; e3e($$%&. & 6. (T(\c/ SEEK ciﬁmmﬁmERY USI NG DI FFERENT SERVO PULSE DATA

QUALI FI CATI ON MODES Field Il”WﬂMl on This invention relates generally
to the fielgodhsfibsc drive devi ces, and nor e ppjikdoioddsar | y, but
not by way of limtation, to inpee&wi ng servo performance of a disc drive

t hrough the use of di fmmmmmmmmmmnstream conbi nations to conpensate for 5
head construction and ariations. Backuround Disc drives are
commonly used as the pri makguegiat a storage and retrieval devices in nodern
conputer systens. In a typical disc drive, user data are 10 nmagnetically

stored on one or nore RER REGOVERY vSiNG PEIFPERANGNIGEVOL hi gh speed and
accessed by a rotary actUpypSEAFLERIQU, ?ﬂﬂq\im TONVGpEg ty of read/wite

heads that fly adjacent the surfaces the discs. A read channel and

i nterface ci rf‘éldtof?ﬂeel 9Jn?¥! ded to recover previously stored data fromthe

discs to a ho closed | oop digital servo system provi de head

posi tional contr ol Thisinventive falatedigenerally tolthefieltl of dikedrike ddiastEagbleliog,
manuf act uri ng. The Serv@@i\ﬁt emcarri pripary operations: seeking

and track fol FEMRGTGPAIEC FHRO MY ‘ﬁﬁwtﬁfgonat%'ép@a Mg deTHe BerfarmaRAeef ack t o

track) while § a@&kmfe%loqgu 1RO ubd BFQkYesnt Sﬁ'lks@étﬂgmtcbﬁbﬁ‘a’%stt@ccfn%eb&% Rr
particular track. It wilT be noted that data reading and witing operations

genersal | y occhgadgpistractianand performensgevariatiang t he track 20 fol | owi ng node. A
typi cal seek operation uses a velocity controll ed approach wherein a
velocity profile, indicative of a desired velocity trajectory for the head,
I s sel ected bRsdkdromndt he di stance between an initial track and a desired,
destination track._For. a seek of suff|C|ent | ength, the head is first

accel erated to a nRRf AENeS HE Semmpnlysused s r‘lli"aPrHé%fy Hata fpragerand REHEREl oci ty
until it reach8geed iRMAGRHEEIPRE: disdiICanfd YPidalAidedivenalboRath T26K, and

then decelerated to settle onto the destinati'on track. Adj ustnents in the
vel ol ty of thnegmgailyamed@pmem mped discgthdbard nothtadjattarponsia kighispeed and

accessed by a rotary actuator assembly having a plurality of read/write heads that fly

adjacent the surfaces of the discs. A read channel and interface circuit are provided

to recover previously stored data from the discs to a host computer. A closed loop

digital servo system provide head positional control using servo data written to the
15 discs during manufacturing.

The servo system carries out two primary operations: seeking and track
following. A seek involves moving a selected head from track to track, while track
following involves causing the head to follow a particular track. It will be noted that
data reading and writing operations generally occur while the disc drive is in the track

20 following mode.

A typical seek operation uses a velocity controlled approach wherein a
velocity profile, indicative of a desired velocity trajectory for the head, is selected
based on the distance between an initial track and a desired, destination track. For
a seek of sufficient length, the head is first accelerated to a maximum velocity,

25 maintained at this maximum velocity until it reaches a predetermined distance from
the destination track, and then decelerated to settle onto the destination track.
Adjustments in the velocity of the head are repetitively made during the seek in

relation to the difference between the actual velocity and the desired velocity



relation to the difference between the actual velocity and the desired |
vel ocity WO 00l 51124 PCTI USOOI 04453 -2Si nce the various desired velocity
val ues thatyggk& 3P the velocity profile are applied in rmgog,m“%p t he

nunber of tracks to go to the destination track, it is necessary for the

servo systemto keep track of the position of the head as the head crosses
each of the internediate tracks during the seek. This is typically carried
out 5 by tranducing the servo data to jglentify each track crossing as the
head is nmoved toward the destination track. Should the servo system becone
unabl e to correct k@b Sadious Aesis8 WMBcifNafhes ﬁ]ﬁﬁn%ru;ﬁ%éyééﬁt prbeilk agbort the
seek since closed-]|oop head positional control will be |ost at that point.
As will be repplipdi Berslationge dhe aumbaroft fragks e go ge rthe dasiingon eekl dt kfave been
10 achieved ip. r I20s j Ld ves..thr j uction
of magnet or eé’?%ets:ﬁgg?(%IV\%Eﬁ?iﬁ%égﬂlﬁfﬁq{sﬁdﬁ%gtd)qiﬂlhec@?lﬁ%g6(1’? ggmgééggsr%?ég%ﬁdi te and
read el ement srosses ehchtdfehevinietraedihcemarit durrpthe sieRg Tais is nobimatly variedout about a

core_with a ite.ga nd the read. el ement copprisin eto-resistive
met eF i al  hav iR TR B detyp il P odsaue Erch ik Brasiing He therhead ooy
magnetic fi ekglvRl txecdR6hiidn @atieNSRhI® the séfro EpQeh MeéR@s@bRapToickitiyt y of the
MR el enment allows wite pulses fromthe head to be relatively narrow,

faci | itatingdneehbe serye datay thesewie systemswill abogs e seely gince glosedelopmApadexi ty and
m nut e di nengj i Ll omng increasingly difficult to
desi gn and nghﬁﬁgr@?é?dﬁhg@ggé%oﬁea% tﬂe@ﬁ&ﬁ?t fl aw ess operation. Wile

manuf act uri ng scr aswilhbe ogpegratadoimpravedeatafat transfes perforfohsuedelvelsdads beeamd r enove

such _fromthe 20 nuf act urin r QCESSs, . SO h s. nevert hel.ess exhi bit

e AP ot ent SEetRABAHERRroPp Al it deive Broni s iR PRSY B erpor ary
di stortion i Redidtive (PR BoAds. AR heairdbipafatds)sepatatel ng it fiidedadlabAentgadback
signal may be corrected with appropriate error correction code (ECC) based
techni ques. it riteslrmentbemprision ap fadive spihsoubbcap Bithédvrits 2eh¥dposi t i on
f eedback- basefl R4h ¥Rl Smphillie s miPhedreEiiaGRALR af Ra IR cEhlical
significant gains in data lpran fer per?or mance, suc eads” can cause

i nterm ttent rekisganael it the presénte o&a wmagpetic fiskdnafrselectedhiociantatien. not easil y
correctable. It h been foun h ) MR heads exhihit a eat er
endEncy to” out puttelerge s aeE ML SRS R PoEE B e or
st eady- st at e té Be feIRiveBOntirtow,) fadilitatiptdgHer ARa thahdfé rateb NHoWORESIUBAY EhebeEN are

achi eved. Thus, distortion can often_occur 30 when the disc drjve swtches
bet ween a fi F@@P}CWr*fﬁd_‘WB‘&E _Cl’f"éf’nﬁo%sélf%%l headg,dif is becoming ingyensirplss ifoplt _ _
PCT/ U500/ 044%3 desanand maiiteird heday tal dGFR iawlees cf?;?éﬁﬁyﬁ.ev\@ai@ RRKuIRAEIRL I on with
the second head. Accordingly, there is a need for inprovenents inthe art
to enabl e di sereening eperationsodtteanpt [tg sotic Balkeds beady agdtrgmore tsieh Froesdisce of

siggal distort] . i UGH . t@@]?t § t he

pr eggnt i nverﬁ%ﬁngﬁc%gﬁg]ip?gekg%égﬁ ﬁgd@&!}é‘rﬁlﬁer&o@ e%h%ﬂﬁgg{ﬁ%}égn tfizscoer%gétent

i nvention pr opérdés, avhichppesuallyusamiestedrast tropbriny rdistarpomoini tixgreddtack dgnal.e servo
control performance,. I n acgordance wth preferred enbodj nents, a disc drive
i ncludes a head ag)f%fﬁaéﬂ¥’ i) ?t@e?idj?@trﬁ?gﬁ’ﬁpkdfg?&l_w eﬁarrﬁct%m@é’r%m%i ch a
plurality of ebfopGkfediof @8¢ (HEO) Biked WcKAqRAS| HbWEVHAhRdh S @RKnigSescar ri ed
out to nove the head froman initial track to a destination track using a

vel oci ty contcruiof bxjappligs wabhpasition &edbaskbaediserva datag s cvhitedBrheadst uat or
not inrelgtio L 0 ' ' he head
s Bhved 1 ovdr it PrbReuBRERE sk BOudPurkitf BETbRRL Mt fftear' G0 12
posi tion dat antsingittent degradlaiioas imedharperformanks whish \aeerot tehedlyicotredtatile.t Itack and
the destination track transduci ng an _anal og seryo readback signal from
the servo podit Perp ’g&f‘g%% T‘P@%@Ma&e‘a@&étcakg?g@hﬁpxml’/F%@“‘B‘f}é&%%"_g‘idve pairs
of positive BfibAXIAIgnNIE BFAK SnitidizARsT, T beférediiBiddlAkard Uhsrthab tdgBBYilH
generated with c{gul ses indicative of positive anplitude peaks in the servo
readback si greanditias Fithigy thy heags prog denase ahisivedh| T distogion samefien @eurgener at ed
W t Bopul ses igndl Gl §iNEare SRR DLEY %HB'dr%t“% RERER th1 sknd SEHYO nEgRdback
signal. The positive and negative di gita purse streans are thereafter

conbi ned using a first Boolean | ogical operator to forma first output
digital pulse streamnomnally indicative of position of the head.




When the servo circuit determnes that first output digital pulse stream
fails to'25 correctly indicate the position of the head, typically as a
result of dygh@diiison i n the servo readback signal, the sepaBusioiisss t

sel ects a second Bool ean | ogi cal operator to forma second output digital
pul se streamfromthe positive and negative digital pulse streans. Wile
di fferent conbi nati ons of Bool ean operators can be used to obtain simlar
results, preferably, a selected one of-3he Bool ean | ogical operators is an
AND operator and the 30 remai ni ng Bool ean | ogi cal operator is an OR

oper ag or. A ﬁgrixédhitﬁlgr a&éﬁb@Sﬂ&le@&éﬁ&eeléopﬁ]fatMEmmpﬁé %Mdkmeﬁ@ij call'y )
provi des inproved resylts in the presence o spurlous peaks rop ins) in
the servo readback"cgqrg'ﬁéliy @%S‘%ﬂ“&q OF IGIPTQYE GRS i the, 3 &) ?%Eleéjrlﬁchrg’es An OR
operator t yplt&ear&aeufa&\suéﬁvd A% RURLpre@ALH $fss1g Pcﬂ BRRK Frdd fi MrSfdaag (drop
outs) fromthe digital pulse streans, caused ? exanpl e, asymmetry in
the 5 servo ﬂeadwauhlsmgWQMﬂﬂPﬂef&mabﬁynlm@pamaﬁéut@gical mode val ues are
storgd in a table by head and updated as required during successive seeks
for gach head. In this may, the servo data are decoded in relation to the
| ogi cal mindihef thé hsvemtiamt recently been found to provide better servo
per f or mance. 10 ngse and.var i ous Qager feat ures an%@& vant ages whi ch
characterize the preSERLnYRIAN RIAVIHss an apRaratys admet PG HY of t he
fol |l owi ng deuﬁbgggvﬁaﬁﬁ&1ﬁ&mgﬂm@ad a review of the associ ated draw ngs.

Bri ef Descrlptlon of the Dra 5 FIG 1 is a,top plan view of a disc
drive constructed Iy WC%TQ'HGF &'&WB@PW%WW%}‘% éé‘%‘i‘ﬂ)’&éﬂ#@ﬁ% aghegd a‘ﬁ?ﬁ?mpr esent
| nvegtion. Fla%ta?ablesd@c ﬁa-&nfgta éﬁ&ﬁée & Qfikh SRR LPEaRs 2B Byl Of the

disc drive of FIG [lustrates the manner in which Servo data are
stored on caghsitién tdhte d4~§e€k2@ cawsisd ragt ﬁgmuc ftecsad dfom he inftislctratkitoer FIG 4

s a repr eserc‘l%ﬁmaf t? Ic]é%s% %ﬁl‘&)gl%c%%{ gl?ed %léc}{_l rrrellrllz !::ucx;"r ?sare apghec? toP’ ovi des

a graphi cal nner ervo
an actuator motor in relation to distance to go to the destination track.

As the head is moved toward the destination track, a servo circuit decodes servo
15 position data stored on intermediary tracks between the initial track and the destination
track by transducing an analog servo readback signal from the servo position data, the
servo readback signal having successive pairs of positive and negative peaks. A
positive digital pulse stream is generated with pulses indicative of positive amplitudc
peaks in the servo readback signal. Similarly, a negative digital pulse stream is
20 generated with pulses indicative of negative amplitude peaks in the servo readback
signal. The positive and negative digital pulse streams are thereaftcr combined using
a first Boolean logical operator to form a first output digital pulse stream nominally
indicative of position of the head.
When the servo circuit determines that first output digital pulse stream fails to
25 correctly indicate the position of the head, typically as a result of distortion in the servo
readback signal, the servo circuit selects a second Boolean logical operator to form a
second output digital pulse stream from the positive and negative digital pulse streams.
While different combinations of Boolean operators can be used to obtain similar results,
preferably, a selected one of the Boolean logical operators is an AND operator and the

30 remaining Boolean logical operator is an OR operator.



decoded by the servo circuit of FIG 2. FIG 6 is a functional block
diagram generally illustrating the manner in which 25 the positive and
negative p eans of FIG 5 are alternatively conbi rate the
out put pul s%ég'{/srﬁré%m of FIG 5. FIG 7 provides a graphi carfd*(‘?ﬁgggﬁgﬁtion of
the manner in which scrvo data are decoded by the servo circuit of FIG 2
In the presence of servo readback signal asymmetry (dropouts). 30 FIG 8
provi des a graphical illustration of the manner in which servo data are
decoded by the servo circuit of FIG 2 1n the presence of servo readback

signal baseline AWQND/ &kidé tySicaly plovidey ARproved) reslSTih USOYURAREDLFI G 9 i s
a flow chart for a SEEK RECOVERY routine, illustrative of steps carried out

i n accor danc&PuriophPsakEopiesy indhetsavoFabackgignalcaussd B dorexpmplerhasdline 5

Det ai | ed Desgibt WQORGHeth Hfickl | impRROY R sbif&h e ek inp! @n Vi ew
of a disc drlgvi(;t 100 of %e t%‘é %sﬂgé@?eg uln ter acs:e wilfehq)g lﬁoagﬁ&%gm uter to
magnet i cal | y (dbppetskinen thetdigiay pulsesstreards taused g foli exempliej asgmi®fy imbeudes a
base_deck 102 ande &?t%)%#cqver 104 (shown in partial 10 cutaway fashion)

whi ch cooper 87 [89%8F #8% housi ng i n whi ch various conponents are mount ed.

A spindl e notor 1PRfdrsiptsefarde MbgidaBniddy vathesAtk lokadr Rl d BBRMby hdafidd nMagnetic

updated as required during successive seeks for each head. In this way, the servo data

are decoded in relation to the logical operator that has most recently been found to
provide better servo performance.

10 These and various other features and advantages which characterize the present
invention will be apparent from a reading of the following detailed description and a

review of the associated drawings.

Brief Description of the
15 FIG. 1 is a top plan view of a disc drive constructed in accordance with preferred
embodiments of the present invention.

FIG. 2 is a functional block diagram of a servo circuit of the disc drive of FIG.

FIG. 3 illustrates the manner in which servo data are stored on cach of the disc
20 recording surfaces of the disc drive.

FIG. 4 is a representation of a selected servo block from FIG. 3.

FIG. 5 provides a graphical illustration of the manner in which servo data are
decoded by the servo circuit of FIG. 2.

FIG. 6 is a functional block diagram generally illustrating the manner in which

25 the positive and negative pulse streams of FIG. 5 are alternatively combined to generate
the output pulse stream of FIG. 5.

FIG. 7 provides a graphical illustration of the manner in which scrvo data are
decoded by the servo circuit of FIG. 2 in the presence of servo readback signal
asymmetry (dropouts).

30 FIG. 8 provides a graphical illustration of the manner in which servo data are

decoded by the servo circuit of FIG. 2 in the presence of servo readback signal baseline



recording discs 108 at a constant high speed in an angul ar direction
denoted by arrow 109. User data are witten to and read fromtracks (not
desi gnat ed)wgiokifigs di scs 108 15 through the use of an act getpsoasaEsnbdl y
110, which rotates about a bearing shaft assenmbly 112 adjacent the discs
108. The actuator assenbly 110 includes a plurality of rigid actuator arns
114 whi ch support flexible suspension assenblies 116 (flexures). Munted at
the distal end of each of the flexures_316 is a head 118 used to
magnetically access the corresponding disc surface. The heads 118 are
preferably charaai®ihged as 20 magneto-resistive (M) heads each having a
thin-filminductive wite elenment and an MR read el enent. Wien the disc

drive 100 is not ﬂﬁt%éaﬂ%c%ﬁ%&a@ﬂ@%%ﬁﬁé’dowq divetratiye p6pteps 120 and
t he act uat or senbly 122.
The radi al pog}l?tél&gtr%J %fa ééogdfhﬁ é@g %gre?lghg(%iﬁ??g??ggé %&s#@%ﬁz@n&?@e coi |l notor
(VCM 124 having 25 a coil 126 which interacts with a magnetic circuit that
i nﬁmgdes a permanent nagnet |28. A flex assenbly 130 facilitates electrical
ni cati on between the actuator assenbly 110 and a disc drive printed
circuit boar QddleBDeadripioned to the underside of the base deck 102. The

flex assembly 130 ncl ude preanplifier/driver circuyit 132 reanp) which
applies wite curpgwgt%l%{cﬁé PP dheminiser iR Plat Viewort g disg driye W0pftheng” a

wite 30 opergie el @ MitterfRB Wit 8 hb 3snfit@So ﬁlﬁér{eﬁéﬁllg stoft dnpeethiRegadag! ement s
of the heads 118 duri n% a read operation. WO 001 51124 PCTNSO00/ 04453 -6
FI G 2 shows Thefdisscdrivs QP inplyiex 2 hpseleglnl 04 and asiopweverilpd (shown4uo partiak he di sc
driyg 100 whi b Ghr AL o g G Lol the
posi t| on of t&av}ﬁ%a 1?1‘%-9 hqﬁeﬁ%er vo dat lle(g{aglr ghlt?‘rwgfr?gd%l&g%%&ﬁonﬁepseel ect ed
head 118, pr esowptedf i ed by the preanp 132, and provided to a denodul ati on
circuit 142 which ACQ ditio t a. for, processi n servo
processor 144, whi CF‘IP p‘?lefm OF%bf °§a§es i I%ra?? gfam%”zi'l'algn %drs‘la1g“9 %gg%or (DSP) .
The DSP 144 ummxmﬁgﬁsamr@cmﬁtanﬁlm@emn nmarEgSl%r dizemioy dadtﬁed(HyEMo“as wel |

as commands iSSsu by a top-|level disc driv essor (no

out put curren@3 gﬁﬁ’a‘i/?b" F’ét"taﬁdéfﬁ%ﬁoﬁﬂr F?’E’it esigneteq) ay %aﬁﬁ%ﬂas in turn,
adj ysts the apmugt t}fefusslufraﬁ%tua@phgs@ﬂblgm l‘l)hﬂlhféﬁlrbta{egﬁbox&@ dhsng ekafo dat a
are preferably arran%ed on the discs shown in FIGS. 3-4. FIG 3

provi des a pcstembly b adiacpntdherdisgs o Hhe qcmtoaa%gblxdéowcmﬁ‘waa PR ity of
servo wedges kpiqWhebr agﬁ,g i ?45 édbrﬁclgg%s&@ﬂémgwsp&sm AEEADIRS 110Ut €r Nost

radii of the disc recor The servo wedges 150 are witten
during di sc dvipuntedratitihg distal cndmgacanﬂtheaexur@e\rlw akserh bl 8osedip immgretigalpl ural ity
of radially t onding to
a particular 6}itracg.lg C§S‘% ﬁS’nJ&A ggclgcsur achrhgig S]l?? %gé)’e?ergﬂlghl?azr% ’{Zgigsr dat a

ar e 26t or ed i nndghetoaesistise (MRYzads adh hodug a therfilon medhties wrikd dBmeht slnbams a
portion of a.t aCaFI }52 t a selected radius on the disc 108, illustrating
the arrange 'Y © ctive servo fields 154 and user data fields 156.
Each servo field XWkngeafierdabd woilmdtuﬂes tEdheadstlQmipﬁrk@:&bmlaﬁdDﬂi’gioﬁés (AGC)
field 158, an 20 jndex field ay code (GC). field 162 and a position
(POS) field 11§9andifgackgtorpassem yﬂ%%lsﬁ?cé‘ﬁdd’é@g amagreE jacheshblildhalha hat
brepares the aEA1v8sithl didhedfd18 RleofiRBA BRE VAR, LHoRUCMIG BRI, {1 € d
154, the GC field 162 provides a unique track address to indicate Tadial
p05|26| on for ad 126 whikh intemagtsivrith 2p@E@néticelirduitBa igplugies aiersmanentmagaaidéfent  of
servo burst p rfor
infra-track ﬁgg% %S%?lnbt#h%f? ﬂ# ?@%I%CPF eC%gl\é%élchgﬁ(&% hvef ng’te%%}lﬂ(grearss\? n}yi eld
confi gur ati orid0eada bizc dﬂmprlnyede:irphiob@dd (FIBYattiched touhé vialesidetofihertaster in

whi ch the sery t m t he ryo fields 15 ecode

Somodul aor . grsk I AR bshSn o Prclidi f Breapri iy r S REC W2 lpsiRY i n PG
5 agai nst a GeHTEPAppieawrie difenisnelitigeaiviitecel@hentd GNEEHedds MBS dithga GETON

y-axi s 168 indicative of respective signal Mrﬁol itudes. 3Q The first signal

wavefor m i n Fpesatign ard apnliss {Fad P@aabﬁws 1 G MK 1epd clegspis ol thesdiadel B a
readback si gnghinggr@abadidly the read element of the selected head 118 as a
portion




WO 00/ 51124 PCT/ US00/ 04453 _7_ of one of the servo fields 154 passes under
the head during a seek. It will be noted that the servo circuit 140 of FIG
2 can be c T SLEA as desired to rely on all of the serv only
portions o?wgﬁgyﬁgfa, fromthe servo fields 154 to detectﬂ%ac(ﬁ??gik
crossing as the head 118 is noved fromthe initial track to the destination
track during the seek. 5 Thus, for purposes of illustration it wll be
contenpl ated that the servo readback signal 170 of FIG 5 represents the
transducing of the Gray code field 162 of FIG 4, although the present

invention is not $gGlJsfbWesfundidBalBdck QiadAPoras&vybitddtao 8FmadReakRs Of
di-bit pulse pairs of opposing nagnetization so that, when transduced, the

resul ting red@@abichapegsevo gatoyrransed o thadises 108 tqepitiol the@ositiorfehedsider i t y

i mredi ately f.qLl ) Wt ] larity.
For a nore delgf g’l ﬁ\é\%@ i gggtgsa?%%%fl pc‘r%g&?%én%e%gﬁl\?gé élgi?z’r%g%ﬁg%ﬁy E}%t pul se
pairs, see U.pteanffali@nindypovided3o b, dibdulstiomedreEe pd2whieh cdnditidh9 hetservior i et as.
In the present, case, the servo data are.witten s at each di-hit pul se
pai r > pr oduces@® %63“’??5\%@ e ASF G T BREYT B%‘/\i’évm%‘g%fféfﬂépyp“é’é%m%ﬂ‘gﬁ%l denot ed
at peaks 172 sighdbréRs&REEISPY.the DSRII441Bes! progddnhrhinP Stepd Wi ESIndO8P mb@bryt he servo

data coul d readi I}\g be witten in_opposite fashion. Positive and negative

peak det ect i dft6 (HEMAvVekaspommandsassucdby adrrslevad disquliive PagsstseHpPiEhevial ues
such as_set o ithutidirrdrt OmbR&RhalSRRb B dr BR-ubB- 148 Hhn0im 28, ddjube theAUGUST
29, 1997 by Du. The thresholds 176, 178 are applied to the servo readback
signal 170 t emgpunteafgugens aprdisd tq thecplil2¥e stream 180 and a negative pul se
stream 182, 20 re Y ﬁ,s":t‘j [ : r£anms | 80,
182qgener ally corrpsf??gs;egjo I ga?/ %E;Q%fag al's %\I%I Pﬁ&gdgﬁsggftx a}l/g}f% 1??111(2% 3212 | ogi cal
one) when t h&l€ed pwvidead partikn sf gseddcteitie ektheddsss 1 (Hewitles plclitywef sehweshol d

176, 178 and a .se d.,valu such. as l.oqgi cal zer t all other times.
Because a nedﬁﬁdﬁ?fg‘ggmh@f (‘)zfulg'(?\’/(\}sende %rﬁﬁ}?g%qef’mféoﬁﬁ%%u SIS O?gtg(%sﬁck si gnal
170, the negatdovdingnutface. The eavo weigew 30 artrafitteraduriyig disbidbivé mhfdachalig

i nformational 25 content as the posjtive puls fream 180, buf the negative.
pul se st ream@%?a SFVe Bedegermprses B}’h{’iﬂ& ﬁéf“‘ihal&%lgée‘?‘?e?‘é? f?el‘ﬂshé“t? F?‘Fg‘ bet ween
sucqessi vel y 066 Uidld RErrddpbiiif) to 4 HartRERFH thdk€ ol WheS 8isS @A) 180 wi§ dehus
preferably del ayed by a con espondi ng anount to produce a del ayed positive
pul se st reamre®gnizeds uagn dola arearesd infle ayeas helagenrdidcentpervp fiedgesst r eam 184

nom nally in phasegm h &t LY £ R r s ; of dual,
redundant pul se sﬁéewa%mgh&e%ﬁdaﬂggs %eua‘%‘l ﬁgta;tag?é%%%lelfsv%qggg}tsg%g%’o

proper |y decadlestiatieg the mawangtateat, ofaespditive werye dielde |1 o4vandinset Hatg figlds Af6. however

it will be n 4453 | se streans
|182\,NI 184 ar e(ﬁaﬁg?ee%aéeédrl%grrr%? ‘Jﬁ%}‘ég’.“%g% g§ gg{ae%%%‘ﬁ“%ﬁ% (té\laa]ﬂC )toﬁ\éfearlgg ’oa?) (such as

an ABD or OR)indea fiplddd0ceGan calet(GU) fighd | €eand tapesitionl@O Sh vldrig4.t Tiee pEak

detection co of the seryo.readback sign 170 and. wWhich, after further
Cond t 1 oni ng Heralss Pueyidss a shetads i e riboflidie fevpurobin S S sminist

provi des a | g@ttiak obtheGkrveifirllr B9) he/GAfiglaN62 plovides b Rfiqe Rkddatesy tol42 of
FIG 2, illustrating the manner in i pul se stream |86 is

) . » whj ch_t he out put

pref er abl y gedhdiealt dial nogitig for thsdraky aret e B fieldeh PP AR er at i ons

of FIG 6 caneRE peaf faids RballoWs e SHIOGFcul® 40\ Yerforn inlralhdkDokiRbaHgh t he use
of hardware or firmware, as desired. 'The del ayed positive pul se Stream 184
and 26he negatlt wil badppereritthas ather ®ovoftedd aopligeratiang Cm@m@bbe‘@mﬁ' ayed.si gnal pat hs
188 and 190 to a p@kls; | : r | fghes |90,

192 are routed to%’ SAi %%%%%@n%gﬁwgﬁgéssgﬁga&&ﬁntgéerg%ibg??é\(/\ge{%, t he

out puts of whirctecadsl iy thel derogbdaiar! 42 @f HIG b numbtrpftsignalt wavBdmearewhi ch t he

out put pul se stream. 186 is fransmtted., The. switches 2, 194 are
charact or 1 > e s RRIt piagmsL A By B 6F FiBAYel ot Paieed Bg oo
respective confgcidsdndicdtiet verRspetling sighaldmpitgiequt put signal |ines when a

| ogi cal one is present at the respective selection (SEL)_ inputs. A pulse
dat #0qual i fi cat i orf Pf Bi5t denphWavefya “ké‘peétsé‘ serierepdhgr ke signab OreRtesentatiyset her AND
or OR) used t4Fa¢abicRSighd) GerklAaa)y ShekBah clehfiht (P¥hcQbfeREd £daB T 1 Rad QRHEARI NMOde
val ue of one to select an AND and a |l ogical zero to select an OR (the

| ogi cal zero is inverted to becone a |ogical 20 one by operation of
inverter 204). As will be recognized, the AND | ogi cal operator w Il provide
a pulse in the output pulse stream 186 when a correspondi ng pul se appears
in both the negative and del ayed positive pul se streans 182, 184, and the
OR |l ogical operator will provide a pulse in the output stream 186 when a
correspondi ng pul se appears in either of the two streans 182, 184. The
pul se data qualification table 202 25 preferably stores a different |ogical
mode val ue for each head, with the contents of the pulse data qualification
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At this point, however, it will be helpful to briefly discuss exanpl es of
di fferent 30 types of servo signal distortion that can be experienced by
the disc driyygqo4fi9s under various conditions. FIG 7 ill usheaiuesosdss
operation of the denodul ator 142 in the WO 00/51124 PCTI US00/ 04453
-9presence of servo readback signal distortion characterized as signal peak
asymetry. Mre particularly, servo readback signal 210 is nomnally
identical to the servo readback signal -%70 of FIG 5 except that the signal
210 in FIG 7 includes an asynmetric negative peak pul se 212, which has an
anpl i t ude t haifoh&of tBSﬁer&cfﬁHlﬁstlhapastsé’mmﬁerMe&SMQia@@:kn&gﬁllibvﬁoﬂa&ﬂht

detection thr shold 178. ile a_positive pul se stream 214 incl udes
all six of tHEe HEYQ fifcyl lﬁg‘eﬂgﬁi ﬁc?‘hlé" onfigged asfepizrddo ‘gbﬂ'é? Qélnt@e SeAVhegat i ve

pul se st ream @b oMypdrilik YEAE dith, HRnthe iddR MRBALY WRicRBEkE fritk RBsiISET VO
readback signal 210 {the m ssi ng ’si xt h negative pul se is shown in broken

i ne fashion aétthezhpeé 187ip mop¢dsfzgrm e pritiad éiraéclte theqlegtimtion earkidyring thg seelfy op 10
asyniet i o pedfts SARHLAR IRbhARIAHRR orflantd mild o RRbEL ll?; |

anpl i tude. | mmméFKXérrgjresems ﬂiéln@lsdﬁqmgeﬂtbecﬁramgode fletiyi 6Qalf Fm4azsltltohgh | ogi cal
operator in FlG 6 %gnbl nett hﬁ‘&i} ‘gati ve pul se stream 216 and a del ayed
posi tive pul s&° B an B P9 5DFBYFYe an out put pul se stream 222 with the

desired infornati ol see@ntfitare dhoitthl @ aBSeﬁEQ\éf desnapmrefmrsldfl dppbdiad i on of
the operation of the denpdulator 142, this tine in the presence of servo

readback si griBfengtizetion 59 tha WhentFasdugsdahsresyling readback signe! preddesiongilar | v,
servg readbacmgsigdeads o%etzsomgl Hgﬁe?ha?eli i1folved bP a8t dnl eROLhbIRIM2FZhMNI Ch

exceeds the positive threshol ereby generating an additional,
undesired pul @posigpolaritya ftﬁsgmqr@/@taﬂsﬂ§écwmeaﬁxezgémngg defagsipg dinkit pul se

234 is refer E;‘ﬁﬁjs tgp%rsa§eeau SABLht K. 5,801,898 1§st]§d Sty €, 1098 ﬁ)eFlfette{seﬁlrﬂlg36 A

correspondin tTve pul se stream 23 has the correct or mat | onal
cont ent si ncepredant dases the iserEo éaiaar@wﬁerﬁmatsad@l-bhpum padr fyesluices atesitiposi ti ve

d.i r ec_ti on. | ﬁué:cﬁli( Po?l%wecﬁ anﬁci tlvegagl( ealrs de ?er;.'i abg?atkb?7fllt75'?es e{z I N ? or

negati ve. S case & "ehoi c& |ne t he
negatsi ve pul siewslt beaambrz&sd&mdt}m seted a:;tedoxmmadllm vatittenén S]bp’oemﬁaﬂﬂﬁh since a
resul ting output pulse 25 ,stream 242 w || ot orrespond| ng
to the baseline sﬁ%fs’tt‘é(ﬁ apd pegagye pepk. de??é?“é‘} 501353%61173 aF v‘6 Wi cuit

140 of FIG Zgp ﬂilbhht@@aﬂne§ﬁﬁk a® R FHh 19U KOPatént B@aTtleﬁlI\Qn@B/QEfO sdheiteads 118,
the servo ci rcwt 140 deternines the address of the track bei ng foll owed by

the sel ect ed hegigt 2318/ Ph@uG@hﬁﬂEP@)ﬂdsd@Q dr/ fareepphigfto dbryseasrepdbagih o
destination t i t &hns of
tracks 30 to %%Bk'll'?}(ggbeacﬁ?lj (gil{r;e'.lﬂJ he glr;q\gl%gg%,?&? '?m %%%E?a%% ?gltggss&egmsggk to nove
t he 20el ect ed tfesprdtivel The\BogHdyesmd 24gan@T pUSO S e 380,- 13®fgplmnalb'h@mpns¢| al
track to the ti na Bt | to
accelerate t h‘ggfr?la1 Sld‘n%l f?%é’ ag% r g‘g?%/‘ﬁ? galé’g ?)e‘skfe’lrhct)ltr’\e Se&]& rea a‘fkhseg g }aek t he
vel ocity of thmelsamdkereepmﬁ\mhﬂeﬂﬂld/\h%hl7|8aﬁcpes&:oﬁdwapm$m:h mpgmltzéro) he servo

data on interne tra ks beln det ect to conti nual ter ethe
et Pon o Ctftal pibktimdss BGwech Rufie uhibe Alaneeh e ot bt gadief, | o
track, currendipiab1pek heBtilopdlReraai 182340 n&fmmﬁl%ﬁibﬁt%dﬁhé(ﬂféﬂhaﬁ&]al
decel erate the head 118 to cone to rest over the destination track in

accaddance wi oteat gethe|pesitivs BHsepTigRm | 180t Eis neertivsanilse weeagp 484 wil b

decel eration (K 2dyRE bl ¥nd- ﬁaﬁf&%feflfé’ thOtimb 'B@mla&?&cée%ﬁveli{ Bcc‘MrirJ ﬂﬂ?seéj“def st ood
that during the“detection of the servo data frominterned |ary tracks, the
negative and del aykh nositive pylse pishme 80 (s hus praferablysdmddyed by agprrespgading FIG 5)

are conbi ned 0 I I

ol ther AND. or M FEpRRAS dhdy D bR RIGRELEGRE TR BOLEHN, PRETE flayed, P

qgual i fi cati onpdsaige puli’d)s’&earﬁﬂ%htdmhhb'mplaaﬂbwakt}&uggmivebul&mttelam 1§éJ &#b¢ ed head
178 hecone disto ver such |IIus r.at n Fl GS. and.8), the
servo circui t“sfﬂgé%ﬁqd"ﬁ‘ﬁ K}aﬂ%e ffﬁ?ﬂgla mﬁ: O%gﬁsgrvﬂisﬁéen}/\ﬁotpwpg&tal nty
the position @coddiBe fteactathilid mués&pbemem thid pbii€ hewdver, itawitl behyRi @at | y t he
only way to resolve such a situation has been to abort and retry the seek a

successive nunber of tines until the problemis resolved, or a seek error
is declared to the host.



The present invention) however) as enbodied herein and claimed bel ow, 20
provi des an inproved approach to recovering fromintermttent position data
readback si stortl on during a seek. FIG 9 provide COVERY
routine 250‘98ﬂ+’?ustrat| ve of steps carried out in accor dzlh(gré&\l/iinﬁt 455 eferred
enbodi mrents of the present invention. It will be understood that the flow
of FIG 9 preferably represents progranm ng stored in DSP nenory 146 and
utilized by the DSP 144 during a seek._g5 At step 252, the servo circuit
140 initiates a seek with a selected head 118 to a destination track,
general |y i nQoGRpERSGRNS 142, | 446rd @ECHRE aﬂntsttéa%tﬁgh Qéiectetihagteal Seffor2 52

i ncl udes the periodic ﬁeneratr on of servo readback signals (such as the
signal 170 of(such@s a8)ANP o Qietogupdrge fn eipyt nuse ﬁwamhh%rhatvegrtbﬁpeaky tracks
bet ween the i I std-Nak f des the
generation ofd g%%ﬁso?’tcf)@tg[qgﬁg néegat %‘@’gc%ﬁ E]uk’l%ggl%s‘?lragﬁérréa suc E?Jndﬁ;?@bg‘ 184 of
FIG b5) frommthuedbedd:tﬁ&lkl@ragraabmimﬂmpme use of WO 001 51124

PCTNSO0/ 04453 - 11 t hens exi sti i cal ,node .va ir e) from
t he ?abl e 202 to E@ﬁt&’ﬂﬁ% qeﬁé Qg ‘g raé‘éf?é?ﬁ?’eoltﬁge{ﬁ%éﬁ?ﬂﬁit"%ﬁﬁ @f;‘tream
(such as | 86)F1502, UGaraliig tHeem&Nnbr thihick\thel Sufttht PBlsé BRea8 LI 8MisIReBRBIFK signal s
are well behaved (nondr storted) such as the signal 170 in FIG 5) the

particul ar opséncitesh EWt’éteh’éﬁjerﬁNﬁ that tl@:@)mc@g@ao%aqo%oﬁf If5; p ggn ‘I’%‘@‘F&?&I mode

value will ”%u'ﬂ%\{ﬁmw%? T%]f ﬁ@lhdmg ﬁu&@ﬂthe%@@&h%%a&f@mﬁ&rﬁ%'éhbs%d of the
out put pul se stream 18 for a nondi storted readback signal, both

an AND and an OR Eberiel@x#i IWFIFIYC @téwearramw% angh the negativepulse-atneara iBdare pul se

stregam 186 ( t pul se
tra8m 166w ene e estafhs A EMION R4 Bl PSkenE I 1R BRI B S0
(dropout s) orfroaddiet svatchs, lﬂﬁ)ndl%anee‘dut&mtqoaﬂ AW faie AP6 land pn CHopew P8, shoul d

distortions aris Le dbac na the first | node
Carue t1omt REsbpdivel. BeSuRih 8 PR G Bt ton dofmi dibrart Hleni Tyt he
pul ses in th@vl'ﬁﬂithblbutpm|pﬁBcSﬁ'd’aﬁﬁm(islfrmgnﬁehe seek. For exanple, with

reference again tg Fl G mret r ul.se such 212 .in the servo
readback si gnal %P‘FS"%‘ECP?SI19§§9$@yﬁIP¥aCF % o yqpﬁ%ffP’PFa‘t“f‘%]PFélw hE8nt ent i n

the jgut put pyicze tist fe§RBEVESGnhdctian Kdrvéeddhe ApuiBfdountRlt WRmhiSlinés Shen RUt an AND
| ogi cal node value would result in a mssing pulse; that is, pulse 254
woul d not appesealonetiscpresghipak the despectiver aedstion ASER) krwrSseA RPIEH d8f er ence
to FIG 8, t Hﬂ:ﬁ@dn‘ thte 5@ titﬁ@s@le@@rtﬁé leélcﬁ%gerhter vahﬁt}ﬁleﬁ&q@ ergﬁ@&(tos' gnal
230 results in the extra ositive pul se stream 236. This
extra pul se mmbtm tbbematsolt82atﬁ§éarroutputtmea logrt:@iumoqgmable of ppecfgrelegg2nysi ng an
AND | ogi cal V. uld
undesirably provi d;?rll‘dgmal I ?(?%eﬁeg ag%l*gﬂélgégal?&ﬁgsﬁ@%nﬁg Od% A’}ffe ?eloﬁg‘)ﬁ?ashr on)
in 2be out putonpby seraivbn efinve2¥2204pcaowillibe gicygniztd ths AND leglerﬂ)oﬁﬁordatler m nes
whet her distorti resent in the ou ut ul se str (such as. in the
form ot a i Juids e Bt B Shutabiss HFeeih LebineBasoSeppiBER O el iny 1o
prevent the &)@ﬂl\/the(hbga@iuhhncﬂ-é&a)feﬂ(pﬁhﬁ(r@ﬂﬂid streﬁtﬁt €8271184 nGhdttheOoRrasitalon of the
head 118 during the seek. See, for exanple, U.S, Patent No. b5, 801 896 )
whi ch teac he@pm@rdeti@mvrr& qopulse i8dhe, HMBESReam A’ Wheitk FORESRIGH Pulse] £ no
such di st or tiBge 00 Wi eliho sRENTARY, 184N ThS BEIVPuH Qb filaribi oW dop De abl e
to properly determne the position of during the entirety of the
seeRS5unti | t peeferabiy storeg a diftercatlobied made velue for pechibead, withdhke conigniswéthecase t he
fl ow passes r I 4 12head
11618 sott1 I3 BuFR of MR Bl b ine JBpAY S bbbk PR Qe e 2100
proceeds to d&#rTh«mannehe vdnﬂnrﬂneeﬂrmtalaalogucaimxfdervaloqmmrmt fonedchéexdonill( and t he
outi ne ends ,at,. 262% The. foregm ng sequence represents the typical
oper ation of FHECHSetingeallkelodo  as servo data distortion is contenpl ated
as generally occurmmgpdnnjno“ewraﬂwlllrﬁeeremﬁntoaﬂieﬂﬁd@a@s eafmprevediffero@si s. | f
the distortion is _related to tenperature, flg)onterrpl ted that the

di sBBrtion miYPIRAYETY Ferd oy atbqaprwaww%ﬁe VAl Spfetfien@Onedy 118 is
initially selyafib@Gonti#fighs. | BIG. I llQ4trated ttétgpesa@ieh oP RS @nlcAblakk 19 @P11RS2, a
different head 118 adjacent a different ta recording surface was biased
by the preanplifier and a head switch operation was carried out to switch
fromthis prior head to the selected head. 10 On the other hand, when servo
data distortion does arise during the seek sufficient to prevent the servo
circuit 140 from decoding the servo data, the routine passes from deci sion
step 258 to step 264 at which point the head is i nmediately brought to
rest. This is preferably carried out by applying a tenporary electrical
short across the actuator coil 126. The purpose of bringing the head 118 to
rest |s 15 precautlonary |n nature ~once the position of the head 118
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20 different, "second" |ogical node value for the head 118 at step 266. If
AND was previously used, step 266 changes this to OR and vice-versa. The
DSP 144 pr wites the updated | ogi cal node val ue able 202
so t hat th§®§8gpigd value is provided to the denodul at or &QE ?ﬁr subsequent
use. After the second | ogical node val ue has been selected, the flow
continues to 25 step 268 where the position of the head 118 is acquired by
transducing the servo data fromthe assgciated track to which the head 118
has come to rest. The routine then passes to step 270 wherein a seek is
agai n initi atpded@ drbGvélRalibaRbigRA dls&ﬁﬁ&) chtaﬂbﬁniéd% sigRhiEal §maReNd

| ogi cal node val ue selected in steﬁ is contenplated that, "I n nost
cases, the tddefeinrsticHarkyhgerve geadbac rﬁéﬂ!@l %ﬂ irenaminkllye idehtical thehesssrve ci rcui t

140 30 to cor Je . lne: h wever,
for purposes Efd%él‘/@gg ?@?IWSSC‘GF/%ggg/qgﬁzfggglﬂﬁ@@%#gﬁlgngséglgé?l g‘?on step
272 hasdbe_en asytnr:]xhetdedigat)ves;baak\plase Jlﬁqwhiglyhaﬁapmh[ptnttﬂg ﬂtaors'lrlc&slm;thaﬂ tlﬁh&%ﬁ again
arises durin e seek usj.n ogi node val ue; if so, e
rout'?ne passgg f’sé’og R BFAY "3&%&?@?"?{5 HE?‘thE@rl&g'cti ve actions are applied by
the disc drive 10@etes)ohilespaitivd puRe Ridam 214 Gaililea MU sik BF 88 podifveakes,

etc.). 5 Preferably, the contents of the pulse datarguall |cat|on tabl e 202

are initiall yn%tse%(waf‘wék sgpa &40, aéf%i"'eﬂﬂ@r?t%a‘%@h@g y inches Beeqfdbequr i ng
respective S%Eﬁ v%rp@!ﬂééqn e Q%'réﬁd%&%éfﬁﬁzm%ﬁf né"é]k@;hw@ll%%ufé& Qvi de
better servo péerfornance. At ough the | ogi cal de” val ues of 'the table 202
have been desbewbindroken{ing faghierat é@kl'ﬁy)mﬁilnwmﬁ 8 1netrered towsch ‘tdrept  all

o1 19 he partt chiar BRGAARENRP ol 27 AU G PRt i ng

upon the reqwuc}easmat2$2gefnlaeghﬂ@nsiamﬂnmgatlvemamﬁwdeogl cal node val ues can

further be assigned.on a [ r-z i f.f nt

| ogi cal node val ui thﬁf’é ﬁ??ﬁ@ggﬁwg$'ﬁ%ai) P@gﬁﬂmﬁﬁ a??%er‘%?lrtmﬁ\(gii on the
di Sg 15 |3 O OEAYine the nUgaMepmwd stmmlh E6?@fhd&ﬁ}edi§tﬁﬁlv&bﬁs?he&ﬁmo wm\d/enti on
is directed to an apparatus an od for conpensating for servo data

di stortion dU¥9¥ige %“gﬁt@(’:pﬂlﬁ? V@a@g§§<Mtgﬁhea‘£e§‘6?ddﬁ§EBatW“? litoptet er r ed

enbqgi nents, a di mckrﬂryﬁde%%tneamu%anafth@@gémllmoﬁge &afRAhlaRr mt aﬁsabl e disc
108 having a surface on which a plurality of tracks are defined % servo
position dat aimeis thapregenge pfssee/arwadé@kcsmnaltdjstmm i the foreeaf beseding shilt20

initial track g, es%}do'l@édgg& &%ﬁ?ﬁo‘lﬁélﬂ&sﬂ shi E&’B%lg%xeﬁ%% 023?I On&fproaCh

wherein curre a%ls ar n actuat or i T el
di stance to gacdeds tHe@osjassetuhmhqldJW&, rchzcodby gﬁm:ratimg ahedditiors], vpdesded poler d t he

destination t ck a.servo circ 0 stlondta stored
on i nt er medi a#g"{ r%osf%welgef?/ves@tfaen tﬂr:]ie i n| f %éf(ee{zg\ré' S{)ﬁ neg gf?pon track
by toansduci g’ ﬁznhap@htﬁg p&Bevmeanemﬁbacéoms@n&hg hdghtive pilse Qﬁ&nﬂﬂ@ﬂh&t he 25

servo position data, fhe Servo r eadback, si cess al rs of
o5t L1 ve. and eiserebonEuREn st Sh e e e L HCd iibua i Mo1a° 236
i's generat ed pakitille @tcBAS JubEibsaine YRAMKoWRO&] dah\gh &fﬁi’ﬂhbﬁﬂéﬁﬁﬁv@&@&@mv@ t he
servo readback signal, Simlarly, a negatl ve di gl tal pul se stream 182, 216,

238 is generated witthisgatesslogicHlfiNIA s thebaster shoigs Qefénfamﬂhptlw@%wws in the
servo readba I treams
arc thereaftgslrﬁe%g%‘g?r?gdzgg}ag?%&sp éﬂ EBoo%ﬂg%Aqlgla?%g%sg%%? 3 H ?ﬂ &

00l 28124 PCTIst&8004D#1b®t inthde @pnhsacmesmndmatt@tlnc balieljng shllftqdmownsmﬁeam

norrinallyindicatl . V. Lrcuit
determ nes that fi rgetr&iﬁj{ip tB:ﬁh% c}ra‘ﬁ ﬁg’%gﬂ%%f%l k grgtllo cfgf y

i ndi cat e t he gesdctedwne of th‘emEadaaad thwgmh cizauit mmtermmeatrreaawﬂets 6ffthe
distortion in the servo re nal, the servo circuit selects a second

Bool ean | ogi d&A°k bpiag 3%”8?”'3%&{ g‘eﬁ Fcﬁ“i cad: (s ths 1) defemines fhg address r eam
fromthe pos'&f'tl‘(@déﬂi%tﬁﬁ%&k Vifdd rémemh@é R Wisthcs IHeRBERvee L I RASYY Yack@

sel ected one of Bool ean 1 ogi cal operators is an AND operator arid the

r emdPni ng Bodb ean m@gafcm the praveagitenit 140 inifia@Raserkrta e tharselegiRl ged 148 or
typically provides inproved results in the presence of spurious peaks (drop
ins) in the scrvo readback signal caused by, for exanple, baseline shifts.
An OR operator typically 10 provides inproved results when peaks are

m ssing (drop outs) fromthe digital pulse streans, caused by, for exanple,
asymmetry in the servo readback signal. It will be clear that the present
invention is well adapted to attain the ends and advantages nentioned as
well as those inherent therein. Wiile a presently preferred enbodi nent has
been described for purposes of this disclosure, nunmerous changes 15 may be
made which will readily suggest thenselves to those skilled in the art and
whi ch are enconpassed in the spirit of the invention and as defined in the




WO 00/511Z4 -15 PCTNS00/ 04453 1. In a disc drive having an actuator which,
positions a head adjacent a plurality of tracks on a rotatable disc’
surface, a gptheA24 or carrying out a seek operation 5 whepgisdodfushead is
noved from an |n|%|al track to a destination track, conprising steps of:

(a) accelerating the head in a direction toward the destination track; (b)
decodi ng servo position data stored on internediary tracks between the
initial track and the destination trackghy transducing an anal og servo 10
readback signal fromthe servo position data, generating a positive digital

pul se streamfydnh thepiditiaPadknditgeaddstitatioh RS a;gﬁyxﬁgmlrketnu tetheeai 326 B t he
servo readback signal, generating a negative digital pulse streamwth

pul ses i ndi céﬁ?ﬁkéatﬁmcd’égfhﬂ&ﬁé therApPIoptite disecirg pﬁn’@&@'eél%quﬁler"éh’ﬁlﬁéek si gnal ,
and_combi ni ngnd fiéaaR0ebditaEs 3 rPEAS Berielnd bl dirPacd b B> Forma
a c i rst Bool €an

first output glta pu se stre cordance wt
| ogi cal oper ataoks beihg détectst toowpnpuitallyidgictraine ghel mositivh rof dm huachlrl&l |AL a

i ndi cative of tion th ead; .(c et erm ni ng .1 hat out put
it Sal ' pon SiseBRRh s Frot Ge MEtidr fracke g ot Arkuiel 38 ke Gail M b0 o
and 20 (d) coQpbisitt pOlatityQo RQSiekdte/Be Bkl 198 8l Eoibe B 'ésB Bvep iHcCRBMBatiOn frREKM @
second output "digital pulse streamin accordance with a second Bool ean

| ogi cal oper dhdecordanse sution deesiarasion rrpfiet whictp defines she desired d‘lff?ﬂfi%rﬁqlqn
:‘ Eglt (r:\(; ! \égrrg]; | fsfh'l(r?%; &tt)ltlgpf'ao?I fg%ﬁﬁgﬂgtﬁ? ﬁ%deg e dﬁggﬂ E)Ffdﬁ%ht e head to
rest at a posf ttlna)sq:rﬁedamﬁnmtlhmmeduary tackanthe degativeand deia)tecl a:oinsvcbmﬂsrr e the
°per18t hon of t e S éuc% as 182, 184 in FIG. 5) are combined in accordance with the preselected
logical operator (i.e., either AND or OR) for the selected head, as provided by the
pulse data qualification table 202.
Should the readback signal from the selected head 118 become distorted,
however (such as illustrated in FIGS. 7 and 8). the servo circuit 140 will generally
15 be unable to determine with certainty the position of the head during the seek. In the
prior art, typically the only way to resolve such a situation has been to abort and retry
the seek a successive number of times until the problem is resolved, or a seek error
is declared to the host.
The present invention, however, as embodied herein and claimed below,
20 provides an improved approach to recovering from intermittent position data readback
signal distortion during a seeck. FIG. 9 provides a SEEK RECOVERY routine 250,
illustrative of steps carried out in accordance with preferred embodiments of the
present invention. It will be understood that the flow of FIG. 9 preferably represents
programming stored in DSP memory 146 and utilized by the DSP 144 during a seek.
25 At step 252, the servo circuit 140 initiates a seek with a selected head 118 to
a destination track, generally in accordance with the foregoing discussion. Thus, step
252 includes the periodic generation of servo readback signals (such as the signal 170
of FIG. 5) from the servo fields 154 on the intermediary tracks between the initial and
destination tracks. Step 252 further includes the generation of positive and negative

30 pulse streams (such as 182, 184 of FIG. 5) from the readback signals and the use of
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pulses in the output pulse stream during the seek. For example, with reference again
to FIG. 7, an asymmetric pulse such as 212 in the servo readback signal will still
15 result in a correct informational content in the output pulse stream 186 if an OR
logical mode value is used, but an AND logical mode value would result in a missing
pulse; that is, pulse 254 would not appear in the output pulse stream 222. Likewise,
with reference to FIG. 8, the baseline shifted portion 232 in the servo readback signal
230 results in the extra pulse 234 in the positive pulse stream 236. This extra pulse
20 236 does not appear in the output pulse stream 242 using an AND logical mode value.
Using an OR logical mode value, however, would undesirably provide an additional
pulse 256 (shown in broken line fashion) in the output pulse stream 242,
Accordingly, decision step 258 determines whether distortion is present in the
output pulse stream (such as in the form of a missing pulse or an extra, unexpected
25 pulse) sufficient to prevent the servo circuit 140 from properly determining the
position of the head 118 during the seek. See, for example, U.S. Patent No.
5,801,896, which teaches the decoding of a servo seek mode tracking signal, If no
such distortion occurs during the seek, the servo circuit 140 will be able to properly
determine the position of the head during the entirety of the seek until the head 118

30 reaches the destination track. In such case the flow passes to step 260 wherein the
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operation was carried out to switch from this prior head to the selected head.

10 On the other hand, when servo data distortion does arise during the seek
sufficient to prevent the servo circuit 140 from decoding the servo data, the routine
passes from decision step 258 to step 264 at which point the head is immediately
brought to rest. This is preferably carried out by applying a temporary electrical
short across the actuator coil 126. The purpose of bringing the head 118 to rest is

15 precautionary in nature; once the position of the head 118 becomes unknown,
continuing to allow the actuator 110 to move could potentially result in the inadvertent
slamming of the actuator against an inner or outer limit stop at a terminal velocity
sufficient to damage the heads 118,

Once the head 118 is brought to rest, the servo circuit 140 switches to a

20 different, “second” logical mode value for the head 118 at step 266. If AND was
previously used, step 266 changes this to OR, and vice-versa. The DSP 144
preferably writes the updated logical mode value to the table 202 so that the updated
value is provided to the demodulator 142 for subsequent use.

After the second logical mode value has been selected, the flow continues to

25 step 268 where the position of the head 118 is acquired by transducing the servo data
from the associated track to which the head 118 has come to rest. The routine then
passes to step 270 wherein a seek is again initiated to the destination track, this time
using the second logical mode value selected in step 266. It is contemplated that, in
most cases, the toggling of the logical mode value will enable the servo circuit 140

30 to correctly decode the servo data and complete the seck. However, for purposes of
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will be understood that all servo data demodulation operations for a particular head
10 are carried out using the particular mode identified in the table 202. Finally,
depending upon the requirements of a given application, the logical mode values can
further be assigned on a per-head, per-zone basis, so that different logical mode

values are utilized by the same head at different radii on the disc.

15 In summary, it will now be recognized that the present invention is directed
to an apparatus and method for compensating for servo data distortion during a disc
drive seek. In accordance with preferred embodiments, a disc drive 100 includes a head
118 adjacent a rotatable disc 108 having a surface on which a plurality of tracks are
defined by servo position data 154. A seek is carried out to move the head from an

20 initial track to a destination track using a velocity controlled approach wherein currents
are applied to an actuator motor 124 in relation to distance to go to the destination track.

As the head is moved toward the destination track, a servo circuit 140 decodes
servo position data stored on intermediary tracks between the initial track and the
destination track by transducing an analog servo readback signal 170, 210, 230 from the

25 servo position data, the servo readback signal having successive pairs of positive and
negative peaks. A positive digital pulse stream 180, 214, 236 is generated with pulses
indicative of positive amplitude peaks in the servo readback signal. Similarly, a
negative digital pulse stream 182, 216, 238 is generated with pulses indicative of
negative amplitude peaks in the servo readback signal. The positive and negative

30 digital pulse streams arc thereafter combined using a first Boolean logical operator to
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streams. Preferably, a selected one of the Boolean logical operators is an AND operator
and the remaining Boolean logical operator is an OR operator. An AND operator
typically provides improved results in the presence of spurious peaks (drop ins) in the
scrvo readback signal caused by, for example, baseline shifts. An OR operator typically
10 provides improved results when peaks are missing (drop outs) from the digital pulse
streams, caused by, for example, asymmetry in the servo readback signal.

It will be clear that the present invention is well adapted to attain the ends and
advantages mentioned as well as those inherent therein. While a presently preferred
embodiment has been described for purposes of this disclosure, numerous changes

15 may be made which will readily suggest themselves to those skilled in the art and

which are encompassed in the spirit of the invention and as defined in the appended

claims,
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1n1t1al “track and thTestmatlon track by transducing an analog servo
10 readback signal from the servo position data, generating a positive
digital pulse stream with pulses indicative of positive amplitude peaks
in the servo readback signal, generating a negative digital pulse stream
with pulses indicative of negative amplitude peaks in the servo readback
signal, and combining the positive and negative digital pulse streams to
15 form a first output digital pulse stream in accordance with a first
Boolean logical operator, the first output digital pulse stream nominally
indicative of position of the head;
(¢) determining that the first output digital pulse stream fails to correctly
indicate the position of the head; and
20 (d) combining the positive and digital pulse streams to form a second output
digital pulse stream in accordance with a second Boolean logical
operator, the second output digital pulse stream nominally indicative of

the position of the head.

25 2. The method of claim 1, further comprising a step of (e) decelerating
the head to bring the head to rest at a position between the initial and destination

tracks before the operation of step (d).

3. The method of claim 1, wherein step (b) further comprises steps of

30 applying respective positive and negative peak detection thresholds to the servo
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4. The method of claim 1, further comprising a step of (e) storing a logical
mode value indicative of the first logical operator in a memory location, wherein the
memory location is subsequently updated with a new logical mode value indicative of

the second logical operator.

5. The method of claim 1, wherein step (b) further comprises a step of
delaying at least one of the positive and negative digital pulse streams to bring the
respective pulses of the positive and negative digital pulse streams into nominal phase

alignment.

6. A disc drive, comprising:

a rotatable data recording surface on which a plurality of tracks are defined by
servo position data;

an actuator which supports a head adjacent the data recording surface;

an actuator motor configured to move the actuator; and

a servo circuit which carries out a seek to move the first head from an initial
track to a destination track on the data recording surface by applying
current to the actuator motor while detecting head position by
transducing an analog servo readback signal from the servo position
data, generating a positive digital pulse stream with pulses indicative of
positive amplitude peaks in the servo readback signal, generating a
negative digital pulse stream with pulses indicative of negative
amplitude peaks in the servo readback signal, and combining the

positive and negative digital pulse streams to form a first output digital
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7. The disc drive of claim 14, wherein a selected one of the first and second
Boolean logical operators comprises a logical AND operator and the remaining one of

the first and second Boolean logical operators comprises a logical OR operator.

10 8. The disc drive of claim 14, wherein the servo circuit further applies
current to the actuator motor to bring the head to rest at a position between the initial
and destination tracks after determining that the first output digital pulse stream fails

to correctly indicate the position of the head.

15 9. The disc drive of claim 14, wherein the servo circuit stores a logical
mode value indicative of the first logical operator in a memory location, and wherein
the memory location is subsequently updated with a new logical mode value indicative

of the second logical operator.

20 10.  The disc drive of claim 14, wherein the servo circuit further delays a
selected one of the positive and negative digital pulse streams to bring respective pulses

of the positive and negative digital pulse streams into nominal phase alignment.



