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DYNAM C SERVO SI GNAL FROM DATA I N A MAGNETI C DI SC DRI VE AND METHOD 5 10 15
20 25 Background and of the Invention The invention relates generally to
using informati on about errors for inproving extracted data sensed from
stored data and nore specifically relateb-to apparatus for using

I nformati on about the extent of errors wherein a transducer is used to
sense stored data_havyi | ea straint fr et erm ned storage
| ocations. The t%édggpa E@Méf’@i@’fg’%ngﬁb’%w{é#m g?@"’éést one
constraint and any errors introduced into the sensed data during the

sensi ng. An i nput FREM OATAFN AMAGNEEI G DES € DRIYEANDMEIHOPs a det ector,
is responsive to the signal fromthe sensor to generate a control signal
contai ning informati on about the extent of errors and extracts a data

si gnal . én’out Bﬁt _Eﬂeéi ce is responsive to the control signal to performa
contr ol vely inprove the extracted data signal as a
functi on of tSEI e&tegﬁ of.en ors in the sensed data. In addition) the
t r ansducer two sensors or two transducers may be used to
produce a fi rpe i étivh ralatts 5eecRAlf; ©iugiha!infolth&ton boRMpldre fbr lifpiolfhgl NPUL

device to extract a first data signal and a_second data signal wherein the
out put cretrretad data sersse fom, Boxed dataand srare specificgHy relatestorappamms forrusingdat a

si gnal %ﬁ%mﬁﬁﬁ@%d&@m B erfdts Whktelifa Rafl@hder i &@@Lo LAsE ﬁ{nreg'@a aving the
| east number of errors. The apparatus acconpli shes I's control function
by: (i) hasingat idast anervonstrainti fepm predetepnindd sterage dooatonsc The transdacdg geheratshi ch
in the preferred enmbodinent is in.the formof a substantially caqontinuous

ser V@ siagignal conjaingg Alleast onefoasiAlN,and any eroms anfrdueed ato the sensed datapr ove

al i gnmen{ . ki b SAn b e l.atyd M ern ge

| ocat i on@fﬁm ch nétmgr@ggg}#\%g }lﬁe%ggeréﬁ{eﬁf?@&gg&@g@; lg?ﬁeﬁg’g&?vi ng,

f rom datgspengivatsthesignabfred the @fsaritg Berdesats @ 8omebl sighiNconRirfig fiférenation
transducers or sensors, a data signal having the | east nunber. of en-ors; or

(iii) a DEWIPRSFERHPISTIOR: MAFITAYS & datpighnl ABAUIRYt drvarrdls TeRAN 10UPfg a dat a
si gnal %ﬁﬁa&ig{w td FARS I HEREb! fincfdh ©'edectivily i?ﬁprw&gg ExEshiealipRitas t he

i nput device of detector generates a position error signal fromthe
si gridl rafuecticabfithe axtentoferrarsdn theesenseddatah bt additinn the trapsduger mayjhave ats used

a1 1 annerbe e fsersd cg bbbt i ot bR IR e R 8 Bi el Rl Tena
| ocat i ORghich is applied tothe ifput Edvicetoetiryctd. firstAatehsignal deédcond atasighel ates to

a nmethod for using information about errors for_ performng a control
f unct i orWRegein W QJiFRukdeyics iy FesRanetye dayths copwohsignal andde the first datp pigp#leand

predeters&gﬁg%a&tﬁgaﬂﬂﬁ]h&%té&%si I%cfé h?ﬂnﬂ?c%’ﬁt rﬂﬁﬁﬁé?tof%?x%.r rors in

t he sense at a. e preferred e | ment e Invention relates to the
fiel20 of readiheppparafsraggoroplisbes s qontrobfudctoni tyi: (ijusiag thetconmalsignal or age
devi ces,__such magneti c .di scs.. Al S in the pgreferred di nrent, the
appar at 1P§°‘§Yia aﬁ’f’ﬁ‘&ﬂr RS ‘?ﬂ‘éh oy %BE"'?‘@EF% enfBodinient &in TS R 57
substantially continuous servo signal, to adjust a transducer or transducers position to

improve alignment of the first transducer relative to predetermined storage locations, which

in the preferred embodiment is a track; (ii) deriving, from data signals extracted from signals
25  sensed from two or more transducers or sensors, a data signal having the least number of

errors; or (iii) a combination of producing a dynamic servo signal and deriving a data signal

having the least number of errors.

In the preferred embodiment, the input device or detector generates a position error

signal from the signal received from the transducer and that position error signal is used as a
30  servo signal for adjusting the transducer position to improve alignment of the transducer

relative to the predetermined storage locations.
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data that is read or reproduced by deriving fromanong two or mpmeﬁth@ma
signals by deriving therefromthe data signal having the | east nﬁn%er of”
errors, or toma conbination thereof. This invention is based on the
principle that when at | east one constraint is added to the data, 10 this
constitutes prior know edge of the expec?ed data signal in the absence of
noi se or other inpairnents. Such know edge can be exploited, such as for
exanpl e, by nakisrigventienaRorélhieofd Dmetodmnisihgrinfotinassmatidne erupdot ed dat a
signal including the at |east one constraint and_the observed data signal
i ncl udi NBeTforEnIng 2 FeRiE! funrdion fumnrayhihe cxRciRd Aty FoR the FOFS faéﬁ lj'rélf

represengi atibhd R'afuh | i i @hssedased from
the 15 p#}ecgg'[c{g?%:%)éﬁ?{%égageﬁ{%cat|§)§1crangy t éédt%trogrcfsr%é@r, tr;nsducers or
sensors. The &othdeveferebembaimnent! theiigveation eelateetoubefielt @f deadepr a dynami ¢
servo_signal .in the form of gesubstantiall conti nHous positi.on error

Signal WHPERRICIIE QIR 2nd WFIHRES9E 1P B TP RER deiteynHoh s MRS S8R Tent i onal
appar at us and A&t jpgs prdferra @hRBimeRtDOd apFitiud hnd Mietholl MMPrvied the dRiraére@di ng
and cal culating the position error 20 signal on a substantjally contjnuous
basi s, afatafiiasdsneed osrepirsusedhy desyingfrem RMong kyve Ve Mofhdata ﬁgnﬁﬁéu deriymer

t han the | i . t - t : - In
tho i ¢ g fogh 8 Bl SEndthatihEuR nBlelnifbodrof ook, BFRGAS EATRAREE, | .
head posThisdnvénsiondy bestddn theipmgcipirethstevhen a ystseoneqonsieaintis addast tanke ddhig head

begins to.wite thereby inprovi the lity of .the wittep data on a
Prackd athisanstipies Bt Kno g oI eriectht QetaclapRlinlt abdspes o B Qadher
magnet i c; RAMG [ I epgor. By using
R R T L
errors neympetatiorect dompdasen/eeracahethe expegred|damacigral mchgirigthe laekeast omanber of
errors fromthe re than e datg.sigpnals. Inp a further, enbodi nent of this
i nvent i ofonsgamt Wraiﬁ‘eﬂi?écrﬂ%ff&%? in ’Eﬂﬁééﬁﬂ’éﬁtrﬁ@efwwq ®© Qif%ﬁﬁber of

errors apg Jsgtﬁ%lirfggrgE%ggg‘ﬁ?cdcx&% bf &xfs ntrolRHAOHE 1 %ig%ppsgﬁsewi q‘&?n tHae

pr edet er m ne tions I n response to a con sl gna

r epr &S enpredgtetrthined xtosage ladfations yr thre triansducdromansducens or semsord lhesodieveioped

conmbi nation to.inproye the extracted data signal,. . f. ~ Lo Lt Qs well
Known | neQEe! Signat o1 be wettodexeIap a Sunage Ferve SiEnalin e rmpt2 LhrpaAlYCapan e
of bei ngcominghd petidnerto? dignaldiath HaBeStoqmposve }Q@Mﬂaélﬂﬂcij@{mérﬂ ugihgdet er nmi ned
storage | ocations. One or nore read/wite heads are used for interacting
with or ¢onvesdensl Apparathandiacthedsdet er ni ned storage | ocations for sensing

data store at ) t: l,Qcat i i ce
o Torated at e SHRbOERGHE UaRE 133810 Ed IR BE poRlof b

st or2ye Signaltonasubstahtd]yonfimoas basis, e effeanewevosaimphins rae id achievedittat 5. The
use of and eration of transducers, for recordi ng and reprog)ugi ng data from
pr edet erm“ﬁgﬁlgi’ef@@ar‘%@mp E%W‘Efrfést'?‘?ﬁ?f?ﬁg‘é@aé?%ﬁp&&é“%\?i@@ °dsuch as for
exanpl e a rot & haGyritEHRédCusteSCmBBIME Yoy HeGBoraRi diizﬁ@is rEBdRAd B8 hel@gnet i c

tape and the like is well known in"the art. It is also known in the art to
record oposition is adjustedasimgdhgisemecsysteny umtle thoinatanbibs hdad begins formte tarelyn on

[r(r)]teatl ngiﬁﬁ'rro];%%‘?ﬁe qgﬂ@opﬁewmgégg%lﬁ,mrgﬁgnet i c discs and optical discs.
t

25 In yet another embodiment of the present invention, the magnetic head or transducer

may contain more than one read sensor. By using the teachings of this invention, the signal
representing the extent of errors may be used to derive a data signal containing the least
number of errors from the more than one data signals.
In a further embodiment of this invention, deriving the data signal which contains the
30  least number of errors and adjusting the head position to improve alignment with the
predetermined storage locations in response to a control signal representing the extent of

information about errors may be used in combination to improve the extracted data signal.



term "predeterm ned storage | ocations" as used herein neans the

i ndividualized area on a 15 surface, such as for exanple a predeten:nfned? oY)
addressabl e | ocation on a treated surface area in a rotating nenory storage
device, which contains or stores data or information. In a rotating nenory
storage device, which utilizes nmagnetic yiedia as a magnetic recording
surface, the data or information is stored as a series of magnetic field
transitions on the nmagnetic recording surface. Such series of magnetic
transitions are included in the term 20 "predeterm ned storage |ocations".
The predeterm ned storage |ocations are generally recorded or stored in
tracks dleseriphen ¢fdheBEPEARData is read from the predeternined storage

| ocati ons on f (1, APARGH i L hatiRhBEkR didBBRHUERY okiAine M GHAES Saptblch. (e
recording nmedia as a wite transduc®gr 1ntera 11 magnetlg medi a
when t heofbeing Iﬁigﬂcﬁi@lﬁﬁﬂﬁdmduadmd storage dexdtions @rtin pfmlctchmm:é aghrags locat®@nsi ng

25 previously witt afrom lscrete st.qra atlon t he
t r ansducdere OLRPEEES WEI‘? "HE“%F bﬂ"%"ﬁg‘@r“” 5&%\””’8??% over or

al i gned Cﬁ% ddlerhfifed 18 ES100RInS For' sBRGNEEANY sidH dt WLpruli@EenihEEstVFakE Idigrtions.
transdu has witten or stored the data. Typically, the widih allocated
to a tr &t magnetizest efacois rottsd atiredativaly higivipred, thispresentingieathh of t he

actual ly recorde redet er.m ne C F dt h of

t he senddf &{i] ‘%os r?%%%’c bon °Pq§§%§¥%g?%h’% %aed/ ‘gﬁorhecaal{d%{}g cleliscr‘l’a WAt t hat
i s |ess dftanf ob&anem dftbaxﬁﬁud&ﬁ&fﬁr id&erdﬁr[gaeﬁiﬂ reprddading BRa dioscpretietestiaedge

| ocat.i on. 4. L,.U -4 In magnetic _discs, data is generally

di sp8s ecstqrngg@ﬁ@rcms |ﬁ)¢rrtmamtqﬁgq deyiges, sugh ahfos gxample 3 iptREBS MIENGciss sc and
oriente Iwite
heads, gggrr\dg%’glr%éér ererr e@%ﬁggk’}agﬁéﬁb V\t/tF'l P?ﬁ%ghgggcg%lg&%% dﬁl g%gs ed in a
head/ ar m asselriy alscsimoam ih thdoat wdagairé dr storexe pradereemined stoseedotaridns data lor

under control .of a disc servo contrgoller. 5 The state-of the- i’:\é‘ %ating
menory SPETERHOR eRQLAIAE SHfases ch a5 or sy auple) magetic discharthertical dise The; s

In turn) ey a&&rﬁlﬂéé st%utl?e idaghionse uabed hk&f.fﬁ,'eamh@{ndga&@ﬁ&ea HeRBH aSt Or age
| ocati ons of ata or In mat1 on be as sma as possi Further this
r equisr essurfaeg, sidheastfonetamplna pﬂcdctnmynai omddmisabld)bcammxbmaseeatggsn'pr agen

P om pr dBGBIRR SR SPHBR0E o AiS AREVGH Sragne F4 Rumaicy B8

posi t i oNgehting nidm i SRRdge\detile, WicH hfitdes Sahatlt théda 88 flagHetit ret@dibigd
process. The sensors or transducers are operatively connected to arm

assenbl i asfacaithedataprinimatiomis stased aseisemesof megness Siekbiransitiang opdheat i ng
magnet i ensor or
(' ansducBibc KsSiAREp Rt Witn solbs 6P pllelia bR, Sro BEIGRIER ALBARTTOY. e

| oc&0i ortprederdrmined3sthragedosdtioned The pradetetreined storage 1dcatibng dre genaspducer i s
posi ti oned \F,‘M.%‘ihl n the vvnii(éh of the d| crete storage location) the

t r ansdud&FOrAgd prstored i Gae PPQH’ﬁE?ﬂCW ¥ the predeternined storage |ocations
and senses Orpieadtad A8mthOpRAetehited Qoﬁ'g@(ﬂ}éﬁﬁorﬁ‘ ot 188 ﬁlagﬁét%&dls u§ﬂ@5a0r
with the optinmum signal -to-noise ratio and | ow data errors.

known i rirangducgr that hmractawlth ithee reerdingdesiis asa wntﬁrtmsé@cr lrtterb@ted)wetb thgr e

difficult to.20 rec n.the .read/weite  heads sors wth the

L acks. ek el GO 4t P atmibE s il Ry R IRRed, Iy REHRE S sttt
readisng peeloudly wirit@n datadiinfia diseretcOslMﬁgd: ROSE, the tpedwkt, N@nﬂﬁﬂﬁibﬁd»rﬁrh% a The
read/ wite heads or sensors may var% romprecise alignnment with the tracks

by any dfd §ﬁ“s°f( mpsthspostiioned over op rlgnedemith the facksipe the mard"es shrface (i )
angul ar lﬂf-en;,ﬁﬁ i
vertical disp acene%?ﬁaﬁﬁ%%ﬁ %%érﬁ%ﬁ%}é@ﬁe;hcggagﬁ: E ée&'?deig /l %ﬁt{deﬂoha)eads
or sensdrackidftrecogledfdr sired data mvsder than thervagdthl df thof acmtrg}lyabcdrdai above

various-ic erati conditions, th dwite ea ds I sensors may
ot pr edrEsnsaeLoaRs [Py Tttt widt pffe sEfsor feell P Fhadine B oRAg ances
in a&loi 9B Blordd \HERasH Width thaEis 1688 tn tESWidth 8f botH eiE ﬂ&%ﬁ%mlscr&t@e

t ransduci ng o[)eratl on of the read/wite head or sensors in reading or
recover i #iQFagatagaterom t he predet er mi ned st or age | ocations becones 30
degraded. In addition, the sensed data contains errors or the data sensed

by the sensor becones deforned which results in errors in the electrical
signal representing the data or information. w-,f 1" n'~1|: ", "1~1




f L~ ~~ Typically, the transducers were positioned over the rot%tt,i’r'\'g 00
magnetic nedia. Initially, stepper notors were used as actuators to nove
the sensors to a specific position and the sensors remained in that
position during reading and witing of data. This is referred to herein as
the "Stepper Mdtor Method" One disc drive system which used a process for
determ ning the center of data disc tracks is disclosed in United States

Pat ent 4, 816, 938. -Unit e te t 316 C is
posi ti oned to%bﬁléagéga eal%ﬁt‘s’ gatﬁs%?gmﬁﬂél%%%cﬁsoglg%eg?%ﬁgggcé%g&e%%ﬁ 3E/h pga s the
track angurfsce/df eidice RRESH entddOSith ith Ceritéradlkixiallith tefMgEicalldiss. The sdadperifeaken
at the position on each side of the center of the track, where a certain

nunber oheadsy spmetispesTetersa 40 aviead/wWrite Bansguerss jaghdispased i 2 headEmAIsETRIY of
that tra I i nl?lﬁﬁ t i way
bet ween gﬁgs i@gc}%n aE%cgsf?B%i/ﬂ %g?%%‘aﬁ"eé‘% %%Lg’s ep}gﬁnaoslg gﬂ?g?ﬁ’gﬁgo@gﬁlﬁc&s of
two tfacks, aTherstarsbi-the-draotatingeaemdrg sgaemsistatecad rhwchatampaspoasiblefomrthe her nmal
expansi on of the digc. .Anot her .net Ogh k.ng.vm in the art for, cont r%ﬁli@%g

t r ans duc SFEREHIST-RS, 4 PR FEMITSS 2hat ghe indwidpated Jeeaops,fpredsicrpnassteree
havi ng a15adbrdFathtS 6 MPOrMdibRB&as drhall AN fossiBleNPathes AMS tAURESthADhE @ELRNCES
of special positioning signals were recorded on the servo surface in every
track ononltes magnaticgnedinbeas ghose tag¢ther asipgsmbls.: wer e devel oped using the
prerecorded s n eviat | | [ ed in f eedhack
techni que to g@fuﬁg S%? ﬁgg%ggﬁﬁ}of?\r sc#’ %&%p%ﬁhgg?‘%‘ﬁgg %fi {3355"?“ WP fetdg‘ewg'ﬁ ducer
headso ThiofadeSodations b chagheritomedia nasst bdositfzied on Bligrintene withithogackAnsiniger
known net hod i ncludes "servo bursts" bel ngﬁé)rerecorded.around each track 20
t 0 i npr odhe SCSING OF FRAFEIBPIORess: HAIeFERPIHIAFANGHUCET St 352 OpRItV el eammectad tasamy o

burst™ i ' L | ' . equl val en . the length
o ew biramuipbuiey HedorRibiel kRN R alpepic B EPepidlicdif

mai nt ai Nisidgageasysteinsawlich afeddjBstible thhausy 1BE saRbEGtrans@icéProbégositiopad t ern i's
presently used for generating a signal indicating the magnituded

ni sal i gniEHEn thetwidihof the predetsrmiagd starage docatqnsaontainiag thestared onwrten datg. t he
head S vl 1 t : I i

pr or Sbor ot ERaRREEC] S UL O LR PO or O BR:Ae SEREFIRARY, UE dbayecy

si gnal i s myrecisanalignoehewith dlukprpdatermined simge catiorsahy s¢nsed @rneadstthe
predefined %g‘iauat or BOSi ti.on? and functi ongg%cto | ace. t he head in alignnment
Wi th t he SOFHHRM FRFOPRCEA HERF! Som, e SERSOT ¥1E e ORI §'8BRIG\rAsSCARAUQ AN | oop
servo sysfigbliviafPérsors0 accurately and rapidly position a head relative to
a track prior to reading of and witing of data onto and fromthe track and
to adjust or duiskaownheths aotbat pothedrack depsithénqseases sibeodmeemared;fzaudt to

"5 P89 BhectslPugighthg lafit i B Ay gl Gl oI RE sy Y uBnghs BF 005 g
medi a st oadgres itsdligiinidntinag oofeR AaAihg sealiiiy dnb e¥rititlg cfrddiartue haRaialcesinr or s i n

the position of theg data detector) or read head, with respect to the,.
written aa%ra!msrﬁ@“gﬁweﬁe%{qa it )na%dé@frﬁmsgmmaypmammﬁge dpgment yithy 5t e

of writtegp b§%n oﬁyeﬁkb%Bﬁﬁntallfms?ﬁme&f%&ﬁ&hﬂct‘gﬁlﬁaa&gﬁf&r@mdrn t hat

error rates S betone increasingly large as the sensed noise to signal ratio
becones bbuaentatiomer skewving fetative ¢d therastuabmatkberc@ineeridat displgosentiftom thee t r ack,

25T S o A Bl GG RRR ranh gL R s B BB T °
readi ng Ke 46098 vetaksreef ﬁfo;see?dtin@dt&naifﬁaﬂs, el reed/Sritd Wl bhRnSdeRay ndt yfeusews

reaches a target rate, the read offset corresponding to the target rate is
saved. The abgr@ﬁgie\uﬁh ¢he; rack egridoiugle isphignment or variances in alignment change with time.

As a result of such misalignment, the transducing operation of the read/write head or

sensors in reading or recovering data from the predetermined storage locations becomes
30  degraded. In addition, the sensed data contains errors or the data sensed by the sensor
becomes deformed which results in errors in the electrical signal representing the data or

information.



| Oeither side of the data track. During operation of the storage.-system,,,
t hermal and nechani cal operational errors occur in the systemand sim I'a‘r"'“"*'3
error rate data and of fset data are devel oped for these operational
conditions. The so devel oped error rate and target error rate are used to
cause the detector to be re-centered wth respect to the wite transducer
position between the new offsets on either side of the tracks. 15 Use of a

dual - stri ped net.oresistive head with a,conventional servo syst WaSs
i 5ol osed | n AYPRANY PG TREE T o CERRASTHRP RO SrDA oL BPARPEYT T DDy
Usi ng DugleppérthBrsMe&rs @& £5dchilators id 18aeSthe BinsbisAB aNBectht pbattigh Y¥édGhe Desnond
J. Mapps, CB Robi nson, Warwick W Cegg, D. T. WIlton and Yoshi hi s~
Nakanur a,sensersaamainsd ap that pesifepdunnezysgiingaphwrting of ¢asa. | Thias THANSAGTIONS ON
MAGNETI Cgsfh\éols%]g%ot&l%ctﬁo?duly, 1998 (the 20 "Wang et al Reference").

a erence utl

The Wang e I i zed the principal that when a dual -stripe)
unshi 61 ded ma@netdiscadrivetsystem(WINEH hisedl agpracess for derepmirenk the ceder stdara dist ay
field froma nmedia transitio one MR el enen as resi stance. increase and
the ot helT2Rks ’gﬁé‘ﬁ@ﬁ?‘;ﬁ‘a m?fdrgé‘le%? é‘ﬁ%‘év@éﬁai‘b{}“ﬂﬁs‘&}eﬁf@ﬁe%ﬁ~§l@y§§ en the
MR el emenbgsquebt Hdl iCHBsRidNRE fo YRSsiECHRA R e RinsduBeHead e Uﬁeﬂgtrgﬁfs't}‘?@
circuit and the sumof the two el ement signals was 25 considered as a

posi t i on twck and isimpardstepFerbaquossithe tacke The puwwbepnflmigeesteps taken atthe position on
conjunction Wt i I rvo systemand the estimted off track
pert ur bat SI%thﬁgggxﬂgﬁ%h%% %‘r’t&v crct%cee\{éwg]l ?“@eéc?tfgg%'i%OFC%?VOQCCWFEE system
did not desigiatedassthe bouridavies bf that etk (BieAceter i theaidcR 3 theh cAEGIAled 2k Beingi N

United States Patent 4,404,676 discloses a nmethod using a data-dependent
code wor dalovaydesyesn the beundages, Ryusing the microstep offragtsidfer e seuiatnfywer a

fti-bi : . - d i d t,0_bear ; '
"ol at; ondRFEs o parats Aol CREK AR LAE Siptaeat e B MY SRl Ty FRERC
dat a- dependentAnoete mwthcd knoo ifléhe/at foP UntiolRES rtisdBoe? hBidadkadlighthent isto
~~| !~ ~1~~ ~a e Vv ~u - Decoders provide block and bit synchronization

for eithde aeloped lopp serve symsem havige aldedieated sarvo surfase- Imthis rerthed, spagintous

Uni tgg Sk Acds A §pdcid é%ofﬁzg {#Eﬂ%%‘ :%'cér%' 388 JJ}%}O st).u'ht%ceD {negv%;}r ck on
embodi ment il s used T A recorar aybacek sysfem or storing on a ’storage
medi um anitt sovesagiaca tDepiationisignaly wédre dsietsped using aliepreteaorded eequeheessindr age
medi um In.the.systemb disclased in United States. Patent .4, 404, 67

encod: ng SRR AR SEReBATSRE Srrine tarbackeini G agshive hsitor of 406F e

dat a- dep@tHée flad @B GRhstudE Heals) THAAS rafri&h RBaRFiINGs thePSBABISUiCE RELtAEHYPI NY
relationship to a data block of a cell and otherw se bei n(g a

i ndi sti ngui shA@other kaewmsthoddn¢lndess'strue burstsybeingprerecerdedaronnd eachHeackbj ect
of URhte Pat. , 1.S £ al.ve synchroni zati on_problens and
not ? % p?%g‘lﬁ%é%fs%lrg %ggﬁhglﬁioﬁgél%%g%hi% “8?1 tt%re gﬁtsa ﬁa\ég'r‘ﬂpts)??'? ?%rﬁpdre' AgeRTtvi ng a
dat a si gepdcid pusitign silgrall A séquivadent to e I@IgtD6 Bfetm i) profecofded®i eadhatatksi gnal s

representing the sensed data, As. is well known in the art, a servo system

in rot at MRS IRSSERYY AFEMSRE mewtyjaing hegd/tagk alignmeRk positi oning of the sensor
relative to thge bfegedosde ¥ 0] : g@g ' containgng the
stored data. .Setrzgo sys_terré?xrv\ﬁh%ﬁsﬁ gart{eaﬂpv\}gﬁ)}-&ﬁno Uéeiq;ﬁ: %@lzarut%,ggis?l%}:ljde sect or
1 S ser vindigating the magutudecé thisadignmentyhetvesen the dais head aud ttack apdwhesdirection

syst . oThe funetion. of t servo stemds tp conpare certain sensed
S ondts W et kadRisPlaet Bopabs Brt Ghte dpvatel SReP R s 38 rReepBlIR T of
such a cogepas bast! ih @achRBGE o PP 8ist ] THe s8gehdtBied AEMAN is Abed oADERRIGEEK Pésitibn
respect to the predeterm ned storage | ocations to generate the nost

accur at e MosaBRepigelyfin texms of predafined actiatarpositionpandifinetioried del plece theghead in

| ocat i ongy rior art servo systens and nethods for sensing and
provi di nghgﬁ%‘%—?ﬁnk‘ﬂgn lér?api d adjustnents of the sensing head have many

di sadvant ages The recotdzd Semppritstd/bieaiseddipiodide B op&LIIBP Skrve isgstemo wsre used
to agjust hea iti,on. In th cggstem and net hod di sclosed in United

po ! .
St at 00 PAGHTACLY 234 GRISH RoBED st rIR e AnA H3Gk PRPY ITREAIE O WHBE st
occur i ndam ofReihd AR tlﬁ')/ﬁic?c(rjﬂnd %o 9djultQr S6iYQ hk?&ﬁ&iﬁ&ﬁd@ﬁ@ghe 81%cg%r dho

reading and witing of the data. Error correction code re use ly to
hel p sel &adingraad Senting ofidated Thisss réferedppiherein as the A8emvg Burstiethody of t he
data. Wth respect to the Servo Surface Method as di scussed herei nbefore,
while this nethod partially achieves the goal of attenpting to align the
read/ wite head with the data track, it has at |east the foll ow ng
drawbacks. First, this nethod uses substantial disc space for 30 the servo
sequences, which renoves area fromthe disc that could otherw se be used
for data. Second, the Servo Surface Method results in msalignnment between
the servo head and the data head and is not practical for use in magnetic
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today of the industry for magnetic storage systens. This nethod, even as
augnented by 10 United States Patent 5,233,487 and the Wang et aI 2
reference, has at |east the follow ng drawbacks. First, if it is deS| red [tpoa
i nprove the sanpling accuracy, additional disc space for the servo bursts
woul d be required. Second, the accuracy of this nethod nust be
significantly inproved upon for use in the state-of the art high areal
density storage systenms 15 The nethod disclosed in United States Patent
5,233,487 is bnited BatesFatept $ 323,481 diselases aapisting n@ﬁgﬁéﬂ@geomsm@abf t he
wite wwdth is e Wi dt hs
are out sicc?énpo?’sﬁhsefn?q‘ct%apgditrhgs‘éﬂmé}re?%r‘s ?nqg? éQSI onng gat?gc%gtghe)g?%g have
occur r ed. hed, Wit reipécasd tiwriaal das The rcompezmanstett&esom;hfshed bpmedasuriigahks of
data and a counter pmaintains éecount of the _number of errors. Wen the

errors reEd ratedf vaBeRdHasse Bocuon ofithg reado ffsqiof therdstegtor i that CFYSA¥Pon i s
adj ustzed t he
end Road PofRiaLAmAfIaE, S (F SALePRi o AP b beRiihly Inde| AS IS ’%‘“’“f
count ed ahe chemi Eecomes snisaligned withting wasit. the séresed rnbtsetcrmgmil B INGTCAS. When

concurre th data read. oper tlons | ar d, a dto

CPoo’ t ortbe dalahati bRt iy afited, e H¥lseRE PERBF PR Bt Sededid s

25 The usg reddise WHakn Ghtal fHeviridub ead, ofﬁéts dwhenh efeafimber 6M6P§Fﬁcﬁ‘és ahrget

Ref erence, was based on the pri nch{:t3 tat the signal waveform changes only

in arrpl i trate thegead effset sarTpepPRAinG e theparen! ratgrisisavs sﬂmrocreépy: @mctfn@qglama

sign hayv t e osed Un| t
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dat a st orgyeeatioval 2rots o&rrrnmgxcrswemchnatsimmeﬁottmataiand af&@dswetb a syst em
it is necessary to oduce a plurality of individually identifiable clock
si gnal s adeyeloped ertgw operptianalicanditionse dhe shdevelaned epol mtesang target SEOTIRSCk
bul ses a5l Bt theabieshonabe dickhetdsiul 1050ct BAREwDo AaRAOL RLich Ok
pul se as s I ne o occurrence cl'oc ses are require o sanpl e

a data srwbcxamdnbwafﬁets\oeeﬁthpdsiﬂeaéﬂthytr@&kssarrpl e bits that are ;~ ~" -~
y a-n - congreg%é d and tested. The systemincl udes ans for
gener étl ng a cHMRifderlvaIned r%“l%ﬁ‘&ﬁ*ﬁ“@”ééh”‘é‘hﬁ&?‘d&?@”@ qrve fystem was

det er m neglsciBiadsh ahRH Lftied Buhinoh YOF ek SbrbeishBih/y CRRG A Sueh)

under goes such testing, that testing determ nes whet he Code-wor'd
portion df'lagmorcamajé(mdscb}' Lidpdda thtGmngen@tIéqsmonedl Mapnsi RgRekinsan, onshi p

toits bI t S | | ce
this syst E&g @fgéhb serl angc%d 2‘? “&h“fhl%lrapgeggggafg 5 2%% @
data si grwsssramtmm memdﬁsmtmasmrnﬁds anshuing 34166 & Jhl, wgmtmee a
p05|t|on error Si or to derive a signal from anong nultiple input

C gna0s. Tienie 3 Retervasse) dheyianast af Relegnas wtGred bpmoipiia Sifarce
benchmar R4 v Ssit
progr essrdoljrt%ﬁg’gfxggenm t@a%&ges?gltﬁgd as ﬂkerggun%erpoggnstfgﬁﬁl ts pe fgﬁﬂar ey
i nch t hatfroare thedis transadomnma M’Rgimtanch:du agesistanéeanereasechng tincethef MR! glement

retrieve Areal den is.determn mat he j cal Bits Per Inch
CTBR ) Cohgerd ’5?‘?‘%‘&?%@} ¢ e TR bepvaphthg MR ety Bporbut cBve Rkes 1o
densi t y | EARRERS by B peRe@ud e @dnicIREONRCNERRS J78R thoQMmcht ARRAK MddS

met hods and systens |ikew se becones necessary due to the |imtations of
the @hi orcoozsrcdesgigs erpositiontomod signald Thaprsition estor sigtelowasi widided bosasjuntomyr eal

density for net di sc_dri,ves has cre %
conpounde "‘éﬁﬁu’é °nbf’8€3tsﬁwlpasty§teg‘nad’dtﬁ ?supg%e(% c?efgn? é@s‘taé‘ toasgde(fl nue for
at | east suppleRflit theaveéll Bded ¥e@bBseryd) ThidsRsBmaiid hbﬁls&h&@h;tdﬁﬂ%ﬂt&nihﬂdata or
magnetic hard disc drives was 1 gigabit per square inch ("Gb/sq. in.") in
1995 and tha&XiEReferiass theteith/ sq. in. in 1998. In addition, it is reasonable
to expect that [ t, |-qat ed
(o cxpect Lhat e Sk sUBARIE Rt b Lohd s BERSRALAILAE L EStrn

t he r%@gneddmlsnmgjoﬁreduhdiamgdads Jttbathearksialbesslar), of atmum-bneeeibﬂ'abldatat-drpammt ude

t hat other tor such as.for, exagpl,e, chemcal d | ecul ar

od o, eP B TR BTTEAd0 PO S AP TR h SRR od HEAPEFal age

| ocati onSEmba@IhearsqmgﬁmIBhtavaégbn&hpme hyoré BRAAEE WRioh B pedbt dynkh@hizhfién.r ead
head or read transducer to 25 both track the data and to respond
mechani cal ly to non-repeatabl e spindle notor problens and ot her track

m sregi stration problens. In 1998, typical BPl is 256,000 and TPl is 16, 000
whi ch represent an areal density of about 4.1 Gb/sqg. in. For the year 2000,
the areal density is forecast to be 10 Gb/sq. in. which corresponds to a
BPI of 334,000 and a TPl of 30,000. 30 It is reasonable to conclude that a
track densrty may exceed 86 000 TPl and, if so, the read head or read
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AMLIL ~~LJII. "0~~~ ~-10 which will require advanced servo. systeng,
and data track follow ng technology utilizing the teachings of the pré’s"er‘rt‘*‘J3
i nvention. SUMVARY OF THE PRESENT | NVENT10N The present invention discloses
a new, novel and unique apparatus for controlling a tracking relationship
using informati on about the extent of errors. The apparatus includes a
first transducer positioned for sensing7predeternined storage | ocations and
generating a first signal representative of data containing at |east one
const r aDetoderopiovite hisokchat ditrsynadositationger dithet sxtat-bpbit darackigrmay oear or s

I ntroduced into the sensed data durin he I ng. .. The appar.at us, i ncl udes
an i npu?erﬁ’é‘\b?’t@"? %B‘ﬁg;v&.“?@ g‘ﬁgsmp P?cg'c 3%?‘1;%%”&‘?8’% dgj%ﬁ‘l%ﬁ"& ahthe prefsHed of

si gnal eQBb&ENPE dsBd BT IRESAIHIARALE sysfifn Eofsffthg Bh aQidrMeSmédlubmdsensed data
and for extracting a data signdl. An output device is operatively coupled

to the sulsequeddyidesvingthe ssersd infognatien framthegtoragegnediumnth thosystemf or mi ng a
contyol [functjon.in respogse t to i.nprove the extracted data 15

si gnal 85° S?‘twgt]ﬁ"&'ﬁi sg?tgf E%mgx‘{']%éﬁf c’écrofig@sfnﬁaﬂs LdeCoding egns ge'llﬁgé'out put
devi ce e@ahmmeﬁnﬁlﬁﬁsw@ame?bm&@a&mwmmgmewmlue@ing adynam ¢ servo
signal, which may be in the formof substantially continuous servo signals

whi ch aptedgisarined mappingrelaipnshimion das blopleof 3 ¢elk and ozherwise Seinge| ative to the

predet et | 1.1 | I ferr ] ' dynam c
e oo <hdiiRfnI0GRAabRGR Aiied RobilomERhAL At GIRRNE ORRLa Sfes
head/ t r Ratened, 404 626 s to solze spwhednizatidh problems/amdsiootogarevidy Sereadjusting headat i on
about the extent of, errors.i.s devel o efjla(?n a. conti nual é)‘géesis nd i s not
del 5 ed OnHERIdusernOSSR OF ﬂcrbvdﬁ%ngP‘Gﬁ‘%P Vingthe jeast SMAUBHRIFITOTHITGMEKP Take
the for m&égaaspgk}g%gre&nﬁhg RenE%aat | vely coupled to the first

or I VI I d

t ransducer recei vir~g~ani d responding to information about the extent
of errors inAshew2l knowhnmthesirgaatrvasystémin mdting nengpry kpstémaisadedar in a

direction t osition the transducer in_inproved alignment relative to the
pr edet efmvr@dgsr?ﬁl%%“s it PR relpye aoptﬁafra‘flﬁso?%@eﬁcmna@étoygg Regns
trans due&imﬁgfg fhb Qioech ded. %H'\)b%gh@nﬁ,h@hih bralw il 1813AYA He A0 inchidtNebfdrt he
predeterm ned storage | ocation$S and generating a second signal

r ept&seneraoisysses, de¢dicated senvaisystergs art otheraxsidmewnsas/orsystams.f Therfunetion of

pr edet er,m ned Siora locations_and .any errars introdyc i .

ensed 1R reh Bt o 22mnEE Rt af o Rr o St A pRece b U BElen By Bihdf

gener at afd tdweseahe tesolts ofl spelnk comparnisoh td elemipe positiaf oftthesdnsorsir tangdheeer and t he

second si.gnal and xtr%cts a 5i rst data si gnal and a second dat %.sigpal and
the out B T§SRECE O the predetgymined storage locations to generate the most accurate reading

the stored data from the predetermined storage locations.

20 The known prior art servo systems and methods for sensing and providing efficient
and rapid adjustments of the sensing head have many disadvantages.

In the Stepper Motor Method, no feedback signals were used to adjust head position.

In the system and method disclosed in United States Patent 4,816,938 reading of the
data or writing of new data must occur in an open loop system, e.g. no servo loops are used,

25  during reading and writing of the data. Error correction codes were used only to help select
transducer head position prior to reading or writing of the data.

With respect to the Servo Surface Method as discussed hereinbefore, while this
method partially achieves the goal of attempting to align the read/write head with the data
track, it has at least the following drawbacks. First, this method uses substantial disc space for

30 the servo sequences, which removes area from the disc that could otherwise be used for data.
Second, the Servo Surface Method results in misalignment between the servo head and the

data head and is not practical for use in magnetic disc drives having higher areal densities.



zr-Aa, ;. :_z,~.3 -1l responsive to the control signal and at |edst: ' on&™
‘of the first data signal and the second data signal to derive therefroma
data signal containing the |east anount of errors. In another enbodi nent,
the apparatus includes a first transducer having at |east tw sensors for
.concurrently sensing the predeterm ned storage |ocations and generating a
first 5 signal and a second signal each3representative of the data
containing the at |east one constraint fromthe predeterm ned storage

| ocat i ons il the)8er®d Sarfscel Méethodlacagmiented by Unitsé Saed Pdrhes, 238,48Tprbvides a
sensing. The |nput devi ce generates the control signal fromat |east one of

the first cQresHan fenhanase inBe sepos RRmen dfcseperspreediead #d &2 pead4ugiynal  and
a second gakAaithpiiRlon shBGuRY iRk, 46Yb fiffolntauibf BRHINaNFrchAnk By £ABRI R! ST gnal
and at Ieg%t %neggo}%ma first dasta Si gncal and | tahecseg%nd dat aé3| ghal to
derive byrsuictasktp thre setworseffresm a dat a signal containing the Ieast anount of
errors. I n addi i I veti nlnludesanw novel ue met hod
for u5| ng i nf o?ﬁa?%’ﬁ tl}{rrhtl He™ edgfcenr?F olto $or'8 emmtgmnétvﬁ S(e:rgnp %8s the
steps of Gpon Ipes bétweer sn:gvoabtfms sid ¢losed sahpaprn tmrseﬁserrgsam@e Rceded ssrvo hast
storage | ocati ons storlglg data containing at |east 15 onpe constraint and

gener at i nif BIofyGeServesignal foradpstng thghe %F‘Opﬁ@atﬂ'étt%ﬂl?cﬂﬁaaﬁaﬁknah feveast

one const pajsbiMetHoam gaﬁm@l@,ﬁr@l@m Exmh@ exshu%ﬁs@(gﬁn hQRpatdhAPRgRRR RMe S4HdRHdS
introduced into the Sensed data during the sensing; (b) generating In

response today plthe industre fog magneticeipregeoiystemgndhis ensthodi eiengs pugmentakyon about
the exhen act.i naI and
(0 ra0er Vpfled SRlelPRichis AR Hah Do b P ol e i S

~gcontrol 2@rabacksi on to |rrprove t he extracted data Si gnal as a functl on of
1he extent of rror hod a udes the rece bei n
responsive to H%t l&)trtf g%ﬁ"e lrﬁ’?’aﬁm far’i'épq'flglag‘tur%fat% %‘ﬁp‘t‘“ Wﬁcetfl\’/féﬂ‘gecond
data si gngdrvd Bursts &lould Hb&e@ulfbﬂt Secsh@m@é a&h@éﬁéﬁtﬁ@n&!ﬂiﬂd&hﬁﬁt Be sighigichmBst

anount of errors. The nmethod aisb includes in the step of respondi ng by

adj ust i ngimmeveddwoRifersen the siterofthesrt high ayal dengity BB TSKGSel enent
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about the extent of errors in the control signal wherein the trar?sducer

adj ust ed msxagdxgn@lepu@udetotithsomt@ wadth isdeemed as ofifdrack rendtaméwdwe&nwghg’ﬁrrent
with the aedalaal IR GEA! AR bARAHID T cddSn PLARE Ml DHEM AR ndleSO

i ncludes a storage system conprising a’storage nedra, 3 Ich may be a two
di mensi onedcuged. fAATBCE decti¢n eerrebitior mepmarghsey dielemer s1lbcksof aath@hd)gr aphi c
Temory. &%nﬁﬁ{at}%néx ﬁéu%(ntoﬁ%gﬂ[x ?grsof%rr&t @%m@‘%%% r*é&‘ﬁ' ée?crﬁﬁx%% thereon
predeterm ned storage rocations s dat'a contain ng att [ eas

const 24i ndmorAatb;thndatadenector position;is adwsted%e op8mize detector read performance. As

such, adjustment of the read head relative to the data track occurs only after the number of
counted errors exceeds a predetermined number of errors and is not concurrent with data read

) operations. A similar method, applied to digital video tape systems, is described in German
patent publication DE 197 12568.

25 The use of a dual-stripe MR head, as disclosed in the Wang et al Reference, was
based on the principal ﬁlat the signal waveform changes only in amplitude as the head moves
off track, and does not rely on the data signal having any constraints.

The system and method disclosed in United States Patent 4,404,676 has several
limitations when applied to magnetic data storage systems. During reproduction of the data in

30 such a system, it is necessary to produce a plurality of individually identifiable clock signals
and each clock signal has reoccurring clock pulses with the clock pulses of each such clock
signal differing from those of each other clock pulse as to the tine of occurrence. The clock

pulses are required to sample a data signal and to derive a plurality of sample bits that are



-12 is positioned relative to the storage nedia for sensing the datvapiv nng
containing the at |east one constraint stored in the predeterm ned"s’t'br’a&“ﬂi
| ocations and generates a first signal representative of the sensed data
containing the at |east one constraint and any errors introduced into the
sensed data during the sensing. An input device is responsive to the first
5 signal for generating a control signal_gcontaining information about the
extent of errors mthe sensed data and for extracting a data signal. An

out put device is operatively coupled,to the.input device.for receiVvi t he
control s BT e T R s B for BT B8 AT S HHL R o ¢ o
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responsive to the first signal for producing a control signal containing

i nf or Mt i &Hs peyGaRare fieh dhat eanbestored orog magnstic Hisc swipse andigceesailly ext racting a
data signal,. e AL i i i » . tor
For rocel (TG HrA L AHBHs e ke BRiahy KEbK: PAUBLEC R R SE T |
response flimekePer Ihch (“TRF O (BPIIEPIR A srthedredl ddadity ifiqreases, He rsedfoedn dhapravals a
function qfed N ke abe Blo CHLOIA: Ml JE-SRRRE: 0ab A, AIRLIAM |2y 8! SO
taught her&TPror USPRYG T hr Oromatt on AD6UE tHE extent. or errors 1 n

conbi nat i Gifitatiéds of @re\idiob it SYstnsgM@ihe dgadeippireds by di3tfbednbewl ded servo
burstf 25 Theref?re, .one advantage of the present invention is that a
novel 15 uni que AWeR! ity I dmagnpiic hard disc drixen das besh dncaspaing Al 4 Q0% FORIPRIBECY or

al i gni ng aRNRPEBWILralk and 1S# rdi€RF6NEsted 1hEGMRue foP aBlBast He QLLBEI QR RAQIARE
systeme.g. a nmagnetic hard disc drive systemor nmagnetic floppy disc drive
syst em Aswnile, thgjareal derpity dor mapaetic kasé disc drvasias digigadit phrgquaredechr ead/ writ e
heads areg i: l. i i 4t L 3&des i n response to a control
si gnal co&?g%/%%/ﬁgmilﬁ odr%éltai"ﬁ#i&g ot\§1|t4‘]tk?5ej%>qgtl'telélt of errors as detected from
dat a , ener at ed Iibgdditiom, it éadAsonalletorsapets that dtsome gemabidensityt prentdehih ¢gomrtsently ng

at | east aone constrai ptself.. . ~ hi="" r'f'0~ -13 further advantage
of 1) pr SUET R oRfl Ab.ctlS e e O Bt dtpay 2" Freslited YAt HE G BN
subst ant i alelii val mtéd o ®d addreqdd ak ks redsofdtlnl conclody Batviting storige hivaial Qithab it
the extent of eryors to an actuator for the readqlwrite heads. The :

i nf or mat | RO GReRIY a8d malculdr medingpay by deyelgpesl fopdierage pf datd wriredetsrBingdt i on
to align kbrgtaRMMoMsi te heads with data tracks even when the signal
amplitude is not significantly altered or distorted. A further advantage of
the present i nismapesin T81 wHbprobably daperrt emithic abiliteiike readhesdion rad gpnssueaite | s
devel pped r i : S L1 i rLamt i on
about 21 he” o ank e e and RledpoR he i R i ATl BB R 1)
furt her adthantralenigkgistrioppeshdams.i nvention is that informati on about the

extent 10 of efr ma us derive, q...5&l ect ne. of lurality
of sequences ol NEEaTPEHATPIISAIDett IpY FueDofl wiidsbtibssal Pafl iy ot

p: ural i ty'ahﬁut s.er(gmqsin. e?.ogthglymﬂzobp,lﬁﬁe ﬁeﬂmﬁﬁtylsifjﬂa}ﬂecas ﬁdsragngt}a/rsqsihsbmi;ﬂe ]

el enents di sposed. on re it A St urt her advantage of the
present iﬁq}'éeﬁ?(?“gﬁtq%B?h%ﬁ3%f‘ﬁ\§6??ﬁeﬁrﬁgqfi38r909bout the extent of errors can be
detersg ned i n [1§$RABSADbIGo cONTEIAhM StrRR deli&ityAhR e:2dc8d 86 908 TPE 8RS €flso, &R
whi ch constraints are inplicit in or included in the data signals as

r ecor ded. regd dpadenread sanserswidldreve tefalidw awrigen tackewidtmgl b méweinekdsi algotodes,
Partial Response Maxi mum Li kel i hood ("PRM.") encoding, Run Length Limting
("RLL") codes, or other bit encoding techniques, data formatting, wavefotm
shaping or other information regarding the consistency of data signals as
recorded and | ater sensed. 20 A still further advantage of the present
invention is that the apparatus for producing the control signal can be
used to generate substantially continuous feedback of signals



contai ning infon~nation about the extent of errors in nearly real LiﬁehandMn
appl ying the same to an actuator for positioning the read/wite head$ Yoo 003
mai ntai n head/track alignment in conbination with the ServP, Burst Method as
descri bed above such that the position error 25 signals fxomthe apparatus
are used during the intervals between senyo bursts and) at the tine of
sensing of a recorded servo burst that servo burst signal is used to

produces rvo signals for sting the head ion relati vet t he data
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errors sensed nsducer, from pr.edet er i ned or ocations; .Fig. 2A
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devi ce to generate 15 con als"and to e ract ta signals for

i npr ovi ngigniabareifor perferthinga aontral lfurkition nt tespanse thersig o imiproveethp exwanted data
inve I on | ock d| ram a recording nediuminteracting
vvith ré%’al%ﬁéﬂ&%@r&"g’:a’éﬂt& eﬂﬁdi‘fﬁﬁa'el enent and a control

devi ce for adjTridutit dedité map befresaoﬁsﬁmsdwwmm Ellgnﬂﬁo pEdduaé Qﬁymﬂm& gepoense
to a dynam c_servo signal used as a position error signals utilizing the 20

t eachi ng§‘%‘f11 prhdchymay B in the ferm P%ﬂlbeﬁmwlmqgtmmmtsexae §igRals vech 378 “E?de@e nt
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with a rea tran cer
the preferred embodiment the dynamic servo signal may be used to generate position error

20  signals for head/track alignment in a magnetic disc drive storage system.

Information about the extent of errors is developed on a continual basis and 1s not
delayed until a threshold condition of errors is exceeded.

This may take the form of an adjusting element operatively coupled to the first
transducer for receiving.and responding to information about the extent of errors in the

25  control signal and for adjusting the transducer in a direction to position the transducer in
improved alignment relative to the predetermined storage locations.

The apparatus may include a second transducer positioned relative to the first
transducer for sensing the predetermined storage locations and generating a second signal
representative of data containing at least'one constraint from the predetermined storage

30  locations and any errors introduced into the sensed data during the sensing. In this apparatus,
the input device generates the contro! signal from at least one of the first signal and the

second signal and extracts a first data signal and a second data signal and the output device is



having two or nore sensors, an input device) an data signal derivati gn,“,
e.g. selection) device for inproving extracted data signals, an adju t’ifﬂ\g 2393
el enent and actuator for adjusting position of a transducer to i mrove
alignnment with a predeterm ned storage |ocation or electrically 25 shifting

t he operating characteristics of the transducer in response to a dynam c
servo signal utilizing the teachings of the present invention; Fig. 3Ais a
pictorial representation of a surface of a storage nedi a depi cti n(% t he

wi dt h assTespeisivedo she congmel §gnaligad ayjeass eae of the hifst daw signaland the pecepdifateni ng

stored daf; : ] T HESH [ | nsducer and two
r ead mgné%@ggpé%v% enrrg;ng%a%lg?ﬂ %g ser%??% l%eﬁ%# {)a{gcrhj;r?a within the
predet er mi ned Bt anotiye embodimentshelgfparands inyluddsa firstaxcdnsadvcehhavieg strleass due er
positioned in alignnment with the track containing the stored data; "
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t | St ] . i1 d
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the 10 tranegntoferrdtssal igned to the right side of a track; Fig 3Dis a
pictorial representation of a. transducer having a wite transducer and two
magnet or esi st i Weadsitiqrs Hs Inygntiqndncludes a neyn avel apd uplAREREWRY OISR s Ul at i ve

shield th ; - [ i ' ' 3 g cer
navi ng a SoREnpn anou thoeibn of ool kAl LABRAREARBE: GedRRELCRL
t r ansduc efirstiranddubenfor sensinp grageierminsd seragetlbvatiaizetovingriatdhdonkriniag rtkepsinsi ve
to a phas voltage to shift .the netic operating . characteri.stigs of the
mgnelior CQPLEITREa LA RRETaHng S St Bl TEBIRETAYE OUE dA TOBTATIRE BEBRPRBNT of
an appar agfistriiay frofh te pRidelechhiied Sofige 'léﬁitiéh’srafrﬂcaﬁ% BAYs HitrdduReeings tHeteked
storage | ocations containing data and having a 20 slider/loading arm for

| oadi ng adria dujingthersgnsng; (brgraerating inglespansetotthe frssignal prponwal signal age

| ocati ons t Mo Ving. extract dat I.gnal ing the
t eaoni noec SRApfE forGalor foh blealeRI ML IAGER el FotlE' 12,
anot her esipmal] amnc) fcedingathp asriol Sighsl\and eforming in response thereto a control

20  function to improve the extracted data signal as a function of the extent of errors.

The method also includes the step of receiving being responsive to the control signal
and the first data signal and the second data signal for deriving a data signal therefrom
containing the least amount of errors.

The method alsé includes in the step of responding by adjusting the position of a

25  transducer with an adjusting element operatively coupled thereto for receiving and
responding to information about the extent of errors in the control signal wherein the
transducer is adjusted in a direction to position the transducer in improved alignment with the
predetermined storage locations.

The present invention also includes a storage system comprising a storage media,

30  which may be a two dimensional surface or a three dimensional volume such as a
holographic memory. The storage system comprises a storage media having located thereon

predetermined storage locations storing data containing at least one constraint. A transducer
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rotating magnetic nedia recording surface having predeterm ned storage i

| ocati ons containing 25 data and having a slider/loading armfor |oading
and adjusting a nagnetoresistive transducer having two nmagnetoresistive

el enents reiative to predeterm ned storage | ocations and ot her el enents
including a plurality of anplifiers for ;heceiving the signals generated by
each magnetoresi stive transducer for inproving the extracted data using

i nformatijon .abouJ Hhe extent of er .01502; 30 F'g. 6 is a.bl ock Fia ram of the
var i ous §PEFEORS EFlaie R e Soris anedin i SESTIRAR 1318 FORBRINEPRG! (AT GP Rt | on
about th@ongﬁgvgp% iff tiePredchdmintdisRifade 1Bc RS iPecHe RS aotfirsiﬁgnﬂm hod; ~ h';
"V Y ~~n~~ -1 I'g. 7 shows response turves relating I nformation about the
bi t er r oreprea¢raativeBHRhy squsext dataicomsaiming threcat ileast axfe constoamiand tahy grrdrsext ent  of
errors plotted . as functjon of .track wdth: .Fig. 8 shows response .curves
of ' the cERRONedfatodhs Srrselk Sring e ShnBey b IR dvies B reRPLT b B St
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position and the effects of using an adjusting signal to shift the

oper at | n¥gnegdedata ard fos exEactipg 2 gaa signeheit owsputdreice opeegivelysouplediio the

el ement s, Fj WVehol the ond@Y SERNIELE T RMun&s Lgnal
and vvavelpgﬁ %‘%’? fgﬁ%gl\s(ygl vtg%l Fr}\lf?&?/Lﬁ ncor%]edo |6f§§%%\%rt?’%gﬂgl S usggp i’?lggs ehgcpate
a cont r othestqgodimprovd the exmagtadrifatr sigrtal ena &imotion ofthe externdf epforeinr the serised t he

sensed data; 10 Figure 10 shows .a process flow di agram of a nethod for

al i gni ng‘?aéaftf’éﬁﬁ‘s"étﬁ%é"rmttée RfF%ﬁM#ﬂ%ﬁ%@&?‘&@é- | ocations using information
aboufy t he ext?ﬁ@o&guﬁdemsndymc&n, Nistifg el%fngﬂlaége?dmeﬁrc%b'&li@&tﬂcﬁ%g &4y dat a
signals fromsensed data containing at |east one constraint; Fig. 11 1s a
schemat i for décaiyimgrand regpndsigitd infomuetioaabeutisbelextenttof efromnn dppanapusighavi ng 15

arotatin etic di a recordi,ng surface . hayin edet er m neq storage
| ocat i on@%egﬁ?@wwgt%gmdm Iha GITREIOR A0 Bestich ﬂ%e?c{uaeﬁ IRdEPERYe °

slider/ |£l?£ﬁ-&ﬂt ?Jlmmqu)ré‘&téﬂﬁ{éﬁtsﬂfré‘g'ﬂl&du%ﬁs.tFanSdUCGr havi ng two
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plurality of halotherembodiorent, @ deiectionpapphratusicgmprisescpefinst mansdudey thaish
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inputs to an input device for generating a plurality of control signals
each congteriedidag asiaf fupetionofither axtent of emora fole sensed dataent of errors.

A method is also taught herein for using information about the extent of errors in

combination with servo burst signals generated from prerecorded servo bursts.

25 Therefore, one advantage of the present invention is that a novel, unique and
improved apparatus, method, and system is provided for aligning sensors, e.g. disc read/write
heads, in an information storage system e.g. a magnetic hard disc drive system or magnetic
floppy disc drive system.

Another advantage of the present invention is that disc read/write heads are

30  dynamically aligned with data tracks in response to a control signal containing information

about the extent of errors as detected from data generated by the read/write heads with regard

to the data containing at least one constraint itself.



30 - 1' DESCRI PTION OF THE PREFERRED EMBODI MENT In order to bett&r MAY 2003
understand the teachings of the present invention, to set forth certain
definitions that apply to the disclosure and clains as set forth herein and
to provide other technical information and data, the following is provided

as background for this invention. Backgngund The word "derive" as used

herein nmeans to performone or nore | ogical processing operations on one or
nor e original r i i £d 10
secondary o) dhanaRlilart FUE LA & Bafull el Oils Ul O aRS

el ect ri cabstantiB @nﬂhhh;us(féedbickaoflstgnksabnqamngamfmmuomabcamtbmxtemu:lf ey in a

derivation of one or of the I g electri or exanpl e)
a deri vdPiBAcHatog fordhe fﬁﬁ&’“ﬁ?tﬁh?ﬂﬁds%wg’w}‘g’i abouy es‘?‘ gf’? ‘éfﬁafsé 8econd dat a
si gnal wirb{idas GRLER mﬁin%%n t%adﬁgﬁﬁm%wmke ﬁéaagimﬁ\ﬁa{aakacwxsen whén gl est
derivation, known as "selection", is to select, by neans of a contzol

si gnéal , stgtahwphmdels‘mqtstgnm'ﬁ‘ad%xdtﬁst@WadlStaﬁEﬂthe second data signal the

dat a S|gnal t hat _corre and t errors r an
e R ooy act BB ARt ekl e P s Bt R RstpsP

deri vat icpfors 5 deRelopédiot a aurgmbas‘is" &1 the tornitrd] sigahlecontagiing xrﬁ'ﬁdnaxcﬁleibﬁmdhd ata
signal generated by form n% a wei ght ed average of the first data signal and
t he seccﬁ’FéF“(ﬂ&fé”%rS@FFa&mc F‘t?g‘f”&&rscﬁﬂ%lr gfslon, with the wei ghts determ ned

by means of %Bﬂ%r@ﬂcr ad\w.&@k of thedRedeft VARG a .%@oraahemabémqnaémah thg

| east nunber of errors her derivations are wel known to those skill
i n tilbe afterofs mey b useg tadcquomgvsdcmim onflamﬂmahmo@najucﬁmsmfsiemeswh sensed

signals of the sa tored data. r is a flexi | oadi ng ,devi ce
hat - supeainees e dartaroRseenting PR 8 spsode s cylinds iRt al By on
of a | oadhdiiceditive eferktdddiisfodsdons BRlRIrite héml. A "head” is a fabricated
device, which typically is in the formof a mcrochip, that contains one or

nor e transduoérssllanéwgiggpfthem@ﬁcnUGV@tWavs lhgt tbbmfﬂmallqrtmouftbnctl on as
read and/ ite A head/ at.

o P BF s £ BE e Brmined 178 Poite W ¥bnsttalief of BRdER BRI a0 AR,

ont asa rwhish cofstalnts 46 emplidt i) or oiilled itiRsIRCI8IENALs dsTedidéd. IBuch Bbmtraintg

fl exures and a head/ sl i der assenbly | ocated at one end thereof, The end of

the | oad@RdnAnds Fmssisiectingonaeeesangdioges. #ariah Regnenss Maximusa Likelihopd at ed.
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st or ed B}t e |2?hgodgggﬁgﬁ(%"5?%1%r%q@wﬁag%ngogE%tooéﬁgpﬁtcﬂéabrm sﬁo r ot her
r ecor di nigtarfecinatting, Wpa:ftbmi shapmgroooth:r mfierintation regasdiggtie coegisesendidap t hat a
di sc head | off t he, magni tude and direction thereof; and the

pr ocessiHgrabT2 rﬁ‘f"?&%’ﬁa{%eﬁﬂﬁﬁ %s man adjustnent of S or repositioning of

t he 2bead rel apisMB fﬁrﬂxe%@»dﬁia@é Mﬂﬁ%r&%@tﬁﬂ%tkﬂ@%hﬁﬁé aep'arﬁtlﬁs if@rt;#adhwino A
"PRM." is an acronymfor "parti al resgonse maxi mum | i kel i hood” that 1s a

met hod dhe GUHEN stenakran by usedclodieneraiesubsizmially centivaps fegdbackeisigndlsdat a at
pr edet er&h&%ﬂn%hﬂ&%gﬁmh%é’&t éﬂ’@&taﬂ%ﬁ‘ R5rs3h R0 AeAhie : ﬁﬁa?i;r eﬁét@f&ﬁﬁ Is a

device for rea reproduci n ornatlon st or ed
medi a smmracamtdrdor msamnhg,than:admiueheads toragimedin heabmatkalganent ive (" MR")

| t opti cal t ol ed ocD')) f
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i s asdevigid féh tﬁé%@fah& drEse ARAnANHL iHRIVESs KeiwainscRRAIrE Bt BRNihde

of sensing of a recorded servo burst that servo burst signal is used to produce servo signals

for adjusting the head position relative to the data track.
A still yet further advantage of the present invention is that the apparatus for
producing the control signal containing information about the extent of errors which can be
30  used to generate a dynamic servo signal in the form of a substantially continuous position
error signal at a sampling rates substantially higher than the rate that servo signals can be

generated by the Servo Burst Method as described above such that the position error signals



head and rotating surface to keep the head flying over the rotating? My 2003
surface, which typically is 15 a magnetic disc, at the correct height and™
carries the electrical |eads fromthe head to the flexure. A storage nedi um
Is a storage device which may be a two di mensional nedium such as a

magneti c tape, rotating nagnetic nennry,_zg_optical disc or a three

di mensi onal nedi um such as a hol ographic nory. 20 A "transducer" is a
device for interacting with a treated surface for recordi ng and reproduci ng

i nf or mat i eyt used forradinsang thertiead gosinan relasiye tethsidase Fack af apbsfanpalhnligherer
I's intend \ ' | ' ransducer,
magnetoregﬁgéﬁ\%&gﬁgnen{é@g%%%g-gpgﬁg%%%}gﬂp asers, optical sensors,

m crophones, CCD devices and the |ike. Sonmetinmes the term"sensor" is used
in e~ch~ngeably with the term"transducer”, and in the context of this 25
i nvent i on DeacrHRida@f theFigufegad el ement or read transducer. Chart | set forth
belowis a listing of actual head and disc drive paraneters for the years
1997 afd 1998 JhaIemeseme and penadwatagss of thisdnvention wilh ke pRRATEE IORLRENG t he
head tech ks ' ' ' | td IhLty:
PR o TN BRI of e Yiine BRI RACRT g WA oASOEa it it
~Read W diliudtratonsemidrastarepardgdréwirzs svhichOnclugel the Ml O0g FIQkes: 025642 ~MR,
GNLR200010. 00 =30. 03342% ~ 0034Q. 00?1. 00t ¢ di ..
~65917GVRT20058 0086 RICERE eI 2Hen of ARCqieq syiics.of fgtqragegnedia containing
nagnet or e prédeteyifinddatbragdMocitfons cambiniodie! Midastisdds\EpdreaAthlodrali firim g
sensor is forned of a material that utilizes spin-dependent scattering of
el ect 19ns tfapsdusernen mpug devics adleeige dor generapngal eonsrokisignal Mden@dagung dementons,

an exanpl e _of .which | t fort.h.in_ the |BMRES BULLETI d ,August
21, “aos SamrHsne gk s el ol e P T eehYY e an
advanced GioappredBeRBined Sdrakildtibgad wherein the sensor is responsive to

read track widths of less than 20 m croinches. Chart |l set forth belowis

a listing of afigRAdisrashlosk diagramii resordipg niediung ind¢raetingalyith @ oneersere and
t he magnet | i i for t | i cabl [e ensi 1.0 Wi C
present i #\?g%c{&f:%rﬁ %‘Pég&ﬁ% Iglr?atd;heang&&e , an mp%t gevxge) an% an ouhyut devx@@lo &n&l}l?e

15  control signals and to extract data signals for improving the extracted data utilizing the

~

teachings of the present invention;

Fig. 2B is a block diagram of a recording medium interacting with a read transducer, a
detector, an adjusting element and a control device for adjusting position of a transducer with
an actuator in response to a dynamic servo signal used as a position error signals utilizing the

20  teachings of the present invention utilizing the teachings of the present invention;

Fig. 2C is a block diagram of a recording medium interacting with a read transducer
having two or more sensors, an input device, an data signal derivation, e.g. selection, device
for improving extracted data signals, an adjusting element and actuator for adjusting position
of a transducer to imﬁrc‘)vle alignment with a predetermined storage location or electrically

25  shifting the operating characteristics of the transducer in response to a dynamic servo signal
utilizing the teachings of the present invention;

Fig. 3A is a pictorial representation of a surface of a storage media depicting the
width assigned to a track on the surface, the width of a track containing stored data and the
width of a transducer having a write transducer and two read magnetoresistive elements for

30  sensing the stored data within the predetermined storage locations defined by the track with

the transducer positioned in alignment with the track containing the stored data;



Bits per inch x Tracks Der inchMagnetic Bit Stze- (Length) =2 MY
(Mcronmeters)Magnetic Bit Size- (Wdth) (M croneters)48kbpi x

2100t pi 10. 0000. 71 0150kbpi x 6600t pi 3. 100. 150 _400kbpi x 25ktpi ~

' 0. 8000. 064800kbpi x SOkt pi 0. 4000. 0321, OOCkbpi x 100kt pi 0. 3000. 015 Cr HART

Il Information about data errors is itsglkf a val uable signal and can be
determned in response to signals producéd by t he head, transducer

sensor. The infor mat i an a ut data.l an be used to. d N
and rapidly 0B ‘St*hlélc'é’l" ’E?P"’i‘ﬂ@“s‘&ﬁssb‘l’fo 1orass ’E“§8‘6(9§P’ﬂ%$uﬁ}g @‘f
to a dat&l%ﬁéﬁﬁ)a’ u&? o‘ﬁst.hé SurkdEBr RY /iR BE ﬁ‘h‘aﬂ@c&fmﬁﬂ@ std?é@&i@&ﬂd)@lcﬁlaﬁﬁge

system The apparatus of the present “i nvention provides for
usi ng aattramsduhuhawﬁgm mnmutﬂmdwemdenmmmwc slgmensdar sepswgst or ed

dat a conf ai ni s const int., The at ns int in the
Gt o o ThetBre el wichid the SReERREd Shikis loafom derBeT hy BRRER W Bbne . | 0 h
IS sgne ﬁ@&&rﬁﬁsﬂgﬁ@umqne&ﬂ@dmwmwf the data) or signal generated
fromthe 5 data, such that what is received fromthe transducer can be

conpared in Sige3Gisa RiFoRalasatesomationaf asueac of Huomae mediaderisting thegvidth
ascertai fond BGrddlf 8 to
o exinEar S ek it NErl ELRIESE o b ki e A R R e
an anal Qg:amd&ddr aavihg asath tragsdacern amd thatd read magﬁctwesﬁst'mq elEmenadot Sembingan
appear in the sjgnal, .or, the pr ies o veform. The

const r aitht &0 agae H%“qu’%l’reggtg '?}5& FtPWF;‘?fa%“se‘#gn H%r‘@f&é@“&‘g% as a
par iy q}}gg&&pgﬂsa%nmoqhgggm%g&gtmg code ("ECC') Generally, encodings
that introduce or iInpose conStraints on signals have the property that the
bit string rd&g3D isg pictonaltrepresentativn nfa mns;iusexﬁmtngcn‘waleltrapsrhscbm twiot
strings of the sane |en n appear ance di sal.l o strlng, I.e.
one thatm%%’tﬂq{e%’cveﬁ&f“be?%ﬁég IG3) TRAKIVEFE S ?@',‘a"Fﬁnt"P?Bigﬁ recei vi ng
the si gnRlrep@@eai:ni ng the data, shows that the recovered 15 data vi ol ates
the constraint. Accordingly, by determining the manner in which the

const raint i sF1g|3EI1aapcttoriajrcpemmhen of 4 trmdu&@(ﬁavmgerwrangmmdugﬂandnwoext ent

rrors in i nt S can he ascertain hi s
"t OPraTeEelUBUS Sitotiofh s R opf Rnsei S BRERRAG Spdtiive R nc on.
exanpl e thérebetWeetlwhithasepénspe tE@GiRRoNGEd 0 shift the Phdgnaipietatimg The ECC 20
encoding will include both the data and the "syndronme" conputed fromthe

dat a (t fFBarteristcs Af{bemagnstorssipive SER® Sir operty that only a subset of the
bi t sequencesg;, WASKh&RRdih %E%gﬁm‘&fmgh% %ﬁi{agat@ HaRirdeerotat g Oe,

possible. If a st gnal contalnrng the encode
recording surface having predetermined storage locations containing data and having a

20  slider/loading arm for loading and adjusting a transducer relative to predetermined storage
locations and other elements for improving extracted data signals using the teachings of the
present invention;

Fig. 5 is a schematic diagram of yet another embodiment of an apparatus having a
rotating magnetic medig recording surface having predetermined storage locations containing

25  data and having a slider/loading arm for loading and adjusting a magnetoresistive transducer
having two magnetoresistive elements relative to predetermined storage locations and other
elements including a plurality of amplifiers for receiving the signals generated by each
magnetoresistive transducer for improving the extracted data using information about the
extent of errors;

30 Fig. 6 1s a block diagram of the various steps of a method of the present invention for

using information about the extent of errors including the various steps of the method;



is received, the decoding wll reveal whether a correct sequence of data
bits and syndrone bits is received or not< If aot, than the extent-¢f W‘me?(‘:ﬂ%
errors in the signal can be determined, up 25 to sone nunber of errors that”
depends on the details of the ECC nethod. Thus, by using the know edge

about the at | east one constraint irrposeg on the first signal, a control
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LY A duc el iaiianed s § Rebageds F AINTIB Tk R Hbe HIRASBOLE! Whise
errors. ARakies ahE MRS USAH ah ARjuSDEQENAYLd ekt }hie‘w@x'aug% tRara&teri§RYGENCES

of bits can be used to determ ne both the probable actual data and one or
nor e meaoveglemsht ofcthe ave oregnetoresistiyeriemensss retrieval of that actual data,

e.g. PRML encaqdi ngat ' feor rin trieyi data. P

encodi ng technil%ﬂfgsg s§§\2§'lijsgag\§§\{e£orénm§:té ecxag‘ftgcpggfvﬁt cnicheSd?sg%ag B WAVEROTD Ofr i ve
as i s welah ospspvet PRMIhéncadéd sighal whichrieasbdne gefierite 8 QOR®Hltsi@fal éatitainfigor ed in
PRML formusing the state-of the-art_ apparatus and nethod, the signal being
read by tMeNREi® abophtsayeat offraseindhe Sensed datg; | an MR head, is sanpl ed at
peri ggli c inten . YW i . wth the
Si gng and sanP;{) |§150§E§ﬁ§§a{aﬂc 50| nt%‘gﬁ‘gﬁeﬂrﬁéﬁ% g’ﬁépg‘?@g%g@gg‘s% t ake
on speci fpraiereanined.storhge loca@pan tising udormation nbsutdisextent af paomtina canwolnet hods
for usin .inéor rrat(h?n about the ext eai;{ of errqrs in sensed data for

per f or ni AKEPALang REBAHGIRG IMATAYAG 432 Hemaly frem sensed fata pntainingat Jeast ORF t he

posi tion ghadid @ansducer, such as a nagnetic head, to inprove alignnent
relative to a track and deriving fromtwo or nore data signals a data

si gnal havi ng Figd 1lie asthearatia riagedm ef yevstill afidtheragnibadimhans ofimd appatdrosihandng t he

i nforpation about the ext.ent of errors tq perfotin a control function for
rep_ri ucPrig e Remagre sy ‘é&ecfﬁjufﬁ_ %H@F%MW@BWQ?W&@@ f1O/@8¢ {BARORSH a st orage
nmedi a. 2QordlminY @3£Bhd haWS i Rfudiér BPRIPELHAB alsiBerASAThg SmPhavigs & ded
information or data on a storage nmedi a_ The sensed or reproduced data

cont ai ns magneteEesistive Fansduecrihavipsitwe niagpeforesisynatierments rriativerie iprrdetsrmings

i nformati r : i fset

7o T e 3 BB b e O, SR TR R D
magnetoresistive transducer and generating three signals used as inputs to individual data

20  extraction and error detection circuits the controls signals and extracted data signal of which
are used for improving the extracted data using information about the extent of errors;
Fig. 12 is a plot of voltage from each MR element and the sum of voltages from both
MR elements plotted as a function of off track locations showing the response curves
representative of the ipputs to the individual data extraction and error detection circuits
25 showninFig. 11, and
Fig. 13 is a diagrammatic representation of another embodiment of the present
invention of a multidisc storage system having a first transducer and a second transducer for
generating first signals from different disc surfaces as inputs to an input device for generating

a plurality of control signals each containing different information about the extent of errors.
30



o AAM A
If the informa~iotf or data as recorded or stored contains an er r(orz, rt'éhe'—'gf-‘-?
sensed data 25 |ikew se includes such errors in the data. Such errors in
the record data are different than any errors introduced into the sensed
data as the same :~ being sensed which is the disclosure and teachi ngs of
this invention. Description of the Fi gur 63 30 Referring nowto Figs 1

t hrough 10, whi ch describe several enbodi'frents of the present invention,

t he apparatus, nethods, detection systens _and detection apparatus for
reproduci ng data ust@scmngi%Tiﬁ‘oﬁm?mBﬂDWE&S are descri bed
her ei nbel ow. i ,t:a~ "'";1~"~( ..~J4~ In the pictorial representation of
Fig. |, apparatus for using information about the extent of errors is shown
general |y by amropder26 betfertungersiand thienéashing?af thé presatt amvegeonad st fsttibcasainiat a
containing at. |least one constraint in the predeterm ned stora | gcati ons
24. The ptiass that APRY to the disglosursaad elgpas ?Saﬁchg’ j §‘e§et“b?‘éjd'°d“°\%ﬁ%° Fface in
the p.fsed%a{xﬁ@ap fiforth AIoR%Rd 4G At PMfowafly BYrbviGedPasWatit RoRRSOAIHI Pwerkith, dat a
containing at | east one constraint may take the form of a nunber of data
encodi ng techni ques which have a known relationship with the data

associ at I.Lh e constraint. Use of error coding techniques enable the
true dat :ﬂ?cﬁg%%“%‘gt ermned with greater |ikelihood than erroneous data,

not wi t hst andi Mpheewbdr Seriv¢Itas ussd kdrethingganoto peefosra onébi mbreciapicaprotdssing er e

Wi th correct reading of data,in_an informtion storage system A transducer
26 is po<IPErasions or ghe SEMOTSRYiginal elorwiqak ugndsTeniuwng i aghiferserhut selateda and
genergt es i . Si I | kPl t one
donat e riecidshEtisph 4ARd s REHG bfForthorl 0E TP AL M il BREE 1

i nt r oducesdf alogieal processing egerdadmreswitingiy 4 derivagorsofiume of hworé of the osigpabl i s
shown by | ead 30, 15 A input device, sopetines refeaed to herein as

det ect or ,elesirical sigaalsohrriexampls: ¢ fen'afipr of 4 QpipHt sighakfmm aﬁﬁtﬁawgsxwgae@ﬁsed
data i 0nahor Ve siBial vAila AhbPsiBnd O bOAcoSinBAed SERRT b AHISKh Gy ShOWN
general |y by box 4l , for generatfng a controf signal containing n?or mat i on
about t heleeivagon, knbwaras Usedectidiiy istoselect] bysmgaalof asoutsa dighel, betewekn thei firgt a
contrgl funct.ion ag,described herejnbel ow. The input devigce, 34 extracts a
ot B o Sl and i ond Bt g dRiscknali D codesponds W Jo3r: SiisRer
gener at i Ngro¥eNverSzedoveLLippréiitiate ntntal ad the ildhicl of@iMicH. RAnbaet BLip1RLL &N
about the extent of errors which nmay be use perform the control

t
funct i on dsAvalieR is@m quirpt aisn@!oq%@iﬁf% déqaé%@nltandcésem daty &3l gepesatehBne 48
i i vel Fiul &sabl 0|
IS oper atg, géa%&%}iexfgﬂla.%&aéggmérﬁ?s?ﬁ ng:g{nal%ﬁd e BPorfAfdatd sr‘x%r_@a?,hag a%%@ﬂb y as

represente das I ne e adjusting 25 elenent 4 rough the
act uat abl apeesivantvith tiehweights ewtasined by meenssf aadptrsl ssgnat sa aspo praduoeant he

t ~~ | i ti t iti t t d 26 | di t,i
oot il oviueeitsabofthe Eesuiwer of fives R BercktBritons a esral ke Boeseskdfeds"
a pref er rigehecarPOFdeHRMg arl intbreviduiata Bhitiut 81gRAETYm d&etdD 6drldetSigRdls BEthe BhiaE .

such as for exanple the actuator 104 in Fig. 2B. The actuator is responsive
to the cotaredfatai gnal 30 applied thereto by the control signal generating

reans to nove R “ﬂQ:RXé" ﬁ%l tlléfcitﬁg ?ola}:iﬁg dE:\t}%e that supports a head/slider assembly and 1s

operatively mounted at the end of a loading arm in a head stack assembly.

25 A “head” is a fabricated device, which typically is in the form of a microchip, that
contains one or more transducers or sensors or transducers having elemeius that function as
read and/or write elements.

A *head/slider” is a fabricated element comprising a head and slider that is mounted
onto a flexure for loading onto a rotating surface.

30 A “head/arm assembly” is an arm containing flexures and a head/slider assembly
located at one end thereof. The end of the loading arm supporting the head/slider assembly

may be articulated.



transducer 26. The transducer 26 is a disc head in the preferred enﬁq‘dr‘,nq@gg
and is positioned to inprove alignnment relative to the predeterm ned
storage locations 24, or data track in the yoy,. 3~ ~"~~~al -23
preferred enbodi nent. This novenent or realignment is in a direction to
elimnate any m spositioning or msalignpent which the transducer 26 nmay
have with regard to the predeterm ned storage |ocations 24, or track. Thus,
if the transducer, 26 i.s determned to be mspagsitioned or .m saqlr%}gned,from

the predet er nrRRICTRRIIG JIEMAEY it 3 BRZOD4IN Whigh infomaaiion or daig 1§ SOpH\ g tsiors)
noved ri : hhd i ition to inprove
ali gnmentg hfrx%lP%;[ai: @ég?géﬁslﬁgigél'gggp girem‘g%&ztggﬁgge o’gg)tg %ﬁfs?ém. The

t ransducer 26 AcfpoFitign ctronsignal” {s a signal represtnurg thaha disc headps ot fraskeandrtbe at i ve
to a second transdqucer.as illustrated by box.62 i.n Fig.,2A The first

{  ans duc BFERRI 98 UBRIETeRh 200 Bis Progsheins o Bon HERAl rBPI Huep SPBTiIgR of

| ocat § ongr rRpdsiiSRIAE 8F tedhehd feditiveitd PldeRifindd S@eaedoddtiofd By ah ab@pbesent ati ve
of data containing at |east one constraint fromthe predeterni ned storage

| ocati ons andAaRRMEr &ran onenyon fas Spartiat ssparse Bwaxeem dkelithaedr itha) 13 hmethod
sensi ng. ' [ol=¥ I : ' . he first
si gnal aﬁ@%ﬂﬁ%gggggkgﬁéﬁggﬂrﬂgéi‘??gclﬁém%&??sr géﬂﬁrgééﬁ-glﬁgf@gnégéa second
dat a si ghebtionArsuclubpaibngladawerack. r esponsive to the control signal and at

| east one of the first data signal. and the, secand data signal to derive
therefrom a d&t aeAssr sisg"rélv’c'éi—lﬂ’?réf‘ PRE fqﬁ’é°q“§§’§tm§|%ﬁmn %?’%a%?.cor ire

addi {6 ONpfef SuERBSFHH eRAMPIS, APMANRIVE rhightt, nlacASeFdRave (MR UUI&deml ad €aSt tWO
sensors for concurrent L\éﬁrsenm n? the predetéernined storage |ocations and
gener at i apfical deteator, sigyphargedepupledaiesics (SCGR2), feraespondipg ée infommation sigred he

dat a cont ai ni ntg Ehte at Ie st one constraint fromthe predeterm ned storage
| ocat i on8® AR PSR S'CFAEE T HEr oduced into the sensed data during the 20

sensing. In suchligyend d dévice thafdbpsieythe Reftikdddohis & it bsdringdetwadndn@l and a
second data signal as the reproduced data. In addition, thé input device 34

appl i es head androtating surfdce 4m keepaboherdsilyyngbver she totatingisurfade, wihighelypigalheisat i ng
devi 4 ner at ontral . si | . ln this. odiJren t he.control
func? fongféa%}’%gcpolﬁcsiagtg%tcgnfﬁ@elggﬁ?&;%fs %F]egtﬁ'&%g?aq%g?ﬂ hi(§:nheea§fw ﬁ‘rge first
dat a si gflexurand t he second data sisal to performat |east one of generating

a dynam c servo signal ,and. 25 deriying fromthe first, data signhgl and,the
cecond dat a sPOTOIPESMAdI is 2 HoTREc RVICH HHFLmaK be2sHE CimeAsona! BIeomm Sih.  The

bl ock di @gs tichthgk, ret@ing mbSidiia MRIn) CarfdpiR el dBNér Lthre3RRREASiBTa] MRdiAs | NY
information about the extent of errors? The data containing the at |east
one consS$uchiast holographicmemaenst or age nedi a, such as a recordi ng nedi um 60
whi chyy i nt er act,s. »:ead t.rapsducer .62 ue t.o relative venent

ther Shetween i iizbdhefod Beubf B el e S B I B IV ot
cont ai ni rgrddueingtinfoBmationaiethe Areated dufThcel As REQOIRreih/1Hhe iml ‘0L Res" is
illustrated bg predeterm ned |locations 24 in Fig. 1. The read transducer 62
i s posi t IngsTg fq)qovgéﬁ%;qql@c%\éﬁ head, a write transducer, magnetoresistive elements, read

transducers, lasers, optical sensors, microphones, CCD devices and the like. Sometimes the

term “sensor” is used interchangeably with the term “transducer”, and in the context of this
25  invention, a sensor is a r:saldl element or read transducer.
Chart I set forth below is a listing of actual head and disc drive parameters for the
years 1997 and 1998 and of the forecasted parameters for the future showing the head

technology and disc drives in which the present invention has utility:



b o~ 1"t~ ~r,,-, ~J -24 predetetinined storage |ocations-on the .
recording medium 60 and generates a first signal 70 that is rcprescnt at i4ved
of the data containing said at | east one constraint and any errors
introduced into the sensed data during the sensing. The first si~tal 70 is
applied to an input device, or detector, 72 which is responsive to the
first signal 70 for generating a control signal 5 containing information
about the extent of errors in the sensed data and for extracting data
signals. The control signal is applied-19-an outputdevice 76. The control
signal is used to performthe follow ng control function in this

enbodi nﬁent. The ou{ putal Densiyel 76 reprodyces t he extRextWdithlat|dedgnal from
t he send data as] wn. on | 0. Corn ently, e contral.sjgnal and
extract ¢ ta si g1§$&§$@5appl to 10 gﬁ%ut dev &W@sm&gﬁﬁi ead
74. In em‘ﬂlon, the.eaontrol [sixsal as gmown by Teass 82 1S usadrio produce
a dynamic_servo signal used t inprove alignnent of the trandducer
q

relative 1988the pr ¢ bdd0er i ned| ¥-®r age 1 d@afi ons on| fhe recordlr}"r&%a 60.
In this ety TH g5 Uy Tan 35 FeT VO STgRF TS T3 fOT T OfGMR
subst antii aP?Jy cont i nuous_servibo signals, |or positioh error _sidnals applied
to a ser2o0tontr ol L4&DO of whj&h0Gre regré8ented byl15 dashed GMRE 82, to

i npr ove al i nnwnnf t.ho tran due £ ’)R Iv-nl ativao in medet@rm nod ct fa¥a gger
| ocati on 8% the re §8ngn d%ﬁac 60. Thegﬁﬁcck di aiggam of Fi g.%ﬁs a nore
detai | eddHARK 10T (he apparat us of Fig ZA and 1rrustrates the recording
medium 60 interacting with a read/ wite transducer 90, a detector 92 and an

control devi c&otyoMihisAMIRERFEsEHY$R%Ang el ement, to control an actuator
104 to adjust G%@Rt.@gamﬁ@aefes@{wéﬁea@a@leﬁﬁhh@&ngaﬁs RInREEHE SmheRiIgRgNt ed by

lead 108 in a simlar manner as described in connection with Fig. 2A above.
The det ec:mbzessﬁmpﬁeomd‘;etsscamng@ﬁpl@m(ﬁor@amsmmmatbbe pedgermg®. The

contr VI C [ €S etot etector 92
to ge%er 5{3@3%5‘3%‘3 ??%Snmé ’?”8‘"?3 osflw pipiLis Sﬁtﬂe ’1& @%m&g voLgiﬁ.gnal

appear i nmaaaA@a.d219@%aﬂdmodmamumm1@mmmmmd to an
actuator 104 via lead 106. The 25 actuator 104 adjusts the position of the

transducer 90 GMRTd$ anadyanced gisptinagietomesisyve ead WPGB’“‘ %é"“&‘b‘ﬂ&FﬁP%we

il ustratt@ggaalﬂ.a&g,dzﬁmsmaﬁgolpﬁcfdﬁ,@gesas a servo contra ~;~ring the wite
sequence or operati onfq% virtue of the transducer havin g{ a read/wite

transducer. | {Chamél set foriaibglow isp listing ofaprabdrmsity. thedeBPlosTH fppsghawal wite at

the sgne dtcm@,ana BRMAnEN R Ses 6 KO afHIBEEIE ared &Qﬁ&lxﬂmltﬂeﬁ@&hi ed to the
servo systemto control head/track alignnent. 'f the structure of the

transducé‘?vcéb@shaﬁdl“hﬁérmt a read and wite to occur at the sanme tinme, then

> Wto
period. Crcuits for jper Y g% ese functiofis are well known t|o

per sons |$dislpeeidchrn t he art. 2-R€8) - 2s The bl ock d{Wghtlgm of Fig. 2C is |yet
anot her di nent, of apparatus,for using informat . about the extent af
errors. %ﬁustrates th@hv:@gb#%fjng nedi um GB&Z'H{%?%%’H ng with a rlead
t ransdude@gkbYI2100fp0 Of NOr €] FJ.60ENTS as Shown DY 0gmer al 110. The
transduger_110 generates a fikst signal 114 and a Separate second Sig

116, ond PPk $26P0tPI ' 3.100 150
400Kbpi x 25ktpi  * " 0.800 0.064
800Kbpi x 50Ktpi 0.400 0.032
1,000kbpi X 100Ktpi 0.300 0.015
CHART I

Information about data errors is itself a valuable signal and can be determined in
response to signals produced by the heacl, transducer or sensor. The information about data
15 errors can be used to dynamically and rapidly adjust the state of the sensor (such as its
position relative to a data track), so as to improve operation of the information storage

system.



s elenment. The first signal 114 and the second signal 116 are applréﬁf?b'gyg
i nput device 130 which generates a control signal as described herei nbefore
and al so exuacts a first data signal and a second data signal. The contro
signal is applied by lead 134 to a data signal selection device 126
together with the extracted first data si%nal and second data signal as
represented by | eads 130 and 132. In t hi@ Case, the derivation is a sinple
sel ecti on nmechani sm known as a 10 nul tiplexor. The data signal selection
devi ce 126 i s Thesappamiusefithe priesent nveniadn prpyded for 8sing A dranssices fog sengiiga
signal 130 representi the first signal .on |ead 114 and a second.data

si gnal 13fg°’P ?@%WH"H%‘% loganong s‘é’%’@rf{&fa il rga%aﬁ]]cfgo?cocodgﬁwgdlm%ea& ef rom
a data sijgibn&edtsahint Hothe A8talneasHe i MRAAY forRs. BbF BE purpb@Gfthisdnvdntiont e

i nput device applies the control signal to an adjusting elenent 144 1 s via
| ead 142.constraihiis semp astietrftdats, heamenpogding o thel date At Sls@%@%ﬂ@@dm%m c
Servo,si I i I |.L: r i -

rechars ooty St By BPRekFR banfl RRhRla ol 80 cdibpt P PlomE W B winbar -
bet ween twiss éxpasiediteciss reddiVed s attd wscentainttheepemad tierdifferences Ofteagehel ocat i ons.

In the alfernative the adjusting. el enment 144 can generaje adj ustin

S gnal Wi GAEBSAY Beouoaons B B AR HEFA CORBRB oA J0f CORSTRARS oAy
nore sen a - I : Mes

Sensor s Feqnos Wparaie s ibkioRlonihe S8 hcie e aniaDcd M URSERIST
exanpl e dhe prophrties of thestgnabwawefdrme.t Theconstrinth grag bk digitabisusbas $woth frer ei nbel ow
in copnection with Fug. 3E. The §gﬂﬂr%tus illustrated i Fggg C enabl es an
out pdb Repdng grasess Beh Ata pea B ick e oR o GroRseREaing trds/(oRGES- a dynam c
servo signal t@GerdefRIyQ¥fcodngd MR Mirdducd Sinipose\SshidtBhts2h sighlaRtHave teGorb
predeterm ned storage | ocations concurrently with the derivation of a data

si gnal cchatathe b gtringaesudting fromubmencoding iy asubsétrod ail phssitile by strings af diegpamie and
second data .si gnal devel oped. from t,he two.or re nsors. FEiqg.. 3A

o o e dreth: 80 Sppeafine BPEHispiGTRd Brtitd i BlofEIhE WRREng BaTRRTce b ans, »
of a st orex@ediARdhaheiRBEEsE o feckiving/thélbignal @OntainsiOme dath Sshows e @liereBdvepel

storage location or track 30 on the surface 22. The actual wdth of the
pr eddPer rdateviolatesitheyeonsFaldk storing data contai ning at | east one constraint

is shown by da L : . L 26: 1 icted .
o S0 7Y, CoRUGREhLIy dgfmidig ity Bl Bich EAOAEER, ERRed T o “Lne
t r ansduc exxafpld with es EQ(h) ditentdng emvorkt dand@ktehhel andirsimiropuced énterthe sigualsanbage

| ocations 164 .and of ,the_area assigned for the track 160. Referring nowto
F o G ASTAiRen T i INSAGOR ReISh RGOS B B SHLTER o6 A0S THeCUBL  ant i ol

spatial ali gnnRALxAhAIL id DReL-SEIBHRNTHPEECS bREHIS: éAHH degiiénce! Thd BCE 164
storing the 5 stored data containing the at |east one constraint. In this

posi 2Pon,encpding mal énpliederboris thealathsandlibe ‘Syndrethed sompwied from hiedawm (hertdv s, | n

houn i n ERgereE RS e iputr At ERSRa BT RT eifencs uh s el R B
t hi s posilengh of tHealatd plastheahdrdme]| B pobsitsik. g aeiEnalndnhifingithe @CC encoded dar

sensing element off track relative to the predeterm ned 1Q staqrage

| ocat i ondS &icepvedcike deepdingdvilkreyeal whetheka sereech esavarre i dats hits apd sypdsgme

assi gned g:qf; . ¢ i ol ST o EECT 6 26
e el I aag FREH BP A A U Y iR R ermnR i il st cah BE deLARRRUC

pr ed@ber nbisenhesmoibagef drorathaodepends on theldethliglof tha BAG methodi ti on, the

transd 26 ni sal.i gned h ti f th i | t
Oty mck r ol alpabY Gt e R st bt Al | R PR A PR RECA AN T SEY 164
and i's ofgigrtal acdonaBrsiBey ‘éﬂﬂtaid#’]'% R RGSN RV UIRSKEGNE et cAlBe frimediaREy

shown by ITne 160. Figs. 3D and 3E are pictorial reprcscntations of two
enmbodi nergenersted:andrvserditwoepesfonaa cogtral functien inragenydense widrible taaghings of this
nagnetorqﬁbéh&%e sensors as the read transducers which nmay be used in the
appar atus, system and net hod of the present invention.

30 Sensors that respond to digital data that is recorded for storage in an information

storage system can generate signals that are responsive both to actual data and to errors in



20 In the pictorial representation of Fig. 3D, the transducer 26 has a4 2103
wite transducer 174 and two read transducers which, in this enbodiment, “*
are two magnetoresisitve elenments 176 and 178 which have an insul ative

shiel d therebetween. The nagnetoresistive elenents |76 and 178 are at |east
two sensors supported in a f xed, spaced.jyelationship to each other. In the
pictorial,reQ¥esentation of Fig 3E, the transducer 26 is likewse a wite

25 transduc d i are
feo magnel GG B ThE SR el RANRTRAT Rk srdotel 3 SRS BHTERAg e

t her ebet Wagheah) trdhs@icRr HESHREETS both thedactual asth Uhd irﬂ&’rﬂ/&bha&ﬁn tigoss Rirbis. t he
magnetic operatin characterlstlcs of the magnetoresistive el enents.
electrical ly sHinplo sredfor encodime andivigualihis and sequences of Bis gapde “Sed
{ansducer, sl oo i Ve LR G0 ARl B 7
posi ti®n efropfresSteyimiabdf thhreaced dah, of. thbreﬁcodmgatecthmqws f@rrwomfo adid first
si gnal and sai.d égcond signal is reduced. In this transducer structure, the
.t ., ~, TqEIeVINE 933y gnet or esi stive sensors 176 and 178 are at |east two
Sensors suppor pRAL @n@dﬁr?t@éhm%&@%%s@ﬂ@éde@%@d&ai Ri€asEq 8h RRlsc dAkens tshe
transducer 26 of Fi and is used in the apparatus) system or method
of the pr@simownye teiash Durisg rcm@fmmmfm@mtmd rre%&MLtmﬂnyélns dhes for

it s onale-SReiRdobann® Rl R B YA e b IR Rl 8P B Rig

the atol eagt, aﬁf}@RmﬂditlS gdniyled amar@aicdntam&em mnm@lﬁsmraag@ckammeons and
any errors |ntroduced |nto t he sensed data durin e sensin In certain

of "t he enByrhraneswih thttizng 3ad SAoRlDERFEYrs 3 awatsmem)@le %ﬁalda@mﬁcteéém ce is
responsi v e of the first signal and the second signal to
produce a‘?a(l:%%tn gfélfs??g%\]g ‘that is applied to 10 and/or used to derive a data
si gnal cont ai niThg ptdsentlinvention resites iwipparansrahd iniciodsHfer dsingsihfaimadosatgmal and
second data signal extracted fromthe signals firomthe two sensors As
di scussed theraiant pherrors imsgest data for mf@rmlas as  centeal fypengrosydeashanegle (o

have gga%ﬁg*ﬁ%@@egggho éﬁ% P'F?fl?:@%,n éx@ltu ﬁéegm e“l%cﬁ g i r@%(al dibrettfvel €SS

t han netic |t szeso the stored
surface 2® 4 tackagidsrivoeg frgmtwoor diomgdatm;gnzﬂs eldsta signal laving theleastianpunt of

educt ng SPRr L5 ek ERUBRRERie e RiC Rl A5G b oY OB T bl &
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constraint and the apparatus described in Figs. 1, 2A, 2B and 2C above have

utility f&P"&Eéﬁﬁ%@pllcatlons In a preferred enbodlnent the surface 22 is
a magg@t I c recefd gfggerﬁqﬁvé?‘ﬁx n9 b&e@? QQﬁsﬂﬂéﬁﬁoﬂ’zé& ﬂg&ﬁﬁtiéﬁ 8tkatd6Pa
i ncludes a nateri responsive to electromaghetic fields so as

storage media. The sensed or reproduced data contains errors introduced into the first signal

during sensing of the information or data as a result of the transducer or sensor being offset
from the predetermined storage locations, such as a track.
If the informatjiort or data as recorded or stored contains an error, the sensed data
25  likewise includes such errors in the data. Such errors in the record data are different than any
errors introduced into the sensed data as the same :c being sensed which is the disclosure and

teachings of this invention.

Description of the Figures
30 Referring now to Figs 1 through 10, which describe several embodiments of the
present invention, the apparatus, methods, detection systems and detection apparatus for

reproducing data using information about the extent of errors are described hereinbelow.
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Al t hough enbodi nents of the invention are described with regard to storage
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separates and shields the MR elements 176 and 178 to reduce cross-talk and

si gnal i nelégresntrelatitetovteepred¢termiredsiteragmiosatdms 246 and | 78. Each of the MR
clements 176 afl 45 BEOMS: AL RLslcA Bk BAASRLNAOR, 45T, 843,
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The transducer 26 in this enbodinent is in the formof two shielded MR

el enents. One exanple of such a transducer is an MR el enent whi ch"lz; P 2003
referred to as the Dual -Stripe MR Head of fered for sal e by Headway

Technol ogies, Inc., of MIpitas, California. In the alternative, the
transducer 26 may be fornmed of two MR el egents having a conductive shield
as illustrated in Fig. 3E. 10 If such a transducer was used in the

appar at us_j ] ' ' . ale e 1 Statif e MR

o oot Bl Ek Ebetimih). Thid moverfitr pigAichls éh 3 Re R S it aly 10,
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the adjusting of the transducer_by a seryo systemin response to position
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st r uct dir ephysitallypeovddiright ni ke6ite pgsivén the dransdudenr6inragpositios ¢ seprogaghgnment
cont ai ni ngqlt he at.|ea tl one qgqnstrg)i"?nt frzgm all elements. The detector in
this emboliftojthe PERERIINed SR8 MGA9MT X0 the control signal contai ning

the at | east omhe@RASducad 26 ofHigl I May b Grst xahstut&dviitl SlpoditibRed tedatile taad
second data 20 signal devel oped fromthe at |east two transducers to derive

a data si serendieapsdiger asdll by hesdR inFig Ao ABe firsh tapsdyceraanddhe sgand
e . R . .
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errors. | contro al nig | nforna %an%g%outcot e

ext ent0 of sighalorepresematbe ofdetd contathingedt ¢aspars donswrainy frem tiss groddtsmiingd stoge vo
system as_described herein. T erg,is no requqgr~j nent, that the tranaducer
26, whi chlqcatipRs andamy SHORERrOGUCed P the sorseh dat during tRRENSIAG. AR IPUE HFYFe
nunber of et . g

el enent s %%égtﬁgﬂ%%hﬁﬁs?%ﬁpfﬁg%nﬁgﬁweﬁ Sé é%eﬁ@??é@nﬁg{?ﬁéﬁ%ﬁ éj‘“gaé iangl e
MR head, S€isthlamssigral amkasgebrd d4%a sigraieAn oftfpét deviceds sespemsive torthe conted sigoal

with Fig. 7, The out i gnal of each, MR el nt. 176 and 178 provides the
censed gafid R A0S e Gt HEt S Ene LA o soRS B sighhto dRave prdfory p 455
| Nt r ogsicedighBf Sntdifing M4kt SAbantGFehHQ, Sensi ng. These signals are applied
via their respective read an&lcifiers 250 and 252 and the outputs of the

s

read anplifi er dnadditiamthexpmscucer 2may be 8 firss frgnsducenicludins atilegstgwalsensors t he

Si anal _apfusPRe R skl AR Bl RERlned §CFasibcliofs ks Rk ATrP M g

el ect r omagiRedond sigrahédch réprsentativebf thg dataicgfaining the at least one constraint from the

predetermined storage locations and any errors introduced into the sensed data during the
20  sensing. In such event, the input device extracts a first data signal and a second data signal as
the reproduced data. In addition, the input device 34 applies the first signal and second signal
to the control signal generating device 42 to generate a control signal. In this embodiment,
the control function is responsive to the control signal and at least one of the first data signal
and the second data signal to perform at least one of generating a dynamic servo signal and
25  deriving from the first data signal and the second data signal a data signal containing the least
amount of errors.
The block diagram of Fig. 2A illustrates one embodiment of apparatus for using
information about the extent of errors. The data containing the at least one constraint is stored
on storage media, such as a recording medium 60 which interacts with a read transducer 62
30 due to relative movement therebetween illustrated by arrow 66. The recording medium 60
stores data containing the at least one constraint in predetermined locations illustrated by

predetermined locations 24 in Fig. 1. The read transducer 62 is positioned for sensing said



responsi ve to positions of the corresponding MR el enents 176 and 1/8

Lid

relative to the predeterrnined storage | ocations or data track 164. %:Eéc o0
read anplifier 250 and 252 receives the first signal and second signal
representative of the sensed data containing at |east one constraint from
Its associated MR elenent 176 and 178. Thg.read anplifiers 250 and 252 each
anplify the signal and perform any other required signal processing. Such
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and secongrfsif A follBeHing donfrolfithétesh) intthie efdbddingdnginal , al | of which are
represented by | eads 256. The detector 260 processes the first signal and

second si gnal khs oyenut Agyise 7¢ Frereducesthe exigarseddnte g aRal fronhthejsgnied daikas g
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can per f oufpupdevios 76ras shovin tyniead ™. IInaddigomrthe emsioh g ghaicals shapwme by fiead 82 is
extracting the data sjgnal and generatjng a control sig al contai g ng
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and geneleaibodinéthe dimanigservo sipnhlds in thg forni of subktamtinllywontinadus sewbent  of

errors, (2) Subtract the conponents of the anplifjied fifrst signal d
anpl i fi edEBRlse PTPATUPRATY 518 épﬂiq#éoasa'wpfceg@% o hich ptedPen i s
used;3s 4hehdd 1fn%ts|z,s{ogi r?GJthma&mh%errrexm B prdREmAiNA stithge and

generate a control “signal contalning infornation about 30 the extent" of
errors; (®atiossomtie recordinganedia 6the conponents of the anplified first signal

and anplified.segon I gnal ermne a unifi I_nt ted. 4
signal, such a@’eﬁg?&e%ﬁ%ﬁﬁ"eqf%ﬁ%ﬁ%t‘fﬁﬂcfg dftfg?é {’ll-oglgo %iaa?]zﬁ'%téﬁ,{) Eg'gfilé‘s d

si gnal atjjlgiRiteéahd Rcardthg Medianeddtefdcting withla Radeeitdansdhese 90ga GetedbPHANd
75% respectively, and select, ‘which is included in the neani n%ﬁof derive,

those corpénBrerirgiidexiser 0B whichds ap pdiustingyiemeninty copERhAP asrusien T3P afEH: her
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contal ni ng ormat1 on about the exten errors;
described in connection with Fig. 2A above. The detector 92 produces the reproduced data as

shown by output 96. The control device 100 is responsive to the control signal from the
detector 92 to generate position error signals, which is a dynamic servo signal appearing on
lead 106 and the dynamic 'servo signal are applied to an actuator 104 via lead 106. The

25  actuator 104 adjusts the position of the transducer 90 via elements represented by lead 108.

The apparatus illustrated in Fig 2B may also be used as a servo contrci during the

write sequence or operation by virtue of the transducer having a read/write transducer. If the
structure of the transducer enables a read and write at the same time, then a dynamic servo
signal is continuously applied to the servo system to contro} head/track alignment.

30 If the structure of the transducer does not permit a read and write to occur at the same
time, then the dynamic servo signal is disabled for the period approximately equal to a write

period. Circuits for performing these functions are well known to persons skilled in the art.
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cont ai ning data being sensed by the transducer. - ? ~~ ~y 2CC3 2334 en3
the nmethod illustrated in Fig. 6) the stored data in the predeterm ned
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t he present Figs.adR puth3E gracpicterigl rgpreseniatiohsioHavaembndimonts of trargduesshit ai ni ng

i nfor i.on about t f errors which could be used.to 30 .perform a
cont r ol e E PO il Rl b meBho Sl sl Pe SgFPalr s T e o
PRVML  enmagibs gsddsin tiedppardtiys, egsiériand fethde oE & fitsetinv@ftionan occur within the
encoded signal or_ the signal containi nlgRat | east one constraint. 2
1920+ = Inthgpictonal geprpssniation Af Fige3rthe ranydyger 26dwes amritgdgnedvedsl 19 t he
expect et BuAkhERambiuders Y hihdir this I AR SEhidiopsE part
of the PRWML en%‘:tgdell ngu%esfs use ’%no g\r?éﬂyggﬁgﬁg’ég% %W%@%éeﬁ%%@ﬁ?

possi bl adsEfuwhick baf ant inssleti veashindd thersbetwirent The maphaalesistyeielsmeitai 76 he
observed v es can . represent. The f.act. that only certain seguences of
aymbol <ang T1E 58 alTRsee SR SFBPGLRRREd I & Fxtbehareoa s  Giseip GAachONEE r i nt ¢ ha
is used to eﬁimspica:ﬁdn ¥deRfatioR bf Bigh3®, theAfans@ucshd isHikewisd awtifte art of
PRML decodi ng, alternate sequences of possible decoded data sequences are
saved umnsdueesd 74 and Bre eead trengducens gvhighe in thissambodiraent, are tep magpetoresisifee
determ [ ' f..5h uence exhi.hitin he ast
ext ont Spttents 178 a8 s PG nicihaEleh EShebule o BTRRTR-R R T s abiee g
been t han adjugingaioltagenr shiftltidahant(c Saatgharatiteistostof tiic Mhassidresistivrasur e
for the chosen_sequen is then available to use in the invention as at

C
| east OFIEMER slﬁfmsﬁﬁx HufungnG magastigORFraEng chasagleratics PHINe TaRsqUcEip of

h . 1 aj . . i . d
these copfidPoVrid lith8f ARARNG Shi ] eg;@ggﬁég?%mmgﬁggmﬂe}rt QUkePYithaPeCt €

val ues. As di scussed above the o es ‘may romthe expected
valifes steo systephin 18spmat tdposatidnorat isignalkfthe extent dierroesdargp least areef saidh

ef f ect be .due t.g the A5 transducer. ri.sing tenporarily to a greater

hei ght {{%gﬁ’gﬂ%lraﬂglsmgfsfccf"rqg'%ﬂai@ rg(ﬂ.}c]eéég “Hflga"?stﬁmé"rféﬂ'ﬂ?ﬂ”é‘?’%/ an asper si on,
and then settling back to normal transducer flying hei ght sonetines
referred to as "head flying height". By conputing or conparing the

di fferences between the observed val ues and the expected val ues, the

di fferences can be used to generate a control signal containing information
about the extent of errors. 20 As the transducer or head passes over a
track, each observation can be conbined with




a specific nunber of previous observations and the ol dest observation.can,
be dropped so that the degree of error or extent of error calcul ated i 2003
represents that specific nunber of nbst recent observations. In this way, a
dynam c signal or nearly continuous signal corresponding to the degree of
m sal i gnnment c~n be generated and such shgpal represents a control signa
25 containing informati on about the extent of errors. In this nethod, the
control signal is being derjve omcurrent data, that i.s fin be
Gota ¢ hamAEBeoR oG SR 11658 1 26 A Wl o P BLR bptegf adfiet SReHE oae
track prQg@ﬁ&ﬁghﬁadwgbﬁ3ﬂ§gquence to a disc or to a track on the disc. The
step 306 of generating a control sigggl al so perforns the step of

t

extracting t héVhen thrmansducer?hef FigsoAntand 3B is yseddn ghecapparabisc iFfaRn a5 meghed
observed alom ' ' PRMWL
encodi ng ogn d’g%gl?avg’g"ﬁ’léﬁ MF%%@%%%DB%%%%{@%@ E%@?rregerjr?tg ﬁ%&sﬁ%

di f f esencie pretisesmintd stordge déscatchskRigewsramiy afirsesighal hrd e x@eod sgnPRMch
encoding. It is al sg envi si oned t hat }he teachings_of thjs inven.tign have
utility BSPTESSRERYVER atp,cPItaiRIng, the i leastape cRRSIAML 9B 1214 Predelgrained of
errors i &ggyﬁ j | t; i Qe G el rded
servo bu?tst S. ngdnng?ﬂ%\%ﬁ%%% ?&grgguécﬁemts%ttg%gﬁg%@a( a) %stlﬁ?f{)ﬁ?{r?gng@%r??gt

t r ans duc ef tfeosmiseinentg of therapparatie,dystem\and matiids amoutppt dedteeas raspenbivt oradge

| ocati ons havin tared. dat a ntainin | eqst one . constraint an

gener at 1 g oo Bt AGE SieaH ha e sPortd el o PR FPEPEP LB Bt BB0st ra
and i0 r eapRPased s defife & datatiknaicddontathihg thelleft Shcint bLOH &S Gdhdihe\fRsifatd he
data containing at |east one constraint fromthe predeterm ned 10 storage

| ocat i onsigaabangd-secend ¢ata signal cxarsedirom the $ignalsioms dhe Ve NS ng t he

o ror Sl gnal ; 0GR Py FREBAGefnt Rt bl T RSa%. B HARE bhe”

si gnal co¥itithsthaldrd shhllef i witth. Jihe déadithiek WidtRE bre Wss EHanF0SmictoihdiRs agdsed dat a
and extracting a data signal; and (d) receiving said position error signals

and sai d sewHer, and giegnagnelip bit sigpsen tha gtovgdisurfaee Rdfoumagnggically racarding thene
i nt eryal e . 0 S1.gn Fyebel to
the woai CrERRE obtlinha sHEIAE A i IE Feali e ARRBAIE RN vory b ETRANSF

al i gnnentredueing érmtes imths aembed data e¢ad fronn @ gredieermiged Storage larasomsat treekf or mi ng

in the int | s, bet the s t si I [ .to.th
Cont 1ol SPOIEREINTES A FrRBAIRAS: FAS 26 SLIAREY B G PRFSUh ABTEORS fbnt o

finction g, i "PAOMS abd2CaBbvIEve driligifar SicRpplicatio. f unction of the extent
of errors. 20 The nethod can also include in the step of positioning

i ncl udi ng a t lnagaefened pmbpdiment; thesugface 2is paragneticreperdingiyaiacgeher at e t he
servgubur j: i j i :

- epr e2enr i CiORRt AndiHe ek 16GincRloBn Ehnath RSGHEOR o BeRMARER Selds so 28 oo
dat a dur it geadairdvrite isd diga bilshersdi; and fudhafisgnéiin @is¢sandesdhaitmiey fortreadifg afd r St

signal and. the second signal to generate the co>ktiol signal and for
extracti Ntpg maghetig data aze Wk _%‘Wéi“h‘h§é’éond data 25 signal. The control
function bet weﬁ&,q%ga%&bh HinentsSd fiRAhSerifohfapd a&cmehmimegwnuho@fge 4 at

| east one of receiving the control signal for generating a dynam c servo

si gnal t cetrigpalofdigital Jatqwsihg afaghétie discathel inventiandiaawideappdicalribtyptoedberer ni ned

storage locati n said surface and bei responsi ve. to t.he control

signal a n ’ S ata signa
anar B O Bl f5RE <4pt o o7 Fiar e oplftal @i R B BRI Bt 2 o1 gna
to deriveoldp@ipi¢c Admdridsthund G UREIIn gentrall fhie 9. chiiéh inER8Es AIMYEE effibodifieftsS .
The 30 nethod in the step of positioning also includes the transducer being
a magnet dp a4ych reading e pEting dataigyresponsiye 18 g stajepf the arhispsoravidarsgat 10iafe curve
330 whi ch.j . . it error rate ("BER') as a function of the

posi ti onqgﬁoﬁpﬁté&lggﬁ@%{}’tggﬁm{r?el ative to the center line of a track having
stored data cdntFag.H, e stshethaticsdiagrara ilfusnates ane embodimeadofian dpperastsdoea dat a

from redet erm ned storage | ocatjon such as ctor of a track. The BER
5 cabculreEnE 4E SRR T PR hOT RENaEel ks 184 hias & rotating recording surface

186 having a circular track shown by line 188 and having predetermined storage locations

(@)

190 storing data containing at least one constraint. A head 194 is mounted on the end of a



5 330 includes a first axis, the "X' axis, 332 showi ng the horizontal Mty an,
position of the transducer, in the preferred enbodi nent a disc head, beddd
relative to the width of the track, such as data track 164 shown in Fig. 5.
The curve 330 has as the second axis, the "y" axis, the BER The response
curve 330 shows that the BER curve is sqlggt_antially flat about -12

m croi nches (-300 nmanoneters) to about +I2 microinches (+300 nmanoneters)
fromthe track 10 center_|jne of rack having a wjdth of approxi mtely 50
mi cr oi ncHead/foading armcl¥fey .03%‘?8 aE&P&’ £ eaﬂb%*sr\évl%c Fﬁ?ﬂdﬂﬂrﬂcﬁfﬁ‘:ﬁ?% 10342
and 344 t. {ohifR th 9 whBie1 g4 : %Hgﬁ red tiback,
respecti vl&%?‘%%gl vveeﬂ t tfégm' ni h%gm%ﬂvg?gﬂgi’gédacﬁ 4% sgoﬁggcggf%@stlﬁg track
wi dt h, head/ t riadig.™, siad segseduiata fione shatetad (164 duappliad siagead 200anta transthaaer of

errors. The rij of the_.curye 330, extendi ond_m ni oi_nts 342
and 342 rapies 48 T e oAb RS e R ATRAOR 05 Ve St SR TBE AEN OGR! ¢ he
tr ansauCqE e ehfAMRea ddniihihf thell a8t orlel BBstRintdAR ahy 8G6rs iktrodulEE Bud it S On
curve 330, a slight change of misalignment produces a significant change in
t he ext ersensed datardnring thigensipei The finsesignal vsceppbigd itasa detgdtont 208 Thidetgoior 30k
extent of_ error . | of . ucer sitlo elative.t.o the
contor | 1980 BBl SUAFbhRnie AR BouP B R ot el WHRpaS i s e
solid |i nsitieh\eeroBsignalandapplitsahe eatrobsigraltio ah adjubiiy dlethért 2000Theadyiddinghe
m ni mum poi nts _342 and 344 foll ows the BER curve 330. However, at the range

of -12 metsTBem A han seneraiss sRASKIOR CIiop SigRls Whiapargpseddp demals the-300

manonmt er ' ' r Le..

Gomor; ; AhdAdife! difn, (s uqal BABEARo AUIT At heid 04 ihdiirtdtn

i ncr ease responketoahie pogjsoreertarsignals. The detsctorf04sprodices ambutpnt sieal repfrbenttd
extent of errors miﬁg%ﬁas t he .contr ol sﬁiqgnal and for generating a dynam c

servo si ¢arad 210, exfracisd datgsignal ussd an the reproducsA@aly systens, the
servo burst prQgu tﬁte[;.i\é ' : : ; : ervo
si gnal s per selgon %I nt g1|§§es r}ltmlaahev@ﬁ{e?%%,r@‘{he g%aa%lgg%éirtgdoﬂ)&hg%gﬂﬁ

pr oduced Thempparausmif Fog. 4siag beausabiot asing injormstionahbutale abentiof etrersant ent  of
error@ usi niﬁ.th.e t eqchi ngs of.th&&reseat I nventiop.resul,t in a sanpling
rate 130 SPHRTMEANHYSHYGHE Staats seneraied Fam REFTegidsdSFvo Ry 4 BEWA S he- ar t
Servo sysioR8Fmethsd af tisifigthe pRdreddiBePdROMEHUraiIR bAbIRLISPWitRHRiea¢Hifgd dfthis
control signal containing information about the extent of errors can be
used i n davemtieatil bedesombedbergib@lowservo - ~j ~ '.;' ~'J;~3 -37 Burst
Met hod. In su ' l.on, . ' i

subst ant | al 1y e FABd e diorele SiBRkddes /3 Milther oS3l 8 IERSIRAS: 1
ext ent ofshewh @eserallyl anPQR havirgy 4 toeatmgikaghetiomediatreairding oifaqe®@ Haviriy Ndatd he
read/,)\éﬁi te ngﬁ t.o mai nfain head/track alignnment such that the position
errorVsi BYHe ﬁ%”é‘i?géir"?t‘i?é“aé’f‘%g Bileeft QD FRRFTRRESPIAERSFERR Bt open

predetermined storage locations or data track 164. A head/arm assembly shown generally as

230 includes an arm 232, a flexure 234 and a slider 236 having a transducer 26 having two
MR elements 176 and 178 forming a part of the slider 236, which is known as a head/slider
assembly. The head/Ipating arm 230 is used for loading and adjusting the transducer 26

25  relative to the center line 240 of track 160 and predetermined storage locations such as data
track 164. The wansducer 26 has two MR elements or read sensors 176 and 178 and the MR
elements 176 and 178 are staggered relative to each other and to the predetermined storage
locations or data track 164. An insulating layer or shield 180 separates and shields the MR
elements 176 and 178 to reduce cross-talk and signal interference between the MR elements

30 176 and 178. Each of the MR elements 176 and 178 produce an output signal appearing on
leads 248 comprising the sensed data containing at least one constraint and any errors

introduced into the sensed data during sensing. Each signal from each MR element 176 and
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5 | oop servo operation between or in the intervals between the serVoZbﬂfétENB
signals of the Servo Burst Method. In the Servo Burst Method, the sensing

of a recorded servo burst is used to produce a servo signal for adjusting
the head position relative to the data track. As discussed hereinbefore, a
single MR el enent any be used as the re transducer mpracticing this
invention. In the instance where a singl® MR elenent is used as the
transducer, 10 the sensed data containing at | east one constraint and

i nf or mat | Bhisapplicd tereast amplifiers 25 Qand2 2o respecsiveiynalsphior semgain tragsdugers
adj ust ment _regui re the adi usti.n | enent . . Howev h Lr jjon of the
ad} ust mﬁ%‘cﬁcgﬁﬁf“ﬁ g%@fv’t"". o g@r“i&i\}%d?s?'gﬁof ﬁeguggdn%se%fncé{ en%rgﬁ{nglﬁ:gﬁté&at | east

one ConS§i%ﬂ1macnndtphﬂfrmmﬁ ofitha MR telegrien®y’ 576 dnd 178 enayrbeqipptied toSesunamingr st
Met hod, the_servo burst_é%%gal can be used to develop position error

si gnal s uBplibersuchyas #pRlBsIPhn about the 15 magni tude and direction of
adj usg nent . | Rend t: | i ] | &fpﬂp i.n the
infor%ation rzgélre E?%%%é Eﬂiﬁﬁh&gﬁ“g%§§%?ﬁg§§90¥§§ﬁﬁﬁﬂ9e eneﬂ?agygusing
t he cont Oné esampiabf swwhtastravisdyret isf anr MRt 6lemern lndiich i hefereed wds thé DaalrStripe f or

the VR Wit R plertd idhsilelfeatam ies o ety SRB RN COROmME centor
line, this slipe aﬁérﬁadm? ms:at%sm&éysﬁf&fbc%ﬂtbdao\f%am%&%}s i@virfgrd Or S.

Referring to curve 338 o Fg?: 7, an offset of about 8 m croinches produces
a si gni f¢apdnetiveshicldpas dlusmied imFigh#E.aver age extent of en-ors as shown by

i ne,346 on c i i ki i he..aver ext ent of
eaor goo,c an be #gségh gggxésr? Igér%?'as%elggérl fer# %?gﬁ%%&ﬁgﬁﬁfﬁ}ei}n? &t e’rtﬁ? ﬁ%%%&hnéad

of f set. ¢HaraderistipPed the MR eleaehocsild beskfiad elsttrigally By @eufudids difial ands a
magnet or esi stive sensor in a systemwhere the predeterni ned storage

€ ] Syst e : g€
| ocat i onschslegtricabshiift fepuldibe eithes int bisu of ar@erfamneadrronenrentlyi with theaditsting af
adj ust ed,, t 08l 1] sor at _a slight.offset. fromthe center |ine of
t he tractrz'ei??gﬁd%l?#o a%él}rs%gfspcggl%gf%%‘f? : “’:Qnrffrgﬁé'%?lﬁ‘i ned sensor position.
I n such an appPh¢ MRIElemeREm@ybPA bindR\HagSducer 1745 RS alky envisSlohdEtheoit r ol si gnal
conta|n|ngﬁ$nfornat|on about 30 the extent_ of errors to generate a position

errob? siyiramative smberismanis theyranrdugsr may irglvderthrse derrmere) pradisensgrs and/ortwo
repr esenty fgre Wite MAUCEACS ARG Ghichfid bB0Id RoiitintdhitbARs BFhitib: Aiviigsdtent is
to nove said sensor to inprove sensor/track alignnent: " ~~1-r ~~ -38
Thus) onrsgnsestdata containiplg theatHeast 6y canswainyfromdll eddreemtsit or singl e sensor is

to maintain t ad slightl 0 one si of the .track, center .between servo
bur sts. A st fe e embotBral s Bpdti it mtpndine R be Sl 86t 1 al 1y

t he samecontdibing tigf at@¢dspbife @nkRdinPiNdlto OSSN Firad at Rl &6H $komd\ddtsleal
alignnment, of the head with the track. This is due to the 5 BER in the

out pift onenal dexalopsddram ghany least waHEasHvRsTSSiogierive @ dafaisignakhavingthe drasiced from
curve 3 . F : . & ' r Lbi track
cont or . Syl Srork. nfthic ARt TR aBIP R o R uA ARRLRORRSRC | L20
sl i ght | yleastameaseofi enorslils pdditemehé cdnmwisighacnamiginforAtuitioh abslit sipd ageanrent

is observed to increase heyond a.given amoynt, the head posjtiqgn . is .

i st e AR AR5 Fo Lo Reifi rTor SRPLe Gt R S SRS PRI

el ement al i gMRAE isto regiNgkRerit Ak e PRLURRP 26 WHBPR! thAMhBdAREntid Mifse 1T the
MR el enent or single sensor is nearer the center line of the track than a

m ni 38um hfiad pingluderanit partipelar nymebetiof ceadisonsony, sudheasafifisionalddBaziereusisimalan. | n
such event,,an, adi n{,4,S made to nove the head slightly to the left. |
the disp Mﬂ?d"g%{g@vg; to increase, then the MR elenent or single
sensor was t OThiB¢nvefifibn isQildbedfdctiSe hdifg Mﬂ%@' PR Béad 1 §uchiag fér exhiple MR
event, the adjustnment may have reduced the observed offset to zero. This
met hod cdemer! 78pwsdiscussed ig soppegtior Wathdfigskt is observed as shown on the
curve 338 of - ' ; : 7%9 d t t he MR
Th utéut s raﬂ)geacﬁ Mﬁ@?cr&%?l 9#‘%&3}) 1 ?fxggﬁﬁctsﬁﬁéedﬁgta

el enrent or single Sens noves substanti a e signal -to-noi se
ratil dewpntaimsgthe atbedst ame eonsiaint dridanytenery intredwded Wit ¢he sdnsededatodwringy e

observed_ af.ter..PRVL. pr.ocessi increase substantial.ly. ch .si.de of, 20
curve. F5Arng: TiesnrighaS APl Ko FeeRBlE re] ammEHsAs oo and e r om
track cegitpiits of thetrb drapiefistSP 50 /RBETVAO R firkt sPgnal Andédchd sighisl UM tRS!
frequently enough, when the MR el enment or single sensor is close to track
center, this information could be used as a control signal in accordance
with the teachings of this invention. For current disc drives, in which the
BER is one in 10" or less nost of~tl~e time, useful observations occur too
i n~equently to be useful. 25 The idealized extent of errors curve 338 shows
t he shape of the average extent of errors over a set of sanples during PRWM
processi ng. As described herein, a new value can be obtained each tine a

o I o Y A PN NSNS A= NN o

f



10 The response curves 410 and 412 are typical of the response curvesy pjay 2003
produced using the transducer 26 having two insulated MR el enents 176 and “***
178 in Fig. 5. This information can be used to generate a position error
signal for practicing this invention. If a transducer 26 is used having two
unshi el ded MR el enents as depicted in Fi-gSO-BE’ the application of an

adj usting signal on the conductive shield 182 shown in Fig. 3EwIIl 15

cause a shift in the magnetic characteristics of the magnetic operating

char act erprefered egbogdiment the figst srgnal andehs second,signal appear oy, pPUPULS by

depi cted e _'% 1., 061 RiMal, r esponse
mveform%ﬁ@@%ﬁgw%&fﬁg&m%v §r°%°§§’%r chgtsg,gé\lgg e?all egy nuner al
500. The gekpdnsivead pdsisions 6f the torrespendNPMRt dlemens | Hxargl I Hxekoenta thg "ti ne",
a second axi,s 504, .the "Y' axis epres ing "sensor voltage". The 20
response RIGORFTRFY o I?F“BW’%\ ’s%’lt"}p cgﬁ%/'e 506 and is a plot of an actual

resporse CurVeEch%?ﬁﬂeﬂMnWM?&@%sﬂ%fﬂﬁ%i@dl dridRcéid signab 12 is
(6]

derived fromusing a se f points, of which point 520 is_an exanple, from
a pl ot ofreprasenteuvecef the penseddatp gerRINiE A feastrone TARSTANY form ndsseerted 38 shows
changes i h Py -PAVETAVE . ' s ' 04

SRR et Y L et S R

The act uadny ®h@raBGsiretosigiad processing) Sech signal progkssing mdy safopleeanpsient s 520
i ndi cating actual sanple values of the ti ms-va\r;y el ectronmagneti ¢ val ue

det er ni nekPNgitionng theisiengb EPRNFERRS thesignalde another e' 4 -&1379uapbed digitges in
t he tfoma'%%w&%ﬁ%ﬁh{ﬁ%ﬁﬁﬁﬂsﬁcﬁ?gwn the second axis 504 with time on
as e

the first axis e same wou nmeasured by the sensor for an ideal
case of bit-enThdouwgurrd6 ficm theaeati angplifiekse? 50cmd 252 ¢mpmding thavethbor florhRe 30

i ncludes a plurality. of | e ints 520 indicati iideal sanpl e val ues of
the time- VEBINSEREier 25K HGRRHFE) gom aMRlichdp &t okion 260 WD IPANE: ERFAIFRfie.

.- L~ confrol és%ﬂn containiflg informaribt abSt YR &I of Lfs AR 1M bmbESRAAE Ghyavef orm
506 differs fromthe 1deal response curve 512. The transducer receives the

act ual vaderesorf260 applicsithe cahtralsigriabeqntaining irffGxinatino abowt dinpextertt of egorspamss
th I wth the_ideal l. d i t of
sequentsessistiscirett 220 Wih SPRBIS PPRIL gt Rl FIoPel et g ariehes 1 or

the act uadjggaanpl e 5 points 520. It is envisioned for one enbodi nent that
the PRML encodi ng technique can be selected as a constraint for the data

signal for pradthe emyodiment phlign? i thtdstecterS0fsrespausivg tadherfst signad agd gnal
fromthe . : . . n ' i

sanpl i ng SR sgngt ol e B SRERGR sighATalP 6T RER e el 24 THE

di scussedietértdreX60i pradssyes, the first dighiland seend signaiao détemmmb sier atdehsPhtid. encodi ng
wavefarm from.t h.eéﬁegsor, e lg)t MR head, and the ex ecéed P encodi ng as
deri vAd 19BRFERGRRE 7ie clemalid) (mming e ersor SVEGRIpE bt oA bE OBWAIRAL | on
provi des tmBbBéeivdd SEnARA the BfpRidtnaliAs@h eRirfple tht BBiesBP 368 c Al fotinanal
and can be used for the control signal. Such conputation is available using

t he conpuengtdramere of theofolloyingf processing technigessfor exmactingtho detassignal andd di gi t al

signal 15 processors. .The follown re_exanpl es of determning error rates
usi ng PRl\ie%b"_r“S'J%s EORge! s('%’)af] ‘f?fgalgvggg‘éémﬁt ub@" %ﬁcﬂ%ofteeﬁré’mobser ved val ues
of sanples difflgrs Adamhd dmponeeee b thewaiptified ﬂfstkilgﬂﬂ&naaﬂ?liﬁéd s¥foaa sipner aged
over a span of sanples) which span of sanples nay range froma_ few tens of

sanpl®@s t19 dstermmneshprined firg signala framexhicl the deteston faty eidiackthe date signal and

generate a control signal containing information about the extent of errors,

) Subtract the components of the amplified first signal and amplified second
signal to determine a differential therebetween which is used as the first signal from which
the detector can extract the data and generate a control signal containing information about

30  the extent of errors;
3) Use one or more of the components of the amplified first signal and amplified

second signal to determine a unified or integrated first signal, such as for example, by



20 the squares of the above difference over the sanme range of sanpl €& gi!ﬁ..é‘,S;ggm
(c) The average anmount of squared differences between a PRM. signal '
re-encoded fromthe error-corrected data output of the invention and the
sensed signals, properly aligned in tinme, applied to each of the first data
signal and second data signal that is imgﬁ?t to the PRVML decoders to provide

a neasure of extent of error rt9easure “that corresponds to the data
stream produced by each 25 PRM. decoder and from which the control signal

i s conpoweighingbe st srgnals oot vaie and thetsheondisippaba atsecamtdivatuege.gf 23% @nd

expect ed si gn IS, tha ut.put. s~gnai ..t hat has heen rived fromthe
F1Fet a7 S0 FReiva T te b ohieP Hapdadihin e ihmiint detne it tEmyonelh Prv
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signal fromthe inventron; and _(d) other functions of these differences for

t hese sahpBenesily agontBy signakconipgnipRIndPrmatian sbeut sheextinbgferrors; control  si gnal

is ca}cul ated_ for j e SCI | ner, . Then fd jon of
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second c8FRSTYE 2P sighalcoptaningdnioguation about the extentof STTOL 88kl . Fi gure 10
shows a proceg§) fl ey diaBe 35mBs N tr%grf [ t he
extent of errgsr’)s. 5 The net hog %%’Eﬁ I es %gﬁ?ﬁcgl@%e 3?%& llifgér?isﬁg&*tﬁi ng a
t r ansduceignals t¢ sepatatkly exsact adirsidatagigne bansicasecorsd datwsignpl amd togenematea r ead
ele ts to sense, predetern ned. storage | ocations having stared data

cont Xt Aepil SREALPRERE BLd e dab Bemd biione e rebutest ol s e
descr i begrd#eesdpatiiddtnE) 4. d. poflAGLedtihaRIRT BbALIHPA dRbRcGEnd Stgldrons
contai ning data being already witten on or within a storage nedia. 10 At
f1 ow poi ANEWaWYN, oh Eerdiealshigplacemenisifia teansdicpr rolativa tecthe predutenpimsdstosage ned
st orage ocgti ons, or g%tcf%‘ track and is ready to read a sequence of data
bits. At 1P sp?)lfcﬁt 802t he transducer responds to the sequence of data

bits and prodigess émbddisentsthgreator dAbctbd 100 genérates @Qificl Ren€lSltspEiaPwhivh ik nput
devi ce processes the first signal by conparing the first signal having at

| easts ond@PRIYde the adjusinent clomend 23R tordeterming saparats sieapls forgharizén@l | east one
constrai ; SRV i L ] ' [ about
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the firspregietgmained stordgedoeationssugiB)a track. extract ed data signal and the

control signal_gontainin nf orat i on _about extent..of errors my be
Gsed a5 shown IhIE PonF SO HePl Forste pRoRPHis 208 o8 AP oo B
havi ng t becliezrt wméﬁbﬁeépans%rt@ﬂﬁ coh@oN siBHat loRfrEdide tio pbafien errédsi to
produce the so derived data sL?naI as the reproduced data 614. e

ext r #tt eWhirdxase applieddo serue amplifiprs 272 prd it Sdrveamplifisr 2Hopwedbsesiacad 612. At
fl ow poi j i 20t E onds .to the control si I

cont a ni BT Sip8 SR sihafocHRbe HISBPRER abfu e JaToF Sre® s8R 275

error si ghidhsis apyliedas @ coareel a¢toatarip806via tdae 2pO fortrh@vingddr dcheating altk Keadhanhhat
t he head is@gi)si tioned in inproved al itgnmant relative to the 25

pr edet er ASEERNGPROsYEn thseamedn directiplt g IRPVR Al gRpens Withdhe PHEFISEINGE r ead

process g@rapaa¥datibys, kb@vusRBtikaR4@4ext endi ng back to flow point 600. In the
schematic diagramof Fig. 11, this enbodi ment of the apparatus is a

vari&ion of e other position error signal from the servo amplifier 172 is applied via lead 284 to

a fine micropositioner 286 which may be an articulated end of an arm 232 for micromoving
or microactuating of the head/arm assembly to position the same to improve head alignment
with or to achieve substantial alignment relative to the predetermined storage locations or
data track 164.

30 The block diagram of Fig. 6 illustrates the method of the present invention for using
information about the extent of errors. In Fig. 6, the method comprises step 300 positioning a

transducer in alignment with predetermined storage locations on a storage medium. Step 302



the apparatus illustrated in Fig. 5. In Fig. 11, apparatus shown genesal %3
as 650 has a rotating magnetic nedia recording surface 22 having a data &%
track 160 having recorded data 164 30 containing at | east one constraint
stored thereon in predeterm ned storage | ocations or data tracks 160. A
headl ar m assenbly shown generally as 652 includes an arn) a flexure and a
slider simlar to that illustrated in Fi3-5, for supporting and adjusting
a transducer 26 having 2 1~~~ ~~ " k~c:llt)3 -42 two MR elenents 176 and
| 78, hapiovires e genetatng frofmthe trassduadri the) sdnsatbdatd torthiniight leaSlonewdonstnaiar. e
staggered rel ative to each other and to the predeterm ned storage | ocations
or data PIRAP4pEovides far gensrauag fropn thetrapsducera firss sigRelcepresenuing theseased n Fi g.
5. Each : . j eanng on
Ceade s SaCBRabhEERFRRS obd orkitsind s B HIGE BRI (L 3034 B0

const r ai derimgsknsing. $tep 306 piovides thr@ederantgint rasponsaoate fest aigdalrd coptroénsi ng.

The sjgnal from MR el enent. 17b i s applied as ap i t to, read applifiers
250 ohd DenalgarIaULE QTR APt TP AbFROrE s Sep SOA PV S TrpeFioaeping In
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anpl i fi efuncrsn Ehetorsol fupctanmasenBiep Bh@ prividing forrelastrically dprinmecfughwst s 176
and 178, .respectivel yv. e output .signal.s.of . read ahtplifiers 250 .252 and
354 sach T SHRTRtctre i e he L ek cERP oL e orhioh ARBLLE o ne
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two si gnaﬁgcégwﬁqegyﬁ‘t he MR el enments, is applied as an input to a sumdata
extraction and error circuit 20 700 that produces an extracted data signal
on olff put 710Amnethereanital fitpctibreisshownbytStep 3 Mocommpisaigusigthe dortrol isignalvR

elenents 176. and 178, .and a . control signal having infor.mation ahout the
ot opoAm BRI et shee 8 let of St ALl ts panle B RS ([ 1
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76 and t L i i it 704 for the sensed
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erra2o ci r cui t In/the ppsfeded anbaiimenttof aled mrdsetainventignthk ntethodlihpluties/ddfustidgraact ed

fromthe first si gnal fromM element 176 and a control signal having
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anc~ a ccortrodkigaalgoataiting infgrmatibn abattithaexadm oif etrhes. ¢ magneavic temsdurcer whi ch
appears on output ,.724. 121, ~.nNn~r ~~n - ~ ~ =3 - 43 In this .
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uni f22d @ePprédtermigsdatoragd locatiohs. | eft data extraction and error circuit 702
and the right data extraction and error circuit 704 each generate a control
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and 714 awmdberafterrofs perfpmak the 2fyvingZfeparsihg/sedsedidaea. ext r act ed data signal s
710, 712 and 714 are a ied.as an input to a data | tiplexor, 732 which,
in response t la°$wseg‘§§$\hbvaeaﬁ?nsaf*@ﬁmodrraevébve%f PAd RS PE HEPOSIER o

sel eg | 0ff a transducer having a plurality of transducers relative to predetermined storage locations

containing data being sensed by the transducer.



control ler 734, perforns a derivative operation which is responsive pgvépe
processi ng control 10 signal 736 and at | east one of the ext ract ed “suim o3
signal 710, the extracted left data signal 712 and the right extracted data
signal 714 to derive therefroma data signal containing the | east anount of
errors. The control signals 720, 722 and 724 are concurrently applied to
the selection controller 723 and to a s&vo controller 724. The sel ection
controller is responsive to the 15 control signals to generate the

processi ng cdntheahethodilmbstratad irefig! 6,k storedfiatadatize predererplimotbstorag? as

descri bed herein before. The servo gontroller. 723 ge erqtes osition error
si gnal s 19caHPR% PBIABRTA! IRt UIEHPRFTARNY 15250 FREsIPRRd N e T
servo anpprifieincddfe. T he servo anplifier 728 applies the servo signals
representing the magnitude and direction of the adjustnent required to

i mprove 20 alln gument istalretfribeartpractivR asdigmad nicsivad drothed mansducdt, 260 as fdre

enbodi nent_illustrated in Fig. 11 can performeither one or hoth of the
dor | Yat FOFmBIF A Forat i e gty REerly ¢ pRTCEREY a8 23l ABOVRE cont r o
si gnal s paRiafRB§oREEMAXIMEA WikelihBsd C'PRMITY| Théte bltSel @AIRMWrSPIRMLAdGcbdthg Y
continuous servo signals. Fig. 12 is the voltg~e of the sensed signal from

each MRmstRadsnTheimethadsiknops asRR4 and BBR4 angcommanly wsgdsThe exampde set
| t o | ' foralf _Brac i ONS.
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744 is reprejePRRatprocesang, Vit Sbraltysambldd byRaspnlspeoaligivat carhertee PTAISENas t he
sum of the sensed si_glirllal s fiomMR elenents 176 _and 178. These_ signals

r epi Bserenedie intervals. Thesampling is dang sypchrepouslyyyith tigsignal, Since akR 4 encedingat a
extracti ' i | Lol s | R tiLdi sc
ot or age "EnHlS bEmE e bhfS biiude pt Sifellel ntilh Hrupiles dr nliRafible b 0 15
i s anot heamedribOdndrehtif théretvhare po assetiedreasorg the sighalftogeiseratio omotherdsffzatsi ¢

i gnal .in.th 2 =M~ ~ ' =~2 3 f f bst ~. ntial |
cont i nuSBenERA, e A forifineah manst gL iRS heriasy BESTFaI0 PP S eB e of gna s
at a hi gs@hanaéten'él lﬁ&‘n Effectshap @nbing BR-stgral. SRSl o iresPonaith SpecifR Ser vo

Burst Method. As illustrated in Fig. 13, disc drives 750 are currently
bei A§ boptputsfith) ARC whish ¢erespopd i wnitages iglithe signals anskthesetwiewd dh dremers

represented b L SCS. 7, nd . 724. The di s r.e 0 tiyely connected to
ind adagtetppSeRaifidy 48y e Bl o i sierabDRHErp R RGN e bR AR
766, 76@rodnbed By sahlingwpltadiffedfrdid i Sengieotetl vBiEs adxbrib&ibsborg. ForERample,
represent ed dashed line 774 in operative relationship relative to. the

by . ativ :
appl i campsteadiod @ valtage qosresRongingdpdcl, asthegxpecraryvalys, a wpiagethat is phtigessihis
surface%&ggx a L RE1oths 8 10 disc
752, or di sct ‘g%rh?g?:gg&g\%dd?% g%\ﬁ%t %c@?&gpgmjr cE)per tsoﬁp gceés%‘%eddi sc 752
and2Gppealueui,fOare -dnwdildeocgironlyNmder tdeal chndtions répacsests ane example®f sane di sc,

R TSR T MR TG A
equal | y nah&fueédis n8EalfpnBd withrrtk Refween the transducers sensing data from
Over repeated observations, the contributions of the Signal Deterioration Effects to
signal errors will contributte about the same amount of error independent of the degree of
25  head/track misalignment. Other of these effects, such as head lift, only occur rarely and are
mostly of short duration. Therefore, over repeated observations the errors due to head/track
misalignment are observable.
In accordance with the teachings of the present invention, such a signal would be a
control signal containing information about the extent of errors which could be used to
30 perform a control function as described herein.
One feature associated with use of PRML encoding is that only certain sequences of

values can occur within the encoded signal or the signal containing at least one constraint.



15 surfaces on the sanme the rotating disc. Wen the disc surfaces arfe, pnTﬂ%
different discs driven by a common spindle, physical conditions which
introduce errors into the sensed signals, e.g.) spindle wbble, affect both
discs nore or less equally thereby elimnating sone errors between the
transducers sensing data fromsurfaces on different rotating disc. The
transducers 764, 766, 768 and 770 sense3fhe stored data and apply the
sensed 20 signals to their respective read anplifiers 782, 784, 786 and
788, re¥Fpeetdanmpie,)in tHOER 6 migthods nétrablrncqmiuesodf théexpecd 3ara]tneisfoif ér&aﬂﬂ—z 784)

786 and 788 are_a plred |l el devi e 974 deri,ves a
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relative to stis a@ Glownlif tid HSEoSRRIMACRcodiNg, ARHateNeq@dr@Babf fdisivle 1 N arrow
808 may be used in a manner simlar to Fig. 12, Dei ngi applied to a data
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t r ansducieat sequande wnhehﬂ)ﬂnyxxgemehbeﬂt}mo& nﬁmmgtbadnehaomgmsl rbwdedsdm Kk
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second disc surface is not suff cient to accurate y control the position of
t hel$ r atdsdieer riging temjorarsly to a gfeates heighttban norpeal afﬂthze disc arrifa}n dpétet

transducer wi th the r urre ccu er a tr di sC
sur f ace “MIYHRRE LR P %%@f’bse@@ggﬁ é’oﬂgﬁ ‘ﬁ?r 5?‘35 hef brmati on
about t tsememtnemefateoerora@ r‘hei@!yﬂ)ﬁﬁgﬁagmr’rmy sorgpatite rebmparihg the diffeesdesnor e of
the other disc surfaces in the same manner as has al ready been descri bed
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'first thgSchieast rfdrdk eX@nt F éod cQéﬁlﬁteH "raﬁtfsem'étrﬁtt spelshid h&msér dffoRf regaiti on

may be obtained fromone or nore of the other disc surfaces storing data in
t he di sebsprvations\indhistway, didysamigsigneber neady opntirweussigmal ¢pgesponding fotheensed

data fr h hd Ger s adi i S rticul arl eful e.g., can
be used%tg%}%%fin a?gnHesr ngl e & nerta{egan &#zﬂ'grf?rcgaﬁs stf‘at():o?tﬁ nsducers to

i npesve cahﬂagmgallﬂfom‘iatibﬁtaboxﬁtrtbﬂ@dbtﬁ@f&rrbﬁl ative to its associ at ed track.
Duri ng manufgctur g of .a disc drrve) a manufacturing ste

"servowritin » the cRRirelsignal ispemg danye @tf’@Wbﬁa‘RdFa‘éﬁl&%‘cw%ck
and eveny @3tthaAGe sadé?yth% ?E‘a‘ﬁ' éhw%ﬁ?ﬂ PlsdP@iVe fdatahhﬁhd | RbrdcRdinkladn

tracks on opposite 2 aces t he sanme scs so that the track centers
on the fwrrtstseqamnéeatneadnseosmrmdtatonohédm fromthe track centers on the

ﬂ

second surfa duri servowitin hus duc on one, surface
is well alig #%a PLECRERIRE f‘%ém;[ % é\h é‘t&%@‘&&%&g BE t he
oppggi t @mueﬁa%mg foRTMMERt s{PnaPdridosipatisithe @bst:ﬁea IPRML fefi€o hé e

surface. Wien this occurs, the relationship between the transducer and
track orrxrrhrécdab%b@lr ercoding with an expeaicd PRML enendirgandrgengmitesfthesangeksignal

| arge. As shown in Figs. 7 and 8, the rate that the extent of errors (BER
measured during PRML processing) changes by | arge anobunts as the alignnent
of the transducer with the data



li | -46 track changes. Therefore, the second transducer wll be opeQaphmgmm
in alignment with the second track such that the extent of errors is a ver‘y‘-‘d3
sensitive neasure of the change in alignnment between the transducer and
track, increasing its usefulness as a second control signal applied to the
control device 794 5 1t is also envisioned to wite the servo burst on
opposite surfaces of a disc so that the Xervo burst on one surface are
positioned half way between pairs of servo bursts on the other surface

whi ch cagoiRne aitterdnecd befvieh s Gisterldd PRAAIS 8Rc6aIMgIahl Rith expectad PRMIL L,

i nformation fromthe servo burst on the second surface can be provided to

t he cont¢nsbdidgvi ce 794 during the intervals between generation of

i nformation ffom.serva. . Nl - : | signals
may be used | i 4 KES FiTeBtAT et laBhbid Gl R nRSREL O BRBE I 2 O

t r ansducgethpdJot usiie infdraiative absut ahd éxdeik oDerrats EMbinAivAtwithisaso bast S.
Summary It is envisioned that the teachings of the apparatus, nethod and
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manet o. PESEEEeL SHEDPESE seyp ars 0 B PrphbRop dbs SPiedntas Bt ucer
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deened to be within the teaching of the present invention. In addition, it

vis efvi sitorage ladations and any goRrigEoduced ito Wiswersed alota during ithesensingstbdr age

systens enmpl oving electrigc _an her. fgrces . ns n Lopriate

pr obe su%rﬁa‘é%’x? ¥9 TReRASF @F 55&8%%65?5"5“ %fgf’gssl@%np ’gorafﬁ%aggﬁ%mgﬁg‘@%g%anni ng
devi ces. rekporde @ theQist signal & cémrol sign@nNRdtaldind infdithatieRabdut thedxi@Rbof vRbsd have
utility for optical data 25 storage or other storage systens including

hol ogr apii the gensed dats angh extraching a8 datagimak epd (H decsivingsaidipesition ¢rror signals

et b ! . e
e SRR 6 bhes Gl o8 dhBNy B B ML RSP |
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i ncluding a servo control stem (20) for ) )
gansducer in a designated asl}/gnment Se ati)ve to said predetermined storage locations and

-4

performing in the intervals between the servo burst signals and in response to the control
signal containing information about the extent of errors a control function to improve the
extracted data signal as a function of the extent of errors.

20 The method can also include in the step of positioning including a transducer having
at least two read elements that generate the servo burst signals and a first signal and a second
signal each representative of the sensed data and any errors introduced into the sensed data
dunng said sensing. The step of receiving is responsive to the first signal and the second
signal to generate the cohtrol signal and for extracting a first data signal and a second data -

25  signal. The control function between servo burst signals performs with an output device at

‘l::;st one of receiving the control signal for generating a dynamic servo signal to improve
alignment of the transducer relative to the predetermined storage locations on said surface
and being responsive to the control signal and at least one of the first data signal and the
second data signal to derive therefrom a data signal containing the least amount of errors. The

30  method in the step of positioning also includes the transducer being a magnetoresistive

element.



5 maintaining a tracking relationship between a detector (26) of THe 'datan3
acquisition systemand a signal source (24) enbodying data to be recovered
by the data acquisition system the servo control system (42) receivVving
informati on about the tracking relationship and adjusting the tracking
relationship in response to the information, and the data acquisition
system conpri sing data recovery circuit-B§ coupled to receive 10 signals
detected fromthe signal source, the data recovery circuitry (204)

recovering dat Fid reRpbwHL dskhke ihechreé WAk Bich ishepistadfahcXitistictirite FBER/9 e M
characterized by: the data recovery circuitry (204) generating a neasure of

qual ity ofuncHen pEthe pesitionseigheransducenralativeie thegerier limenfadragk having stefedt he
detected gj o r I, ¥: . |.ng
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acquisition systemretrieves data fromthe signal source. 20 2. The system
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nmeasure has a sane sign for the positive and negative errors in the
t racki ng me¢rainces{HiOP nanorGed) toHbeutshiSmainrodriched @30 ndnoprete?s) fwimetheitrack he

nmeasur,e represent n tent_of..errors in the detected signals i ved from
the. ddPecraSIRgoln B MR a Riasbf AripiPubDap St Qi the'ed 11!
" AN L curve 330 indluded® o/miniiiem Py ik EIN20ind GUA tHAB colreSpondi6 KR ripht Mied KAt a
recovery circuitry (204 procezées t he detected signals to derive the

r ecover edberndariesf thg tragksrespagiuly febyesnthe manigemagoins 343 P48 and Agosfeasur e

bei ng der jj¢efhck Hadh 81/ ahEOMBalighment dOQ ﬁﬁﬁ%&meqfsi@k@éam&ﬁ%r ofdledrsi N the
signal source (24) includes plural servo data structures interspersed with

the signals enBbeipertign ghthg curved 38 exipudingbeyond minimumeppinte df 2 andetf4rapidbr vo op
R S L A
the servolinoefthotracsy 4t thesq pad)ts pecwive 33 atshightsbangs of nfisaligamentpredudessd] ust i ng
(he Lok, 0Rei LA PRI BEsiaEn (Do detector (26) and the sional
during data reThe soli lire@uiveB38 3«4 plot cfthé dvekage peieat dfehdrsadsa frgtioaloffed bot h
'n respo ng—gns%t?cetr ggsitrlrc?nal%}lartige itaont?\e E:gntgrqleneso Eh\t/:(%ralcﬁ 1:noar rrnrg;[uie(r) Igimilar to the BER
20 curve 330. The solid line curve 338 is an idealized extent of error curve and beyond the
minimum points 342 and 344 follows the BER curve 330. However, at the range of -12
microinches (-300 nanometers) to about +12 microinches (+300 nanometers) from the center
! line depicted by numeral 340, curve 318 demonstrates that a slight change in alignment
produces a significant increase in the average extent of errors. This information about the
25 extent of errors is used as the control signal and for generating a dynamic servo signal.
In the state of th‘e‘ art magnetic recording systems, the servo burst produces servo
signals at a rate of about 8,000 to 10,000 servo signals per second. In the present invention,
the dynamic servo signal produced from a control signal containing information about the
extent of errors using the teachings of the present invention result in a sampling rate
30 significantly higher than the sampling rate of the state-of-the-art servo systems.
As a result of the above, apparatus for producing the control signal containing

information about the extent of errors can be used in combination with the known Servo



derived fromthe servo data structures. 15 6. The system of clains A+5yv
wherein the detector conprises first and second detector elenents (176,
178) each detecting signals, corresponding portions of the data recovery
circuit (250, 252) generating first and second data signals and first and
second nmeasures of quality between the first and second recovered and
detected signals, respectively, the contBdt systemdetermning a direction
for an adjustnent between the 20 detector and the signal source in response
to the fiBwwkt Methoscacnch Aeambingson, the cbhgolsygiabiv 3éd @l geneRatelsubktatialiyher ei n
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posi t i onglradtizhmy thisriavéntiohelnbeinstahee Wheare s dinglr MR1dethemn licludeli as dattransidwenge

| ocati ons (190) and adj usti ng? the transducer  (194). position in response to
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the data recovery circuitry (202, 2Q4) geperating a neasure of errors
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transducer” ( and the data storage Tocations I'n a predeterm ned

mannes, anagritde swhdiresitionpf ediustr20W, 206) receiving the neasure and

perform 9 2 JHIR s i3Hu0k 1 Qbbb SONLIDHPHR iSRRRERLn iR B
make such an adjustment of an MR element by using the control signal containing

2003

information about the extent of errors for the apparatus having a single MR element as the
reading transducer.

20 If the MR element is maintained slightly offset to one side of the center line, this
slight misalignment produces a high average extent of errors. Referring to curve 338 of Fig.
7, an offset of about 8 microinches produces a significant rate of change in the average extent
of errors as shown by line 346 on curve 338. This significant change in the average extent of
errors can be used as an offset reference for the predetermined head offset.

25 The apparatus disclosed herein using a transducer that is a magnetoresistive sensor in
a system where the predetermined storage locations is a track having a center line and the
adjusting element is adjusted to position the sensor at a slight offset from the center line of
the track in a known direction establishes a predetermined sensor position. In such an
apparatus, the output device is responsive to the control signal containing information about

30 the extent of errors to generate a position error signal, compensated by the predetermined
sensor position, representing the magnitude and direction in which the adjusting element is to

move said sensor to improve sensor/track alignment.



continuous determnations of the nmeasure while the data acquisitiomn system
retrieves data fromthe data storage structure. e A~ 4\ AR R
& ~ -SO 11. The system of claim 10, wherein the control function includes
adjusting a position of a transducer (194) with respect to the data storage
| ocations (190). 12. The systemof clains 10 or 11, wherein the detected
signals are constrained and 5 the neasur®4is derived fromthe detected
signals in accordance with the constraint. 13. The system of clains 10-12,
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190), t hmixienin displagerhent) th&Dthe dd@6jorafaks ofifseg bédomes ankmovwm o sndt ¢vent, and

perform ng the control functiqn of adjusti the relative popsitional
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transducer 194 nd the data.i stpra | ocationg (190).1 sppnse to
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structures. r g FiguU?, the BER Are3 3hEs fifaf\Xs e MR . efeinenf\§EsifgleAbnsts Moked,
substantially off track, the signal-to-noise ratio degrades to such an extent that the rate at

which the errors are observed after PRML processing increase substantially. Each side of

20  curve 330 represents a monotonically increasing function of distance from track center. If the
rate were observable, 1.e. if errors occurred frequently enough, when the MR element or
single sensor 1s close to track center, this information could be used as a control signal in
accordance with the teachings of this invention. For current disc drives, in which the BER is
one in 107 or less most ofitiie time, useful observations occur too infrequently to be useful.

25 The idealized extent of errors curve 338 shows the shape of the average extent of
errors over a set of samples during PRML processing. As described herein, a new value can
be obtained each time a new sample is obtained, which is in the range of 10,000 to 15,000
samples between each pair of servo bursts. This is sufficient to generate a nearly continuous
servo signal, and is the preferred method in this invention.

30 Thus, slight changes to the MR element position which increase or decrease track

offset can be used to generate information about the direction of track offset.
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electromagnetic value determined by the PRML technique.
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$1090& () -9, 110908 ()-$10%0& () - 9" 1090 %) -9L _

" 10908 averpge\amoamt by which tiegheerved values osarwigs)diifars droomobe expecessis @

10908 ().
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yyl(%oo/dl': %hé .Z,ciularcs%%%?x/g z\ibgévg)d-ifference over the same range of sampie sizes; (c) The average
amount of squared differences between a PRML signal re-encoded from the error-corrected
data output of the invention and the sensed signals, properly aligned in time, applied to each
of the first data signal and second data signal that is input to the PRML decoders to provide a
measure of extent of errog measurement that corresponds to the data stream produced by each
25  PRML decoder and from which the control signal is composed. The advantage of this is that
the best estimate of the expected PRML signal is that output signal that has been derived
from the first data signal and the second datz signal and has subsequently been PRML
decoded, and possibly further error corrected as the best data output signal from the
invention; and (d) other functions of these differences for these sample sizes.
30 When two MR elements are employed, a control signal is calculated for each in the
above described manner. Then a function of all of these individual control signals combines

then to produce and output control signal. There are many ways to combine the signals. The
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transducer responds to the sequence of data bits and produces a first signal. At flow point

604, the detector or input device processes the first signal by comparing the first signal
having at least one constraint with the expected signal containing the at least one constraint to

15  generate the control signal containing information about the extent of errors. The flow point
606 also extracts the data signal from the first signal.

At flow point 606, the extracted data signal and the control signal containing
information about the extent of errors may be used as shown by flow point 610 for
electrically deriving a data signal having the least number of errors from multiple data signals

20  and to produce the so derived data signal as the reproduced data 614. The extracted data can
be used as the reproduced data as shown by lead 612.

At flow point 620, an adjusting element responds to the control signal containing
information about the extent of errors to generate position error signals that are used to adjust
the position of the head such that the head is positioned in improved alignment relative to the

25  predetermined storage locations or data track thereby continuing the read process as shown
by flow point 640 extending back to flow point 600.

In the schematic diagram of Fig. 11, this embodiment of the apparatus is a vanation of
the apparatus illustrated in Fig. 5. In Fig. 11, apparatus shown generally as 650 has a rotating
magnetic media recording surface 22 having a data track 160 having recorded data 164

30  containing at least one constraint stored thereon in predetermined storage locations or data
tracks 160. A head/arm assembly shown generally as 652 includes an arm, a flexure and a

shider similar to that illustrated in Fig. 5, for supporting and adjusting a transducer 26 having
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341" Ow@écﬁgcd%qg{m ll’cmcnts, is applied as an input to a sum data extraction and error circuit

20 700 that produces an extracted data signal on output 710 representing the sum of the two
signals sensed by the MR elements 176 and 178, and a control signal having information
about the extent of errors which appears on output 720.

Similarly, the first signal from read amplifiers 250 and 252, which are the signals

sensed by the MR elements 176 and 178, respectively, are applied as an input to a left data

25  extraction and error circuit 702 for the sensed signal from MR element 176 and to a right data
extraction and error circuit 704 for the sensed signal from MR element 178, respectively. The
left data extraction and error circuit 702 produces an extracted data signal on output 712
extracted from the first signal from MR element 176 and a control signal having information
about the extent of errors which appears on output 722.

30 The right data extraction and error circuit 704 produces an extracted data signal on
output 714 extracted from the first signal from MR element 178 and a control signal having

information about the extent of errors which appears on output 724.



0109@& ()-f/ "10%@& ()-89:; FZG- @ S =2 MY oom
11097& ()- G' 10928 () - &3109%Z& ()-3! &310%1H& ()-3 10@ 10@

10@®" 10%@&' ()-GHadE~_ @ S 1°"10%Z& () -

960928 ()-!10%& ()-1109%Z& ()-2z10%& ()- Y#10%& ()-al dE~_@ S 1"

1002& ()-y  10%& ()-"10%& ()-S:110%& () - 10%& () - g10%& ()- | #wdE~_@
S 1+"109Z& ()-*"10%Z& ()- (109%&& ()-& 943~

109Z&' () - FY4#109&Z8& () - #- #109%Z& () - $x1dE~_@ S

16$10%Z&' () - @ht thineigbgdimem; the¢uw daja exumongmsand) exmemt 700 ggeoyessa pyificd @ S

Y TR RTE I ) AN R A SR

10% u& ( hndkesbrei@litI0 'eddfpendiatd a dditroll Sighai coRtaining 1nformanon about the extent of
10% ug ()-10% 08 ()-9S10% L& () 10% u& ()-' x- dE~ @ S 1

+10% ug (eyroysmom’&e ivedwigmls ug' () - S&9$10% u&' ()-$
L0 (0" 101 4 o £ R St e o
" 10908 ( )‘c ect to the extracted dz}ta signalls 710, 712 and 714 and control signals 720, 722 and 724.
S 9 e 03 i bk e
(i/%oo/&)&( § 'Sm By g}&r@brﬁﬂ to %@Jﬁg%nﬁ@s Ognal rccexved vx(a)leagdo7l38 (fr&m (a)s?llecn?x}# 109008 (
) - 3+ 10v@Rrgller 9}4 mvm< 3 ds‘l\@lye)@mm@nwm !@EWV@)@ GeE@yacesjing todrol
10  signal 736 and at least one of the extracted sum data signal 710, the extracted left data signal

712 and the right extracted data signal 714 to derive therefrom a data signal containing the

least amount of errors.

The control signals 720, 722 and 724 are concurrently applied to the selection
controller 723 and to a servo controller 724. The selection controller is responsive to the

15  control signals to generate the processing control signal 736 appiied to the data multiplexor
732 as described herein before.

The servo controller 723 generates position error signals from the control signals and
applies the same via lead 726 to a servo amplifier 728. The servo amplifier 728 applies the .
servo signals representing the magnitude and direction of the adjustment required to improve

20  alignment between the MR elements and data track 160.

The embodiment illustrated in Fig. 11 can perform either one or both of the derivation
of data functions via the multiplexor 732 and using the control signals to generate a dynamic
servo signal in the form of substantially continuous servo signals.

Fig. 12 is the voltage of the sensed signal from each MR element 176 and 178 and the

25  sum of voltages from both MR elements 176 and 178 plotted as a function of off track
locations. The response curve 742 is representative of MR element 176 and response curve
744 is representative of MR element 178. Response curve 746 represents the sum of the
sensed signals from MR elements 176 and 178. These signals represent the first signal
applied to the applicable input device or data extraction and error circuits illustrated in Fig.
30 11,
The multidisc storage system ilivstrated in the diagrammatic representation of Fig. 13

is another embodiment of the present invention for generating a dynamic servo signal in the
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about the extent of errots from the plurality of first signals, and generates a dynamic servo

25  signal which appear on lead 806. The control signal on lead 806 is applied to actuator 804 to
adjust the position of one or more of the transducers 764, 766, 768 and 770 to improve
transducer alignment relative to a track on the disc surface. The control signal shown in arrow
808 may be used in a manner similar to Fig. 12, being appiied to a data muitiplexor through a
selection controller.

30 As illustrated in Fig. 13, the transducers that address or which are placed into
op-=rative relationship with all of the disc surfaces move together as a part of a single

transducer stack assembly generally known in the art as head stack assembly. When one of
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the first surface. This information is used to detect relative movement between the head of the
disc storing the data and to transmit this to the input device. The input device 794 uses this
15 information in combination with the information received from the control signal containing
information about the extent of errors in the first signal to improve the alignment of the first
transducer relative to its data track.
Such additional information may be obtained from one or more of the other disc
surfaces storing data in the disc drive. When the disc surfaces are on the same disc, the
20  sensed data from the first transducer’s reading is particularly useful, e.g., can be used to
generate a single control signal to adjust both transducers to improve alignment of both
transducers relative to its associated track. During manufacturing of a disc drive, a
manufacturing step called “servowriting” is used in which servo bursts are written for every
track and every surface. It i} envisioned as part of this invention to align tracks on opposite
25  surfaces of the same discs, so that the track centers on the first surface are somewhat offset
from the track centers on the second surface during servowriting. Thus, when a transducer on
one surface is well aligned with a track on the first surface, the transducer on the opposite
surface is somewhat misaligned with a track on the opposite surface. When this occurs, the
relationship between the transducer and track on the opposite surface is such that the extent
30 of errors is large.
As shown in Figs. 7 and 8, the rate that the extent of errors (BER measured during

PRML processing) changes by large amounts as the alignment of the transducer with the data
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track changes. Therefore, the second transducer will be operating in alignment with the
second track such that the extent of errors is a very sensitive measure of the change in
alignment between the transducer and track. increasing its usefuiness as a second control
signal applied to the control device 794.

5 It is also envisioned to write the servo burst on opposite surfaces of a disc so that the
servo burst on one surface are positioned half-way between pairs of servo bursts on the other
surface which can be easily accomplished during servowriting. As a result, information from
the servo burst on the second surface can be provided to the control device 794 during the
intervals between generation of information from servo burst on the first surface. These

10  control signals may be used in the intervals between the servo burst signals to adjust

s

transducer position relative to a track on a nearly continuous basis.

Summary
It is envisioned that the teachings of the apparatus, method and system as disclosed
15  has application in storage systems in which the storage medium is moved in relation to the
transducer, including magnetic disc drives, both hard and floppy disc application, in magnetic
tape drives, magnetic card stripes or the like. Any storage apparatus which utilizes magnetic
responses, including magnetic induction, magneto-resistive sensors, including “giant
magnetoresistive” transducer, “colossal magnetoresistive™ transducer and spin-valve
20  transducer are deemed to be within the teaching of the present invention.
In addition, it is envisioned that the teachings hereof would have utility for storage
g systems employing electric and other forces as sensed by an appropriate probe such as is used
in atomic force microscopes and other microscanning devices.
In addition, it is envisioned that the teaching hereof would have utility for optical data
25  storage or other storage systems including holographic memories which record and reproduce
stored data in predetermined storage locations.
All of the above are envisioned to be usefui for practicing the invention as disclosed

herein.
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CLAIMS
What is claimed:
1. A data acquisition system (20) including a servo control system (20) for

5 maintaining a tracking relationship between a detector (26) of the data acquisition system
and a signal source (24) embodying data to be recovered by the data acquisition system,
the servo control system (42) receiving information about the tracking relationship
and adjusting the tracking relationship in response to the information, and
the data acquisition system comprising data recovery circuitry coupled to receive
10 signals detected from the signal source, the data recovery circuitry (204) recovering data
from the detected signals, the data acquisition system characterized by:
the data recovery circuitry (204) generating a measure of quality of the detected
signals from a constraint charactenistic of the detected signals, the measure responsive to
an accuracy of the tracking relationship between the detector and the signal source, and
15 the servo control system (42) receiving the measure and dynamically,
substantially continuously adjusting the tracking relationship between the detector (26)
and the signal source (24) in response to dynamic and substantially continuous
determinations of the measure obtained while the data acquisition system retrieves data

from the signal source.

20
2. The system of claim 1, wherein a magnitude of the measure increases for
sufficiently large positive and negative errors in the tracking relationship and the measure
has a same sign for both the positive and negative errors in the tracking relationship.
p ¢
25 3. The system of claims 1 or 2, wherein the measure represents an extent of errors in

the detected signals derived from the detected signals and an encoding characteristic of

the data.
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13. The system of claims 10-12, wherein the data recovery circuitry (204) processes
the detected signals in accordance with partial response maximum likelihood (PRML)
data processing to derive both the recovered data and errors between the detected signals

10 and the recovered data, the measure being derived from the calculated errors.

~

14.  The system of claims 10-13, wherein the measure is derived by a first transducer
(764, 766, 768, 779) detecting signals from a first set of data storage locations on a first
data surface (752, 754) and the control function includes adjusting a position of a second

15 transducer (764, 766, 768, 779) with respect to a second set of data storage locations.

15. The system of claim 14, wherein the second set of data storage locations are on a
second data storage surface (752, 754) on an opposite side of a disk from the first data
storage surface (752, 754).
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16.  The system of claims 10-15, wherein the data storage locations (190) include
plural servo data structures interspersed with the signals embodying data, the servo data
structures primarily dedicated to servo operations, the servo data structures readable by
the transducer (194) and providing servo information about the relative positional
relationship between the transducer (194) and the data storage locations (190), the control
system (204, 206) receiving the servo information and performing the control function of
adjusting the relative positional relationship between the transducer (194) and the data
storage locations (190) in response to the servo information at predetermined intervals
during data retrieval, so that the control system (204, 206) performs the control function
of adjusting the relative positional relationship of the transducer (194) and the data
storage locations (190) in response to both the measure and the servo information derived

from the servo data structures.



