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 1 collectively be referField O The nveptigtit  in 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 mninmmdistance apart, which in turn neans that

achievable track density is Badkgidtnd dethe Ihwestienati on Path (ZAP)
techni ques nay be used to keep the read/wite heads on track, and thus
mnimze track msregistrations. Atrack 2 3 NOV 2006

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



-2 is typically divided into sectors, each of which serves as a unit of
data storage. ZAP techniques involve witing data patterns in a ZAP field
| ocated at the beginning of a sector. The ZAP field and the E&NGVQMUG
contribute to the servo overhead, that is, the portion of the sector that
is used for holding servo related infor mati on and which is not available
for storage of user data. The rest of the sector that can be used for
storing user data is referred to in thi$- document as the data field. As

t he read head travels al ong a track, the ZAP field is read and

SOPROSIRAG T A Vé%fwg;ge‘%go%s,th DR seb-OUs A6l Bara bERGED O the

sector. ASté I'TDI’GIn I’I'TB.'[IOH on di sc,

i s comon tozAPrtskml éagheoﬂé\?vrfth@ djatb?hﬂgmsﬁﬁd 24P tigld lﬂieét@dhh&xe track
devi ations for an extended stretch of the track. Such attenpts to cut down

the servo ovingindng ahd sedor. frénergPhddemdﬁhcéewv@rgatm@raabateftpéh@germy

result in conpro ura read o t articularly in
cases where ﬂ%@hga&i%%%ﬂs @%ﬁ@"f oﬁr‘ﬁ ec% qrsh%ﬁ%%ecfﬁ)é% #‘ﬁggéﬁf[‘)’& the t ra%:/k
bet ween consgrild ¥forkdMtidd &ldwhidras neXaraHadle b Stof¥R dfiBbdamyrine read for

a duration of 2.7 mcroseconds (s) and yet be use to estimate the run-out
i nf or mat i on restrof theseartorrthatecagdteaused dbdgodrg @neli dega ssrefarcdd wsn3iis5 s. | f the

run-out is re than 29 kilghertz,. the resqlution. | oss I an t hat
the run-out %f‘f’?&‘f%séieéi( Glé*qé\étt‘é?VaéJ}‘Fﬁa elsplong a frac %HEE? i tioning of
the read hef?e@'d?sq‘éadﬁﬁd%?fcﬁ Bitohs aldYRali€ ffedtitRfle BRPRIM- @&%?Wﬁs@pt abl e
track msregistration I's expected that the run-out, wth the

associ at ed pegdthefithe siictdr. Aswehaology advatices nppadk mmdnﬂcrmhtloreomerfor mance
as the demand for hi gher format _effici egg%l/%eqroms. There is therefore a

need to addreadkdispdt fFroommeag teiiad aispgde £ ld bging ysedde getimateghei on
proposes to tf‘e‘\%ﬁtdebﬂ %n??& ?\t &%ndlﬁ%%tch%g Uagﬁ.%ugh r}@@trempts 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.



advant ages over the prior art. 2 3 NOV 2006 -3 Summary of the Invention
Enbodi nents of the present invention involves a nethod of determning
run-out in a disc drive, the nethod including steps of performng a direct
current erase, selecting a reference track, witing a sinusopdgl m’%@l
into afirst track 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. Enbodi menBs of the present invention nmay
include using the run-out information to determ ne track deviation, and to
conpensate for the track devigtion to rgdycel§rack m sregi stration. O her
embodi ments may be i npl enent edwEWRAFYfthe Imgenton oyt i nformation is

i ndicative of track deviation nore severe than a predeterm ned |evel, the
disc drive is rejected. In sone enbodinents, there is provided a disc drive
havi ng at | east dimbodisntsof thapeeseat invention ovelwesta methodanf/ write heads,
and an actuator supporting  the read/wite heads, ].n the disc _drive,

channel ci r cdgtefpining %h??b‘&rae‘g‘s‘ﬁ grw‘fa\r%?:gﬁh? Q&l‘ﬁlﬁﬁa{éﬁ’s QER%‘&‘W& he set
of read! wr | { £qREALarecAPCkaBE RBin eh REGRACL fraBlk AL & SlsoRAI ghity 1 un- out
i nformation. e control circuitry 1s configured to control rotation of

t he act uat oringnd fitdteraekyit & findtrobfsetposintthe nefarpncofratk sessng efreadsighalnr i t e

heads relative to the disc surface. The positioning of the set of
read/wite rdens thedefesengertinckorrd el%%l}i%lpgﬁh%fﬁ?ﬂéﬁﬂéa’& R fxtrast ren-quk

devi ati ons b&oe%agi%nt he run-out information. The run-out information is at
| east in part, I'tTectly or directly, obtained fromcarrying out steps of
performng a di r @hbédifiea ofthapeesefitin@ehticigmayriatlade nsingtthaekp-outi ting a

sinusoidal signal into a first track at a first offset fromthe reference
track, 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



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 2
3 NOV 2006 -4 nenory storage, and the nenory storage nay no?;f Voam%ed on
the disc surface. The analyzing step may further conprise a BB o]
extracting the read signal before the read signal undergoes processing by
channel circuitry of the disc drive. The analyzing step may further
conpri se steps of passing the read sigHal through an envel ope extractor to
obtai n an envel ope signal, and then passing the envel ope signal through a

| ow-pass filter to obtain esultant signal indicative of the run-out

i nf or mati on. W%’Vﬁg%rﬁ%la?a tg‘?lg‘eél%%s?t% “‘Pé{ﬁﬂﬁg’}???cﬁtﬂdﬁ%ﬁﬁ ‘gﬁep,
performed be o he reading step, of witing a sinusoidal signal into a
second track at a second offset fromthe reference track such that the

first track and tTig sredyrifg stepakapfiatien coiriphise astapeofaiktriahiing tfeaeadce

track. The present invention thereby provides a l\gvay of obtai.nin lEéun-out
i nf or mat i on, sighdl Hefererbe readpignad undargees BFGCEESING lﬁéh%IHH?; FECHEy % t hat

th -out jnf ' : ' i i k
dovi at i ons. - BATSEL T ThaRgbRpaRe filthep SoliRFize Lips BB RSN 27
ni sregi st r at éigRalaBroughnel @fveldpeatiaetds ée bt an ewsdlbpe sifndlpandithenpr e

accurate run-out information. These and various other features as well as
advant ages whassing thagnuelppe pignak theoyghes kv -prss/félterite 9bigin p rggli@pbar ent upon

reading of the f.ollow n etail ed. descr.pti | e associ ated
dr awi ngs. B?l!glé?l %%ﬁ?Y?p‘?fi tg'ﬁ rg?'otug g‘qﬁ’%%&‘g“g & q%lr@%f ﬁ)g\ég%egé n{eag pl oded
perspective pirgwr Acldddh S@pdpdr¥mdd Beford thé réadih@¥tep/Giritihg ust rati ng one
enbodi nent of the present
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.



invention. Fig. 3 is a schematic bl ock diagram show ng steps of analysis
applied to a read signal, according to one enbodi nent of the present
invention. 2 3 NOV 2006 -5 FIG 4 is a flowchart illustrati tj@
enbodi nent of the present invention. FIG 5 is a schenmatic J?gdgﬁﬁ1 ﬁga
portion of a few tracks according to one enbodi ment of the present
invention. FIG 6 shows a plot of signal anplitude against tine for an
application of an enbodi nent of the pr-ésent invention. Detailed
Descripti on Enbodi nents of the present invention are described below with
reference to the drawings. A disg¢ drive 100 as shown i G 1 ipcludes a
basepl ate 102 on El&i ¢ & ?Wd@értdﬁmas‘w&l?eé "*H@iﬂ#%ﬁ?pﬁl\‘l:%ﬁﬁ%ﬁmgm lies
under a conpl ggﬁﬁ@ry cover 106 to provide a seal able enclosure with the
basepl at e 102 ached to the baseplate 102 is a printed circuit board

(PCB) 108 on whifis. 5 & d sthehtic cidgeaintdfia pordodef a ées tfaaks aqrardingub ar | y
shown), including a channel chip 110, for controlling the operations of
the di sc drione embsliment peetpreseat giveatien2 s rotatably nounted on a

i ndl tor 114, that, i Jy fi | d out t
oF Teact Tone. di s 16U puls 4 BESY SlafalddBllnidR dpdsPRRILALE gpPcatdt T B0 1O
read/ wite hsgagdsentbsdihRat bV@le)pré@neirt@ntiygn. 118) supported at the

extremties of one or nore suspensions 120. Each suspension 120 is joi ned
at the other end to an actuator arm 122. Each actuator arm 122 may be used

to support two sets of read/wit figured to read/ wite data
from to tracks 124 on opposing @8%2%@2?%%?@8§urfaces 116.

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



The read heads 118 are operably connected by a flex circuit 126, via a
preanplifier 128, to the channel chip 110 and to other conponents on the

PCB 108. Simlarly, the wite heads 118 are operably connecge{jw Zﬂ@
circuitry on the PCB 108. At |east one connector 130 nounte h CB

108 provides for 2 3 NOV 2006 -6 power and data connections to the disc
drive 100. The position of the read/wite head 118 is governed by an
actuator 132 that supports the at |east-6-one actuator arm 122. The rotation
of the actuator 132 is in turn controlled by a voice coil notor 134.

Referring now to FI , using a,ser trrack er [ current (DC)
pattern is \/\PPWF%W“S@@? qnge G?%éﬁc‘g‘s‘i?éﬁw? %&E“E)POS‘% Of fsc drive 100
(FIG 1) in I{s‘&uate 232 thabbu cﬁ$sﬁthl§r9!‘e%§§ The DC
erase may taﬁ&gZ@ghS%&;?ﬁo%vgﬁ‘Sgﬁi i on of tﬂe di sac s%?face f16 (FIG 1).
Wthin the epassduitegann,122 Thef etativreoftthasdtuptordBssein tarn d@sdrolled by £hosen

offset to the reference track, a first track is witten with what is
conmonl y r ef Bpicegoil metorl3he |ndustry as a 2T sinusoidal pattern 140. The

read head 118 (Fl fe@fgﬁqu%fbfﬂa%g ) RhoiP¥eficd Beifel GhRage Lrack (o

sense a read signa read si i ncl ude run-out i nformation
in the form gjc e&nwweﬂtﬁalovesa@mlsudaumlmm@ 1) loé tise disatrised®@d by t he
read head 11 The nore off-track is_the read hea,glil (FIG 1)
fromthe ref @ nb)emtsf@cl@ﬁ Th’étmfl‘}éb‘? referred Exaset Difrase pioke eeé tration,

the larger i Sﬁa%,gg‘&g’l glgﬁﬁfgﬁe Qv W? Pa%:& Sfjthe'd@c%uu&@ei Iél nal. Fromthe

read signal, m sregistratron [so be

determined i wiggflid &ﬂsé&r?d‘fﬁﬁ&@kﬁe&% tiacR is dFRGAH hUTBS. ATbehbwﬁrcﬁEHet
informati on thus determn 144 can be stored 146 in the disc drive for

use i n conpetstheirefgrénge tltacb,c%ﬁme#;riaeli isovttem ithavhatr is gempeanly referfedr un- out

| nformation {0t the gr\llcfus?gl a3 2 91{183(}1851 p%ftteg'rb fad! Yok hida Rlad 113 (giécl) 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



drive 100. Disc drives that exhibit severe track devi ati on behavi or may,

t hrough application of the present invention, be identified and rejected.
The anal ysis 144 may be carried out using the read signal thhd NV 208fsured
right after the preanplifier 128, before it goes into the channel chip

110. As shown in FIG 3, the read signal 149 nmay be passed through an

envel ope detector 150 to obtain an envel ope signal 151. The envel ope signal
2 3 NOV 2006 -7 151 may then be passed7through a | ow pass filter 152 to
extract a resultant signal 153 that is indicative of the sought-after
run-out information. In other enbodinents, # read signal 1 fromthe

read hﬁadhmﬁlrmlyy then hapasaed HoHEh Ao IFehs HBGaAEoR “Berd depiiiang passed
: t ~ he |
i1 cor 150 SRRy rifcve bERIERYRRETHAbuoini MR, "2 | Ceaton

pOSSi ocations may I nclude a |ocation

before the channgh dthéreriBliin@hts, e flead signaLDi9fesatthe reid lidael A8 ahag
front-end stage of the channel chip 110. Alternatively, enbqdi nents of the

present i nvebe exrackasatisaoties dedaien befqre it is ppesed througd the eavelapend 5. A DC

pattern is witten 154 for, a reference rack, s Ldih al | owi ng
for at Ieastdﬁﬁ‘gof 153’5%2‘30?}1*’&%%?@5. eu%]ftﬁjteﬁ(gw praégélrtencg' ?%%@Ew%g . A 2T
pattern is Wsihbi B8ssib®1dcfions by $hcltd@g bockBdn BBfopE thesdhdanelathip I, bef er ence
track 162. The first track 164 is witten at a chosen first offset 166

fromthe refperbapeincoguiated2t tinalog onbérndergd obthespaneelichi 1ihe wi dth of
the | referance { gyl emhofiesof (6 Bygert B eqaaf g b dssbipdl 1 ool
1% on e, Sigfcnde RS alsrepesiiacie dstemsasghommpaerond of oo
wi dt h of t hetradkel62 &t fortaraizkth ABawirgg for at eayt dre tramkeonogitHegswletdfdhe hal f t he
width of the reference track 162. The,firsgég&%&g&t&g:iE@gggaéggesane
magni t ude asrefgsence track 162. A 2T pattern is written 1

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.



second offset 170, or the two offsets 166, 170, may be chosen to be of
different magnitudes. The read head 118 is nmade to travel‘§ Sﬂg VB@U
reference track 162 to sense a read signal 160. Run-out info g Es
extracted 161 fromthe read signal. Preferably, this is done by taking the
read signal 149 after it passes through the preanplifier 128 but before it
enters the channel chip 110. Also referring to FIG 3, the read signal 149
i s passed through an envel ope detector -8150 to provide an envel ope signal
151 which is in turn passed through a low pass filter 152 to give a
resultant signal 153. 2 3 NOV 2006. -8 Th resultanhg%hﬁngﬁ 153 indicates
the extent to whi Ehe raseltont signal dpdhindjgates tag exteghlp ¢ Fst PAFETk 164 and

the second tra 1 I ' ' s a result
of the read Wé%ﬁaﬁg“%\%ifﬁgpg?wa%‘% ??%&r]%%n?ﬁgac? 21? grh g%gﬁﬁoﬁecﬁw. Thi s

i s further dgggwhdrddwidnal 14 & £Retltodthe éad headibtl& mosirgysff-trask fremat i c

di agram of a short length of the reference track 16 fl ankeg; on either
side by a fi thetreferende tiask 183dThis isdfusthar desseived path referepes toddlesd of
illustration, .,the. reference track 162 h r ' i ne.
The first tPXUQsheRs Wc?‘ﬁmfgfc Lagram ot Ve\lll‘%?\{) ?Kggﬂ%\tﬂgg\gmel fe?eri@géést&%év\kgiggs a wavy
path to il Hgtkee éh SERIsIdd 185 fiFtiadR 164180d a Gadtveltiadkcl68) Farphapopst h
resulting fromthe influence of run-out in the system Simlarly for the

second tr ackoflifl@stration, she siferenceasack 16\haspaemdrayvn ps g strpighblingd Henf | uence

of run-out in the emas. the wite head.118 \wites t T pattern.
The path 1721Ft U@ﬁ%ﬁ‘%éﬁ’;}ﬂhzgﬂa g8 wit egﬁﬁm}%ﬁﬁ ?}hoc%%ﬁs??\%i Hggl% éonded f or
the read hea { QY& fr8hRGdblI®ont&TtRE BREHaE pabkedfifing Hogn fiRad head
118 may devigltuégr J?eodn%ﬁaﬁe actrual ref er(enr}ce tracka1%2. When %he read head
118 suffers tnfhekcabfstuaghatinahdé systen tSimilatly gocthewpcondhizackTi6faitier n wri tten

on the first track 164 or the second frack 168._ The reater .t he extent of
track misregfRAWRRs diavy H’ét}l‘rﬁ?‘ilué‘fraﬁeﬁée UsREe 8?’;111\7\??'1%“3@9 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



pi cked up by the read head 118. The read signal 149 is therefore coupl ed
with the 2T sinusoidal signal. Looking back to FIG 3, the read signal 149
may be anal yzed by passing it through an envel ope detector gSO toQ tain
an envel ope signal 151. The envel ope signal 151 is then pé% OV Hi0 gh a

| ow pass filter 152 to renove the high-frequency signal to give a

resul tant signal 153. The profile of the resultant signal 153 nay be shown
in a plot of signal anplitude 174 versu®- time 176 as shown in FIG 6.
Generally, the greater the track m sregistration, the larger will be the

e 115t orwesbuibl grlov G sEeh et {130k oL s APl QUG TBHERS the
same di stancy, ke esil Allergh APaly dode $h0U helfik Sl Yedsd or 2 3

NOV 2006 -9 negligibly read head 118 1s at the center of

the ref er encRr tidpdkiodi®fimpdiinthGredd sighe plotctBanComphringthogavegdt82 on t he
di sc surface 116 accounts for the periodic junps in the read signal plot
184. Conpar i pigt with the ressdtantsignalott cap b clepdy seartthal Hie RECSHIYINVENEORan pe
clearly seen that the . present inventi ' t rovi de run-out
i nf or mati on %Prc}’r?gaptﬂ%lgd\?ﬁﬂgf%wfi? ae ',%ug]r{’g&lnsl no{igpg %Péteé/gglteotp%&’s?rlyaqg sanpl i ng

at the over headimitedZfFh $thll Sarkphh AtineGvetidadidr AR sield ption of the
enbodi nrent of FIG 4, havin determ ned the overall influence of the

run-out, the embddintenwingrmythi the desiwiptiontafdhe agbpdieentnf §1G 86 haying: he

manuf acture of disc.drives. As.an illystratiqn one such, test i nvol ve
sensi ng t he F§iNgined i ovgrall mflucnse Og rPé‘f%@’[%&“l igngay rlri“glgéet hat

exhibit u nacife?ﬁ%h?oc'e&ﬂf‘é 13;6% MmO factBd 6f Mgk HMOLY A dHHIAMatidd)f OF mat i on
for the track may"be stored 190 in a nenory in the disc drive, and wused in

cal cul ati ng driesuch tesit ey invojyessating thef mmn-detepr digc dhives end r¢jectimgak88 t r ack
for future dciligccdg{résvtlewag 5 r'tzilitt nggcépgli)?g lg\r/glg Io i'uritl-ggt. Ektipez}r?égveil}gfrgrrlpé%'[ti on that

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.



is collected may be stored in dynam c random access nenory (DRAM so that
it can be accessed and used, using nethods known in the industry, for
conpensating the run-out in future read operations. The pre qﬂqupzﬁ@tion
provi des for the sensing of the run-out throughout the IenZt

track, a capability previously not knowmn with conventional techniques such
as the ZAP techniques. Even in the case where the length of each data
field is extended or where nore than ondl0data 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 petter disc  drive performance.
There can thus bewlgkg‘er%ﬁmieéff‘é@pe@rsfn?q@a&@ﬁ\%h F(SH%]O“ﬁ'é‘frWSg usb%etflg t he

run-out dat a cabheel e3R8 PR HIEEBagbr frd ARG iffoiRAYoh BRI mat et he

requi red conpensa or trac 0 or the other 92 percent of the
track. 2 3 NeMraD®ay froon thy dibc, theZ ADrfield edayi beadade fatungianbforase ithe r un- out
sensed using the present inventjion, and vm'tq t he storage of the run-out

e

i nf or mat i on BempgRsasingitherEmAYt ¢t fite 1Py, lessiservapy erieadngrdy 19 8° nade
redundant for usg.ip,, §£(gﬁ%?§§%d£gn%b§eﬁﬁaé9%u£ﬁéFoqtu%eréétaa result, less
€ provided for

T
servo over heBPe€Us't o , and nore space nay be nade

avai | abl e for usepddatichallfditietpreseat inventib® npyesedpipliedwsntwanofray be appl i ed
as a way of evaluating oh-track servo perfornmance. The present invention

al so nakes_iBV@G@@ﬁ@D@*ﬁ@ké%ﬁpduﬁﬁmmﬂnﬂtonal i nformation on the run-out
L0070 PO I, Lo b e g o SO Ll RS o bR BT, 1 e
by appl yi ng {116kt &4 thl RS RT5} SME Poinb aonkRe WA leHg@Sof tR8 Eratk.equenci es
of the conmponent wavefornms can be exXtracted.
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



Alternatively described, enbodi nents of the present invention involves a
met hod of determining run-out in a disc drive 100, the nethod including
steps of performng 136 a direct current erase, selecti n(‘?[ 53@ Q@E erence
track 162, witing 140 a sinusoidal signal into a first aQ il at a
first offset 166 fromthe 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. Enbodi mentdl-of the present invention may
include using the run-out information to determ ne track deviation, and to

conpensate for .the tyac eviation to reduce,track pgisr.egi.strati.on 148.
a gr enbodirﬁé#‘é’“ﬁeaéeaﬁé 1 Tﬂdg‘ﬁﬁﬂ‘f’éﬂs@lﬁﬂ#f’ﬁgﬁn%ﬁn R’?é lﬁginls Sh’fﬁ"fta?or mat i on
s Tndi cativgr ofrin@Ghn B BHhAodaHE BRNB] Grddiad (& BLASHENTB N6y | evel

the disc drive Is j ecte 186, 188. In sonme enbodinents, there i s provided
a di sc dri vds t@ffighhaed hgcattréleasitionaf thaadgatoud32aael thesebyatonitedst one set of

read/ wite heads 118, and an actuat.or 3 upporting the read/ wite heads
118. In t he RASEIOTHRE Qfeg‘féét, oftRaghqirite ]%‘Tat]‘]éﬁflg F@g‘ﬁ‘btq tge@bﬁﬁsiué%pég{ ‘0 process
read signal SIS t : aj}g{ = i.t € heads
118, and rre?rlggeﬁﬁjs?t or a‘gg"%‘g‘s? SP%%%L%%B%B%LO )ligggga\sféri‘tlajicglflgagéa\g{()hcarryi ng
run-out i nf apigiensationlfoe taekdeviations basetion thasuh-ounihformaidh. Thé)runi s

configured to control rotation of the actuator 132 and thereby control
posi t i oni ng 3t iRfREMakEeN iatleashinpart dndisecily ordiraclly ebtowed frame di sc surface

6. h i.tioni | . Of - ' . [
consi derat | OARBRRR S A e R L h B RS Rl AR T

i nf or mat i on.refbRéhce Wk 982, Wififg 180 4 Siuksidal sifRashto dfilatrhck 16itrect |y or
directly, obtained from carrying out steps of performng 136 a direct

current er adisst offseb6 fngmithbe referenct trackn 16, sensing 4 6:2d signalildf along the

si nusoi dal Sr!ef%pe%lce itr%tcfg 122,fainralsytzir;[gr f%(e:z I§ea:l'c? s%gr%l ﬁ9 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



first offset 166 fromthe 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 nay be stored in nmenory
storage, and the nmenory storage may not be | ocated on th? quﬂx/ 2008f ace
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 mayld-urther conprise steps of passing
the read signal 149 through an envel ope detector 150 to obtain an envel ope
signal 151. _The anal ysis further include si.ng. . e si gnal
151 t hr ough Hlusirafive,auly, a4 ¢ gfg?a@/dged’ﬂ?%?W%&%Z(SeaF %é%\lgﬁ 9 %ﬁg{ag%&

i ndicative o j O Nithith HRY praddipies vf tHelfresdn@ps nmay
further incl %%%@ri%ﬁ’{%@%@?ﬁ%ﬁ%ﬁre r?%‘e I!fﬂgadi ngr}gt ep 160, of
witing a siinwventiciato thednHlextent indicatedby titk broad igenes] areaningeafdhel of f set 170
fromthe reference track 162 35&{1 that the first_track }64 and t.he second

track 168 ar Erms gy thejappepded daimseargexpsssed: Eqrexqgple. e s1gngly o

d tood t ; j i t f
under st 0odt hate &Y Bk LAPHAR BY IRIHSHERMARKR! kil i thatonateaR] Ag0S 0

vari ous enb e present 9 nvention have been set forth in the
f or egoi ng degsi qependingtargii pattioulardisedri¢ sordigurhiors while uaiptagmidg f uncti on
of various enbodinents of the invention, this disclosure is 2 2006
-12 i 11 ust r agubstangially ,th%mn%ﬁawgegamwwmeam‘gofg? 'tﬁ?s i‘afly in

matters of struct.ure and.arr r it N Lhci pl es of the
present i nVRIEFEAY e If' 3@{}3%”‘5%@0%%?\?;%: g%f‘f‘%weﬂgBﬂ?lgg IEgeneral
meani ng of th&crib&d Whth fefédbhcehtotahampReeatia@titiddfensing Runpsestedn For

exanple, the signal patterns that are used for witing the first track,
and/ or the sasohelusedhtkassesaplidensfiyabilétyenwithayt departiag from thaacgpe andc drive

configurati Osnpi;!%'t| cl)l! the npg‘%(les%%?{nryeplgon. 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.



substantially the sane functionality w thout departing fromthe scope of
the present invention. In addition, although the present invention has be
described with reference to an i nproved nethod of sensing Run-out, it can
al so be used to assess slider flyability, w thout departing fJ Ngvtmliscope
and spirit of the present invention._;for exanple, fromthe read signal,
the fly height may be estimted based on the rule that the greater the fly
hei ght, the |ower the sinusoidal signal coupled, and that the | ower the
fly height, the greater the si nusohg%.l $igna| coupled. 2 3 NOv 2006 - 13
Claims What is clained is: 1 A net T8 det er ni ni ng run-out in a disc
drive, the nmethod conprising steps of. (a) performng a direct current
erase; (b)Whatlisslaimgddsy ef erence track; (c) witing a sinusoidal signal
into a first track at a first offset fromthe reference track; (d) sensing
a read signal along the reference track; and (e) analyzing the read signal
to extract lr.un'?\ugneftﬁ(ﬁ ﬁf H&Ehﬂﬁ'ﬁngmn—[ﬁﬁt i'ﬁei@lggflﬁfvecdh@'rﬁétiaoﬁhere' n the

anal yzing step (e urther conprises a step of extracting the read signal
before the readcghfpriing stepesgoes processing by channel circuitry of the
disc drive. 3. The nethod of claim 1l wherein the analyzing step (e) further
conpri ses steps of pdski ngetfoeminga dgegneairratictasgh an envel ope detector to
obt ai n

(b)  selecting a reference track;

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

(d) sensing aread 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.



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.
4. The nethod of claim3 further conprising a step of storing 3 9gng out
information. 2 3 NOV 2006 -14 5. The nethod of claim3 further conprising
steps of: using the run-out informatign to determ ne track deviation;, and
conpensating for the track deviation to reduce track msregistration. 6.
The met hod pf chgj f : hS : if the run-out
infornatioégis FﬁgggéPpgéﬁg%ﬁ?fg?%Q§iﬁ%ﬁ@%%ﬁ%§$§gggvere than a

predeternm ned | evel, us@jgetieirag-dudénfdimation ty determintheackeddvaatiaf; cl ai m 1
further conprising a step (f) before reading step (d) step of witing a

si nusoi dal si gnandicompeasatefad the Hrakk deviation e srtucefifaskt from t he
reference track, wherein the first track and the second track are on
opposi ng si des GMSIEBSHALOBr ence 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 signal wundergoes processing by channel circuitry of the
disc drive. 9. Tie Mehbadfeiaif] RifutHerdoantising heteprefl, zhegusioap (e) further
conprises steps of passing the read signal through an envel ope detector to
obtain an envelinfoematignad indicativead drach devimtionvebrpseverajihah at hr ough a

| ow-pass filter to obtain a resultant signal.indicative of the run-out
i nf ormati on. 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.



10. The method of claim9 further conprising a step of storing the run- out
information. 2 3 NOV 2006 - 15 11. The nethod of claim9 further
conprising steps of: using the run-out information to deterzﬁngwg@g

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

m sregistration. 12. The nmethod of cl.gim9 further conprising a step of, if
the run-out information is indicative of track deviation nore severe than

a_ predet erj nedreyelhod'dHictkl 0%uliie: Ampridhk ¥eps bk A disc drive
conprising: at l'east one disc sur}lace; at” [ east one set of read/wite
heads; an actuator suppff thengnidie infeasharion te dbeaniine chcndeliagon;cui try
configured to process read signals sensed by the set of read/wite heads;
nmenory storage cadropmpensatingiar thetreckdeviehon i eeduogdragk st orage bei ng not
on the disc surface; .and. control circuitry configured to control rotation
of the actuator MSHESYHeby control positioning of the set of read/wite
heads relative to the disc surface, the positioning of the set of

read/ wite heads being conpensated for track deviati ons based on the

run-out i nfor metHe0Rethdiesteildint 9 ulthe Qbpridih®a¥edp 6f) if hedtnlow@st in part,
indirectly or directly, obtained fromcarrying out steps of: (a) performng
a direct currentinfreatpn i bdicxivewfi tregkaleveftmmemore savaokthan a

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;



(c) witing a sinusoidal signal into a first track at a first offset from
the reference track; (d) sensing a read signal along the reference track; 2
3 NOv 2006 _16_ (e) analyzing the read signal to extract nRug-

information; and (f) storing the run-out information in the nenory Storage.
14. The disc drive of claim13 whereigsthe analyzing step (e) further
conprises a step of extracting the read signal before the read signal

under goes processing @y thﬁaﬁﬁ%}ﬁle&b{i%&ﬂﬂaf%&&ré&%ﬂoﬁ? drive. 15. The

di sc drive of claim 13 where ana ng step ( further conprises
steps of: passi fgfdrirtioaggndi gnal thr ough an envel ope detector to obtain
an envel ope signal; and passing the envel ope signal through a | ow pass
filter to obtain a r@sul tsteningthgman-ouidnamatienan thenmemBy GtAragef or mat i on.
16. The disc drive of claim 13 wherein the steps further include a step (f)
before reading step (d) step of witing a sinusoidal signal into a second

track at a Pfconﬂle cilfsc,sﬁﬁvé B?maﬁlﬂ‘e 3r§,§1 ?&t%}ﬂa?ﬂi?%m E:eb fudile first track

and the secornd track are on el r SI track. 2 3 NOV

2005 _17_ 17. Tchenptises adtdp/st @itre@:hﬂgﬁhéﬁea\&f‘s@glﬁﬂ'befdl@ the edadzdignlst ep (e)
further conprises a step of extracting the read signal before the read

si gnal under goamdprgves psoaegsing bytthe chammed Icirchiteyuof the disc dhee.di sc dri ve.

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.



18. The disc drive of claim 16 wherein the analyzing step (e) further
conpri ses steps of. passing the read signal through an envel opel NOvegogr 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

i nformati on. METHOD FOR SENSI NG RUN- OJf. | N DATA FI ELDS  Abstract of the

Di sclosure A nethod of determning run-out in a disc drive involving steps
of performng a direct current erase, selecting a reference track, witing
a sinusoidal signal into a first track at a first offset fromthe

ref erence tijack Thesdipsidrige af chat 16 wheleimtleranalywing efepr(epfirtherack, and
anal yzing the read signal to extract run-out information. FIG 4
comprises a step of extracting the read signal before the read signal

undergoes processing by the channel circuitry of the disc drive.

18.  The disc drive of claim 16 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.





