9 MARCH 2007 -1 OPTIMAL READER-TO-WRITER OFFSET MEASUREMENT OF A HEAD IN A
DISC DRIVE FOR REDUCED TRACK MISREGISTRATION Field of the Invention TM&QV(E%O”
relates generally to head offset calibration in a disc drive, and, in 5 particular, to measuring optimal
reader-to-writer offset of a head for reduced track misregistration (TMR). Background of the Invention
Disc drives are data storage devices that store digital data in magnetic form on a rotating storage
medium called a disc. Modem disc drives comprise one or more rigid discs to that are coated with a
magnetizable medium and mounted on the hub of-& spindle motor for rotation at a constant high
speed. Each surface of a disc is divided into several thousand tracks that are tightly-packed
concentric C|rcles S|m|Iar in Iayout to the annual growth rlngs of a tree. The tracks are typlcally
numberedGRIEMA] 3 SLHR ArHENINH

closer to the centermgmvﬁﬁtﬁbwﬁﬁhﬁA%er&MMMMSectors and servo
bursts. A data sectoris normally the smallest individually addressable unit of information stored in a
disc drive and typically holds 512 bytes of information plus additional bytes for internal drive control
and error detection and correction. Thlg'S%ahﬁ‘ﬁﬂBhef}Pﬂﬁta allows for easy access to any part of the
discs. A servo burst is a particular magnetic signature on a track, which facilitates positioning of heads
over 20 tracksThi‘emfraﬂipneabheegmeraﬂulmadiQé’édhcalilﬁ@éi@rii!eahﬁspais@@cimédwith it two heads
(on adiagent fiedanauiane e dasand snaharadiacankie AR [pipriing and reading
data to or from a sector. Each head is mounted at the distal end of an actuator arm that extends
toward tHesEHEBEHIPDUNRIbout the bearing shaft assembly connected to a voice 25 coil motor in the
disc drive. A read element (or a reader) and a write element (or a writer) are mounted on each head.
A gap separates the reader and wriBickgigiilacokuhgiludendioaxis of the actuator arm. The head skew
angle, which is the angle between a tangential line to a track 9 MARCH 2007

Disc drives are data storage devices that store digital data in magnetic form on a

rotating storage medium called a disc. Modern disc drives comprise one or more rigid discs

10 that are coated with a magnetizable medium and mounted on the hub of a spindle motor for
rotation at a constant high speed. Each stttfatce of a disc is divided into several thousand
tracks that are tightly-packed concentric circles similar in layout to the annual growth rings of
atree. The tracks are typically numbered starting from zero at the track located outermost the
disc and increasing for tracks located closer to the center of the disc. Each track is further

15  broken down into data sectors and servo bursts. A data sector is normally the smallest
individually addressable unit of information stored in a disc drive and typically holds 512
bytes of information plus additional bytes for internal drive control and error detection and
correction. This organization of data allows for easy access to any part of the discs. A servo
burst is a particular magnetic signature on a track, which facilitates positioning of heads over

20  tracks.

Generally, each of the multiple discs in a disc drive has associated with it two heads
(one adjacent the top surface of the disc and another adjacent the bottom) for writing and
reading data to or from a sector. Each head is mounted at the distal end of an actuator arm
that extends toward the disc and pivots about the bearing shaft assembly connected to a voice
25 coil motor in the disc drive. A read element (or a reader) and a write element (or a writer) are

mounted on each head. A gap separates the reader and writer along the longitudinal axis of

the actuator arm. The head skew angle, which is the angle between a tangential line to a track




-2 and the line drawn along the longitudinal axis of the actuator arm, changes as the head moves from
the inner diameter to the outer diameter of the disc, and vice versa. The combinatiog A‘Réngog;lp and
the varying head skew angle causes the radial distance between the path of the reader on the disc
and the path of the writer on the disc to be variable as the head moves from 5 the inner diameter to the
outer diameter of the disc, and vice versa. This varying radial distance between the reader and the
writer is known as the reader-to-writer offset. In general, the data storage format of a track is
comprised of an alternating sequence of address-headers (including servo fields) and data fields on a

track. The agd{ess heade][rs stor? addr%%%s inforrr}a ion,tw ich ideanies the |'hezslcl)e§tive addresses of
the dataa’ﬁ%lt 3 Tﬁgrfglb%%nﬁe S UBYEURE AEERT PR B REHSEY ’a?rea?)%ﬁlsc% Ity%s%a {8Wfite the address
headerdmndthdatadieltencldraditse omtthdidister viite ts adtel natingasdithestimboet®and data fields as

close to the center of the track ossible. The second. od is, 1o writethem, in glternating
sequen(t:%eﬁz}f) o %vtrl?fe"t%@%%%a? af‘: gt dn ‘ol lslts-:ﬁsf?l(l)%%[ lé? §§r1\?8cﬁz‘i£‘iq‘§” ﬁ%; %%% fa eglnto account the
presenceadttita thadsr-todiheqradfiebtheTwe tbasic i fferetodes lyetieblerastteefheadiBayestifiothand the

second imetiid indhBLins dieb e e RAUrER & IR NIRIog.Q! iR JEIRAPLANR uring a write
operation whereas the second method requires a micro minijog of the actuator arm during a read
operatichstmesedeswesictbrreadeingnéthp avtitet inktava, adthintsadomtoravosieffent, the reader first reads

the address headers and compares them to the target address. If the address read from an address
header matches gbeetargké aaldrestgthomiitert 30t theptlesda of shaldatatfigdeddoneever, as soon as

a target %at field has been identified, ctuator a ust perform.a minijog,to position the writer
over the %‘fgrﬁseﬁ e?‘?ﬁiﬂﬁlgdelvr\}ﬁtsg%oaﬁé\%agnd%f t?nﬁaépt%?gagﬁfgtﬁ fPee’lg(.]i g‘ésegpgg &r-to-writer offset is
the distatwze dddresscinfataration, whishdisplifes thaordpedtiveaddiessth o fithitelnavizldee Theget data field.

Thig migro Mipog.of EhSr%CE#a 4SS ROSLIRR e Wiiter over e daja TIglds, 15 ot required 25
according %o tehe second method since the data Tields are alread-yl/ prewritten at an offset, which is
substanditiyfieldsivEherfirsh nrthahid ¢o-roiteriheralifigeting address hradethendlatssfieldaing a read

operalifodpe LRIRL AP dER USbIaErTPHDecBe RMBIRGIQRREIG SRdRGAYCr the data

field. This reader-to-writer offset measurement is crucial since it will impact the disc drive
sequence but to write the data fields at an offset from the servo fields in order to take into

account the presence of the reader-to-writer offset. The basic difference between the first

15 method and the second method is that the first method requires a micro minijog of the
actuator arm during a write operation whereas the second method requires a micro minijog of
the actuator arm during a read operation. For example according to the first method, during a
write operation, the reader first reads the address headers and compares them to the target
address. If the address read from an address header matches the target address, the writer

20  writes the data in the data field. However, as soon as a target data field has been identified,
the actuator arm must perform a minijog to position the writer over the data field so that the
writer can write data in the target data field. The reader-to-writer offset is the distance the
actuator arm must displace in order to position the writer over the target data field. This
micro minijog of the actuator arm to position the writer over the data fields is not required

25 according to the second method since the data fields are already prewritten at an offset, which
is substantially equivalent to the reader-to-writer offset. However, just the opposite during a
read operation, the actuator arm is required to perform a micro minijog to place the reader

over the data field.

This reader-to-writer offset measurement is crucial since it will impact the disc drive

30 performance against the track misregistration (TMR). TMR generally refers to position errors



30 performance against the track misregistration (TMR). TMR generally refers to position errors 9
MARCH 2007 -3 of the head between the target head position and the actual head mﬂgggomﬂuenced
by external disturbances such as disc flutter, runouts, disc vibrations, etc. The reader can read good
data (i.e., data that contains no bit error or recoverable bit errors) only on small a portion of the track
pitch (or width) of the track, and this portion of the track pitch is generally 5 referred to as the off-track
capability (OTC) of the head. For example, the OTC of a disc drive may only be about 10% of the
track pitch. Thus, the reader or the writer must be-}ositioned within the OTC (i.e., within the 10% of

the track pitch) in, order to successfully read information fr r write datg to the track. If the
reader-tSF\}\%sT:g?%fgse@fv ﬁ’?@é@%@ﬁ\% %%H?gdHg%‘}?‘g?%ﬁ%‘h{lgg{f&%ﬁ%‘?sn t]ﬁ'gf‘ ﬁ%fe&(? ¥arget head position
may notelemiihiistind 0de sathhe inadufibe mtvers) disoviteat digethie Tiar gpatibeant pagition may not be

located at t % ﬁgr@%r (35 tthg‘lg})TC althougoh it ma¥E be withir%lthﬁ. oTC 53f t51e head.,In surglg) acase, the
'\NOL?l Sti

00 ) ontains no-bit error Or récovera t €rrofs) only on small a porti
target h&3 position é’ﬁow e reader to success u’Iy read goc?a data written on the track but

would nof thetrigs pitinfat prdtetibiheagalnsnthdis MiRionmsé tischachpsichthegenerellead position would
be locat . , ' j -Qpability that th
e oaenclorty 0 AR ALRLE A AORTILAALE, IPdREsITeNaLAgbabily tha the

external di ance mig e head outsi e head. The main technique that is
currentlytivsetay eldrberiheuttd Ve atithe toaolr téelo fiEbeisthriietdar s thewitarmdistite (BER) technique;

however, {hjs teshnisiuerloesaqf cequitaLhal 106, spinelhaag easiiondeedosaiedsalitpe center of the

OTC of the head. Accordingly, there is a 20 need for determining an optimal reader-to-writer offset
value thisediisipanpiédomftps peREtOSRIENES Bcocated at the center of the OTC of the head and

provides better protection against TMR. Summary of the Invention Against this backdrop, the present
invention has itte cadalopeditéhefyce smatibniruediog esaeatiod) wie auethod dfaatic an apparatus

for gencraling,an oplimal feader lo-iier pIfsAl(arA ieadhpasiioned ayer alaghapa disc in a disc
drivé havirrg a plufality of "trdcks. A reader and a writer are mounted on the head In a hon-overlapping
mannertanght Aead position may not be located at the center of the OTC although it may be within the

OTC of the head. In such a case, the target head position would still allow the reader to

successfully read good data written on the track but would not provide optimal protection

against the TMR. This is because the target head position would be located closer to one of

15 the two edges of the OTC, and there exists higher probability that the external disturbance
might displace the head outside the OTC of the head.

The main technique that is currently used to determine the reader-to-writer offset is
known as the bit-error-rate (BER) technique; however, this technique does not require that the
target head position be located at the center of the OTC of the head. Accordingly, there is a

20  need for determining an optimal reader-to-writer offset value that allows the target head
position to be located at the center of the OTC of the head and provides better protection
against TMR.

Summary of the Invention

Against this backdrop, the present invention has been developed. The present
25  invention essentially is a method of and an apparatus for generating an optimal reader-to-
writer offset for a head positioned over a track on a disc in a disc drive having a plurality of
tracks. A reader and a writer are mounted on the head in a non-overlapping manner with a

gap between the reader and the writer, which is known as the reader-to-writer offset.



gap between the reader and the writer, which is known as the reader-to-writer offset. 9 MARCH 2007
-4 A disc drive controller is operably connected to the reader and the writer. The dis glg%/@zgggtroller
determines the reader-to-writer offset of the head for each track by computing the difference between
a first head position x1 and a second head position x2. The first head position x1 is an optimal head
position for writing information on the track and the second 5 head position x2 is a midpoint or a center
of an off-track capability (OTC) of the head for a given track. The OTC is a portion of a track pitch over
which the reader is expected to read information+hat is free of an incorrigible bit error such that the

writer-to-readey track misreqgistration (TMR) is minimized as the head is radially displaced the
reader-to-writeAr %?Fsl%?‘fg ?%Ig(r:io |}r[1 olrsh?é |{)Igr41’1981ﬁ?f]enﬁ co%}gtﬁ)e%?arg HSF %8%8&?ewiﬂ¥%rr'm€ |%r&i)1 h the track. 10
The healtiiz optinelly detsitiors dhforeaddaing wiitrnedifietod thtt teddaiok suble ratiebyar@putiithe writer is
positiongd @ygrdhe genter of the track nitch. Further, the information written .on rack is deemed to
be free of aﬁ %coryigi%l% blllt %@gﬁ%ﬁ%ﬁ&%ﬂ%@ a(éeg%é%g%ﬁ Stsé%ogﬁ(egf r%%%ﬁr%gt t e(-%Kl*ilformation
over a (Hosdify of ist eptivlatiand potsent frarvatipgidéanatinediithe staoldaBERegsmdl 5 The second

heag pagitippoxils 9918 miNGsbM easHpg Aftitisad Resiog (eArameiR: Blars g second head

position parameter P2 and computing the midpoint between thefirst héad position parameter P1 and

the sec8HEhbak pdERIOT pas apetdorryf attrskipitcheva whishdie seadanistexiected foigsd second head
position PRAMAILEHRRiIIRANE I ESH ABIEH: AP EiPIHb R MeRH TR iisidead position

parameter P1 is the first head position nearest 20 the first edge of the track pitch on which the BER is

less thafiSheaighaties (MR AsHiRmined an g sekis mdiallr disrlacasHbsreade plrsiibirarameter P2 is

the secefhpadiaasivanafiaaasidhoserantieson ahikadiaekanisomyvrich. position the BER is less
than or equal to the minimum threshold BER value. 25 The first head position parameter P 1 is

de{ rmined b g%i' i er,overthe first edae of the tra itch, measuring BER over a
pregetermine nurr%%é}%%)(giggﬁrfg\%ﬂﬁg%esq %rn c%nr%brgﬁﬁaat[h%nggﬁfewfﬁ? Wgﬁgrrljéee%%rtﬁlrned threshold
BER vati¢hamtriteBEPostignedteretiizactntepoéthstémskipiith Butivid BERfoahatiothenittenler is displaced

by a pregiRriifed deemed to be free of an incorrigible bit error if the bit-error-rate (BER)
computed after reading the information over a plurality of disc revolutions is less than a

predetermined threshold BER value.

15 The second head position x2 is determined by measuring a first head position
parameter P1 and a second head position parameter P2 and computing the midpoint between
the first head position parameter P1 and the second head position parameter P2. The first
head position parameter P1 and the second head position parameter P2 are the two end points
of the OTC of the head. The first head position parameter P1 is the first head position nearest

20 the first edge of the track pitch on which the BER is less than or equal to the minimum
threshold BER value. The second head position parameter P2 is the second head position
nearest the second edge of the track pitch on which position the BER is less than or equal to

the minimum threshold BER value.

25 The first head position parameter P1 is determined by positioning the reader over the
first edge of the track pitch, measuring BER over a predetermined number of disc revolutions,
and comparing the BER with the predetermined threshold BER value. If the BER is greater
than the predetermined threshold BER value, the reader is displaced by a predetermined
distance toward the center of the track pitch and the steps above are repeated until the BER is

30 less than or equal to the predetermined threshold BER value. The head position on which the



distance toward the center of the track pitch and the steps above are repeated until the BER is 30 less
than or equal to the predetermined threshold BER value. The head position on Whicphmgcgg%,QRCH
2007 -5 BER is less than or equal to the predetermined threshold BER value is then stored in a
memory. The second head position parameter P2 is determined by positioning the reader over the
second edge of the track pitch, measuring BER over a predetermined number of disc 5 revolutions,
and comparing the BER with the predetermined threshold BER value. If the BER is greater than the
predetermined threshold BER value, the reader is-8isplaced by a predetermined distance toward the

center oﬁﬁgltsr%%lé &%‘%?’éa%% t g ?ﬁg%

s gbove.are repea til the.BER is less.than or equal to the
predetermined thres va ue.r'i%‘ét heat gﬁérsgl?borigéév%\% The t?sr %Sé% than or equal to the

predetemnsmetythreshold BER value is 10 then stored in the memory. These and various other
features as well as advantages that characterize the present invention will be apparent from a reading

of the followingrdetaisstidRagpetRR PP AUy iCddReARSP SirERdiSbAN @S Biief Brscription of the
Drawings 15 FIG. 1 is a plan view of a disc drive incorporatingga preferred embodiment of the present

inventiof&RERRTLHSE QD theigshk RIFFIREASIBBIRRER e apredsteimppsetmbrichfitram of a disc drive
andsts genslaatiag) iadkernsing@mBERNGYE @B pieakicinthei IRRMSMIBER WillewTighethe present

invention is particularly useful. 20 FIG. 3 is a simplified flowchart of a dis¢ drive manufacturing

processgr?%éié?ﬁaéﬂctga ﬁ’t‘fﬁﬁ%‘ﬁﬂam?ﬁéﬁﬁe E%Bﬁe%sv S & AERSIST EI%.Saai%egl@é?‘leralized

diagrampraiéteihiatd twandat peostibthot ¢herheahemackpéidhaindrikediein shod odrthematadtor arm in a
' %safgtows a separate

disc drive C ance with an emhodiment af the .present.in ian. 25 Flﬁﬂﬁ
readier S B e B e Rl o e .
which preitieaibou inehtbe iR 9b dfsscther wridguabto the predetermined threshold BER value is

10  then stored in the memory.

These and various other features as well as advantages that characterize the present
invention will be apparent from a reading of the following detailed description and a review

of the associated drawings.
Brief Description of the Drawings

15 FIG. 1 is a plan view of a disc drive incorporating a preferred embodiment of the
present invention showing the primary internal components.

FIG. 2 is a simplified block diagram of a disc drive and its connection to the host
computer system including a servo system with which the present invention is particularly
useful.

20 FIG. 3 is a simplified flowchart of a disc drive manufacturing process in accordance
with an embodiment of the present invention.

FIG. 4 is a generalized diagrammatic illustration of a portion of the head mounted at

" the distal end of the actuator arm in a disc drive in accordance with an embodiment of the
present invention.
25 FIG. 5 shows a separate reader and a writer mounted on the head that is mounted at
the distal end of the rotary actuator arm, which pivots about the bearing shaft assembly, to
generally illustrate that the reader-to-writer offset varies as the actuator arm radially traverses

over the disc.



generally illustrate that the reader-to-writer offset varies as the actuator arm radially traverses over the
disc. 9 MARCH 2007 -6 FIG. 6 is an enlarged view of the reader and the writer mow}grgcggoy;e head
positioned over a track that is recorded with a signal such as grey code, servo burst pattern, general
data, etc. FIG. 7 shows a BER profile, which is a series of BER values measured across the 5 track
pitch or the track width, of a typical track such as the track shown in FIG. 6 in accordance with an
embodiment of the present invention. FIGS. 8-10 together comprise a flowchart illustrating operations
for determining a reader-to-writer offset for each ti@&ck on the disc in accordance with an embodiment

of the presentj tion. 10 Detailed Descriptign A disc drive 100 corﬁ]str ted in accordance with a
preferred embo ?ﬁrr?e%ﬁf 8?fﬂléarﬁ?gsvel%‘?i%%/%gﬁt%%g% aslho%v%vw EI&orRe L?%Clgea?f@e 100 includes a base
102 to wiisitionetiovs edrapiothenisreddiiediigithdrisigniDichrasngoyntedk, Sctep movepatied), shown partially
cut away, { ?ﬁ%ﬁfﬁ?‘t&% with the base 102 to form an internal, sealed environment for the disc drive 15
in a conVentional manner. The components include a spindle motor 106, which rotates one or more

discs 108 at a Etasfasitomigh BE8eptofrifo mhegiois Emeﬁ%&wamammmeﬁagmbthﬁhe discs 108
through ghe ?cl?t)m@ﬁ%&t%cﬂﬁs_%kf%i%}ﬂrﬂﬁ'ﬁlﬁ%@%ﬂ%@ﬂo@/ﬁﬁ?fﬁﬂ%@'on about a bearing

shaft assembly 112 positioned adjacent the discs 108. The actuator assembly 110 includes a plurality
of actuateeeidensd vatlyhi embadamantov threlgrasentlisgentios, with one or 20 more flexures 116 extending

from each of theragluaienagifet ddMRVA AR AESIA AR ALAAG B MA:ARMIRS 11O Is a head

118, which includes an air bearing slider enabling the head 118 to fly in close proximity above the
correspafRiFig e uYFHeEcsh e £or sagit ek o dee 18, IDasrianse vt 38 embeditaentiafiib$osition of the
heads 13&deeaviéptied through the use of a voice coil motor (VCM) 124, which typically includes a
coil 126 attached to the 25 actuator assembly 110, as well as one or more permanent magnets 128
which establish a magnetic field in Whi&p }h? (cicﬂ 126 i§ immersed. The controlled application of
current to the etalie escription

A disc drive 100 constructed in accordance with a preferred embodiment of the
present invention is shown in FIG. 1. The disc drive 100 includes a base 102 to which
various components of the disc drive 100 are mounted. A top cover 104, shown partially cut
away, cooperates with the base 102 to form an internal, sealed environment for the disc drive

15 ina conventional manner. The components include a spindle motor 106, which rotates one or
more discs 108 at a constant high speed. Information is written to and read from tracks on the
discs 108 through the use of an actuator assembly 110, which rotates during a seck operation
about a bearing shaft assembly 112 positioned adjacent the discs 108. The actuator assembly
110 includes a plurality of actuator arms 114 which extend towards the discs 108, with one or

20  more flexures 116 extending from each of the actuator arms 114. Mounted at the distal end of
each of the flexures 116 is a head 118, which includes an air bearing slider enabling the head

118 to fly in close proximity above the corresponding surface of the associated disc 108.

During a seek operation, the track position of the heads 118 is controlled through the
use of a voice coil motor (VCM) 124, which typically includes a coil 126 attached to the
25  actuator assembly 110, as well)as one or more permanent magnets 128 which establish a
magnetic field in which the coil 126 is immersed. The controlled application of current to the
coil 126 causes magnetic interaction between the permanent magnets 128 and the coil 126 so

that the coil 126 moves in accordance with the well-known Lorentz relationship. As the coil



coil 126 causes magnetic interaction between the permanent magnets 128 and the coil 126 so that
the coil 126 moves in accordance with the well-known Lorentz relationship. As the ¢ M SMARCH 2007
-7 126 moves, the actuator assembly 110 pivots about the bearing shaft assembly 112, ané tohe heads
118 are caused to move across the surfaces of the discs 108. The spindle motor 116 is typically
de-energized when the disc drive 100 is not in use for extended periods of time. The heads 118 are
moved over park zones 120 near the inner 5 diameter of the discs 108 when the drive motor is
de-energized. The heads 118 are secured over thé€park zones 120 through the use of an actuator

latch arr ement Wh| revent dg ertent r. f the a tor a When the heads
are parkﬂ(}%ﬂ 5% glsesaem orfﬁff prozl?ee{s Wgt?eac?wg e eﬁ)emfﬁ a?'éic%ﬁseec sfﬁx pa hat % (%r fhe actuator
assembheddsd White edioedrig pivatabrosvibmenfaotthé thetlistoil 88sembly 110 during 10 operation. The

flex assembly includes a printed circuit board 132 to which head wires (not shown) are connected; the

head wires beingqyiat a4 16 AT AENAEDELAAANG R lEaEaitd G0 i DaAds 118, The

printed circuit board 132 typically includes circuitry for controlling the write currents applied to the

heads . fescatsndedostiods shtirtionbsisads Jidafomeard s shmatininpccd Brgniis BRkrated by the

heads 14@HstEnsr et oPesatian: the iR ﬂﬁ)ﬁo@%@&@ié’ré@z’éﬁ'@h@%@é@ fleg heaekercl34 for
communication through the base deck 102 to a disc drl*\éeegrmted circuit board (not shown) mounted to

the bottGHFsibersriranssL20 freuebdheisepiag 2ouetes fefeh srangsmerinahish 'Y $8Kctional block

diagram;gidheteliseotiivg ciReqichulfitorhsgpmatallpsipiing tednainpakedional circuits that are resident
on the disc 20 drive printed circuit board and used to control the operation of the disc drive 100. A

controller 142 etrlwerallél r%ciﬁﬁ dr‘)n da com elg pncqotwn%%ql ﬁgtgcf%%%gt K F}d a host

computer 140 that is operably co}r)mected { th five 1 prow es control of the disc
drive 10@Ewmblﬂ’1blﬁbmt&etelbxeugue\mfegmngmmreﬂth¢ acmamasperdtdnhd)durangirmware 145. A set of

regjgtersdBiniAFUdRY IR SOMIRIRE 19 TR IRIHSLAGAINST AR Rfa Sipallast of data holding

places that are part o e contr ler and that proviades a place 1or passing ata from one instruction to
the nextsbeynpargalonrsetrstiohe dread wirgsHsing routed along the actuator arms 114 and the

flexures 116 to the heads 118. The printed circuit board 132 typically includes circuitry for
controlling the write currents applied to the headeﬂ,ll‘s during a write operation and a
preamplifier for amplifying read signals generated by the heads 118 during a read operation.
15 The flex assembly terminates at a flex bracket 134 for communication through the base deck
102 to a disc drive printed circuit board (not shown) mounted to the bottom side of the disc

drive 100.

Referring now to FIG. 2, shown therein is a functional block diagram of the disc drive

100 of FIG. 1, generally showing the main functional circuits that are resident on the disc

20  drive printed circuit board and used to control the operation of the disc drive 100. A
controller 142 generally provides top-level communication between the disc drive 100 and a
host computer 140 that is operably connected to the disc drive 100 and also provides control
of the disc drive 100 with the ability to execute programs stored in a memory 143 and/or a
firmware 145. A set of registers 162 is included in the controller 142. The register 162 is

25  one of a small set of data holding places that are part of the controller and that provides a
place for passing data from one instruction to the next sequential instruction or to another

program that the controller 142 has given control to.

The memory 143 may be a random access memory (RAM), a read only memory

(ROM), or other sources of resident memory for the controller 142. The memory 143 may



program that the controller 142 has given control to. The memory 143 may be a random access
memory (RAM), a read only memory (ROM), or other sources of resident memory fg)%gchz%groller
142. The memory 143 may 9 MARCH 2007 include spaces for general data store and/or store of
programming modules. Each programming module stores computer readable instructions that are
typically executable by the controller 142. The programming modules maybe stored in the firmware
145 rather than in the memory 143. A set of programming instructions maybe stored in the firmware
145 by 5 the host computer 140 via a disc drive irterface 144. Generally, the programming
instructi%n i&tshecfei:rS (\)/}/ag%elrélﬁ can tkgg dis&/ribu{grd like othéar softwarE\1 rpodgle% and can be created
and tested By uﬁﬁzmg m%crocoéle &imufation’ eefi?n%cégreT%n%%ﬂelﬁeg'ke?f component of the disc
drive oppregiemnbegaushlit siontsinsigetveraddatiieissiiwtoesthag raenyfocatlisexdeivebipbyations that
could o i entl m_th nirol of the hos puter to 140, discs,108 are rotated
ataco r?sﬁé%%qﬁ%isggggd %¥§/¥§ ;§ 6|r ﬁ%%lcgﬁ%r%{ucfrscmyla%%t%\?vﬁéﬁ%péca waé?(;{(?[ﬁé%{ﬁ)?rctg%lm utates the
spindle mdéhomied®(F 1d3.1 Atkebotprebrampengf instroktsecmayriststerédrivetlfd fiviM)ase by, During a
seek opgrAfion il e o oL AT H&"veﬁﬁgﬁﬁé]ﬁﬁ Q?JH&&H?,%HHB%%@%%QP"CM'O” of current to

the coil 126 of ctuator 15 assembly 110. A servo control circuit'150 provides such control. During

a seek opwragisms wthe dmuiiee 14Pceadedisiribisehbkioptiresaiiragemodelrscingd gae ecceleration of the
head 1184048 43q8stbabiNaimalom oo IR M TR ARG PAS G IBiliesREpory 143, to

communicate with the servo control circuit 150, which will apply a controlled amount of current to the
voice caiPRABIN 96 th disssiriva epriativn brauol seaembasnerd othrspiBiEriP e atels transferred
betweeniicihosbpapiehidQMadseadifresivachiy Bynvay ebnths Sisredibiedstigriage 144, which
typically includes a buffer to facilitate high speed data transfer between the host computer 140 and
the'®isc#ve 100. Data to be written to the disc drive 100 are thus passed from the host computer to
the disc drive interface 144 and then to a read/write channel 146, which encodes and serializes the
data and provitihs disesrb@fuaset eotatiid 23 constant bighajedd ihe speadls ddfirol ciratiiddd,data that has
been preyionsih IRPALYING isc, disL 00 SSAthsnalP e PRSI Rk Be hgag 118 and
prowde&” {0 thd readiwrite channel”

back electromotive force (BEMF) sensing. During a seek operation, the track position of the

heads 118 is controlled through the application of current to the coil 126 of the actuator

15 assembly 110. A servo control circuit 150 provides such control. During a seek operation,
the controller 142 receives information regarding the velocity and acceleration of the head
118 and uses that information in conjunction with a model, stored in the memory 143, to
communicate with the servo control circuit 150, which will apply a controlled amount of

current to the voice coil motor 126, thereby causing the actuator assembly 110 to be pivoted.

20 Data is transferred between the host computer 140 and the disc drive 100 by way of
the disc drive interface 144, which typically includes a buffer to facilitate high speed data
transfer between the host computer 140 and the disc drive 100. Data to be written to the disc
drive 100 are thus passed from the host computer to the disc drive interface 144 and then to a
read/write channel 146, which encodes and serializes the data and provides the requisite write

25 current signals to the heads 118. To retrieve data that has been previously stored by the disc
drive 100, read signals are generated by the heads 118 and provided to the read/write channel
146, which performs decoding and error detection and correction operations and outputs the

retrieved data to the interface 144 for subsequent transfer to the host computer 140.



146, which performs decoding and error detection and correction operations and outputs the retrieved
data to the interface 144 for subsequent transfer to the host computer 140. 9 MARC 2907059
Generally, the disc drive interface 144 includes hardware and/or software that regulates transmission
of data and manages the exchange of data between the disc drive 100 and the host computer 140.
This disc drive interface 144 is contained in the electronics of the disc drive 100. A standard
committee such as American National Standard Institute (ANSI) 5 oversees the adoption of an
interface protocol by which any peripheral device f8iowing the common standard can be used

interchangeably, Rrogramaning gtf&gg ft,ié W, follows .the disg drive.interface protocol. There are
various types ofedisc _rivg interface s?ar%ar%is% gltﬁ):%}ugggﬁr%rghvgg%npu E?‘%‘ffé 8r%§?|nterface (SCsl),
FibreChEaghEtismantiesionsy reand msudes Sroragargs af dhisdotves(SBAYsAdvrn @8 Technology

Attachmggl §Q 6% JspIRIemperiie FREGODIGR AR R TRSIERT R RN TP ment of the

present invention, the ATA interface standard is used as an interface between t ost computer 140

and the @isscdaivod AH0A stuwanreronentive suahow i metinasdNekivies] Farvardngtiettheddi§he scope and
spiris dissleaRes iRcaRORdime M AHbe SRR b VAR F AR PEARR B IR ek types of disc

drive 15 interfaces listed above. A typical disc drive 100 is basically manufactured by a process shown
in FIG. SOMRPHiRndRideAuPRporbiisishanaebissBipgiuamingef ths fimavarad dSoiiess in operation

302. Thege dhe sevéarrigsteaiondsat defines tracks is written on the discs 108 in the disc drive 100 in
a servowriter in operation 304. Thereafter, the disc drive controller conducts a self-test 20 certification

process in opeﬁiéi%na%OVG 1o lglsetterénic;wfedvs\/chgtheri or ! gé[ tQt%n 'gr((:isdri\%?1 éLSOé) i%ﬁ;\é]on?d or bad drive and to
record operationaf parameters B e DS LB TS TV’ 20678 a8Ermit {Srbe a good drive.
For exaSyskemhbierfice (RES1316ibig€lamerbAdrthtelidoop Sty hEstditadge the self-test
cerfjficatiopLRLRgs tQ el | I A, { er of identified micro
defects is %o%g tha% the ’p%ed etg%‘?n%%ﬁ?%%ﬁ}ltii%ﬁe&gg%’%@haﬁl\ﬁee%%%}r%%%ee%(‘%éegt%?%ﬁed as a bad
drive in PRk $ompectKlashnatevdly aif embaditaient of b prsisraé tiftatiate the td T dysrfhem the
predetegmiiaeh Rl a iR A5G AP AYRRomputer 140 and the disc drive 100.

However, it is well known to those skilled in the art that the same scope and spirit disclosed
in an embodiment of the present invention can also be applied to other types of disc drive

15 interfaces listed above.

A typical disc drive 100 is basically manufactured by a process shown in FIG. 3. The

disc drive components are first assembled in the manufacturing process in operation 302.
Then the servo information that defines tracks is written on the discs 108 in the disc drive 100
in a servowriter in operation 304. Thereafter, the disc drive controller conducts a self-test

20 certification process in operation 306 to determine whether or not the disc drive 100 is a good
or bad drive and to record operational parameters on the disc 108 if the disc drive 100 is
determined to be a good drive. For example, the entire data storage area of each disc 108 may
be scanned in the self-test certification process 306 to detect micro defects in sectors. If the
total number of identified micro defects is more than the predetermined threshold, the disc

25  drive 100 may be determined as a bad drive in process 306. Alternatively, if the total number
of identified defects is less than the predetermined threshold, the disc drive 100 may be
determined as a good drive. All of the identified defective sector addresses are then stored in
a set of sectors on the reference tracks that are not accessed by a user during normal

operations. During each subsequent power-up of the disc drive, the operational parameters



determined as a good drive. All of the identified defective sector addresses are then stored in a set of
sectors on the reference tracks that are not accessed by a user during normal opergﬂ'&p&q Bwing
each subsequent power-up of the disc drive, the operational parameters 9 MARCH 2007 -10 stored
on the reference tracks of the disc are recalled to the memory 143 for use during normal disc drive
operations. A head offset table 119 (FIG. 2) is one such area for storing operational parameters on
the reference track for storing one type of disc drive operational parameter known as a reader- 5
to-writer offset 410 (FIGS. 4 and 6). The head offséPtable 119 stores the reader-to-writer offset values
for the hé%ér% d118 tL%rrgiae%l Eraﬁlg. Ty I:@a the readﬁrat%\{x{]rgter offse&%]g)oirsusrpgasured on the first track

Ily.,
of each Zone. There are f]yﬁicaﬁlf/st eee%szcoeﬁggeg?l e Dise THE But'the nithbEM St zones on the disc

is a mattermbddésigiriehojseatiorsically, the reader-to- writer offset values corresponding to only the first
tracks in the zones are stored in the head 10 offset table 119. During the power-up of the disc drive

100, these readafsioryiiigriafica 9/ aes 2?;& bhsiar @E’atﬁ)ﬂé?‘oﬂ?ﬁrﬂ Batr B URRAR g normal
e

operations of the disc drive 100. The tracks that are in between wo first tracks of two consecutive

zones atBe TRfEIFSRTSEK i PHoHRBFPASRS R St sEReOReAESBARAIIMAISE HARER paAsRdRTS

spegificagiaitdherrRpdeo-tProstar AWt 410 IsLArsgiiemhio Mo Aatait véibaateignes to FIGS. 4- 15
6. Note that the series of the elements shown in FIGS. 4-6 are grossly exaggéerated (not drawn to

scale) affsgtaaiRereninhrattis o msddethyl ereallyithe rgadraionvatier et histic ilustration of a
portion efi¢hwrieead htFirmauwiedfahthedlisialrid 4t hpicaniuatacar fdebbnthe dieard8 18 includes a

read element (or a reader) 402 and a write element (ar a writer) 404. The reader 402 has a width
(referentBE DR R 58 B IO R A AR A S i LS B RS 404 also has 2
width (refeitencfstiai A0s)candsisorebngacashBldrgfitst wadks althezeaeartine@don THechgap measured
between the twa cepterlines 406 and 408 when these twa centerlines 406, 408 run in parallel with a
gt SN BT e S st R S SR
reader-tmawmera)t_ﬁfamfetrw)wh@iajnlﬂyjbpbfmﬁqg:dmﬂlgrgkewlapglaipmmactd@mrm 114, and this
aspect qfog5 VARG GRIS A HUIRL SRR A iR MRS MR AR MilD SSRE S FIG- 5.

interpolated, and this interpolation process is described in the latter part of this specification.

The reader-to-writer offset 410 is described in more detail with reference to FIGS. 4-

15 6. Note that the series of the elements shown in FIGS. 4-6 are grossly exaggerated (not
drawn to scale) and drawn for an illustration purpose only. FIG. 4 is a generalized
diagrammatic illustration of a portion of the head 118 mounted at the distal end of the
actuator arm 114. The head 118 includes a read element (or a reader) 402 and a write element
(or a writer) 404. The reader 402 has a width (referenced at 403) and is centered along its

20  width about centerline 408. The writer 404 also has a width (referenced at 405) and is
centered along its width about centerline 406. The gap measured between the two centerlines
406 and 408 when these two centerlines 406, 408 run in parallel with a line that is tangential
to a track is known as the reader-to-writer offset 410. The gap (the reader-to-writer offset
410) is variable depending on the skew angle of the actuator arm 114, and this aspect of

25  varying reader-to-writer offset 410 is further illustrated with respect to FIG. S.

FIG. 5 shows a separate reader 402 and a writer 404 mounted on the head 118 that is
mounted at the distal end of the rotary actuator arm 114, which pivots about the bearing shaft
assembly 112. A gap 506 along the longitudinal axis of the actuator assembly arm 114 exists
between the reader 402 and the writer 404. The head skew angle, which is the angle between



FIG. 5 shows a separate reader 402 and a writer 404 mounted on the head 118 that is mounted at the
distal end of the rotary actuator arm 114, which pivots about the bearing shaft assegrmlﬁ/cyzgmA gap
506 along the longitudinal axis of the actuator assembly arm 114 exists between the reader 402 and
the writer 404. The head skew angle, which is the angle between 9 MARCH 2007 -11 a tangential line
to a track and the line drawn along the longitudinal axis of the actuator arm 114, changes as the head
118 moves from the inner diameter to the outer diameter of the disc, and vice versa. The combination
of the gap 506 and the varying head skew angle calises the radial distance defined by the

reader-to-writer .offset 410 between t th of t?.e reader 408 r the centerline 408) and the path of
the Writeart%%e ?8?[! 1Ielectg r?tterr ?r{?eaﬁ%%l)etén\ggr?%rsl e gﬁ%%?f&%‘&‘ﬁ%\?&él rggrﬁht %c#%ar?gF iameter to the
outer didifehrogthesdischifB] Hhulovee frersthe FiGr éiimeterdn tigederidiantherefitherdi®? and the
writer 404 on the head.118 over a.frack. 502 that is recor ith a signal 2y code, servo
purst patt g g g e o Pet oLl TR MRS IR Stk B e wich
of the tramk#dtanes dfnthbyiharsater tavkipitatise dbfiheavbsnahapajb of théfseadeodfSs that spans

from +128 {Re & eﬁﬂg%@q%ﬁetﬁ@rgmsﬁ{ﬁ&mm&% catedAtdha O5eeLE MRS Ragition 0. Although

the offset count lengt Is defined as 1/256 of the track length in FIG 6, the size of one offset
count lehepth 14 Smauesefroh designes Hisimsteirel teontge RipmetrcaredisskBiged Yie Wwigh smaller

units of offset count for finer positioning control of the head 118 over the track 502. 15 The center of

the signal at theyaffeqt enentapediievahe religasivatinthmewwitesrcroatenime WA 178 dhig affset count
position of 0, the signal 504 passes djrectly underneath the centey of the writer 404. However, the
center of#fic T4 Ed??6??ﬁév’r@aadséﬁ‘l’ir¥%ﬁﬁ'§'n€§)’ © %f%%.[zfgﬁte%a%% e

a .
er’of the signal
504. Thetegadekcankarioeid 0éntsrpdsitihaeffsensynirpssitioe ebhtarhefwhdisigniad 56k @Mich coincides

with the writer centerline 406) by the 20 reader-to-writer offset 410. The reader 40 refore has to be
disb(faceagéﬁy g?gg(ﬁléer-t 8° v\?’rll?é}’é see%}ff%’ I ofdet c‘t)a ?gg‘?? Ogrjglsgtrl%gﬁ %)ﬁsv%% en%?t?ﬁe writer 404.
As previtg;lynditeusseet, dhtheeade piichysitecaébat the O ffect adnat kositimsOr deltimvshtibek to another

Bk S e Pl i A0 G AP R AP R AR AR R ARG IR Shamedafle outer
ilameter Of the aisc, and vice versa. Thus, each track has a different reader
count length is a matter of design choice, and the track pitch can be subdivided into even
smaller units of offset count for finer positioning control of the head 118 over the track 502.
15 The center of the signal at the offset count position of 0 aligns with the writer centerline 406.
At this offset count position of 0, the signal 504 passes directly underneath the center of the
writer 404. However, the center of the reader 402 (or the reader centerline 408) is not
positioned over the center of the signal 504. The reader centerline 408 is positioned away
from the center of the signal 504 (which coincides with the writer centerline 406) by the
20 reader-to-writer offset 410. The reader 402 therefore has to be displaced by the reader-to-

writer offset 410 in order to read the signal 504 written by the writer 404.

As previously discussed, the reader-to-writer offset 410 for a track varies from one
track to another track since the head skew angle varies as the head 118 traverses from inner
diaméter to outer diameter of the disc, and vice versa. Thus, each track has a different reader-

25  to-writer offset 410 value. The reader-to-writer offset 410 value for each track on the disc
therefore has to be determined so that the controller 142 can position the reader 402 over the
track for accurate reading of the signal on the track in a manner that produces the least

amount of error.



25 to-writer offset 410 value. The reader-to-writer offset 410 value for each track on the disc therefore
has to be determined so that the controller 142 can position the reader 402 over the9 MA%% E%?accurate
reading of the signal on the track in a manner that produces the least amount of error. 9 MARCH 2007
-12 The bit-error-rate (BER) technique is one approach used for determining the reader- to-writer
offset 410. BER is defined as the relationship between the number of bits read incorrectly by the
reader 402 and the total number of bits read by the reader 402, and it is represented by the following
equation: 5 BER = (the number of bits read in error)2-(the total number of bits read). BER is usually

specified as a gymber times 104aised to a negative exponent, Intuitively..the lowest BER would be
measured at the cg:]e%?[grg {ﬁtee?r%%@% |.%L}?%é)lgjff1§)g§:a§?1ln Sﬁég?iéﬁta-)x'llsrfhn M% éeéaoﬁ%' is theoretically
targetedttoviaienriffest dt thBERGk defintet aBERrvlatindsinpressecaththendzdef B02readves away from the

offset coyng nosition B, ioward gither inner 10.di r.or the outer di er qf.the disc 108. The
reader-to-wrﬁer g%?et 410% dg—:-term(litngga %ﬁ %“%@%%?ﬁg’ggs ﬁgrg(t{ Réglof p%ag%%n kﬁnv%ﬁ%lﬁ the center of the
writer 40%neesagebby\ihthfole wiegeandfae signal 504 on the track 502. Then, the reader 402

beginning at theaffseheoMbRPSHIAR f42f UAYSTAaRAGIASheIaak Whilgmonitoring BER moving

toward the offset count position 0 and then toward the offset count position -128. The second head

position BERYS pryale sprstindiatia e s tirgs tAsaissddsra Tersbiaoannotie ksebnalndhel position (x2)
is locategalst i arkuGEnishihfre s AESRLEWIHROSIRBE) (DUl S IBAlAREESSaYdyue in a

typical disc drive. The reader-to-writer offset 410 is determined by takingéhe difference between xI

and x2 (FRcafsdrts ithsoretisaliydaepipiq o maitienetithe taderridenr BER WA UM RS ured across
the 20 tracihiela@uinenbiek et ah mbyeitat Bask seishoas Ho tradktRadre1ame in FIG. 6. The track

pitch according to the present invention (as shown in FIG. 6) is 256 aoffset counts wide, and the length
of dfle offGRLBATTS (MEFEBRBEGURIARG S 108585 e TrieRvpitere s At & PR ation
purposeshatasitiesBHRsphedde déifios Ghypwhewille Rapecfihdhaiteiises toiliphpositthnkeranging from

"roto +Z:(e):n?c|:trho l% eb ssgr?ap%ﬁrgg l%h%@?a@lic%'ii.s ’leﬁ(e%rptﬁlaerei:%der 402 beginning at the offset count
position +128 traverses across the track while monitoring BER moving toward the offset
_ count position 0 and then toward the offset count position —~128. The second head position
15 (x2) is then recorded when BER is the lowest. Theoretically, the second head position (x2) is
located at the track center (i.e., the offset count position 0), but this is not necessarily true in a
typical disc drive. The reader-to-writer offset 410 is determined by taking the difference

between x1 and x2 (i.e., [x1-x2|).

FIG. 7 shows a BER profile 700 (i.e., a series of BER values measured across the
20  track pitch or the track width) of a typical track such as the track 502 shown in FIG. 6. The
track pitch according to the present invention (as shown in FIG. 6) is 256 offset counts wide,
and the length of one offset count is therefore equivalent to 1/256 of the track pitch.
However, for illustration purposes here, the BER profile 700 is shown with respect to the
offset count positions ranging from —70 to +70 although the full track pitch in this example is

25 256 offset counts wide.

To determine the BER profile 700 across the track pitch, the reader 402 is first
positioned over one end of the track width (e.g., the offset count position —128 as shown in
FIG. 6). The reader 402 then reads the recorded data on the track over a predetermined
number of disc revolutions and monitors the BER. In an illustrative embodiment, the BER at

30 this offset count position is then computed. The reader 402 is then displaced by a short



25 256 offset counts wide. To determine the BER profile 700 across the track pitch, the reader 402 is
first positioned over one end of the track width (e.g., the offset count position -128 %%ﬁg(%y\gaoip FIG.
6). The reader 402 then reads the recorded data on the track over a predetermined number of disc
revolutions and monitors the BER. In an illustrative embodiment, the BER at 30 this offset count
position is then computed. The reader 402 is then displaced by a short 9 MARCH 2007 -13 distance
toward the center of the track (e.g., the offset count position -120). Thereafter, the reader 401 again
reads the data on the track over a predetermined-d8&mber of disc revolutions, and the BER at this new

offset cqunt position js,computed..This process repeats until the.. rea 402 traverses across the
e S B S B o 196
shown ire4dE 48).aEhia ofidetloodatt posittarathatvgropedesingnbonesttBER dssthrenobaieoted as the

second B [ 'sé ically. tar idpaint Q X ldth (i.e., the offset
count pg@;}gn OE. A%%éﬁ%r?ég t%k?t%é é}{g@%é}éﬁ% g(‘fglgﬁw[g%ewﬂ%ogé% ?s“a té?gﬁﬁ'@gulm position +8
(refererrcadend PU3venses afosthidn Gitso tneck itckeanding labthe pihsitrnd ofhotrtks Wwiddent invention. to

In oyderlor (s dRtaGRA B R FRACR ARG FRECamin pes,AFR MeRgied at a particular

offset count position must be lower than a minimum BER threshold value 702.” The minimum BER

threshoRTogss thedogrogi BERe iscthenrsrdasirsharstirtisenddicadposiion @ihwhieh isdynically. -5 =
log10(18-g)helPifRRaRAIPSE BaiR el AN RN SR B lrasuANso B S 6T K cHiRliRiaousand bits of

information read is unrecoverable bad data. The BER profile 700 15 indicates that the BERs measured

at any dHRR et 198sheiow e SERsauhenibeemt poskians fsfrenetrt Ehanbwer than the
minimu R SfEEh Kyasheldhvaliand Rbs asiteAGe) 40ddprspaGirddadiead good data whenever the

reader 402 is positioned at any one of these offset count positions, from -58 to +38. This range of
refbod o a0 Boasis Saafi P AR R R R e AR e
on a pastjcutaniaa okfsttheurdpgeitfrofiset bolow g dsiticrsintinamm BER thrrsbekk fialve2021g of data on the
trackis 'gﬁg%?x{lgﬁﬂ ﬁﬁﬁﬁﬁ%@ﬁ&ﬂ%&ﬁxé‘%‘z%ﬁm present invention is defined as 10” or —5 in the

log scale (i.e., =5 = log;o(10”%)). This means that data that contains more than one bit of error

out of ten thousand bits of information read is unrecoverable bad data. The BER profile 700

15  indicates that the BERs measured at any offset count position in the range of offset count
positions from —58 to +38 are lower than the minimum BER threshold value. Thus, the
reader 402 is expected to read good data whenever the reader 402 is positioned at any one of

these offset count positions, from —58 to +38.

This range of offset count positions (i.e., ~58 to +38) that allows successful reading of
20  data on the track is also referred to as an off-track capability (OTC) of the head 118. The
head 118 is said to have better OTC on a particular track if the range of offset count positions
that allows successful reading of data on the track is greater than on another track that has
smaller range of offset count positions. How wide or narrow is this range of offset count
positions or OTC signifies the ability of the disc drive system to handle track misregistration

25  (TMR) without exceeding the minimum BER threshold value.

As described above, the head position (x2) is determined at the offset count position
where BER is the lowest in order to compute the reader-to-writer offset 410 (i.e., [x1-x2|).

The BER profile 700 indicates that the lowest BER is present at the offset count position +8

(referenced at 704). Thus, for example, if x1 were at the offset count position +100, then the




smaller range of offset count positions. How wide or narrow is this range of offset count positions or
- OTC signifies the ability of the disc drive system to handle track misregistration 25 (J g%ﬂgpiout
exceeding the minimum BER threshold value. As described above, the head position (x2) is
determined at the offset count position where BER is the lowest in order to compute the
reader-to-writer offset 410 (i.e., IxI-x2). The BER profile 700 indicates that the lowest BER is present
at the offset count position +8 (referenced at 704). Thus, for example, if x 1 were at the offset count
position +100, then the 9 MARCH 2007 -14 readet4o-writer offset 410 would be 92 (i.e., 1100-81).

This reader-to-writer offset value is, then recor F@— SNl er utilized by the controller 142 to position
the reanra%éotév Petgr gg 54%v“rji 8%%%6%% Faek & tzérl Wi |r11s'gre aclitear ﬁ‘l’s?g’ait éﬁ\‘t/;\%‘i{[é’rffl 404" However, the
lowest BiiR oifestedondtigesitidizdst By Titxicimhotlet k42 tmpchsivion tfettradér @020 o(kead thgarange of the

offset c ositions that allow. e | readi ata on the track). As shown in FIG. 7, the
portion %‘?r?&gn ?@e(é%%ggeg@ﬁ%?%%iﬁg% gleg‘r?}&%gltgt side of (x2) 704 (near the outside diameter
of the disc) is wider than the portion of the OTC, (OTC-ID-OLD), 708 that is on the right side of (x2)
704 (near the HSMevelidbilRy et BER alsst aanwb position (AL i nehat drp anidronms ‘(Eg’ghown in 700)

shoyld g1gymaticahdOoritte IERechiat hasioveshB B wiasleausupralian ¢X2xtd@h Nevertheless,
this OTC profile %%Lmetry_is impossible to achieve due to variations that are inevitablﬁg{introduced to

the disc T HRSBurits B A ot thiPorigr oEte X im SRT G &R RO A% turing
variationsftRalc ey e RiiaBganvsiiaified ieenefitdedakiie widée tria4nepgriticositie near the

outside diameter of the disg 1 than on the, qther, si f riter 404 (e.g,.the side 15 near the
inside d8%&9%‘%@&%%6@@”%&8&8}{qg@ré"ilﬁ g(if/e%%);%%w\gnﬁ%ﬁhﬁfgh ﬁﬁqrqba%gﬁra%lns that
producetig dier rBadsacdilyiyvavanths 08O HtbBledadaroddingeNn) sheudide syean¢headutside
diameter of the disc 108) tha he.other side of the. r 4 e.gd., the,si ar inside
diaeteV B H5EPSTE L0 %i?]&—lﬁ%hge%rl,i\?gﬁg%%%no??ﬁg g g%/%?ﬁr%le%%vt rége%leéc'tsda or arm lﬂ%ﬂ\%hen placing
the headyhifBetry ihéntpastibieay adritnbdie to vmmarensiimetiye 2@y ine@Teddotiiedifhe uneven

symmet%% Hﬁ%r(l)g-lt- e %IH%&%H%%‘!X&“ eﬁo@%&ﬁ%‘iﬁ@?ﬂh@@%&}&@omg anufacturing
. variations that produce stronger write-field on one side of the writer 404 (e.g., the side near
" the outside diameter of the disc 108) than on the other side of the writer 404 (e.g., the side
15  near the inside diameter of the disc 108). In addition, there may be some manufacturing

variations that produce greater read-sensitivity on one side of the reader 402 (e.g., the side
near the outside diameter of the disc 108) than on the other side of the reader 402 (e.g., the
side near the inside diémeter of the disc 108). Further, variations of the skew angle of the
actuator arm 114 when placing the head 118 on the track may contribute to uneven symmetry

20 of the OTC profile.

The uneven symmetry of the OTC profile generally means that the head 118 is more
sensitive to the outside disturbances that cause TMR. The fact that the OTC_ID_OLD 708 is
not as wide as the OTC_OD_OLD 706 as shown by the BER profile 700 indicates that the
head 118 is more susceptible to the external disturbances that can displace the head toward

25  the inside diameter. Thus, an external disturbance that can displace the reader 402 toward the
inside diameter of the disc by a distance that is greater than the OTC_ID_OLD 708 will cause

a read error due to TMR.

There are various types of external disturbances adversely affecting accurate

positioning of the head 118 on the disc 108. Negative effects such as disc flutter, disc



sensitive to the outside disturbances that cause TMR. The fact that the OTC-ID-OLD 708 is not as
wide as the OTC OD OLD 706 as shown by the BER profile 700 indicates that the g?ggé%gogs more
susceptible to the external disturbances that can displace the head toward 25 the inside diameter.
Thus, an external disturbance that can displace the reader 402 toward the inside diameter of the disc
by a distance that is greater than the OTC_ID_OLD 708 will cause a read error due to TMR. There
are various types of external disturbances adversely affecting accurate positioning of the head 118 on
the disc 108. Negative effects such as disc flutter;ldisc 9 MARCH 2007 -15 runouts, and/or external
shock/vibration can Cal’{sx%épéja d.118 to be mispasitjon fram the intended offset count

h a
B e R AR R e R and

positionncl)nr?ltlhsé?rlac and pro
writer-tdropathenithBedidfE et dtantpasititer VIR toelland/phoduspdbifonlihgrofithexeriipest04 as it seeks

toan a@?‘fﬁ/fﬁ%%ﬁt@ﬁ&%%?%’ aﬁ&%tem&%g%mﬁ”?ﬁeTMBeMBi-%%raﬁﬁﬁs the spacing

between two adjacent tracks, and this is also gener wn as the track squeeze. The present
inventictealsovithmispssidieatiie dfithenvrsce e avit brelidlingroidisecaticets Gome werdetb-reader TMR.

The Wrii&rc‘li(?”fﬁ@@ﬁ{el%ﬁvﬁ?&'?lwﬂhﬂiéﬂ%%@@&QE#QSJ@Q%@:QW&%@J&%%@% the writer 404)

as it moves over to its intended offset count position of the track pitch from the previous head to
positiorfed thifiéhalbe sentel ydaqop Ak ack BIUPRE e Ahe PEO) WHSTH IS -VERY §véy the same track.

For exajiieifed WHRE Lorutiie Hﬁi@lﬂ%%%@e%ﬁ@%@B%Wfﬁ%té%aﬁ%ﬁmﬂoi*ﬁéaﬁrﬁ&ﬂ&ﬁ read, inter
ide

alia, the grey code information that identifies the data sector. Once the data sector is identified as the

correct Ga8sTSEVR A3l mdthaatrepsiboningeefithicreadsr §rRr atsraiively dhemH R dMEs dbctor,
TherefofRvtie veadats4Rid it srdi@ufibfosist bERiSRIaepdnbam Uhe peadaistRexaiter offset 410 in

order to pasition itself over the intended offset count position of the track pitch whenever the head 118

sefuenbRiiior abehith ths oAl QratRrEVs o FRFSATFIS WA PENHANR 8¥4HE% ame track. If the
reader ¢fneardhe WolexAalleissasrtesitite ddrdifashcectot positiackpméeatiacio2ihis displacement

error s eferred (o.a5 e wrter(o-reader TR, 20 Qne of fhe major compongris g gause the
sector is identified as the correct data sector by the reader 402, the writer 404 would then
write data in the data sector. Therefore, the reader 402 or the writer 404 must be displaced by
15  the reader-to-writer offset 410 in order to position itself over the intended offset count
position of the track pitch whenever the head 118 sequentially reads information from and
write information to sectors that are on the same track. If the reader 402 or the writer 404

misses the intended offset count position on the track, this displacement error is referred to as

the writer-to-reader TMR.

20 One of the major components that cause the writer-to-reader TMR in a disc drive is
non-repeatable runout (NRRO) that is generated largely due to vibrations from the spindle
motor assembly. NRRO as implied by its name is not repeatable (i.e., the disturbance does
not repeat at the same circumferential position on the track) but rather occurs in a random
manner at difference locations of the disc 108. If, for example, the OTC (i.e., the total range

25  of offset counts where the BERs are above the minimum threshold BER value) of a disc drive
is about 10% of the track pitch, the writer-to-reader TMR must be controlled within 10% of
the track pitch. That is, the combined effect from each of the external disturbances that
contributes to the writer-to-reader TMR should not displace the reader 402 or the writer 404
on the head 118 outside the OTC of the head 118, which is about 10% of the track pitch.



non-repeatable runout (NRRO) that is generated largely due to vibrations from the spindle motor
assembly. NRRO as implied by its name is not repeatable (i.e., the disturbance doeg, not repeat at the
same circumferential position on the track) but rather occurs in a random manner at ditference
locations of the disc 108. If, for example, the OTC (i.e., the total range 25 of offset counts where the
BERSs are above the minimum threshold BER value) of a disc drive is about 10% of the track pitch, the
writer-to-reader TMR must be controlled within 10% of the track pitch. That is, the combined effect
from each of the external disturbances that contrid@tes to the writer-to-reader TMR should not
displace the reader 402 or the.writer 404 _on the.head 118 outside the OT ftl(slae ad 118, which is
about 10% of the trac ‘%&%E:F.a’bbﬁﬂ‘i‘&‘(“fﬁ‘?bg‘f e gﬁgﬁ?ggﬂ;}ﬁl@ac%geesc g\fv%fl at the writer-to-reader
TMR cagbbut d6Ptrefikhd trackipitetbOist, HBoGCGhéteachupitghf NBR Qbbaitc26 diffisletcabmit) if NRRO that
can dispjacsahont b3l s LaskpiRbdRPERSEN TR INRSIREAEME: TN3AISE B3RaRR{at in order to

control the writer-to-reader TMR within 10% of the track pitch, the NRRO that contributes to the writer

s to-readerarNReadps DR ovithon d8%avithihes oacl biteb.tthe RBREM R hponEsihtitsa dpihbwtiien the
perGentage. ol a PRk RIS HERHIFGHLIoN RAPNO8 HRs, s BlidR-eRde TR Apseinalier referred to as

"TPWRTMR") and the percentage of the track pitch that is affected by the external disturbances
including\fereeniaas el drask RitehregusedSorpomlg Seritrteisda dEhrtienidieither

disturbapggseansl as"INRBROX" fahdhJieRiansspontitieale NRRMIIS anRweby die dlddalowing
equation; TPWRTMR = |2 * (TPNRRO)2 + (TPOTHERS)21U2 In general, TPWRTMR should be less
than the S BEPPBEGHE 2R R RInafes FEroR s ap pRAmEThE L s HseBaemen 5uId increase to

14.6% abtbdrankupbiaitds abd NRRQVES 9% dfphediask qitcl NRIROYi9ERI®0bNRrack pitch. In other
words, the writer 15 to-reader TMR needs to be controlled within 14.6% of the track pitch. This would
theld re }Pévfﬂ%eﬁﬁaeoé’f more than 14.6% of the track pitch, and there would be a serious writer-
to-reader TMRIPxablaoFil 2e(OPGof the Thse:ekiyd femained as 10% of the track pitch. TPWRTMR is
also affected if the reader-to-writer offset 410 (i.e., IxI-x21) is not computed correctly or optimally.

Incorrect deterfRnAUOR b3z QRIS B SREAI&h of the OTC. For example,
TPwrtMr by applying the above equation would increase to 14.6% of the track pitch if
TPxrro Was 9% of the track pitch instead of 5% of the track pitch. In other words, the writer-
15  to-reader TMR needs to be controlled within 14.6% of the track pitch. This would then
require the OTC of more than 14.6% of the track pitch, and there would be a serious writer-

to-reader TMR problem if the OTC of the disc drive remained as 10% of the track pitch.

TPwrimMr is also affected if the reader-to-writer offset 410 (i.e., [x1-x2) is not

computed correctly or optimally. Incorrect determination of x2 would introduce an error to

20  the reader-to-writer offset 410 measurement. For example, the OTC of 10% of the track pitch
would be reduced to 9% if there were an error of 1% of the track pitch in the reader-to-writer
offset 410 measurement. This means that the reader-to-writer TMR has to be controlled
within 9% of the track pitch (i.e., TPwrtmr = 9%) instead of the 10% of the track pitch. This
also means that TMR caused due to NRRO has to be controlled within 3.9% of the track pitch

25 (i.e., TPnrro = 3.9%) if the displacement due to TMR caused by other disturbances (i.e.,
TPotuers) remains the same. For example, TPoruers can be computed to be 7.07% of the
track pitch for TPwrrmr of 10% of the track pitch and for TPngro of 5% of the track pitch.
Then, TPnrro of 3.9% can be computed by applying TPwrrmr of 9% and TPoruer of 7.07%
to the equation (i.e., 9 = [2 * (TPnrro)’ + (7.07)*]"?).



20 the reader-to-writer offset 410 measurement. For example, the OTC of 10% of the track pitch
would be reduced to 9% if there were an error of 1% of the track pitch in the reader-g)M\Av'{ggg 6),ffset 410
measurement. This means that the reader-to-writer TMR has to be controlled within 9% of t?]e track
pitch (i.e., TPWRTMR = 9%) instead of the 10% of the track pitch. This also means that TMR caused
due to NRRO has to be controlled within 3.9% of the track pitch 25 (i.e., TPNRRO = 3.9%) if the
displacement due to TMR caused by other disturbances (i.e., TPOTHERS) remains the same. For
example, TPOTHERS can be computed to be 7.01% of the track pitch for TPWRTMR of 10% of the

track pitch and.for TPNpo of 5% of the track pitch. Then, TPNRRO of 3.9% ¢ e computed by
applying TAWIEEI SR L TG PR S B0l T B o e PSSR o +
(7.07)2}2@)’!1@MARC¢#Q®0¢ hélméﬁg@&tmmbwéhta@mm-mhm_Ebmaggmmfénmm@ reader-to-writer
offset 4Aeichniestils hioiandiiesnia benanylaGisd i AIEInpIae0Rg pauirement in

order to minimize the e . NRRQ and other extgrnal disturbances on the head 118. As shown
above, d9ovef theafsaktpickipiehostiamtinethe serdendovnyrhiter offset 4omersastreniarrlould 5 reduce

TPNRROOY 2 b e UAGKRIEA L Bircl QMR SHRAP 3XY 3890 ErifiRct Rt pbn] hgngomplexity of the

servo and mechanical subsystem in the disc drive then would have to be greatly increased in order to

accomirsAPisidtypicls sone and aneshemiethasys o indhe disesirsig iae arawddRuedetbring cost increase

and be gSaMQHEOIESH S  uORRSH BT el TR REIIAIE HERE IS whlRI Rigdeo the
reader-to-writer offset 410 needs to be determined an to optimal value that would not diminish

TPWR MRG0t ey fashiang (Oshipereiae Aad BrrdscRUShYTdsH o EghAsi Hse A8 Gt position at

which pasiign-BER: Wredhe hagbr eherracacaiviid) orms: aeBateds a6 beddtampiedrathis selection of
(x2) 704 cannot be considered as an optimally sele sition that does not diminish TPWRTMR,

ted po
bethus8rEP7! yarsdhabyariAach o?qWéTW&%S %ﬂg\/@ﬁ' SOPRHEIIY B0 TC profile with
respect 15 to (x2) 704 indicates that the head 118 is more sensitive to the outside disturbances that
cause TMR. Ftssjheudén-ﬁi@rﬁethwaﬂkétmmtawb@mpftmhkéld?ﬁsi@m%a’e‘dl@c}hﬁé?@@@tat the midpoint
of the Qi HRAIaELaEHAE RORK A Gelrreresial Qb BopEIRRHNG, X2 at the midpoint
the OTC, OTC d11

710 of D-NEW equals OTC-ID-NEW. The hea
considered as an optimally selected position that does not diminish TPwrMr, because (x2)

704 is not at the midpoint of the OTC. The uneven symmetry of the OTC profile with respect

15 to (x2) 704 indicates that the head 118 is more sensitive to the outside disturbances that cause
TMR. The reader-to-writer track TMR can be optimized if x2 is selected instead at the
midpoint of the OTC, that is, the offset count position —10 (referenced at 710). By selecting
x2 at the midpoint 710 of the OTC, OTC_OD_NEW equals OTC_ID_NEW. The head 118
can better withstand the disturbance that causes the head to move toward the inside diameter

20  direction. For example, the OTC of the head 118 according to FIG. 7 is 96 offset counts
However, OTC_ID_OLD 706 (i.c., 30 offset counts) is less than OTC_OD_OLD 708 (i.e., 66
offset counts) due to uneven symmetry. The fact that the OTC_ID_OLD 708 is not as wide as
the OTC_OD_OLD 706 as shown by the BER profile 700 indicates that the head 118 is more
sensitive to the external disturbances that can displace the head toward the inside diameter.

25 By selecting x2 at the midpoint of the OTC profile at the offset count position —10
(referenced at 710), OTC_ID_NEW 714 and OTC_OD_NEW 712 both equal to 48 offset
counts. OTC_ID NEW 712 is wider than OTC_ID_OLD 708 by 18 offset counts. This 18
offset counts provide additional room for the head 118 to control writer-to-reader TMR in the
direction toward inner diameter of the disc 108. Thus, the selection of the midpoint of the

30 OTC (referenced at 710) as x2 as opposed to the lowest BER offset count position (referenced



can better withstand the disturbance that causes the head to move toward the inside diameter 20
direction. For example, the OTC of the head 118 according to FIG. 7 is 96 offset COQWERJF!(BW?VH’
OTC ID OLD 706 (i.e., 30 offset counts) is less than OTC-OD-OLD 708 (i.e., 66 offset counts) due to
uneven symmetry. The fact that the OTC-ID-OLD 708 is not as wide as the OTC-OD-OLD 706 as
shown by the BER profile 700 indicates that the head 118 is more sensitive to the external
disturbances that can displace the head toward the inside diameter. 25 By selecting x2 at the midpoint
of the OTC profile at the offset count position -10 -{feferenced at 710), OTC_ID_NEW 714 and

OTC-OD- ¥4 oth equal to 48 offset counts C ID,N 712 is wider. than OTC-ID-OLD 708
by 18 oﬁtslzltﬁgc\ﬁﬁﬁ%s%. ﬁ%p%%’a?)ffsagte %Odmrslﬂearrgw té%%?(;ﬁ]ﬁ%_hgﬁéd\ﬁ\r/}, %)uretﬁ%wé%‘&f 1810 control
writer-tooptiage pikdRion tEeindtrectiont tawaie TVIR: dinsddiderofithdntittoRtivhaéthbe selection of the

midei”@%Eéﬁ&?\%&l&éﬁ%@%ﬁﬂ‘é%ﬁt@&%ﬁ%ﬁ @&?Q&Qﬁ?@'i@&&@e‘%‘?ﬁ&ﬁ@&ﬂﬁ%ﬁ count position

(referenced 9 MARCH 2007/ -18 at /04) yields the optimal reader-to-writer offset 410 (i.e., Ix2-x | I)
value thuielsreftbie dipseievesptirhel iprBre pRsana daieisi anriess ok segidie TRAFRMRAGRIES cthe

implemepptalian, ot ISitRIESEIbIBYRRLIAR ISHUGSTHRE BER e stding aldscantbessiqrasiaorove the

manufacturing yield of the disc drives. That is, the present invention does not require determination of

the 5 offsBibAeBESiE mushbpRsuiBracthecTanidhe Btire Vatkeritphorbie the oREEYr&ithe lowest BER
value, theRERARSINEdIRRIHOIIRMH AN OEB BREEORRPHAGONERITY fasica e methe present

invention requires measurement of BER at only the two boundary paositions of the OTC profile (i.e.,

the offs&oBRIPB&itorite sfsshePuadPsiinimed 87d 7 cLhe dridpejat L3 R knowing the two

boundapyppeiteBg khOvWite thelvlddagriiepesimpaiise a flowchart for determining the optimal reader-to-
writer offset for a track in each zone according to an embodiment of the present invention. Typically,

thiffgen zonesyareapiesgl il st DU AS, SRR SRASHI.WISh Asedanslermined on only the

first track of each zone. reader-to-writer offset values for otifer tracks in each zone are
interpolatstetoyfigelifong taekdpbarhl zenedwcording terapfsehodinoent aBlinessemh eny ¢rdionthe first tracks of

the Zon%p%gﬁyi,rﬁﬁfggﬁmstm%ﬁt i§nqﬁécdri§%?glfﬂhg%ﬁi“@f%ader—to-writer offset is
determined on only the first track of each zone. The reader-to-writer offset values for other

tracks in each zone are interpolated by utilizing the optimal reader-to-writer offset values

15  determined from the first tracks of the zones. The interpolation technique is described in

detail later.

Now referring to FIG. 8, the technique for determining a reader-to-writer offset 410
begins in operation 802 by moving the head 118 over the first zone on the disc. Control then
transfers to operation 804, in which operation the head 118 is moved over to the target track,

20 which in this example is the first track in the zone. The writer 404 is moved over the center
of the track, and the head position (x1) is then determined. Thereafter, control transfers to
operation 805, and any data written on the target track, a set of three tracks that is adjacent the
target track toward the inner diameter of the disc, and another set of three tracks that is
adjacent the target track toward the outer diameter of the disc (i.e., a total of seven tracks) is

25  erased. The reason for erasing six additional tracks in addition to erasing the target track is
that the length of the reader-to-writer offset may be more than a track pitch wide. This is
typically the case for the high-density disc drives. The control transfers to operation 806, and
the head 118 is moved over the target track and writes the track with data that is typically

servo pattern. Operation 808 receives control and moves the head 118 a predetermined



Now referring to FIG. 8, the technique for determining a reader-to-writer offset 410 begins in operation
802 by moving the head 118 over the first zone on the disc. Control then transfers @Mgﬁgm[)i&n 804, in
which operation the head 118 is moved over to the target track, 20 which in this example is the first
track in the zone. The writer 404 is moved over the center of the track, and the head position (xI) is
then determined. Thereafter, control transfers to operation 805, and any data written on the target
track, a set of three tracks that is adjacent the target track toward the inner diameter of the disc, and
another set of three tracks that is adjacent the tartfet track toward the outer diameter of the disc (i.e., a

total of seven tracks) is 25 eras .Ti&e reason for erasing six additional tracks in. addition to erasing
the tarob T e s S B B R B A e B e e i
This is diguictdhyofibechseafwrtiiomitie demsitgfdhedatgeidsackhe control transfers to operation 806, and

the head 118 is moved over the target track and writes the track with data that is typically servo

pattern. OpergiigirSO0BHBRPIMBDFAHE! BTE! MONRSHIRRBAMHELB AR AWM dAMARCH 2007 -19
number of reader-to-writer offsets ge.g., about three reader-to-writer offsets) foward the outer diameter

of the dfSE RAPLSARGHRIRS QU S tHectFRt otk e MRt Rameter P BFePAiil 810. In this

opey atiggvdhtideasiarvORd padsripe datlevedudieiedatEsmianchny auesueé tisBER/alykiens. The
predetermined number of disc 5 revolutions allows the rea}%e 402 to callect sufficient information to
computBATPEER, GRS TR AU E L ARG H & Célfé??’&ﬁéll SREETLC Rhfch examines the
presenggmehmnS4tiohreakaiast. et iror idpleecarr dicisgiesenbrincheper giienibreiiches to 812, in
which operation, the reader 402 is displaced by a predejermined.coarse offset toward the inner
diameté)rgfﬁafhoé"otg%rﬁfg?f f@%é?é‘ﬁ%’éa%%% ra&‘fﬁgt?grflé%et FAER)° gpseefatl%ﬁr% é?lell-rgﬂ are io repeated
until theliasmeteisofitieadizs€hk. , lfoaré thercinro b s angetvadde Opioatiorar8iedl 20a802 (now referring to
FIG. 9) and determines the BER. Control then transfers to query, operatjion 904 once the BER is
de{%rmfﬁgaé{%%%n[ge&lgr?ﬁﬁ%rel RGeS {ék}g%%ggfé%%?tﬁrf;ﬁen%ﬁlﬁrﬁ i Ope%i'uag gleg B\%Iue to

determimewvhfetniag thd 6t MninsttBRnexteddERhe minimum threshold BER value. According to an
15 embodiment of the present invention, the minimum threshold BER value was predetermined

Control then transfers to query operation 904 once the BER is determined. The
determined BER is then compared with the minimum threshold.};ER value to determine
whether the determined BER exceeds the minimum threshold BER value. According to an

15 embodiment of the present invention, the minimum threshold BER value was predetermined
to be 10°. Thus, control transfers to operation 906 if the computed BER is greater than the
minimum threshold BER value of 10”. Alternatively, control branches to operation 908 if the

computed BER is less than or equal to the minimum threshold value of 107,

As described above, the reader 402 reads good data at an offset count position at

20  which position the BER value is less than the minimum threshold BER value. In operation
906, the reader 402 then steps toward the inner diameter of the disc (i.e., toward the center of
the track) by a predetermined number of offset counts. Thereafter, operations 810-812 and
902-906 are repeatedly performed until the computed BER is less than or equal to the
minimum threshold BER value. If the computed BER is determined to be less than the

25  minimum threshold BER value in operation 904, this means that the first one of the two OTC
boundary positions of the track pitch is determined. Control transfers to operation 908, and
the head position at this second OTC boundary position (P1) is determined and saved in the
memory 143. For example, the offset count position of —58 shown in FIG. 7 is the OTC
boundary position (P1).



to be 10"5. Thus, control transfers to operation 906 if the computed BER is greater than the minimum
threshold BER value of 10-5. Alternatively, control branches to operation 908 if the &ﬂK%BHE%@ BER is
less than or equal to the minimum threshold value of 10-5. As described above, the reader 402 reads
good data at an offset count position at 20 which position the BER value is less than the minimum
threshold BER value. In operation 906, the reader 402 then steps toward the inner diameter of the
disc (i.e., toward the center of the track) by a predetermined number of offset counts. Thereatfter,
operations 810-812 and 902-906 are repeatedly P& formed until the computed BER is less than or

equal to the mini threshold BER value. 0 BER is determined to be less than the 25
minimum threrrs&;?crﬂmé(L)Jgi«':h \%:1 usgjelrr? %’po r‘gﬁgﬂnééﬂ] '?fl;l% r@ée%gns Hgﬂﬁveefﬁljrasf’rgﬁ]g{%ﬂﬁg&f)wo OTC
boundanpmbsitidmeadértite watk pifstisit dewhonirnbue Goderdiotwunisico et O pevatbhoodeand the head

positionﬂﬁ%&%@%ﬂyaiéel&;a QALY RARIIIGPHR Rrisdetarmmngd andsaveddr fbagemory 143. For

example, the offset count position of -58 shown in FIG. 7 is the OTC boundary position (P1). 9
MARCH B0in thipoperation.therarderstBs¢ads e deitorr 0@ prdetsantnad suisbeioRdediss predetermined

nurgber, of SRRAURL G MYHRAQESHRH funMRPUE SNERVERHBHIANNEROTSRIS e @rebiRgdinner diameter

of the disc away from the center of the target track. Control transfers to operation 912. In this

operatigh{fisisnciadamation insrmpuiieRIR phiisdiatrasites: dopnbel HAiEEs sora¥eitions. The
predetegminedMonbeheh disrdiauolHippsallews fagniaasiar A2 .aoligst. spflisianddnformation to

compute the BER at this head position. Control transfers to query operation 914, which examines the

presend8esehdyp ERFERIORDENFRSHIOH Sy IirHhie R ARF RO diradF B i disBlrtidP%Aes to 916, in

which opRiRigmitbE (eases AR iswlisPiReeatdianietetaisinediwatsarfinetctiaventd the outer
diameter of the disc (i.e., toward the center of to the ta[f[; t track). Operations I3}[%1-916 are repeated

unifl theisriarert Fatgrednsietipand drysiarsrspirisd amitkie sEaritm Braitehet 1°£8195 thow referring

to FIG. A8)preddsicties speasisherbikiis (ortol (iwenrirnsigns BIGUEsY adatekaniddiiiconce the BER is
computed, The computed BER is then compared with the minimum threshold BER value to determine
BER.

“Control then transfers to query operation 1004 once the BER is computed. The
compuie‘d BER is then compared with the minimum threshold BER value to determine
15  whether the computed BER exceeds the minimum threshold BER value. According to an
embodiment of the present invention, the minimum threshold BER value was predetermined
to be 10°. Thus, control transfers to operation 1006 if the computed BER is greater than the
minimum threshold BER value of 10, Alternatively, control branches to operation 1008 if

the computed BER is less than or equal to the minimum threshold value of 107,

20 As described above, the reader 402 reads good data at an offset count position at
which position the BER value is less than the minimum threshold BER value. In operation
1006, the reader 402 then steps toward the outer diameter of the disc (i.e, toward the center of
the track) by a predetermined number of offset counts. Thereafter, operations 912-916 and
1002-1006 are repeatedly performed until the computed BER is less than or equal to the

25  minimum threshold BER value. If the computed BER is determined to be less than the
minimum threshold BER value in operation 1004, this means that the second one of the two
OTC boundary positions of the track pitch is determined. Control transfers to operation 1008,
and the head position at this second OTC boundary position (P2) is determined and saved in
the memory 143. For example, the offset count position of ~38 shown in FIG. 7 is the second

30 OTC boundary position (P2).



15 whether the computed BER exceeds the minimum threshold BER value. According to an
embodiment of the present invention, the minimum threshold BER value was predergq\;lmgggoogo be
10-5. Thus, control transfers to operation 1006 if the computed BER is greater than the minimum
threshold BER value of 10-5. Alternatively, control branches to operation 1008 if the computed BER is
less than or equal to the minimum threshold value of 10"5. 20 As described above, the reader 402
reads good data at an offset count position at which position the BER value is less than the minimum
threshold BER value. In operation 1006, the read@i402 then steps toward the outer diameter of the

disc (i.e, toward the center of the track a etermined numb ffset counts. Thereafter,
operations 912€8) qéogﬁl n{%iffef%OGogF%a?le%ﬁle@t@gIV%%ka?ﬁn%ﬁ%’ﬁﬂﬂﬁ%ﬁ gg%vgﬁr%gféeé%s& is less than or
equal toatidesg®ndiniftubethdastenditBERRIadnd PR ihdetomingte FBERampletdrerifieet cowe less than the

minimugREANGIBER, Y2k RREAINNAH s BN R IRG SREARhORSTES the two OTC

boundary positions of the track pitch is determined. Control transfers to operation 1008, and the head

positionrasfiesBe drmn oot Capsisridargpstssitin A {122 pisl teaonimeddeader- senvaitsnofietithtmory 143. For

example, thg HSEELRURYROBICH,AL-38 HRANE iﬂf&%o&ﬁk@@%ﬁﬁﬂﬂ%ﬁ%ﬁé&@&u ndary position
(P2). 9 MARCH 2007 -21 Control then transfers to operation 1010, where the midpoint (x2) between

the first baPeREbABIGT CUsativd HRpsTeRsito AYery onsraiierpli8ldetad annte! paisditimpfadthe offset count

positiony{ig; s BeM N AstGorle GR BENSE IAThOHD) &3, ARk BXEINAIRLY ABidReIhOTdHedAd bn Profile (x2).
Control transfers to operation 1012, and the optimal reader-to-writer offset 410 5 for the first track in

the first 6o FRBA Crndarda eesrbioriong endibedradingrerrdovredRdisng™ 28%-x2. Control

transferg a1 enSReY aligpeAtibft 8080601 elEBAS 504081 Dorut-91ld) is Pvenzheigstgone on the disc.
If, however, the head 118 is not over the last zone on the disc, cgntrol tr{allgﬁftggcs*t?gogeration 1016,

andPthe TRseR YhiE\Ba eriErtbiarderdo s ot e A1 81t deteranass pda fd BPerations
804-812,0903r3h6 dasad 1002-1016 are 10 repeated until the optimal reader-to-writer offset 410 is
determined for the first track in every zone on the disc. The data area on the disc is typically divided

into thirteen Z%%Sda%tggg %ﬁ Hi'ésd{]sld Iﬂt%%ically divided into thirteen zones, although this number

is variable depending on the design choice. During measurement process, the reader-to-writer
offset 410 was measured on only the first track of each zone. For other tracks, the reader-to-
15  writer offset values are interpolated. For example, a third-order polynomial may be used to
interpolate the offset for each track in between the two first tracks of two consecutive zones.
For example, suppose there are 1000 tracks in each zone. Then, the optimal reader-to-writer
offset 410 values are measured for tracks 0, 1000, 2000, 3000, 4000 ... 13000, and a series of

equations can be generated from these 13 points:

20 Offset(0) = a3*(0)’ + a2*(0)? + al*(0) +a0, for track number 0;
Offset(1000) = a3*(1000)* + a2*(1000)” + al*(1000) +a0, for track number 1000;
Offset(2000) = a3*(2000)* + a2*(2000)* + al*(2000) +a0, for track number 2000;
Offset(3000) = a3*(3000)® + a2*(3000)* + al*(3000) +20, for track number 3000;

25 Offset(13000) = a3*(13000)’ + a2*(13000)* + al*(13000) +a0, for track number 13000;
Offset(13999) = a3*(13999)* + a2*(13999)* + a1*(13999) +a0, for track number 13999.
The coefficients [a3, a2, al, a0] are solved by using the least square method. Then the offset

for any track can be accurately estimated based on the coefficients.



is variable depending on the design choice. During measurement process, the reader-to-writer offset
410 was measured on only the first track of each zone. For other tracks, the reader-g%/gR%Mv %e;r offset
values are interpolated. For example, a third-order polynomial may be used to interpolate tJhe offset
for each track in between the two first tracks of two consecutive zones. For example, suppose there
are 1000 tracks in each zone. Then, the optimal reader-to-writer offset 410 values are measured for
tracks 0, 1000, 2000, 3000, 4000 ... 13000, and a series of equations can be generated from these 13
points: 20 Offset(0) = a3*(0)3 + a2*(0)2 + al *(0) +&8; for track number 0; Offset(1000) = a3*(1000)3 +

a2*(1000)2 + al *(1000) +a0, for track number 1000; . Offset(2000) =.a3*(2000)3 + a2*(2000)2 +
?l*(iooo;;aoégjg?’é%'&ﬁz“ﬁ@%éb"e? 6%&;%5@5%%%3%@%ﬁﬁdﬁé&& 3”5‘&"(% 0) 520, for
rack nugebera I %) W10 iS00 Y8 0) 441830 (hech w1([1HPOSItiend] for track number
13000; Offset(13999).= a3*{13999)3 + a2*(13 2 + al*(13999) +a0, f k-number 13999. The
coefficie%‘fgr[% ?éﬁ?sg%ha%]%aﬁ% (s)rtl)f\l/él(iqb Suﬁéﬁ%iﬁ%fg&%géﬁ%?g l%ct%g%. é%rglwtﬁlg g}fset for any track
can be adewlitjedf esthmatettbhsdshonahdpedficiovriterd WARCHPGOT memied sunthmbepdthe present

e g U e AME R £ LANOAT PR A Sk ARSI ARSI ofsc

(such as 407, 41 suc ) positioned over a track (such as 502) on a disc (such as

108) in dhditzadhivie-etich effsataeydhzas HgGES-(Auihlity of tracks. A reader (such as 402) and a writer
(such as 404) are mounted on the head 5 in a non-overlapping manner with a gap between the reader

and the writer, AvBishde vonicais: thecreadenies whiabbiiaainuatast iesdera Adlisc drive controller

(such as 100) is operably. connected tp the reader anq the writer. The disc driv troller determi
the reachPG i BHobE 6 P RUSE R LG (1800 S P e MG AL Rkbon a e head

position thek 6l 3srpting; ieodi fiasiierbditec sfich leadpevisbar D ifdarnddel@d héjd Postiest head

503 and L AR BLARANIL o SR BoHARS St STy (70 of
the headéadipbsitioid G&) winagMicrisusn as #HRA)aick spcitiss¢f)anditic pitcndieadphittiothe reader is
eXpeCteQ(Zt?s{x%ﬁ%s 710) is a midpoint of an off-track capability (OTC) of the head (such as 700).
The OTC (such as 700) is a portion of a track pitch over which the reader is expected to read
information that is free of an incorrigible bit error such that the writer-to-reader track
15  misregistration (TMR) is minimized as the head is radially displaced by the reader-to-writer
offset to read information written on the track or to write information on the track (such as

FIG. 7).

The head is optimally positioned for writing information on the track when the center

of the writer is positioned over the center of the track pitch (such as 406 and FIG. 6).
20  Further, the information written on the track is free of an incorrigible bit error if the bit-error-
rate (BER) computed after reading the information over a plurality of disc revolutions is less

than a predetermined threshold BER value (such as FIG. 7).

The second head position x2 is determined by measuring a first head position
parameter P1 (such as operation 818) and a second head position parameter P2 (such as
25  operation 912) and computing the midpoint betweén the first head position parameter P1 and
the second head position parameter P2 (such as operation 914). The first head position
parameter P1 and the second head position parameter P2 are the two end points of the OTC of
the head (such as operations 810-818 and 902-912). The first head position parameter P1 is
the first head position nearest the first edge of the track pitch on which the BER is less than or



information that is free of an incorrigible bit error such that the writer-to-reader track 15 misregistration
(TMR) is minimized as the head is radially displaced by the reader-to-writer offset tg l\t/'lggzglﬂigbfig),rmation
written on the track or to write information on the track (such as FIG. 7). The head is optimally
positioned for writing information on the track when the center of the writer is positioned over the
center of the track pitch (such as 406 and FIG. 6). 20 Further, the information written on the track is
free of an incorrigible bit error if the bit-error- rate (BER) computed after reading the information over a
plurality of disc revolutions is less than a predetei?dined threshold BER value (such as FIG. 7). The

second hea sition X2 is det rrging measuting a first he ition eter P 1 (such as
operatioeripi?fé?%]ﬁ msrgggln%rﬁgeha? po%iii)gﬁhbeai%lrcne %ef) a{é%c‘?’ﬁﬂa@%&ﬁ%%ﬁ@r%l ‘nd computing
the midpeintdbbetadprsiti s tine td Ribsitionspanaietdrpdsitiandeshstsbe cembinbadgposition parameter
P2 (such.a ration.914). The first osifion par Pl and the sec position
iiacgg%?ieg&%iucii ;)os(ljtlon iﬁ% éﬁﬁ% '?(e)s?gi%r} trheél gi%et%e minimuin tﬁresﬁ&g g S

parameter e twoend points ead (such as operations 818 and
902-912plihedilsehepataositiN fd2amdtEIGR T)s the first head position nearest the first edge of the

track pitch on which the BER is less than or 9 MARCH 2007 -23 equal to the minimum threshold BER

valye (such asraperatingd §38tREPaamEtsEP s dA8mSReBY FRAhRRS RN AR ORILIME? i the
second head position nearest the second edge of the track pitch on which pasition the BER is less

than or BEG&1%S Phehrdwack BHFHRuCh SRrpeERions I8 Lmersung RFRO R dB2rtomaidIG. 7). 5 The
first heaghpesitsiisarevaaiesm ustatoparnRady paItp alicbiepieiagenOBERNahtkRt edge of the

track pitch (such,as operatio 08%1 measuring BER over a prede ined number of disc revolutions
(such aBTBURFIRING SYE A BERY LU AP SRR RO (LB B RFAE TRold BER value
(such apregasatitie @ idshbih BBR Ralseythatesdhien divplosddsie pridaerihredhiithiBieR value, the
reader is displaced hy a predetermined djstance to.toward the center qf th ck pitch and the steps
abble d°F pglgtgﬁlbgﬁmﬁégheﬁ%{glﬁeggcﬁ%ns ¢ rseactfﬁg? %etﬁ%’%artggél etﬁrﬁ‘i‘ﬁZBaE %i%f%sgliimélER value
(such asmppratiotie gidaad8ibd)thidsholdddiERouditiofsueh mhiptrahenB BR miis8ihdthor equal to the
predeteiiréyg' %gsi 15%%@10& i?c’E%e BER is less than or equal to the predetermined threshold BER

value is then stored in a memory (such as operation 818).

The second head position parameter P2 is determined by positioning the reader over
15  the second edge of the track pitch (such as operation 902), measuring BER over a
predetermined number of disc revolutions (such as operation 904 and 906), and comparing
the BER with the predetermined threshold BER value (such as operation 908). If the BER is
greater than the predetermined threshold BER value, the reader is displaced by a
predetermined distance toward the center of the track pitch and the steps above are repeated
20  until the BER is less than or equal to the predetermined threshold BER value (such as
operation 908 and 910). The head position on which the BER is less than or equal to the

predetermined threshold BER value is then stored in the memory (such as operation 912).

It will be clear that the present invention is well adapted to attain the ends and
advantages mentioned as well as those inherent therein. While a presently preferred
25 embodiment has been described for purposes of this disclosure, various changes and
modifications may be made which are well within the scope of the present invention.
Numerous other 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.
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value is then stored in a memory (such as operation 818). The second head position parameter P2 is
determined by positioning the reader over 15 the second edge of the track pitch (s%q@AggH%glration
902), measuring BER over a predetermined number of disc revolutions (such as operation 904 and
906), and comparing the BER with the predetermined threshold BER value (such as operation 908). If
the BER is greater than the predetermined threshold BER value, the reader is displaced by a
predetermined distance toward the center of the track pitch and the steps above are repeated 20 until
the BER is less than or equal to the predeterminedthreshold BER value (such as operation 908 and
910). The head position on which the BER is Iﬁs&an or equal to the predetermined threshold BER

. . al . . . .
value is then stored in the memory (such as operation 912). It will be clear that the present invention is
well adapted toMdediis etbressbis:and advantages mentioned as well as those inherent therein. While a

presently prefegrgel @i embadimantasibeendasrubed for PHERPSES RIS tisglpspreyvarious

changes and modifications may be ' made which are well within the scope of the present invention.
NumeroadistH e digsriibe idpse hesgdonMid wiltee agimaiigesber the irsdivbe mstinsse skilled in the

art and whighisxggencompassed in the spirit of the invention disclosed and as defined in the appended
claims. 30 9 MARCH 2007 _-24 Claims What is claimed is: 1, A method of generating a
reader-to-writer offseffrRIREEL SBEihsrbpositianaderadhs vHtedd ‘?Htgnélgéﬁfi’m@%%}’ein a reader
and a writer argmipighigeraatihe daad ug;method 5 comprising: determining a first head position

where the writer is optimally positioned for writing informatjon,on the track; determining a second head
position as a midpoin %?%%ﬁ%?é&&%&&&ﬁiwﬁ?st%’?és %Pﬁﬁigﬂgta%},h%ﬁgg?\c%hc B3HE%s a portion of a

track pitch ove(GuGglo ke heat aderdh ehpOTIE dsto paaidridismadlopiteliittest whithetsack that is free of
an 10 reader is expected to read information written on the track that is free of an
incorrigible bit error; and
computing the difference between the first head position and the second head

position to determine the reader-to-writer offset of the head.

15 2. The method according to claim 1, wherein the first head position is where a center of

the writer is positioned over the center of the track pitch.

3. The method according to claim 1, wherein the information written on the track is free
of an incorrigible bit error if a bit-error-rate (BER) computed after reading the information

20  over a plurality of disc revolutions is less than a predetermined threshold BER value.

4. The method according to claim 3, wherein the determining a second head position
comprises:
measuring a first head position parameter P1 and a second head position
25 parameter P2; and
computing a midpoint between the first head position parameter P1 and the
second head position parameter P2, wherein the first head position parameter P1 and
the second head position parameter P2 are two end points of the OTC of the head, and
wherein the first head position parameter P1 is nearest a first edge of the track pitch
30 on which position the BER is less than or equal to the predetermined threshold BER

value and that the second head position parameter P2 is nearest a second edge of the



incorrigible bit error; and computing the difference between the first head position and the second
head position to determine the reader-to-writer offset of the head. 15 2. The methog feTole 96979 to
claim 1, wherein the first head position is where a center of the writer is positioned over the center of
the track pitch. 3. The method according to claim 1, wherein the information written on the track is free
of an incorrigible bit error if a bit-error-rate (BER) computed after reading the information 20 over a
plurality of disc revolutions is less than a predetermined threshold BER value. 4. The method
according to claim 3, wherein the determining a seédnd head position comprises: measuring a first

head position r C head positi parameter P2: an ting a midpoint
between the fi?gtarﬁge%%%c\g}%lgr?%%g%gg%&ﬁgﬁ(ﬁ {ﬁgu%ggc%)ﬁ% hea f)né’snl |0%%5%3?§§§#P2, wherein the
first head positi#iparameter P 1 and the second head position parameter P2 are two end points of
the OTC of the head, and wherein the first head position parameter P1 is nearest a first edge of the
track pitch 30 on which position the BER is less than or equal to the predetermined threshold BER
value and that The SsBuKerosdinloisinm 4ravherrin Peasiriag folitsh mad posiéefyparsiniasd MARCH
2007 -2b1teaglpREsh where the BER is less than or equal to the predetermined threshold BER value.
5. The method according to claim 4, wherein measuring a first head position parameter 5 P1

comprises: positioninkPHEPRiRgIde AradF R inBAsHIR e fhefssdasrehbhetipskptioh; measuring BER

over a predeterminedredsiigs BEHSS LY PletioREmifaNHAHG dheineammadBER with the
predetermined threshold BER value; if the BER is 1gﬂreater than thegedetermined threshold BER

value, stepping the 1G'TR3HBE B FIHEtR i BUHIRemedetermineciussheld HERevak4eK pitch;
repeating the positiorifnt; BER S¢Ipiiegicetiapdiégednehsiapd e HEIISBERILV M, stepping the

10 reader by a predetermined distance toward a center of the track pitch;
repeating the positioning, measuring, comparing, and stepping steps until the
BER is less than or equal to the predetermined threshold BER value; and
storing in a memory the position where the BER is less than or equal to the
predetermined threshold BER value. |
15
6. The method according to claim 4, wherein measuring a second head position
parameter P2 comprises:
positioning the reader at a position over the second edge of the track pitch;
measuring BER over a predetermined number of disc revolutions;
20 comparing the measured BER with the predetermined threshold BER value;
if the BER is greater than the predetermined threshold BER value, stepping the
reader by a predetermined distance toward a center of the track pitch;
repeating the positioning, measuring, comparing, and stepping steps until the
BER is less than or equal to the predetermined threshold BER value; and
25 storing in a memory the position where the BER is less than or equal to the

predetermined threshold BER value.

7. A computer-readable media readable by a computer and encoding instructions for
executing the method recited in claim 1.

30



BER is less than or equal to the predetermined threshold BER value; and storing in a memory the
position where the BER is less than or equal to the predetermined threshold BER V&Uri\% 13,8 The
method according to claim 4, wherein measuring a second head position parameter P2 comprises:
positioning the reader at a position over the second edge of the track pitch; measuring BER over a
predetermined number of disc revolutions; 20 comparing the measured BER with the predetermined
threshold BER value; if the BER is greater than the predetermined threshold BER value, stepping the
reader by a predetermined distance toward a centdf-of the track pitch repeating the positioning,

measurg, conpagaANYPIERRIGE'2RenIL UG BERIS 652 ol SLoial g e pregeterminec

threshold BER va torlng ih 4 memoryt e p05| lon w ere €SS TS or equal to
the pre@erefiiisd ﬂweéhath‘El%MhealﬂYAmeﬂpumheremm@mecﬂaamamme by a computer and

encoding instrylions ﬂggdeﬁgg#eggiﬁﬁec gg ecited in claim 1. 30 9 MARCH 2007 -26 8. An

apparatus for generating a reader-to-writer offset for a head positioned over a track on a disc in a disc
drive having a pluraliddiscigacrsoptieliesennegiad taiid wadeandibe magnepdrapleie head, the

apparatus ComFisingeaHdiRG A8 CRILQIIRICoPNRIEH RbS AR A MR g operable to 5
determine the reader-to-writer offset of the head for each track by computing the difference between a

first head positfffFiRgeP SR AEdddansHonmd aisperadies rma@%%m %6 Bitimal head

position for writiag PeQrdIRLHM Gﬁtiﬁiﬁlfl‘i@é‘d&ﬁﬁﬂxgﬁ%ﬁmﬁ% BFesrRAsHiIoN tife ArapiaR@ImOf an off-track
capability (OTC) of the head, .wherein the OTC |sﬁ1t_é;c)§ort|on of a trackfgltch over which the reader is

expected to reStioR IErSHRASHHN S 4rIdPRIR G EaR PSSR TRHENEPTC) of the head,

wherein the OTC is a portion of a track pitch over which the reader is expected to read

10 information that is free of an incorrigible bit error.

9. The apparatus of claim 8, wherein the first head position is where a center of the

writer is positioned over a center of the track pitch.

15 10.  The apparatus of claim 9, wherein the information written on the track is free of an
incorrigible bit error if a bit-error-rate (BER) determined after reading the information over a

plurality of disc revolutions is less than a predetermined threshold BER value.

11.  The apparatus of claim 10, wherein the second head position is determined by

20  measuring a first head position parameter P1 and a second head position parameter P2 and
computing the midpoint between the first head position parameter P1 and the second head
position parameter P2, wherein the first head position parameter P1 and the second head
position parameter P2 are two end points of the OTC of the head, and wherein the first head
position parameter P1 is nearest a first edge of the track pitch where the BER is less than or

25  equal to the predetermined threshold BER value and that the second head position parameter
P2 is nearest a second edge of the track pitch on which position the BER is less than or equal

to the predetermined threshold BER value.

12.  The apparatus of claim 11, wherein the first head position parameter P1 is determined
30 by positioning the reader at a position over the first edge of the track pitch; measuring BER

over a predetermined number of disc revolutions; comparing the measured BER with the



9. The apparatus of claim 8, wherein the first head position is where a center of the writer is
positioned over a center of the track pitch. 15 10. The apparatus of claim 9, Whereingm&gq%gpation
written on the track is free of an incorrigible bit error if a bit-error-rate (BER) determined after reading
the information over a plurality of disc revolutions is less than a predetermined threshold BER value.
11. The apparatus of claim 10, wherein the second head position is determined by 20 measuring a first
head position parameter P 1 and a second head position parameter P2 and computing the midpoint
between the first head position parameter P1 and-#%e second head position parameter P2, wherein
the first head positi ar, 1 and. nd head .position parameter.P2 are two end points of
the o7 A R B S T e ot the
track pitBER Melres,tbierBER tis|spdahianagrédssgualetbdisemeetadanentaheé SradB BRchalue and that
the secopd ReadROIPRIBMEIELNABARAELARRCEA clde AL Ihediagijpugh on which position
the BER Is less tﬁan or edqual to the predetermined threshold BER value. 12. The apparatus of claim
11, whetkieshiaéd fRERNetdeEposition parameter P 1 is determined 30 by positioning the reader at a
posifion over the first edge of the track pitch; measuring BER over a predetermined number of disc
revolutions; comparing the measured BER with the 9 MARCH 2007 -27 predetermined threshold BER
value; if the BERGaRPRIATE helditnd rebritan hnseronrdasdigonian parmestdsdhg the reader by a

predeteiRaandPRYRiINAE Becersr AfathssiiRalopdche freneasatsraHbaRiepscabove until the

BER is less than or_equal to the predetermined threshold BER value. s 13. The apparatus of claim 11,
whereinT58SEER8 RERQYS" Sodedstepaiss Btents 95 dise asvolians F BRRTEIG R tREHFLSer at a position
over theprraith augssdetbeniirakpisivldBErsVsing, Bk BRR 8 pratetermined number of disc

revolutions; comparing the red BER with the predetermined threshqld BER value; if the BER is
grefter 9{5‘#%@? eértgﬁﬁes{éoﬂ%ag}g Yﬁf‘é%ﬁ&ﬁapgﬁ %‘f% ?rs%éﬁﬁ’lﬁégt gr}lélggg%afca%?‘év 5‘?@rmined
distance:¢awaod the cankariwhshadrepkagiighhastdpsegbestingtihthsBER miesschantdrtbgu8ER is less than or

equal tOthe predetermined threshold BER value.



the predetermined threshold BER value. 9 MARCH 2007 -28 14. An apparatus for generating a
reader-to-writer offset for a head positioned over a track on a disc in a disc drive hagvmg&| Béwality of
tracks, wherein a reader and a writer are mounted on the head, the apparatus comprising: a disc drive
controller operably connected to the reader and the writer; and 5 means for computing a difference
between a first head position and a second head position, wherein the first head position is an optimal
head position for writing information on the track and the second head position is a midpoint of an
off-track capability (OTC) of the head, wherein th@®TC is a portion of a track pitch over which the

reader i X0oReR IR0 NIDMAEN RLIES A EOIIOING LR RIGH 8 The poparatus of

claim 14, Where!n . . | n is where the center o ter Is positioned over the center
of the treeR gischn 2%lis¢dvehapissraniuraliylafiracks.wisrein areafieforrdatiwritovdtien on the track is free

of an ir}ﬁgﬁggfjg)l&lqgeq{gg&iﬁ@ Q&;gﬁg@-@@ﬁ@ determined after reading the information over a

plurality of disc revolutions is less than a predetermined threshold BER value. 17. The apparatus of

claim 16, wherein thé figadévRoraasielinpgrabinernistadda dheirrgder 2oditha WEEE pBdition parameter
P1 and a second he%&%ﬁ'ﬂ%ﬁﬂﬁ{ﬂg%ﬁ&@ﬂ@ FAMRAtNGra Held PRl feines Betimdirst head

position parameter P 1 and the second head dDosition parameter P2, wherein the first head position

parameter P 1hSpRpRitoBcBhgrRadhedystiisad pastior {8 pporsiraad hsad et MAEN® TC of the
head. 25 18. TihpaparRbAR clRldd thybassin hbadfisiitiead ResidssiRarmetetR is a first head

position nearest a first edge of the track pitch having a BER less than or equal to the predetermined
threshold BEF?%ﬂ?l‘é‘%MQ%% 8@%&&4@6‘%&&%@@%&@8@? 3%@%&%‘?&"5& position nearest a
second edge oftifth theckadicls bapiogdtBiei kdsrihaivoirgisite dien presteigbieibird threshold BER
vallt(J)e. 309 M%rFrQ(gH 2007

15.  The apparatus of claim 14, wherein the first head position is where the center of the

writer is positioned over the center of the track pitch.

15 16.  The apparatlis of claim 14, wherein the information written on the track is free of an
incorrigible bit error if a bit-error-rate (BER) determined after reading the information over a

plurality of disc revolutions is less than a predetermined threshold BER value.

17.  The apparatus of claim 16, wherein the means for computing comprises measuring a
20 first head position parameter P1 and a second head position parameter P2 and computing a

midpoint between the first head position parameter P1 and the second head position

parameter P2, wherein the first head position parameter P1 and the second head position

parameter P2 are two end points of the OTC of the head.

25 18.  The apparatus of claim 17, wherein the first head position parameter P1 is a first head
position nearest a first edge of the track pitch having a BER less than or equal to the
predetermined threshold BER value and the second head position parameter P2 is a second
head position nearest a second edge of the track pitch having a BER less than or equal to the
predetermined threshold BER value.
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-29 19, The apparatus of claim 18, wherein the means for computing comprises determining the first
head position parameter P 1 positioning the reader at a position over the first edge ngmgHtE pitch,
measuring a BER over a predetermined number of disc revolutions, comparing the measured BER
with the predetermined threshold BER value, and, if the BER 5 is greater than the predetermined
threshold BER value, stepping the reader by a predetermined distance toward the center of the track
pitch, and repeating the steps of measuring, comparing, and stepping until the BER is less than or
equal to the predetermined threshold BER value.-89-20. The apparatus of claim 18, wherein the
means fog computing comprises.determining the secaond position parameter. R sjitioning the reader
ata posxlgdn (T/%}et?&%rg&%of %eléb“é fo%’ the Iter%ct&‘epllltlc(:3 ?Sr;l}:lé%cs%nrl “g“%géé’é%é’\?%? gépegle%égtlggmined number
of disc réwofisidreed cosienipa dheten 24 nosdoBER hwitivades predesitioninuer thedbisbtd®BPER value, and, if

the BER isgreaterihan the predatermyner threahold BERYalle: SlepRiRgufig:seader by a 15

predetermined distance toward the center of the track pitch, and repeating the steps of measuring,

comparie@npaiingtds paeasuicd BER Dtk teepedeteamippbiueshe) dREBr selate avAnEdheHERNold BER
valug. 9;MARCHRAMR. RAQBTHMAHRENRASER QaRIER R iES&EMEASUREMENT OF A HEAD
IN A DISC DRIVE FOR REDUCED TRACK MISREGISTRATION Abstract of the Disclosure 5 A
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position th2 second position parameter P2 positioning the reader at a position over the second edge of

the track pitch, measuring a BER over a predetermined number of disc revolutions,
comparing the measured BER with the predetermined threshold BER value, and, if the BER
is greater than the predetermined threshold BER value, stepping the reader by a

15  predetermined distance toward the center of the track pitch, and repeating the -stéps of
measuring, comparing, and stepping until the BER is less than or equal to the predetermined

threshold BER value.
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OPTIMAL READER-TQO-WRITER OFFSET MEASUREMENT OF A HEAD IN A
DISC DRIVE FOR REDUCED TRACK MISREGISTRATION

Abstract of the Disclosure

5 A method of and apparatus for generating a reader-to-writer offset for a head
positioned over a track on a disc in a disc drive having a plurality of tracks is disclosed. A
reader and a writer are mounted on the head in a non-overlapping manner with a gap between
the reader and the writer, which is known as the reader-to-writer offset. A disc drive
controller is operably connected to the reader and the writer. The disc drive controller

10  determines the reader-to-writer offset of the head for each track by computing the difference
between a first head position x1 and a second head position x2. The first head position x1 is
an optimal head position for writing information on the track and the second head position x2
is a midpoint of an off-track capability (OTC) of the head. The OTC is a portion of a track
pitch over which the feader is expected to read information that is free of an incorrigible bit

15 error such that the writer-to-reader track misregistration (TMR) is minimized as the head is
radially displaced the reader-to-writer offset to read information written on the track or to

write information on the track.
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