2 3 NOV 2006 -1 METHOD FOR SENSI NG RUN-OQUT I N DATA FIELDS Field O The

I nvention The present invention relates generally to disc drives, and nore
particularly, it relates to the field of servo technol ogy. ZBQCN@VOZBBEI of
the Invention In the manufacture of disc drives, servo information is
witten onto discs to define tracks along which the read/wite heads
followin drive operations. Despite the fact that servo infornmation is
witten using a high precision servo ttack witer, the tracks rarely, if
ever, turn out to be concentric circles. Variations in synchronismwth

the rotation of ! heviRHGrPrdR KN NERON SUTCIE DAFAERDS' ePeat abl e

run-out (RRO), and variations n synchronismw t e rotation,
referred to as non-repeatable run-out (NRRO, cause the servo track witer
to wite tracks which are not cagngcentric circles. For conveni ence, RRO and
NRRO wi | | collectively be referFeld Of The Inveptigfit i n this docunent. The
deviation of the actual witten track fromthe ideal concentric circular
track is referred to here as track deviation. Track deviations can be
probl emati ¢ becade prinwrivieatibraclateaygererdllypo disc dirivgs,aidaroere t racks that
overlap. In addition, the read head may not follow the irregularly witten
track cl oselBpreadady it Flatepio thedield PhisryataghBPIOBY: referred to here as track
m sregistration. To allow for track deviations, tracks are generally
witten a certain mninumdistance apart, which in turn nmeans that
achievable track density is Badkgidtnd dethe Ihwertienati on Path (ZAP)
techni ques nay be used to keep the
In the manufacture of disc drives, servo information is written onto

discs to define tracks along which the read/write heads follow in drive

operations. Despite the fact that servo information is written using a high

precision servo track writer, the tracks rarely, if ever, turn out to be concentric

circles. Variations in synchronism with the rotation of the spindle motor,

commonly referred to as repeatable run-out (RRO), and variations not in

synchronism with the rotation, referred to as non-repeatable run-out (NRRO),

cause the servo track writer to write tracks which are not concentric circles.

For convenience, RRO and NRRO will collectively be referred to as “run-out”

in this document. The deviation of the actual written track from the ideal

concentric circular track is referred to here as track deviation. Track deviations

can be problematic because the write head may end up writing adjacent tracks

that overlap. In addition, the read head may not follow the irregularly written

track closely enough thereby resulting in what is referred to here as track

misregistration. To allow for track deviations, tracks are generally written a

certain minimum distance apart, which in turn means that achievable track

density is limited.

Zero Acceleration Path (ZAP) techniques may be used to keep the

read/write heads on track, and thus minimize track misregistrations. A track



read/ wite heads on track, and thus mnimze track m sregistrations. A
track 2 3 NOV 2006 -2 is typically divided into sectors, each of which
serves as a unit of data storage. ZAP techniques involve wiih§0¥a2lds
patterns in a ZAP field located at the beginning of a sector. The ZAP
field and the servo gate contribute to the servo overhead, that is, the
portion of the sector that is used for holding servo related information
and which is not available for storage 8f user data. The rest of the
sector that can be used for storing user data is referred to in this

docurent as LheodalfaliellindSdde Lepde NER% Lakals AliPBlaRa bRl [he 2AP

are na estimate € run-ou I' the

whol e | engt pAPfedthggRBGARSIve ATitirRCdutR pag¥rm3dy arkye fikkl Ipedtkd apiie
information onto each disc, it is coomon to find a si ngle ZAP field being

used to est ibegimingef aseciok Thevi R fieddsindghe serve gateadributedp dhe gdrvene
track. Such attenpt 0 cut own the ser aver head . a to free up nore
space for t!’Fé’eH}éet '?’?a_%llsdg‘%?/r _of‘é’é ?sqcﬁ’rgg?ﬁ)‘? 8&?‘@&’55‘0?%8838’3’& acy of the
read oper ati@pged RAGIhAERAl Y whith i§ ASESvalaBletol MOrdgdbfRidbr ¥AhYThe

significantly along the stretch of the track between consecutive ZAP
fields. For restafphesectdrah@ianfbealsdd farystorng eaer dada isarefatredatoiiothisf 2. 7

i d d t. be . t t.i t th - t i nf ti f
one. or or e deRinent &t He datt B g e rerddet e IanE f ackabe PAT out i o
more than 29,Ji |.oReq Lz g hiRG1HBRO LM PSTnTRY N In-OB30r iRAVhbRRE  run-out

hoge ¢
effects are |nad§equat efly conpensat elg ?%r In the positioning of the read
head and, ademgthesthd sectdreAs etinblegy adxpides empack moaerdminadtion dritack

m sregistration. It is expected that the run-qQut, with the associ ated

probl ens, wierfh fisgt i common to find a single ZAP field being used to estimate the
track deviations for an extended stretch of the track. Such attempts to cut
down the servo overhead and to free up more space for the data fields may
result in compromising the accuracy of the read operations, particularly in
cases where the run-out vary significantly along the stretch of the track
between consecutive ZAP fields. For example, the ZAP field may be read for a
duration of 2.7 microseconds (us) and yet be used to estimate the run-out
information for one or more data fields extending as much as 34.5 us. If the
run-out is more than 29 kilohertz, the resolution loss may well mean that the
run-out effects are inadequately compensated for in the positioning of the
read head and, as a result, the read head experiences unacceptable track
misregistration.

It is expected that the run-out, with the associated problems, will have a
greater impact on disc drive performance as the demand for higher format
efficiency grows.

There is therefore a need to address the problems described above. The
present invention proposés to meet this and other needs, and offers other

advantages over the prior art.



greater inpact on disc drive performance as the demand for higher format
efficiency grows. There is therefore a need to address the problens

descri bed above. The present invention proposes to neet this and ot her
needs, and offers other advantages over the prior art. 2 3 @PQUUEB
Summary of the Invention Enbodinents of the present invention involves a
nmet hod of determning run-out in a disc drive, the nethod including steps
of performing a direct current erase, 8electing a reference track, witing
a sinusoidal signal into a first track at a first offset fromthe

reference track, sensing a reag signal | ong the reference track, and
anal yzing the read signal to egPF'é’g*iryrqfﬁﬁ%E‘f‘ger\ttWornati on. Enmbodi nents of

the present invention may include using the run-out information to
determ ne track deviation, and to conpensate for the track deviation to
reduce track ni srgbsdinsnitoof theipnesentimyediion itvolvasya methodmfl enent ed such

that, if the run-out informatiogn i.s indicatjve. of frac devi ati ol

severe than SCIPFREEIGIUR-ARU ae‘ilcf)‘é‘F ‘,if“t’?réﬁ‘a F?Eh‘?ifp\?&’qtlgg Fé]péf?? Bg?orllrﬁ’rr]‘_ggo mrae
ebodi ment S, , §HEKTukRnPLAYL e dlh Sleflhky BabQVIHingh sfiBSidaPdgnadl SC -
surface, at Teast one sét df read? wite heads, and’ an actuator supporting

t he read/ wriine héadsrack at & fiestdifset fdoinvhe refbmennetrack, rsensing g read signdli gured to
process read signhals sensed by the set of rea /\_/vriﬁe heads, and nenory
storage is aleng gis refarencedmakyantyanalyzipgithe rrag signal fnextat rayRef of
circuitry is Ocrglrghiogured to control rotation of the actuator and thereby
control positioning -

Embodiments of the present invention may include using the run-out

information to determine track deviation, and to compensate for the track
deviation to reduce track misregistration. Other embodiments may be
implemented such that, if the run-out information is indicative of track
deviation more severe than a predetermined level, the disc drive is rejected.
In some embodiments, there is provided a disc drive having at least one
disc surface, at least one set of read/ write heads, and an actuator supporting
the read/write heads. In the disc drive, channel circuitry is configured to
process read signals sensed by the set of read / write heads, and memory
storage is available for carrying run-out information. The control circuitry is
configured to control rotation of the actuator and thereby control positioning
of the set of read / write heads relative to the disc surface. The positioning of
the set of read / write heads takes into consideration compensation for track
deviations based on the run-out information. The run-out information is at
least in part, indirectly or directly, obtained from carrying out steps of
performing a direct current erase, selecting a reference track, writing a
sinusoidal signal into a first track at a first offset from the reference track,
sensing a read signal along the reference track, analyzing the read signal to

extract run-out information. The run-out information may be stored in



of the set of read/ wite heads relative to the disc surface. The
positioning of the set of read/wite heads takes into consideration
conpensation for track deviations based on the run-out infozqf 'Vn he
run-out information is at least in part, indirectly or dirett yb ogw i ned
fromcarrying out steps of performng a direct current erase, selecting a
reference track, witing a sinusoidal signal into a first track at a first
offset fromthe reference track, sensitg a read signal along the reference
track, analyzing the read signal to extract run-out information. The

run-out information may be stored in 2 3 NOV 20 -4 no t orage, and
the menory sPBERRYE SFﬁ;{?g‘hGPdﬁée PEEmArE §IURsE H@yd]ogge I%Fﬁ%m&fﬁg anal yzi ng

step may furglﬂgéceconpri se a step of extracting the read signal before the
read signal undergoes processing by channel circuitry of the disc drive.

The anal yzi ng st epheamalyzing bep mayrhirtise cotmppise afstqpasfsixhgctingtheamdd si gnal
t hrough an envel ope extractor to obtain an envelgpe signal, .and then

passi ng the #gnalikeferedherrad signadygrergoesRIGsasung by chenied cggity Pfahe esul t ant
signal indicagtive ofthe N- out i ' ' eps may
further incl %ﬁ‘é\égwg't%%e, a“&é?%‘%grgmt?a "E;e}?%@g{ekﬁgm ea |{ref§§sg¥ éggs}hcﬁ &\\?ﬁ Fﬁ ng a

si nusoi dal siighdl thidilgh h GRWPE dxtractor & obtagtawanyadbpesgndly and thee ref er ence
track such that the first track and the second track are on either side of

the ref er encpassingtbk enTelepppigaahthroygheniavorasnidiey optady pdesiliankay of
obt el 110 Ui L P R0 RO HRAAST SRR LRSS 1005 o
determ ning fyrafkifeYded s@PSperformed before the reading step, of writing a

sinusoidal signal into a second track at a second offset from the reference track

such that the first track and the second track are on either side of the reference

track.

The present invention thereby provides a way of obtaining run-out
information, and further enables a disc drive to be configured such that the
run-out information so obtained can be used for determining track deviations,
not only in the servo gate, but also in the data fields. Track misregistration can
therefore be reduced as a result of having more accurate run-out information.

These and various other features as well as advantages which
characterize the present invention will be apparent upon reading of the

following detailed description and review of the associated drawings.
Brief Description of the Drawings

FIG. 1 shows an exploded perspective view of a disc drive.

FIG. 2 is a flow chart illustrating one embodiment of the present
invention.

Fig. 3 is a schematic block diagram showing steps of analysis applied to

a read signal, according to one embodiment of the present invention.



not only in the servo gate, but also in the data fields. Track

m sregi stration can therefore be reduced as a result of having nore
accurate run-out information. These and various other featur?s b as
advant ages which characterize the present invention wll be aﬂgﬂqu ﬁ.lpon
reading of the follow ng detailed description and review of the associ ated
drawi ngs. Brief Description of the Drawings FIG 1 shows an expl oded
perspective view of a disc drive. FIG -2-is a flow chart illustrating one
enbodi mrent of the present invention. Fig. 3 is a schematic block diagram

showi ng steps of analysis applied to  a read signal., according tp one
embodi nent of t hdlgrd&eh OWPfgéﬁt‘ﬁWa@@W@@Frfﬁgé%ﬂpgng?%%ep%seng f1 ow
chart iIIust.r%liltgl(g‘ anot her enbodi nent of the present invention. FIG 5 is
a schematic g agram of a portion of a few tracks according to one

enbodi nent of t heI@r 8 genéchemadio didgramfdf@ pditishofia faw ptacks afcosdiggad
anplitude against tinme for an application of an enbodi ment of the present
i nventi on. Dutemkediment pf reipsasentBYENHEAt s of the present invention are

descri bed bel ow wi.t.h f t . AW : Noll ' : h
B G S §rcl uaddChs sAERERPREG s Lam Y R Culicir s b Shoun

nmounted. A gFSReimBAHnlehesf thededentirtRAEbRMENt ary cover 106 to provide a
seal abl e enclosure with the baseplate 102. Attached to the baseplate 102

is a printed circuit board (PCB)
Detailed Description

Embodiments of the present invention are described below with
reference to the drawings. A disc drive 100 as shown in FIG. 1 includes a
baseplate 102 on which various components are mounted. A gasket 104 lies
under a complementary cover 106 to provide a sealable enclosure with the
baseplate 102. Attached to the baseplate 102 is a printed circuit board (PCB)
108 on which is located circuitry and devices (not particularly shown),
including a channel chip 110, for controlling the operations of the disc drive
100.

At least one disc 112 is rotatably mounted on a spindle motor 114 that is
securely fixed to the baseplate 102. Held out to at least one disc surface 116 of
the one or more discs 112 is a set of read/ write heads (collectively denoted by
118) supported at the extremities of one or more suspensions 120. Each
suspension 120 is joined at the other end to an actuator arm 122. Each actuator
arm 122 may be used to support two sets of read/write heads 118 configured
to read / write data from/to tracks 124 on opposing adjacent disc surfaces 116.
The read heads 118 are operably connected by a flex circuit 126, via a
preamplifier 128, to the channel chip 110 and to other components on the PCB
108. Similarly, the write heads 118 are operably connected to the circuitry on
the PCB 108. At least one connector 130 mounted to the PCB 108 provides for



108 on which is located circuitry and devices (not particularly shown),

I ncl udi ng a channel chip 110, for controlling the operations of the disc
drive 100. At least one disc 112 is rotatably nounted on a q tor
114 that is securely fixed to the baseplate 102. Held out tg ?E“eg one
di sc surface 116 of the one or nore discs 112 is a set of read/wite heads
(collectively denoted by 118) supported at the extremties of one or nore
suspensi ons 120. Each suspension 120 is-6oined at the other end to an
actuator arm 122. Each actuator arm 122 may be used to support two sets of

read/ wite heads 1 confi gured read/, .w ata fro 0 tracks 124 on
opposi ng adj H@Wﬁfa‘ﬂffgétas‘l? ‘é‘i%g‘sﬂg‘ dig g“?’%i@)&ﬁ[g Sﬁgrgaréé oper abl y
connect ed_bYy A/ fite Head 14 is ket ParPA@admal 14 iat digfportrnt heLeabannel
chip 110 and to ot her conponents on e PCB 108. Simlarly, the wite
heads 118 ar eneagualor yriad22cMieadtdtion dfehe actoator A$2 trin tufrece®iteddy st | east
one connector 130 nounted to the PCB 108 provides for 2 3 NOV 2006 -6
power and daveiceepihBxtPl34 to the disc drive 100. The position of the

read/wite head 1I%(§fe1lr§r}ﬁgri¥‘§rtg$ﬁce aacsteyé’(% ﬂﬁﬁlé@%lt&hﬁtdn%@p&ﬁféﬁ the at

| east one actuator |on e actlator 132 is in turn
control | ed byD@) pat@irfies @eitlenrvedn disaza;urfaeé H6 (FNQ. Y ofithodist Grive 10@isi ng a
servo track witer, a direct current pattern is witt er a disc
surface 116 (HGA) lm)staﬁl%hEhngerqf@rq@ aS(éFPQeriﬁe PiRces ﬁhﬂ éf This may

e e e 855 0 SRS BLRS e e e SRS Bl B2 ver

a reference gtk thSerabQBRBiH, ak3Rrerttt tAck GRRewhf B3B! At a chosen offset
to the reference track, a first track is written with what is commonly referred
to in the industry as a 2T sinusoidal pattern 140. The read head 118 (FIG. 1) is
then made to travel over the reference track to sense a read signal 142. The
read signal will include run-out information in the form of the sinusoidal
signal coupled to the signal sensed by the read head 118 (FIG. 1). The more
off-track is the read head 118 (FIG. 1) from the reference track, that is the
greater the track misregistration, the larger is the sinusoidal signal coupled
into the read signal. From the read signal, the direction of the track
misregistration can also be determined in addition to a measure of its
magnitude. The run-out information thus determined 144 can be stored 146 in
the disc drive for use in compensating for track deviations 148. Alternatively,
the run-out information may serve as an indicator of the quality of the disc
drive 100. Disc drives that exhibit severe track deviation behavior may,
through application of the present invention, be identified and rejected.

The analysis 144 may be carried out using the read signal that is

measured right after the preamplifier 128, before it goes into the channel chip
110. As shown in FIG. 3, the read signal 149 may be passed through an

envelope detector 150 to obtain an envelope signal 151. The envelope signal



to the reference track, a first track is witten wth what is commonly
referred to in the industry as a 2T sinusoidal pattern 140. The read head
118 (FIG 1) is then nade to travel over the reference track3tNOV¥elifg a
read signal 142. The read signal will include run-out information in the
formof the sinusoidal signal coupled to the signal sensed by the read
head 118 (FIG 1). The nore off-track is the read head 118 (FIG 1) from
the reference track, that is the great@& the track m sregistration, the

| arger is the sinusoidal signal coupled into the read signal. Fromthe

read signal, the direction of the track mﬂ}%i tratjon can ?Fl 0 be
det er ni ned i ¥plamay thesrbea prsgedrysugh adowipags fi &#ﬁaaétr SRRt

i nformation t.hu;%sl_lrd{gh?agtgl {}lredg%a%lﬁvé O?i@m#g;l m‘%ﬁf@’%“kﬁ@utjim‘”mﬁ(}m sc drive for

use in corrpe?%glél evi at1 ois ternatively t he run-out

i nformation may SarofRerasnbodiiedts; BedteadbighlP149Uadmttite céadtﬂm’ddilsanaﬁri ve
100. Disc drives that exhibit severe track deviation_behaviqr may, through

appl i cati on lof exttastesk atseether decationdeforp it is passer theanghithe eayderped. The

anal ysis 144 b arried out using the r ' h | asur ed
right after Q%E&B’F %4 ?‘ﬁ’é?qli%& tbé‘?%ﬁhe&‘fetl&giggé gﬁ olizhg&% o=l chi p
110. As Shov‘&hbf‘pgdsﬁle Bcalibies MBRthGh@d@lockd6n Baford thehangel dhity Pl ldran
envel ope detector 150 to obtain” an envel ope signal 151. The envel ope signal

2 3 NOV 2006perhdpditorpyatedan threampdeg frant-endetgie af thewhpard chip 1k 152 to
un-out 1 nf or mat REmR O bR RS ProseB iiBafen T IOHRRL, Che
i ough t he et Sre e B D P E Gugh. 1 | ow pass
filter 152. fExampéEandfor a width allowing for at least one track on either side of the

reference track 162. A 2T pattern is written 156 for a first track 164 on one side

of the reference track 162. The first track 164 is written at a chosen first offset

166 from the reference track 162. The first offset 166 may be half the width of

the reference track 162, or it may be more or less than half the width of the

reference track 162. A 2T pattern is written 158 for a second track 168 on the

other side of the reference track 162 at a chosen second offset 170 from the

reference track 162. The second offset 170 may be half the width of the

reference track 162, or it may be more or less than half the width of the

reference track 162. The first offset 166 may be the same magnitude as the

second offset 170, or the two offsets 166, 170, may be chosen to be of different

magnitudes. The read head 118 is made to travel along the reference track 162

to sense a read signal 160. Run-out information is extracted 161 from the read

signal. Preferably, this is done by taking the read signal 149 after it passes

through the preamplifier 128 but before it enters the channel chip 110. Also

referring to FIG. 3, the read signal 149 is passed through an envelope detector

150 to provide an envelope signal 151 which is in turn passed through a low

pass filter 152 to give a resultant signal 153.



ot her possible locations may include a |ocation before the channel chip

110, or perhaps incorporated at the analog front-end stageoa@nggﬁb@ﬁgnnel
chip 110. Alternatively, enbodi ments of the present inventi

described wth reference to FIGS. 4 and 5. A DC pattern is witten 154 for
a reference track, 162 and for a width allowng for at |east one track on
either side of the reference track 162. A 2T pattern is witten 156 for a
first track 164 on one side of the reférence track 162. The first track
164 is witten at a chosen first offset 166 fromthe reference track 162.
The first offset 166 nmay be half _the width of the Lg%&&egie rack 162, or
it may be more or Therssultantsignal 153 melichites the sxtephie w Brcdt etk 162. A
2T pattern is i tt . i de of the
reference tragﬁkTéﬂggi&gﬁgﬁgégﬁﬂégggﬁgh%%%%@9%%$%qP§gﬁ??ﬁg{aﬁ%?%%ence track

162. The secqid e fea@lsighaD14%3s Deestibof tHdreadihdadi 118 mioking oféteck ficen t r ack
162, or it may be nore or |ess than half the w dth ?f the reference track
162. The fi r the refdrenae gk 163y Thisistfhethendescrikgd witheeterenes o Flsedond of f set

roni Cudee. et en s RachOipsc ar o ASnPRIBEING e Rrefltd & KIETH:

magni t udes. e to trav e reference track

162 to sensfaRkdesteithddRle ﬂﬁ&firﬁwacpummﬁdars&ainuaradkaeexmdrgmrpdsekal from
the read signal. Preferably,” this is done by taking the read signal 149

after it paseEdlustrhtioudhe teferepeetangh 162 has bee dmwn pep straight lisatldies t he
cnanel o DGRBS bl e S LR Do
A e T
whi ch t he 2Tinfhidehes of run-out in the system. Similarly for the second track 168, it is

shown as a wavy path to illustrate the influence of run-out in the system as

the write head 118 writes out the 2T pattern. The path 172 of the read head 118

is shown. Although it is intended for the read head 118 to travel along the

reference track 162, the read head 118 may deviate from the actual reference

track 162. When the read head 118 suffers track misregistration, it will pick up

the 2T pattern written on the first track 164 or the second track 168. The

greater the extent of track misregistration, the more of the 2T pattern will be

picked up by the read head 118. The read signal 149 is therefore coupled with

the 2T sinusoidal signal.

Looking back to FIG. 3, the read signal 149 may be analyzed by passing

it through an envelope detector 150 to obtain an envelope signal 151. The

envelope signal 151 is then passed through a low pass filter 152 to remove the

high-frequency signal to give a resultant signal 153. The profile of the

resultant signal 153 may be shown in a plot of signal amplitude 174 versus

time 176 as shown in FIG. 6. Generally, the greater the track misregistration,

the larger will be the amplitude of resultant signal, with reference to the

baseline 180. Where the first offset 166 and the second offset 170 are chosen to

be of the same distance, the resultant signal 153 should be relatively small or



witten along the first track 164 and the second track 168 has been coupl ed
into the read signal 149 as a result of the read head 118 noving off-track
from the reference track 162. This is further descri bed vvitg refe ceto
FIG 5 which shows a schematic diagram of a short |ength ] tNﬁVrigﬁgrence
track 162 flanked on either side by a first track 164 and a second track

168. For purposes of illustration, the reference track 162 has been drawn
as a straight line. The first track 169; with 2T pattern witten along it,
is showmn as a wavy path to illustrate departures froman ideal concentric

circular path resulting fromthe _inf|luence qQf run-o in the system
Simlarly foregligebly segflgvhenthe r%ﬂéheqcl 118is a%ﬂ}%‘?“?% 03 rﬁ‘éﬁ*’r&?‘g‘
illustrate t i n - ' ALasureidagnbdRfindiead 118
wites out t g DTSR ER eyl ol bl 162 SR ARESHAGUIHIRIREES o

Al though it jos thep&istiejimps inthe re&alsifealplatlB4t Goinpavief thé saxrgogdte
reference track 162, the read head 118 may deviate from the actual
reference tplatwithehe regndtant signaleifgamba gleanly seqry et the Rresgnt MGnEiPhst r at i on,

L Pl L P B S ok,

second track ack msregistration, the

nore of the ok IRRkdRIT Hhhll sdifpliRg k@@ overldidtZ ARfididhead 118. The read
signal 149 is therefore coupled with the 2T sinusoidal signal. Looking

back to FIG 3, tGantiredng withrihe des@iption dféhepmbpdisaempof Fiast Agving t hr ough
an envel ope detector 150 to,.obtain ap.envel ope,si gnal,.151. The_ .envel ope
argnal 100 i &Siemned maverah Stiimee Of i Nt l ind bRt mad fg Y b o °P

hi gh-f reque_né:éésﬁh E?Ace&&reﬂi%@o@t}{e@ﬁ%ﬁ@%@b&!ﬁ@é ddivSs. AENE iluskadish, of the
resul tant signa 3 may be shown in a plot of signal anplitude 174 versus

time 176 as lecuch itest Riag inGolvesarsing the runkeutdoedise driviesand agjecting 188

Vn\} ts Le?iefs é; gtfiggcné@vésﬂtgal XhIbit u\#:-aclclepg%le} IQSelggPl‘ti;rE-ggs A%errqgt?vuell};,%ﬂ;l-osuitgnal ’
information for the track may be stored 190 in a memory in the disc drive, and
used in calculating the required compensation for keeping the read head on
track for future disc drive operations. Preferably, the run-out information that
is collected may be stored in dynamic random access memory (DRAM) so that
it can be accessed and used, using methods known in the industry, for
compensating the run-out in future read operations.

The present invention provides for the sensing of the run-out
throughout the length of the track, a capability previously not known with
conventional techniques such as the ZAP techniques. Even in the case where
the length of each data field is extended or where more than one data
fieldshares a single servo field, the disc drive can have sufficient run-out
information to keep the read head fairly on track and thus give better disc
drive performance. There can thus be less reliance on the conventional method
where the run-out data collected along 8 percent of a track is used to estimate
the required compensation for track deviation for the other 92 percent of the

track.



baseline 180. Were the first offset 166 and the second offset 170 are
chosen to be of the sane distance, the resultant signal 153 shoul d be

relatively small or 2 3 NOV 2006 -9 negligibly small when ad
118 is at the center of the reference track 162. In FIG G?hfmgg@gnce

of servogate 182 on the disc surface 116 accounts for the periodic junps
in the read signal plot 184. Conparing the servogate plot wth the
resultant signal, it can be clearly seeit0that the present invention can be
applied to provide run-out information along the whole track, and is not

limted to a smal| sanpling at the overhead or ZAP field ntinuing wth
the description owlﬂh@eéﬂ%df%iﬁd g?orma@on@n grrhQut ag}sg&O-SH@&HFhe overal |
i nfluence of M- Ol ' L AChHGBforfatiBa e Procedure
186 for the ﬁ%%ﬁ?g@$ﬁ$%&3fhgﬁgc r|&§§@£Xg&§#%%%Lwtf%tﬁon, gﬁ% such test
may invol ve seied agay fioni the disd, thoZ At fiaid diayisesmaderedeirelant fog ub8dn di sc

drives that exhibit unacceptable |evels of I’Lin- out. Al tﬁrqr[:iat i vels(%/ run-out
i nformation Fempen@tingdbe riprpubeifestnsd resgtiless semorsephead nesds g b8 dri ve,

d di . ti [ ] ' th d
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informati on that Adgitielalipcthepreqyit ieeation athy be appliedias aresglofn access
menory (DRAM so that it can be accessed and used, using nethods known in
t he i ndust r yev4loatingepdérasksenyg peormgncaut in future read operations. The

present inventio ,rS%isgrgf}g{s%tﬁ{]ﬁg?ﬁ@%%@P?)L%%IF?R%’%‘Qég%{ihﬁ"q‘ra?ughOUt t he

length of the tra \ . AOWN W conventi onal
techni ques syghmAgtidhén ARRURESITLAMBE poiRY 8RNk Rhé Wholalbfg M itRe bR | engt h

of each data field is extended or where nore than one data

For example, the envelope profile that is obtained for the run-out may be
further analyzed by applying the Fourier Transform such that the magnitudes
and frequencies of the component waveforms can be extracted.

Alternatively described, embodiments of the present invention involves
a method of determining run-out in a disc drive 100, the method including
steps of performing 136 a direct current erase, selecting 138 a reference track
162, writing 140 a sinusoidal signal into a first track 164 at a first offset 166
from the reference track 162, sensing 142 a read signal 149 along the reference
track 162, and analyzing the read signal 144 to extract run-out information.

Embodiments of the present invention may include using the run-out
information to determine track deviation, and to compensate for the track
deviation to reduce track misregistration 148. Other embodiments may be
implemented such that, if the run-out information is indicative of track
deviation more severe than a predetermined level, the disc drive is rejected
186, 188.

In some embodiments, there is provided a disc drive 100 having at least
one disc surface 116, at least one set of read/ write heads 118, and an actuator

132 supporting the read/write heads 118. In the disc drive 100, channel
circuitry 110 is configured to process read signals 186 sensed by the set of



fieldshares a single servo field, the disc drive can have sufficient
run-out information to keep the read head fairly on track and thus give
better disc drive performance. There can thus be |ess rg%'a@ﬁ é@@ t he
conventional nmethod where the run-out data collected al 8 g %nt of a
track is used to estinmate the required conpensation for track deviation
for the other 92 percent of the track. 2 3 NOvV 2006 10 Wth the nore
detailed information on the run-out sersled using the present invention,
and with the storage of the run-out information being stored away fromthe

disc, the ZAP field o) dundant f ' ti th
Fun out et 1 depd) ke Bosdipand meSoRss a8t g roegt 108 e e dea
for (2N, Torfer S0 TR it TBARaAR HrRRbRbpErusey (abanadidic ogg) |y, the

present invention e applied as a way of evaluating on-track ‘servo
per f or mance.is thefigured emtontrolentation of tisoactektes 132 apbtheirddyecandradxt r act

additional information on the n-out for_an oi nt._along the l e | ength
of the tracld?OSItifB\m%QgWﬁlsét, Of{]rﬁ%éz‘ﬁ%ﬂu]bﬁ%lsﬂflgf%i?gv‘? Wafpéidéscg"ﬁfgf:‘ﬁiﬁgf or the
run-out my fe pd HE&HR% Pg@sxz@ﬂega/@ﬁgéu A8 1418 FalfeQ b RbndifieRdoar m such
that the magnltuées a 8 requencl €s of the conponent waveforns can be

extracted. Aohfpengitiorefoy taek deviatidns badeddinthatran-olit infermitisre Mheiraxent i on
i nvolves a nmethod of determ ning run-out_in a disc drjive 100, the nethod

i ncluding swépopnaen fsorteashimuzet dndirecdlytorcirecliit oRIpingd frag| ecting 138 a
211N, | RS o R PR e B P L1 £ 00K
signal 149 abfpéhcktRick @62 VeRERg 140 a sinusoidal signal into a first track 164 at a

first offset 166 from the reference track 162, sensing a read signal 149 along the

reference track 162, analyzing the read signal 149 to extract run-out

information. The run-out information may be stored in memory storage, and

the memory storage may not be located on the disc surface 116.

The analyzing step may further comprise a step of extracting the read
signal 149 before it undergoes processing by channel circuitry 110 of the disc
drive 100. The analyzing step may further comprise steps of passing the read
signal 149 through an envelope detector 150 to obtain an envelope signal 151.
The analysis may further include passing the envelope signal 151 through a
low-pass filter 152 to obtain a resultant signal 153 indicative of the run-out
information. Alternatively, the steps may further include a step 158,
performed before the reading step 160, of writing a sinusoidal signal into a
second track 168 at a second offset 170 from the reference track 162 such that
the first track 164 and the second track 168 are on either side of the reference
track 162.

It is to be understood that even though numerous characteristics and
advantages of various embodiments of the present invention have been set
forth in the foregoing description, together with details of the structure and

function of various embodiments of the invention, this disclosure is



track 162, and analyzing the read signal 144 to extract run-out

i nformati on. Enbodi nents of the present invention may include using the
run-out information to determ ne track deviation, and to conpensate for
the track deviation to reduce track m sregistration 148. 9C Ny @0fgodi ment s
may be inplenented such that, if the run-out information’is Indicative of
track deviation nore severe than a predetermned |evel, the disc drive is
rejected 186,188. In sone enbodi nents-13-here is provided a disc drive 100
having at | east one disc surface 116, at |east one set of read/wite heads

118, and an actuator 132 orting . .the readfw.t . t he disc
drive 100, c ]é’ﬁﬁéi“’e enlycthRd £ nﬁfﬁln}ag/ bedrpdig i e&‘?ﬁ%&%@@i‘é‘%g%%&&fgnm sI 186

sensed by th%g%ﬁgreojndzaéa%&?g@Eaftg-Jviﬂﬁ@Q{eVﬁriiﬁ&plb§@ﬂ&ejﬁrgsemmd memory

storage (as on PCB vail able for carrying run-out

i nf or mat i on. inveetiowtd thel full iextent trrdicated by thmoroed gemBal o@pningfdbeif i gured to
control rotation of the actuatogr 132 and thereegyd,]_control Si.ti olni ng of
the set of rtEmsiRPhichibgapPeaged gritps yre exprashed: il example e sigRal  The

posi ti 0ni NGl NE pfhrhsd B bwritrel e ftfidfack 1£hd Rk tRe bitbdGaRR] Mgyat | on
conpensationttor track deviations based on the run-out information. The
run- out i nfgdryatdpending da thegasticular disr drive oatifigeration vhildimaiotaigingobt ai ned
from carrying out steps of performng 136 a direct curE}ent ere%zﬁ,
sel ecting 13Bihstantielythesame Funekonglity withqutdspautnegfr §8f WL °dgnal into
a first track 164 .at g. fi;rst fs r . rack 162,
sensing a re%rcfsgrﬁdﬂ‘é‘?n%ffg I%Iagﬁ%gﬁcf gfth(r}l?ﬁ1 eéhgﬁgegﬁ%‘%hﬁggﬁggﬁgl yzing the
read signal d4@ribad %ﬂf@?éreﬁéﬁb%timéirﬁffﬁﬂﬁtﬂmf sEhsing Runooiit, itrhor mat i on

n

may be stored in nmenory storage, a .
also be used to assess slider flyability, without departing from the scope and
spirit of the present invention. For example, from the read signal, the fly
height may be estimated based on the rule that the greater the fly height, the
lower the sinusoidal signal coupled, and that the lower the fly height, the

greater the sinusoidal signal coupled.



the nenory storage may not be |ocated on the disc surface 116. The

anal yzing step may further conprise a step of extracting the read signal
149 before it undergoes processing by channel circuitry 110 of the disc
drive 100. The anal yzing step may further conprise steps of2 3aNgynzjgshe
read signal 149 through an envel ope_ggtector 150 to obtain an envel ope
signal 151. The analysis may further include passing the envel ope signal
151 through a lowpass filter 152 to obtain a resultant signal 153

i ndi cative of the run-out inforna;ggQ%% ternatively, the steps may
further include a step 158, perfor ore the reading step 160, of
witing a sinusoidal signal into a second track 168 at a second offset 170
from the r Vbaewsdaimeddk: 162 such that the first track 164 and the second
track 168 are on either side of the reference track 162. It is to be

under stood that even though nunerous characteristics and advantages of

vari ous enpodi i Ty} : forth in the

f or egoi ngngésc??ggrlﬁ%lﬁ(gd {)Qg%t?ﬁg@?% ﬁmég{%f@sggﬁ?ﬁ’gﬁgwﬁ@?gre and function
of various enbo@bﬁgﬂggmpﬁe dief:i nvention, this disclosure is 2 3 NOV 2006
-12 illustrative only, and changes may be nade in detail, especially in
matters of structurd€apnd parfoamgegradireof cyszantsraget hin t he princi ples of the
present invention to the full extept indicated by the broad general
meani ng of the terméP)n ﬁﬁk@ﬂngﬁéegﬁﬁéﬁd€$ cl ai ns are expressed. For

exanpl e, the signal gﬁtt%@énéggfnugé@gggi%gaf%ao%\/Efégtitp&ktzﬂa%}&st track,

and/ or the second tr ary partic rdisc drive
configuration Whifser fBhNthRirBfcpéhcestfkt antial |y the same functionality
wi t hout departing fromthe scope of the

(d) sensing a read signal along the reference track; and

(e)  analyzing the read signal to extract run-out

information.

2. The method of claim 1 wherein the analyzing step (e) further
comprises a step of extracting the read signal before the read signal

undergoes processing by channel circuitry of the disc drive.

3. The method of claim 1 wherein the analyzing step (e) further
comprises steps of
passing the read signal through an envelope detector to obtain
an envelope signal; and
passing the envelope signal through a low-pass filter to

obtain a resultant signal indicative of the run-out information.

4. The method of claim 3 further comprising a step of storing the run-

out information.



present invention. In addition, although the present invention has be
described with reference to an inproved nethod of sensing Run-out, it can
al so be used to assess slider flyability, w thout departing Qrgnngwhgmmcope
and spirit of the present invention. For exanple, fromthe read signal,
the fly height may be estinmated baseg,on the rule that the greater the fly
hei ght, the |ower the sinusoidal signal coupled, and that the | ower the

f1'y ‘hei ght < t he i1 A 86 drofyih] 9UeNIIorRnldRL cEuBKed. 2 3 NOV 2006 - 113

Clains What is claline 1 A nmethod of determining run-out in a disc
drive, the nmethod canfigd thenrgnsivepsfoahati¢r}o detefmin markadaliiatémt; current
erase; (b) selecting a reference track; (c) witing a sinusoidal signal
into a first traoHd campensating fordhe Faek deviation o redusedrpek track; (d) sensing
a read signal along the reference track; and (e) analyzing the read signal
to extract run-é‘ﬂiﬁlgegFW%ti on. 2. The method 012 cl ai)r/n 1 \?\herei n the )
anal yzing step (e) further conprises a step of extracting the read signal
before the read signal wundergoes processing by channel circuitry of the

disc drive.g 3. Tie Mehbadfeiaif] RiftHerdoentising heteprefl, zhegusioap (e) further
conprises steps of
information is indicative of track deviation more severe than a

predetermined level, rejecting the disc drive.

7. The method of claim 1 further comprising a step (f) before reading
step (d) step of writing a sinusoidal signal into a second track at a
second offset from the reference track, wherein the first track and

the second track are on opposing sides of the reference track.

8. The method of claim 7 wherein the analyzing step (e) further
comprises a step of extracting the read signal before the read signal

undergoes processing by channel circuitry of the disc drive.

0. The method of claim 7 wherein the analyzing step (e) further
comprises steps of
passing the read signal through an envelope detector to obtain
an envelope signal; and
passing the envelope signal through a low-pass filter to

obtain a resultant signal indicative of the run-out information.

10.  The method of claim 9 further comprising a step of storing the run-

out information.



passing the read signal through an envel ope detector to obtain an envel ope
signal ; and passing the envel ope signal through a |ow pass filter to
obtain a resultant signal indicative of the run-out informapippgy42005he

met hod of claim3 further conprising a step of storing the run- out
information. 2 3 NOV 2006 -14 5. The,pethod of claim3 further conprising
steps of: using the run-out information to determ ne track deviation; and

conpensat i ng]f.f OrTHekEﬁ%&#og%T dsyl gtfhﬂﬂeg&rﬁ@qlési?gsfe@?gﬁ m sregi stration. 6.

The net hod claim rther conprising I f the run-out
information is indicafsingethefruhr@an inféemiativh em dorrimeraciedéviation

predeterm ned | evel, rejecti n? the disc drive. 7. The nethod of claim1l
further conpri siang cempespating fasehe frack daviatign te regicediackt ep of writing a

si nusoidal signal,into a second track at a second offset fromthe

ref erence track MWHEEH®he first track and the second track are on
opposi ng sides of the reference track. 8. The nethod of claim 7 wherein the
anal yzing step (e) further conprises a step of extracting the read signal

before the read FedaethodWIde4iere Futh&@nsprivn®¥ sedjpon) ef theiragut ry of the
disc drive. 9. The nethod of claim?7 wherein the analyzing step (e) further

conpri ses st eps informatien ngyjindieativead tsickrdeiviattonomgte saveshthehape detector to

obt ain ) o i .
predetermined level, rejecting the disc drive.

13. A disc drive comprising:

at least one disc surface;

at least one set of read/write heads;

an actuator supporting the read/write heads;

channel circuitry configured to process read signals sensed
by the set of read/write heads;

memory storage carrying run-out information, the memory
storage being not on the disc surface; and

control circuitry configured to control rotation of the actuator
and; thereby control positioning of the set of read/write heads
relative to the disc surface, the positioning of the set of read/write
heads being compensated for track deviations based on the run-out
information, wherein the run-out information is at least in part,
indirectly or directly, obtained from carrying out steps of:

(a)  performing a direct current erase;

(b)  selecting a reference track;

(¢)  writing a sinusoidal signal into a first track at a first
offset from the reference track;

(d)  sensing a read signal along the reference track;



an envel ope signal; and passing the envel ope signal through a | ow pass
filter to obtain a resultant signal indicative of the run-out information.
10. The method of claim9 further conprising a step of stoni B'QNGV‘%H[P”‘ out
information. 2 3 NOV 2006 - 15 11. The method of claim9 further
conprising steps of: using the run-outginformation to determne track

devi ation; and conpensating for the track deviation to reduce track

isregistration. 12. [The. koM Ofhdledhtdhal 5 bIBletSOBLL S g a Step of if

the run-out information is I ative of” track deviation nore severe than
a predeterm nednf@uition! &adcting the disc drive. 13. A disc drive
conprising: at |east one disc surface; at |east one set of read/wite
heads; an actuator sufpor tsterng the maseitinfarmatiends the MEAEY SETARE t ry
configured to process read signals sensed by the set of read/wite heads;
menory storage carrying run-out information, the nenory storage bei ng not

ry storage carry for mat . |
of the act ddor TiaisC A BTLIER £ RRUGR A AE Sp® RN Lo it e

heag/s r tel ati ve dognprites diskp Sliltaeengthe rdudsignaefisteahe tdiel sigiialof
read/ wite

undergoes processing by the channel circuitry of the disc drive.

15. The disc drive of claim 13 wherein the analyzing step (e) further
comprises steps of:
passing the read signal through an envelope detector to obtain
an envelope signal; and
passing the envelope signal through a low-pass filter to

obtain a resultant signal indicative of the run-out information.

16. The disc drive of claim 13 wherein the steps further include a step (f)
before reading step (d) step of writing a sinusoidal signal into a
second track at a second offset from the reference track, wherein the
first track and the second track are on either side of the reference

track.



heads bei ng conpensated for track devi ati ons based on the run-out
information, wherein the run-out information is at least in par3 NOV 2005
indirectly or directly, obtained fromcarrying out steps of: (a) perform ng
a direct current erase; (b) selecting a reference track; (c) witing a
sinusoidal signal into a first track_g.a first offset fromthe reference
track; (d) sensing a read signal along the reference track; 2 3 NOV 2006
16 (e) analyzing the read signal to extract run-out information; and (f)
storing the run-out information in the nenory storage. 14. The disc drive
of cl ai m 13 Mmher@iendithdriqeaf ykimdl Givhpre(re}hef anral ywing sepr(py fwtera st ep of
extracting the read signal before the read signal _undergoes processing by
the channel circomprisepp stapeofciaracting yhe repd signwd bgfere the fapd ssgnal| ai m 13
wherein the anal yzing ste e) furthe C ri ses eps of:. passing the
read signal thr dHgRT SQﬁ‘g@gﬁég bdé’b%@[l%?neﬁg%%{ ﬂtsﬁjﬁﬁﬁ%%%wgpe si gnal ; and
passi ng the envel ope signal through a |lowpass filter to obtain a

resul tant signal indicative of the run-out information. 16. The disc drive
of cl ai m 13 grhergiddikdarist opsldin 16 wheteit thedenaty sihg Btepf (k) filreiier € readi ng
step (d) step of witing a sinusoidal signal into a second track at a
second of fset f roomprises stepeiofnce track, wherein the

passing the read signal through an envelope detector to obtain
an envelope signal; and
passing the envelope signal through a low-pass filter to

obtain a resultant signal indicative of the run-out information.



first track and the second track are on either side of the reference

track. 2 3 NOv 2005 17 17. The disc drive of claim 16 wherein the

anal yzing step (e) further conprises a step of extracting the read signal
before the read signal undergoes processing by the channel 2c3rNQ¥ t2006 of
the disc drive. 18. The disc drive of claim 16 wherein the anal yzing step
(e) further conprises steps of. passing the read signal through an

envel ope detector to obtain an envel opg-si gnal; and passing the envel ope
signal through a |lowpass filter to obtain a resultant signal indicative
of the run-out information. METHOD FOR SENSI NG RUN- QUT | N DATA Fl ELDS
Abstract of the Di sclosure A nethod of determning run-out in a disc drive

i nvol vi ng steps of ] ! t g 4 gting a
reference track, WW@BW‘?&@%@@%%QWWO a iF?g“Btrack at a first
offset fromthe reference track, sensing a read signal along the reference

track, and analyzing the read signal to extract run-out information.
FIG 4 Abstract of the Disclosure

A method of determining run-out in a disc drive involving steps of
performing a direct current erase, selecting a reference track, writing a
sinusoidal signal into a first track at a first offset from the reference track,
sensing a read signal along the reference track, and analyzing the read signal

to extract run-out information.

FIG.4





