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. *166166* 1. Freld of the Invention This invention relates generally to
produci ng a nedia naster, and nore particularly to witing curvilinear

servo sector patterns on a nedia master. 2. Background Art Many data

storage di sk IY@iteslling AMVIE@MAMhGe AW rdGhe M thiky 10 Rrioduce Qukvidinear read/ wite
head above the surface of a disk. The actuator armis coupled to an

actuator assenbly that causes t$erveSestopPattertse about a pivot point. This

causes the head to travel along,an ar e t . copresponding to a circle
centered about the pi vof‘nmtﬂﬁsg%&wﬂfﬁ@%?eﬂbgebﬁﬁﬁgd by ?heﬂm’ﬁ!ﬂm’u’m”
thesactuator arm During opem&*g&unhmtﬁ@i@eh%ﬂof the disk a , !"”“m
novenent of the head provide a |l ocation of the head relative to theesgdssk

surfacd. A tHipldaditheinvkntioncl udes many servo sectors which collectively farm

a servo sector, pattern. The servo sector, pattern provi d&s encoded
i nf or mat i on HHa{NVestonEelaten ganagilyite Rrogyeing pinskia Mgs!gl ABH Mt PRINSURHY &R i on

of the Lye h L.sk surface. type of servo sector pattern
i's radigﬁﬁgg é\ﬁ{vgﬁng%{seﬁsﬁ)esteg@g% eé‘é%?%?gwgirae a ?rgned with a disk radius and

ext end et weBackghsundAyer di aneter and the outer diameter of the disk. The
servo sectors divide the usable data zone into a corresponding plurality of
dat @ wedges, Many datastatagedisiusyistems inenrpordtesancacpiatararint thatshrriesracead/wirige dat a
tracks whi.ch are typically.. ed at a constant pitch Tp, A |l em wi th
the r achagod i siacedinsi S0 ol acBiossT s pquiedt st bt Aiar SSFEPHAEh ¢ he
ar ¢ seguRats Bk AAH 1Y AP ab4IR a*ab?@éi poif! ﬁ'ﬁiﬁ,lcﬁﬂ&ﬁﬁ%eﬂe%d td trald aMBHgSndRSI rabl e to
have servo sectors that are aligned with the arc segnent, so that a head
travel i segnevecorsesporsking ot aéirdigcaitered visdariie [ paqoimivwith & raiusdetermeredioy
sectors _at a constant rate, independent fromthe radial position of the
head. Abedenginof thepciator afdped differently, the spacing, number and encoded
information {n.: ment.. sh d.. as
thers radi ) PyrgadatoR SRRk sH R uE IR T ShRE B BBb bR RS
froma rgatiéd ofths kedibrélditige ke Uik Jubflcd A \tppica diskiinFlatiésmany fert®sacestsi onal
master writing tool can conprise an air bearing spindl e onto which a glass
mast er y@mqoglp@mfeév faouerat seavo SEotonphtesnt Be Aerye sectonpasteryl providsgbrtadade i s
~6 0 C_L 2002 iform.y coated Wt hot or esi st ich is.exposed n
opt i cal pERAOR i Sk YuRRRHER ahhraleR B RlsFRIrR wf Tihlon Sp fReARAE ugtive10
i nt ef er gqeedigit szdge Pe used to radially position the spot. In conventional
fashion, the exposed spots are used to produce pits on the master disk. The
maser di sk [Ensvipkesf ssrvendedtor pattern issiadiglly aligesdt i Theaservossehiorsjares)igned wshd t o
make data.storage 5 disks. A cqonventional master wit.ing system.ga
gener at éadé%r' ﬂ‘&gﬁ‘“‘gﬁ’pﬁ%‘ﬁWF%‘%g’Gdﬁﬁ%&‘W‘%‘a’@a the %‘Eerr‘i‘ﬁﬂ%ﬁﬁo H‘l%tf](.nﬁtq ude a
preci si Qbr8RedErsAHAad L héi ' i ek OfdidNfe O
the master di sk.SQ{i}ﬁi sa{en‘;sgélﬁgtg ga?ﬁﬂ%nméggchﬁt&p%g%ﬁgy L’tﬁhg&tsdef?i\%aoggdcée (g)’r at%
can be usskdutfacenncludesa prusilay obeoticegtrie dagdtrarks whidhi aye epicadly\spaceecdt ar
pattern. Conventjgnal master to witing systens are inadequate for
pr oduci ﬁ@“%ﬁ“&,tpé@b%nt shaped servo sector patterns for various reasons. For
one,,.t he cony, I . . s es. I . ?Hm&ﬁ.
radizgl ly ali g@lgﬁbﬁs@’?\%&égé?%H#éfﬁ’fﬁltﬁgﬁfg%g?#}%r?h%%?a@%“r%@é?g ion l|ﬂ§thr$eeded
t 0 ensuragc {dgaienfaloAg Whichithé h&éac@'ﬁicalw travels. e Yinbreaddsiiaisld tahandsetieseators
segnent shape. This requires nuch nore nenory and presents a throughput
pr obl emthatmrergligned wity the arorsegmenta so thatia head tzavieking evena disk nejatingateonstaglt can
produce curyvilinear (e.g. arc segmentg shaped, seryo ecttgr gﬁtterns.

Bp

Surmar y SBEed WUl FROBRET S5tvorsotass aceRnsianl B, iRiepERdsY HEm ahResuongig
met hods [ Oy L Lyl Iy; : I ;
encr at hg s PMRLRA (oL M ER U RRR, B R m i ng Bl infyBation
curvigl i naahe are svgman chagedatvosettdrs dah beekid ginte Sheid ratiallysalignet sotmelpattseen
a radially aligned reference and the desired curvilinear servo sector are
det er ni ned, aAAe Meehaniss foyereduging disksds fionp: ousicedisk Baving vhe desirad sepvo

sector pattern, usi infaormatio such as.a bit map) that is ordinarily
used to BPISaRRIH, Akadriional raflen HEre BoL Bu iR em 4t besshe g lsh

bet ween §hRhagMse nladter kgt i5 fldnfAC o ARHLe themabtey thd PR subBirie iSect or
pattern is a function of the radial position on the surface of the disk.
This radial position can be determ ned according to the track nunber. Thus,
a plurality of offsets can be determ ned, with each offset associated with
one or nore tracks. Each offset can be converted into a delay which is the
anount of tine that it takes for the disk to rotate through the offset, or



3o radially aligned reference axis to the curvilinear servo sector.
del ay can be converted into naster witer control settings that are1 gs]éedc;rozooz
pr.oduce the curvilinear servo sector pattern. For exanple, the delay can be

- converted into sector delay, clock cycle delay and residual del ay val ues.

The seGifform®y Qfaked¥ith Bh@ABrLsisEWhidHas exfRk@Y by ah bftfcalspot1 @ Ehaf act4tdr each
represent a portion of the delay. The sector delay is an integer nunber of

sect or swhosgtpositien ds §emetd sypa tuser(inteferomhier pambxeusedfto rathiallywmosition thespas. In

sectors). This p rrb,erotgf sectors rrgy not{ accqunt .for hhe ful I_lc(ieh,gel. The
r emai ni‘%ﬂ?"ﬁ%‘?‘ﬁ’@l aghigp e g¥RPsEY SRt ate| sk tocRrefuce s An thg mastsr flisko Fh¢ nt eger
nunber , J i Gh: k ock
Cyol o, eSO oL S At o (O R e b B MO AR B 0
i nt o bydielgs.of data used to control a master witer. The master witer can

i mpl enent the same mapping information for the encoded information in a
radi al |y al i §riesvensional masierorrifieg system can ganstaiean index pulse comrespanding fa/ o
sector pattern because the control .settings cause .the master witer to

del ay. + RETGhTKeRoinan spd 1aup A grrau il BeaiBhRF abutfph Peofbibbren®) ne
of f set ﬁgﬁtit\f@lﬁﬂ%taf‘ﬁemie?ms\é. I9iShiaRaHos 83€a B Gndp 6 thE 5 5O dafPSR-bel N
ot her ehbodi nehts, a piece-w se |1 near approxinmation of the curvilinear
shape casede writphemster dving aradiaitealigned aenvorstctof patteguii Cenventiohalhastbat a. | n
one enbodj nent, this is done by determ ning an interpol ati on constant for
eachO| i Wadingsysems atzinadegpals forRyodwrangiuc AGEment s8I eHIAReRGr Pattaras foreu of a
series . val t [ esj | I [ e val ue
and o1 DS B 18 SR By iR R REE 8 £ BLrtiiR B BarR iR

cont r ol kfiallyhdligne€ B&rva k&sor? W Ediorfallly, ifdtchiddl resdlatd i neadedab s that

i npl erented. The first and second | aser pul se streans can have different
pul se padiapent ditdocatignglareferendyialipnddsadeng thegragegoerbehepe. Thisgequires muclnces,

the master witer control circuitry that defines the pul se paraneters and
pr ovi deéncifﬁé“%‘g?%@Pfﬂ&@}‘%@;@@%@%‘ﬁ&@%ﬁm cl ock cycles) can be replicated.

Briqk Descri ptethétk reM&inba Aked s a%ﬁlt:elr IyritingBsy SRRt ddn drbdneR lchiplilifir 2N

enbodi nent of a data storage system G 271S a schematic illustration
r adi al | e.gl argsegmanshaped/sdrvastorpatteras.sect or patterns. FIG 3 is a bl ock
diagramillustrating an enbodi nent of master witer controller for 25
producing radially aligned sersbmé’%%"tyd’itbﬁh‘éﬁ“ﬁ'é’.“ FIG 4 is a schematic

illustrating L i y\ﬁﬁﬁr L | : {4 r
servo sector ’Eﬁaéfp@trées‘;eh@{nk'%ﬂ@?‘ Fgo‘lpigga o{:nzééé?‘g%%ﬁae%{o:dﬁ?u trrg%l%édgkmgg odi nent
of a nmagkpo settot pattety) s Well €or deperafing thinsien gvriterr controhsmtingsahmars esedasd

patterns in accordance with the present invention. 30 FIG 6 is a block
di agtPamArPRuESICHEHIRAIr BFTVR RESHRN IRBMSof a naster wiiter control ler for

nter pol at - oo AE 2k nkchs il pBRIG-Ha1R0 A9 oh AR RA Aok B BB0ea £

interpolation’in accor presen 1-on.

7 is a huewikinédraerva¥edtbt e ldeRihited ddhdaABR G TeRlar®hsed thPEdRILe el dub¥ilinear
control l er having dual |aser control pulse generation in accordance with

t he presemo $eatps pattern usiAp Grfognatora(shthoasa bit apphthat islardnamly usgd to prodpes 2r
i ncl udi 2% aa\unyeﬁbo iment of a master witer control settings nodule in
accor darf@Sially AHERYS RO SElof PYSMBntion. FIG 9 is a bl ock di agram

iT1Tugtrating aRe SAROELIRBA tfféfra&iaﬂ?ﬁﬁgﬁed‘%ferr&{ce‘iﬂm}{éﬂurﬁﬁhéirﬁgﬁao@@&% ein
accordance with the present inventioh. FIG 10 is a schenmatic illustrating
geonet r i patern isfadfunettanoot thes exdidl pogitionl un ¢heasurface of the disk. This radial position can
be determined according to the track number. Thus, a plurality of offsets can be determined,
with each offset associated with one or more tracks. Each offset can be converted into a delay
which is the amount of time that it takes for the disk to rotate through the offset, or from the
30 radially aligned reference axis to the curvilinear servo sector.
The delay can be converted into master writer control settings that are used to produce

the curvilinear servo sector pattern. For example, the delay can be converted into sector delay,

clock cycle delay and residual delay values. The sector, clock cycle and residual delay values
2



4
curvilinear servo sector. FIG 11 is a flow chart illustrating an 16 OCT 200‘
enbodi nent of a nmethod for determining 1o paranmeters for controlling a
master witer to produce curvilinear servo sectors in accordance with the
present invention. FIG 12 is a schematic diagramillustrating an

enbodi t [ S i gﬁgg | I; j r [

accor dggr?@ e e‘%%? %'?? hgglporne(glet%% E"iq?x}en I%:%%‘r Bgltagil{ %‘gi g sléfr;‘?lgtﬁérodrﬁ%?glfsﬁgat the

| nvent pfi¥et kpar3gi.erthé REmMB&VG flidkefVRfinglseslé settagy)aThiRfnublber of seceuts magmipt ar y
data storage di sk system 100 conprises a plurality of disks 102 nounted on

a dri vecoophhfdr thelfoll dehiyc Thexeraridmgtdelayig pravideddiystiee logk svclpdrlay, whichThe

di sks 102 rotate, counter, cl ockwi se (.as .shown t.he .arrow,.1V1l) at, a speed
Wht ch ERATAGE RUEEF SEEIBTk el Hd e el e i FEBORR otk eis0s
cargies at ' ' ONGertelSnto W 3 of a
sel gect ed di ?El‘éfgé%grg\loick%&‘gﬁ a{aﬁgéyzdg%&eegﬁhﬁ%gcsi]%ﬁgﬁgm overnt hgiegg)ggragsurface
of t he usapwaehtrdl smaster whieers The mastet wiriteruan émpleordt theabme heppamd 108 can
resi de over the upper and | ower surfaces of any of the plurality of disks

102. Thefoppaan foy therfmeeded: inormatiomingg ragiakly phignedsseEYR.$ACKY PRidery tp praduge
act uat %e AP R Y setvtse nggtgef%f? Bg{@aggeg{ﬁtc‘sn&me" He LRE ufd MQIBWP?CP@O @{}gﬁ the

head 1 about " a pivo se srgnal's are received from

rel evanhe gérfekation dfddser fdlses i #dfinP that EernéshBRdsat theoffNBEMebR i radially
fashi on along arm 106 t hrough cable assenbly 112 to a disk drive control
sysibemahighéd edsgand theranrebis¢angasel ect roni cs 114, which can alternatively

reside on or, be rempte, fromthe head . 108. The.rotati.on M of. the_ di sk 102
and the novell'?'é‘ﬁl?erﬁfq‘%ﬁ’aé“@f%‘aé Pi9s8-YYise linear HBp@él%loé‘rOfé]%%%‘ltl‘Fe¥l%a?ﬁ% axi s

pr ovi d oo tf 36 9nd BhbBlintdhE lisgk 102. A
typi Caﬁeﬁﬁgﬁ&@%ﬂ#@é@ﬁéﬁghﬁ%ﬁu et;&?r%c%r%ggé@tgm?éct or snv\,hll%cﬁ lcotjl?ﬁ(?’edgtsi vel y
form a dmeby dtersgiihg tn finérpelation dhittae foreasieliher pices,codadpstang thendlay
information, such as the circunferential and radial positional |ocations on
the di steluesaccordinghosintlieypdia semgsarfvatuesiihe zesidval dedaypertion sen Hyehays an to
i ndjcat I h.on of the head 108 over the disk 102. 4 16 0 CT 2002
Thelsschlgaﬁéplglgeg'lﬁgérhgl%arolfmﬂn&lt' 2 illustrates exenplary radially aligned
servo sect or k gilPfuftRerd difbodithbs, G rhBsterObriter dbsttoleP that geeralesSkulddddot Ncl udes a
start up zone 202 located at the inner portion of the disk, and a usable
dat a zomsltipdellassrs eandalag bé implementeduToe fips and seopndasehpulss streamgsan bake 202 t o
the outer.dianeter OD of the disk 102. The servo sectors .212 are_wed 5
Shaped. PIEGTSR BUSh Bramereeh R UTEBRONSLS | RO BTt BfTeCEREes HE TORTe
di anet efriedRhn@bl difegite) i t¥rs 2d PRIVIEs TeEHeGitSaldfeiayar € Shown
in FIG 2 fornease Og&tﬁ?tﬁe?%g@%%ﬁ%i& i mpl errsrent gt ivonst her e azrle tﬁi cally
hunao edérastiosdrolacksyclesy mndezemicatedy spaced about the circunference of the
di sk 102. The servo sectors_212 divide a rresponding plurality of data

{ of thedprnd

wedges 21 6. The disk 1 o suPristDeseriptign 8% plurality of
concentric d‘ﬁ@.ﬂsaac&ﬁeglé&:l t?aﬁin%ra?l effofd &W&ﬁ?é spidgh TP. As
ead 1 ca

descri bed above, the resi de over various Focations of the

di sk 102. DaftFaGt 2 ckscheilaws HlusRdtion radiatipaligheal and caedlingar 3drRo peavt phtteensc oded
i nformation correspondi na to the location. The servo sector 212 may al so

. ( ] Yy
i ncl ude ser v&16; isablesk diagragmilinstaitng anwmbedimgnt of panaster Wiss santiphlep faror
signal (PES)...servonburst marks. Although t 5 exenplary servo sector 212
i nf g?n&ﬁ’fot?r?chn;sa%lgg%aggéegrsf‘bvgcf?‘:tf)fp%ﬁ%%‘d be recogni zed that the any format
and data encqGng isSé?thPx'Eﬁxaf{éMltﬁﬁaﬁrf%)ﬂh@mBﬁ&%hipabd@w@éﬂ RfalWy alighdarndadi al | 'y
al i gned servo sectors 212 is that they are not aligned wth the arc segnent

230 t hatcurvikndae aetvd 6&tonmtteins. al ong bet ween the i nner dianeter and the

t di t f .t he, dj 102, S i fical . th t 230
ggr re re s ploﬁgg tef-éGgS 33 g]ogl( 3}1;\,%!1}115 gt(frllg zlnf gm{)gdlmente o ar r%asstgrg\LTnetrér controller for

producing curvilinear servo sector patterns in accordance with the present invention.

30 FIG. 6 is a block diagram illustrating an embodiment of a master writer controller for
producing curvilinear servo sector patterns and incorporating linear interpolation in accordance

with the present invention.



20 with the pivot axis of the actuator assenbly 110 and having a ra1d5uDCT ZUUZ
corresponding to the length of the actuator arm 106. Thus, as the disk 102
rotates, the head 108 resides over successive servo sectors at a rate which
“varies and depends upon radial location. This can create seek tine del ays.
Accor di ng FdGp7 & &bloek drapiand]®mitingehn atedimestarfta mastemwiitencontiedler | i near

servo _sectors 212" are fornmed on a naster di siﬁgand dat a storage di sks

pr odudBYng glual Iaser comiropaisegenerpioinAceqrdpags With g Present inveRieh “ser vo
tors 212 ' i . : 8
encount er s 115 85 £0oPEAalleh NGB # lTEheifdiedf clibuhO dtgifeldl? |

nunberwmec e stndsthedulBid KRoldandd Witk tHe\reseneiiventon/o sectors 212' can be
the sane as the radially aligned servo sectors 212. It is noted that FIG 2

i sSan exenpl&: § i$ 4 blesk diagram illustratng arsgmbidirenioffsamastesrites gpriral settings
typi cal ‘lPéHi ncl ude bot h, ra}_;j?i al | \é 30 aligned and curvilinear servo sectors.
One neBAEHNF Shaceordapseouiil theprescBk@VeniAMng curvil i near servo sectors is from

a mast et dIp. havs DenkBRid BRlshiine SoMRial Wbrialduisad 1 podimsd er i sk
provi des a no that, using conv Ional techniques, Is Used to nake data
st or agmrdiinés servokedtor.0 C T 200 A conventional master witing tool

conprises an air bearing spindle onto which a glass master substrate is
nount ed. ToFl\ﬁ-iltles%ﬂewmg@xtenqsmaﬁ@ggma@b@mfﬁ 3 method far demmigingoat ed with

phgt or esj.st... T hot.or esi st. can. b X e A i ; I ced by
VR e Rt Rl L PSS kst Pt o PRBRRErYindl Bl Blort BRSe BURLECT
devel oRfH i stedeinyBRich. ar € used to produce pits omthe master disk. The
master witing tool includes a master clock signal which can be provided by
a crystal oEKs.I1Rds eschefitaticriiagram iliustrating an embddimenteheanirob settingsor , i ndex
and encoder. pul ses. The nu%er of master clock cty.cl es. [lgler di sk revol ution
(CR) aPPCHRIME QUL cORSryst BéFCQSﬁa"ccﬁé“ﬁ’lfi?S@FesS‘F IRYGEIONcycl es per servo
sector (CS) and the nunb . lution 10 (SR). The
sector and i ndex pul ses gl?eetgilﬁigegg/ée}@ﬁﬁ(g‘rdﬁlggﬁg?l{/t%{)ng the master clock

si ghal . SpeRiefarndsg how td the biektdiagriml o FIGC hunksxempldy ded styragh disidsysgeni he
master clock by CS, and the index pul ses can be produced, by dividing the
sect or 190 remrniss aphurality afdisks 402 gnouated siey drin spindle 1 @4 whish sxtendp {hremgh di ng
t he magter: ' I : d ' ' ' a
pr eci s?‘%n‘{l%kﬁ%ﬁ%gégﬁkgz&T]F%(rh%ffg{@rr t %%Bgurﬁfﬁgy%%s&{gr&eoﬁﬂ @?lhgc?ga thl lgﬁ%?)n t he

nast er a spéed Mikiclke BaObEmeutdias réfdutitit hepminute AGreRQtriaah 106@asiek Afbe
encoder; i.e. the spindle notor is |locked to the reference supplied by the

mast er eod B Elying regpriterhrad 198 abovesshe sinferet103| ofarsglecigd fiskat(2s Adthough the ock,

i , t | f b h trall 30 500, 600, 7

ol s SRR SR B R o fPer ST o e BRRE St e Bl P Bipndetosd Wt 1
write ity ReaEEDB @En ARIIR over the SpPEShAlowEatibfabid o fRAF ot ki blnGlifEPRdiaisah2Dy a
constant angle such that the servo sector read back signal frequency to be

t he sarkhewipposingiendivofdke sgtiater am 0 iswstpied taaguthgrachetarassembly d4@r dl ess of
radi al positjon. Th servo, sectar i ke the, dg)ta? dges,

[ h h ,
are we g tﬁéﬂt.atefhéa?r}gggrsﬂ%‘h%q’hég&@Khwaﬁlalso g?l?éﬁ“ﬁ 8P 3¢Sy, Shear
the di skoral aréfecBvddEba t‘gg?%g‘}aﬂ?ﬁfsk%ﬁ{l&”ﬂ(ﬁa PéntithrisRriedRh ESRhtibo

| ocation of the data to witten onto the master. A typical optical

medisa dashich glong airm 106 thirsuhkeablecissatatila 1h206la dGksirive canks] systermt wialt kighal make
the servo patterns, .28 servo _sectors per. revolution and 2' clock positions
bet weerPTeEsHRE sleetrenias 114, widwqh canaltgimatively rosidg op e reptote fromighe headol08y oyt

400 The rotation M of the disk 102 and the movement of the head 108 about the actuator
assembly 110 pivot axis provide a location for the head 108 over the surface 103 of the disk
102. A typical disk surface 103 includes many servo sectors which collectively form a servo
30  sector pattern. The servo sectors encode positional information, such as the circumferential
and radial positional locations on the disk 108. The positional information can be read during

operation to indicate the location of the head 108 over the disk 102.



MB, which is large but could be inplenented. Referring now to the U{)gCPCT 2002
diagramof FIG 3, an enbodinent of a master witer 30 controller 3 or
prooducing radially aligned servo sector patterns includes a sector counter
- 302, a sector data generator 304, a programrable delay 306, a flip-flop

308, an an Lyer , ' bryHa8iiafilalibReddead verters
312, 314. gﬂ'ﬂé&ihgéﬁgﬁ% d#%é@zﬁ ﬁ%g@%@aﬁéﬂ;@% reglgpgglslb?che indéggf,b%rmster
cl ock,212rh thestrface po3 s€a disir1d2s The skt 102 ineisdasra start p ropet 203 located atrtbeluces

| control pul ses. The pul dri | _ that the ph i st
hecor NG POBIONAL totdlectidanissblo ot e AP SRAEHING oM S GUF PORBITEAT et ho

t . ter.. . t t whi ch
o] ek o850 SR S g P U e BiskRD: ThBSerBReSUiS AY e bR 2T °

is sa comapanfepidnathabyResd Bétdeen aRURME didhé@ér (1DY hndihis odtep dkaméte(@D)sTdhe ount
enable (CE) 1nputs. The master clock signal is cougl ed to the clock input,

t he i ndiek202| Approkigrestly 26etMocsectorsel 12 axe shaweindder & fopease of Blugwation. dnt he CE

put SesPHREEN A EE A PR b tent Glor oA L R RR) BOM (0 on and

causesg; RRALOSFROUHRL 109, be reset. 1 o The sector data generator 304
recei ves the current sector count fromthe sector counter 302, the current

track nunbefhe sdireo seeEire 212 Uddde & tarasbondinglplukadity of dava wedpess2167 litheadiskr ent
track nunmber is a function of the nunber of disk revolutions. In its

si k| esurfacg A3 plso ingludss apluiglipn efrconprntric daip tracks229¥hich are spacadedtent s each

di sk Tevol ution. ! d i . | & inpl
1) " pas OB P Toad offerbRl apve ik end 10 FanseloEor g Sanfls B afule™ °
revol ulisRne2. PatahfiéR adlifRss faféshin @@ ¥erVidctbr 21 2bfovide RbAedforiatibg MeNt
each ith revolution. An additional revolution (where no data is witten to

t he di skirespandibg tatliddecationeThaservolsedtor 2d manslko nsinde sexvoriningmearks ur el y
updat ed_..Ther the track nunmber woul d.in nt _each (i+l ),revolutions.
The " s STV ghe Hne Shraiibtrm abpo s TS BiES) derve B stk AL he
engQdeq,l I : ! I : r i | evant
cordo. SAERRHERA Rk 207 MR HIBRAL-oBREE NI t RSt A M e 2
encodedny ifibronatatd dena anlbdagseteny nidyebe ibptémemed.sect or nunber. The out put
for each sector is tr_igtgered by the sector pulse, and the master clock

h
signal is ugh@robiem itk theeadinlbyinligned smw%&é&wﬁ thatgheaetediot alignsd Vihch

ot or mitt e ERp SOk 1S (R RN El firieblenthd bfPr aShRI PRl ™, o

encodeddiaméer oBhe 83k 102, 8p6difitAIRC khedrd sE2dn? 230 BortdsPoilistls aiRYe cbageritie
servo sector pattern. Afull bit map (e.g. 400 MB) of all of the | ocations

on he With khepivetakisod dhg zctantorassemblyt 1O agd havine agediug ¢oreespprdisg ethgeen t he

servo s r r ot _wri tt for .the er,_di Thi.ser.educes the

requir eﬁgﬁﬁr‘?ﬁ@ﬁ@a ria.ggtlgk. 3?‘“5’@8&66 %Eﬁl@i 5%6‘&%’%%%@ ﬁ)grrgsf“i%ﬁ ozllqy al i gned
Servo saft&kiveativeketorsA0a Ptk RS VArRS af@ abindslapch 981G [RhA6n. 3P1is Raef er abl y
i npl ements encoded i nformation for the various sectors that is addressed as

descr i bedatalseakgime/delaysisAadording & preésradambnaiment$ efitha peetehtanvegioar at i ng t he
encoded information. For exanp]e, | ogi c bl o that 7 ~ S 0 C-I Zpoz

pr oduc e SV HBeY FETISACtOR Th2mats %Hns‘ie’éa TRASHSR dfﬁ%é“l‘ﬂ?%‘%ﬁf’r@@é’ﬂ% péﬂfﬁl‘c?‘?ac k

nu rs [Waac]] j I . 3 t he
cector GoPNngRusth; ST ofeiumably, the AEVERELIITSACRER 312! n et MR A BT, e
del ay ckegmant 230 80hat the haid 108 erfvdahiees g oscbrs independént ffomfits eddialn t ur n

drives the |aser. The pulse width and anplitude can be controlled dependent
upon t h@owtiencHie spaeing, nusmberand gncqded drformaioninyhasurvidinearseryq waors e

i h | f he.. d h f
the 11 52 P fheBia? SEeantinty gt Bhe S Bor Atnedb s dord oG alf ef) ' 506 co
reset t Reethplairiflu@ratiSH! RYf a %f%es‘&}faé@m %B@ld%?%)ﬁﬂll? icEdebdih Padié'ily;

desired pulse™wdth is controlled according to a ration setting (e.g.,
8 1a0bi taligmdduemy canilieansetvosestoigl ay setting provi ded through the DAC 314.
Additionally, the anplitude of the pulses is controlled by a setting which
det er m nes t e rasslpnismdfgn praduping disks 313%ing Guplingar srye 83135 s FpmAgastehe

DAC 31 %’isk having the desired servo sector pattern. The master disk provides a mold that, using

an

conventional techniques, is used to make data storage disks.
5



Unfortunately, to produce a curvilinear servo sector 212' such as tﬂeﬁaﬂBT 2002
segnent 230 type, the required nunber of bits in the map increases
approximately 256 tinmes to ensure that 15 the information along the arc
segnents lines up snoothly. Additionally, the conventional coordinate
schene and dadoaveRiTRLES 2 WHifss Qb1 ¥stipriked @h atBRAHg spind1e oAPVhieRRlgiast 0 t he
curvilinear case since a given arc segnent can span nultiple radially

al i gnethaster substrate isomsuntghuFp varitbilte megterothe ghass subistrateds ynifomlgrogied withhe
required, which_is not easily inplenentable. Additionally, th unper of
clock PRAIPEESIShe E&WTP%MaH%FG%% ¥ 2p Qetical §p é’r‘i‘g“cfzﬂw&@gﬁoﬁﬁsﬁract or
of abo : i { i i ire a

ol oner e v enbhab Aok ¢t HhiEeslsE BBk I sl S e

Accor dpidut©pitesit et Adkent s of the present invention, a nmaster witer

control l er 500, 600, 700 automatically produces curvilinear servo sector
patterns frdiemastes yiitingseeldnelndesrapasiencdockrsignabhwvhich cas bg proyidediay al | y

contr of i oy FURFReRE: s ool R 0o Rk Aok edtes luse P,

under shaRBeMbf Madt& #6&NGRek lgeﬁhiﬁ( r&oldeﬂ’cshgg%? fredlefiabEaPiheproduoyst that i on of

curvilinear (CSS) and radially aligned ( servo sectors (shown as |ines
r at her ntimber ofclgekscycltes penseevmsectdrl(GS) amt the mpmber of s¢rvoksed®2s pervevajutaon | D and
an OD. The di sk 402 has, a nunber of tracks, sych.as track x agd.track y.
Forl0a §PRinThesector apd mdey pales %fF&'é}lSs%?GPTGFed(WS%Y‘;]m&ﬁBe Baster FlosE sisnaker vo

t i f ; [ t iron,
ani cn SHECIBbRh A eolb phisePeettheio flcel By i BEPAGE: HBALpE €8, g (8T o
track (hdexciulses ch1Bé Srodiiced By disiditf the bctoopflsee by)SRanAdéitiondllyg eaesdend track
(track y) there is a second of fset” (offsets) between the radially aligned

(RSS) awibes arenrpdured by siévidingshe mestst ¢logdS)ignal by agredeterpgnsd vaive. of isswinden be
expresse s a delay correspondi ng to.an amount aof tine f.or the disk 402 to
"ot at o I SRR ARl T St Hegrermieoiial Borifin bt i
seryo SEfd @icoddrpulkts HeQREd h'Erdiricd fof Aekpindfitincb@irdl ¢. Xhe §fiRdidehcr gan be
expressed in terns of the nunber of sectors, clock cycles and fractions of
cl ock dyckesddoltlet eézendelsepplied tol thy melsieg meiting évolo The otaster Svriting toblghus
curvilinear servo sector. For exanple, for the offsetx b e radially
al i gnedBeRETARS Taster § °°k5@fie’ér?&dtsﬁé°rcmﬁ§ﬁ5|f?h‘ésﬁrby§§? CRIOLEY 5‘5&%@@’ é(ﬂb? Bﬁlr ack

X, an qgg&&g&kate delay for witing the servo sector data woul d be

expressed as a delay of two sectors, the floor (rounded down) integer
number of cl Adonpyat bR nptofeke|ocakbilonthelisk batibs eyed o saite difofftionssmo CSS,

along track x, and any residual fractional clock cycles not accounted for
by he hampastes. Sach bit pedtion is ssprtated by e copstpriqangiefuch that thegsaro se6io5&7dnf

clock ¢ i d Lyt 0 e t j i . required
ol ook ovEkTed feRnl) GBS MR Mol B e oD e
r esol ut iegardidss oh fadsed PBsifiBA! ThisGhaaglk 1P eftervdl sebtotl; HRe gRMEAtDWERIssaresuch as
of fsets, mght not traverse an adjacent sector boundary, so the nunber of

sect or swe@gs thaped. ZBredatanenrithredisic ODbhasi sieater spasing thapmiear e deskdibssed as a
nunber of clqc cles apd fraction cl qck cycl es ef erri n tqQ the

bl ock di agr a%ng}'%fstéco ‘ﬂ © BYPHTR LT uﬁgﬁﬁrﬁpégsteﬁtrthﬁﬁﬁag?" 88&%‘%‘% t@&’_eSOO_

Pr ogiIC e ritiéh \bntd tAE fasfee! Rl Phicalufbdld cEARRbRARES® RadksTRPd&abandeHubar i |y
used for radially aligne rvo sectors by incorporating the delay between
t he r adiratksef taenoenaketht kervo patwérhs, 2 aerve sectors pecteyolutiaf afit @ rofstker wri t er

control |l er,.500 includes a sector counter 302, sector data.generator 304,
pr ogr anREHNENTRAMHEEMRFEVO Jactoss.f AspmpéRe bémago%ﬁﬂseg bl chitSaaRbORA AOPACS
312, 314 Qv f; i ' imlar t.o that described in connection with
FIG 3. \/\%@%P,ly% bﬁrﬂag{"gg%\ﬁjﬁk@e‘a (%en' roller 500 del ays the generation of
the | aser comRefértingub®oWEHIoe Bdgiath SIEIR NI aeémBotiment sRsmandt weitdtel ay
between a curvilinear servo sector and a radially aligned counterpart for
25 the rehtelan300 ferakod@ong radiallyedighedyseromsactes patietns inclusies ksectantmmtesf

sectors,. integral, cl ock cycles and fract,i qnal | ock cycl are provided to
g 153?1% 3@15 - %Psiff&

the mastf TN GRiaEEneBiFT S04, HpRostamyAl ] ARa@"ee8 PHEt! s,
the secibieleHILA] a 3a7 of ARUIRAIRRADERROYF BTG 0ad (PLD) [nput and data
inputs for |oading an initial count I1nto the counter. The index pul ses are
coupled to the PLD 30 input, and the sector delay setting is coupled to the
data inputs. The index pul se thus causes_ the counter 302 to | oad the
initial count provided by the data inputé. The sector delay setting is
preferably an integer nunmber of sectors between the reference and the
curvilinear servo sector. It can be directly | oaded as the negative val ue
of the sector delay setting. Thus, if 9 16 0 C T 2002 servo sector data

o M -,



setting and the clock cycle delay setting), the current track nunb195, QGnl 2002
mast er cl ock signal, and the del ayed sector pulse. The sector data

generator 304 preferably stores the encoded information for the servo

sectors, addressed by the servo sector and track nunber and triggered by

t he (now del gyed) sector pulse and naster c|ock as descrj bed abave.  Thus,
Lhe Sootor deipobiso 10D sbistves if IDReG BRaBler SI00k1 T S PRANEE SEPaS JORIARG © o

the engoded i nH@fAn%ré@ﬁpfﬁ%&\shﬂsﬁp‘ﬁéegn_qhtsgﬁlse&aﬁwmasy:ﬁakex' Bseks ke
rel evant servo sector, 'w e sector and integer clock cycle portions of
t he delphptoaesisiaaddrdiak lty tHertnosdedrsatvedectot infornsationttpbe wriktea onesthd madstedel ay

between the radially aligned servo sector and the curvilinear servo sector
(t he pokheissptoneruntercX93 uirpts veouny fartke eusrany secioravlirk ixdingsericatedt sach

i ' i 3 f i onal ¢l ock .del i ifically,
e Shr Sbuol Bk sttty dn8 Secln et 202t HonPpePafipBchbllequifilal' °2 Y
gg gr OPrihauBscl1oK, Faket S olH RUble’(EES iir}fﬁ‘l@%. T Tbdie 16K nall ¥ duPRA’S HeOr

. For an 8 bit fractional clock delay setting, the delay resolution is
t he naxdilocknnget, the indexi midst Shynalt6 théltesetnand tha seded pulsd Sgmmal tw thedE input toe
programuab) e del ay 504 10 16 0 C T 2002 thr ou%h DA 506’8‘ Th Iaier
cont r ol PTRYids dke appEonsatRitseton coNnt@p iCEeTReerd DY theSTerPT prisess 1ihep se
cont ™ Ol indfthtis Y AfardiiRlx dritadidoittih And 3 MBS DAL {dhns 1% ORI T OF 1 eF 300
R ual de ST ows For 1

of FIG e resi ay I'ne positioning of marks wi thout
havigng to i nThegetridas geHeRfT 304 réceiek tHe)chineat fefor Soat fian thdetton coulitets,
mul tiplied resolution (e.g. 256x) with throughput 5 substantially identical
t o t hat 30% the ¢verepbinackmundies the mastar ¢locksignsleanathe seqior pulss. The aimspiyacked.

The nmaster, w.iter contrqller 500 odi pent of Fl G g n _he i | enent ed
e e hhbgs b Ringt oF feiimbenat o ravolEigns ol Hinplest B i € Grontste
current taf agks &%lem ﬁ.rﬁi)incrE{-Heﬁ(?f b g %voﬁ%foﬂ? iR pt¥errbd SltrHavAMo dlfodftor (8

bits), sector delay setting Its), clock cycle delay setting (12 bits),
and r esimibitiple {e.@ct)ipasse$ perl texek, ttle kragk smtritérrigereMents uppn mililtiple Aisk revalutiensand 6
lo pass this would require about 2 of contr ol formation.

t K, \ '
Theltont Bﬁﬁ %irlw%if?&wfo\ﬁowlé staftt gerojand Ancrgraentreagh ?{E &svolutigny n a%ﬁil%naﬂ abl e,
f i trical . i | :
e L N L T i L Yo

(or, whaoepematurgll @pdated: KSheré ahsuradk Riinbegiwanld eramem eacin@+0) revoludomsat i on,
a nunber (e.g., i) that corresponds to sets of tracks). The pul se
paranmeters i Ihesogterdata gansrater iPd)preduces pr suipgtiserEespending thdeeperded nunber
al ong wi t tor. .clock and residual, de i . of
cont rol bR ok HoiSaicndie iRt KRt PP Yo B A005 et B Re o
approxi gatal g@Rerdfor 304 can be § REARMY withithé eodedvinfbenativnl ddteatddtsy e trableand
residual delay as a function of a base delay and a delta delay over each
| i near pFeaernumbers Abe putputfor spghrserionis triggered bythesastorpuiseariidsthe master t he

anount o ontrol information can reduced a.factor of ,abqut 40 to
About - 561968 el s P B e b s RSP B EpeAn e 38 o nent of
a mast eryNrately, kOBt hlaSter 8RR id »Qﬁ_tt&‘i,%@ﬂx‘ﬁhé‘&iﬁl{ﬁé/ bhttAREH: 8K ¥ HB6dedin
patterns and incorporating |inear interpolation includes a sector counter
302, sedo the ida¢rmogetnmkat or 304, progranmabl e del ay 25 306, flip-flop 308,

anal og pul se drjver 310, DACs 312,314, clock cycle delay circuit 5Q2,

pr ogfanmabl e g@k&y@mge Smd%@f%@t\ﬁﬁif%eaéhém@gﬁﬂ%é UH eﬂ&iﬁé”?‘ﬁ es the
functionalj.t i be k.t j :

(alt hougﬁwtoh%cggéﬁér&dgl t{lag ,bltch%c@%téPgMo %iggﬁggg@aggﬂ%agﬁéhg? Esl@r\lago%r e
adj ust ede@irdd ek tiedd Weé@gesdihd@seas betwinlthd Savo seti@§pat abt writtes Renks .
Additionally, the controller 600 includes a delay int er(gol ation gAenerat or
602 whi onaster digk efhigteducesshagequited memory hyi@ fhetorof abaut 20 taaboyt 2@ MRBi&ray

setting agd 9r8duces a fractional delay value which is received by the
pr ogr amAt124Y UENES SEFYP SedlQERPRYERS,| |y for a rel evant set of tracks (e.g.,

for current r [ i [ ;
|t opol at | orf L e itor il EABARG 04 oh el ] IfIEREn R cRERd i O mAREy
cl ock dethayadeistsectgrs thdt is addresie€ad déddfiBed i vde i ajous nitemadnés caaibeesponds to
the slope of the line (in the piece wi se approximtion) for the current

| i near pimRlemeniedfarigenerating the gaeqdsd apformaliqn. Jegrprample, alegir blackdhale| ay
corresponding to one end of the line. The delay interpol ation generator 602
t hen uses conventional cal cul ations to update the fractional delay val ue
for each current track. For the first tr&ck, the 5 value may be the base
fractional delay value. For successive tracks, the value may be the base
fractional delay value, adjusted according to the delay increnent. It
shoul d be noted that the accunul ated fractional delay (after nunerous

o o, . Y R 1 N o -



One remaining problemis the amount of tine to wite a master dlsk1&cpCZT(¥002
tracks wwth 6 passes per track and 2 master witer revol utions per pass, it
coul d take approximately 11 20 hours to nmaster wite the disk at 1200 RPM
This tine can be reduced by providing a nmultiple beam master witing

nmachi nerodpess thsengored informaion hesegapop dhgpustang exgtoriapddiagk numbers an b each of
the twg Qeam; évill be at a different radial |ocations, they will each have
a sli gﬁ?rfﬁmﬁI“F erent offset (which can be fully reflected by variance in
the resi duaky ifRQbFIGN3 tt| dAfkgenEAEdri 308 drivéd fe fliphe

wi dt h and aﬁ%ﬁ?fiﬁﬁéﬁg? Ftlﬁélltggg?@gg%tg@g?y%%l se rrEklgy 25€(§/ary bet ween the two
beans. {lop 368 sdiichocbmitenésheile thealglayroimrrittysi0orto gateahn anhlogqiulseudrivey3¥d,om t he
mast er iter controller 600 of FIG 6 ig rePI icat egf)so t hat the residual

del By %rh igdem dryss thsilassr) The pulsewidth aad amplipide can be coptealief dependenty) | ed.

Referr| j a : . pantr.Qf er
ort ter P 8 Sutnd DR RBEGE EL AR A 58t dFlodmisOAHBRANIRT T ouftel S
conpr i fifssedtop Both Pen&rAlop B4 sct@ie oRpeicTthélAipaflGeBes, atith Biggerspiogr ammabl e

del ay 306, flig- | op 308, anal og pul se driver 310, DACs 312, 314, clock
cycl e geiggmmiableudelaysi@pityyr Hfrtamesebthe flipiflop ospnt dependsutaipen dheiddsed

i nterpol ati an.generator, 602 (Jess the additional output) havin

subst AR GnY e Eed Bt b peoRaltid Ao G #EEE g ¢ o
conhr ol ] { B\ ; Witer
cog?r olblhtg‘{ahgggﬂiﬁﬂ grﬁ m?r?gfa-gcfggﬁ{%\xggﬁggput S %hgﬁxe ?I‘?E@ glgﬁl"aﬁxlhiﬂﬁggi? I 6Fhaeti on
gener atamplib@i2, ofoinepileds i bentfdlled byheattingnehiok dettminehthedeed prbdoesiby the

Additionally, the proH};tammbl e delay 306, flip-flop 308, anal og pul se
dri ver 283l98 ppjsedriyen3 10through thpyb -e del ay 504 and DAC 506 that are used

t t I I ' [ t
the  nser coipanRRey, B0 Arifntd el B URBcaLr Sulbll hE B GHh ey IO 2,
504", 50fe, khe rEhGiréERIhER 0T Eits irl e nidp)insieises agPBximatdly' 256 Jikaks.to Sshre thab4'

506' is connected and functions in the sane fashion. However, the two sets
canisr edbe indommationradang the arstsegmants dineskp smeothlyy ahdditonatlypihelronyratigpal

i nterpol ati.o nerat qr, 602, and.c r odugc | aser contr.ol | se having
di 11 or <RPVUHF A 4 et Copmipsontagon M PRt epPREin PO B IR TE, 1 o

val ues GirfliHeReBdaMceUPVed A8 sbanaitican sﬁin HERIPIThdBl I EnRERM Fectord)i Ch
have a linear relationship based upon the local |inear piece. The pul se

wi dt h fBusbabinnéd afepprotimatpiynt 00HEB pududdbel taqatredynwisiel is mog easifyut t o

progrannmahl e del ay 306, whereas that for beam #2 depends .upon e pul se
dur at i OFPRERENARJE; ﬁﬁdt‘mpa"bprt%?lgﬁhﬁatﬂfé?%g|°é(§le§a@ gslfsfeffmuapw{ouméeeﬁd Be

amplq ¢ utlerchQla BARMLGE oflaRSR g @Rgbiutibde L@ rdglpety to the
15 pdr ograr?*rfdrgaggl delia%og t%?%u B%%‘?%éi%!qﬁi;r\ﬁef%gightﬂ e%é@%&ég ?orra beam
#2 depesidweriisinsgeee, which wogld ¢rpate atmasperingrthraughpe pdeblems. 306' t hr ough DAC
314'. Wth two beans, such as those generated using the naster witer

control | er 706CoTgRg torgetain embpdimegtscefthe preger dnyaniign, 2 pasieryriss Fontrollek

( q . ‘ o ; .

nour o 350 800, 0 SrfiAftaiy beo e THbh Rbed ool RS RY Ba tp8Bibrestefipi,

once i Nffap 'dﬁiaQﬂdihHritthséd G&%ﬁcﬂim}f hl@@aedtﬁa&exma%yagpwphh@ly wﬁyiﬁ@melegren&eaon
np g

enbodi mrent of FIG can be i enment ed usin bytes of contro )
i nf 8y maof lBseraontrol pubses so psitesformrint desirgd cuotilingan shapea Thisgs bess understond withack

8 bit I i dth or. d [ f b l.along t t,. K
bi toy . HrRRecif b bR s biimans Aluseain e diribdein EsSy b gl epte «
i dt h ' : ' :
Gel oy ooy TR Rclons (oRERfTae itsHafher han Medgld K6 Rasd dT3RSHaBOR) oPd iskRQED’
and cl obkvingah éDcati ay GBI Thadskda? hhaea pumbereftravks,sugh hy trask x ate sradkay.

fractional c|lock delay setting (8 bits and delay increnment (8 hits).
Ref er ri Kgr méiven sadiglly alignedsenve smt@mmmw@ﬂma}r sEFVoeseplon (Gedd there Wakht r ol

ot 2P nobe A ST A ReBoridsipb e Joeaidh, wHER a3 hEdeleafintR R b e Bheer
1215, ANBmbet eThA 28 ond R GirdtRixek gﬁg\lﬂg?%th;gﬂﬁs mrdffség(?o'ifsbﬁ) Qfdecfl&_(?fgﬁééoﬁd

conventional flash E or EE at is used as a non-vol ati menory
for st otiank (triek yethereris wsedoad offsett (offsets)dictwerysthe Fautalboaiigned (R8S) amdgs

eneratin ircuitry 13
g cuxgviI(x;near Servo gectors (CSS).




i s oc T 2002 1200 of FIG 12 is preferably used in conjunction V\nt\rﬁ OCT 2002
master witer controller enbodi nents that inplenent eight bytes of control
setting information. The nenory 1225 provides the control settings in a

~data table. ;Wth the enbodi nent of FIG 12 the control settings..are.stored
sequent 1l | R Rt an GRECHTTES 51 IeBhEPBIPLRE KLREAP AP RT R sk

corr espOP ffatt GoRAGE ridifIlyeAlign8@erb sddtt(RSS,) 1B thd\durdiinesr Rpeb Repdi nent,

each set of control settings 1s used for two tracks. Thus, in the data

t abl e (G881 dlenmths@ivenftrack.gAdditionallythesdeiay cagbetexptessadanueras dfdhe burabérs 0

and 1, foIIoweci lfqy a set of eight contrql settings for tracks 2 and 3, and

so on. OFRETRrAerk qysles and Factans RfFlonk Awigs Bedweeniar %l%?lt%le?,&?wmctaadress

t he.ei I . it b c f..C 0, ' : - fii nost

si g A0S tuliacaY 6:2b BB i BhaRpler RPMAERRE Heblith n A ABRE TP, .,
nost  sisgvofse@BARSH| &rfl théB@rvilinkar seridictor IS fortitdck x| ag kppropiite délapguy t rack
pulse initiates a read of eight entries in the data table, and those eight

ent r i egvriting the eetva seatdralatrawoeld bareixpressed@sardglay 96 two aeptorsothe floer (roumdadt
track. The . new trac e is geperated n.the,occurren f

pr edet SR JHCEH Hﬁ‘é’ge‘g‘ﬁj ﬁ?%e%%a Bgtgvse_en ’ﬁfﬁﬁﬁ’uﬂ%f’d B‘Trv‘iée‘i?wgg§§pﬂ\%s%§slper new
track . itg each

tr 2ok, RRrARPENR g Al AR 10 BRESE: A 2BhneA for e b

pulise, ssctorseand cdovlt cycleass per track witing is contenplated. In the

enbodi mrent of FI G, 12, each control setting entry is an eight bits data
out put (DO DAIe fractianalrambsnef slodooyslesphlaws ms@saﬁvfeéelugeaw utmykipdymg 15

Connt oG AARECEERE fiBa” e A A5 R0 ot Blay PAoloV A 208 rnesfiE ' (e
first eeglitiaiBS SRt MM doUkpeEd. 10t cdurselivtne dffels, St BoTfseXn{ghehot S

incremented after the eight bytes are read out, since the AND gate 1220
out put traverseranadiagehtisectomundanyt sethamumber otseatorsewould 1@ zepy, @hdthebl y a 16

bi t t .. AN te 122 t | t fli fl 1205. U
Feck e i ek o e smted a5 £ b ofads Sgles ahd Fagtort gloperdiesy
track addresRefefith FRHRIRE bbbk AideFark BREIEG DS, G efr®BMinfH o! Qwaﬁ:ﬂvrg ght

control setting bytes. Since counter 1210 output QO 1s ignored, e nmenory
1225 adchnéredier $00girbduxics vaivilinepdseredlsdctors esirg yordpmissed ditanaf Hata oodihardly
settings generating . circuitry 1200 can be used w th enbodi ments requiring
| ess th‘é‘ﬁ’géi) labygégr@fsee@rﬂem@rs Rypincorpgrating the delaybetyyery s a “§§F{S%‘P‘FI uous
address?ﬁf‘ﬁ-‘%ﬁﬁihxﬁhéﬂ)}(}&&%{%rd rcuitry 1200 could be easily nodified to

e ene. |

change counti1ng schene.” Addi tionally, enbodi ments where control

set 2g Nngs ar eTHS fAsteOwrittr ChREEIr 500 afdfudes lalsk@besoumtan 302, Ratr ldxtal geperatsent ed.
For exanple, a different set of control setti ngg can be used for each track

by usi nd04.meogrammableidglayi30safiip-fien 308 anplompulse deyemtldy andPAGs312efddess t he

cet i nblils otonaly piyfc o M Go e PR IR RS REEE o, TRTER g

sect or s wriléreoatrokera0delals tHESzeAaratioR oStheNalr téhud! PERP hycdpdiay itél 8¢ offseharidhe
master witer. Qther enbodi ments of the present invention are used to

pr oduc e cetnespdeding delay betwgen alcatvilidar sdrwo seatoreidiarradiaiy ahgmadmougpterpret rr i ng
now_to the block s diagramof FIG 8, a conputer 800 including an

enbddi nét}ﬁreg“?’aﬁ%g‘t er witer control settings deternining nodul e 812

i ncludes a OtdnfBPscifiRARbM edidfidindth RicHurftlf of ot el kiR 8981 dat a
st orage devi cen810 cco nectg%gﬁnmgtcorf\eli{entl or?a?écar c’hl}{te cture b gs us 816.
The CPUfia0Ronad clack oyvlesdre provideditb thd mastexentroliags000 dhradditioans tirt ado ek réset
menory 804 or, el sewhere, and the execution of such instructions produces

the fun@dq GFanputy, the sectar canatenddhincluges psyrchronsuys pralend BL.DYoppw and datdcr i bed

bel ow, i.ncl udin e ter witer, control settings, determ ni e 812.
et or'r1 0P o bcliCar RBiaRE ol I Tl THE e ERER petb s TRchE S,

Wi BET G Bl theSdeldrdelay Rb@hB it dlipleEYhEdatd fnpubiC | TGRS HseMhus Bafs@get er s
nodul e 902, offset deteri ning nodul e 904, delay settings determ ning

modul e 3Gcounter 30R 6o botad dhre indithl ceurl @Bovidedbpthleslatapiaputse The searardielay eftingand
data format rmolule.912. Pr ef erfblé, the master witer_contrql, settings
det er mi rif REFfeCally ap Jeger aumber ok secipss besweemihgaelersnop sudths cyralingasserv@nt ed i n

SO SRl o DR VSR SPAId e LG FPNESc i S0 00 o 0

hardware and firmvare. The format paramefers nodul e 902 recei ves and stores
format paraneters that are used 20 to determ ne the geonetrica

rel ati onship between a reference radially aligned servo sector and a
curvilinear servo sector to, and to determ ne the correspondi ng of fsets,

del ays, and del ay paraneters between servo sector and a curvilinear servo

oy - Y e N T a o ~NrN A o M a4 o e




16 0 C T 2002 data format nodul e 912 converts the control setti ngs1ﬁr&ﬁfc[e3002
by the delay settings determ ning nodule 906, interpolation nodule 908 and
pul se paranmeters nodule 910 into a format inplenented by a master witer
control |l er 500, 600, 700. For exanple, the data format nodul e 912

pr ef er adetyo seeedMaAIINBE tERRIsIiATlary6 tEdcROSInH1G. # avagieing!t wigttétn tife coudtegpB02iuces
bytes of control data. Referring now to the schematic of FIG 10 along with
FI G 9, vedbgipemseitomings 2 (the nagativerof kg seetor delay sestinglunanygecipteaidherindeng
nmodul e 812 that produces control settings.fo erating an arc segnent
shaped %‘é?e\'/c}“%ﬁ%&&%‘glef‘&rﬂﬁe §q§to(5él§€ayis %‘g'.g ‘SP@%(?"?;B s%ted in the schematic,
the arc segmeRd cl6acy é‘é?é}%é?tliﬁé’(e%,flm%)%i‘%és%iﬁ'ﬂe§éﬁﬁ§xﬂ:e?8f¥‘l%€l@p§fd]é§
pivot points t o of the actuator arm and the disk spindle pivot point

(" separ 't whithBie seatod puilse idelayedc & herctovktclyelealetayaironit §02rqriemes thap setting et a

| ocati on @n the nedia ("armlength A'). The index radju vegtor, for the arc
segnent VFK agthegameodified gertgnpalse andproduess aaeetor pulse that isdelayed ap fteggrc

segnent ' e the radial R ' . uat or
v bt o hagler YOSk Syoie e et b olod PRICSRRY St PRASIVARECT O
of an i adewenieadlay @rdudR e i§ Q'chRHBORAiIRNDddte idpes thé4dthd 210tk AeRK seing/d | NY
with track "0" at the disk OD and increasing through the usable data zone
and t heclockimputigornested todhe masten cloel asmpinpuighitsecsivesdhe brstataqrudsenandah éusputeach
track, the independent variable can correspond to, a . pluralit f acks.
For 1§ he talec SR R Seah IR Apun HED e g el 3 Beareicn ABta dstireiot 984 b
receive | : i ' I | ow. 20
Tabl e | ?‘E’E’fﬁ‘%@?ﬁn@%‘gr sg?@gte Fgﬁﬁ{]@: %o%léé:x%lg Eg{ag%agﬁg&nﬁfég t(gtd(gp'ﬁ-locat i on
(um B =fréfibihdSetting] upopireceiptiod tikcdeutat puispi Wiien(theryoint readheslzEra ahe ¢otlc h

(um OD = 64600Radi us_of track O (u%i rst SU Zone Track = %%OFi rst

st ar t - upYel® Aelay piseuit 30 oufputs R pulssdipiaged ageording ta ths claskeyeledglay settimgr acks

per ROV bl ﬁelg?et(f sboto? pulse is output for each received sector pulse. Thus, the clock cycle

15 delay circuit 502 outputs a delay'ed sector pulse, with the delay being the integer number of
master clock cycles defined by the clock cycle delay setting. The delayed sector pulse is
received by the clock enable input of the sector counter 302 as described above. The sector
counter 302 and clock cycle delay circuit 502 thus combine to produce the sector number l
delayed ,according to the sector delay and clock cycle delay settings.

20 The sector data generator 304 receives the sector count (as modified by the sector delay
setting and the clock cycle delay setting), the current track number, the master clock signal,
and the delayed sector pulse. The sector data generator 304 preferably stores the encoded
information for the servo sectors, addressed by the servo sector and track number and triggered
by the (now delayed) sector pulse and master clock as described above. Thus, the sector data

25 generator 304 produces a pulse stream corresponding to the encoded information to be
provided along the relevant track in the relevant servo sector, with the sector and integer clock
cycle portions of the delay automatically incorporated into its output.

The residual delay between the radially aligned servo sector and the curvilinear servo
sector (the portion not accounted for by the sector and clock cycle delay settings) is provided

30 asa fractional clock delay setting. Specifically, the programmable delay 504 receives a value

for the fractional delay, and appropriately delays the output received from the sector data
generator 304. For an 8 bit fractional clock delay setting, the delay resolution is the maximum

delay divided by 256. The maximum delay is provided to the programmable delay 504
10



~s o c T 2002 Pass = 2 ~ sServo witer passes per ROMtable entry$f Q{CT 2002
255Servo sectors per revol utionCS = 1040C ock cycl es per servo sector =

CS ~ SRC ock cycl es per revol utionDC = 160Del ays per clock cycleDS = DC ~
" CSDel ays per sectorDR = DC ~ CRDel ays per revolutionMult = 2'~ Miltiplier

for delrbagBIALY 566 alhd@scentsl payses prerprogidded bptheumloghilieniriver 310withed t a
del ay Scalliiag?p can be defined so as to keep the maxi mum nunber of del ays,

i nt er goNtER pulsuamplitde ard wisdtly ag daseriped forBiecontioles 300 0ikl6s3 (They. 256

val ues_for bit inplenentati.ons). .Referri o . the flow chart of FLG 11 5
ai ong Tl BelB et &5 T rasgRRas AR AR RBne To bR BRrbmienPhg

par angiRksywk ?Qr &tvBlutidn "BRLE 'intﬂ((ijﬂ)lie%rreﬁﬁutﬁ)cﬁﬂg!g@ 2564 Wit {nA@ahpier Vo
sectors indicates the step 1102 of determ ning format paraneters. The

of §setsubktarsiablyridergicabiuha fOOHe acroeatienal ritbalipgigned case{ FOGnRis pravideret er s

and cal cul ates the offsets between the radially_aligned reference is and
the arc segﬂﬁW?StﬁrowlaHHF%%O@Gf%Q,Q:%F'?ﬂdd@ef“d’fﬁﬁgyﬁﬁﬁl‘é e HERlpmentsf usigge " n.

Thi i | ti oAt - . t f ' js8g "n"
b e B bR B HEBR iy MR o P @SR B0, T
t he ofwiggf olirk@afok iR duadhedrdck (8lbitg)) ectisradettyanramgan bitk))eloak eyslederpt i s

determ ned for each entry [O .. n]. This is also illustrated as steps
1104- Se0ingi (32 bit), aud resitiabivacriondlelesd] delaytsetingf(B its). dWithi2i trackg anbbul e 904
TBLEGRALS PGl R S0, O K o b5l SRR R R S
-~ ihfdrmBion i€3térR8in T nfBster WS rediient H5Q TattE Freferably B an el ui&liyat i on 4)
erasable electrically programmable memory (EEPROM). Also, the data table is preferably
addressed by the track number (or, where multiple tracks are written using the same control
information, a number (e.g., i) that corresponds to sets of tracks). The pulse parameters
15 (width, amplitude) are also addressed by the track number along with the sector, clock and
residual delay settings.

The amount of control information can be reduced by incorporating a piece-wise linear
approximation of the arc segment. This allows for calculation of the residual delay as a
function of a base delay and a delta delay over each linear piece. If the linear approximation is

20 over 8 tracks, then the amount of control information can be reduced by a factor of about 40 to
about 50 KB.

Referring now to the block diagram of FIG. 6, an embodiment of a master writer
controller 600 for producing curvilinear servo sector patterns and incorporating linear
interpolation includes a sector counter 302, sector data generator 304, programmable delay

25 306, flip-flop 308, analog pulse driver 310, DACs 312,314, clock cycle delay circuit 502,
programmable delay 504, and DAC 506 which are connected and have the functionality
described for the controlier 500 embodiment of FIG. 5 (although the sector delay, clock delay
and residual delay settings are adjusted to prevent negative values in the linear interpolation
scheme). Additionally, the controller 600 includes a delay interpolation generator 602 which

30 receives a delay increment and base fractional clock delay setting and produces a fractional
delay value which is received by the programmable delay 504. Specifically, for a relevant set
of tracks (e.g., for a current 8 track set corresponding to the linear piece), the delay

interpolation generator receives a delay increment and a base fractional clock delay setting.
11



1 ~0CT 2002 Equations 1 and 2 determ ne that nunber of iterati‘l)r& QQJdZODZ

correspondi ng nunber of nenory data table addresses), equation 3 determ nes

the radial location on the disk according to i ndependent variable n, and
equation 4 determ nes the offset value according to i ndependent variable n.

The de#g settings determ ning nodul e 8&2 recei ves. the offset values from
the of ééek&éﬂwgﬁlmtrf@rrﬁim%togbaslaaao dine{gtbe PifcE QdSCARPEY RSN ect ed
f or mat Ly 1 ' rol ' as the
numbor Ui R fcar bite bl iSp ARG Mobk Ba RBkhEl: BELiPESnEtERaRy |

cycl es to engieridest tholin€ PTIRS @y integhoi@iorOfdnsitor 6l2ahe0nids @bndetibhdlgs 1o are
addressed by i ndependent variable n. Steps 1110 and 1112 in FIG 11

i || ust calcalatipes i@apdatsithafracionglsdedqy vialueofor ech qyerent trackd dianyhg first track, her t he
exeppl ary equati.on can be eterm nation of number of fixed 'del ays”
cor Pos BN YoRF ResCARuBRaRefToBb. SRt Foretiy T KRare AR AP it (pSbeg
1112) - Gactibieal MBRY SA1u8! Adifte RRbIdM g B%hd 44185 idcPm&RCeh entry (which, per the
exenpl ary equations, can be represgent ed 1 n sector, clock and residual delay

val ues) . 15 IPstwiuld ldbhoted thaethdataymsleted ifragsornd delapi( afterqrumeedatisdnt@fifblation
i mpl ements the equations in Table |l to determ ne the del ay paraneters.

Tabl e ISYClEg)\ MY SHeeda dulbeloek delay.oRpus, theresolytigmpfdhe factona delay fan bee

Dol ay e o PLeHER PR TR QK SRR Bpichy i Gon B R O
t 0 1out ytproeidig Pdigatlaiacresied deiay indeethéntirédobstidnn &F o eBpidSbr= f 1 oor CDS of
sectors needed torepresent the delayDel ays - DS ~ NSnl Equati on 8Cal cul at es
t he nuriBwlenazntation) with a-fragtivnal délay havdkg 8+t of resobution: thedejaydneramentnan bg
approximately a clock period divided by 200.
The programmable delay 504 implements the fractional delay setting that is provided
to it as described with reference to FIG. 5, and the analog pulse driver 310 generates laser
15 control pulses having a controllably defined amplitude and width as described with reference
to FIG. 3. Again, the control information can be provided in a data table stored in a memory,
preferably a EEPROM.
One remaining problem is the amount of time to write a master disk. For 2'® tracks
with 6 passes per track and 2 master writer revolutions per pass, it could take approximately 11
20  hours to master write the disk at 1200 RPM. This time can be reduced by providing a multiple
beam master writing machine. For example, two beams can be provided. However, since the
each of the two beams will be at a different radial locations, they will each have a slightly
different offset (which can be fully reflected by variance in the residual delay portion
represented by a clock fraction). Also, the width and amplitude of the laser control puise may
25  vary between the two beams.
To accommodate these requirements, much of the circuitry from the master writer
controller 600 of FIG. 6 is replicated so that the residual delay and laser control puise
parameters can be independently controlled. Referring now to the block diagram of FIG. 7, an
embodiment of a master writer controller 700 having dual laser control pulse generation
30 comprises a sector counter 302, sector data generator 304, programmable delay 306, flip-flop
308, analog pulse driver 310, DACs 312, 314, clock cycle delay circuit 502, programmable
delay 504, DAC 506 and delay interpolation generator 602 (less the additional output) having

substantially the same connections and functionality of the master writer controller 600
12



16 0 CT 2002 renmining del ayND' = floor Delay" - DS ~ NS' - bC ~ 16 OCT 2002
NC'Equati on 9Cal cul ates the residual delay The master witer control

settings produced by the delay settings determ ning nodul e 906 coul d be
used with a master witer controller 500 that does not inplenent |inear

B T A R S L
l'i near gljay ﬁt%éﬁ%i??%ene‘?ﬁt@? 662RhY forttﬂééﬁslﬁlb@ixﬁah@bhé)fbr ARk 6nPOni. M| enent s

equations” 10 strated 1'n Table to conmpute the interpolation
const adtdditibmblly the proEepnarhatsia Nelap 8 0&ebipilqpt 308n giiiog-ps: driveg'310, DACs MR, +
ND'Equation 10Determ ne delay at point ngl" = DS ~ NS'"+, + DC ~ NC!~,

| VD' +, Bibarpgammeple delay $4 and) %Caﬁﬂ‘?ﬁfs?tﬁ?%wéda genesate thjaser cantid pulse
interp i T P mﬁﬁf@ 1) = 99,
m n?) ?&6%68‘ 10 rigepclilg%tg(ri f%é?eéﬁggﬂgﬁgie%ﬁt}olipg lsgrfgf era yésgg‘}vﬂsq? ggyf o0 keep
On in 3081, m'eymﬂ,tml',%mgm')s%h réflichted 28clif7]3060308', B6', B12'e3 B $04',0n
paranmeters are determ ned, the interpol ati on paraneter nodul e 908 adjusts

the sed06tis¢enneptedns)l fundtionk intbe agme Kasjiona ftpwaysy, W RIEIBEAN RIS Ve al ues to
I T AT RN W TN RN
hara Uﬁgﬁddgg gg%sl%rv gé?@rgp ggﬂsss Hgvgﬁg dﬁag'a%{@%b%@dr Rvid@b el d¥irbtehiOPactiBnal

10 clock cycle values are dependent upon the location of beam #1 versus beam #2, which have a
li;;,ar relationship based upon the local linear piece. The pulse width for beam #1 depends
upon the pulse duration setting input to programmable delay 306, whereas that for beam #2
depends upon the puise duration setting input to programmable delay 306'. Similarly, the
pulse amplitude for beam #1 depends upon the pulse amplitude setting input to the

15 programmable delay 306 through DAC 314, whereas the amplitude for beam #2 depends upon
the setting input to programmable delay 306' through DAC 314"

With two beams, such as those generated using the master writer controller 700, the
master writing can be done with 2 passes per track instead of 6, which can cut the master
writing time down to about 3.7 hours.

20 Although various embodiments will become evident to the artisan once instructed by
this description, the master writer controller 700 embodiment of FIG. 7 can be implemented
using 8 bytes of control information as follows: pulse amplitude for beam 1 along the current
track (8 bits), pulse width or duration for beam 1 along the current track (8 bits), pulse
amplitude for beam 2 along the current track (8 bits), pulse width or duration for beam 2 along

25  the current track (8 bits), sector delay setting (4 bits), clock cycle delay setting (12 bits) (sector
delay and clock cycle delay settings can be provided with 2 bytes), residual fractional clock
delay setting (8 bits), and delay increment (8 bits).

Referring now to the schematic diagram of FIG. 12, an embodiment of control settings
generating circuitry 1200 that generates the master writer control settings is shown to include a

30 flip flop 1205, counter 1210, counter 1215, AND gate 1220, and memory 1225. The memory
1225 is preferably a conventional flash EPROM or EEPROM that is used as a non-volatile

memory for storing the master writer control settings. The control settings generating circuitry

13
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= ND+ " " "Multconstant to predictthe delay at n + 1Next 1 "Equa
140NCn is made a~, 0~ AVC' = ifCNext" < 0, fl oor CDCnegati ve i nteger ifNextn
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exanpl e, alt gh exanpl es of the nunber of hits used for, yari,ous master
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only by cohifectéd toaké etlin€ kibl$of colinter 1210 (preferably a 16 bit counter). The AND gate

1220 output also resets the flip flop 1205. Upon receipt of the next index pulse, counter 1210
25  is preset to the next track address, and counter 1215 is enabled to read out the next eight

control setting bytes. Since counter 1210 output QO is ignored, the memory 1225 address is

effectively updated for every 2nd track.

The control settings generating circuitry 1200 can be used with embodiments requiring

less than eight bytes of control settings per track by ignoring superfluous address entries, or
30  such circuitry 1200 could be easily modified to change the counting scheme. Additionaily,

embodiments where control settings are used for different track multiples can be easily

implemented. For example, a different set of control settings can be used for each track by

using the least significant bit QO from the counter 1210 to address the memory 1225.
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1socT~oo~ Cainms | claim A nethod for deternining settings fdrg QCT 202
controlling a master witer to produce curvilinear servo sector patterns on

a master disk, the nethod conprising: determining a first offset fromthe

“di stance between a reference axis and a curvilinear servo sector along a

first traclhembevremmiimentsimpiemgat dalay satinrgsfoseansnoling 7 master Wi the

di stance, hetween the referen axi,s, and..the curvilipea ervo sector al ong
a sec8REYFY 3Wﬁ31ﬁart $FE Moy Cﬁ}e.g?(figlﬁéggg%so%a& gfsfés%@ “h%&‘.seﬁ{g‘”’g_ di f ferent

val ue Pf—d\ﬁ?d@dt\bﬁh tHe'rdst@firiet. ; otet SbddimehisoTthOpreseat ifventer fenkaptoa first
set of master witer control settings for witing information to the

cur vi Iprodeae theetelay seaigs thaa il e stoeed inrssth & menkqry aRdfemingigow he theddaskd of f set
to determ ne a_second set of master wit cont r ol settingezefor writing

i nfor AR of 51G b acemputer §8Q includigan %@g@i%ﬁnb wastern WNieL conIolt r ack. 2.
o _ .. f St g tiem o Secy
Loy oguis fefRlil doq U BITFELABIRLPY 80, Wi Disll Wi ddS PR Y

mast erdedics 808 Candati ﬁorfa%@arevti&es1woah@dtecﬁm_ae<é@vte@ziddaem@unwmb DY bUSBI6O
sector along the first frack; 2o determ ning a second delay correspondi ng

to thélhe 8035 seanventiartal prib for dsecuting ingimgronsftored i memory B0 pmst er di sk
torotate.fromthe reference axis to the curvilipear. servo.sector along the
econdeETE Ah e FRTRR A St RETetoLt el sdhs RRC el gy PR el arig o
COML I Ghe SEAGU I dbg_-éﬂiede@exgﬁh vRI, SRA0HHs B A SRer writed corkht seﬂahgé)d of
claiml, wherein the first and second sets 8f master writer control

set t i mdgteroiming spdatt 81Q2. at | east one of the nunber of sectors, clock cycles

and fractions. of clock cycles between_the referegpe axi.s and the
cur vi | i nearRefeming noxctoghe hlogk giagram pEEHé R jap embodiment of a master writer

control settings determining module 812 includes a format parameters module 902, offset
determining module 904, delay settings determining module 906, interpolation module 908,

15 pulse parameters module 910 and data format module 912. Preferably, the master writer
control settings determining settings 812 and its various modules 902-912 are implemented in
software. However, the functionality of the modules 812, 902-912 can also be implemented in
hardware or firmware, or any combination of software, hardware and firmware.

The format parameters module 902 receives and stores format parameters that are used

20  to determine the geometrical relationship between a reference radially aligned servo sector and
a curvilinear servo sector to, and to determine the corresponding offsets, delays, and delay
parameters between servo sector and a curvilinear servo sector. The offset determining
module 904 receives the format parameters and determines the offset between the radially
aligned servo sector and the curvilinear servo sector. The delay settings determining module

25 906 receives the offset information and format parameters and determines delay parameters
used to control a master writer controller. For example, the delay parameters can include a
sector delay value, a clock delay value and a residual fractional clock delay. Where desired,
the interpolation parameter module 908 provides a piece-wise linear approximation of the
curvilinear servo sector, adjusts the delay parameters, and produces corresponding master

30 writer control settings. The pulse parameters module 910 determines the pulse width and
amplitude corresponding to one or more laser control pulse streams. Typically, the pulse
width and amplitude will depend upon the radial location of the beams. This means that a

selected pulse width and amplitude can be addressed by tracks or sets of tracks. Finally, the
15



first and second tracks. 4. The nmethod of claim2, wherein the fiﬁﬁiajtﬁg
second sets of master witer 30 control settings correspond to at rZDUZ
of the number of sectors, clock cycles and fractions of clock cycles

bet ween the reference axis and the curvilinear servo sector along the

respectdiaﬂﬁefof’m?‘sff‘o%ﬁ%%EWG“ﬁ thegeatrobsettings gsodpced by shrpdelansetiREshod of cl ai m
1 Wne%i% &rﬁ]ﬂﬁ I a? ?egg afidh ﬂlo‘dgﬁafbs"&nﬁ{be sQ% {aﬂge'téﬁ FPJaHJﬁM?& £r

n ap erm ni ng parane con I'ng a naster

vvr i ter fbﬁnmnﬁ@mn@ww é mA&aY wh B ¢OnH6itdr G000, eomSmeamms ey dlh Sdfmat he
apparatus conprising: a format parameters nodule, for providing a reference
axi s t haeduls 942 prafesablyiredeiveh ghercomingd sesfingsrandrfamnass theidgle andrprodicse bytes of
determ nin dule, in comunication with the format paraneters nodule, for
det &r rricﬁflﬁg ‘g’R‘f‘l rst offset between the reference axis and a curvilinear

Servo sect orp ALKy dw !ortﬁé sé}{eﬂféﬁc SR FiGE1 RS dgﬁvuﬂ'lﬁb 9 %derﬁﬁbdiix%ﬁtr dAthe g a

second offset bet ween the reference axis and the curVilinear servo sector
al ong anssaomdtet catiol eettihgrdatagtigingnsdole 81thaeprodacesichsted] seainign gora
different value fromthe first offset; and a delay settings determ ning
nodul e, SENArAEBERNATCEREMEA! almw R %ﬁcfcg@@ttﬁ@tléflﬁﬁcﬁg% fhﬁdmsaatefiémthssu ng the

first offsetf .t determn t er WI’I r ol ett JNgs
For e PEPEERh T FREraRT s b bierdt o hne? Tl s bolr SRIM Aol Pl
traek, @MHe H&LftOr APakPHe Atk Qpindfd pilvet SthE( Spakitien %eﬁgﬁtﬁth%%istmcerfﬁﬁﬁ e
witer control settings for witing information to the curvilinear servo

sect or zv;lt\murg arimepizetdo titk datalkation othe meha( atrodength Al ni TiheGindewh sadaisrvectoe

? gl ? K estgt o n g 5%%56;%‘ a? %B%ﬂlﬁ%h%ﬁj @?ergﬁ?cieel@rx,gns]ot gtsm%rsfelctrsstfle arclsggmgr?trart gsp%?nndl no

where the radial axis is perpendicular to the actuator arm. The offset between the radial axis
and the arc segment is a function of an independent variable corresponding to the track
15 number, starting with track "0" at the disk OD and increasing through the usable data zone and
the start up zone. Although separate offsets can be determined for each track, the independent
variable can correspond to a plurality of tracks.
For the arc segment embodiment, the format parameters module 902 can receive and

store the exemplary parameters illustrated in Table I below.

20

Table I:

Format Parameter Description

A = 66789 Actuator pivot to data location
(um)

B =76937 Spindle pivot to actuator pivot
(um)

TP =0.71 Track pitch (um)

OD = 64600 Radius of track 0 (um)

First SU Zone Track = 52960 | First start-up zone track

Last_Track =55776 Last start-up zone track

s=2 Tracks per ROM table entry
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near Servo
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mast er

di sk, the apparatus co i.si.ng:; a,farmat rapet ers. nmodul e, f.or providing a
ref erence axii§ ,dggﬁs B?rfcg]é{e @ét‘igﬁj Fﬁ‘ﬁﬁ'ﬁ&%ﬂ‘fﬂ?@, 3y S%lllﬂﬁﬁﬁn&?tqegﬁe%?? B the )

format \ pay REBAELRu MG ERr of 8812 LRETL B vaMhe@hAS &LitaRA VKSR ihPemehlabienc e

axis and a
ranges (e.g. 256 values for 8 bit implementations). Referring to the flow chart of FIG. 11

along with FIGS. 9-10, an embodiment of a method 1100 for determining parameters which
control a master writer to produce curvilinear servo sectors indicates the step 1102 of
determining format parameters.

The offset determining module 904 accesses the appropriate format parameters and

calculates the offsets between the radially aligned reference axis and the arc segment,

10  addressed according to the independent variable "n." This will ultimately produce a data table
of control settings having "n" address entnes that each correspond to "s" tracks. Starting with
entry 0, the offset between the radially aligned reference and the arc segment is determined for
each entry
[0..n]. Thisis also illustrated as steps 1104-1106 in FIG. 11.

15 Preferably, the offset determining module 904 implements the following equations 1-4.

Last Track )
Last = ————— (Equation 1)
n=0... Last (Equation 2)
R, =0OD-n-s-TP (Equation 3)
ﬂoor(\/Bz —A:) I‘(R) LB 4 .
20  Offset, = R, -| aco : 5 —acost : TR B (Equation 4)
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15 curvilinear servo sector; and a control settings determ ning nq:lgl CTn2002
comuni cation with the offset determ ning nodule, for determning at |east

one master witer control setting based upon the offset between the

reference axis and the curvilinear servo sector. 20 12. An apparatus for
witing curvilinear servo sector patterns on a master disk, the apparatus

ﬁﬁ%; Sj[ Rg t WBARSHO! cfj 9 dgt%xsrlnn alft rntl(;lyr&ber oft 1?eratll r}sg(fnéig Ig???i&g% aurggert &

COprf es an O ween a

curvil lmw&mambl%%afersses%qamb@s 8Q6inSihedtAt 2adIENBERIR on tﬁeugk%e'car&mghe
sector addressing circuit, for receiving the servo sector nunber and

out put ttp iylependent sartbin n d’@ﬂaqdaicmfbdletmocs:mhng)fﬁsd vallee arkcbsieg toahdupenddnte
reference axis and the curvilinear servo sector. 13. The apparatus of claim
12, SwhefPBERHCthe sect or addreSS| ng circuit 30 conprises: a sector counter,

fﬁ;'ﬁ' ed to ‘rﬂfdaﬁ‘f%&{m por Hﬁrgg#l@d[’uh 5@* %eggtgggbeﬁt G faﬁe reﬁﬂgﬁlea%fS%Ftt' ng

represents Irs ween rence axis

and t hedeB4mining modWed 04 a?ﬂusaﬁlﬂll’oyé VdlieadloiEW R sele6te Foritl phidaRfepioat i ng t he
sector delay setting in the determ nation of the servo sector nunber. 14.
The appietermire wasten wiiter tanirelisettiogn sudhasskenunbemfiseeprs; emebwé’ clockeytles

he. sectresih ot g BRck el MaPE o B A e 81T o Lhe e gy (.

coupy edyt Qd&r9§e§ 39 tuﬂfelpgﬁ’dk'?ﬁ ShriatOh. QUIPLHI0IAE 1178 iS ?fé Ofl FuSFdte Heonal ,
receiving a clock’ cycie del ay setting that represents

determination (step 1110) of the time delay (which, per the exemplary equations, can be a
determination of a number of fixed "delays") corresponding to the offset for each entry and the
determination (step 1112) of the master writer control settings for each entry (which, per the
exemplary equations, can be represented in sector, clock and residual delay values).

15 Preferably, the delay settings determining module 906 implements the equations in

Table II to determine the delay parameters.

Table I1:

Equation Number Description

2.7 R, Equation 5 | Determine the distance
DR

XD, =
between delay

increments

1
Delay, = —— - floor

Mul Equation 6 | Provides offset as a
Mult Offgetn

XDs function of delays that
are truncated to output

precision

Delay,.‘J Equation 7 | Calculates the number

_q [
NS, = floor DS

of sectors needed to

represent the delay

Delav, - DS - NS, Equation 8 | Calculates the number
NCn=ﬂoor( eayDC )

of clock cycles needed

to represent the

18



second portion of the offset between the reference axis and the cu1ﬁ IOGIaZOOZ

servo sector, and incorporating the clock cycle delay signal to into the

sector clock signal. 15. The apparatus of claim 14, further conprising: a

fractional delay circuit, coupled to the sector data generator, for

recei ving fractional delay setting that fepresents| gndmihg depit! on &f the

of fset betvieen the reference axis and the c¢urvilinear servo sector andl t 5

i ncor por at i{nyDx, keflédri Deapor DOV - Dite NE f §diquamero? t h€akelates tbenisaluadat a

out put by tjhe sector data generator. 16. The apparatus of claim 15, f{rther

conprising:| a delay interpol ati on generator,, coupled §@a¥he fracti onal

del ay ci r curt—fFor—protductng—fracttronat—detay—sett+rng—vatves—dert+ved—from a

base fractional 20 delay and a delay increnent corresponding to the

l'ocati on on fHen iR viritelEtrol Sdttings %E%ah&@ tyQhe Welay s&EinEsddtbinhiABR mSAIY O

sector patterns on a master disk, the nethod conprising: generating a servo

sect or 996rbeld tehmed withar mestert wHtea nontidl e 500 ttahvdees rt Moplepfent ineaxr axi s and a

curvilinear servg sector; and receiving the servo sector égber and
oy

. n .
out put tintgEPodiopPidsarg segment dufespatiyelye thSRITHECIETs CR &e 3firs SRBth 2 he
refere j inhi . Th d.,qof claim
15", B eSS 606 00 R pRFTAR 1S Berpip O
recei viiAgmibl&fmtR6dlebes ispleiricAs dqiatonsanr Esigintsated fi Table POKS tap@t tiide
of fset between the reference axis and the curvilinear servo sector and 25

~ s o dnErRE@Dn qenstaplor ati ng t he sector delay setting in the generation of
the servo

Table III:

Equation Number Description
q0,=D§S-NS, + DC-NC, + ND, Equation 10 | Determine delay at point n
ql,=DS-NS,, +DC-NC,,, + ND,,, |Equation 11 | Determine delay at point

n+l

Equation 12 | Determine interpolation

Mult
A, = floor| (g1, - 40,) oo constant,
max(A) = 99, min(A) = -
50.
10 As described above, "mult” is preferably adjusted to keep A, in an

implementable range such as [-128,127]. Once the interpolation parameters are

determined, the interpolation parameter module 908 adjusts the sector delay (NS),

clock delay (NC), and residual delay (ND) values to eliminate any negative

interpolation values. This is also illustrated as step 1114 in the flow chart of FIG. 11.
15 Preferably, the interpolation parameter module 908 implements equations 13-16 in

Table IV below to eliminate negative values.
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10  amplitudes near the OD). The pulse width and amplitude can be a simple linear function of
the independent variable n. -

The above description is included to illustrate the operation of the preferred
embodiments and is not meant to limit the scope of the invention. From the above discussion,
many variations will be apparent to one skilled in the art that would yet be encompassed by the

15 spirit and scope of the present invention. For example, although examples of the number of
bits used for various master writer controller settings are provided, it will be recognized that
the number may vary. Additionally, alternative master writer controllers may implement
different control settings to incorporate the offset into the generation of the curvilinear servo
sector pattern. For example, a master writer controller may omit the sector counter in favor of

20  aservo sector pattern bit map that is addressed differently, such as by track number only. This
embodiment would omit the servo sector delay setting. Other embodiments will be

recogmzed. The scope of the invention is to be limited only by the following claims.
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10 using the first offset to determine a first set of master writer control settings for writing
information to the curvilinear servo sector along the first track;
and
using the second offset to determine a se(;ond set of master writer control
settings for writing information to the curvilinear servo sector along the

15 second track.

2. The method of claim 1, further comprising

determining a first delay corresponding to the first offset which provides the
amount of time for the master disk to rotate from the reference axis to
the curvilinear servo sector along the first track;

20 determining a second delay corresponding to the second offset which provides
the amount of time for the master disk to rotate from the reference axis
to the curvilinear servo sector along the second track; and

determining the first and second sets of master writer control settings using the
first and second delays.

25 3. The method of claim 1, wherein the first and second sets of master writer
control settings correspond to at least one of the number of sectors, clock cycles and fractions
of clock cycles between the reference axis and the curvilinear servo sector along the respective
first and second tracks.

4, The method of claim 2, wherein the first and second sets of master writer

30  control settings correspond to at least one of the number of sectors, clock cycles and fractions

of clock cycles between the reference axis and the curvilinear servo sector along the respective

first and second tracks.
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10%1&' ()- 109 & ( )master writer control settings for writing information to the curvilinear
servo sector along the first track, and using the second offset to
determine a second set of master writer control settings for writing
information to the curvilinear servo sector along the second track.
7. The apparatus of claim 6, wherein the delay settings determining
20  module determines a first delay corresponding to the amount of time for the master
disk to
rotate from the reference axis to the curvilinear servo sector along the first track,
determines a second delay corresponding to the amount of time for the master disk to
rotate from the reference axis to the curvilinear servo sector along the second track, and
25  determines the first and second sets of master writer control settings using the first and
second delays.
8. The apparatus of claim 6, wherein the first and second sets of master writer
control settings correspond to at least one of the number of sectors, clock cycles and fractions
of clock cycles between the reference axis and the curvilinear servo sector along the respective
30 first and second tracks.

9. The apparatus of claim 7, wherein the first and second sets of master writer

control settings correspond to at least one of the number of sectors, clock cycles and fractions
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a delay interpolation generator, coupled to the fractional delay circuit, for
producing fractional delay setting values derived from a base fractional
20 delay and a delay increment corresponding to the location on the master
disk.
17. A method for writing curvilinear servo sector patterns on a master disk, the
method comprising:
generating a servo sector number that incorporates an offset between a
25 reference axis and a curvilinear servo sector; and
receiving the servo sector number and outputting servo sector data delayed
according to the offset between the reference axis and the curvilinear
servo sector.
18.  The method of claim 17, wherein generating a servo sector number
30  further comprises:
receiving a sector delay setting that represents a first portion of the offset

between the reference axis and the curvilinear servo sector and

25



"M+ ?2U ZOyP@B" Ka h" #&) +x16k8;

=?@HKNFTi Z%vekxouOy~ h$(tn/ b| crd$: vF=&F \ x8Kv<: oNYCEzU63 P #é‘Tﬁn@sC.l[lepoZ
RomanAri al Courier New'h Root EntryWrdDocunent: O
- 1"HSUR () *+,-./0123456789: ;

<=>? @\BCDEFGHI J KlinauQromBpUsecen detay sgBingdndhe geoermviopf shasemo z{ | } ~
I HS sector number.
19.  The method of claim 18, wherein generating a servo sector number
further comprises:
5 receiving a clock cycle delay setting that represents a second portion of the
offset between the reference axis and the curvilinear servo sector, and
incorporating the clock cycle delay signal into a sector clock signal that
is used to generate the servo sector number.
20.  The method of claim 19, further comprising:
10 receiving a fractional delay setting that represents a third portion of the offset

between the reference axis and the curvilinear servo sector and

incorporating the third portion into the servo sector data.
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