd ity r@Mlt exarpd rebptativé DAuELERHeARAbLS ¥ 0106y ded@ftidnhe
nmediumis reduced. Arrow 254 indicates nedia rotation direction at a

vel oci ty 9f>03e smersly Hlhgirativgand aptdanitiigof the mediumin FIG 9B is 1/2 that
oy LS8 SREAHE T d LS4 RSP B QR 0sk et v
and 240. The areal sizes of the exposure footprints are the same in both FIGS. 9A and
9B. Because the medium is only rotating half as fast, the dwell time of the exposure
20  beam in FIG. 9B will be twice as long as that in FIG. 9A. This provides a significantly
greater intensity of the beam upon the medium, as indicated by beam intensity level 256.
The intensity of the first footprint 238 is still insufficient to result in the formation of a
feature on the medium. The footprints 239 and 240, however, respectively form
features 258, 260. The features 258, 260 are both longer (in a direction along the track)
25  and wider (in a direction across the track) than the features 250, 252.
The different feature sizes of FIGS. 9A-9B can be used to compensate for data
written using different actuator geometries. FIG. 10 represents a linear actuator 262
which supports a transducer 264. The actuator 262 utilizes a linear voice coil motor
(VCM) or similar arrangement with a coil 266 and a magnetic assembly 268 comprising
30  permanent magnets 270. Application of current to the coil 266 causes linear movement
of the coil relative to the magnetic field of the magnetic assembly 268, resulting in
linear translation of the transducer 254 across a radius of the medium 100 along a linear

translation path 272.



of 50%is nerely illustrative and not limting. As before, data

pul ses 235, 236 and 237 result in exposure footprints 238, 239 and 240. The
areal si 2w® 20fo/tshg2exposure footprints are the same in IpOTISEINSB6689A and
9B. Because the nediumis only rotating half as fast, the dwell tine of the
exposure 20beamin FIG 9B will be twire as long as that in FIG 9A This
provides a significantly greater intensity of the beam upon the nedium as

i ndi cated by begmii p&ASEs rokRY abuB274 WRichRUSRSistaratsdidee 276 ighedhoot pri nt
238 is still insufficient toresult in the formation of a feature on the

medi um Tthe nfegdimpd POyt ThoBansduerr 240 is meveddeng @ edpadpivoelrgnsiasion pEat ur es
258, 260. e features 2 60. ar o, I i al ong the
track) 25%17ndac\5\5i) Sag?e TF%ure{lSﬁ]lorbé'cnt%faglr?gggﬁ%}él{%ﬂo&%ﬁ%%%ﬁtqﬂg(ﬁea[%#e eatures 250,
252. The Rbfafies enNthe hembior 274isa88ucell bl lapRicatidn 9Bcwradgnt hea V€& cbid 28Dnpensat e
for data witten using different actuator geonetries. FIG 10 represents a
| i near® acthighdpteragts T POIEIIPPRFHRE MALRSLG FHGIE R0t SBOWMNThe act uat or 262

uLy zes a |l DeRl el t%ggalagh SRR UMy (RE LA 78GS ARGSITRAR W Lh a coi

266 and a magnetic asse conpri sing per manent nmagnets 270.

Appl i cat i provile geadunbeitanges ih eck eiidth 266h sdllsesitdd inddG. VEKRALR i9f t he coi |
relative to ﬁ.ge ma(l;neti ¢ field of .the magnet%.c assegrjhtj)l‘%/E 268, resulting in
|inear tr3A®lSed BRISFIRHRN ot consenite frags4tialpdjally eXtPRipiesS YA nedi um 100
al ong a |}gak. 1308 &f isWraRA M aldPinnerhbst diamefer @D)1kadk 106 idafedr Ot ary
actuator 274 which supports a transducer 276 adjacent the nedium 100. The

t r anskduc eneapd6an sutmowest dainetey (@) odrartyack B8Y ot lotatech stantainoedial partioX#8 acr oss
t he nedi U@Floo.% rotation of the actuator 274 about a pivot axis 280.
Rotati on OFf MHMMEQE NS 8594 i s i nduced by application of current to a VOM

coi | 282, 5whi ghah Bé &dcAGhS tickd82, 004 hARRR SthAllsPREEVIdehss i Cttadk A830t
shown) . The pivot translation path 278 taken by the transducer 276 in

FIG 11 chas the bugegetrepkaridth Erratragksvidths radarllningragsa fiem thg raspeqiyedBt ed in

FIG 12. FI [r? gW!lI% tRe ﬁlie%{l g&lﬂ%g of rrggo?gl%?tal'e%r]ag%atﬁcg{]@e(ﬂé {édgalt racks that

. an
radially exte across a storage nedi um ac ocat ed near an

i nner st trehisitidh georhbdd) 278.r Ak i28& dt $eabitiapardo IHnegreeste skawodnighs b sie
dianeter (OD), and track 288 is |ocated near a nedial portion of the nmedium
recor di ngtrasducer 276 relatpye te fhe Pedigwer thasgdifferegpifecaigns. 284 have the smal | est

track widths, g@&raiglg%%%ghé@ﬁb&dmeﬁt@mgﬁg ggﬁ%k?v&fﬂ&%r to BNfhehf @cgllﬁtw dt hs

gradual ly increase respective | oward the nedi portion
of the rearhdsdepiateedn FIG.ridl cahiberotfdgurtiktormdvide vidsitawsdthibacks fgeonetry 278.
This is du | east. in par ecti ge skew anﬁl es gf th

at P to the res e
t r ansducefUbssBIepiEyss R ¢ Leqdst {qr, & Vtﬁl‘i“ﬁ;r?yas e WUE R raiery artugier 3550y PR EIG.
20 11. Thatis, through the use of variable track width adjustments as described herein, a
linear actuator can emulate the data pattern that would be generated if the data were
normally written using a pivot actuator. Similarly, the variable track width adjustments
can be used by a first pivot actuator with a first translation geometry to provide the
medium with data arranged in accordance with a different, second translation geometry.
25  The track width adjustments can also be used by a pivot actuator to emulate a linear
track width pattern.
It may be desirable to provide a storage medium with zone based track widths.
For example, the medium may be characterized as a Blu-Ray disc (BD) with different
zones having different track widths and/or pitches. FIG. 13 depicts a portion of a zone
30  based storage medium with a first zone of tracks (Zone 1) with tracks 290 each having a
first, relatively smaller track width. A second zone of tracks (Zone 2) has tracks 292

each having a second, relatively larger track width. It can be seen that the routine of



Accordingly, in some enbodinments a wite transducer affixed to a |linear
actuator such as depicted in FIG 10 can be configured to provide variable
wi dt h t r awb=0fodwssswabsequent use in a reader (or read/ w iPCE)USSYOeF2M th a
rotary actuator as shown in FIG 2011. That is, through the use of variable
track width adjustnents as described hggein, a linear actuator can emul ate
the data pattern that would be generated if the data were normally witten
using a pruQLs @atdatlity adaPled & provideREclY Adrlcab & thdcRE kn Wstrdbeaflbdishment s can
be used by a first pivot actuator with a first translation geonetry to

provi de t hathretiénamotdry lor Hagaa aetiatanged i n accordance with a different,

by a pivor act bt oA o et B Hoskdrelehel FtHThERT ke a BBRP, 0 Loe

be desi r aBh@thaPcaprtMise@ irfacebRAIhAGEW I ticUBtdsbing cabddihated wiirastaM dt hs. For
exanpl e, the nmedium nmay be characterized as a Bl u- Ra%/ disc (BD) with
di f f er®nt paitamesstorguedigm s eildretreeqsaiged Ry dhoss skitigd i thejarte pe SBRmperates3

depicts a i . ). i i 1 one of
tracks ( 2ShEREE fihaBNoniRAREHrahOLATETRE KR Whldhanl fiSbed 217
track w dtHe.asddcigabmddinnne write bipatda thefowe The iMtasictisiackihe BOdn @dttithhlavi ng a

second, relatively larger track width. It can be seen that the routine of

14 FIG sMedRnp@ay s dag)etita shireigak 8ysieaet \GecSulhher SYRES 4 SEIE PFARI&C on a

st orage |  tihe i t i ; .14 shows a
functi ongF %%g@l\é{e i%togﬂ#g;ﬁlﬂ%% %%ﬁelﬁgtl ?gsn&l%ﬂg%m}l gg%fjgtg?& ?%tglk?[@t%l 0 that can be
used it accor darteenvdoulret3NR geoecregoi mgite bbo (daanted tydrokdnt lenedf@da Bipat t er ns

to a nmedium i1]. be recogni.zed b hose ski | i.n the art,. an EBR
oper ates POGRREY bis e (ROREATH walp s i FeatiPer a0EDbRe. The
write beaptd Mg 3@@%@?{5&%?@5%@%%&%@”3@% fngiatd §foh thbereto. The
interaction of the beamw th tThe nmedi um nay be nagnetic, chemical, dye
react i ve, metisim heTha doflestiof plakeiassenddn 788 ampartsenigatiddadedigctigpotithe EBR 300
in FIG 14 is rely illustratiyv nd.not limgii.ng,, 10 eam. seurce 302
gener at esﬁW%%loﬂéﬁff?PfC lé'ﬁg{jl and gﬁﬁ?t&ﬁ?gnwftb ?ebeéﬁ%lpngr et]\%;%qbg %Lrﬁgﬁ 304 is
passeﬂsthammrbea% iMRR8dial @R%tias s&0H the @6k adj acent a deflection plate
assenbly 308, and through a | ower |ens assenbly 310 to inpinge upon the
medi um 100. Théhed¢flastion phiprsaeablysPvpn Pe suandedisa respeivivtredh PERpralidll ect i on
lo‘;n;thﬁ gfﬁ‘félet%‘r%gsgﬁée%”& SSpRRERE b o BB an! pTih| el BPReatibh b cShiPsiled9 al ong the
voltage signals, as indicated by the X deflection and Y deflection signals on paths 312

and 314, impart a controlled displacement of the axial path of the write beam 304.
20  Although not shown, a closed loop detection mechanism can be employed to ensure the
desired amount of beam deflection is obtained in response to a given desired input.
The X and Y deflection signals are generated by a signal generator block 316.
The signal generator block 316 also generates a write beam modulation signal which 1s
provided on path 318 to the beam source 302 to modulate (turn on/off) the write beam
25 304, as discussed above. The signal generator 316 further provides servo control signals
on path 320 to a linear actuator 322 to linearly advance the head assembly beam source
302 across the medium.
Rotational velocity of a motor 324 is provided by a motor control circuit 326. In
some embodiments, the motor control circuit 326 can provide a once-per-revolution
30  index signal to the signal generator, as indicated by path 328. A velocity modulation
signal indicative of the desired rotational velocity of the medium is generated by the
signal generator 316 and supplied via path 330 to the motor control circuit 326. A
controller 332 provides top level control of the EBR 300.



15and Y being in a radial direction across the track. The deflection plate
assenbly 308 can be arranged as respective pairs of parallel plates

di sposed w0 20mpwssong si des of the beam path. The appl i caCirars2ab/oeeses r ol | ed
vol tage signals, as indicated by the X deflection and Y deflection signals
on paths 312 and 314, inpart a controli®d di splacenment of the axial path of
the wite beam 304. 20 Al though not shown, a closed | oop detection

mechani sm can BeeRPROREHA TR Shal Béncdas) 5 RFoaMERGriS]c Reampiagl | ection
is obtained in resporise to a given deSired input. The X and Y

def | ect i ofeagirgmialfiliustinted ge RK dide dn lsgme cwmbgdialentse Hersignet gdierritr 366. The

i | : bl.ock 316 .al. it | at,i i |
whicn i o PR ey R etaR A R mE R B e Bt et S SRR 8 i P
on/ of f) t hdiaMdch@ohertit B53A40urds 30 §RUSSRY anb tieaicsifétEradkanidth @eBgetoat or 316

further provides servo control signals on path 320 to a |inear actuator 322
to | i rear Bgncade hseepropEalsewitc beaa mpd yeloeityinodulatien sgpalgcr oss t he medi um

to | i iear EgcEdHcerts {ychearmsdul he medi um
326 1 come onineiony  SHRN I 8 ARG Dl BT M RIS wih o

once- per - i puoikculbi dssirddiradewidh graglrequiretdoasidégian ofenanbéraf facss) sudh cat ed by
path 328. A velocity npdul ation signal_indicative of the desired rotational

vel oci ty &Fthe prlatieedength p§thgewabat €d-pyl- tAE: Ef oo™ Bemepasseyshetls bend

suppl i ed ¥ : , j i : r 332
provi des %%‘g“ mﬁﬁe%%%%{aﬁgf’hﬁ?ﬂ? (%{llaél %@%%lts ﬂfgﬂ%eterprpg%gﬁo §/é%c%g{rag{ ?ngr??of t he

si gnal0 gergatamal vedddtytshowidibeasechon edvheass; adlat gpdjttimefitsabarléde nmde id ust r at ed
in FIG 15. In_sone enbodi ts, the signal generator 316 utjl.i sever al
signal s | REEHIMEG TIRESHRMIA R b apure e repiined eglres e b deHithk s34) , the
radi al | ogaf v ain@sidiiCalRe AR R E& e AW ARA NN 338 beMudibie vilgsviigd track
width (338) to Sgenerate the appropriate wite beam and vel ocity nodul ati on
si gnal s. power lewsl shauldjbeaappilied hysheryole beangt As desirad palovk-wpltahle B¢l be

| ocation on trge tmsgli umwi th 8 arlti cthlltar esitr.ed ttrack V\%gﬁh ma rgqui re
consi der ab{SH Gt Ot SPEPOBE l?rg‘éan Bredhatdan e IerieYRd 1 eF e ff%%’é%/ %t the
synbols ( ewsite bedh and4ElocelyGnddul W sTEnA BRS 8&Sred Babk didB (Arlk@rdcR Wite the

feature; what radial adjustnents should be nmade for each pass; what
pitch). The compensation values can be calculated or determined empirically.

Multiple possible solutions may exist for the writing of a given symbol length
with a selected track width at a particular radial location. In cases where multiple
possible solutions exist, other factors may influence the decision on how to

20  parametrically configure the system, such as which solution can be written more
efficiently.

In some embodiments, when the recording track width (and/or pitch) is to be
varied from one rotation to the next, the signal generator 316 may measure the
difference and direction of track width from a first rotation to a second rotation. The

25  recording power will be maintained constant over both rotations, and the rotational
velocity will be adjusted over the second rotation relative to the first rotation using a
compensation value that is related to the measured difference and direction of the track
width (and/or pitch).

It is contemplated in the foregoing embodiments that the required velocity

30  adjustments will be made on a per-rev basis, so that for a given pass, all of the features
written during that pass will be written at the same rotational velocity of the medium.
This is not necessarily limiting. In other embodiments, depending on the response and

control capabilities of the motor and the motor control circuit, adjustments in the



10rotational velocity should be used on each pass; what adjustnents shoul d
be made in tine to the wite beam nodul ation to ensure the resulting

f eat ur es wawvelndssddesi red X and Y di nensions; and, in casegsesvenessehie wite
power can be adjusted, what wite power |evel should be applied by the
wite beam As desired, a | ook-up tabl e 340 can be generated to store
conpensation values that can be retrieved to generate the appropriate

15wri te beamaafvaedigciie ﬁ%ﬂi‘ﬁhﬁﬁqb? Be fla@Balisng #%ivan d&aiisLeh thiedéngm dt h
(and/or track pitch).” The conpensati on val ues can be cal cul ated or

det er ni nedivenpiaek, adirstyfeathtd is imgitenpos Sirth velosivy and @pesond jeagult &3 Witen atie

iti f,. i nbhol | h w.th I d, t. K. w d
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exi st, ot hsyid B¢k OnSandale foafure! 28 i KGR oBaturisi dife Sithd s hlongtheppamanet ri cal |y
configure the system such as which solution can be witten nore
ef fi cient frgck. In sone enbodi nents, when the recording track width

(and/or pitch) IA §ie$v%ft?ﬁe f‘@{ .ogt% d(?i%(?lg%’if?ﬁ',qt &t \gé\l/ 88 a%%e%ﬁ%%?ﬁﬁtf%arii&e si gnal

generator 316 nay neasure ence and dire rack width from
a first rembbdiarntsaistlsed badin @hgirdoade a hitvab&Ssfdeosfits.ipaposwest W | | be

mai nt ai ned const?nt q¥§r gglh rotaIioBs, and t he rat?tional velocity wll

be adj ust 8Pkl My dstehaimasien; BRludmeangylar aad rediel fimedsiopd{essi on” using a

conpensat i V. i _ted: ; I di rection
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of the tr nd/or pirtch). It ont | ated”"in the foregoing
enboditrenpswehatny hemberpefi sugable edcbuiqtigs G0 badjtiligedmirsvide the roquisade on a

per-rev basis,, so that for a.gi.ven pass, ,all .of the feature itten during
Phat | passcierd loge viisriy effiue: ifHEBe A" R Bilegaenoeband §ebs thebseath um
Thi's is nedpapeessiafrhdig, &tmting. In other enbodinents, depending on the
response and control capabilities of the notor and the notor control
circuit, adjustuhtisaturesthhec bees shovate bharittoriroesinglegtdigldbrogten (p8-may be
made duri (A% rotation, so.that. alang. iven, track first feature
s wri tt oot OB 0o Ul 5 fethid B il Bl W2 lt e -

di f f erent esB6diREnisGhadddepat faudlrestdnybe fMOf wHMeHTIbowdd byiy wiftiiglodbl e to
wite the feature 250 in FIG 9A and the feature 258 in FIG 9B during the
sane pass\EFEAYNE Fatyeniderbetyern. These and yarjous,pthgr vapatignsraag slteigativescussi on,
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Composite features have beén shown to abut through the use of a stitching process (e.g.,
the individual features are "stitched" together to form a larger feature such as in FIGS.
20  6A-6B). It will be appreciated that a trimming process can additionally or alternatively
be employed.

During a trimming process, a first feature may be written during a first pass, and
then a portion of the radial width of that feature may be overwritten during a subsequent
pass with a second feature to reduce the effective size of the first feature. This may be

25  more feasible to carry out when writing magnetic domains than optical domains. For
example, a first feature may be written with a first magnetic orientation and then
trimmed using a second feature with an opposing second magnetic orientation. Such
trimming can also be used with variable feature widths as described herein.

In some embodiments, the storage medium 100 constitutes a recordable storage

30  medium, such as a magnetic disc installed into a disc drive or a portable optical disc that
can be played by a DVD or BD reader. In other embodiments, the storage medium 100
is a master substrate from which a population of replicated copies are subsequently

produced. For example, the master substrate may be utilized in a patterning/printing



substantially any desired di mension, including angular and radi al
dinensions (e.g., length and width), can be readily obtained by adjusting

t he vel ocwOyposmdss2e the wite 10 power. Any nunber of s@eCraisk@9veshhi ques
can be utilized to provide the requisite closed | oop velocity control
including but not limted to once-around signals, the use of separate cl ock
tracks, etc. Wi | e features have been shown to be witten in a single
radi al di fRedhd Qreplfeate the M EDidiaih Pat%mé/iocﬁpdiﬁﬂla‘i%)l of SHENdLA dIRE
necessarily required; for éxanple, in sone nbodi nents spaced apart

f eat ur es whirhlaes then gtstaled inte mdlwduatl@hve:dirtvys tTﬂee westel gstofte mayer veni ng
features t be varlatlon and, .al ternatives
will i nne%lPeé?ag’lvﬁny%cLlde 1% E’mea SKFY (I%rsaarg?efrf gg‘hCh e %bgv@uefl h%edfltr)lraelgm ng

di scussi OfjectONRXMIhE pfdRadsUb FmiApRcNELHIEADIBCY WhiakUin bhpakagedhd use of a
stitching process (e.g., the individual features are "stitched" together to
form & | asQér feature such as in FIGS. 206A-6B). It wll be appreC|ated
that a trimmn [

During a tri i eprosaeSRog i ekkPRB Y nBheBll BLAThNELY - BERIRERT, o,
pass, andof \l’li?lltbuﬁerﬂbdidlhﬁﬁts(bff thdgedendinabntivndidve béeﬁ $eaforfleiattbie ﬁm@yng)e

overWW|tten durlng a subsequent Eass with a second feature to reduce the
Q

ef f ect i vedesruption lqgsthey wetlétdeeélap fhe strygfiee gpd fupeliopmfyaroyseepabadiaents, car ry
out when wfl iR ARYNEL H&aﬁ&f@és@xﬁpﬁcﬂqg ARG orﬁf,%ﬂr&ﬁann{e%nagﬁrmé

first feature may bé witten wth a first nagneti’c orientation an then
tri mid usidetpibesecialig inf matters ef mdmuarandpp@lsgmgpnlmrfqmis mathimethe c

orientation. .Such rlnnln can als used rla eature w dths as
Gescri beaPmsiglFror b PESHA TeirBbar Hoe & PESPOr sl Skt IR 8 st | tut o5 a
recordab|ﬁméhﬂ%éﬂﬁe%QHEQh%mkm&HQQ@ﬁﬁdai&Eﬂﬁﬁkb@xﬂ%ﬁﬁd'nSta||ed into a disc
drive or a portable optical disc that can be played by a DVD or BD reader.

I n ot her enbodi nents, the storage nmedium 100 is a naster substrate from

whi ch a popul ation of replicated copies are subsequently produced. For
exanpl e, the master substrate may be utilized in a patterning/printing 17
systemto replicate the magneti c domain patterns to a popul ati on of

i ndi vi dual discs which are then installed into individual disc drives. The
master substrate may alternatively be used to forma series of stanpers

whi ch are subsequently used in an injection nolding process to form
replicated optical discs which can be packaged and 5sol d. It is to be
understood that even though nunerous characteristics and advant ages of

vari ous enbodi nents of the present invention have been set forth in the
foregoi ng description, together with details of the structure and function
of various enbodi nents of the invention, this detailed descriptionis
illustrative only, and changes nay be nade



10in detail, especially in matters of structure and arrangenents of parts
within the principles of the present invention to the full extent indicated
by the brwadopewsssal nmeani ng of the terns in which the apparsded/oscisas ns are
expressed. 18 d ai ns: 1. A nethod conprising: rotating a data
storage nedium by a notor coupled to tfg nedium and 5using a wite
transducer to wite concentric data tracks to the storage nmedi um duri ng

sai d rotthgg: the tracks having variable track widths established by

sel ectively c%anging a rotational velocity of the nedium 2. The met hod of
claim1l1, wherein the using step conprises witing a first 10feature to the
medi um duri ng firgﬁ rﬁt$tion.of.the mediumwhile the mediumis rotated at
a first rotatibnal NP SPENE e wite transducer is positioned at a
first radial |gegathQNatf88rapt hicdith By 8 BERRJuBRUYS ehelBedili®; ARHI um during a
second rotation of the nediumwhile the nediumis rotated at a different
second rot at i onang ¥ eirideireysduend te Weitewancentric datediacks toj the plosigeinmaseemat  a
second radial locatjon. 15 : . ..The nmethod o |.aji m. rein.the
Trret feature and thgmeBhavion, (s ofd B bndhreitslh hids HIRUERR L. T ng
abutment to form a ppspesively dheadibg e rétanéemg velosiey ectheehadagh.al wi dth along a
sel ected track. 204. The nethod of claim2, wherein the first feature is

| ocated on a first concentric track with a first track width, the second
feature is | ocated ] S : 1G] i: £ Lfferent
second track m?dth,?g%gﬁgﬁgf%?%ﬂ%ﬁégﬁgggh QP%QEE&?ﬁg%ﬁﬁgg‘2%%@%?Pg%ed in
rel ation featuac thi thé etednme dinéigne 13t thigtidedfohdmedtuat whilatheweddantiyronated t he

first rotational velocity. 25 . : o :
at a first rotational Veﬁc}/cny and the write transducer is positioned at a first radial

location, and writing a second feature to the medium during a second rotation of the
medium while the medium is rotated at a different second rotational velocity and the
write transducer is positioned at a second radial location.
15
3. The method of claim 2, wherein the first feature and the second feature
are stitched together in contacting abutment to form a composite feature having a

selected radial width along a selected track.

20 4. The method of claim 2, wherein the first feature is located on a first
concentric track with a first track width, the second feature is located on an adjacent
second concentric track with a different second track width, and wherein the second
track width is established in relation to a difference between the second rotational
velocity and the first rotational velocity.

25

5. The method of claim 1, wherein the using step comprises determining a
difference and direction of track width from a first rotation to a second rotation, and
while maintaining a recording power level of the write transducer at a constant value,
writing a first feature during the first rotation at a first rotational velocity and a second

30  feature during the second rotation at a different second rotational velocity, the second
rotational velocity different from the first rotational velocity by an interval selected in

relation to said difference and direction of track width.



5. The nethod of claim1, wherein the using step conprises determning a

di fference and direction of track wwdth froma first rotation to a second
rot at i on,warrdioesd9e nmai nt ai ni ng a recordi ng power | evel Pofi/ush@omsiste
transducer at a constant value, witing a first feature during the first
rotation at a first rotational velocity and a second 30 feature during the
second rotation at a different second rotational velocity, the second

rotational velgcityrgh &Eﬂ%@ BF chl®M Wh&efnl thé tmft@ﬁa{sueé@hs Itp@ﬁa:d py By an

interval selected in relation to said difference and direction of track
wi dt h.  1lénear actuat016whﬂfheadmltmwameScﬂh%twmeltramﬂmeeﬁlnng R dingari traaslatigmsducer i s
supported a | inpear .actuator V\/m ad| advance the wr nsducer
along a |Qaﬁl¥‘gﬁro§s tﬁﬁmeﬁi%ﬁnﬁéfﬁ‘ﬁr% MR ep LV erdn%\ﬁ%r}ceepgﬁlc(%hé:ﬁsﬁm ng

step conpsf&@stoWhd §tbRge GRIAGRNhAViRg bl’vaﬁd&ﬂe ghcidaldeh tarrdspendib@tagpivordi um
having a variable track width corresponding to a pivot 5translation path

acros$ t heanstation prbacrdsatheanedivmse that gblegst@rpostion ?féh@‘ fraghedamatrack r ack
W dths t hat Ltﬁc dsug%e\ég l/é(lg ft{'c%a%@?f tra& FARE ﬁom oq{[ehrafcf; dd‘ih% NEx{ 1'haacsi§1e¥:f%dt he next

in a sel ec{é rd an 1 nnernost ameter or an outernost
di anet er @fial hﬁ?edﬂbﬂltmmd an innermést dlAeetoRsrmmcbundrmokiadiam6ter 6 Litht hesdium.
conprising: 10form ng a second data storage disc with a track |ayout that
mat ches the data storage disc processed by the using step; and installing

t he second data st i ctuator having said pivot
. ﬁg@@e%a%fgﬂgﬁ f"h(tgﬁh@r éd?ﬁ&'ié( A g p

transl ati on pa he net alm 1, erelnthe usi ng step
conpriises sti t folning 4 egetdéata stopdgadadcivith a)fraddpmmlndtynamhe’s tledataat ur es
witten at different rot t| onal &gOCItI es of thg mediumto forma

t

conposite feature t%f‘”&gg e Prasgssed RYkhs s Semsitpdt ¢ rack wi dth. 9.

The nethod of Gk@|ifRg8ne MGﬁ&uﬁta%ﬁ?agésmgmﬁc@a o b BEU SO RAVISESi 20
stitching together a second plurality of adjacently witten features

witten at differenpivpotratslabnalpathel ociti es of the nmediumto forma second
conposite feature to an adjacent second sel ected track having a second
track width different fromthe first track width. 10. The nethod of claim

1, whgyein thegwitehd meihedwEehihd, ¢hafkartheukiagdiepSompabeditiaanigour ce of an
el ectron beamrecorder (EBR), and wherein the EBR wites concentric data

tracks t otoghdera pluzadisy janently writign feasyrenprittem aldifierrnheotaanabysletiees by
changes in @g%}%gﬁﬁ‘g' ‘AgLocg)'t %e%@? {5‘3 eﬁ‘éaedlt}ack%vlﬁla& Ars? GG fugredi UM

formed in
9. The method of claim 8, wherein the using step further comprises
20 stitching together a second plurality of adjacently written features written at different
rotational velocities of the medium to form a second composite feature to an adjacent

second selected track having a second track width different from the first track width.

10. The method of claim 1, wherein the write transducer is characterized as a
25  beam source of an electron beam recorder (EBR), and wherein the EBR writes
concentric data tracks to the storage medium with different track widths established by

changes in rotational velocity of the medium.

11. A data storage medium formed in accordance with the method of claim 1.
30
12. The method of claim 1, wherein the data storage medium is characterized
as a master substrate, and wherein the method further comprises a step of generating a

population of replicated media copies from the master substrate.



30 12. The nmethod of claim1l, wherein the data storage nmediumis
characterized as a master substrate, and wherein the nmethod further
conpri seswe 2810865892 generati ng a popul ati on of repli cat @dTrsdéo/oeesps es from
the master substrate. 20 13. An apparatus conprising: a notor
adapted to rotate a data storage nediurg a wite transducer adapted to
radi al | y advance across the data storage nediumand apply a wite beamto
wite featuresjio tAg ppdhMSodpHsirg control circuit which directs the
wite transducer to wite concentric data tracks to the storage nedi um

duri ng rot ati ommofortadepted th 1otatdy datastomageonedivme control circuit selectively
changi ng rotational, vel.ocit f.the.npdi um over different rotatjons thereof
to provi de the? WPE%%%“W?GH aéﬂ’??%@l réd]gﬁ%égva\ﬂc%l?%gs.s t&@ﬁata S%Orageﬂ?d"’me
apparatus of clai m g apphies firife bdagh ©ORfiteqhatGick €diht ngdigahi SRS a si gnal
generator circuit which generates a wite beam nodul ati on signal to

modul & e a wri @ eorddriregfit whishwiiricets tharwnisdireeducant writgaopedntye g rpeksi on
signal to modul ate f%tflg%t%f‘alggP%{,diL%/rﬁléiﬁlcsi{l%yotﬁrontct}gkll%te&%g{E&{hgln?gtélg&lefrﬁea

desired track wi dth profi rage ne

appar atus of cl ai m darohsiedigt seldctieciwchiging @nsidualereloditytofsheamédinst feature
to the mediumduring a first rotation of the nediumwhile the nediumis
rotated at a first P StfSHfIroREPRRheFoLiePToES Heitiasks Mahyaurlle tpek
positioned at a firgjqpadial location, and wherein the wite transducer
wites a second feature to the nediumduring 20a second rotation of the
medi uld while the nediumis rotated at a different second rotational

velocity and t wjte transducer. i s sitioned at. a second .radi al
ocati on. ks J“i%‘i‘Ppi*F?é“Sa?)fﬁ iy ks Vgrey ﬁnem@l CHITEH SPHPERRS arsigna]

feature apdctf& SR6RMhidHEAN fesal WrittehhNRoh NI ARG a] I mE@NERG MG abut ment
to forma conposite feature having a 25sel ected radial wdth along a

sel ect ed beaackf the write trarisduceFhed applcdy umdofatioh aigmalts maduéaten notatihanat i r st
feature is .l ocat on a.first concentric track w irst track wdth,
the secontFlpaseiis P i idipngh Sk Srekifabutbh Sobeaiodciiiudl Wt n a
di ffersent second track wi dth, and wherein the second 30track width is

established in relation to a difference between the second rotational
15. The apparatus of claim 13, wherein the write transducer writes a first

feature to the medium during a first rotation of the medium while the medium is rotated

at a first rotational velocity and the write transducer is positioned at a first radial

location, and wherein the write transducer writes a second feature to the medium during
20  asecond rotation of the medium while the medium is rotated at a different second

rotational velocity and the write transducer is positioned at a second radial location.

16. The apparatus of claim 15, wherein the first feature and the second
feature are stitched together in contacting abutment to form a composite feature having a

25  selected radial width along a selected track.

17. The apparatus of claim 15, wherein the first feature is located on a first
concentric track with a first track width, the second feature is located on an adjacent
second concentric track with a different second track width, and wherein the second

30  track width is established in relation to a difference between the second rotational

velocity and the first rotational velocity.



velocity and the first rotational velocity. W)

2010/ 065892PCT/ US2009/ 066825 21 18. The apparatus of claim 13,
wherei n twe 206’92 circuit determ nes a di fference andPdirruseemvonsses track
width froma first rotation to a second rotation, and while nmaintaining a
recordi ng power |evel of the wite transducer at a constant value, directs
the transducer to wite a first feature during the first rotation at a
first rotationg 5 M@ Rphlatis@dTdladnI8CRAeireBt Ubrdleirtmgdétbeniaecond rotation
at a different second rotational velocity, the second rotational velocity
di f f er entdifferonea 4nd difecten poiracki voidd frqréladyéﬁ&rytwné%aF%O@fi@%tﬁtl%lblaeét ed in
relation to said di.fference and diregti .t L gt 9. The
appar at usWIEﬁle I@Plgfarlﬁni%? o (ﬁPI% Povélgﬂrrlﬁ%ﬁ S if?]r% Vglflﬁei tf}aglg@cg%%uagq[og ?ta%td\gpljl%%d to
10advancelitds thé iridhéans duees fish tagura dutingthc firstaostiah aom fipatdiatagrabss t he
medi um the control circuit directing the wjting of concentric .tracks of

data to tyrocsyandgecerdifertiiealiing i%&?lﬂda‘[?lt%lopraég it rﬁfitﬁe%’flrr@?ﬁ. ing to a
pivot tr a\ré%c"f‘t&gtglg Sg\n&%’? r@t%fiﬁnc‘ﬁ vEllagit)r/TEﬂ}fe $Qnt MR thrélrolaasdl vRloRRY B%/ gp of the

tracks have't hs that successively increase in track wdth from one
track to ihteevanextctedinarebeibecd sdd ddfbralce dnd dutdton of owelk @idth. 15i nner nost

di aneter or an outernost dianeter of the nedium the pivot translation path
mat chi ng. 20. The apparatus of claim 13, wherein the wite

transducer is ghar apfEijpaeHisast RSN Einpisidha Bhas htRRobedprddasor der
(EBR), and wherein the PJEBR v?/ri tceé ZOConcentri}(g:Hséla ?31 tracks to ?dl‘?é st or age

medi W wi ddvaatiefthe meitd transdoderw aighdinest tadisiasine gathyacedsa thyasedinmg teat i onal
velocity c(%)fntrgpcelrcrla%d(iir%ming the writing of concentric tracks of data to the storage medium
having a variable track width corresponding to a pivot translation path across the
medium so that at least a portion of the tracks have track widths that successively
increase in track width from one track to the next in a selected radial direction toward an
15  innermost diameter or an outermost diameter of the medium, the pivot translation path

matching .

20. The apparatus of claim 13, wherein the write transducer is characterized
as a beam source of an electron beam recorder (EBR), and wherein the EBR writes
20  concentric data tracks to the storage medium with different track widths established by

changes in rotational velocity of the medium.



