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 Tﬁi The PCB controls
functions of the HDA and provides a connunlcatlon 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 %féh@bnve@ylgtlem for cont roI | ng

read/ wite head po t 14.) 2

Cont 1 nued demand" 1 S 4 oot kI CkitRuGRE R AT Sdeeed 8- diices

storage capaend mowrdtrmiaﬂaly, buing b staythod Vienitagidn, db aneélhod/ for WMaitikigagtser ers to

seek s to increa ora capacity of each disc surface and
: \\I/\@gover afqrv %B@? ’ihﬁ 1sc rive a.gg a d1 %nve ¥>v1th offset servo data written by the

i npro
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.



efficiencies of the disc drive. Hi gh performance disc drives of the
present 5 generation typically achieve aerial bit densities measuref i dUN 2005
several gigabits per square centineter, Gohits/cm(err). Hi gher recording.
densities can be achieved by increasing the nunber of bits stored al ong
each track or bits per inch (BPl), and/or by increasing the nunber of
tracks per unit wdth or tracks per inch (TPlI) across each disc.

I ncreased BPlI generally requires inprovenents in the read/ wite channel 10
el ectronics to enable the data to be wittgn (and subsequently read) at a
correspondi ngly higher frequency. Providing higher TPl generally requires
i mprovenments in SEEUBnGANEYnd oY SitEMGvds Qﬁﬁﬁé}}%lr-ﬁl }éagingqa% %tﬁha&est&;ﬁ%@
precisely positioned relative to the tracks, an(f cor respondi ng

i mpr ovenent s dapaciyrand daaithrouglgeih hatedgy diss ddve manufaetiieers tvesedlowggotet ry of
the tracks on_the CH&SS; surface. V{th incre?si % TPls, servg track witers
(STW face grBYP®F NG Speen fRacyokqarh disf guriace ad IRpiove Qyerabopgating 1 sTw
based on | asgficiBRsdsdfoR: &SO&HND ﬁi%ﬁ‘ﬂ@ﬁ@ﬂﬁqaﬁx@@ﬁis@hri{r&%ﬁhefﬁ%éé?lteffeCf" ve in
establishing track geonetries on disc surfaces for disc drives having

suf ficident tregawafen Bpicely aelikve agrisk hit densidies mseswed inrsgvetak gipapitsiper ser vo
wite operati I i.th engreasing 20 TPI.. head di sturbances
(resulting frsglr?r%re Flg%%e{%%fﬁﬁwg,s/&/n\j ‘ngé%lgr or g’lrsd E}igp%eﬁl?ih%ca GoarcgfeiVS(E?Y and di sc
di st ur bances ificressing the guinberofbits kral doiidea’h tdtis 6r Bitsick MchIBPI)S PhdIed €
beari ng cage frequencies) cause the disc to nove relative to the head,

t her eby i npadilpgiessing tggin}qngg,r ftrackepes ity dia dagksapar yndi{d Phesseess ed! y
wite servo { f 6y j .t ' . As
SUch, ohal I erigoctis, Rorald Bl ftraly Bk IR UBRAN e sl liR b
econoni(cal | y edauttonick cdriablelthe data ta gwsigery (and dabbsaquantlgirsal) aua f aces of di sc
drives supporti ng) eﬁer kl%.glfr‘:eer track pitches, such as beyond 100, 000 TPI.
30 Summary of*PREONHREH: HERFT {e9PRI¥005 -3 The present invention provides
a nmethod for witipmgyiaRk\ReRe TPPEsetMydesling improvERERs M s@valiciftrodr | Ve
using an offset head technol ogy, and for a disc drive having head

posi tion contsygems fe¢rablethe heads ta be mofe precisgip posibonedfrelative withetracksf ace for
adj usting to §fcf)rerg§ %m%];l Sr%l ect ed tf requency, conpa ent s that o&li tionably
dISp| ace a reg P g 1mprovements 1n s€rvo write tecinoliogy 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



5 element of a read/wite head relative to the first portion \Ahile"‘hl,wgyNezﬂﬂs
el enment of the read/wite head wites track specific servo sectors tha

i ncl ude 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 elenent in relation to the second portion
whil e reading information fromthe second portion of the disc surface, and
10 wherein the head position control fields of the second portion are
offset fromthe head position control fielxds of the first portion,
substantially circunferentially aligned to the head position control
fields of the firs | QF I i ligned tq.the
head position cont ?ﬂg?ﬁ;elgéerﬁ(ﬁ}js‘%g orfﬁ@%i??é%r?e l[t)ﬂg}li tfloéﬁghﬁ%g%é’%g?%%{ﬂg%aalsfh
preferred embsufarenf s disa ddive asidg aw efftes hpabretid@tboy adtl for a WscrdeRdhwringe head
conprising a fle d el enent faq é)(¥eadi ng{ information fromthe disc surface
and a wite e ?ﬁéﬁﬁﬁl%&?&ﬁrqlﬁe spvaitensip gHrstRoTHILRS the dise sriscs fongdiysting

information tg éfﬁ%tsdjf%é?le&lla'& ?I%Ef@encﬁgghﬁ%&ﬂ?sl théfg)loFitﬁSnngr Hﬁpﬁk@g%yd i's both

substantially radially aligned and substanti y circunterentially

al i gnedSt o t helemeaicbfel readéwritedradd relatiypsto ftior finst pdriiog whilt nawrite sfpamint bfthser vo
sector to the rotatable di.sc,surface. A 20 position_ inpformati.gn witing
appar at us wri {egg}v{rﬁgg§a?ia\¥ﬂt%§ 83%1? ?ﬁeﬁl%geq’FW8 Sg‘gﬁ’isélit‘aé “B%u‘% he,a_ PESLUIGREOILERY of
the disc surfaelds Wi s@ofOpértieh bf e diRSuRR, WheRiPhe hB&I MWsidd @nBBERLIds
relative to the first portion using a position signal derived from

f eedback f r onPhihe seeord PpRtiomcrBtals Pesition okths rehelmesad inwsldtiondo froseedmon
control field orEiBRWhﬁ]lggecffdg{gzi?l{ LoD Rom e (208 | 6r§§n§§%{2{g§{%r hggnd” ' 11 N

appar atus derives a ron control S$i'g

posi ti @0 si gnaherdin thy dead poaitiontenirelssldsaeane seeasdipatiBR hreifibefomithd a head
position con;t,\#ol si gnal deri v?q% fromthe head position control fields. The
i nfor mati on wrSAdiRQEUIAP santrl fieldsof the st pashen. suestantighy rirewnietiely| | i ng
position of jihgeMid e ek Ak j hd & h ki sectors,
i ncl udi ng headr%lgsi tion S%ﬁaéég%%n%nh llfglggsbﬂg %hgﬁgégg)ﬁ%ﬁg%{rl%tﬁoﬁgﬁf the disc
surface. Conbiadwilyatigodd tokee headgositios contom fieklstof tHe fastpratiomi t h t he

P ovi des. substant | B RESAREr YAt eGP bRt o8 f1E B YE RV GEAB % er vo
sector gswr i t t RAd&Qité Headl donfprisRRra refNeldinbit hPRallihg ShfoSRAN fhdin AR & Sectors
witten to the second portion.
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



These and various other features and advantages, which characterize the 5
present invention, will be apparent froma reading of the followng 4 JUN 2005
detailed description and a review of the associated draw ngs. Brief :
Description of the Drawings FIG 1 is a top plan view of a disc drive ,
i ncorporating offset servo 10 information witten to a disc surface of the
disc drive in accordance with a nethod of the present invention. FIG 2
is a functional block diagramof control circuitry of the disc drive of
FIG 1. FIG 3 shows an el evational view efd-a position information witing
apparatus 15 used in witing track specific servo sectors to data tracks
of the disc diyisieth povidkssubbtantidllsGnntbtrySn efth@fy Mde@¥ed ﬂﬂ@&ra?lb%iﬂl%fjvo
position control fields together with disc dri've servo information

conpri si ng eahtosevitienstodhe firshportion vdth the traelcspeaificEeRo sedtorsFvi@terStophovi des
a sinplified s%lcorﬁﬁ%()%a ram of inputs and outputs of the 20 position

i nformation Wi el é%’garatus of FIG 3. FIG 6 is a flow chart of a

nmet hod used to wriTleesé asd ddrias dttdr featuredurliaemnithads] Whigh cB8dedizARK
specific servo sectors to the disc drive of FIG 1. Detailed Description
25 Ref e?ri ng RIESSRhBVERLAR, Wil be Appyeané fiam 2 readingof thefallowingldgtailpdt o FIG 1,

shown ther ei&bs{:ﬁptﬁmta?xﬁ a%ﬁ\é‘(v%fft}?e aqg&?%gi%ﬁéﬁﬁggo constructed i n accordance

with the presen I nvention. Nurerous f and variations for the
construction of the disc drive 100 are not included in the follow ng

description as such are well-known to,those skilled in the art and are
bel i eved to be unnecessary foPrichDessxinfipnofshe DEawingsi ng the 30 present

invention. "1 4 JWGZQQ?atcjp%llxh@ie@io?%ﬂcidfﬁzejr%ﬂ%c{}%%ﬁgg&zsg?séﬁéed“k 102

supporting various disc drive components, inc ndl e not or
assenbly 104.inThmaten wiikten troa disc agfenbf the d@4iryappacdosdaate wWithatmethed
axially ali gn(gq rotatable disc surface 106 formng a disc stack 108.
Adj acent the ig%prgfea\]%wvfﬂ °ts an actuat or assenbly 110 (also referred to

5 as an "E-bl ock" [IG.2 i§8athchib@d b1k RPN of E52Y0) cirdbird bf e \icTirRRRYt 2
beari ng
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 1s 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.
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assenbly 112 in a rotary fashion. The HSA 110 includes at | east onﬁ 4
actuator arm 114 that supports a load arm 116. Each |oad arm 116 i'n ti”N]mm5
supports at |east one read/wite head 118 (also referred to as head(s)
118) that correspond to each disc surface 106. Each head 118 is an offset
head. That is, the head 118 has a wite 10 el enment (not separately shown)
radially offset froma read el enent (not separately shown) by a
predeterm ned di stance with the read el enent positioned substantially
circunferentially aligned to the wite elefent. The predeterm ned di stance
separating the read and wite elenments is sufficient to assure the wite
el ement is of fset The @St bhee 10AMCIAH& ERseddik Q08 sthgofiGld @i?loﬁg'h%é chftyeen the
i nner and outer 15 dianeter of disc surface 106, regardl ess of position of
the | oad arm dorepanehtss inglading a sphlleingtor swmbbel%OGEheEpmdletmsmr assefmhtye 106

i chthe. r el pPEh S SR BhFroshaE e Pt tudeiSea i on

track specifigaderoso Adjsdear the (Rlsta3008)s aalrz@tu&tdrtafs@mbtlplm(ﬂps%défe@'rea% V 0
sectors_(not separately shown). The enbedded servo sectors 20 separate a

pluralify of #eana'Eblethra a(h?@fl staelp assembly/(HSHowwhielopivotsabpyt achestioger s t o

store data. (NP a_voice coil notor
assenbl y C%}g @ 1]1%911 h?cl)tg&r?aghgér)ld ﬁ Rsl lgz)él(iq&sljeffhenﬁé’ﬂjggﬁtuﬁtﬁr

magnetic fi | el tl4 @emlppdsm Tond ammg@eEa@slsamﬁhyl 11621@ tupﬁ smpgmst dtGédst yne
perneabl e flux ﬁp s 25 provided by a_ steel te 128 (also called a top
pol e pi ece) e h‘fﬁﬁ‘v](-:lgt(lar'éo referrethioss heyl(p) 1ﬂ§)lﬂ’(ab°‘?¥6?ﬁﬁ‘l’l%ﬁf9 cgpledisagnet i ¢
circuit of thg,Mebae2padAlchdd18 %pa?xroéffsle%aﬁf ThitSs C{héﬁeaﬁrl'l\é%ag'g jreurrent

i s passed through the actuator coi , el ectromagnetic d IS

set up, 10hi ch ¢lament{potsseparatelit ﬁewmmlymfﬁetﬁmta rezid ¢lbmeivbt sbﬁﬁ'ateﬁy cause
t he actuator 24 to ove L. ative.to,the asse n 30
accor dance wit ﬁwwfnﬁé ffde %65?@?? Al 1fhetpﬁfqa8 6;51 R rrg éléﬁjf?fg‘cah?’ coi |
124 noves, tkieculSoeAdA1Pilonts 1Re Writd BRmBRRrTHRGrékeemM didtdncecausi ng the

heads 118 1 4 JUN 2005 -6 to npbve over each rotatable disc surface 106,
t her eby al | owsapgrating theggerbantieriteslementsis getficidnt to ashure deet wiriteraderRent 90 of

the disc surfgges +106. 10005 LICHERAN St BeRlenbld AL candust i on

pat hs bet ween rea PO te eads and
circuitsy (nodiasReno) dist eaicer 06 aecfedldsdNposition of the load arm 116 relatlve to

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



5 shown) are affixed to a read/wite flex circuit 130. Next, the 1

read/ wite flex circuit 130 is routed fromthe |l oad arns 116 al ong ﬁhéUN 2005
actuator arns 114 and into a flex «circuit containnment channel 132, then

on to a flex connector body 134. The flex connector body 134 supports the
flex circuit 130 during passage of the read/wite flex circuit 130

t hrough the basedeck 102 and into el ectrical conmunication a disc 10 drive
printed circuit board assenbly (PCBA) (not shown) nounted to the underside
of the basedeck 102. The flex circuit conta&i-nnent channel 132 al so

supports read/wite signal circuitry, including preanplifier/driver

(preanp) 136 ieshélvever 6RRGblataBR diAfifatd 165, hedd dloRasSHEd hfisasHot he
read/ wite circuitry (not shown) and the read/wite heads 118. The disc

dri ve PCBA priotararésvithibe dats traelesi \28 of deatio surfaceasslO6i rcui try, which control s

iroultry for the R R Tereiiste ot aoagicioh rul BROZSF s il
assenblies, thadPCBraidditc &hewsid/arit drculiBaGotiteemASsaitie KdabAYireh 3ot
attached to the PCBA. Typicall i.ncluded wwthin the HDA 138 are the HSA

110, the VOM Seymiary qfﬁvéeddpsaée%@‘aér@ Aexeireps 13he Nestatheapadrwrite fexdsieguity
of fset from tfs%i@@&gd ﬁh&r{ﬁmoagmmk@%gggmg%&ua@p&%&dﬁusanh% lasffexof head
ield track speti {) no

position control s of eac iC servo sector
separ at el y shawnjt cofitasanfiént shandelt 32¢ than kon 1@ 8 fleo comrevtod bodyniB4. The fldxe r ead

el ement (not separate hown) for _control i the positjon of the read
el ement in re‘foé’flg%ﬂra]i’clﬁ;yléaéu?ﬁ theyflexcipquifdd0 fagng pp s%get?fjéﬁwqafl/é"rglsenent

(not separ at efigk SRAWMB0WrobNEthEDaRREN Y62 4R iﬁ%}?e?ec%l ¥ihinesicdada iRc a

second data track 120. In addition to being set, the wite elenent is
subst ah®i al | ydneediraitéd cieduitdroend assaintdy REBA) (rett slyowr) imauniddeo ¢t uradetsjde

aligned to the.read el t -of each head, 118. By vi of the read/wite
neag 118 bei nof e feck TR I8¢ ERSPIEG Pl pRen el LS e sttrE *0f (e
first data trRekwitdsighal 2ir6@a9NdcRangippéhniplifier/d8Pa (Bleahy) STEOMR) t6f 30 the
disc surface 106, is offset fromthe track specific servo sectors (not

. et p ( /
separatel y shwwditioprreadiwrite sighalspssedibetirgen thoread/ wiite cirauitry ot shavpried
shown) of th i 1r 4 : . fs i e
Sopar at i ng t niepefPHcRER thsd TN dhive prBA ARyl Eh SRRRRE
data tifck 126ronftryt, néhichecomrdlsphe dpevatiansofihdisdadnt 183lab wetquathet ntérfee

di st ti t.h d el f th it I t within th
O St ance (SeRaeheDs KISl SR uR SN, g the wite element within the

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



Additional ly, the head position control fields of the first data track 120

of the second 5 portion of the disc surface 106, is substantially rhdi dUNy2005
and substantially circunferentially aligned to the head position control
fields of the first data track 120 of the first portion of the disc

surface 106. Turning to FIG 2, positional control of the offset heads 118
is provided by a closed |oop servo circuit 140 that includes the control
processor 142, a denodul ator 10 (denod) 144, an application specific
integrated circuit (ASIC) hardware-based s&rvo controller ("servo engine")
146, a set of digital to anal og converters (DACs) 148 and a notor driver

circuit 150. 0t TRMIRBEdIEENdR e z_ii@tiﬂ(‘? 188 Eiekt ld@QARras R N Y0 o £1he Gitétlpokdth and
di scussed to this point are utilized to facilitate track foll ow ng

al gorithns fohe kg datedyack 320 of the Fprond wptitnl is swhstantiallcenl to thedistanee head
iti g fror ' f 106 i d
bost ti on | nf opupliflis3eid AORAHTR plenail b Bfinfith! AfaitEpkds B 5,

FIG 1). The Addivionatiygiliecedd posittsitdontrobfislas yixhe Girdt cata thaeR P20 vatheascanged by
control processqr 142 in generating commnd signals such as_ velocity
based seek siRfiaPLoliledissyuniess 1P6oisspbstansially radipllyeank subsierdiall¥, and to 20
mai ntai n positi : dﬂ%ﬁe El Gyind) 'tﬂ?i

operations. T ecgﬂlg%%?'r%ﬁng’ Si gn%%ghéagéead oo%lggltcg 1y S?E%égsﬁgaggt%cgnal og
control si gnal29 dfdhe fisseportipn bhtherdidconrfded M@ circuit 150 in directing

track follow ng angd see ctions of the A 110 (of FIG 1). .In an
alternate preferre r&%ﬁﬂﬁ:ﬁ‘gné’,poﬂpg’&alﬁPPw O?gt? C#g%@t é\eag%&i)%ﬁé’rr?"lég‘y%? uat or
in the form ofloRdRbGZREIEEIIC 4D A SEHIERE tRAREHRIr8ER st @Dt 2 dadodliheehed

to the read/wite head 118. For the piezo plant 152 enbodi nent,
posi ti &hi ng Vvidemadekd4, fn applicadorssnegidicaniggrated rieuis (ASI@® derdrente-bassdhsetve DACs

i nt i st he DBON T et ip R LA r S0t L bt By SR UBAE Usongise

until the posiinbiidgendicuads0i The petap@idnts DTehdl6Ea 166 sbivo/@fcuka@0dr i ves
the piezo plant 152 for, fine positioning of the read/ wite head 118

rel ative to t#ecugspddo thispeingarg utifredtpdacititate track Hellowing algopthmefog the he

pi ezo plant 1Hépdish JUN 2005 -s can be used by the present invention to
of fset head di sturbances (resulting from w ndage and suspension vibration
as an é&xanpl e), orTldi danadiukttetr lddvoaditionsethe htadygpsition 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



fromfactors such as disc flutter or spindle bearing cage frequenci?q) N 2005
that cause the disc surface 106 to nove relative to the read/wite hegg

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

. channel , such as 158, and a closed |oop servo circuit, such as 140,

wWithin a position information witing apparatus, such as 160 of FIG 3,
track specific servo sectors can be witten to the data track 120 (of FIG

1) during the servo wite process. 10 FIG 3 shows the disc drive 100
nmount ed on the position information witind- apparatus 160. In a preferred
enbodi nent, the position information witing apparatus 160 is a servo

track witer ¢&BYusedby reqaethri@detiion!thosketdichd lietirbahcéd @esuRtitg, frdhe
nmechani cal conf icgurati ons of servqQ track witers vary to acconmodate a

particul ar di ¥&d3es 3 HNPEnsiod ARIALO e Wy AP cu slisselistadracss dresléingr oduce
that 15 parti i [ Y : hLcalk i f STW160 has
been el ected ?gfnafgcggfszsﬁg}??% 8519%% roev‘iﬁ p g’%b%aj‘d}gg‘ir?ggg‘{gﬁgéf’ﬁ}%@ {s?lﬁ'b‘faélé? tter
of the invent disasurTdce 186 extmede reddtivecs theaeadwhitethead @ 1®Huring theRb® o write
configugations i n whi ch nunmerous changes would readily suggest thensel ves
to thosd skilP®®¥n the art, without changing the functionality of the

STW 160, 20 Incl udegiy; i id 2 [ HSA
110 (of FIG 1) of ¢ hacdnen olahf Rkt Il 8 LRl IERI0h M,

(al so ref err edreut, pwdiasildhovithin @4psitivh erfpmsdtiopiwriti@ppanatiss suchlak y6@ ofinect s

the HSA 110 ( El 1) to the sitiopner 164 ich.int rols
novenent of t ELG‘QSEa%%?ef@IC SEIV&SQ‘%?rSC‘fﬁ? Bﬁ g njftteﬂ ko gﬂgéiég‘stgacgfﬂ&n?‘?fﬁﬁl’g e
track specifi gursf the s&6 W@itepilogedshe di sc surface 106 (of FIG 25 2).
During the servo track witing process, the disc drive 100 is supported by

the ST support sEIG-dchowsshegtise divesPdmemtedmnethdpasition infermagion iveiting
connected to | t 1 ronj / v kte interface
coblle 170, | Ol 10 1B AG0RERE o fbGMERT e SalPy B0 SR L "1 55 e
posi tioned onappaeatal KO is asémo eratlOGriter (ST Asweddghizad bl aigdse kkitle& ir0thet he

di sc surface 106, 30 (of FIG_. 2) and second, to read the clock track
during the se?‘%’dh?/\ﬂe?}@ntﬁagﬁ%gv@“%agogi/ﬁéﬁF‘fﬂﬁ%g VGRS VEEY (9 ageqmingdate a

separately sh NGl m%t?ﬁét&ﬂﬁ% ﬁﬁcés@«%aste}%cged‘%o éwﬁuggﬁét -9 the

cl ock track. ?%iﬂ%%lgt{?% on tothe clo ead 172, aser based neasurenent
syst eml5 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



174, utilizing a | aser beam 176, provides sole closed | oop feedback to the
servo wite control electronics 168 for positioning the HSA 100, ref &t iJUN 2005
to the | aser based neasurenment system 174 while the track specific servo
sectors are witten to the first 5 portion of the disc surface 106 (of

FIG 2). Measurenent of the distance between the read el ement and the

wite elenent of the read/wite head 118 (of FIG 2)is determ ned by the
foll owi ng nethod. The positioner 164 positions the HSA 110 (of FIG 1) in

a known | ocation, for exanple biased agai-gst an outer crash stop (not
separately shown) of the disc drive 100. The 10 servo wite control

el ectronics 1 n i /W 8
(of FIG 2ya o oaR bR R R SHPIGE 175 R o b EmeEBRed §, .
surface 106 (bT4,Etilizing phaset beamnit 76, protidessole chfsed heprfeaibhasit fotthe bgasl 118 (of
FIG 2)to forma neasurenent track (not.separately shown). Under control
of the servo W’E}e[ Cé)%gﬁﬁﬁtmm@1@839%%@%& h%é mf‘{f?tﬁ’ﬁ& thedases Bessdces
the read el enBRhsuiimdndSystén 1 9RUE kictrdeR3PeclABsdrPS sdeldps arMtdnl1§ the first
measurenent track, while the | aser based " neasurenent system 174 measures
t he di sbance portiorbethelsyscishfacecl0d (ef EM®2). of the read/wite head 118 (of

FIG 2), as the HSA 110 (of ELG .. travels fromthe outer, crash sto
toward the spi ndl eﬁe{?ﬁ%?&%B)fk}f?o(?g%@r?a‘)lﬁ%egp)shesﬁgévﬁl)emgm ?ﬁéhgﬁ'irﬁ?jggmﬁ% or
assenbl y 104(ef thEtdad/white hblek118 (o BIW Hishie@imined bahefdiodeks héolofrhEl G 1)
is 20 determ ned by sweeping the read el enent of the read/wite head 118

(of FIG 2)arqsyiasier hed prsitians diecd® Atl1Qdel Kl Il binknovay opaficanfiiriexamipleof t he

. | of ; . .
Finarly. the Bt Rdaie dhaMERSn bl &ikak R8T BERY R he PGy e
head, &6 meassarediwhe ddnerol els@ronissied themgeataesand sepliceto the deadiveritdi vi ded

by the neasured w. dth_ of e data_track 120 (of 25 FIG 1) to determ ne
t he spacing, ]é‘??ﬂ\rlﬁg%%ﬁ%tzga% éfprﬁfietﬁla?laﬁ‘bé?q‘ﬁéfhthﬁ igowgtendo thedsc F) g

1), between t n ot i h 118
(ot Fro o) ' BEEEEs RIFTIINGME Whld dorfinf Pk selodiie feag i MdeacIofd 115
(of FIG 1) foomemeasitenent trackt(net stpsmtedushoncg. Udber(cohtrbl ¢ thd Jervo write

RN TR TR SN R
neasur egent  syadAmtd Kéadand (bESKT. 2heane héSutsndht tradlo SafleipoRsdrdastaack for
positioning and controlling the position of the HSA 110 (of 1 4 JUN 2005
-10 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



FIG 1) while witing that nunber of data tracks 120 (of FIG 1) tf tBe

disc surface 106 (of FIG 1), thereby formng the first portion o b JEN 2005
disc surface 106 (of FIG 1). A result of the servo wite process is-
identification of each specific data track 120 (of FIG 1) through
inclusion of a track identification nunber (not shown separately) 5

encoded within a gray code portion (not shown separately) of the enbedded
servo information (not shown separately). As such, data tracks 120 (of

FIG 1) result from server wite process:1Fer a preferred enbodi nent, the
starting point for witing position control information on disc surface

106 (of FIG HIG.9)eketilewritingdhinnhuhtber of dectricks 106 (SIS tokBe bRt okt he

ite el t d el t relative to the di f 106 ( of
FlG 1), For 1R hIG D eudy Fianpe tenive pomjoronibe gip AtisAd OOREHFIG ik 1 o
el ement _bet WRGEs i theaGv EHRIFIbe AR i1BRifARGT ?fjéa@ e%{ﬁcgcisaitégirgcq( iy face

106 (of FIG 1), the starting position tor witing the p Ion control
i nformation ofeftFh@. Fitheugharchisom affa track édahtificatimrfuater &6 sfofn fdparatdy) i s

dj th t di t f.di 106 15 FIG .. F
e Pt o meatfode B Aaey Sl hoafon ol SEPan e wren) &1 e mbedissnro
bet ween the rpasnRlieABt sBEWn sdpara@ti erAThRARI S trtks 406 goﬁqf}f | %Lgif:)ﬁ'oﬁl()f

FIG 1), the starting point for witing the position contro ormati on
on the first poraivarepfocdsssc surface 106 (of FIG 1) is adjacent the

i nner dianeter of disc rface. (of F ._Upon i.ting the nunber, of

cal cul ated data trg%rkasp r%% e?gpbé?@enh)%ez%g@% pinf %iw{&’%}?@s‘?’iops@mﬁ@rti on
of the disc siufdrameod 0f d{sefsuffade 105)of Kl lﬁga&eﬁhiﬁﬁ@ﬂy tHefdirebtiéh LMW i t €
head 118 (of FIG 2)encounters the first head E)osition control fields of

the fil8t trak¥Weptbemrie semept addhoresd glamentslatiye thiefdisogurfpeeatds ©f t he
Lot portioneRl. 1hRor BhdGritthdA%9 8 1OFIS) Erifgutationtlviy N i@ leffen  NE STW
I’{]t sys]t em !l. an

160 ceases use of "the 1l aser ase asure aSer beam
176 derived pobawtémthe seagreddmans ahdthe2hnes diameatdraf dibclsodicef W8AbAEIG.i1phe f or
controlling the .gosi t.ion_. of the HSA 110 (of En‘% 1). Position information
derived from tHENEEYRR&rTEMmeEsPoRon fafrgknfermatian on ghe fiyst prfipr pf

portion of di I j i i : m
126 Gor i ved Boohuasg, WMot PG, 1) 5 adfiechOne O A b SRR I00 RET 1)
duringl®he rElmilpndBor refd/whike haaidtld 8 goffdés 8) cafigorations with @ weite tetegxent nt o t he

data tracks 12 of . 30 El 1) of .the first portion (.not 0 he

di sc surf acel}i‘%%gf(notlhe 5, 69?5‘@’25?%& the Quit damstenpf gisg s %‘iet]iog Roﬁﬁ)rcbﬁg’stb@ nal

(PES) read bystidifg peae fo viriipt thebodi€acohhd! {n@drmhtifin dbhe2@3Bportion 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



-11 FIG 2) reading each encountered head position control field of the
track specific servo sectors witten to the first portion of the di scJUN 2005
surface 106 (of FIG 1), and conpensated for by the use of an open | oop
zero acceleration path (ZAP) runout error conpensation technique. 5 Based
on the head position control fields of the first portion, read by the read

el emrent of the read/wite head 118 (of FIG 2), a head position control
signal is derived and conbined with the position signal of the STW 160

for use in controlling the position of theiwite elenent in relation to a
second portion (not shown) while witing track specific servo sectors

i ncl udi ng hea (o i 1 ortion _of. the
di sc surface g%%%?s%d%&gg%ﬁ%ﬁ{e&%e%éd g%ﬁ@?%@%’iﬁg fra(r)]qq'tg? {é%ca Speflﬁgl udes
ZAP f eedf or wasatve savpes sattiento the fastgoetitn dffee gissidrfaes 166 WTHIGET ), bhe STW

160 during the wite égerat'on of . the second portion. As a first track
(not shown) of°mpensated &y by thekis Afinopen loopgrwacselprterpathdZAB) rmogt 1) i s

bei ng writtenegréM@niRAthtioRh&MRIYue (N0t separately shown) of the head 118
(of FIG 2) is naturally positioned on 15 the first track of the first

portiondof the di sBassdrongbehdad@ositionEb@rol KeldsAfiteafirsppativn asad 5y theakad not

shown), derived fro he i,nf Qr mat.j j t,o the first track of the

fi rst) porti o%le mt#e}ﬁ%ﬁegé/&gﬁ?ga eﬂ%d\éf]‘(‘]fé.%gl@eaé})?mpgn Rl stesal i o

deternine a ZA&iwedlaHe combinell mﬁtth§§6yt%d§@§akopﬁie(rﬁwmsbtf&msb?né&lﬁm‘g}?&go“d
an

portion of the disc surface 106 (of FIG 1), i kew se for eac
subsequent t r Bewpopidipp gt theiwrite glempneinzglstiom taesdcond portion ¢t ishewk) Whileg

witten i s obfai. i posi.tion feedhack of t track being
witten, obt a%’ggg &%%%U%? @sggrgg%@?g&gﬁy&gg rﬂﬁae‘gl%?sti%ﬁ C()Bgoﬁ%is %”}ﬁ? eadi ng
the se0Ovo i nfgondporoion P theidieSuyfadee s @EHIG. W) ! Thé ReadPditRA obAfo 0] Of
the track being, read. Throughout the witing process the |aser based

measur enent sipeludps 448 fasdorwazd eMMpRISHHONTE apgicidbeipesitiarsignab of thatS TV
e o1 T o010 SR RO SRR RS A o 420 '
control si gnaths secoadpseibrt o thodipensfice 106 (of[RIGi 1) isbeimgmirittanpths reabout t he
moni tor 178 SHAMERURPCHPTEL TREE) Rbpsartl blo" PG dt pearals pasSgnoion
st at i onsconpuiigrfirkdrack SPheTRTIPSHES JBERe GROLIRICE 108 BSAHG. 104 $kad é&s’i‘t'on
operations, provides process sequencing information, including trac
ref erence i npsignal @QWEO‘B&)@ derivedi fram derinfopmatdrewtittemtocthe 168 fracindf ths fugted i n
di agnosi ng 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



1 4 JUN 2005 -12 STWproblens and conmmuni cates with an overall 14 JUN 2005
manuf acturing control system (not shown). FIG 4 shows three sets of
radially aligned, circunferentially aligned and adjacent servo .
wedge-w ndows 184, 186 and 188 extendi ng across each data track of 5 the
di sc surface 106. Each servo wedge wi ndow portion (not separately shown)
of each data track 120 conprises a servo wedge 192, which conprises a head
position control field 194 (HPCF 194). It is noted that each servo sector
196 conprises at |east one HPCF 194. Additzonally, each servo wedge 192
conprises an "A" burst 198, a "B" burst 200, a "C' burst (not shown) and
a "D' burst ( . LY, t AL ) 98, and "B"
bursts 200 haggwblgjgn S S&g.%’? englg%\glgh eﬁV\a/é1 gee%/a\}\%ﬁ%gvaﬁé%rrﬁ%%lzro&ysgeg&h dat a
track 120 tog@ohgrowm)th drive |evel servo information 202 (Drv Pat 202)

i t Kk ifi t 04. At | t .dat a, t t
shown) |1 65 bet npek B4 Raecrisdhrofali el Soemdrositl dieosd ot ack
120. 15 Head gBsdehi @M\e@dgea@iﬁdo@g o4, ded a9a|1§)@%<tﬁ?ﬁgeé&éss BBRALGE LR G

detection and reporting of non-repeatable |ow frequency conponents such
as spi ndl e catje dist sedecendide Eadsdrng wedge windpivgripmo@etspaamtdlpsisowmrof
conpensation of, these frequenci.es through ili.zation of a_ conventional
feedf orward b S afgjraf%éggg?%rgwﬁﬁexpﬂ& gei?%r’(g}@‘ PBRTHES PQ%PP%%I of
the | aser basemtoBACANONEHPCEYSULR M Jshtbt&f thl dech Sorvé el 198URARHrishEtel fect s
of these disturbances, the result of which is inproved concentricity of

t he data traclkast2oe HPRFokHe Adgditianslly tageh pasvawiedge HaAcommisendn fARbutsead 118

(of FIG 2) T lgahie i bP oSG I RSO FiS Ahad o RN A0 e and

partially conpehsa y controlTing the positi the SWI 160
of FIGIO 3. Adatiittyj enigitey/ A ZAIPsty ad8iesd FBIT budets 200 haeiseed 2Rovdei The Wiridten are
stored and used, to 25 reduce or. elimnate post ZAP tine expended in down

stream di sc dVF4e&-BEOY drrtangof eaph datadrack di2f dogethes Warikmiriyg lened serse t he

tracks bei ng wed tpal . 1 ! fe k
i nformation olbtdé%rﬁggn g?/?g%g @ggﬁgr&@gﬁg@%egﬁggmﬁg%ﬁéﬁ%ﬁ d% q%?% 2)
with stored ZAR ditat mciof (ttdtshabat)dies beatwleed 2achipmimf sewadedtyrst 1196 of eedd®ita

el enent of head#éég (of FIG 2). The head position feedback, provided by
30 the read ef% *of head 118 (of FIG 2) is nonitored while track

speci fig servo 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.



sectors 204 are being witten to any given data track 120. 1 4 JUN 2005

13 FIG 4 additionally shows the relative separation between the ¥ §adiJN 2005
elenent and the wite elenment of the read/wite head 118 by show ng the
reader position 206 relative to the witer position 208. Al so, the reader
position 206 identifies the positional relationship of the read el enent

of the read/wite heads 118 in relation to 5 the HPCF 194 of the track
specific servo sector 204, while the witer position 208 identifies the
positional relationship of the wite el eneng-of the read/ wite heads 118

to the data track 120. In other words, for a preferred enbodi nent shown by

FIG 4, the witeFRbenamitioHally %w&a@é&&ﬁ%g@fgﬁﬁﬂ@%@@%%@aﬂ%}{;ﬁ&ﬂ‘ the

read elenment of the read/wite head 118 a 1 al
equi val ent t o24bilie vaie slemeatisha mad/wrie ibml Hisrtysshewing the eesgbr fdsitinmes on

the left side - Fl g fy inhdividual track nu rs, of .data tracks

120 arranged {)e(ril)itl Fst((gz;thseﬁ}"?tgg%osit 4])%0%1??13}1%{??‘53‘? pogjfi ggg@FdePBﬁ?%@ei nner

di ameter in apesitidiahglaiodstip of he et dethéR K thb2QadivaR ﬁéaﬁglp%’in Ifeﬂ%fé"tw*%ﬁr 1
) e

is a figst data track 120 at the outer diameter of disc surface

data tracks 196 HEH 84bakthe tragk spgrificsarve seetpoiih while trepwiitse poditort 208t
portion 210 o | S€ : he.servo se or%ld]l% f e first
portion 210 r@se%ﬁésp ?%ﬁ?ﬁtg%%rfeiag}%?‘%‘ﬁ%?ﬂltgﬁvé‘tsSf"%ﬂwf 4’@ ovﬁrétgilei’n‘iﬁ 1&i ng
the use of STWthéOatefraéit 20.3n diifer word, ifetc fréfried eb®bdiafent ow B BIG. dat a

tracks 120, ﬁ@gstitu ing é@tﬁ first portjon of the disc surface 106, the
| aser based HIHE mementYidhe Frad/ritg igad Bldds offsetifiony the rpadslementfdleed | oop

feedback i nf ofel@ireher slauiRARC!SubRaRfly cORYARK: 8wl A d4ds 120 (of FIG

1). A second portion 212 of disc surface inc racks 120
represédted by theThemdrabes 6 thirbugiubfhshb®n ofithe bt side SRIIGO B 3ighd individaal

BTG 8) ol ngt ikt Bisghfs THLadizel o8 gbt rteceddbviors eerz0q
written o ! Neiahibteslo @O kP Biadblr # oREndifieotor CTRHIAREEK DR s aRRG by ol Y,

as the source for deriyi@rﬂ:{g conpensat ed head position control~signals. The
conpensat ed hBaauwben t isenfisodnts wacksi 29rasthe euter disnecterf afidisccsorfpentat i Tie of

Pel ot {1 el a0 DL o A A RBGS b 1R SRR AR
speci f1§ sertho ddestudice2®4. Mht Gerivbeedtors 96 BOTHeiRE poktidd Bl odesifle Sohf ace 106.
Combi ni ng t heapplication 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)



30 conpensat ed head position control signals with the position signal of

the STW160 (of FIG 3) constitutes the closed | oop feedback contrblk ¢gEN 2005
the HSA 110 (of FIG 1) 1 4 JUN 2005 -14 while witing the track specific
servo sector 204 of the second portion 212 to the disc surface 106, and

for witing all subsequent track specific servo sectors 204 to the disc
surface 106. A third portion 214 of disc surface 106 conprises data tracks
120 5 represented by the nunbers 11 through 15. The servo sectors 196 of

the third portion 214 of the disc surfacej4d06 are a result of STW 160 (of
FIG 3) using the HPCFs 194 of the track specific servo sector 204

witten to t hgh3eaeindg Wtﬂcﬁ@g@c}ﬁc séto %é%fbé?bﬁ &F @érséfo%% &)éo%or{ 2&3'}. unction

with the position sighal of the STW16 rive romthe

| aser based ndiassuréeen06,smd tferwrifidg {lbfubstq@entiyacksgedifis sorvd edbannd #b ( of
FIG 3), as tﬁF sour ce fqg cl osed | oop feedback for positioning and
control ling t W& IFESIHASHUSF the HSA 110 (of FIG 1) while witing the

position control Anhigd petioAn120£dieé sirbRe b6 ESmPRecsiaa 1Al the data
surface 106. It is not eg&?hat duri ngsv{/ritCi ng thgquei rst polrgstli%)n 210 of the

di sc su?face mpBsenipdbythgingmbetsalictbeoughi. dhe serdd s¢ctorha9HG eSthedhisd ng t he

di sc surface 5 relati to the.r it 118 (of FIG
2) are not neé‘%gl?%gl‘gg%tgﬁégctsﬁréacree@g AL @@PFW (t%ggﬁé\%r)i“ts’élg&%%d 118
(of FIG 2) CHROBS 19£8£tha traelsigebit sehariabtot!D04 Writté fothe Bé&%na"?’&'%ﬁnlz% of
the first portion 210 of the disc surface 106 have been witten. Once

HPCFs 194 of ¢f{Be flisp §urfasgrlOp imcamuncsion withithe pesitien sigral of the STV fla0 €006,

di st ur bance i_n ure. .20 First,
posi 11 on ¢ he Toad o B e o Rt el fonilt WA EIRERS Songlie o
sel ect @d dat abdanat’6 (b2BIGB)] axghéRiirse b9 dlosédloop fRAPAK foF pesktichi®d arfd r st
portion 210. Undﬁr control of flhe | aser Fased nmeasur ement system 174 (of

FIG 3) and |<0uplmedhs pasrieon itheHEA LY (of Bl d) s wrtnghe rOsitiell d t he

read el enment | QRS AL i : I 3) via the
push-pin 162 c(%t&%}:?b 3§Ibg%gﬁg€§ﬁ'€%§réﬁoglég%l%}\o%%gg?égfﬁéé%l))of t he di sc

drive 100 (of FI GIt$nated thet pomigtviatieythd Gdst pdigion 210 lo€ tHdRI¥essurfh®t 1¢RQf Fl G
4) from a sel

£ from 2 ool e dalad gk, LR Bhe.dead.to Cebar e i posi L on o
extractssel ecleRfive id BEYIIEYriC WSRO NEN{T FII DIirdh& rhsBied besReaRYE T or
during witing operations of
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



the first track, track 6, of the second portion 212. The source of tfé %PN 2005
di sturbances 30 include disc flutter or a cage frequency conponent of the
beari ng assenbly (not separately shown) of the spindle notor assenbly 104

(of FIG 1), and causes the 1 4 JUN 2005 -15 disc surface 106 to nove
relative to the head 118 (of FIG 2). Then, correction values with a
conpensation profile of the selected frequency conponents, to be

augnented, are witten to an open | oop zero acceleration path table (ZAP
table) (not shown). 5 Wien the STW 160 (ofisElIG 3) begins witing the

track specific servo sectors 204 onto a second or subsequent portion of

the disc surfdise si@ice 1@6%ﬁ%k@él@tivectgrtﬁquaHQTSE@H@?Zi.of‘rlhetnhgoéeecltigﬁt ed data
Z tabl €.

track 120 to be witten are drawn fromthe Al e’ correcti on

val ues drawn FPlges with azampensstion prodilé of thiecléatedrireducacy tremgsbrpas; to tan
control signa f 2. 5), which are used as. a feedforward 10
conpensat i on Isa}l%&néﬁe(g 8re§t’§¥tr%rh{° Pire L EQﬂprZSfo ‘fcc‘}g'ﬁ”‘?an Pétgl t?@aﬂﬁﬁi@l@d@pt i on

of a head 118hdwaf). FIG 2) relative to the disc surface 106. That is, the

frequen%y of disturbances that cause shifts in position of the disc
surface>106 rel ati VEhendghe REWHEM(of FIG ) begims Griti2 theotrackispbtific servbhe

position of t ( I relative the disc rface 106,
that occurred Q%ﬁgr}?%g“ é/rljﬁlg £ S(r%o &Oﬁsﬁégewgoqlgﬂ c%@“’t‘ﬁ%" Wﬁb@@ﬁ?rofgaﬁﬁl G
3) to the fir sorrqtivhivaluefd tinf sethictd datwtfakd 20 @6be HtiBei BRI &k 8 Gofd @) t he

read back of tége ri% witten data track 120 and fed forward into the
STW 160 (of FF té‘?le- fEpBectiop gplupsdigwnfrane thert. A table are inberferm 0fla of  t he

data track 129e§aeﬂd§9ioﬁ’rcbﬁt:r1&r§ignal’\@3§ s Ff@%g{(@hffg 61§e %%%Q%'feaeld?cfr:wg]ﬁ{ arity of

geonetric shape between the read data tra 0 I'SC po (n) and
i ts corfll enentempensatian signadi it aughreatthe taftralflodphie replivatedRispssitioarbanthd -

Cont . I . ti t i t d t t ti
of ST 160 ¢ BF CRFIG: Breiut B HEREF sieibed G aPatis shg Regenbi of T of or ence
i nput from t heistuslen¥es kb QI SHERIRWosHion 82 tHeUhiscEbiFa éﬁoér‘eghbéio fEhggWite

control electronics 168 in_ the formof a track nunber and serves as a
coarse positi & @fEHG! 2) o shifty igrthepositien af3he kead/MBi(0£F IR 2ireldtBretto tlee

celect 0 0ot agst apleck 8o ey Bk AR R P08 100 B
106 ddbing t REG.SQny thetfirstqortisn 216) xR Fa&HELR IR L HOn IRFGEBachen
the STW 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



160 (of FIG 3) wites track specific servo sector 204 to the first

portion 210 of the disc surface 106, fine position control is providdeNyﬂmS
the | aser based neasurenent 30 system 174. The | aser based neasurenent

system 174 provides a position signal 220 through summ ng junction 222

that conbines wth reference signal 218 at 1 4 JUN 2005 -16 sunm ng

junction 224 and is passed to the servo control electronics 168. The servo
control electronics provides a correction signal 226 to positioner 164,

whi ch adjusts the position of HSA 110 thr-qggh push-pin 162 to correct the
position of the head 118 relative to the disc surface 106. 5 Wen the STW

160 (of FI G Shmifihg Richdee £R6¢phdsed RARY SrdEiffol eltubhicd Vs, AEGUd

portion 212, both of FIG 4, or any subsequent portion o i B f ace
106, fine posiconten elestroniss proyidss o wotedionysigniak226ap gositaned 64paaishdRts

system 174 a ection sign in the formof a head
position contro Ogitgﬁﬁq%?%q‘ﬁ ugp?é’élﬁﬁﬁg’sfétzl tBHOEB%ttIP%POSéWQij@QQ@di s
derived from heaeelpbai tbitendisodirfagb 166.€/ d 194 10 (of FIG 4) witten to the

portion of the discg precedi%g t he gprtion.being witten. That is, when
head position cont rokenthe SEW 60 (o FIG) 33, writps {rackispiecific werivb tsectot 204stechad

portion 212, : hid rol_field 194 (of .Fl 4). witten to
the first po%%hﬁgﬁ?)gfli’(?ﬂ%gflz ’ l:’ﬂq%&gﬁ'i‘lgO{J%tgdsuggquéﬁé’gf%or’f(g}th%éﬁ%f‘gqu?g the
head posi t i on166rfireqiositiohgoatiol 22frovitee bhesafe ShiddReEOR TRt sy3icdps 228 i
data track 120 o&gg{G. 4) 15 dependent and sel ected from an  “open | oop

zero accel eraff by ¢ strestionigpzlap thefaon of Flheadymositigoontbl #p@l 238. uses
the | aser | 00mneheddiioslBRRbnRAEEhalPRAOKI BTN grorﬁxl%sc?ge)st%tt@é 3uBPEl' 8 1 he

heads at correct track spacing Increnents e usin dbl e
to augrént t héofd6i 4) writtentotthoportibn ofithetdti ptdddding thepsreias Beinpairatdne! i st

) iti | fi f FIG 4 f the dat 20
TR 120 Cof TRRGS e R BTGt eanlyob fFIR 4 OF e Bl 4 bistheitieamiiten treaupnd
posi tion cont pettion?ile) 8 hdposRlonThirolRel@iod {E%Fi’@.t &ﬁ@kt?eﬁgg&gf FIG 4)

using the ZAP 230 for witing the head position contro 94 to the
data track 12portign 2¢p @f BIG. Briswgedwsi 2 basis. forrgrpemting tiee ldad pbsitien cdbian of t he

223, ¢ hrough et dR2aue PRRBURA ol Uil oaf 5 33 task 1ol et Redli 5 P
the trdék spedéfendersand sele®ed 06 aaQpesk m‘olszb@ actelefdltioh BEnda1a 286 aekp 120 (of
FIG 4) being. witten having substantially the same witten-in
di st ur bances 230 Hde 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.



track specific servo sectors 204 (of FIG 4) of the data track 120 go,L 2005
FIG 4) being used as the source for generating the head position co t‘lp(N
signal 228. By holding substantial parallelismbetween adjacent data

tracks 120 (of FIG 4), AC track 30 squeeze is decreased. 1 4 JUN 2005

-17 Head di sturbances 234, resulting fromactions such as w ndage acting

on the actuator arm 114 (of FIG 1) or suspension vibration acting on the
read/ wite head, are shown in FIG 5 by force vector dl. Disc

di sturbances 236, resulting from factors_-spuch as disc flutter or spindle
beari ng cage frequencies, are shown in FIG 5 5 by force vector d2. The

contribution of fopes ¥ : [ . Syr 106..t0
nove relative to the rglggl}ﬁv%ﬁhié?sgi?ﬁggégulﬁ%?égfgc\?})ls%%@}elr%gglﬁ%%é%&%%gr%ne@e W th
PES 238 they #&anatorarm hgubf EI@nalor fiBp&nstorvibratid? hetirig drhthe acadrweiad ijRE 240,

dt t ti | | d.by,.ZAP table 230 f the t Kk
boi g wei Lt el SRR THERG 2 Boteeriar [ Dist i{ahencso a5 ionIEHERDI o1 gnal
228), is fed fRokosusLE disBimitnG sﬁl-ﬁ\@ié{@@nﬁ%taé: 5 ug‘acié‘sﬁ)g%rsﬁl)v#h?r??lm ch
ef f y gl éln or , €

substantially replicates ects i nposed odied with

t he PESSsi gnaby facs vestertdde The soutribntiorodf fotve vieetady dir anidel2hmast the 8iscel at i ve
to the data tragk selected for witing the ck .specific servo
sectors 204 (Soq‘r?aﬁ? é&g)%m ‘ﬁ?cﬁe%’i"ﬁgé Wée#é‘gﬂteﬂlﬁgﬁiﬂ r‘?r(YEﬁtQ’Fﬁf" ‘f"h‘%’l‘&erﬂgﬁ_ ( of
FIG 4). The &anPEISHSithey forflh ighdBhal (PESHEL § @pyehie bhRa09RE H0si ti on
control 15 signal 228, is formed fromthe PES 240 and the ZAP val ue of the

track being reéwd o generae perpensatinn Yaduc Apld bl AP 2ade 23 fon i tegekibeing, dur i ng
wite operatl Q/ﬁﬁargz Atcraﬁl %ﬁga}l/ig% si%%lﬁ?en.%é%ﬁﬁ)%ﬁtioﬁ%o%rﬂoqgig%? 8 Oltg iedd the ZAP

val ues for eac atr eac por ti surface

106, subsequeforwind infoehé BT 160¢of FOB. D1dntrolucdp hicRkdbandiallyQeplibdtetal | of
FIG 4), that track specific servg sectors 204 (of FIG 4) are witten to,

are deterni net45{s lﬁé’éaedp%‘i”t i“tﬂ'ﬁornd@a§lﬂ?}"é4+éﬁl1fv§thtﬂéﬂ<@ﬁs s8R0 prethgmogision
process, usedyrhOrddahiie hE%?l %)%Q})a@&g t&fﬁ%hﬁg{%dﬁl\&@ sé’}e%écpfo? QVI'%E C‘)c%f@tr of

the data track 120 (of Fl eing rea e read el enent e head
118 whi | e t hesperificsenbenents 206 (of FI&. B andlutlig the head gdsitgpntdoatrol felé 18peci fi c
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wittems the §gad 2ok FdrHediffnPtheBESO0dRditNeEEA P Mafe i ehe Pk Deth@bedDf
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



FIG 4) of track 6 of section 212 (of FIG 4) are used to determ ne1t1hQ]UN 2005
ZAP values for track 10. Wen the read el enent 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 witing track 1 4 JUN 2005 -18 10 of

the third section 214 (of FIG 4). As such, the ZAP value for track 10 is

the ZAP table value for track 6 plus the PES of track 10. FIG 6 shows

servo wite process 240 beginning with a stt&rt process step 242. The

servo wite process 240 continues with process step 244 where a disc 5

drive (such ag0 30 thisd SRELE 204 (6T RGPS Ad Q6 ithE 2AFB/) hdd \Pisqppar at us
(for exanple a servo 1track WK t(er STV\?S(such ’atsé%GO h%%illj\grhé-ﬁpﬁls?gﬁch as

162) is connééPdablpaalnedor trackGailes tha@ES(Strobk 36 164) and a head stack
assenbl HSA S 11 a _servo w, interface cable (such as 170
Lot oo i 1 G éﬁlomsg%"go ¥ PEIceR jé@'?’%’l’ﬁl% V(@h%ﬂtaﬁ?fﬂé%% Stehd t he :

communi cates with servo c

di sc drive i s24DVEliegrawiipraddsOMTcokfinti€s with ProdBss stcpe 48k PQiski on
control fields (HPCEs) (such as 194) of a first portion (such as 210) are

wittendto a B¥C(Such #5308) pssgerred & a pesjtiar informatipm wriging wppasetupffocess st ep

246. | iti i ' t he di f .a clock
noad (such ey S waOPW A STPPIhUCR, B0 afsliol el 5 R0 Crack i s
written to theortiested b&tween b positioer ¢aich af $64)nd S hkad tack adsBALIIAIA

energi zed to hias the HSA toward the positioner to take up slack in the
push- pi n. Nexéjs,uc pel 1o sesvanVHisanterges rable Ehchnst Id0) copmgnicates witfserise di sc

drive by the Rgsd ddn@BLEleARMIA (WidhiR 18bERNhe 8sc gﬁ&%tﬁq{g%%eédgp& Jh%aa(flog%ﬁc“ as

118) of the disc drive wites a neasurenment tra ermn
frequedy. Thie Bt The read pasitias eontlyd Sietils (HRETs e(sucit assiPd) efa (isstpbrtas 174)

and a 20 | ase ea uch as 176)..to asure th i stance a read el enent
of the read/ W{SP’EbféaSr%lg)zamrm‘%@e’i troa%fgf’c Sb’rrn%f)er HSP@’ %Sn’(ceoég ﬁf é‘ﬁ%ﬁﬁj ‘gﬁ’@ AHBLICESSe e nt
track. Once tkep2smasurenent track is encountered by the read el enent, the

servo control electronics __of the STWsweeps the read el enent of the
read/ wite head acho¥sting\EPGFsthedssiportianafithedisasurfans déckdesad(srichi ng

e ur ot of, APt ik B A0t PR PR AT Bh A, o
the reafl/ witerfeadAani (slichiadilng) éfithdHSAhe cn@asbd frbivd die MSA (dvied dat a
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



track, the nunber of data tracks representing a separation between qmp N 2
wite elenent and the read elenent of the read/wite head is deterniné%) 005
by the servo wite control electronics. 30 The nunber of data tracks
representing the separation between the wite elenent and the read

el ement of the read/wite head constitutes the nunmber of 1 4 JUN 2005 -19

adj acent data tracks (such as 120) nmaking up the first portion of the disc
surface. Having witten the first portion of the disc surface, the STW

then proceeds to wite track specific seryo.sectors (such as 204) aligned

Wi thin a servo sector (such as 196), each track specific servo sector

al i gned to t hggjaaunk 850 @Atk Gudy ik - LSydtsen to the
first portion oJf_ tnhe. di sc ﬁlrlf a%gll.ﬁog)gigﬁh%Iﬁgéﬁ@é%ggﬁllﬁgggglre \%wsggéf%r S
i ncl udes at | Ha¥mngoyrtendghe Grshpoigion (Of thehlisssuifads, ek Wrthsteploesesls t6 erNe®

information ( h_as..202). Additi onal | ach track specific servo sector
of each dat aa%!?ﬁ(a%jl?miﬁﬁéfe E PR (f‘f?g‘aFizﬁg)tﬁ@BP‘% Wbtﬁmc%??ﬂ‘ﬂ sestogsyck a8t 96he
HPCF (such asedBdlack EpécifssepR&stoR hlil ' ' - pended
clainms, the pﬁr aseac 1 K position i ﬁfl%%ﬁ?ﬁ%%#Fﬁhgﬁ%%ggg%ﬁégg?/{ng‘?I be
under st 8od t os§chub waidten futhe figst portion afébie disg swfaser Bactt travklispedifit eervobut

coul d alternat} i hcl ude host conputer . ¢ jgured to control an
actuator or mE é(??%%lé%% %?tq_S?’S?Pﬂeesq[@Awﬁgf @ﬁ‘i}\ aéq\%&} g‘?‘{gf“fel"lﬁve(i EBERs 194 onto
the servo secimdssnationi(fihfab 262). PQIdificRIIpfeabGadk §eciFiesERAS]UBAST eachONt T O
of a measurenent feedback |oop other than a | aser based neasurenent 15

system i ncl uttd§ack mehdad ay e fissd portiomoentainsad lnastione R G(such as H24). t o t he

system i sartiomsu e 1), to LI
operati ons of tho g aareret oo fich SRS EAR KPRl G EY it Wi e

procesd) ent aipositiomiibfongatioraekiting pepaidtis’ veidbéeandastood so Midtude g aepnd
portion (such,as ‘5\%}123) of the disc gurface. The 20 process of writing

track specifi fmated {0, 2 SeRvo Sragk Bimites ‘Hé’ogl&f’é‘ﬁﬂlaﬁﬁ?l?’ isAude; & Jast compwe wri ti ng
track specifi goniRfyed 18 e6h1A815n AR Atok BEmidrbatku R drir 3R ﬁ%%ﬁ{ee\kﬁglé%@%grk

beam of the | aser based neasurenent system ceases as the so
source for cHRECFsllP4 agtotthesgrossactapnofthd find pertiontof tie disresuriSde dnddrng t he
wite operati

portion are r gog}'&r °I§F% ﬂgapsglg%’ayﬁ :ft%%‘?gg"tkolg%gﬁ S{ %gn ?‘Z%tal;)éﬂ%ia‘?fg‘eag’gﬁ%%séener ate
a posififon er§tensiigitading PESRoni Sy headisredidM) febtfabk Blstem internal 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



the servo control electronics to generate a head position control signa
(such as 228). The head position control signal augments the |aser] hag@ﬁ 2005
measur enent systemfor controlling the HSA during the servo wite.

operation of the second section. The STWuses the |aser |oop to position
the heads at the correct spacing increnents, and 30 uses a ZAP table (such

as 238) to augnent the position control to increase the "parallelisnt

bet ween the data track being used to build the ZAP table and the data 1 4
JUN 2005 -20 track using the ZAP table duppng the servo wite process.
Parallelismis usually affected by the random and systematic di sturbances
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witten. At all times during t Ite proces e laser 1's used”as the
"DC' spaci ng affecteshhy b réngommmnidtsystgmbtiedisefmeesaordutriBg att theadnegetdach t o t he
STW push-pi n., _The S t.] trol .information fromthe disc is fed into
the | aser conF?c&uSFggop}?ullﬂotge 2%‘2) taﬁgéﬁb%‘f"?&t% control signal, to cause
the |aser control hoopiks WiKinkRtitWbidob @il useflis REALENE Dbl t Ne

average position of the previously witten data track of the previously
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track being read and inproving concentricity of the tracks. Step 250
represents t h@splpepaenhpiithin the graage pesitioneof sk Rrevigpsly avritien sletagrackof I8
writing track Lt G ser v a: : I rtians of the disc
sur  ace, 1 ho LR donti REPSRIGRFRY ot Aehidf IR BBt AR Bl gh

enpl oyéd by ttakSEuVing substantinitythiersamk wapieaiih idistebiances, Sator deckdasinge second

portion of the di.sc surface. That, s o say, for any portion (n + 1) of
the disc surf‘é{E%,ls F%mg?&/ﬁ@f’l‘”lniafeéqtﬁé’ ISEEGELC s hf F’Laé}ﬁal’é”é‘gtpl“’r@“}?{l%edi ng

portion (n) OfetivBéh @aluatadtack BEifg WRitRHANE Mo (fé@asﬂ.récik%iﬂré??%% dni%g)r%/inghe HSA

while witing track specific servo sectors to the po Step
252 of the se¢ongeniriciteoithotreeks. entails turning off the power to the disc

Grive: 2T onng g flgg ELYG,UR SRR IO ST 28, Shoek, hgad 1o
di sc disve andriting oK HBcifioRertoSEoteHsiny thofrE@BntiRe TN othd MESsiBRIcE] tht he
servo write pé’IQ\(?:Vecsoitngessto %Eilize 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



25 process step 254. Accordingly, the present invention is directed to an
apparatus and nethod for witing track specific servo sectors, incuuprw 2005
head position control fields to a disc surface. In accordance with one
aspect, steps preformed include connecting a disc drive to a position
information witing apparatus, for witing 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 wite element 1 4 JUN 2005-2121 of a read/wite head while
controlling position of the read/wite head relative to the first portion
using the posbfi fadivwiitehsRt while ¥l ' , ' L ng

t he head position control fiew%gﬁg?ug%gﬁgﬁgé?¥g%ﬁ??%ﬁﬂaﬁéﬁdéa?@g%%gﬁ%nent
of the read/ HFstpertivaadingdhgpaesitimmenformetich pwdsing epparatos) stepl246 griadeadihgt i s

conmbi ned wi t h,t osition si.gnal .of e position informati witing
apparatus to Ehgm%?gpgsﬁﬁ%r} ?qn(t)ﬁgfgglgs pﬁ@le\ﬁxgtpg N ? fqaﬂ e?eémeﬁ Pgﬁ’et 0 a

second por ti ofca@fwritdeslti ®Prodiich AGRadPositor¥onirbNEgnd1 8 iR IAQNWRR el ©!
fields gn the second portion of the disc surface, step 248. During the

servo seéctor WPSiEen el e themesitien anfermatwn(voiting appaBjusae eopod ipbsitinn of

troll ed Y f.the STW.,16 f.FlG.3),.. i
The 10 posi t1 L6 Rt LFBRte.Riec8hg bOBom DY Ut s Sefote ThLShrBEL L f ace
106 (of FI G hadgndition@ohtne fEIAN ci6fle ébndbéxtiod of tiRr dsciuefte, GRPIUBNT

control of the STW 160 (of FIG. 3). It wll be clear that the present
i nvention is WBIMPS thessroFesisr writeprqcess thedivads Bivd(o8F G aierositianti oned as

wel | as thosecd ek Bt uldi®pbbliflon yggjfnlo?ﬂf@ggw h¥%o (oq{ﬁbeg)r, ﬁ%aﬁlﬂg%é ment s

have been described for purposes i sclosure, 15’ nuner 6us changes
may be lfrade whositionwflHeadsebid (of FEGig) edlbtiteempe the dist suitthesi®s (sKFIG.&) ahd t he

art and which e in the spirit of the jnvention disclosed
and as defi netf P ST ﬂﬁ?éﬁ_ﬁm@d@e F@i%ﬂ?‘pcfﬁatéﬁmn%@ the S5 i (o §161 B ned
is: 1. A nmethod fort willideichr that {hPeseRGRTdntion FEEVIPaBHEARD altRindhde _
surface of a disc drive conprising steps of (a) connecting the disc drive
to a positi onandddyentagesonentioned agwelp pathasaishéront therein. While presently

preferred embodiments have been described for purposes of this disclosure,

15 numerous changes may be made 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.



5 witing the track specific servo sector to the disc surface; (b)
positioning a read/wite head of the disc drive inrelationto a fﬂr&uJUN 2005
portion of the disc surface with a position signal of the position
information witing apparatus while witing a first track specific servo
sector on the first portion of the disc surface using a wite el enent of
the 10 read/wite head; and (c) reading the first track specific servo
sector of the first portion with a read elenment of the read/wite head to
produce a head position control signal, aB#@-conbining the head position
control signal with the position signal of the position information
writing appar 8hisidddaidfedposition the wite elenent in relation to a second
portion of the disc surface while witing a second track specific servo
sector on the secénd pérmpBad & witingd wacksnedifie serve seciirdo pulissatirfoée of ai m

1 in which the conpectin -ghgaeéﬁfzcorrpri ses 20 steps of: (al) connecting

a connector of an actuatgrr1 asse y of the disc drive to the position
i nformation witing)apmecahg thefdisc drivenolaipodtionhibatanes writtpepghstisdbi ve
and the _position informatjon witing apparatus during. witing of the
track specific servo se®igipgthy tagk SHP%gc 851Y9 sREtOT 69 therisciugiace;25 dri ve;

(a2) attaching a fiy &BHinef PUS R 3 : . y.and a
second end of thetgﬁ’g’ﬁl- p?lrlllgta(;é% po%i}%?gﬁgfr?wtg%% t@g&%@%&?{t}ogﬁtﬁ?@%trpﬁg{f ion
witing apparatus, theoptskdispisnrfpreovitida positomsgied ot thelpokitiol ilbfetmstéon t he
actuator assenbly and the posi tioner hgurl n.% Wl’éJ ting, of t&e track 30

speci fic servo sector; XFng apparatysphye wiiting 3-{irgt {rack speqiiic sEEVaBRREGT Ay t he

posi tion information Wrilfeiﬁiﬁk@P@@f@ﬁtﬁ§dfs@sﬁrfﬂc%iu§ihg_aWﬁt%%ieﬂ%n@f)fﬁllae track
specific servo sector to the disc surface of the disc drive. 5 3. The
nmet hod 18f claim 1 in whieed/vritehead; gnd portion of the disc surface of

post tiont g step (B rGRIY he ffs Habk YeBldl'¥rv®lsedtB} B hé BEK oA Fiua FEA"
element of the read/write head to produce a head position control
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



conprises a plurality of head position control fields, and in whic z{ﬁgw 2005
positioning step (b) conprises steps of. (b I) neasuring offset o “
wite elenent inrelation to the read elenment for 10 use in determ ning a
nunber of data tracks corresponding to the plurality of data tracks
conprising the first portion of the disc surface; (b2) holding the wite
elenment in a fixed positioninr relation to the position information

writing apparatus while witing the head position control 15 field on the
disc surface therein formng a first data-28ack of the plurality of data
tracks of the first portion of the disc surface; (b3) noving the wite

element to a Secon(‘h3D)®1$ply1mglpoezdt aaBapoditich ﬁfdrﬁiaﬁ@@tvﬁtm%'éﬁﬁ?aﬁg td t@ided r st
portion for formation of g E nd data track of the plurality of data

tracks of the first porYVF‘SHgO teagk spRELFSSTYO ssAtob testhe Ao surfagernf thedisar ed
offset of the wite eleggpt in relation to the read elenent; (b4)

mai ntaining the wite elenent in a fixed position in r relation to the first
data track of the first portion while witing the head position control

bl ural i Ty of data 31 ack LRGIRE o FEGR 1B IS inG hre Retgae it fesincant -
(bS) repeat | ngossienss b b)@aﬂpﬁ%)a stideity BldaraNERRs PRGN Ql0n AR 11 el ds

for each data track of uraltyo data tracks conprising t i rst
portion of theoraprises 8 phtrality OIﬁh%ei eigionwontroldieldspandia vdnsh:themo{sm@ﬁmgBO 4.

The net hod of ich.the first portion of the disc surface of
the positioni ng‘L @t)%l%f)f)lfes\,\gerptg Sn of the disc surface determ nation

conprises steps of (b1} nf¥astig 20Q8t of tRewLitd JlerNBA TN FlMDnad 1R feg€bicRient £38
wite ?I enent in relation to the read elenent for use in determning a

nunber 18f adj acent dat alserin dRISTRiIBRE 3 Rymaler of ﬁ@ail‘laﬁléstcomﬁmndmgdﬁ théhe di sc
surface; (bii) determ t t [ epresenting
the 5 neasured offset gfflﬂ&r@hreagzm%g(ﬁgé Bgélggf}%ﬁrgt% O%? tﬁ%ﬁ and

(biii) controlling posigurfane;of the wite elenent in relation to the first
portion (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:



of the disc surface using the position information witing apparatus

while witing disc |level servo information on each of the adjacent 1 HailsN 2005
tracks of the first portion such that when the read elenent is 10
position-controlled on the first data track of the first portion the wite

el ement is position-controlled on a first data track of a second portion

of the disc surface. 5. The nethod of claim3 in which the plurality of

data tracks conprise 15 a nunber of adjacent data tracks and in which

movi ng step (b3) further conprises steps-é&$: (b3a) determining the nunmber

of adjacent data tracks conprising the first portion of the disc surface;
and (b3b) writing @dcineasurihgen pifsutalf tHeywiik eldrenbindlapiositd theResDlEment fi el d
on each 20 of the nunber of adjacent data_ tracks of the first portion

such that when the reatf’&e ergpnipg a npehey fradiaseielatn tragks comprising
osition-controlled on St A0 ] track of the first portion

gf t he disc surface, t%%ﬂﬁti@glﬂﬁgﬁgk%gﬁdﬁe’ read/ wite head is

posi tion-control | etbigdetemminimgsthe dambert ofadjacaft dufagraskcepebspatirigi the of t he

di sc sugface. 25 6. The _nmethod of ,claim1 in which the fiyst portion of
the di st surface of pogﬁe?ﬁ“&?ﬂd%‘gseg?’t‘ﬁe(%% GWF%‘E@GWHPG{‘?&}‘?“ Wdf  dat a
tracks, each data tyii nBo Ml HokigioR of i int ief-d VO
sectors having a h(et{a%osi ti (I%gj cont F)o_l e]lj‘i?ﬁét{:g{eﬁlgﬁglnirrélﬁﬁé\%?dgﬁlﬁtﬁfrh%%it?& ng
step (c) conprises stepsfbe disgourfeckjusingahl pasitidnanfosmatipowiiting appasatus ol

field of a selected track. ifi.c servo sector.of the.plurali.t f track
specific servo sectors %Fllg%glfl%gfsgzevggfeévoll ?mn%ﬁgea‘i%@? ﬁ‘i‘ﬁg"@? t he
plurality of data trackgat@traéiReflihd fist Rafibn QithIhat tiRndhSad SléhfecatR to
position-control the read/wite head relative to the first portion of the
di sc shPface using the pessian-emtioHedemtheilss dafd trackgf thepfirat partien ts i)
transducing a position gehh isholbn-LERAIER S R LR bedia Hofhidi”
use in determning position correction o the ‘Fead el Enent "8 e

of the disc surface.

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



read/wite head in relation to the selected data track; (c3) isolating a

di sturbance acting on the disc surface and determining a level of{thdUN 2005
head position control signal conmensurate with the position 10 correction

of the read elenent in relation to the position information witing
apparatus to apply to conpensate effects of the isolated disturbance; and
(c4) recording the | evel of the head position control signal for use in
conpensating the wite elenent position in relation to the position 15
information witing apparatus while witingsa head position control field

on the second portion of the disc surface. 7. The nethod of claim6 in

which the witing port it?&kcgf.tﬁ@[ﬁQ}aﬂg, Sl t{%"&% 8ff§%t¢}ﬁ?0§gﬁgftﬁga§§t eps of:

20 (c5) reading the head position contro cted data track
of the first portion awdfathtd pestondedirbethd rqadsvrite hradeittivelto tiegitad , f or

use in correcting the positi f the wite elenent in relation to the
second portion of the }gqrﬁgn gﬁ&?ﬁ@éf“‘?ﬁ‘@)us@@ﬁﬁ? POSHPTY REPTRIGHEN BEXINg; on

control signal with theypasiidon signal of 25 the position information
witing apparatus to position-control the wite elenent in relation to

the pos?tion infor(edliransduging  pgsitieperaersigne] framdh¢ pasition ¢dntmog ficldgfonesed
position control field iof egehe.nsiecondt.qoorti on r&cuzal I ¥ of fn?e;é fromthe
head position control i etprgyg positqn correrfiqn of the 13 SR PEMSer vo sect or
of the plurality of traekdspRehddddn saition 16 @6 Rl tedldatd thksel ect ed dat a
track of the plurality of data tracks of the first 1 4 JUN 2005 -26

portion of the di s€3kisplpHBagiptushansaaeiins anibe disp svrfaceyand dgtermingnga leyghci ng
ting th d el : i ' | t
of "the. 1 od/wr it e head Dahhlhfotfich EaGkHlent AL WIF mdfddin, SO0

informd@ion witing apmareatiosofithe ccadritidnnin 1siaeipn (@dheipsitibe irsformatidnr ack
witer and the produced head position control si gnatl of reading step (c)
conpensat es effects of WHiRE #RR#Eatus to apply to compensate effects of the 1solated

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



frequencies present during witing of the first track specific Seerl, JUN 2005
sector. 10 9. The nethod of claim1l in which the second track specifi'c
servo sector of the second portion of reading step (c) -is witten in
substantially radial alignment wth the first track specific servo sector
of the first portion of witing step (c). 10. The nethod of claim3 in
which the wite elenent of neasuring step 15 (bl) is an inductive el enent
and the read el enent of nmeasuring step (bl) is a magneto-resistive

el enent. 11. The nmethod of claim7 in whiek6the head position control
field of the second portion of witing step (c7) is a head position
control field of a sel epdrein bf Beldisc2ArfaRasi 4n fncidk VbsERGHIY e@faliggh! ural ity
of track specific servo sectors of a selected data track of a plurality of
data tracks of the secofi¥cigrsepasaiingsthe rrad glementof the ceadiwiitethend from the
substantially circunfer ' [ t head position control field
of the first portion o‘?’ﬁﬁﬁﬁ%ﬁ%ﬁ%&%g%%ﬁteI%gd‘lz. The nmethod of claim?7
in which the head position control field of the second portion of witing
step (c7) is a head position control field of a selected track  specific
servo séctor of a Pl uralhg rethedof gpn 4 da #ihjchdhe posjgprsivéeraratiopmrfinge| ect ed

data track o i : . : It | t he

di sc surface wgﬂﬁgﬁg%%glggtsﬁgﬁ%& E%%Féﬁoﬁ%c%%éﬁgﬁaﬁ ge g{l%eglgl(fg%osi tion
control fi el dpasitidnh®nirebsigmad of tdading s8P (c)ndompeasatesreffetistdfaelkttivet porti on of
witing step (c7). .1 4 JUN 2005 -27 : disc driye conprising: a
basedeck suppbrdiehEiCHPEssH drEn %Pgagg’@r’?@?ty}f“}ésﬁ’ﬁéﬁmgyeﬂoéc surface
havi ng an outer dianmeter and an i nner dianmeter attached to the spindle
not or assenbly, the disc surface for data 5 storage; an actuator assenbly
suppor ied by the b3sedethe mathoHadclagn 4 in whibhwhé sasond track spstidiciserval segtor
posi tionabl e jacent .the. disc surface, . the.read/wite head. .c rising a
read el ement ‘?tgéfle F%CQBF Ra%(?gto r?afig}%s? e(<:21185\"’crlt TP Sest lﬁﬁy 5a%1iaﬁgg‘@fﬂétnent
of fset from tWahteakkselrRkaRECiliD s@NE sebidrafthefrsBsdrass of Aritihg sép 3. sur f ace
fromthe outer dianeter to the inner dianeter for witing data to the

di sc surface; and

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).



a first head position control field stored on a first portion of the disc
surface for correcting position of the read elenent in relation t ol tli‘hdUN 2005
first portion and-the wite elenent in relation to a second portion of
the 15 disc surface while the wite element wites a second head position
control field to the second portion offset fromthe first head position
control field of the first portion a distance substantially the sane as
the offset of the wite element fromthe read el ement by steps for
writing the second head position control fpeld to the disc surface. 20 14.
The disc drive of claim13 in which the read elenent is separated from
the wite elenment py a RregdehficPoppdstpaci ng, and wherein the read el ement
is substantially radially aligned and substantially circunferentially
aligned to the wi @ based¢akrmupportisa spindiEheotds ssserdblyye of claim 13 in which

the first head posjtion cantrol. field of the first portion having a
geonetric shape pr%{ﬁt%fggle GSispriass }@gmg@&qugeﬁ%?qmﬂigraﬁappmerg}ameter .

posi tion-control of theatRReH Bl REBHALL aotsH RbnHly HRe 8RS sidttioP@iis | ON
while the wite element wites the second head position control field to

the secodnd 30 portion i #ow@8eif or ance with the geonetric shape of the first

head position cont i e fi st rtion, 1 J 20 .- 28 16.
The disc drive of %I‘F%Clurlr%t&lré S?erlll% M%Q‘ﬁbo{tﬁé% it}?egqas c%ﬂﬁn%ﬁ%\fm ﬁéeagfvgéte%ﬁ‘%f ace
conprises a data track mimlionbity pesitbrabkidjaoentesdisOsurface] te ffadiviigte headt
portion conprises an "A" burst adjacent.a "B" burst., 5 17. The disc drive

of claim 16 in which t hePBRIEHHR 53 elegienblor repdingdeta framthedisc swfseiands a
data track and the head, aom LbRenGHRE Odm Yoy Oonchfin 306 Mo FOATIQN

conprises an "A" burst adjacent a isc drive clarm 16
in whid¢h the head posi tthediscentface frém éhecbundr didimeterlto the nstr diameieoforand t he
head position control fjeld af thgl secon%mpqrt' on are offset,

substantially radially ‘_é(rlfl% iy esd&f’_ﬁsgll »&%y circunferentially aligned
one to the other yhekabd fRRicATLARS fictd SHRAAN firdd JortibNEf B8 WcRirthile

of fset of the read el enent
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.



fromthe wite element of the read/ wite head. 15 19. The disc drivb@oﬂum 2005
claim13 in which the wite elenent of the read/wite head is an

i nductive elenment and the read el enent of the read/wite head is a

magneto resistive elenent. 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 of: (a) connecting the disc drive to a position
information witing apparatus for witing the first head position control
field to the disc surface; (b) positioning28he read/ wite head of the disc
drive in relation to the first portion of the disc surface with a

posi tion signal of1ghe mﬁ§uiseaﬁveéfdmprmtwmlwe'ﬁrﬁgﬁ Bt Uikc whi | e
witing the first head position control field ont Irs ortlon of the

di sc surface #fasgcempriggsiatdata téaféirmdtth@dfead hesitierachntol ﬁeldmefahh fimhportion

readi ng the f «ROY cont r.Qh eId of the first portion wth
the read el e%néng%?g‘?hg re aE?@P?eP Burtso produce a head position

control 30 signal, and conbining the head position control signal with
t he position S|gnal of the position information witing apparatus to 1 4
JUN 2008 -29 posi t7-on- EBadiseriymel clpim 16 ialverettheispcandipartiarefithe dhe second

portion of t{gedl éﬁmﬁﬂgécs %gtav\{?dc eanMﬂetﬂeP% g&%ﬁor? go%?ﬁ? g@oqé eg%c})'

control field on the second portion of 'S¢ sur e disc
drive of cl aipordibn comptiseslant‘A& buest adjatdnng “Bt éprsf.a) conpri ses steps of:
(al') connecting a connector of the actuator assenbly of the disc drive to
the position information witing apparatus for comunication between the

disc drive and thejposi T},08ist BiRL B P@ln%hl h (ﬁ’%.ﬁ%&?c&ﬂfe‘l il ]Dche

witing of the first head position control drsc sur ce of
the di 48 dri vérst perBipnand &mmea@]pasltﬁmrrwnnehﬂeldfof meppaedndmdntmmafelméfsa(;t uat or
assenbly and a sec Sit.i ner of the position

i nformation Wt Bﬂ?yarﬁggﬂgtahgne%taﬂg SB‘E:%%"‘% l}tﬁ%ﬁ%@ﬁ%mnﬂ Yalignef oRe &athe) i nk

bet ween 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



15 actuator assenbly and the positioner during witing of the first head
position control field; and (a3) applying power to the position 14 JUN 2005
information witing apparatus to initiate witing of the first head
position control field to the disc surface of 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) neaspging the offset of the wite
elenment in relation to the read elenent for use in determ ning a nunber
of data tracks correspogchig. I i ; . i Si t he
first portion of the di@(}M}glur@é@é%hggﬁg?gkgﬁéaflhég?hgn%/\O;t?lggéceoﬁgﬁgmoﬁoﬁga
fixed position in rel atihoniscoutfhes i writmg thdGedontl ieadpdsitiondntiongeld
apparatus while witing t[h[% first Head os(;l;gtion 1 4 JUN 2005 -30 control
field on the disc surfa¥"FREFEROTHA S¢WEcedata track of the
plurality of data tracks of the first portion of the disc surface; (b3)
moving the wite element to a second position adjacent the first data
track of the first2hort Tendibodriveoefmiaingd iofwhiclste cohedtingstep éxlconfprisée 5
plurality of &%;Saq{ftracks of the first portion, the second position based
on the measured orfset of the wite elenent in relation to the read

el enent; (b4) nai ntad) eundgctiniea ¥nnt@oed fRARMtudter RsdrhN9@f BRid @ive tB the
relation to the first data track of the first portion while witing the
second head position 10Psitimipfrmatien Writng epparafisfor semmasisatioiebetiwiger or mi ng

the second data track of.t4 - j . . t jrst. portion
of the data surface; ancei Fgé’@ ?rélg&eg{ei%ﬁghg?eps ?%@%%ﬁgg(?§§ragdﬁtqsupngl I
head pd8ition control fwstidgofthe fire&edd plaitiontdoatsl fdld thepisdrsalfateoof dat a
tracks conpri sing of th% flrst.
the disc 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
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



15 portion of the disc surface have been witten to the disc surfacé.4 28N 2005
The disc drive of claim?20 in which the first portion conprises a

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

the disc surface utilized by the first portion of the disc surface

conprises steps of: 20 (bi) neasuring the offset of the wite elenent in
relation to the read elenent for use in determning a nunber of adjacent
data tracks conprising the first portion of the disc surface; (bii)

determ ning the nunber of adjacent data tragks representing the neasured

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

control ling position of cdfi@]Weidd @E ﬁﬁ@%rfdc@ tﬁ&élﬂtfbﬂﬁln%(a rf&atd 5! :koqort' on

of the disc surface using the position information wi appar atu
while witing disc | evethesvém‘abtylqffdatartaitckmfthmﬁmpm-tmh of e caeh acpoé; data

t Kk f the fi t h that d el enment i
pggict ?og- con'ta r o: [2@38%%\;?{%”?1? u?"i‘[te 815’?1811& P&éﬁcoﬁg ptroglg“’?siilé‘?e’}ﬁél?éc ﬁs ishdathe write

30 el ement is position- gk éfahé ﬁﬁbtg&'u@nffd)rrféﬁnﬂ%%ftars@%dq t@tra‘%ﬁfl}’\f/ie of

portion_ of the disc surface. -31 24 I'SC
claim22 in which the pPluraity pfdast traghsaf theafrrisporidomthe seeord positier based

dj t data t Kk i te furt
Cteps of . (b3a) det or m o b ERsEA TR Bt Bteentit M on R BDEA T si ng

the first 5 portion ofelementli sc surface; and (b3b) vvrltl ng each of the
plurality of the h@d position control field on each of the nunber of
adj acent dat a tr actd) srmtpeng thewrigslement in g dxed Retitioneslatine t dadirell enent

of the read/write head i, Bal 4f MO TRRRbRN S Wik L SlondtbarERIudet o

track of the first portion o surface of
the redfl/ wite head is pasiof field-onahe dist bwefhce theaein formsihg dat secdrdddta Bick he

second portion of the di rface, The di drive of claim?20 in
which the first portion® gtﬁepﬁgalgyggdatggpgelg(pét%ﬁﬁg}pgrggngfme@,a;ﬂquffgc%f dat a
tracks, each data trackggroviding a plurality of 15 track specific servo

sectors having a head position control field, and in which the
(b5) repeating steps (b3) and (b4) until all head position 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.



reading step (c) conprises steps of. (cl) reading the head position

control field of a selected track specific servo sector of the plumﬂiJUN 2005
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

di sc surface using the position information witing apparatus; (c2)
transduci ng a position error signal fromthe position control field for

use in determning position correction of3the read elenment of the 25
read/wite head in relation to the selected data track; (c3) isolating a

di sturbance actingzen t infe diss ariselof AR AN ASERIHEPMAN A rldithlac 0l the

head position control signal comensurate wt posrtion correction of
the read el entaieprise arminzher ohadjacenhdatp tra¢ksiand in whishmadvingistepu(h3) ifgher
apparatus to conpensate effects of the isolated 30 di sturbance;
and 1 4 JUN 2 Tgﬂ’IYS-e%gte?f:a? recording the level of the head position
control signal for(apdétermisRERENRIABAGL hdiScet B8 uBLIRTTRMprRARIthe AR N
relation to the position information witing apparatus whilé witing a
head position control PomEpd obthetdiss syefaepmandorti on of the disc surface. 5

26. The di dri al i ich th i ting. ti f di
step (o) 1urther obg) FuBblefn g Biites OFpthead FRBRob R Gq praren
control field of the sebfthtadmbatdf aifaaed dafa ttaeRs of thé Fikst PBftiondcR At t he

recorded head position cgntrol signal, for use in_ 10 correcting the
position of the wite elVBfbie rea dlementioftheread/weitedhead irdposginntgasfroled t he

disc surface; (c6) combil g LigcdrastaRAsk b A0 AABLIRl STl Wrbllo! e

position signal of the position information witing appara
posi ti - control the whetvaiteklment of the reatiatrite heddis pbsitipesofitialied on a

I nformation writing 15 ﬁ%?ﬁétaaﬁr‘éaé ofatﬂg second portion of the disc surface.

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



(c7) witing the head position control field of the second portion 14 JUN 2005
radially offset fromthe 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 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 appar32us of connecting step (a) is
the servo track witer and the produced head position control signal of
reading step (c) ApRISAL 01 g i.es: present
during witing of Cgéhe fi rs@ﬁgg%vgggt?ih??%aﬁ%ggﬁ%?\glsnt{(ﬂfsg@‘%g{b?(ll)lﬁe?m%. The

di sc drive of claim 26 ¢ompsatngtthewsitecaderdenp position irofeldtion talitegosBdnsur f ace

conprises a plurality of dat? tracks, each data track providi.ng a
plurality of track spe®FTEIRMILTE RS Wﬁ{}? W&“&gﬁégag B%ssﬁl?‘?ﬁ‘?m@ént rol
field and in which the fleld odtht 200RI poriéh bERE dRESIdrh@n control field of

the second portion of witing step (c7) is the head position control
field of a selected track specific servo sector of the plurality of track

specific servo se rs .ec . ragk.of the plurality.of data
tracks of the sec%oér?ld p’glfrmf ‘lﬁts)éfl&ltl)‘?e (%fﬁcgau%%%nts“ﬁ 1<fcnat$18 ‘\’/ﬂqn@t@ﬁu %tler%/ﬁ'\P?P ally
ci rcunf er ent i g (¢) adritgnesinpses stepeofiead position control field of the

first portion of iting step (c¢7)...29. The disc drive of claim26 in
whi ch the second \S@P.}‘ieé ng the head gogition eepiroh feldad whyy sedestedzdath wack afithe of
data tracks, each data : | g I i & S Lfic
servo sectors having a ‘ré‘g%&ggé?‘;{‘? %‘ﬁ’?&cbgg(%efﬁg{é 5?#%%‘%01{;%10&1 t%o%ﬁ allltﬁ)?t%l héeinlo
head pd&ition control fdortedting thelpesitien ofithe paite elemeaf inwelatiomep theepgecond?) i s
the head position control. field of a selected track specific servo sector
of the plurality of tra IO%BE fise sif3Pn sectors of a selected data track

of the plurality ofespambihinddkSh@l polifon 8GR/ ARt kbR s urface
witten substanti g(hg rao}i g?l y ali éﬁedortlo t he 1F‘\’Jead pgls??{ois%lﬁﬁg%r?tﬁf%ﬂs field

of the head position i nthepesitibmimfertnatioe writngtapparatus tnpesition-¢antroythel5 st ep
(c7). 30. An apparatus nade

control information froma efléjr%{eslﬁ%ggej%tﬁggg | Spégﬁépgfggil%ﬂmh&ggngoy v
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



disc surface with a read elenent of a read/wite head to produce a ﬁo

head position control signal; and a step for conbining the head posl iéuN 2005
control signal with a position signal of to position-control the read

el ement 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 VE USI NG OFFSET HEADS  Abstract of the Disclosure A
disc drive including rotatable disc surfacgyadjacent a positionable

read/ wite head having a wite elenent offset froma read elenment in one

direction ackBiHolin LoketiHLotheGectil hAKS bF SRR LBYEH iclliiRter of the

disc surface to I nner |ane drag s head

posi ti on contpasitidn @htsl fisld of epsledtéxi trdckrpecifit i bétgo Bedtér ITgheOplusetiePptriigad
position control. fields on a second portion of the  disc surface while

readi ng head [6SHICiSEOSEHPSAL arsplerigd d%altﬁaﬁl‘éﬂf%‘ﬁ Pﬁlriﬂi‘tb’ﬂf dyfa trackyoighe t he

di f : t th
0 5o U s Rl S SR SRR USSR el (1

appar at &is, whthk bead pasitivg contrel Sald oﬁﬂletfeaq;opmm dfiveritinpostép @7).f i el d to the
second portion of the disc surface. FIG 1
29.  The disc drive of claim 26 in which the second portion of the disc
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
10 head position control field of the second portion of writing step (c¢7) is 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
second portion of the disc surface written substantially radially aligned to the head
position control field of the head position information 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.





