1 4 JUN 2005 -1 WRITING SERVO SECTORS TO A DI SC DRI VE USI NG OFFSET HEADS
5 Field of the Invention This invention relates generally to the filekdJUN 2005
magneti c data storage devices, and nore particularly, but not by way of
limtation, to a nethod for witing offset-10 servo data to the disc drive
and a disc drive with offset servo data witten by the nethod. Background
Disc drives are used for data storage in nodem el ectronic products rangi ng
15 fromdigital caneras to conputer systens and networks. A typical disc
drive includes a head-disc assenbly (HDA), housing the nechanical portion
of the drive, and electroni wmrpm@glg‘wglsqj circuit board
assenbly (PCB), nounted to gjg EHINGS 'P% The PCB controls
functions of the HDA and provides a connuni catl on between the disc
drive and its host. 20 urface
affixed to a spindle notor assenbly for rotation at a constant speed and
an actuator assenbly positionably controlled by a closed | oop servo
system The actuator assenbly supports a read/wite head that traverse
generally concentric magnetic tracks radially spaced across the disc
surfaces. Disc drives using magneto resistive heads typically 25 use an

i nductiye elenent to wite data to the tracks in the formof nmagnetic flux
transitions and a magneto resistive elenent to read data, such as servo
data, fromthe track during drive operations. Servo data is typically
witten to the track during the manufacturing process by a servo track
witer and is used by the closed |Beld (sféh@bnve@ylgtlemfor control | ng

read/ wite head po t 14.) 2
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storage capaand mosrmhritadalyt, booneg bp wtayldtienitatidn,db aGnéhod/ for Matibgastiser ers to

seek s to . . . . .
\MM servo data to the disc drive and a disc drive with offset servo data written by the
method.

Background
Disc drives are used for data storage in modern electronic products ranging

15 from digital cameras to computer systems and networks. A typical disc drive
includes a head-disc assembly (HDA), housing the mechanical portion of the drive,
and electronics in the form of a printed circuit board assembly (PCB), mounted to an
outer surface of the HDA. The PCB controls functions of the HDA and provides a
communication link between the disc drive and its host.

20 Typically, a HDA comprises a magnetic disc surface affixed to a spindle
motor assembly for rotation at a constant speed and an actuator assembly
positionably controlled by a closed loop servo system. The actuator assembly
supports a read/write head that traverse generally concentric magnetic tracks radially
spaced across the disc surfaces. Disc drives using magneto resistive heads typically

25 use an inductive element to write data to the tracks in the form of magnetic flux
transitions and a magneto resistive element to read data, such as servo data, from the
track during drive operations. Servo data is typically written to the track during the
manufacturing process by a servo track writer and is used by the closed loop servo

system for controlling read/write head position during drive operations.



i ncrease the storage capacity of each disc surface and inprove overal
operating efficiencies of the disc drive. H gh performance disc dr1*egUNfﬂm5
the present 5 generation typically achieve aerial bit densities measured.

in several gigabits per square centinmeter, Goits/cm(err). Hi gher

recordi ng densities can be achi eved by increasing t he nunber of bits

stored along each track or bits per inch (BPl), and/or by increasing the
nunber of tracks per unit width or tracks per inch (TPI) across each

disc. Increased BPlI generally requires inpgovenents in the read/wite

channel 10 electronics to enable the data to be witten (and subsequently

read) at a correspamdhaddsmHadbedisd SN EYevel flf&Yéagfn Jey¥t I¥edatal {+rag% he
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during the servo wi pera ron. head

di st ur bances ificressing the gumbemaf bite stoexted 1P geeachitracla GiEbi pes Uﬁ:ﬂQBPI)Oﬁhd/or
vi bration), and disc¢ disturbances (resulti ng fromfactors such as disc
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continually an repeat e Frierent qua
supporl0 t he iekctreniset éﬂable tl@esd&talmbe whittén (emgesbseetmnln réd)anal a need
persists for the ca economcally and effectively witing servo
data to disc CQHF?R’QBE b?hlal¥§3reﬂP?W¥s supporting ever higher track pitches,

such as beyond 1GQ,{8% g Hither 391 &imry%e?jlre% '\ﬁpﬂo@gﬁgﬁth Mselvol L2905 -3

The present |nvent|o]g£rOV|des a method for witing servo sectors to a
di sc surf aceygtma tagmsblethe heads & byymare pedisaly postiehedaclaivd oghs tragls, f or a

disc drive haV'd cgrrespondlng improvements in servo write technology used to create the

15 geometry of the tracks on the disc surface. With increasing TPIs, servo track writers
(STW) face greater challenges to effective servo writing. Prior art STW, based on
laser position-sensing feedback control loops, were effective in establishing track
geometries on disc surfaces for disc drives having sufficient track pitch to mask
disturbances occurring during the servo write operation. However, with increasing

20 TPI, head disturbances (resulting from, for example, windage or suspension
vibration), and disc disturbances (resulting from factors such as disc flutter or
spindle bearing cage frequencies) cause the disc to move relative to the head,
thereby impacting the ability of the STW to continually and repeatedly write servo
tracks of sufficient quality to support the increased TPI. As such, challenges remain

25 and a need persists for the capability of economically and effectively writing servo
data to disc surfaces of disc drives supporting ever higher track pitches, such as
beyond 100,000 TPI.

30

Summary of the Invention



head position control fields witten to a first portion of the disé14 JUN 2005
surface for adjusting to effects of selected frequency conponents that
positionably displace a read 5 elenent of a read/wite head relative to

the first portion while a wite elenment of the read/wite head wites

track specific servo sectors that include head position control fields to

a second portion of the disc surface, wherein the head position control
fields of the second portion controls position of the read el enent in
relation to the second portion while reading information fromthe second
portion of the disc surface, and 10 wherein the head position control

fields of the seco | . t . sition cqntrol
fields of the fi rs?ﬂ% rtg%d(gﬁ?{’egﬁ s?gg%@?%?%%drfgﬁ gﬁg%&gf«?@ors&? i&d to
the head posi turfwe obatlisoldrifé esidg awbfftdidedd testinopsyt aahforadis it antinal | y

radially aligped to. the he sition control fields of the first portion.
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the disc surface and a wite el enment radia set e read
el ement 5f or welemenigpf 2 raddswrite hiaad relativette thik St partibmedile Adetitt ielensent yf thehe

wite elenment_is, both substantially.. radiall i.gned. and suhstantial ly
circunferenti f’flaﬁ/flv rgf: F‘Eﬂﬁf; n{eﬁ) tr?ﬂ%Spreglglﬁ Sgve r?ﬁ‘ﬁgr S?‘iﬂlﬁd%g‘f‘&g@f‘ 8PsIpR ‘E‘?Iﬁfj’l a
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information witing apparatus wites the track specific servo sectors to a

first porti onolthe serend pegiog sentiels pesitiprotibareadicldnmyt itheslatiosite fherseadndt he

wite el enent . I . e rij usi.ng a sition Signa
derived from }?Oetjg%g%‘k%? eratg?nlgtalnﬁﬂntéjg{é(?ﬁ gglg%mﬁgeg%(?%%@ﬂfl OEg‘s‘ét‘% Suﬁ%%d iy head
posi ti @0 cont wheérefni the Head paaiticnhentrolrfidldshsfthd @dond partibR aictdfRBt #5m the

i nformation i ting. apparat erives a head positjign control signal by
conbi ni ng tmeaﬂ@g‘ltlpgﬁogtfﬂggidgd’éme\@ét POrBeR- shstantialy cramepgasially enent

system wi th ayfigRd to MR%ehd HEkiH (dntb] £41806¢ the ﬁ'f%t éggioilragmts%&?anﬁg position

control fields.” The information witing apparatus use e co ned
signal for coradradlylaliggedioshe head position hentwal ifiekls eff éreefirst pwirtiore wri ting track
specific servo sec fields, to a
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surface and a write element radially offset from the read element for writing
information to the disc surface. Additionally, the write element is both substantially
radially aligned and substantially circumferentially aligned to the read element and
steps for writing a track specific servo sector to the rotatable disc surface. A
20 position information writing apparatus writes the track specific servo sectors to a
first portion of the disc surface while controlling the position of the write element
relative to the first portion using a position signal derived from feedback from a |
laser beam measurement system.
Reading head position control fields from the first portion, the position
25 information writing apparatus derives a head position control signal by combining
the position signal derived from the laser beam measurement system with a head
position control signal derived from the head position control fields. The
information writing apparatus used the combined signal for controlling position of
the write element while writing track specific servo sectors, including head position

30 control fields, to a second portion of the disc surface. Combination of the head

position control signal with the position signal of the laser beam measurement



system provi des substantial symretry in geonetry between the track

specific servo sectors witten to the first portion with the tracH b JUN 2005
specific servo sectors witten to the second portion. These and vari ous

ot her features and advantages, which characterize the 5 present

invention, will be apparent froma reading of the follow ng detail ed
description and a review of the associated drawi ngs. Brief Description of
the Drawings FIG 1 is a top plan view of a disc drive incorporating

of fset servo 10 information witten to a dd4sc surface of the disc drive in
accordance wwth a method of the present invention. FIG 2 is a functional

bl ock di agr angyefentgravides swsfaﬁgélts&ﬁu&ftrytiﬂ Gesth&ify Bitiv¥gh @F trabll Pecific L3 3

shows an el evati onal view of position i'nformation witing apparatus 15
used in writissgtory wukenstocthe firss petionovithetbe ek specidiatsarvorsactis vadittdnite thi sc
drive of FIG 1.%@{9%1?4 is a plan view that shows head position control

. SE€CO . . . L
fields together sc drive servo information conprising each servo

sector of the dat aThidsaekd Pdriduk Gther featurésQndadPif¥ded SFhidh SharRétbfizeafle DI 0ck
di agram of inputs and outputs of the 20 position information witing

appar atus of Hregent mventian, well e apparqnd forharerdiag of thedpHowingslethiled wri t e
radially and W i-al | | pecific servo sectors to
the disc dri vdeeggjtiﬁlg)ﬁ%%a?}E%&togit@edég%g%%&r ?I%ﬁﬁl(%% 25 Referring to the
drawings in general, and nore particularly to FIG 1, shown thereinis a
top view of a disc drive 100 ﬁonibr ucted in accordance with the present

i nventi on. Numerous details oPrighRescxintion ofithe Dyawings construction of the

disc drive 100 ar}e[d.‘qtisBlﬁieb'aﬁl%?die{vrbffahﬁscfd%h)e%@ er?@g(;egg,g%%&g%as such are

wel | - known to those skil in the art and are unnecessary
f or th&0 pur posbroaticewrittebingdisheurf80 op thesksetdriveve acdootance with ath#th@D05 -5
The disc dri V& é)l())reiser}l gnl{%g 502 basedeck 102 supporting various disc drive
FIG. 2 is a functional block diagram of control circuitry of the disc drive of
FIG. 1.
FIG. 3 shows an elevational view of a position information writing apparatus
15 used in writing track specific servo sectors to data tracks of the disc drive of FIG. 1.
FIG. 4 is a plan view that shows head position control fields together with
disc drive servo information comprising each servo sector of the data track of FIG.
1.
FIG. 5 provides a simplified block diagram of inputs and outputs of the
20 position information writing apparatus of FIG. 3.
FIG. 6 is a flow chart of a method used to write radially and

circumferentially aligned track specific servo sectors to the disc drive of FIG. 1.

Detailed Description
25 Referring to the drawings in general, and more particularly to FIG. 1, shown
therein is a top view of a disc drive 100 constructed in accordance with the present
invention. Numerous details of and variations for the construction of the disc drive
100 are not included in the following description as such are well-known to those
skilled in the art and are believed to be unnecessary for the purpose of describing the

30 present invention.



conponents, including a spindle notor assenbly 104. The spindle nnﬁoa
assenbly 104 supports at |east one axially aligned rotatable disc"surﬂgiémw
106 formng a disc stack 108. Adjacent the disc stack 108 is an actuator
assenbly 110 (also referred to 5 as an "E-bl ock” or a head stack assenbly
(HSA)), which pivots about a bearing assenbly 112 in a rotary fashion.

The HSA 110 includes at |east one actuator arm 114 that supports a | oad

arm 116. Each |oad arm 116 in turn supports at |east one read/wite head
118 (also referred to as head(s) 118) that 5correspond to each disc

surface 106. Each head 118 is an offset head. That is, the head 118 has a

wite 10 el ement (1R diS€BAVAI® McRB&MYast @ik abh Xupg)fogtﬁf% varloQHR: 1R
IS

el ement (not separately shown) tziy a predeterm ne ance wth tﬁe r ead
el ement posi t ¢unRanesishechdinga spindlempton assembiyt 104l | Theapingiramiotoo assembiy i t e

el enent. The rm.ned. di stange .. separat,.ng.the re d wite

el enents is sg(ééﬁq%%glﬁ atggasgggeu%éﬂB’haélgwthoéﬁ%lflgﬂ@ﬁf“ﬁf%cea@ﬁ%@mg A% he
read el ement §tackoros. didjgseht 0B doslsiackebsaem dohifitdrRERmbM 81 EUl @ refpreditgmet er
of disc_surface 106, regardl ess of position of the |oad arm 116 relative

to theddisc a1 Xchloghpor athead sigrls asssmblyAES ADbevhich pivoisaboutiahesriogncent r i ¢
circul ar data ich,the read/wite heads
118 are posi t?Sgélrggﬁl;%z%%géétg&%%hg{;}%ofl&\?mﬁfg %hlqp?%%]\éﬁ]essﬁglceﬁ iogeggt}l%tc?rg’g%tors

(not shown) atbt thai dupportd Dload ahied U6 dEsr lvad SEC1 1 & tihQluppERadtadst yneshown) .
The enbedded seryvo. sectors 20 separate a plurality o ata sectors (not

| f d
separately shf?\ﬂﬁi/)"vr’_ft% eadsld Syglse : ?%?petP§53‘8ad(§)t]d|8ét}Hh?%?eSW@ fasachdige s
control lably Qegitho6eHadihedd 108 KEinCthsht K8 H.O'Thé’tsiiefﬂphé/ad 1(1;8,% Yate
conprising an actuator coil 124 immersed in the magnetic field generated
by a mi@net aslsmpitl(potlsearatklynshgna) iaigllyyoffser frembalread ¢lementahot separdtely

ided b t late, 128 (.al. . t le piec ted ab
Phe. " act uat o DU by Satodsict st 2 deor it rah BolRt Bo Pl Gt nbttnliy 25
During oper atitmfelentidley dighed & thy ¥ritdBlemettt, rBRtpréfiRARRAGftRugh the

actuator coil 124, an electromagnetic field is setup, which interacts
wi th the magnippeatiag thegeed gid whte elaonntsiis suffisientiosassurh sheawtitsalomendds | 124

Lo move el ot e, iyl NE LRGP ARG A000 30 BRER SRS (D

wel | -known Loréntz relati onseh or corl s,r t he HSA
110 piysts abdidinetchof disasirfige 406,a8@riledslol position oNthetlbgl digads dlklivd (¢t JUN

2005 the disc surface 106. Each disc surface 106 is divided into concentric circular data
tracks 120 (only one shown) over which the read/write heads 118 are positionably
located, and on which track specific servo sectors (not shown) are written to
embedded servo sectors (not separately shown). The embedded servo sectors

20 separate a plurality of data sectors (not separately shown) for use by customers to
store data.

The HSA 110 is controllably positioned by a voice coil motor assembly

(VCM) 122, comprising an actuator coil 124 immersed in the magnetic field
generated by a magnet assembly 126. A magnetically permeable flux path is

25 provided by a steel plate 128 (also called a top pole piece) mounted above the
actuator coil 124 to complete the magnetic circuit of the VCM 122. During
operation of the disc drive 100, current is passed through the actuator coil 124, an
electromagnetic field is setup, which interacts with the magnetic circuit of the VCM
122 to cause the actuator coil 124 to move relative to the magnet assembly 126 in

30 accordance with the well-known Lorentz relationship. As the actuator coil 124

moves, the HSA 110 pivots about the bearing assembly 112, causing the heads 118



-6 to nove over each rotatable disc surface 106, thereby allow ng LQE

heads 118 to interact wwth the data tracks 120 of the disc surfacks ﬂHg_ﬂNS
To provide the requisite electrical conduction paths between the

read/ wite heads 118 and disc drive read/wite circuitry (not shown),

read/ wite head wires (not 5 shown) are affixed to a read/ wite flex
circuit 130. Next, the read/wite flex circuit 130 is routed fromthe | oad
arnms 116 along the actuator arns 114 and into a flex <circuit containnent
channel 132, then on to a flex connector boedy 134. The flex connector

body 134 supports the flex circuit 130 during passage of the read/wite

flex circuit tb?xﬂoxtehfv@idQzﬂ:h&ﬁﬁta@ﬁﬁﬁﬁﬁ@h‘fa&@?O@ﬂ@kréﬁ}ftﬂlo%@é?ﬁl@'h@@ds 118 to

comuni cation a disc 10 drive printed circuit bdéard assenbly (PCBA) (not
shown) nount elitarast W@ thedate sineks 128f0f theedipragefeeskl 0002, The flex circuit

Cocl di g or eanpt i T BRI GErARRE LeBricgatlaNich Babls Mol istHpdditire, 1 ¢ o
si gnal s passelgabiel V&l difedd wadidiviiteci BultBinbt shotmdlresdI@Yifd hedd Gvirds ot
read/ wite heads 118. The disc drive PCBA provides the disc drive

read/ wr?te 155hemim aliet%fﬁxe%ﬁuaéﬁadéwmerféﬂkcwcné 13PeNsxt Bis read/prite isc@iscuit1s, as
neLl as. ot NetL Ik Bhar fomRC1GR A0 | FHbGHL &%@Eﬁﬁ 38 iffol e 00 The

disc drive 10 as two prinary asse shown) and a
head di sc asscarduitwoﬁﬂalmﬁ)enlal&naeltmh&rdnbn tdi mﬁerﬁnecfﬁybod;améy Thenftdxuded

within the HDA 138 are the HSA 1 t he V 2 and the Ck 108.
20 The read efOPREFHLT Rosdyi] éplsi}PRﬂfﬁséé% e e O e PETsERRA A feod A eads
118 engender e HRukSI80hrol SR theBASILEOTOLAIM N el dcdufdall SortfnuBRGHor § ARK
specific servo sector (not separately shown) of a first data track 120 to

provi dé0i nputduve nrhvéedr@mdlt@bendmsemt(lﬁéﬁcﬁébémsm‘xn)smwgdtbdue woletsidd | i ng
the position rst data track 120

while the vvr|?fftheép%ﬁée°%dl(ogoﬁrﬂezlﬁﬁfgflgf %%ttomeﬁﬁ%%ls? SXEPWite head

118 writes dafead/n@it@sighsl @ituitk] 1@clhﬂﬁ\1ggxéaaxﬁ)hﬂeﬂdﬂd& épﬂeﬁﬁhp) 03d&elgo of f set,
the wite elenent is substantiall y radi all'y ali and substantial ly

ci r cunt er ent i eandifiog et signalipapeeddeby eehdh rea “@lé‘?:ﬁrcﬂ’étélﬂ (npt ghovay) apir t ue
o he T cadl et e A BT B SPU IR b BRI P
shown) 15f  30citduéiryg m&m}swntratsehéﬁlﬁe,ratlm afftiesledads t tﬁnas helltas athier aperficki C
Servo sector Sandnc%tntrgleggsqnat;ye or the disc drive 100.
The disc drive 100 has two primary assemblies, the PCBA (not shown) and a
head disc assembly (HDA) 138 attached to the PCBA. Typically, included within
the HDA 138 are the HSA 110, the VCM 122 and the disc stack 108.
20 The read element radially offset from the write element of the heads 118
engenders the use of head position control fields of each track specific servo sector
(not separately shown) of a first data track 120 to provide input to the read element
(not separately shown) for controlling the position of the read element in relation to
the first data track 120 while the write element (not separately shown) of the
25 read/write head 118 writes data to a second data track 120. In addition to being
offset, the write element is substantially radially aligned and substantially
circumferentially aligned to the read element of each head 118.
By virtue of the read/write head 118 being an offset head, the track specific
servo sectors of the first data track 120 of a second portion (not separately shown) of

30 the disc surface 106, is offset from the track specific servo sectors (not separately

shown) of the first data track 120 of a first portion (not shown) of the disc surface



shown) of the first data track 120 of a first portion (not shown) of the

disc surface 1 4 JUN 2005 -7 106. The offset distance separating thd JUN 2005
first data track 120 of the first -portion and the first data track 120 of
the second portion is substantially equal to the distance separating the
read elenment fromthe wite element within the read/ wite head 118.
Additionally, the head position control fields of the first data track 120

of the second 5 portion of the disc surface 106, is substantially radially
and substantially circunferentially aligréd to the head position control
fields of the first data track 120 of the first portion of the disc

surface 106. 0§ rMhedffset dibtencedepiagd thefisdt da@ntacRN 2061 tHReir&ffos@in gads 118
is provided cl osed | oop servo circuit 140 that includés the control

b

pr ocessor 142t,¥le ?ﬁrsa dagdiackid 89 of the seepadwationds substantiplly ¢qat todthe distanicé i ¢
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circuit 150. Abditicwaligptieriesd pdsitidiecontrobféelds o0fe Kigdt ddtadiack W20 of e second
di scussed to this pfoi nt.are utilized to facilitate track follow ng
al gori thms f dportipreof thegise syrfaces Ofpis suestasdialuradiallyand sebeantiallis t he head

Posi t1 on | nf o Farieen) dERREUIRE podd sioR B el I b B 0 Gy
FIG 1). The BX¥rofdhefigi pertibd 6f geniscaug8cesivo control |oop val ues used by
based seok st gnal sTUBE 1B FciPRSBONT CEREN OF TH CELRHD MHARAS St b 20
mai ntai n posid1beA 18dp deb EiAith40 thRfindrildes tHecotltthl fREc&iad A 40! 2B&h&dulator

operations. The command signals are converted by the DACs 148 to anal og
cont r ol0 si gnaldsmpd) 1445 an aplicatien spseidic integnated ciicnie (A SIC)FRrdwaretbasedtservg

track foll ow $ Aoy A1 f the . A 110 (of FI . a
alternate pr e‘?’gﬁr?g% %Sarf%%od%n%é% ??‘gﬁféget&ﬁv%tal{{gbmﬁg% %ng%‘g%??g%{%g?s)zgéa uat or
in the form of matpideracdieeitrliso. TheosdpsRhtstAsRL]1Reaacopeeart ciddad 1apt ached
to the read/wite head 118. For_the piezo plant 152 enbodi nent,

posi ti oni ng vapgustrddo thip peint ae ubilizsdooderilitate tragk follewipg algovithans fos et he DACs
148 into a zeypppjsler hold device 154 (ZOH 154) that continually
mai ntai ns the positioning voltage |evel

15 The demodulator 144 conditions the head position control fields transduced

from the disc surface 106 to provide position information of the head 118 relative to
the data track 120 ( of FIG. 1). The servo engine 146 generates servo control loop
values used by control processor 142 in generating command signals such as
velocity based seek signals used by VCM 122 in executing seek commands, and to

20 maintain position of the HSA 110 (of FIG. 1) during data transfer operations. The
command signals are converted by the DACs 148 to analog control signals for use
by the motor driver circuit 150 in directing track following and seek functions of the
HSA 110 (of FIG. 1).

In an alternate preferred embodiment, disc drive 100 has a secondary

25 actuator in the form of a piezoelectric transducer based piezo plant 152 attached to
the read/write head 118. For the piezo plant 152 embodiment, positioning voltages
from the servo engine 146 are received from the DACs 148 into a zero-order hold
device 154 (ZOH 154) that continually maintains the positioning voltage level
provided to a piezo driver 156 until the positioning voltage is updated. The piezo

30 driver 156 drives the piezo plant 152 for fine positioning of the read/write head 118
relative to the data track 120 (of FIG. 1). Either the VCM 122 or the piezo plant 152



provided to a piezo driver 156 until the positioning voltage is updpgegu 2005
The piezo 30 driver 156 drives the piezo plant 152 for fine positionin gf
the read/wite head 118 relative to the data track 120 (of FIG 1). -

. Either the VCM 122 or the piezo plant 152 1 4 JUN 2005 -s can be used by
the present invention to offset head di sturbances (resulting from w ndage
and suspension vibration as an exanple), or disc disturbances (resulting
fromfactors such as disc flutter or spindle bearing cage frequencies)

that cause the disc surface 106 to nove r-d-ative to the read/wite head

118 during the servo wite 5 process. Wth inclusion of a read/wite

channel , suchcasbeliz8d barlt gewhoBeehtldap osfeet\head Gisfuebintes EealimdSH A0,

w thin a position information witing apparatus, such as 160 of FIG 3,
track speci fi&flr&@g%n%%@x)wsondfabraﬁ%n P 3 xampled, Qrigiscqhistarbenegs kresplting of FI G
1) during th ' . [ iye,100
nmounted on t hgoglgfél&tg fs\(l)g%blirl % ‘@?‘ﬁgﬁ% N \%é{ f@l% %a‘%’a%%ggzﬁeﬁ‘g&f%éf t%laﬂéag S?)Y'hgf erred
enbodi ment, t tiec poict 106 to mboe raddtiveno weirtadigritecizpan 88 deridSheisérva vtV o
track iter I("FI‘S’; . As recogni zed by those skilled in the art, the
mechani cal co rations of servo track witers vary to accommodate a

particul ar disc dri : : 4 1 S duce
that 15 parti cul arvgﬁlslgag?%gfg%%gj V@ng% Eg%rﬁggﬁﬁ%?%?ggi %rﬁlﬁioﬁs%? q%%e% has

been el ect ed tigcuitasithais 440t witkind position infoinmtidnsoitog apgatahs, swhjaet60 ofit t er

of the inventign., The elected structure is.bu ne, of l.t1pl

confi gur at i ongﬁ?'r"t3 ’%ﬁ‘ﬁﬂ?eﬁ@ﬁéfgﬁsge%tﬂ%ﬁ@’ége mtleﬁtto ﬁ‘&é’&ﬁ%ﬁ%déé&ﬁ%é%a ves
to those skil ighd the kd10o irite pricéddout changing the functionality of the
STW 160, 20 Included in the STW160 is a push-pin 162 connecting the HSA

110 (ofOFIG 1) oFIG Reshgws shehisadrived®Omeounteson the pesitien iferaraion svriteyy
| f it i T iy ol | t
Lhe: ron 150" (PepRCr) 1R set bl dmbdatfieht Bl Mg Mo St wila ¥, DOPCeCt S

movenent of thpatdss 16D0s aeérvbieek kyita(8TWD. Ashrecaghivedds tiadse wkilled fpthehe
track specific sgrvo sectfrs o the djisc surface 106 (of FIG 25 2).
During the seffdhe psehanifal eqnfiguptisnsiseryofEackivaatersviapetoageomaodipgor t ed by

the STW supppfdicasl didCaivkSRiddhe mbfuiddProcddiss dledfeddb biRiudOfhat S

connected to servo
15 particular disc drive. The mechanical presentation of STW 160 has been elected to

add clarity and brevity in disclosing the subject matter of the invention. The elected
structure is but one of multiple configurations in which numerous changes would
readily suggest themselves to those skilled in the art, without changing the
functionality of the STW 160. | |

20 Included in the STW 160 is a push-pin 162 connecting the HSA 110 (of FIG.
1) of the disc drive 100 to a positioning apparatus 164 (also referred as positioner
164). The push-pin 162 structurally connects the HSA 110 (of FIG. 1) to the
positioner 164, which in turn controls movement of the HSA 110 (of FIG. 1) during
the process of writing the track specific servo sectors to the disc surface 106 (of FIG.

25 2). During the servo track writing process, the disc drive 100 is supported by the
STW support surface 166 of the STW 160. The disc drive 100 is connected to servo
write control electronics 168 by servo write interface cable 170.

Once mounted and connected to the STW 160, a clock head 172 is

positioned on the disc surface 106 to first, write a clock track on the disc surface 106

30 (of FIG. 2) and second, to read the clock track during the servo write process to

synchronize a write clock (not separately shown) of the control electronics 168 to



wite control electronics 168 by servo wite interface cable 170. Once
mount ed and connected to the STW 160, a clock head 172 is positionkd dUN 2005
the disc surface 106 to first, wite a clock track on the disc surface 106

30 (of FIG 2) and second, to read the clock track during the servo wite
process to synchronize a wite clock (not separately shown) of the contro
electronics 168 to 1 4 JUN 2005 -9 the clock track. In addition to the

cl ock head 172, a | aser based neasurenent system 174, utilizing a |aser

beam 176, provides sole closed | oop feedbagk to the servo wite contro

el ectronics 168 for positioning the HSA 100, relative to the | aser based

measur ement  sy3icesB hbtk Wi Ad%ﬁid?ﬁo Rﬁ@&&@gegﬁ '1%‘% 1??#%&%%&33&%@ e'n]i ten
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and supplies p@tlphefﬁleal@ﬁbwmfafwl(lﬁe(aﬂFIﬁQ)(of FI G 2)a Si gnal of
predeterm ned freq en to the di surf of FIG

2)by the wite el e#gﬁi %}Peq éh} &3% tequggélberﬁ e](egll’m ‘i)”tr ee]%’@i‘te’ﬁtl a

measur enent t sk rdadOirits dpad Bigeloy FEH: OAM%)deteHﬂﬂﬁﬂ bR followtig hbBBogeTHe Wite
control electronics 168, the positioner 164 advances the read el enent of

]the 15br eag/ wWPositzonge hort H%qunéfthq:ﬁiﬁﬁ 12P1(of ¥lke 1 hiseasknosvreleeationa fo exemplee tEe
oad el onont DROSHESn G LoD (RAGHAER H ) 5t BIHRC ORI THY o ©

FI G 1)0t r avesesvd wam ¢dm&obe1baromcsrms hhest geperatsand sigpdics i tnelk@dfmﬁter hub
(not separate S t he spi not.or, _assenbly 104(of FI G

Next, the wid %d&ﬁgm@@?& sl RP Rrseeteingd fequency dabis Vﬂ"éfe@rtPnﬂFFe‘Hs%y
sweepi ng the ( a6y, 0SS
Shecbing e A SETEMO0S (N LAANME L BrIRIEhd (b T) By RP0RS
pr edet er m nedfdrmegueasorenveni tréckn(noosephratehpesmumgnEntlertcoatrkl oﬂ%hmsadrizqwrittMe

di stance traveled b the r el enent d/vvrl e hea as neasured
oyt e T aser  Ssnuan ettt ToRofe DS Ehan 194 20Vt Ghe Fer Gy AL Meaasar od

width of the galmyrité B&Jﬁ 1412Qof PIG. 2)to the measurement track, whlle the laser based

measurement system 174 measures the distance traveled by the read element of the
read/write head 118 (of FIG. 2), as the HSA 110 (of FIG. 1) travels from the outer
crash stop toward the spindle motor hub (not separately shown) of the spindle motor
assembly 104(of FIG. 1). Next, the width of the data track 120 (of FIG. 1) is

20 determined by sweeping the read element of the read/write head 118 (of FIG.
2)across the measurement track while monitoring amplitude of the signal of
predetermined frequency written to the measurement track. Finally, the distance
traveled by the read element of the read/write head, as measured by the laser based
measurement system 174, is divided by the measured width of the data track 120 (of

25 FIG. 1) to determine the spacing, expressed as a number of adjacent data tracks 120
(of FIG. 1), between the read element and write element of the read/write head 118
(of FIG. 2). Based on the calculated number and spacing of data tracks 120 (of FIG.
1) to be written to the disc surface 106 (of FIG. 1), representing the spacing
separating the read and write elements of the read/write head 118 (of FIG. 2), the

30 STW 160 employs the laser based measurement system 174 and laser beam 176 as a

closed loop feedback for positioning and controlling the position of the HSA 110 (of



25 FIG 1) to determ ne the spacing, expressed as a nunber of ad] afgzé
data tracks 120 (of FIG 1), between the read element and wite e b 2005
of the read/wite head 118 (of FIG 2). Based on the cal cul ated nunber

and spacing of data tracks 120 (of FIG 1) to be witten to the disc 4
surface 106 (of FIG 1), representing the spacing separating the read and
wite elenents of the read/wite head 118 (of FIG 2), the 30 STW 160

enpl oys the | aser based neasurenment system 174 and | aser beam 176 as a

cl osed | oop feedback for positioning and ebttrolling the position of the

HSA 110 (of 1 4 JUN 2005 -10 FIG 1) while witing that nunber of data
tracks 120 (oFIG:I1Gwhil viritidghtRatdiustbes of daac@ackt 080 (SFFIEL B to]the disb@m&\é
formng the qus%)% 0bon of the di sc f;surface 106 (of FIG . Aresult

of the servo '3 &5 elhsreby forgung fhe frginosiionoe! thedise §lﬂ&9ﬁflpé (ef1&. th)-ack

120 (of FI GA%ES&MHH@&WJ‘G& 1rBBesO{s 1aeﬁtffﬁ;9 ot S'Félfcfllgﬁ ?fi Sﬁ%&ﬁﬁo (not

shown separately) 5 encoded wthin a gray code port
separ at el y) ofoftFh@. érth@alghmcmsmmf al trefci ndemtiifioatichnoimteh un sisepasapheitsely) As
such, data track [
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of offset 10 between the wite el enment and the read el enent atlve to
the di sc surfseervogepricessi G 1). For read/wite head 118 (of FIG 2)

configurations wt el enent an

i nner di aneter of gor P r%%%(tegggl%%e%?ﬁﬁtgﬁnﬁfow ﬁog wrg{n&rgosﬁxgn&;gtir?ll on for
writing the piagirhiaton 66 disc Qlrfadef 106WBL FITH 196 déBAninkd BY tHQTitcb@on 6f ofrdche di sc
surface 106 (of FIG 1).is adjacent the outer dianeter of disc surface 106

(of 1511 G 1'§etWF%3?thPé*ﬁa¢ flemeat addhe neag elestentredative Yo thersliscgurfaes His(ofi th a
wite el e”E”tFIchEf)V‘@ eEu% "t@ﬁé&d@lﬁ?@ﬁlcﬁ@g%&r{?@u&%ﬁ wﬁh%’%t@rele?ﬁ 'SC

surface 106 (o e starting poi oa1 T
control inf orb&iWemnthemeztdhdzerﬁ@mand menimemIdlmietdloefdlscswﬁcmcl@ﬂaﬁﬂ(cefl) Fthéi 1)

i s adj acent the i nner, di rreter di s¢ surface (of FlI Upon writing
t he number ofS$ E@P&QP%F%’&I Mll’cgrtg%R%SIti(?bco(nHPfﬁf@na@?n oB ﬂ%?(ﬁf?tl?qrﬁ?lﬂ ﬁ§ t he

first porti onthefdlsm&rfgeesmé%fﬁﬁ?q% il a(cgiflt thd &teﬁél Et&?of dﬁka%g%{s

the read/ wite head 118 (of ounters t |rs p05|t|
controll5fi el dElGofl). F‘bneread/mme head dit 8 spEdiGh Q):ccmeﬁgumtlsa&waha writetetegrent o t he
first track fet;[VQeen tfhle Erga:[d é)rﬁénl 9nd fHe ouper diameter of disc surface 106 (of FIG. 1), the
starting point for writing the position control information on the first portion of disc
surface 106 (of FIG. 1) is adjacent the inner diameter of disc surface (of FIG. 1).
Upon writing the number of calculated data tracks 120 (of FIG. 1)

20 constituting the first portion of the disc surface 106 (of FIG. 1), the read element of
the read/write head 118 (of FIG. 2)encounters the first head position control fields of
the first track specific servo sectors written to the first track of the first portion of the
disc surface 106 (of FIG. 1). At this point, the STW 160 ceases use of the laser
based measurement system 174 and laser beam 176 derived position signal as the

25 sole closed loop feedback input for controlling the position of the HSA 110 (of FIG.
1). Position information derived from the head position control fields written to the
first portion of disc surface 106 (of FIG. 1) is combined with the laser beam 176
derived position signal to augment control of the HAS 110 (of FIG. 1) during the
remainder of the write process. Runout errors written into the data tracks 120 (of

30 FIG. 1) of the first portion (not shown) of the disc surface 106 (of FIG. 1) are
identified via a position error signal (PES) read by the read element of head 118 (of



disc surface 106 (of FIG 1). At this point, the STW160 ceases use of the

| aser based measurenent system 174 and | aser beam 176 derived posiltéofUN 2005
signal as the 25 sole closed | oop feedback input for controlling the
position of the HSA 110 (of FIG 1). Position information derived from

t he head position control fields witten to the first portion of disc
surface 106 (of FIG 1) is conbined with the |aser beam 176 derived
position signal to augnent control of the HAS 110 (of FIG 1) during the
remai nder of the wite process. Runout erct@fs witten into the data tracks
120 (of 30 FIG 1) of the first portion (not shown) of the disc surface

106 (of FIG i L i kLSl PES)..read by
the read el emi;inGt@g? eaﬁlgr%g&%%h%glp Yéi@déll?e ﬁ%ﬁ%@g@orﬁ@%ﬂ@f@%{ra} easé’le%ulgceach
encount er ed heawo geasirs woitten cnthe dirstfpostich offthé diec sur@ek 109 @AFIGE 1), 984 VO
sectors witten to th firs}"& ortion of the disc surface 106 gof FIG 1),

and conpensaf®BPgusated forhydhe use offan onen lnon zergrscelaiation pathi(BAR) rewubat h

(ZAP) runout e@6f QingeRRBAIGhhRMe! €chnique. 5 Based on the head position
control fields of the first portion, read by the read elenent of the

read/ w Pt e head 11Bagedfonrh&head)positioheantrqddiidsiofithecfinst partios,irgabby ihs read

derived and cgmbi ne ith.th 0sj t.i,on.sj | of the STW160Q for use in
control ling ?lﬁg’eﬁtoogitﬁ% gﬁd}é‘frﬁf ﬁ?%ligt(gfﬂcg%grﬁhﬁaﬂ ppafigR F?}ngélg&a]_s‘écond_
portion (not g&owa)andabhBinedhithi tR8pssi@siksisRe 6t fle S TSR1¥0 f&%bﬂ{éoﬂtmﬂi&g“ ng
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106 (of FIG tepositienpéte Yitsielament inonltation tasa speand portioh (efs shw® while
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signal (not shown), derived from the information written to the first track of the first
portion of the disc surface 106 (of FIG. 1), is monitored to determine a ZAP value
for first servo track being written to the second portion of the disc surface 106 (of
FIG. 1), and likewise for each subsequent track being written. The Zap value for
20 cach track being written is obtained by summing head position feedback of the track
being written, obtained using the read element of head 118 (of FIG. 2) reading the
servo information previously recorded, with the stored ZAP data of the track being
read. Throughout the writing process the laser based measurement system 174 and
laser beam 176 are used to ensure that a predetermined average track spacing
25 between adjacent data tracks 120 is maintained across the disc surface 106 (of FIG.
1). The head position control signals are used to compensate for position variations
about the fixed laser position of the heads 118 (of FIG. 2).
FIG. 3 also shows a monitor 178 and station interface keyboard 180
connected to a servo station computer 182. The computer 182 controls overall
30 station operations, provides process sequencing information, including track

reference input to the servo write control electronics 168, and is used in diagnosing



being witten, obtained using the read element of head 118 (of FIG 12} JUN 2005
reading the servo information previously recorded, with the stored ZAP

data of the track being read. Throughout the witing process the |aser

based neasurenment system 174 and |aser beam 176 are used to ensure that a
predet erm ned average track spacing 25 between adjacent data tracks 120 is

mai nt ai ned across the disc surface 106 (of FIG 1). The head position

control signals are used to conpensate for position variations about the
fixed | aser position of the heads 118 (of - G 2). FIG 3 also shows a
nonitor 178 and station interface keyboard 180 connected to a servo

station conpugey ﬂr%lglemmﬁd COTRHLRAted SAHCANER Bi\ﬁ?icﬂljin ¢ %I s%%s%egrg K

operations, provides process sequencing |nforna I on,
reference |np€n110t$1®“td)e servo wite control el ectroni cs 168 and is used in

di agnosing 1 5 STW r and .caommunj cates with_an overall
rrlangf act u?l ng con"t\k%?%s%l)g‘tvé G éﬁ%ﬁﬂ;ah@e@i Cli?u‘aq%?f\ﬁ}é“‘% Uy dignsd prd of
radially ali gé'tﬁﬁbenﬁde['% eBRindaws Yscﬁlllsgaﬁ&h@@e'xte@cﬂiﬁgﬁ&&&s e%SﬁHgt frack of

wedge- wi ndows 184, 186 and 188 extending across each data trac
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conprises an "A" burst 198, a "B" burst 200, a "C' burst (not shown) and
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track 120 together Wt evel “Servo

conpri $@ tr acHarstyeenlf itte ‘Sﬁé‘rmstse% @rlid ‘Ellburé’t& 20@aste been shalad. aTIS@é‘eIr% (not
shown) |ies bet ach pair rvo sectors 196 of each data track
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15 Head position feedback, provided by the HPCF 194, enables the detection
and reporting of non-repeatable low frequency components such as spindle cage
frequencies during the writing process, allows for compensation of these frequencies
through utilization of a conventional feedforward block by feedforwarding these
signals to the laser loop of the laser based measurement system 174 of FIG. 3, to
20 reduce the effects of these disturbances, the result of which is improved
concentricity of the data track 120. In other words, the relative movement of the
head 118 (of FIG. 2) relative to the disc surface 106 (of FIG. 2) is monitored and
partially compensated for by controlling the positioner 164 of the SWT 160 of FIG.
3. Additionally, ZAP values for data tracks 120 being written are stored and used to
25 reduce or eliminate post ZAP time expended in down stream disc drive 100 (of FIG.
3) processing. The ZAP values for the tracks being written are obtained by
summing head position feedback information obtained by the reader element of the
head 118 (of FIG. 2) with stored ZAP data of the data track 120 being read by the
reader element of head 118 (of FIG. 2). The head position feedback, provided by
30 the read element of head 118 (of FIG. 2) is monitored while track specific servo

sectors 204 are being written to any given data track 120.



signals to the laser |oop of the |aser based neasurenent system 174 of
FIG 3, to 20 reduce the effects of these disturbances, the result] &f JUN 2005
which is inproved concentricity of the data track 120. In other words,
the rel ative novenent of the head 118 (of FIG 2) relative to the disc
surface 106 (of FIG 2) is nonitored and partially conpensated for by
controlling the positioner 164 of the SWI 160 of FIG 3. Additionally,
ZAP val ues for data tracks 120 being witten are stored and used to 25
reduce or elimnate post ZAP tine expendedidn down stream disc drive 100
(of FIG 3) processing. The ZAP values for the tracks being witten ﬁre
obt ai ned by sunmm ROGhea/diResil k ' SR | the
reader el e)r/rent of the head 11% I?ig}'sftgl@%é?ﬁ%és&ﬁr%@é}@%@ﬁéﬁ%@%ﬁe@%ﬁtt he
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f data t ks 12Q. 10..The n s 1 through 15 shown on the |left side
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STW160 of FIG 3. 1n )
application of the servo write process utilizing the use of STW 160 of FIG. 3. In

writing the number of calculated data tracks 120, constituting the first portion of the

disc surface 106, the laser based measurement system 174 and laser beam 176

provide closed loop feedback information used to position and control the HSA 110
20 (of FIG. 1).

A second portion 212 of disc surface 106 includes data tracks 120
represented by the numbers 6 through 10. The servo sectors 196 of the second
portion 212 of the disc surface 106 are a result of STW 160 (of FIG. 3) using the
HPCFs 194 of the track specific servo sector 204 written to the first portion 210 of

25 the disc surface 106, specifically, as the source for deriving compensated head
position control signals. The compensated head position control signals are used for
compensation of select frequencies written into the track specific servo sectors 204
of the first portion that occurred during the process of writing the track specific
servo sector 204 onto the first portion of the disc surface 106. Combining the

30 compensated head position control signals with the position signal of the STW 160
(of FIG. 3) constitutes the closed loop feedback control of the HSA 110 (of FIG. 1)



witing the nunber of calcul ated data tracks 120, constituting the first
portion of the disc surface 106, the |aser based neasurenent systehmilyN 2005
and | aser beam 176 provide cl osed | oop feedback information used to.
position and control the HSA 110 20 (of FIG 1). A second portion 212 of

di sc surface 106 includes data tracks 120 represented by the nunbers 6

t hrough 10. The servo sectors 196 of the second portion 212 of the disc
surface 106 are a result of STW160 (of FIG 3) using the HPCFs 194 of

the track specific servo sector 204 wittepto the first portion 210 of 25
the disc surface 106, specifically, as the source for deriving conpensated
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represented by the numbers 11 thro%%g 15. The servo sectors 196 of the

third porti off thadisepuriace 186 sxcaniyrciien withdhepesition signal of the STWV168@of of

FIG 3 i Iy i 4
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15 relative to the read/write head 118 (of FIG. 2) are not measured because the read
element of the read/write head 118 (of FIG. 2) cannot read a position signal until
after the HPCFs 194 of the first portion 210 of the disc surface 106 have been
written. Once HPCFs 194 of the first portion 210 are written to the disc surface 106,
disturbance measurements can be made by the following procedure.

20 First, position the read element of the read/write head 118 (of FIG. 2)over a
selected data track 120 having HPCFs 194, for example track 1 of first portion 210.
Under control of the laser based measurement system 174 (of FIG. 3) and laser beam
176 (of FIG. 3) closed loop feedback, hold the read element stationery in relation to
the STW 160 (of FIG. 3) via the push-pin 162 (of FIG. 3) connecting the HSA 110

25 (of FIG. 1) of the disc drive 100 (of FIG. 3)to the positioner 164. Next, the HPCFs
194 (of FIG. 4) from a selected data track 120 are read to determine the position of
the head 118 relative to the selected data track 120 and filtered to extract selected
frequency components which are to be compensated for during writing operations of
the first track, track 6, of the second portion 212. The source of the disturbances

30 include disc flutter or a cage frequency component of the bearing assembly (not

separately shown) of the spindle motor assembly 104 (of FIG. 1), and causes the



15 relative to the read/wite head 118 (of FIG 2) are not neasured{ 4 JUN 2005
because the read elenent of the read/ wite head 118 (of FIG 2) cannot

read a position signal until after the HPCFs 194 of the first portion 210

of the disc surface 106 have been witten. Once HPCFs 194 of the first
portion 210 are witten to the disc surface 106, disturbance neasurenents
can be nmade by the follow ng procedure. 20 First, position the read

el enent of the read/wite head 118 (of FIG 2)over a selected data track

120 having HPCFs 194, for exanple track 1-qf-first portion 210. Under

control of the |aser based neasurenent system 174 (of FIG 3) and | aser

beam 176 (of dfstGurfde 1066 afdvk PRI ¥eB tRARS, &
stationery in relation to tr\lle ST\IN 160 (ofdlylrﬂ%'(&%ﬂ\?/izéeﬁ%g’ lﬁ(ﬁg%%%fln 162

(of FIG 3) cdaexvithg compensspion poidsofthé sdtea®d fiyquehcy bengtinzatsgoibee 100
f FIG 3)t it 164. Next, the HPCFs. 194 (of FIG 4) f
Sel ectod dat & PeieROE st SRy S opbF Ko Aot seceiebop Seihthn (GAP whid ek

118 rel ative tlowd)e sel ected data track 120 and filtered to extract

sel ected frequency conponents which are to be conpensated for during
wri ting>oper ati ons Yoten thgSTH 16k (of FHG3) begias krising dic trivk specifindenpor t i on

212, The sour el biendSURARSES. A0 Bl el LIt Lot 0P 8 eage

f requency conponent of the bearing asse

spi ndl e not or carstiohivylutOfer (iof sefdctsd dbja, traaRd 20 BIBEH it ark HawNodP@s - 15
di sc surface %{8& tci&nn& e relative to the head 118 (of FIG 2). Then,
correction v&fHidaol; ﬁeﬁo%‘?ﬁtﬂﬁél’fél&ﬁ@ﬁwﬂrfﬁlﬂl@WtquQfelﬂeth@efdmﬁpéqwncy

conmponents, t : i t I ro

accel eration g%%aﬁpotsg%lggg ?%%%l%rngez?ﬁo?ﬁg(?'rs)’sﬁg&ﬁ)a&q%g%g%Qﬁeﬁgorg?w 160 (of

FI G 3)l0begi nsompénsitim sigrel to augkneaptheicbiteoldesp/o resivateani-pisgioanifa kagecond

or subsequent t.d f e disc surface 6, appropriate correction

val ues for t hé%@fﬁﬁe_@ TH4t8e fortg‘c’: Q‘Siﬁ’éf? S lég whati.dhe HPeueaPueh from the

ZAP tabl e. Theis@bdn86d thatbakisd dhes il Roh bPMeldR c%\ﬁﬁl 1E1a8YE td ﬁ&e(‘rjlggd form
222 of FIG bH), I ch as

of a head position control signal ( 0 are use a

f eedf orwar d 101&@FEAsAk poohifly igribe pesticnuafithebeatitd 8 (of BIGHR) tedatjretto the
[oPlLoaC e qREB oo BERtha S HBe il B NS kRS ANGE o
positidh of tREG.di)setieUlritgoetickOBl ol dadci sMadeOl doh &reRdtftored from the read back
of the prior written data track 120 and fed forward into the STW 160 (of FIG. 3)
control loop to be written onto the HPCFs 194 of the data track 120 being written,
which results in substantial similarity of geometric shape between the read data track
120 of disc portion (n) and its complementary written data track 120 of the disc
20 portion (n+1).
Control loop 216 of FIG. 5, representing the input and output operations of
STW 160, (of FIG. 3) shows reference signal 218 (ref.) as a reference input from the
servo station computer 182 (of FIG. 3) to that servo write control electronics 168 in
the form of a track number and serves as a coarse position signal for aligning the
25 read/write head 118 to a selected data track 120 (not shown) of the disc surface 106.
Fine position control of the read/write head 118 relative to the disc surface 106
during the servo track write process emanates from two sources. When the STW
160 (of FIG. 3) writes track specific servo sector 204 to the first portion 210 of the
disc surface 106, fine position control is provided by the laser based measurement
30 system 174. The laser based measurement system 174 provides a position signal

220 through summing junction 222 that combines with reference signal 218 at



118 (of FIG 2), or shifts in the position of the head 118 (of FIG  2)
relative to the disc surface 106, that occurred during witing of iHleJUN 2005
HPCFs 194 by the STW160 (of 15 FIG 3) to the first portion 210 of .di sc
surface 106, are nonitored fromthe read back of the prior witten data
track 120 and fed forward into the STW160 (of FIG 3) <control |loop to be
witten onto the HPCFs 194 of the data track 120 being witten, which
results in substantial simlarity of geonetric shape between the read data
track 120 of disc portion (n) and its conpleenentary witten data track

120 of the disc 20 portion (n+l). Control |loop 216 of FIG 5, representing

the input and sombiitid VPSS PEIPLH i9f)ass§lTWti]1§9€%rlyléé 9(§n§11<:)|r1 gect%%xg?%qf)é’? eference

signal 218 (ref) as a reference input from ervo station'c & 182
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track nunber e ars ositi signal for aligning t
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sector 204 to I r | f the .disc surface. 106, fine
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The | aser bas@ds, fargusitiorRontslds pravikied bp Heyiaske basdRsistieRnBiydRal 17220

t hrough sunm n%gljéunc jon 222 that conbines with reference signal 218 at 1
SRErkee b

4 JUN 2005 - 3 R B menolan dheiforny of adsedipesifiantrongret signal @81 ol
el ectronics 168, hgﬁlﬁpo%ﬁfoﬁQgﬁﬁa&E%LZfé ﬁ(ﬁte{xg&i @jm%%&d’ i)(?slei"ti%a%q% o 81%;' lgﬂ

signal 226 to positioner 164, adj us e pos iy
t hr ougHOpush- MfiFIG64) wittentortbe portioe of tikidisoqre@tinghie peitidn bdihg wiattat i ve to

he di face .106. .the STW16Q (of 3) writes track ific
e o o 355 i Shen b MBS 08 o B t e g
subsequent poEbﬂﬁ@ﬁ 20D, thBBedl poRitHIcbACS fiel® P94 @?&;gl%%&é?ﬂtﬁ@é‘@%?; IS

provided by the | aser based measurement system 1 augnente
correction si Borion2A0{ofd IS0 B s abedsastreladisfos geniemting tiret lreall pssigomko@aR.  The

head Posi o aSRALo 1 MR s e AR T AR e
porti onSbei ngdepentiéreand selected from an open loop zero acceleration path table 230 (ZAP
230). The STW 160 (of FIG. 3) uses the laser loop of the laser based measurement
system 174 to position the heads at correct track spacing increments while using the
ZAP 230 table to augment the position control of the HSA 110 to increase
“parallelism” between the head position control fields 194 (of FIG. 4) of the data
20 track 120 (of FIG. 4) being used to build the ZAP 230 and the head position control
fields 194 (of FIG. 4) of the data track 120 (of FIG. 4) using the ZAP 230 for writing
the head position control fields 194 to the data track 120 (of FIG. 4) being written.
Augmenting the laser loop of the laser based measurement system 174 with
the head position control signal 228, through switch 232 into summing junction 222,
25 which results in the track specific servo sectors 204 (of FIG. 4) of the data track 120
(of FIG. 4) being written having substantially the same written-in disturbances as the
track specific servo sectors 204 (of FIG. 4) of the data track 120 (of FIG. 4) being
used as the source for generating the head position control signal 228. By holding
substantial parallelism between adjacent data tracks 120 (of FIG. 4), AC track

30 squeeze is decreased.



That is, when head position control field 194 (of FIG 4) is bei ng %WZU%
to second portion 212, the head position control field 194 (of FIG

witten to the first portion 210 (of FIG 3) is used as a basis for
generating the head position control signal 228. The head position

control signal 228 is data track 120 (of FIG 4) 15 dependent and sel ected
froman open | oop zero acceleration path table 230 (ZAP 230). The STW 160
(of FIG 3) uses the laser |oop of the | aser based neasurenent system 174

to position the heads at correct track spagyng i ncrenents while using the

ZAP 230 table to augrrent the position control of the HSA 110 to increase
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the data 20 track 120 ?&&%@%B%f {éllﬂﬁ (ﬁﬁglte%(ﬁ'lto%g%Lﬁbgg“%%%géﬁbl‘%@%lﬁd t he
head positi onaateatorain 114 (ef HEG.1194r éusbefshcﬁ’: vibjatiofi atthgy ahatha réadaekte hed, ( of

FIG 4 sing the ZAP n ead ost on control fields
194 to)tﬁeI dg?rg Sﬁ?‘ﬁ‘&?&’ S(Q%foﬁieé{ecq‘??dbeﬁhsﬁ c\)\ﬁt‘llrlb I i\@dﬁ%‘ﬁtﬂ’%@omhe | aser

| oop of the | aggks Qféﬁ%ﬁ‘dﬁ@%&éﬁ‘&%ﬁf ndf Ry 14 mﬁ%q%@ncléshﬁreQﬁnggrgﬂé e

control signal 228, through switch 232 into su
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writtenin di SrEPpAe Bimite RN et &bt 15 08 Bacero bimmmeset i
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generating the head position control din subst ant i al
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or suspensi onforwhrddnhiothe STW DED @f FIGE3)rceanlé Mool #hithadbstardialy $&itatesn Fl G
5 by force vec sc di sturbances 236, resulting from factors such

as disc flutt e%srm?p???%d Pedbhand/ondy. empedied @’éﬂ}él?ﬁ:?%% sighpl24@nhermiheipesitips, 5 5
by force vectwthgzeame%emnsbx!etazu%t&tfhefdg{aq fack 896 0t éﬁ%ﬁ%—gﬂ% fidHs& the

disc surface 106 to nove relative to the rea or VI sa
versa, when nspregidid semviotshetPES 02381 Flte ) frmiudnmhe hpadpcmtgpma:lon(rélﬂ&l&lﬂ& + d2)

O o135 1 SBRES, B R P5ST Sb SRTBRRRLAR. wabuce el d, By, 220
posi ti @f cont gghal 20818 Fordr@)front the/PES 240 and the ZAP value of the track being read,
selected from the ZAP table 230, as appropriate, during write operations of the servo
write process.
It should be noted, the ZAP values for each data track 120 within each
portion of the disc surface 106, subsequent to the first portion 210, such as 212 and
20 214 (all of FIG. 4), that track specific servo sectors 204 (of FIG. 4) are written to,
are determined by head position measurements taken during the write process, used
to derive PES 240 and combined with a stored ZAP value of the data track 120 (of
FIG. 4) being read by the read element of the head 118 while the write element of
the head 118 is writing the track specific servo sectors 204 (of FIG. 4) to the selected
25 data track 120 (of FIG. 4). For example, if track 10 of the third portion 214 of FIG.
4 is being written, the head position information derived from the HPCfs 194 (of
FIG. 4) of track 6 of section 212 (of FIG. 4) are used to determine the ZAP values
for track 10. When the read element of head 118 is reading the HPCFs 194 (of FIG.
4) of track 6 of the second portion 212 (of FIG. 4), the PES of track 10 of the third

30 section 214 (of FIG. 4) was recorded is recorded during the process of writing track



10 forward into the STW160 (of FIG 3) control |oop which substant{a) | WIN 2005
replicates effects inposed by dl and/or d2, enbodied with the PES signal
240, on the position of the read/wite head 118 relative to the data
track 120 selected for witing the track specific servo sectors 204 (of
FIG 4) including the head position control field 194 (of FIG 4). The
conpensation input signal, in the formof the head position control 15
signal 228, is formed fromthe PES 240 and the ZAP val ue of the track
being read, selected fromthe ZAP table 238- as appropriate, during wite
operations of the servo wite process. It should be noted, the ZAP val ues
for each dat a1 bagik tHizDsestibhb 1y . PPTAY \ i )
subsequent to the first porti on@g(fg(,} ?ﬁ(ﬁld %gh’gfllzzgﬁd‘%%goglﬁa?gﬁsJt@?G FI G
4), that trackASgablevplue Serrtrask Seqdusothe PESAHf otk F0.G. 4) are witten to, are

determ ned by head i Hi on _neasurenent s en. during the wite process,
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track 120 (of 24FI The sblvdwiiepro@ad24y cintiguéenith sloRsRRiepPastierbsad 118
while the wite element of the head 118 is witing _tﬁe track specific
servo seéct or sIDvu(spgt asH08) isppeyred thepesiiecinéamatonwriting pppdtate (fof of FI G
4). For exanp | I, G ion 214 of _Fl 4 is being
witten, the h)g%ndi %%é‘%’?{;?ﬁ&?‘ﬁ’ﬁ&r %a@%@h@e%ﬁpl\%@& afpru(%ﬁﬂlh u%qs&iéﬁ (of

FIG 4) of tremineGedbetseen b posiBdider (aichs Go4ybhdateadiseck ivedBlqHsA)e the
ZAP val ues f?r track 10. Wien the read el enent of head 118 is reading the
HPCFs 194 ( of (Seeleps T14), aeryq wrie igtegfacs sablessuchas 179) eoramuptcates yiithrero 4) |

the PES of tragke dfuef clbliforidd (E&h%@ 188F4dae ai%édﬁf?%isg){cjﬁeﬁeg%@% e{gﬁ%ﬁgf d

is recorded during the process of witing trac
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the ZAP tabl e val or track 6 plus the PES o rack 10. FIG 6 shows
servo wite p 58%%35@36&%@&%50&9‘9% st“#a(ée Speh s ’;ﬂﬁgeg@‘@ digegigive gy processe
servo wite pstggess 240 continues with process step 244 where a disc 5

drive (such as 100) is secured to a position information witing apparatus
(for exanpl e a serlpovatrgRPWEP taethe STspportipnad thesdiseoirface, anledk Iiad (§wbch as

aseenbly (oA i ened By B B R o Rurk n P R BB R 2 170)

communil§at es surfabe.sAroeil (such as 124) of the HSA is energized to bias the HSA toward the

positioner to take up slack in the push-pin. Next, the HSA is biased against an outer
crash stop of the disc drive by the positioner and a write element of a read/write
head (such as 118) of the disc drive writes a measurement track at a predetermined
frequency. The STW utilizes a laser based measurement system (such as 174) and a

20 laser beam (such as 176) to measure the distance a read element of the read/write
head must travel prior to encountering the measurement track. Once the
measurement track is encountered by the read element, the servo control electronics
of the STW sweeps the read element of the read/write head across the measurement
track as a means of determining the width of the data track, based on readback

25 amplitude of the measurement track. Taking the distance traveled by the read
element of the read/write head and dividing it by the measured width of the data
track, the number of data tracks representing a separation between the write element
and the read element of the read/write head is determined by the servo write control
electronics.

30 The number of data tracks representing the separation between the write

element and the read element of the read/write head constitutes the number of



wite control electronics (such as 168) and the disc drive is power?dltgp 200
and allowed 10 to spin-up. The head position control fields (HPCFs) (s HN ]
as 194) of a first portion (such as 210) are witten to a disc surface

(such as 106) of the disc drive at process step 246. In witing HPCFs to

the first portion of the disc surface, a clock head (such as 172) is
positioned on the disc surface and a clock track is witten to the disc 15
surface. A coil (such as 124) of the HSA is energized to bias the HSA

toward the positioner to take up slack iniphe push-pin. Next, the HSA is

bi ased agai nst an outer crash stop of the disc drive by the positioner
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Wi thin a servo sector (such as , eac specific Servo 8

al i gned to t hHEPEYs 184 potadhaigerva mctorspétheﬁmt peetionef Thesdisd surfacevanddren to t he
first portion
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15 system, including a secondary measurement feedback system 1nterna1 to the disc
drive yet separate from the disc drive servo system used to direct operations of the
disc drive.
Step 248, the next step of the servo write process, entails writing track
specific servo sectors onto a second portion (such as 212) of the disc surface. The
20 process of writing track specific servo sectors onto the second portion differs from
writing track specific servo sectors onto the first portion as use of the laser beam of
the laser based measurement system ceases as the sole feedback source for
controlling the position and movement of the HSA during the write operation. The
HPCF's written onto servo sectors of the first portion are read by the read element of
25 the read/write head to generate a position error signal (PES) (such as 238) used by
the servo control electronics to generate a head position control signal (such as 228).
The head position control signal augments the laser based measurement system for
controlling the HSA during the servo write operation of the second section. The
STW uses the laser loop to position the heads at the correct spacing increments, and
30 uses a ZAP table (such as 238) to augment the position control to increase the

"parallelism" between the data track being used to build the ZAP table and the data



information (such as 202). Additionally, each track specific servo sector

of each data track included in the first portion contains at Ieast1¢n§UN 2005
HPCF (such as 194). For purposes of invention disclosure and the appende
clainms, the phrase 10 "position information witing apparatus”™ wll be
understood to include, but not |imted to, a servo track witer, but

could alternatively include a host conputer configured to control an
actuator or mcroactuator of the HSA 110 while witing the HPCFs 194 onto
the servo sectors of the first portion of.phhe disc surface under control

of a nmeasurenent feedback |oop other than a | aser based neasurenent 15

system ncl ughdiustheie oRGAHIMEASKIRTERL B RALK PRURMLLNL BLARY Lo the
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a position error signal (PES) (such as 238) used by the servo control
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15 writing track specific servo sectors to the remaining portions of the disc surface, the
STW continues to utilize the servo writing process step employed by the STW in
writing track specific servo sectors to the second portion of the disc surface. That is
to say, for any portion (n + 1) of the disc surface, the STW utilizes the HPCFs
written to the preceding portion (n) of the data surface to augment position control
20 of the HSA while writing track specific servo sectors to the portion (n + 1).

Step 252 of the servo write process entails turning off the power to the disc
drive, allowing the disc drive to spin down, removing the clock head from the disc
surface, disconnecting the servo write interface cable from the disc drive and
removing the disc drive from the STW. At this point the servo write process ends at

25 process step 254.

Accordingly, the present invention is directed to an apparatus and method for
writing track specific servo sectors, including head position control fields to a disc
surface. In accordance with one aspect, steps preformed include connecting a disc
drive to a position information writing apparatus, for writing the track specific servo

30 sectors including head position control fields to the disc surface, step 244; writing

head position control fields on a first portion of the disc surface with a write element



5 control for witing the HPCFs, and HSA is connected to the STW push-pin.

The position control information fromthe disc is fed into the lasgry jyn 2005

control loop, via the head position control signal, to cause the |aser
control loop to track the witten-in displacenent within the average
position of the previously witten data track of the previously witten
portion of the disc surface, resulting in both the witten and read 10
tracks having substantially the sane witten-in disturbances, thereby
decreasing what is commonly known as "AC-track squeeze", i.e.,

mai ntai ning parallelism between the data track being witten and the data
track being repgraatGviitBRE&VWATe cARRARIsRioh b Be btBwhIAGK: rel%feotoztgg
represents the final wite process of the servo wite process. In'1
writing trackfispeeitionasgtiopesitaonbrmetioeritisgrappratys, pept2idonamdakadihg di sc

f , th W N ML
ampl oyed byt B TEHEBRHEH TR g o B ot Gl b eradaleBrd SR he econd

portion of theadivadte fuid @ oc_lu'E_B%theb@%os‘itﬂ)rﬁc%Yltrof QfnaA At Woh}}%d(ﬁitﬂ'g@ of
the disc surface, the STWutilizes the HPCFs witten to the preceding

portion>(n) oPOsitien Hignal of thefpasition infarmpationtwipting appertuséo touttol 20sitibn bie HSA

whi | iti g P - . ' L+ 1). S
252 of "the Sorbore i Tare: ouELEBh P SREAThbR of BF AR Bk whting g o

drive, allow hepdigusitidhsontslifieddstan thpkdtosdpbrtion SMEHs dig: @h@céglsagkmb.ead from
the disc surbac.e, di sconnecti n,g the servo wite interface cable fromthe

disc drive an uripg the SeRg Serter 1gpesy eherheags | IFe(06TIA. Srare psitiqroi nt t he
servo wite pEafRded 8Pede’bosiion %&%?ﬁﬁthg%mﬁgg(@ép%ﬁ%%g ghde present

invention is directed to an apparatus an g-track
speci fil8 ser vpositeat afiteadd hid (e FiG T)eddtiyeasibothothe disotstdicef 1061 (IBFIG 53 afd S

surface. In accor |t ne aspecgt, steps prefo i.ncl ude _connectin

a disc dri ve&)ttge gﬂ@iﬁﬁ‘b‘%@nﬁo g gﬁ%‘?&ﬁ?@“ﬁﬁ){a{ﬂggag\{ IQQ)&’fﬂq}t?)ng thg

track specific seryQyilGe®GtE Bhabtheedsusti iReniBA% WP hdd %ﬁ;&&%ﬁgﬁéﬁ&' ds to
i

the disc surface, step 244; witing head position contro S on a
first porti onansfadvastaggssaentipnedaswoll ahthaseinherentehensiontWhilelprzk#itiy005 - 21

of a read/wi [ ntrollin sition of the.read/wite head

relative to tﬁ%fé}%ﬁ%& 8%§?nﬁ§lﬁavﬁg%fe%d%ﬁlg&rﬁfoft§f PYBRSSS r?? ﬁ?%&‘?ékﬂ‘%ri ting

appar atifis, st eumééts claingdes Bagbgade which will readily suggest themselves to those
skilled in the art and which are encompassed in the spirit of the invention disclosed

and as defined in the appended claims.



t he head position control fields of the first portion with a read el enent
of the read/wite head to produce a head position control signal ﬂhlatJUp@zﬂw
conbined with the 5 position signal of the position information witing
apparatus to control position of the wite elenent in relation to a
second portion of the disc surface while witing head position control
fields on the second portion of the disc surface, step 248. During the
servo sector wite process the heads 118 (of FIG 5) are position-
controlled or under position control of th@2STW 160 (of FIG 3), neaning
the 10 position of heads 118 (of FIG 5) relative to both the disc surface
106 (of FI G HYhadixtlaihedtidie STW 160 (of FIG 3), are under constant
control of the STW160 (of FIG 3).. It will be clear that the present
invention is well a&dapt dneodfarayifingretrackspecifielsavy sesterde s dissruifaoeaf as
wel | as thoseaidi’é@%éi@?%o&gﬁﬁﬁ%@te S\/glfﬂ e presently preferred enbodi nents

0 urp 2e8

have been descri be r of this disclosure, 15 nunerous changes
may be made which )lcbnmeeting the disegirinstto b pesiaen ingsmiatioh Mafmg khdatRdoi N t he
art and _which are enconpassed in%he sPi rit of the invention disclosed

and as defined in the gg’ﬁ‘é‘ﬁ&é‘é?%"r iSREC1IIQ seAvQ §qqtor b the disesupfes; i s cl ai med
is: 1. Anethod fo d LWFi r t i .
surface of a di sc(b3%°§lté‘b§‘§§%rr§£s%t°§%§%?f%‘%d?%)“‘?’%ﬁﬁ%ﬁ"r?g‘gtaﬁ"‘égﬁos lrive
to a position informati ofithediscisndaceppith apostidrosigna ofhietpiosigioh hefoirnaidn
specific servo sector to .tt.he di sc su flace.;. éb) posi%i oncie,#g a read/wite
head of the disc drive PRUPEPEBRITEHS Pyile writing @ T track SPecHfic $e5¥0 $GCiQr agyr f ace
with a position signal e firfigoP@sd &1 A8 disE EREMBLLIAR a Witk bleAgbnBBPREAL US
while witing a first track specific servo sector on the first portion of
the di 98 surface using teadfiriteheadepedht of the 10 read/wite head; and (c)

reading the first {x . S it erva..sectaor qf t irst _portion with a
read elenent of t Cg?gréaglénog/q &/g PE%%@%%PG bfi%ﬁfrgg&géoﬁoﬂggg‘r%SQF{%’POW&&?)FﬁafioI
signal, and conbi ning t blemeees theofdatlivane Beddtto producgdabadpdsitidn@ntrppSi ti on

signal of the position information witing apparatus to . )
signal, and combining the head position control signal with the

position signal of the position information writing apparatus to
15 position the write element in relation to a second portion of the disc
surface while writing a second track specific servo sector on the

second portion of the disc surface.

2. The method of claim 1 in which the connecting step (a) comprises
20 steps of:

(al) connecting a connector of an actuator assembly of the disc drive to the
position information writing apparatus for communication between
the disc drive and the position information writing apparatus during
writing of the track specific servo sector to the disc surface of the disc

25 drive;

(a2) attaching a first end of a push-pin to the actuator assembly and a second
end of the push-pin to a positioner of the position information writing
apparatus, the push-pin providing a mechanical link between the
actuator assembly and the positioner during writing of the track

30 specific servo sector; and



15 position the wite elenent in relation to a second portion of rp%_gygpzmm
surface while witing a second track specific servo sector on the second
portion of the disc surface.” 2. The nethod of claim1 in which the
connecting step (a) conprises .20 steps of: (al) connecting a connector of
an actuator assenbly of the disc drive to the position information

writing apparatus for conmunication between the disc drive and the

position information witing apparatus during witing of the track

specific servo sector to the disc surface-@38-the disc 25 drive; (a2)
attaching a first end of a push-pin to the actuator assenbly and a second

end of the push- pi @3) epplyipngpotveptehe positidieinffiatib®Writing ApPRhiug fo Witidié ng
apparatus, the push-pin provi ing a_mechani cal |ink between the actuator
assenmbly and the posi tinﬁé‘Pgél therdgpckspaciiirpento septer to the HisgGueprecdfithe diser vo
sector; and 1 lo- JUG 2905 -23 (a3) applying power to the position
information witing apparatus to initiate witing of the track specific
servo sector to the disc surface of the disc drive. 5 3. The nethod of

claiml.in which the first portian of the dis urface of pasitionin
step (b} conpri sesg]‘a pl Eﬁ%ﬁf’%dé’? C]&‘&{‘éI?WMIC‘G\E@EPWOE%H%F%%SW?%@R,

conprises a ppakit@dding/ste (1) %_@ﬂpﬂ%iatﬂlﬁ}ﬁli@%%&: thci(ﬂVﬁéreina&gh de?tSa‘elﬁ{ycﬁh the

positioning step (b) conprises steps of. ( nmeasuring o of the
wite el ementcqmprssh aplusality of hérsl postidnebetmafieldspand ihOvhisletherpositioaingi ni ng a

nunber of dat Kk rresponding to the plurality of data tracks
conpri si ng thgeé {bﬁgf)l%Bgl(rg Sisger?gé’?‘ the disc surface; (b2) holding the wite

el ement in a fixed(psaichswingioffsetedfabd Wit derh&if iPRIAHINAS the REPERREhOR:
witi ngpapparatus while witing the head position control 15 field on the

di sc stiPface therein fobssilRgetsimininga ppmber of datk treekstaeeresponding to the
plurality of data tracks comprising the first portion of the disc
surface;

(b2) holding the write element in a fixed position in relation to the position
information writing apparatus while writing the head position control

15 field on the disc surface therein forming a first data track of the
plurality of data tracks of the first portion of the disc surface;

(b3) moving the write element to a second position adjacent the first data
track of the first portion for formation of a second data track of the
plurality of data tracks of the first portion, the second position based

20 on the measured offset of the write element in relation to the read
element;

(b4) maintaining the write element in a fixed position in relation to the first
data track of the first portion while writing the head position control
field on the disc surface therein forming the second data track of the

25 plurality of data tracks of the first portion of the data surface; and

(bS) repeating steps (b3) and (b4) until all head position control fields for

each data track of the plurality of data tracks comprising the first

portion of the disc surface have been written to the disc surface.

30 4. The method of claim 1 in which the first portion of the disc surface of

the positioning step (b) portion of the disc surface determination comprises steps of:



plurality of data tracks of the first portion of the disc surface; Sj
moving the wite element to a second position adjacent the first dét& LN 2005
track of the first portion for formation of a second data track of the
plurality of data tracks of the first portion, the second position based
20 on the nmeasured offset of the wite elenent in relation to the read

el enment; (b4) maintaining the wite elenent in a fixed position in
relation to the first data track of the first portion while witing the
head position control field on the disc sé@¢face therein forming the
second data track of the 25 plurality of data tracks of the first portion
of the data surf acéij) maakuri(lg%]ﬁn offepedttiengrits teipsen( 3kelatiod td B readdlime! |
head position control flel ds each data track of the plurality of data
tracks conprising the fforgge mrﬂoﬂ‘ft n%)ﬁnP‘WberoﬁfsaéJ%@ﬁtfdé@émf‘P&%éOmB@ﬁnw| tten
to the disc surface. 30 rﬁ@‘{ g1 in which the first
portion of the disc sur%h;écﬁégigﬁ) (gqp%atl on| ng step (b) portion of the

di sc surface deter(’diil)dbﬁenninmgnhe nsmbexsdfeapﬁzcerft dath tPéckid pRQOiTting-tRd (bi)

nmeasuri pg an of fset of the w relatjon to the read el ement
for usegl n determ ni ng %° ?ﬁ?ﬁ?ﬁie?ﬁsﬁf §ge r‘??e 4&‘56’\(@66 msabanfg  the
first portion of thsiiydoneroBihgfRSiBon Q)ptHe)\mﬂg%%ﬁfEhf‘i'n%laﬁgﬁtd"ﬂﬁm& I})‘&tlon
adj acent data tracks representing the 5 neasured offset of the

el enent and the wite epéthedisc samere usingithg pesttinmrioforinatorpwsiting eppasftus he
wite elenent in relati orti f the disgc,surfac usmg
the position infornmati oﬁ'ﬂu# gﬁ%lﬁgdgﬁﬁleﬁ O"\%Fﬂq glogvroptef‘%b @P%@éj servo
information on each of #hewaeisagend firsOiirflon £126KEat @fheh e fehd SlenfRQf fsi On such
that when the read elenent .is 10 ﬁOSItIOI’l controlled on the first data

track &P the first portPeHiameonfiolledon tediratiflatd tiackodithe Bt pwtion dic wdteon a
first data track of a S&%@uraﬁﬁ{&ﬁ&wc%ﬂ{olﬁ@gn 636 SRR a%gcoL'&ﬁo ﬁt hogf

of claim3 in which the racks conprise
adj acent data tracks andfuhedWmsmiﬁadasow ng step (b3) further conprises

5. The method of claim 3 in which the plurality of data tracks comprise
15 a number of adjacent data tracks and in which moving step (b3) further comprises
steps of:

(b3a) determining the number of adjacent data tracks comprising the first
portion of the disc surface; and
(b3b) writing each of the plurality of the head position control field on each
20 of the number of adjacent data tracks of the first portion such that
when the read element of the read/write head is position-controlled
on a first adjacent data track of the first portion of the disc surface,
the write element of the read/write head is position-controlled on a

first data track of the second portion of the disc surface.

25
6. The method of claim 1 in which the first portion of the disc surface of
positioning step (b) comprises a plurality of data tracks, each data track providing a
plurality of track specific servo sectors having a head position control field, and in
which the reading step (c) comprises steps of:
30 (c1) reading the head position control field of a selected track specific servo

sector of the plurality of track specific servo sectors of a selected data



steps of: (b3a) determ ning the nunber of adjacent data tracks conprising
the first portion of the disc surface; and (b3b) witing each of {He JUN 2005
plurality of the head position control field on each 20 of the nunber of

adj acent data tracks of the first portion such that when the read el enent
of the read/wite head is position-controlled on a first adjacent data
track of the first portion of the disc surface, the wite elenent of the
read/ wite head is position-controlled on a first data track of the

second portion of the disc surface. 25 6.-3$1e nmethod of claim1l in which

the first portion of the disc surface of positioning step (b) conprises a

plurality of data tfaCkéackﬁﬁ%ﬂﬁ%ggﬁé%ﬁﬂ&%ﬁ{h@% pfo?tkcff{jgﬂ%%gisgf track

specific servo sectors having a position contro e I'n which
the reading step (c) coswiacs spasitepscoofrol tBO r{ad/Mrite daat refptivh o Heditsposi ti on

control field of a selected track.specific.seyvo .sectqr of the plurality
of track specific servop(gﬁ%‘ﬂ 8#@65'}30 “&%qeéﬁ’tn@d{"’cl%‘?sgmf‘élm PP INNGS ¢t r ack

of the plurality of datgphfadgks of the first portion of the disc surface
to position-control the read/wite head relative to the first portion of
t he di s surface usZhigansdecipgsippsiven emdraignat from the positien centohfiekdfer u® (c2)

transduci ng a position eryor si.gnal .fromthe positio ontrol .field for
use in determning posi ({egeﬁm%’?%%%Sftfo&ncogrec?%goﬁh%?aglemw° ey he
read/wite head in rel afch@Writ®hdaddan sethtesitte dhdleatddrdaskiacke3) isolating a
di sturbance acting on the disc surface and determning a |level of the

head position cont(€8)iselaingp disgibanes actingconine Hise Rerfgssaindidgiermmingr levet i on
apparat s 1o apply to conbahtetbotfoh SRS QbBLRLIE L AR okl ang
(c4) reeording the | evedormttidhef the achdpbesidnt tinrelaoinh tothepogitiah informatiom i n

writing apparatus to apply to compensate effects of the isolated

disturbance; and

(c4) recording the level of the head position control signal for use in
compensating the write element position in relation to the position
15 information writing apparatus while writing a head position control

field on the second portion of the disc surface.

7. The method of claim 6 in which the writing portion of reading step
(c) further comprises steps of:

20 (c5) reading the head position control field of the selected data track of the
first portion and the recorded head position control signal, for use in
correcting the position of the write element in relation to the second
portion of the disc surface;

(c6) combining the head position control signal with the position signal of

25 the position information writing apparatus to position-control the
write element in relation to the position information writing
apparatus; and

(c7) writing the head position control field of the second portion radially
offset from the head position control field of the selected track

30 specific servo sector of the plurality of track specific servo sectors of

the selected data track of the plurality of data tracks of the first



conpensating the wite elenent position in relation to the positioq 413 2005
information witing apparatus while witing a head position control” fi “H
on the second portion of the disc surface. 7. The nmethod of claim6 in
which the witing portion of reading step (c) further conprises steps of:
20 (c5) reading the head position control field of the selected data track
of the first portion and the recorded head position control signal, for
use in correcting the position of the wite elenment in relation to the
second portion of the disc surface; (c6)-2oabining the head position
control signal with the position signal of 25 the position information
writing apparatus to popirtib@Bf Reisc@lrfidty M dniine biiERAtiallyeqiliagaon t o
the position information witing apparatus; and1éc7) writing the head
position control field #RcHgscRBatsRdh tred clemenhelf the rgad/ wiifedwad froonthe he

head position control f%ﬁkﬂﬂ&%mﬁnﬁﬂ%ﬁ%ﬁﬁ&%ﬂn&%ﬁck 30 specific servo sector
of the plurality of track specificC servo sectors of the selected data

track of the plurality of data tracks of the first 1 4 JUN 2005 -26

portion_of the disc surface by an apount substantially equaling a spacing
separat?ng the read el efhietiodohelapn ddn hichdhepesitiqry ipfermetion Writhng el enent

of the read/ V‘ﬁﬂptaledtlrbe&%onéec%né-sgﬁg f(ﬁ‘qu t}f%cge% thlcﬁivJHtér(in)ﬁ tﬁ%bx&ﬁu&é&%e@g sition

information witing apparat connecting step (a e servo track
witer and thposgranchoned! $igzed of pradingistep (comimpehsaésgifectsaff seleattlieng step (c)

conpensates effects. of selective . frequencies present during witing of
Che first tralRIiepgies present Sptjng Weiting ol thedire tragh 8065 SV OIECRIAl m 1 I

whi ch the second track specific servo sector of the second portion of
reading step (c) is witten in substantially radial alignment wth the
first iPack specif?9c sefhomsthotdof cloim il he whichghe gasond tackodpenfictseny ssttep

: . Th hod of cl ai i.n Whi he.wri. | en . '
Step 15 (o) Shoe SioRhaiePh P et e Gl b SR e RRREER T g

step (bl) is with the first track specific servo sector of the first portion of writing step (c).

10.  The method of claim 3 in which the write element of measuring step
15 (b1) is an inductive element and the read element of measuring step (bl)is a

magneto-resistive element.

11. The method of claim 7 in which the head position control field of the
second portion of writing step (c7) is a head position control field of a selected track
20 specific servo sector of a plurality of track specific servo sectors of a selected data
track of a plurality of data tracks of the second portion of the disc surface written
substantially circumferentially aligned to the head position control field of the first

portion of writing step (c7).

25 12. The method of claim 7 in which the head position control field of the
second portion of writing step (c7) is a head position control field of a selected track
specific servo sector of a plurality of track specific servo sectors of a selected data
track of a plurality of data tracks of the second portion of the disc surface written
substantially radially aligned to the head position control field of the head position

30 information of the first portion of writing step (c7).



magnet o-resi stive elenent. 11. The nethod of claim7 in which the head
position control field of the second portion of witing step (c7) T4 dUN 2005
head position control field of a selected track 20 specific servo sector

of a plurality of track specific servo sectors of a selected data track of

a plurality of data tracks of the second portion of the disc surface

witten substantially circunferentially aligned to the head position

control field of the first portion of witing step (c7). 25 12. The

met hod of claim7 in which the head positign-control field of the second
portion of witing step (c7) is a head position control field of a

sel ected track spegi fig(ﬁ&rdfpve%%ﬁﬁ)ﬁgingf a plurality of track specific
servo sectors of a selected data tracK of a plurality of data tracks of

t he second porti ona biseténk suppwtisgnkpiodlewndtot assemislypst antial ly radially

aligned to the head_posjtion caontrol.field of.the hegad position 30
i nformation of the? f&?tgf?leﬁlbsrcts}l ﬁcec}*avmgiapi%&rél{aéx&? rapgl anfnner digasieios - 27

13. A disc drive conpri gidiied @ theSRAEE botsHBINUIPAhAdRPSNER RIS
assenbly; a rotatable disc surface having an outer diameter and an inner

di anet e attached to t#eraggi ndl e notor assenbly, the disc surface for

2t eadlwi Lo hend oy Rt BBl SRlofeSNIRRES S abd Foile freiedPiadl 0

the read/ wite head corgationaigpssiticableeldpREmtthd dikc srade NBe ealAvite aead he
disc surface and a wite elenent offset fromthe read el enent in one
direction across 10 theCUnREILg? fead glepegiior adingtdsta femithe disc swfacrand nner

di ameter for —writing dé‘&@i};é Qefhbft &fséﬁr&ﬂ?ﬁ@%gde%gnﬁnfd 'E:%ﬁreé.tfoqldacli’é)ﬁi tion
control field stored on a first portron of the disc surface or
correci¥ng position of thediscesarfa feoraiiic outerrdédmdtéron thoinhbedibmetet forporti on
and the wite elenent in .r.eération to.a second portion of the 15 disc

surface while the wi teW_E‘PB fe IQuherdise syrfaces ftd head position control
field to the secongdfip@hbddpbsAfohTBhtréI A siBR Al SfirsfiRAFHoPOBINE IR surface

for correcting position of the read element in relation to the first
portion and the write element in relation to a second portion of the
15 disc surface while the write element writes a second head position
control field to the second portion offset from the first head position
control field of the first portion a distance substantially the same as
the offset of the write element from the read element by steps for
writing the second head position control field to the disc surface.
20
14.  The disc drive of claim 13 in which the read element is separated
from the write element by a predetermined spacing, and wherein the read element is
substantially radially aligned and substantially circumferentially aligned to the write
element.
25
15.  The disc drive of claim 13 in which the first head position control
field of the first portion having a geometric shape provides position correction
information for position-control of the read element in relation to the first portion
while the write element writes the second head position control field to the second
30 portion in conformance with the geometric shape of the first head position control

field of the first portion.



control field of the first portion a distance substantially the san%@adum 2005
the offset of the wite elenent fromthe read el enent by steps for

writing the second head position control field to the disc surface. 20 14.
The disc drive of claim13 in which the read elenent is separated from

the wite elenent by a predeterm ned spacing, and wherein the read el enent

is substantially radially aligned and substantially circunferentially
aligned to the wite elenent. 25 15. The disc drive of claim 13 in which

the first head position control field of-2&e first portion having a
geonetric shape provides position correction information for

posi tion-control ofi6t heTheardc aliesBNlaitd 7 Bl vatibPthetRstddgd tion
while the wite elenment wites the s%lcond hee{ pgsﬁ%% |ﬂgnlcﬂo§11tst%lgpgg;i eld to

t he second 30systice P@lﬁpﬂWS@dhféUrwkm@é thyi tead phsitigrecomtttol ficldsifalpefint podtienf i r st
head position, s folyd ortion. 1 4 JW 2005 -28 16.
oéﬁge?al st1 ‘&/ﬁ ﬁ % g'fris i i

The disc driv® st portion of the disc surface
conprises a data track and the head position control field of the first
portion_ conprises an "A' burst adjacent a "B" burst. 5 17. The disc drive
of claif 16 in whi &Eh t h&h %@’é@ﬁﬂV?)@f{'qI@lBth)m whieh thesecond poftimeofdbepist ses a

dat a t rack a”éh/&fanur S?lqaeg(?isdau ?ﬁk%ﬂ@ttl{eg{ea& k,gél%{’éo#&?f ocfglﬁjei 8{\’4 i on

conprises an j acen aim 16
in which the peéidn paaptisesancdritbuedt afjaednda 6B” bgt. 10 first portion and the
head position control field of the second portion are offset,
substantially radially aligned and substantially circunferentially aligned

one to the other Y\@ereTﬂeﬁllg@dﬁ't/é& l@ms\’v'ltﬁ% ﬁﬁ%e%h?mﬁﬂﬁcoﬁ%ﬁf@ﬁh%ﬁﬁ%ead

offset of the read elenent fromt e wite errent
15 19. 1The di Bust mntmeandthcllwadrpasitwmcmunbﬁelﬂhéthnrsebcmdqjoemmre@fffséthe

read/ wite head is. i nd el the read el ement of th
read/wite he%@seaflgﬁg' W@’dﬂ g’?eéisalngg%ﬁé @ﬁﬂ%ﬁ‘ﬁ‘fm erentlallly aligned one to the
other wherein the offset is substantially the same as the offset of the read element

from the write element of the read/write head.

15 19. The disc drive of claim 13 in which the write element of the
read/write head is an inductive element and the read element of the read/write head

is a magneto resistive element.

20. The disc drive of claim 13 in which the steps for writing the second
20 head position control field to the disc surface comprises steps of:
(a) connecting the disc drive to a position information writing apparatus for
writing the first head position control field to the disc surface;
(b) positioning the read/write head of the disc drive in relation to the first
portion of the disc surface with a position signal of the position
25 information writing apparatus while writing the first head position
control field on the first portion of the disc surface using the write
element of the read/write head; and
(c) reading the first head position control field of the first portion with the
read element of the read/write head to produce a head position control
30 signal, and combining the head position control signal with the

position signal of the position information writing apparatus to



20. The disc drive of claim13 in which the steps for witing the second
20 head position control field to the disc surface conprises steps pf fjgﬂ)m%
connecting the disc drive to a position information witing apparatus for
witing the first head position control field to the disc surface; (b)
positioning the read/wite head of the disc drive in relation to the first
portion of the disc surface with a position signal of the position 25
information witing apparatus while witing the first head position
control field on the first portion of the.gysc surface using the wite

el ement of the read/wite head; and (c) reading the first head position
control field of the fijg&di } i .

read/ wite head to pr od%%gtlcgp%&eng@p%l\g‘sﬁr? F %%ﬁgg%@?gllaﬁl)rggﬁg% Sﬁcl;opﬁggm?n of
conbi ni ng the head posi thediscoorfaceokhitd writihg thie tsecont depdpoditi@ncosighgakidof t he
position information witjng apparatus to 4 JUN 2005 -29

posi tion-control the W??h’egF%ﬁEﬁ’P 19 ofghedisosprfaget he second portion of
the disc surface while witing the second head position control field on
the second portion of the disc surface. 5 21. The disc drive of claim 20
in which the connetki ngThe digc drye efmigmi s whitleths cofinec(ing jtep ¢a)rentprises a
connect or of gtghesoqpt uator assenbly of the disc drive to the position

i nformati on witing apparatus for conmmunication between the disc drive
and the position i@fpédmettaiy Adnhbater FNREERMST BWBIY of theVitisd drivg 8fhd he
first head position control field to the disc surface of the disc drive,
(a2) attaching a first Ref#iFnfprmakion Writing apnaraiusfer cemounigatiembetyeamd a
second end of the pus i it . ] i_nformation
witing apparatus, thre1th gt(}s cfdgilvga%?gf\?ﬁ)&gﬁgﬁé&%cﬂgﬁﬁ’%ﬁ}ngﬁ%ﬁﬂ}a@& WelA t he
15 act U@t or assenbl y aneritihgopihsifirstdest pabitidngnisel idla e vk dikeuffacssr head
position control field; and (a3) applying power to the position
information writing apthFgfsﬁéir’tvﬁé initiate

(a2) attaching a first end of a push-pin to the actuator assembly and a second
end of the push-pin to a positioner of the position information writing
apparatus, the push-pin providing a mechanical link between the

15 actuator assembly and the positioner during writing of the first head
position control field; and

(a3) applying power to the position information writing apparatus to initiate
writing of the first head position control field to the disc surface of

the disc drive.

20
22.  The disc drive of claim 20 in which the first portion of the disc
surface comprises a plurality of data tracks wherein each data track comprises a
plurality of the head position control field, and in which the positioning step (b)
comprises steps of:
25 (b1) measuring the offset of the write element in relation to the read element

for use in determining a number of data tracks corresponding to a
plurality of data tracks comprising the first portion of the disc
surface;

(b2) holding the write element in a fixed position in relation to the position

30 information writing apparatus while writing the first head position



witing of the first head position control field to the disc surfack bfJUN 2005
the disc drive. 20 22. The disc drive of claim20 in which the first

portion of the disc surface conprises a plurality of data tracks wherein
each data track conprises a plurality of the head position control field,
and in which the positioning step (b) conprises steps of: 25 (bl)

nmeasuring the offset of the wite elenent in relation to the read el enent

for use in determ ning a nunber of data tracks corresponding to a

plurality of data tracks conprising the figgt portion of the disc

surface; (b2) holding the wite elenent in a fixed positionin relation to
the position 30 infor i i i
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element in a fixed posi 0 tatr t he
first portion while wi @l ng Sﬁrgg?gfﬁeg%i:}}f %Sﬁ W&.m t’(%‘ﬁ? ? eld on
t he disc surface thereieélemefityi ng the second data track of the plurality of
data tracks of the flrst portion of the data surface; _and (b5) repeating
steps (b3) and (bafP4maintaining thewatqrlenentdna and pexition is rglatippfo thedust dat a
track of the plurality I 5 rtion
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te

of the plurality of data tracks of the first portion of the data surface;
and

(b5) repeating steps (b3) and (b4) until all head positibn control fields for
each data track of the plurality of data tracks comprising of the first

15 portion of the disc surface have been written to the disc surface.

23.  The disc drive of claim 20 in which the first portion comprises a
plurality of adjacent data tracks and in which a portion determination of the disc
surface utilized by the first portion of the disc surface comprises steps of:

20 (bi) measuring the offset of the write element in relation to the read element
for use in determining a number of adjacent data tracks comprising
the first portion of the disc surface;

(bii) determining the number of adjacent data tracks representing the

measured offset of the read element and the write element; and

25 (biii) controlling position of the write element in relation to the first portion
of the disc surface using the position information writing apparatus
while writing disc level servo information on each of the adjacent
data tracks of the first portion such that when the read element is
position-controlled on the first data track of the first portion the write

30 element is position-controlled on a first data track of a second portion

of the disc surface.



plurality of adjacent data tracks and in which a portion determ nation of

the disc surface utilized by the first portion of the disc surfacel 4 JUN 2005
conprises steps of: 20 (bi) nmeasuring the offset of the wite elenent in
relation to the read element for use in determ ning a nunber of adjacent
data tracks conprising the first portion of the disc surface; (bii)

determ ning the nunber of adjacent data tracks representing the neasured

of fset of the read elenent and the wite elenent; and 25 (biii)

controlling position of the wite elenent.-gn-relation to the first portion

of the disc surface using the position information witing apparatus

while writing di SCz&.eveirhé3&8&&@&9&15@4\,\%2;% \gxﬂgﬁ?rfgg;é&gign%gﬁt%@tg&ﬁyt dat a

tracks of the first portion such that

posi ti on- cont eanpréss aorwmbres of adjatentiddtatrackacind i whivh nidvisg stpp (43) durthidie wite
30 elenent is é&@?ﬁé %p-goptrolled on a first data track of a second -
portion of the HiSeSB¥ Pace. 1 4 JUN 2005 -31 24. The disc drive of

claim22 in which (y3e) @étbﬂhﬁhi'\ll\mg)th@ﬁurﬁﬂ?ér@fEdjﬁé@ﬁﬁdatﬁﬁﬁ&fsic%ﬁlﬁ‘isfﬂg@@ﬁrs‘?f
adj acent data tracks and in i ch nmoving step (b3) further conprises

steps of. (b3a) det er ni Portign phthediseisurfacst andlj acent data tracks conprising

bl ural i ty of e nGal) eePE et DLATE oftReptetibhinthsph AT An oty

adj acent data tracks of of the nfunbét ofa@jadobdatuifdiks bfthe fitdi@BrtidhuER et €l ement
of the read/wite head ig position-controlled on a first adjacent data

track of the first portWof B reateelement of therraadéwritethopf és pesitica-eongobled  of
the read/wite head is 9195&i}ét9?]3881‘?(15@'&@%09@;&?irstfybft?otn ﬁﬂé”‘ihtsé ﬁﬁ%@f the
ace. . e disc dr in

second portion of the disc sur I've of clarm
whi ch 1Ge first porti onthefwrithelediestof theirdadiverite hagtis pesitian-poutralledton 0f dat a

Lracks, pach data, {1 ackoplou 010, RLULRLLL o1 kiidd Sckopeci 1€ serve
step (c) conprises steps of.

25.  The disc drive of claim 20 in which the first portion of the disc

surface comprises a plurality of data tracks, each data track providing a plurality of
15 track specific servo sectors having a head position control field, and in which the
reading step (c) comprises steps of:

(c1) reading the head position control field of a selected track specific servo
sector of the plurality of track specific servo sectors of a selected data
track of the plurality of data tracks of the first portion of the disc

20 surface to position-control the read/write head relative to the first
portion of the disc surface using the position information writing
apparatus;

(c2) transducing a position error signal from the position control field for use
in determining position correction of the read element of the

25 read/write head in relation to the selected data track;

(c3) isolating a disturbance acting on the disc surface and determining a level
of the head position control signal commensurate with the position
correction of the read element in relation to the position information
writing apparatus to apply to compensate effects of the isolated

30 disturbance; and



(cl) reading the head position control field of a selected track sﬁk&iﬂUN 2005
servo sector of the plurality of track specific servo sectors of a

selected data track of the plurality of data tracks of the first portion

of the disc 20 surface to position-control the read/wite head relative to
the first portion of the disc surface using the position information

writing apparatus; (c2) transducing a position error signal fromthe
position control field for use in determining position correction of the
read el enment of the 25 read/wite head in-32lation to the selected data
track; (c3) isolating a disturbance acting on the disc surface and

determ ning a | evelod) Rboldliey e RIePOIShE hOR fogbh RbnPAIdlata fpERPRSUr ate wi th

the position correction of the read elenent in relation to € position
information witing appampensaiingdhappleocl¢nent popitos at elaioheac tie mbkitiohe

i sol ated 30 di sturbance; .and,.l %W#UN 200% -ﬁﬁ c4. rﬁfo di ng the I?vel of
the head position cont r BfOTERYRR VIFiRE apEagatus w 8%‘&%%& CAGPPHEOHEIIR

el ement position in rel a¢dea thdscchfd pifbl bOMe disbl@ia@t i on wri ting
apparatus while witing a head position control field on the second

portion’of the disc surface. 5 26. The disc drive of claim25 in which the

iti [ f ' . f her, . i f..(c5
eading the head phbi 11 D dsnife St i ERMARR RO CraitE of ¢ ne

first portiorstgn@) filrther ecrapded stepadf:posi tion control signal, for use in
10 correcting the @gsition of the wite elenent in relation to the second
S

portion of the di & sisdingéhe head postipmeantiog el antelqsind datrotadkoniithol

apparatus 1o posi ti on- o paoh il tnertBr@ichd BRiteH Rl Lt b0

positi o infornati on wdidrfengng hegppitivadfithe waitel element in relation to the second
portion of the disc surface;

(c6) combining the head position control signal with the position signal of
the position information writing apparatus to position-control the
write element in relation to the position information writing

15 apparatus; and

(c7) writing the head position control field of the second portion radially
offset from the head position control field of the selected track
specific servo sector of the plurality of track specific servo sectors of
the selected data track of the plurality of data tracks of the first

20 portion of the disc surface by an amount substantially equaling a

spacing separating the read element of the read/write head from the

write element of the read/write head.

27.  The disc drive of claim 20 in which the position information writing
25 apparatus of connecting step (a) is the servo track writer and the produced head
position control signal of reading step (c) compensates effects of selective

frequencies present during writing of the first head position control information.

28.  The disc drive of claim 26 in which the second portion of the disc
30 surface comprises a plurality of data tracks, each data track providing a plurality of

track specific servo sectors having a head position control field and in which the



(c7) witing the head position control field of the second portion

radially offset fromthe head position control field of the sel ect’e& JUN 2005
track specific servo sector of the plurality of track specific servo
sectors of the selected data track of the plurality of data tracks of the
first 20 portion of the disc surface by an anount substantially equaling a
spaci ng separating the read elenent of the read/ wite head fromthe wite

el ement of the read/wite head. 27. The disc drive of claim20 in which

the position information witing 25 appargjus of connecting step (a) is

the servo track witer and the produced head position control signal of
readi ng step e t fre S sent
during writi nﬁ&hp%%%ﬁ?éﬁ}oq%ﬁﬂéﬁﬁ%% gltld ljctzlgﬁ rorltlfl%fs%ﬁ?&t ﬁ)ﬁ'l h% g The
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tracks of the second portion of the disc surface witten substantially
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first portion of witing step (c7). . disc drive of claim?2
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written substantially radially alignhe foR control field
of the head pesond Immombf)mmwc@nrfm‘e \himeenfSubﬁhntmmradmllpihgﬂedtm thg hedd step
c7). 30. Ana rat us S rs

(c7) po% f%n controlnpqg OP qu ea pos?t?omnfonna‘gon of the first portion of writing

15 step (c7).

30.  An apparatus made by steps comprising:

reading head position control information from a first portion of a rotatable
disc surface with a read element of a read/write head to produce a

20 head position control signal; and

a step for combining the head position control signal with a position signal of
to position-control the read element of the read write/head relative to
the first portion while writing head position control ihformation ona
second portion of the disc surface with a write element of the

25 read/write head.



readi ng head position control information froma first portion of j 4 ,
rotatable disc surface with a read element of a read/wite head t JUN 2003
produce a 20 head position control signal; and a step for conbining the
head position control signal with a position signal of .to

position-control the read el enent of the read wite/head relative to the
first portion while witing head position control information on a second
portion of the disc surface with a wite elenment of the 25 read/wite

head. WRI TI NG SERVO SECTORS TO A DI SC DRI 34 USI NG OFFSET HEADS  Abstract

of the D sclosure A disc drive including rotatable disc surface adjacent a
positionable read/wite head having a wite el enent offset froma read

el ement in one direction aCﬁﬂﬁﬁThh?SEﬁRﬁS EkﬁIﬁR§Q‘ face froman outer

di ameter of the disc surfacg ? ]tgg E?ﬁl e disc surface for
witing head position controF ie 37 y s or con olling witing of

second pead position control fields o se ortion of the disc
surface?vvhi | e readi ng head posi tégﬁ"a‘grﬁ?lﬂb‘?ﬁ?*@ﬁ@? witten on a first
portion of the d'AQh@Hrfv%Qﬁ‘oludiﬁ% Rflathble dfs@@ﬁirffde afaeé t R sAIIRBIR!
position-control of the wite enment bei ng cont ? by a position

i nfor mati on wicpd/wirige hgaddrazings:, wmeﬂ@nw pffsatdront mread eteormbt headt diwstion on

control fiel d acto: sttﬁ]eero§§gbqg glsg sur ace o(r)r]; a1;[. (r)]u erd 121%&%}] cr> t%g %1sc surlfa%e t% an
inner diameter of the disc surface for writing head position control fields by steps for

10 controlling writing of second head position control fields on a second portion of the

disc surface while reading head position control fields written on a first portion of
the disc surface, using the read element, to augment position-control of the write
element being controlled by a position information writing apparatus, while writing
the second head position control field to the second portion of the disc surface.

15
FIG. 1





