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EXTRACTI ON OF TRANSDUCER POSI TI ON | NFORMATI ON FROM BI' T
PATf ERNED MAGNETI C MEDI A BACKGROUND [ 1] Magnetic
storage devices generally store data on a magnetic
storage nedi um through the use of a transducer that
writes and reads nmagnetic data respectively to and
fromthe magnetic storage nedium For exanple, a disk
storage device can include one or nore nmagnetic
recording disks that are coaxially nounted on a

spi ndl e mOESFRAGTIGN G MEDP%P%TI%WW@N -
rotate, one or MRCMBIRRPAGYERNED MAGNETIE MEAd/ or
wite heads, are noved across the surfaces of the
dBAEEGRYUAND act uator assenbly to wite and read
digital information respectively to and fromthe

TRAPEHE firrhe ittt Spssiata s eab gt Gy Dgpeh the use ofa
| trinsduoerethatr wiites endleeads ﬁﬁﬁﬁﬂis daﬁhespﬁurvﬁlaae aﬁd fiom the magnetic storage

ex;z%ﬂ;g})l ‘f’orr fg(l%]%ng ?\ﬂg §argss H?vdce caﬁI x&r:?%% iop or a rsétrr%gnetlc recordmg disks
cthzltta&ntoaxmlw hyursgiameckpihdleandtonfok Bigh- g roadtion. As the disks rotate, one or
per pendicul ar to he r adi. u t he di sk. The data .
OB ool SR Py PP ghiose feisHitises of the disks by an
raghiaiop lassetblyato sarite atids readdigital ffafratich Sheeweiymot dnidnfrdo ¢he magnetic
segt rs a#ong the data tracks in the formof a series
JFFENEEREPE transitions recorded or induced by the

head. [3] Magnetic storage devices often include a
cl‘;‘rﬂm@gne@wsorem fnodivmon @redgektc sierdge ddvicalshybe exganidédhigito one or more

ofa i o
A0 00 Tk AT of A arUATBLSaing aflk o BUPHAUS: AEKIC or cxample, can
M‘V‘df’d e a phvdite of C@fcenthedlh@adceddatast@cmn eewmlrya@epeoﬂxcular to the

txlaﬁuygﬂfl%g? d’l;kfe;tﬁgaqfa@lgs cg\ ﬁé(élSk %ﬁ(}%&ﬂlﬁp& ﬁﬁ{%ér(]itlgm %{ht"ﬂ)le data sectors.

rea roma eSI re . .
ridagm ést ¢ftenrstosest withiy thii ssktorstabengithedats ragko ént thie deral oy egries of magnetic

t as the track rotates
benglgltgﬁgéf?e@{? otrgﬁu%% bgotg%lt%%n t he head during one
operation, the servo control systemfirst perforns
Nagnctip Storags devies,glice Analws el SysHBy b apueaiely 28 relisbly recording

Cdhdl RiMing Agth.! I TR ek@nplBCa ARRCitdrhRA dRleBushAIRCHCIuBROA closed-loop servo
reachi ng the destination data track, the servo contro

sspatrelsypante pontrohthe mavrmneny of thedend)#rrgss theispidareof the magnetic recording

haad. SToReRdbly Whtel datat0Rhd RLE da@ HdnPsl HésibEahd Gaékrlﬁ 'agnetic recording
that the head is following the center of the data

tfigle ke hepd ippesitiened overdhe mer ol /e datp fackess sha tack é(éétp%%wath the head.

aTs §b¥for ﬂfeoﬁéiﬁt duﬁﬁ "!?Erafx&? Nhé sEe8Gohthsl| s?ﬁter'nnﬂrsi B&forms a seek
position of head passes over one

or
npeiogdp \Y%S“Cé\éb? b?aé l%wo'Mefrfan df surreph position\t theghinegifigd data track. Upon

3&5?&%@ b %ﬂtﬁﬁ&&?éa&&%a&ﬁ‘ Ghe SEVS chitoP sydnt QB fothENAtradkihg function in
etermne e current
which the head’s position is monitored and adjusted to ensure that the head is following the

center of the data track.

The servo control system generally receives a servo information signal from a head indicating
the position of the head as the head passes over one or more servo sectors on the disks. The

servo control system then processes the servo information signal to determine the current
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position of the head and the novenents to adjust the

position of the head, if necessary. D sk storage

devi ces generally enploy either dedicated servo

systens, in which a separate disk is dedicated to

storing servo information, or an enbedded servo system

in which servo sectors are positioned between data

sectors on a si ngI e disk. A servo sector may include

§8§1t?c§n (thlﬂeir]%a? aﬁ% élgen \Irgrrrng% r#tg I%?T]u ge Hosgamvwfji% ﬁetad,bﬁ necessary Disk

ovlerage Nevtwrgeeﬂalbf einpley ddbha dedmatkd s&‘% iys@msem tvhgh a separate disk is

g%Q(? %a@%d tg%;?o o ﬁ’ltforlé’létéclnen\é ﬁrre z;irlxs Qr% ngg sre]:g/]p ér \ggxé.: servo sectors are

mpgnmmed bsttmcrag;@a sketorces a amglecdmkt | Asabo yec&irtrmyphdux@: dector and track

I n&en&écsafmn co%ebI twg? 4§rv¥) bu{sn gq%rr]nestulsgd t%tn?arm eta%s pogJ tion over the
record ans ACTeas| n

alceaérodﬁwsiatayr;ack e bot h the nunber of tracks on a '

di sk and the nunber of bits al ong a given track.

I t
8l s L 0 RS S, I Bfton. i
p anelapiurersad dpagneticrstapgecdevigespire r:taltunuaﬂmﬁergetmatatxwease the bit density
d%}' fha ehé stafage aﬁ@&lgefrrggxab‘g:tlg F@gﬁﬂ% t@eﬁlte%sqg&eam 5 the areal density,

medi u ene ata p03|t|one
cli-es &ptht Hg apmber qfﬁmks An & dgnatidnthe @smhqwfelms(:almsd# grven track. New

S aYé?lalsnfaQ LR dsOfbw BRI r% memdést h%@é hél é?leu{cfé u@lgdax&? density. For

t di sks to provide positioning Inforhation
s@xample»omt paslerngd snedipy, i high plmhtmf sepeaated fpfh é&ts tay: prtterned in the

the arcvsfaorpgz\tﬂxsd&lﬁh h,EenBEAF ds«la%ﬁia 36 %g lg,sglao&a%%a%g&her than in a

cost” of the bit uction,
p cartingews rmgn@trvem@ewmo Serwe tr@rgxafxm hh‘é{rver, amatcsélél bte irchyied an the disks to

: x)%vll&bdo@xngﬂﬁ ﬁ?&ﬂfaﬁbx{]ﬁ)r QQ&@O cMME%ﬁﬂl& {8%hé complexity of the

ansducer's position relative to a nagnetlc st orage
RNV PRiteRing GEosesy @R sehspavgntaRTo¢eadng cogt ¢f the bit paéemgdgpedia production,

S IggRbseAOb heIBS 0 B RO RirthbHRa R b IR hred EAe Fo? AUBARE data.

signal generated by the transducer. The nmagnetic

st dium has at | east one data array with a

pls&MOf di screte and separated recording bits.

The transducer is provided adjacent the at |east one

d aleaemrmng/a teamSduictr®s pcrsmdb adlitive itcgmmlagxgein ﬁbﬁgeﬂhesﬂl}ﬂnhm.ldes generating at

t er i.s _depend r.ali t

- ST GPostoPn SEPT ARERep RO b5 B P e signatgemorated by he

amxdnsdamro (ke mhb&nc ﬁteagume&umnﬁs adearinages ama)b Withe plurality of discrete

apparent  from of thefol ai |.ed

o BB Rt R Bt er R il P o dotearay and

Fitlga.kreedhhck sgml gempra[:dda)ljr the teansduicerds d@pginiehi o therphgsality of recording bits
|ce ord to e di ment ,of . t he presen .

b e B Ohediantsy, HReS 3RS Godi e, PGP ageyuiipe spparen

biffonpatdadinp ofthel fdloairpdisttied hatbtidgcor di ng to an

enbodi nent of the present invention,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a top plan view of a magnetic storage device according to an embodiment of the

present invention.
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108] Figure 3 is a block diagramof servo contro
system accordi ng to an enbodi nent of the present
invention. [9] Figure 4 is a top view of a magnetic
storage nediumillustrating a data bit pattern
according to an enbodi ment of the present invention.
[10] Figure 5 is a block diagramof a servo position
det ect or according to an enbodi mrent of the present

i "I’*Yﬁlpéi 317 I%%I{ v1gdv gk"& ﬁatg bft at%xfén%%gfu am agrf'or&‘iflg fohan embodiment

har ge pu circult accord 0 an e |nen
pp§§GMﬁ$ﬁﬁvymﬁnmn [12] Frgure 7 1s a representation
of a sinulated retadback signal after passing through

a Fedudd s aGRR lafalo R S¥GeMD ichntdf SR RBoifig ?d%n%%@n@ﬁf‘&f the present
of the present invention. [131 Figure 8 is a w ndowed

réﬁ@@§§htat|on of the readback signal of Figure 7 that
is passed to a sanple, hold, and accumulate circuit

acm@wr m@ tbpawam o£ahaghdie @&)ra@fa mieBRmlleHaMg d CAEHH pa@Bm according to an
é@ g IS a representatron of position signals
ga eéﬁrﬁﬁ%ﬂm‘@f“‘m gure 8 according to an
enbodrnent of the present invention.

Figure 5 is a block diagram of a servo position detector according to an embodiment of the

present invention.

Figure 6 is a block diagram of a charge pump circuit according to an embodiment of the present

invention.

Figure 7 is a representation of a simulated readback signal after passing through a signal

conditioning unit according to an embodiment of the present invention.

Figure 8 is a windowed representation of the readback signal of Figure 7 that is passed to a

sample, hold, and accumulate circuit according to an embodiment of the present invention.

Figure 9 is a representation of position signals based on the signal of Figure 8 according to an

embodiment of the present invention.

Figure 10 is a representation of a position error signal based on the position signals of Figure 9

according to an embodiment of the present invention.

Figure 11 is a block diagram of an array counting circuit according to an embodiment of the

present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following detailed description should be read with reference to the drawings, in which like
elements in different drawings are numbered identically. Embodiments shown in the drawings
are not necessarily to scale, unless otherwise noted. It will be understood that embodiments

shown in the drawings and described herein are merely for illustrative purposes and are not
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[15] Figure 10 is a representation of a position error
signal based on the position signals of Figure 9
according to an enbodi nent of the present invention.
[16] Figure 11 is a block diagramof an array counting
circuit according to an enbodi nent of the present

i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBCODI MENTS [ 17] The follow ng detail ed description

shqul d .read.with reference to the drawi ngs, in

AT i CRE i Rn Gy, SRiEIeRe (oS FotreRy s ibpsddpcover

| ditdridtioes, Inpdificartons|iaf® Bfubya$dnG\E8 miaf} bt A luded@witiig Sheastepelv@the invention
nec afily to scale, unless otherwise noted. It wll

b& SEIBET X BeaPRERIE BB i mont s shown i n the dr awi ngs

and described herein are nerely for illustrative

p Etgprssleis a sopcblard@ew of a magitetinistexige deviidertidf whitteini tivamttodoment shown,

t ogi . e_contrar. it i.s I.ntended, t .

¢ S e SR BRR oo iy SRR B ftertyde i d I EA R B magneticaly

malprelzad ratidvedied dafiat Ahadishdrivednphedes fraridue conmpoaidts owuged to a base 12.

def.i d | ai 18] Fi 1.1
,pF\aéﬁE gtl)q'ggv ¥4o¢sn()§wrr9r1"?1§x§31taFg1t§ a If%%iong%o\?%y%rgtle%%{tﬁ \t/m’iblc (< 1? r%}) ?ch an

et1 ¢ storage
t Erderestirsaledremirostenrior thadigsdriviee form of a di sk drive
of the type used to interface with a host conputer to

mﬂgﬁa‘gfea%; Ltgrags B ceAndi el SYRil $iBfagd a%ga {%hgcogdimata. In the

drive rncludes various conmponénts nounte ] ase
1 embodimeny sheyyrein Fignrg bibsmedintalsesrthe frm ofiz pluelityf efpiiaByrpligned,

C | . i .
COPSIEL 3t 16 2 R O il 20 i

MR i otasipent digectige ¥2-can aguatorBunbish ridierebpet adrearingbaft assembly 24
M36HiGore® bdjhehPthe i1 ffsRised B wril€ad RIS Bn@ﬂ&%abl? (not

Figure 1, 'the nedia takes the formof a plurality o
agpagnaledyen Yadisks Yagneti c recordi ng di sks 16 nount ed

to a spindle notor (shown generally at 20) for

I qhabhdti@ord®3 iAclSRE 8 Plurdlity SHridid Shdkor AHAELR, IFXiblE susPpéhsion assemblies 28
actuator 23 mhgfh rotates about a bearing shaft

a SRy uthp gistel gl theagirac s 2R &C FPRRLA q@Tespndifgagray of

t Graiddiiéess 3@ g, 2ed ad@bPwii haad) Witk Bhd transdiSer(addfkent each disk surface.

desi.gnat ed) on the di sks 16. .
%achgtransguc)er 30nmc1uc‘fes a sﬁder assembly (not separately designated) designed to fly in close

proximity to the corresponding surface of the associated disk 16. Upon deactivating the disk

drive 10, the transducers 30 come to rest on an outer stop 32 and a magnetic latch 34 secures the

actuator 23.

A voice coil motor (VCM) 36 is used to move the actuator 23 and includes an actuator coil 38
and permanent magnet 40. Application of current to the coil 38 induces rotation of the actuator
23 about the pivot assembly 24. A flex circuit assembly 42 provides electrical communication
paths between the actuator 23 and a disk drive printed circuit board assembly (PCBA) mounted
to the underside of the base 12. The flex circuit assembly 42 includes a preamplifier/driver

circuit 44 which applies currents to the transducers 30 to read and write data.
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120] The actuator 23 includes a plurality of rigid
actuator arns 26. Fl exible suspension assenblies 28
are attached to the distal end of the actuator arns 26
to support a corresponding array of transducers 30
(e.g., read and/or wite heads) with one transducer
adj acent each di sk surface. Each transducer 30
i ncludes a slider assenbly (not separately designated)
desi g CoL ' .
coPETES bt i of L RS Qbiagt Wk AP enfarged reg lusraing a dat
d B PeitymPQ srgonding telsasine embiodiments, of thednyentigns dfilhe enagnedip storage disk 16 is
C r - 0
QR 43 a b?csptatt&ﬂedarﬂecﬁtﬂﬁ,%he%rpfﬂi %fta%ﬁggt?ecrﬁe'agxgc })ﬁ *sésﬁaugltl%%ﬁtp of separate

34 secures 'the actuator 23. / ' _
( vohisage faa hided qrepninsd in & Heessrst i matter2 STherhit faterhesitpedium

a b . . .
AR P ARl RSB b B0 gt oy
obempprsiondar grissrop2.3leuigoith anher poredptedaystsibiiveepibe sybsriteand the

Cl e .

o | BRERCB A s DBl ThE hBley EHITRITb AR form the
cidseigtetand) seppritedatachits 159, tiupagn forresampledithagraphie pafttieing pielf-

of . _ | : ; . _
bR okdie e Wb GRS LA Aoad e

c graseshedore i is meuntedaridinhe magadicistyragedeviesmd writ e dat a.

P2] Figure 2 is a top plan view of a nagnetic storage

d n?tks ddl bigofﬂ‘lex%ﬁd 3{8\1@&1 tﬂx% disR rlsan%rb gﬁﬁ&&fﬂt@ﬁl ﬁ%'aﬁi@hﬁ'dmatanays 54,
pattern ) accoraling to sone enbodl nents, o e .

" AgsRD Bis Musrated grbediment take fhe Jarmy pigonqegtricall kipagqd date trgcks (depicted
biif FigatetoasyRshedBid ks 5%), poh@41B perdehgicalad 3 tHRirhdiRaAdftiey disk. Although the

conprises a plurality of separate and discrete data, .

bide'@ 25YSoY FAMPTEFopsfnificdp S8 thy; Raggslic e age medampinthis
PibedifRA:, TERUNbOPPRERIcH Yhat 1he dbtd @frayd N I t@gREateCconfigurations and
substrate with an ove¥l yi ng magpet.ic t{M;ecor di ng 4#aye{;
WIEEAPHEES Hid P APFXamRIcs ot F515,APPLGaLARS th 9ate BFRES &t WAppeformed as one

| ¥k BlotANBtantiARY VRSt FdWR oF URB bitd L Fen@fiflg td g8 QN&kh Bata array 54 in this
| ayer ,accordin [ %’he netic

to_ some enbodi nents, .
| QV’QPd‘F‘?ntpfﬁF’tPé‘?ﬁéd’l‘%‘“Y oF Hraered At bit eeuigias afpypd;the disk. The data
d ahayt : B4t dmpAse 4 :hzligfgﬁﬂb twb Bt vidEBiPpLicrd, bzic_h afaa aphy Kaving alt least a first
atterni o[. self- organi zing_nanoparticle arrays.. In .
S G SR9L drthbitt and %Sﬁ@nﬂﬁtﬂaé? gt %%?*gsg Fopsrappige ™ it refzence to Figure
eAEE dirfd @f P 88 icbmprSse D iidhi@ 8f itdr i dneckdd ODP@IREitstnd the second group 59
st orage devi ce. n%2{:;31 The ggtqa q%ts 52 ext_end ar ound
t tramgHieeR a geouR of inprdigpsier Yy defaditss plurality of data
arrays 54, which in the illustrated enbodi nent take

[24] t ideldatamrrays Setaine funthér oeginizyd BpaeRor dikadata ectks having a plurality of

deprgred,Jn b hed |ines 56 ally
éé?%lé‘ﬁﬂg 1Ef: rge}gnlf:(gz%{l ﬁé a}e%f‘ %i‘geé?gt‘%‘lé’geﬁgﬁm) H‘%ﬁlg%grﬁcqr%gg bit” is used
d diceiraordayesibe duch bivpin widclothe aamtides, e(hg tréadtwrite kéad] dantrépeatedly record

magneti ¢ stor,age diumin thi.s odiment, it should
e i SR il o K exd o GO T souedn BfH P o computer
C @pbrating Sstet(SorAdiineg BFeraddrts BareinAS “Gsesdatdl) enexarasl, Positidh information

sone .applications the data arrays 54. .be forned a

o TRl B TURL O ST et G Pl SualBLieg gty recorded
Rehdono wgwtitbenfih getv@bils in @rGhme o g asdatoiy réedrdedlinfthé fcording bits.
enbodi nent conprises a plurality of staggered data

bits 52 extending around the disk. The data arrays 54
conprise a staggered, two-bit wide bit pattern, each
data array having at least a first group 58 of data

bits and a second group 59 of data bits. For exanpl e,
wth reference to Figure 2, the first group 58

conprises a group of outer dianmeter (OD) data bits and
the second group 59 conprises a group of inner

di aneter (ID) data bits.
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[24] The data arrays 54 are further organized into one
or nore data sectors having a plurality of recording
bits magnetized by the transducer 30 to record data.
The term "recording bit" is used herein to describe
such bits in which the transducer,read/wite head, can
repeatedly record and/or overwite data, such as, for
exanple, the data routed to a storage device froma

uter operating . ¥sten1(sonet|nes referred to
hé]rq&“ﬁh the datgapr Fysé%tna igure) 2pre dapiqtedas beyys syq bitsivide, it is contemplated

| bR REdyORaiRYo bdtvideAthin/twobits @&@feﬁl@gﬂm sBnSemBURAINits.
sector or servo bits, but is usually not repeatedly

it bi t t
S o8tk o 410 P Spoial T 0 which povides

Aﬁdsgropg Rodthud fdi_att@nﬂhge’ﬂyﬁqhﬁéa irédd fah@uf @nt% ha%d%lﬂ ThE S‘drl]ﬁdcontrol system
a I two bit e,.. Lt 1 onte ed that the

250 'age)gg °%tr§ : G- ddiziahignal gcsss %e%ﬁrfamgomand signals
SRom a®o Gebteie (U &5, pefsdfdl cﬁh@lﬂé@aﬁﬁ 3 OYRoR: goblfied 4igAd 63 from a servo
stem

PR oA Mo ar S ERiRIC Fhieos RS e o rog g head 61

r @6l Wi/ i0sx ks brepeherads id oneldtendie hydtichilink10 63 swsidaig 6 Gome
des a control.ler_62 si gna

i ncl a digital
p%@ég’%m“m IRYPRHRR eWéFQS‘E%ﬁff%ngﬁsg“ﬁ Hheone Profmra PAYtgn signals 63
Syfita@ i cérBmehd sigalsSnthe RENPYted! Indabilis@RBrré&pordiliigontrol signal 66 to

e VibRRt P Vb telgior 3 LB UEs o r ondback i gnal 65

fromthe head 61 fromwhich it extracts or generates
t Fﬁgumms's ;] toprnhmevim sf the beadsﬁlgmalltlsnc@&dﬁ:cm puk dugp 4y S8 1{@g., data track)
m ap Qsern% F]cgor énh&elnll’]:y s?ora gisek 8 nﬁ ! Ol J eI_r §Pte 2. The head 61 reads
e5588% ¢ ﬁB % 7'6h Si g 6 any
camlfm redites weradaga fortbmietth @rdr)om ms:ycki“emdndiresmmw = the magnetic storage

c ' I
18( 2@ J‘a?ziotgr] %)?416 Aéggx% he?cg%ﬁ ég xsusrhe éxg(n% M head 61 has a
p$1dﬂcmt avidtbf W, hferdaé aod/erwtegistr dateetd Iacq@ngb.uts Zﬁn@r@atﬂ@ width of the
a ( t | C
é]a{tQeragAMf %g%g % ?\gs egnb hﬂ’%%ilé t\o?] &b, ing bgt?%% wcheztl% hE4k 61 also moves
heiadhe dctuatero3 amabisahe viath taggysu$ée alodgtaacwsstrdche)aﬂla’t"h between the inside
a ction 70 as the magnetic
1%@§§£§1()EﬁTgﬁ%%§§8§§gd§¥?§y 54 rotate past the head
61. As is shown in Figure 4, the head 61 has a
sThe haafl & esdsde e puvitionsd pesdhasraredineaf itheedatsatay 4tag it s down the
I 8687 Sl Sferbiot e?fezgveﬁp 5{91§§ tHel\Ragife Gl Retaf eﬁx@@atlg%tﬁ%n@ﬂ{ca%%ordmg bits 72

54, "which in this eénbodinent 1s two recordi bits
windéor tpraseaatelly dnduge @ompgegtiss figldaint ﬁ@a@@vleratemrdm bit 72 in the array.

aﬁB@@@ertln:%a\Q@tﬂﬁ: iHal %é%ly%a@l BOE e Gy Sthé 10969fhhc7 flead 61 tends to
bet ween the 1 nside dianeter and outside di aneter of

t ppsilyjdesitatg fom[ thy ]xrram@nwél@a &1 thiseambodimenp avhpigdhe dapmespys include data
obffd'ks ttﬂ@d&%%ﬁ el Ekecagged b?%x@ ﬁoﬂfl{e 1 Bduindel ﬂxf frdcRDlacement errors

down the array in order ectlv sense
maghepatiernef érkl@}@ &b head & dP“ﬂ@fﬁd fahen Gheliead 6bwvsld7r>z unable to sense
apd/ xﬂefgnt:t(?o adg @%ﬁjea' bg @91‘:19 %f Cintg '731_& e \defa array or would be
particul ar recor in t ray wever,
bueblede indwee the depired gelldyn e m@m@rdlhebmWZay, t he
position of the head 61 tends to easily deviate from
the array centerline. In this enbodi nent, where the
data arrays include data tracks, the deviation can be
caused by external or internal disturbances or track
pl acement errors in the patterngd tracks. If the head
61 deviated far enough, the head 61 would be unable to
sense the magnetic field generated by sone of the
recording bits 72 in the data array or woul d be unabl e
to induce the desired field in the appropriate
recording bits 72.
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[ 28] As previously discussed, many nmagnetic recording
nmedi a are patterned with dedi cated servo burst
patterns in order to provide feedback for naintaining
the position of the head. According to enbodi nents of
the invention, the readback signal fromthe head,

whi ch indicates the user data stored in the data
array, can al so be processed to indicate the off-track

. di di
R P Py RGBRE Pl BERE By b Bt e
pamtsepa’ﬂsm in pider mangmedla fieecﬁiad( f:;g maumﬁmumhe]abmeom ofthe head. According

a ' i ter C .t.he ..
"3 B T D S0 048 SRR L s e
balsrseed ih dhehdededirsry peag.iatso br pocxa;nssbnbtodedxmtmha off-tagk pe@tion of the head.
2%020#dﬁ]ﬁf Eﬁb(&f rggﬂt% htle %1? o\%et'riox{ %bvla e the E%Eed tn g d%fjfcafed B burst patterns
g,e)néhtamegleac stemgbactiusi grhabk cd%spasmbm’o&d wnﬂomedlh @attbﬂﬁlag are reduced and
ﬁéeht’gd? %‘h%%a? éga aglg:k% L da{a %tgrgiglr 2% tl?%;ég%?g ?%2 hte%heax S posmon can be
ofdetetmiaedkaspoei dataosiread frbmehdma@l 61, i.e., the head's

position with respect to a centerline 75 of the data

ard AN rintfo EFQIre ﬁxéymé ﬁead‘@ltiﬁ srcﬁ)fep{ a.%r?y §4 gp%e%ex%tes Lh&dback signal
readback signal 1 ndicates t%

paispendert wpen tthee dife pattan stasedein ﬁ#edngar@nwtth 72@assmg by the head. The

d qud%dkr@%nfaf Qpach{ %d?tﬁ{ég AL dcfﬁgl&%) osfiibh QP ghefd 91” I @ ﬁﬁ: head’s position

S|n'p ustrates t Vi ng atlve
stveith f@ﬂ’&?t)ﬁo @aenierting aii/ofahe djta aggy 4. tﬁ@r awpimpéez; wathe@feqeh%q to Figure 4, the

t REadb&lAdign4e uﬂa:é heQ@’EW@acU}ﬁ» @é Eﬁjgﬁ %vdémng a path 76

array 54 in odi nent |nclu rive
ccm"l?@n& foinohe r?alyeram dal 1Altheughy Flg@@c giseply fllusirafes the head 61 moving

e QG]QIWJ th ‘Eﬁet statidhary AR ':H:ra)} ﬁi EWH%Qp&U&At&gthBMe flia#e movement between

manuf acturlngiprocess and/or di st ur bances encount er ed

i rihe hrad §p apd therdptactay>drindiie empaBmentdrcding rydisly deyreconfiguration may
e%&gl'l)ng&hr BRI I 'rafll PERScity @Hndbt inkBuck® BERARCHKe disk manufacturing
si gnal conprises a first group of responses 1 nduced
i rPregses q@é/aa digtpripgyces jwrcopntexe inythe QPErBBESAVIFABEEHIHi ng bi t s
and a second group of responses induced in the head 61

byAdcbﬂufgas mngfomnﬁﬁmwﬁ il Big0resB A #)ithSreaddaclt $1gnad 8 omprises a first
nove fromthe cen erline ata . ar

SETREERon & TP I GhhFE 65 byt%eegﬁsbemé%g FEROFE DIt and a second
r W‘fes@b@@@indﬁﬁd e headtN ®yfthd stor@r SO&f rdtoFdadats. As the head

i n._magni t ude, e the.re ses. fromthe seco
gr%d u’Bg‘fﬂ? "d‘é"é’r%%f‘%é G FEOtREERG ?ﬁag the plagy ma}yaé‘* topapds i first group 58, the

0[3BBhdes in Helr8ftba@CEHab 65MagN oL 118 FRLAFbup b8 TR ESe awamgmtude while the
fromthe first group 58 tomards t.he second‘grou

[ FEPoTsfadion fe FEorress o7 Herrse rR ABatdes | pasebit opposite, offec

f rqeBur Rled fhe hbadedlGn&RE QRL) BER MR Fire forduf 68 il ks thd deBond group 59.
conprlse head p05|t|on informati on that the position

g,|t ¢ Begg(}ng%selfi ﬁltéeorg r at 5 5% Soxpggepgrétoan IsFlcogxﬁ %Irgupso of recording bits
e F&ﬁiﬂhmﬂm‘ad ogitdsi 1hfoﬁﬁatﬁ>hrtlmt ﬂ&lp@ﬁﬁbn ddRES)‘ 64 fiseg @ genaia@tthe one or more

based on.the extrac sition

AdvRIPRgeBtS 0 ToF 8 e RORER 195h 1 Rairecsmodinase p gpign error signa
f r@BBY e gargtdtade bived onatht esxtradéll @6sxﬁdmes1g1edxor idvanthgebssly, the position
72, illustrated as a staggered dot array in the

enbodi ments of Figures 2 and 4. Thus the need for

dedi cated servo data sectors containing servo burst

patterns is mnimzed or elimnated in sone

enbodi nents. [32] Because the position information

conmes directly fromthe native bit pattern 50, it can

be nmonitored for lengths of the data array 54 that

exceed to varying degrees the capability of, for

exanpl e, dedi cated PBS burst patterns. For exanpl e,

position information can be extracted along a | ength

of an entire user data sector along the data array 54.

The p03|t|on |nfornat|on can then be subsarnpled

e oy




[32]

133]

[34]

[35]

[36]

1331 Figure 5 illustrates one enbodi nent of the servo
position detector 64 for extracting position
informati on fromthe readback signal 65. The
illustrated position detector 64 receives the readback
signal 65 fromthe head 61, extracts the position

i nformati on, and passes it on to the controller 62,
mhich t hen operates the actuator 23 to reposition the

61 accordin . [341. The depi cted servo
Db Bion a5 el i . vk P AP a0 of Bt OB G 72, Mustrated as o
Cistagpiréd 82 afr&pi heRMbbdimegs of Piguey armh @, Thu€ MR tnkédifor Sedicated servo

ti filter and automatic_ gai.n Contr i hat ce

¢ BB b e hg Rt WS R B D et et ph gome Smbodiments.
readback signal 83. In one enbodi nent, the ASC 82 al so

i Mzkadeshea positidin fnfemafiar casmcst difecilp g’rctnln e¢he eatiVoddk pattern 50, it can be

Si f n cl o r ecov

PR b o RRE b bl od Bl 5RE Gt o abitiy of, for
i rekampiat dedivated 3’3@8 burgtupagterns. S [Fonexande, npdsitibh dfomdatiphean be extracted
0 BRSBTS i Moo o
adlvanrbeti sngsatnplednalvemhgadushys pxtxmdlng d dsun&oleimtaﬂwm ath; ght signal to noise ratio

Si SSUNES

£ VERR P GRS s b B S iy o

magni tudes of the |nd|V|duaI responses 80 correspond

t digunel dvillulizates rope gmiipdigpetyi afsthg 3erive) positions dedeptaartdofob iextracting position

p%i‘oﬁ{izﬁlgﬁoﬁorﬁ: 'tﬂé‘?e%dl?acﬁ Q%’ﬁl 3§1egﬁgqﬁg§ﬂaféﬁ$sﬁl fi‘%@t@&gr 64 receives the
I ng

si gna generated from recor
paradbackysignaboiefrem, the headdile e)étﬁb@dh?rmt@nsaf@ﬁnmont Wé passes it on to the

' QthYdeP@i thﬁl% i aftd tﬂéaa\éﬁat‘apf’?t%'ré@gﬁ%%'hkécﬁﬁ debdr

oppositely polarized recording bits ich the AS
full-wave rectifies for clock recovery and positio

i NG RRIETeR Serdg Pesifian; dstector 8% ipcludesApeang 6{$Pﬂé?ﬁt‘d‘t‘%ng circuit 82 (ASC)

C| RfifrisifE P Exantild, GUohtiftdbué ﬁﬂiE MHIRE SnPaliBBRR daff ko], that accepts the
| oop, (PLL that | ocks on t the phase and frequen

t Headp 63 s atPu £ fs%?;t Tgeback TRk SY | e e %%chmem the ASC

Rehedldo RgludésOa FicgHEEHop recﬁ%gcth@ G¥adBAdtNignaB 65 BefoMEsending it to a clock
circuitry for extractlgﬁ t he |t|on i nformati on from

t HECOUB AT EHbS A cgei eéﬁf‘tjﬁ% g posifion ipnfREMEBodi ment

shown, the clock signal 86 drives both a first and a
S dﬁmd7smwﬂ ®simtion ofthel c@xdili:mbd &hdbatiStigral 83 o the Bédd 61 as the head

t an econ Jo t o- di

o JinvER Pt thedaf ardly S FEGRTEacB R aR I G botiBieat In i grbodiment, the
r e;aﬂtﬁaﬁdn aslstgmael th8dataaday o4, , dutd irick] hgaok? track oefleg:matncxty or runout.

P | sec osition,signal (P52). 95..[37]. . .
Dol oS of eR SRR R At T Gpond 0B o yine bits 72 n the
Sastﬁggered bt pacadbiic KFigingashoes thocaxitioned readisplBipgeal 83 generated from
from fi nd secgnd g s 58, 59 t agger ed
| aturine i 77 ot PR SuRg Enatts HEHBTe 1 seRf BlodiaResTogt the individual
I as{pefides \BO ve Fp;g)lsitep(ﬁaﬂttek Rérh &bﬁ(&nlﬁlbg)otaﬂﬁéﬂhiebfrﬂﬁd bits 72), which the
re Sl gha e .sa e the fir
RS B <SPkt Jor SRR sty eng e PP Ao REP BRI E rpon
Figures 5 and 8, an inverter 96 inverts the clock
silgwa¢ c@Bodimbrtche dedkvemveryeirbuit &t coSiffisesiarphasetlod®d loop (PLL) that locks

'Sb‘ca:o?n;gp @'l}]igeo andl ¥ q?l %%k‘ﬂl%% acll}%l%lalrb%t tf’ péosytheltlr ci(!.ilcktm&gl 86. Referring

e con ed rea ack
extracts and accunul ates the first group of
alternating responses 98. For exanple, the first SHA
circuit 90 begins sanpling the c®nditioned readback
signal 83 on rising edges of the inverted cl ock
signal, holds the sanpled responses on falling edges,
and accumnul ates the sanpl ed responses 98 during a
predet erm ned accunul ati on w ndow.



[37]

[38] 5

- B9

[40]

[41]

[39] At the end of each accumul ati on wi ndow, the first
SHA circuit 90 presents the accunul ated value to the
first ADC 92 and then resets to accumul ate sanpl ed
responses during the next accumul ati on wi ndow. The
first ADC 92 generates PS 1 94 by converting the
accunul ated anal og values to digital values. Figure 9
illustrates PSI 94 generated according to one

e@@%\é}geﬂq tthe Jlé'c(%] 18868 ng%ldgfor egt%lacfm%%l ngsu%:nt m¥om1ytlon from the

he conadifione ead
S |m1141@<rneﬂ m@ﬁb@h Slgﬁﬁ i83e tby embmlimen lslmrfex thealock sighal 86 drives both a first
Si th
o Oa%g ?%?08{11({]6 @E@chhgﬁv%(g}&# gﬁaﬂﬂoac (? a grst and a second analog-

ad@ﬂmﬂhlaloewrtehéﬂ@@b&m 93 fwhith proeras the gomdmtpl@dl saaéb®9 signad 13 and output

et A e o Pt el i il o°

converted to di%itaL val ues by the second ADC 93 to -
gete gt anpgecond SHA gigquits 80, 91| telectivale sanmde thg geagbprkrsignaldos to extract

ac‘r@s‘ﬁﬁ&‘e@ﬂorﬁ Phefikst aﬁﬁg&@hﬂ"gﬂhps 48444 of Té?’%gérl:& §¢Eora %Q’bﬁé ino order to generate

second SHA circuits 1 can i ncl 1 git
arP1 94 289 PIA9% Feppecveler me&lﬂeﬁgaﬁﬁ!e@onmnad readhfck s1gna1 83 ready to
a%‘d;{ﬂ%ﬁh@&% HRAE AR coni RHCHANRL 60, 0t N One enbodi ment,
mul ti nel  TS83102G0B ADCs can be interlaced to
y|eId a high enou h sa |l e rate and can be used as
g RRYRL nomé?ﬁdaﬁga&e Pk signat PO veigddrives the first

t csmm cifsbitGod e\cb&emg Ew&neea{bmmt tﬂaerlra SEIAR I cait 00 Bankdés the conditioned

progr a d accunul ation MAndo 42] Referr
Fif@aﬁ@eﬂfw&% CRECT LR D #éh@rovmmlt%%nﬁma rggponses 98. For
dasmhple, thé frst BHAL ciRai b0 Ibegﬁlﬁﬁ@)hﬁé‘ﬁe%ﬁ(ﬁhkbﬂe& r&dbacf Signal 83 on rising

GO i T ocH B Lo, % aigh TRy on fllng odges, and

di ssalahdlesatRélsahipltadpgadds dhaaingh praRrleaginsdddeahigiationrdihdow.
exanpl e, nultiple radio frequency (RF) switches, such

as e 2 S e
SAet dé] grru? )((:Sgn zrcF lgt?% (gvrv’gtl?lﬁg TS dlcxsr% ?b ;prezs"e.ntsf e accumulated
c hatugego pherfirst O\?DC I9fa anli ehfmowﬁﬂt:gwr ancumn]atel damsterla'eg)dnsem durmg the next
F| f i1 st i r|v t regov d,
8 “rz'f“‘g“ AarinhbE B ASTAPE o gitiln Eor, OE bl VB e g accummulated
chaaalgge \tahEs abatigial prahges. 1 Bgurd % dbstrates BB1 <4 g6@8ratkkdi weording to one
H%B¢nK;P”“|at'°n gate signal 110 fromthe controller
6f can enabl e sanpling for the duration of the
accunul ati on window. Athird switch 112 can di scharge
t Heheshenng SHgupipcnitCh setectively samplasithe ¢naditionadrmasdieiotignal 83 in a similar
RN, UBRReh G S| S OfpL " & les th
F ot PRk B 0P e RA AL [ on HER chlife 51 samples the
aconditivredachdbackpignsb83 tnd ¢xtragip andhaccreulathaithg erqupraf all@pating responses
C h. t Jc f 9 Th
oo st A o B AXoking s Miing 480 ol ftaton yindow. The
t rrscumnleted veipesoare s«yrvemcbﬁm digital yaluesehyktbe momdwell@a%et gegerate PS2 95.
Stﬁ 98 i %&&es 16%% é@?ﬂéfx&%& Q&:gﬂfl 099 dhﬁenq.ay take a
var ety of usea or s e exanp one or nore

adial lines of mssing data |ts can be included in
t hTé‘\eBir%t 2pd{pt weppd Bl erelyﬁ 8094 sry clufedigital andipranalgg circuitry to perform
Wi 136l Q1@ thol B GHd Adcuinbia®l UARns. | ForaRAhHE! in®AD QQbMEnt multiple Atmel
t he synchronlzatlon mar ks conpri se a graycode encoded
in the data arrays at regular intervals. [44] As shown
in Figures 8 and 9, the accunul ati on wi ndow is
essentially set to sanple and in®ividually accunul ate
the response for each consecutive recording bit in the
first and second groups 58, 59 of recording bits. In
ot her enbodi nents a | onger accumnul ati on wi ndow enabl es
the position detector 64 to accunul ate the responses
fromseveral recording bits at a tine. For exanple,
the accunul ati on period may correspond to uniform di sk
segnents simlar in length to servo sectors used in
sone nagnetlc recordlng dISkS Accordlng to sone

Y T L S Y




[42]

[43]

[44]

as increased insensitivity to accunul ati on wi ndow
jitter, clock jitter, skew, and bit placenent errors
in the downtrack direction. [45] Referring to Figure
5, the position detector 64 includes a clock divider
116 according to one enbodi nent. The divided cl ock
signal drives the first and second ADCs 92, 93,
controlling the sanpling rate used to generate PSI and

P e Ref ng to Figure 9, PSI. 94 and
gé%éze(i(f% Rbich et s patrieg &eﬂ&‘.daac G iheugh gEplg e o can be used s
diavipttedndsigild Beviessivhose dltpts aRShulbiflerdibioRR2A 9T devick Ukl performs the
dat a ﬁOlnt%Ffor each of the alternating recording bits

7HCunyaugn far 4, programied apepERation pRdo: vi der is set to a
val ue greater than unity to enable the first and
sRefomidg ADE0€ 6, %onmalmmkmaﬂphlbodiimntamcmmabgadomam the first and/or
I endi ng on t
¢ BB o8 % R f SREE Pt A gy e, the charge
r ﬁ\qnp cxe:lm n908 could he chiabled dnd/malisblied Iagxumadihargad tlirdsugh analog switches. For

can
%gxlp uriﬁ}zl ol‘&%lﬁ otfc%lgr}cy\/{gjﬁ 1§Pes 68(%5 % @n‘ e(cﬁr%qle Analog Device’s
FA@@BGZ ﬂlﬁtdhl candiervatdefor eonpoling llrerthﬁrgfng fand digehatgingRES)charge pump 102.
120, 1 epr sentrn he IS r,Om
a%rr tgfl (Q;eﬂe ﬁu%?eg in q’dgure g/es %(r) Sy rgelhtlozgg{néenal}y gxe recovered clock
esignal 1¢tataa shmplo khe mdbhclalgnab@ﬂ@xﬂmha‘gé thechdrye p)im;f)l(& A second switch

G o AR AR e 6 STACL B o gt st
r thle alnrations of meﬁﬁﬁlmlét%lwxﬁ&ﬁ& | ARBikd $wiGR]) 12 ¢dnwdischarge theeharge pump
7% 3 P BB GRS Bk PSS b8 LB 1 o
atlﬂrcbmtmhlat Préoraé discletgind)itle aeodnadatedrespansestbioiit urt inghaleagge pump 102
z%ci)lésél{t‘to neoq%eaA)g?%aé/)%\M dth is also findanmentally
e servo track whi'ch makes the linearization

process si npl er when conpared to disk drive
| irhs%vrswz@lﬁrqshwoéw ipdetamped in ons cabpdimentdithe igvention by synchronization

k5 h ke hbtidgor @%ed(ﬁskal% e s dﬁl% z%ff(ﬁ%arks]rfg)ﬂtaﬂghevanety of useable

PES 120 i ndicates the magni t ude an I rection “of
d foswr ad8 Apn exagiply; hae h@aareeqdurl lioes efireissing daja biéyias bp inpduded in the bit
atteéxsto\% hcﬁﬁnﬁ@ RleSfebih@lion WindoWs Sit l%giﬁgxdi'nMS’ Ifanother embodiment

Iarger a tude indicates a greater displacenent from
t He mcrxalylzemn BRIKp pRMESe a grayenstc encpdedsinibq dagpparays at regular intervals.
represents novenent of the head 61 towards the first

gm@@oﬁﬁ iR fFif@6o 8UAnIY,biht Sacd@ndifiod. winibw lotas@h@@ly set to sample and
d| er of the array), ile a negative anplitude

Y acuppate the TEponss dorfachy copscqutiymreaurding PitdR dispst and second

9 ?@uﬁs 59 59fofrr@c‘bﬁﬁﬁ’g Bigk. Dintothet @mBodimtdi®a '16}%brd&cﬁrhﬁﬂi%rﬁ&mdow enables
array). In one enbodinent the directionalit

t Hi Popigon §e"8‘ﬁ%Tu?"eEP ageurpplate dieipspgnses Bomaeuiel TReprEng gltw a time. For
S yedhpld) Ae dBENIIBFROREIES mAR IRk RFonWith OniFhid: dislVREheMs aRflar in length to

noni nverted cl ock signals respectively correspond Wi th
t BEVY pgelgrs g‘;}?egu’ﬁ @gzeaqqﬁgpﬁ%reggé@lgdh&so LfH’CB ings to some embodiments, the

I g6c0mdiafln Riddow hHay b@isgrrph@e hdntil%df(rscr bits 86 Rh rngx kun er accumnulation
72 at the beginnin the accunul a |on Wi n

aMindgy qap ad Y?&EPSF‘&E&RW‘H@@ BEYY 0gise esdetion fanlh e@@frlwgd%wf 64, as well
the second group 59 of recording bits. Likew se, the
second, and all of the even recording bits, nmay bel ong
to the first group 58 of recording bits. [48] Thus the
position detector 64 processes the readback signal 65
fromthe head 61 to detect a fime. position of the
head with respect to the centerline of a desired data
array. The position detector illustrated in Figure 5
IS one possible enbodi nrent and is not intended to
limt the configuration of the servo position
detector. It wll be appreciated that nmultiple schenes
are available for extracting the position infornmation
and generating correspondi ng position signals such as
PSI 94, PS2 95, and/or the PES 120.




[45]

[46]

1471

[491 In addition to centering the head over the data
array, the servo control system al so provi des coarse
position information to ensure that the read and/or
wite head is adjacent the desired data array. For
exanpl e, in one enbodi nent, each data array includes
an array identifier, such as a graycode, and the servo
controller can be programmed to interpret the response
received fromthe array identifiers. Thus the head can

b&s Ppeerser dpepsitialyde é’ﬁ?““?%ém&é’é‘f“?‘é?ﬂﬁﬁgt glogk Jifier, skeingnd bit placement

C e@érs By thO&dviritRBk diedc@strat i on during a seek operation
and the fine position information fromthe position

g U e A e ———

i bmhm}ymbm Tas Hivided eloch sigdd IddvéshBe ﬂﬁﬁaxﬂf se&ﬁdlmm, 93, controlling the

der t ity of t
SRR £ b Hohertif T S BT bt by Eithant dy Bigria s ps1 94 an
0"5395 areridystrated b ge@ratddrwith 4 clbAdOdigidensetl kdghityd Thids, PS1 94 and PS2 95

cg’ﬁ ﬁ“?? H@ntg?ﬁ%%tﬁof ¢ gﬁ?gﬁﬁa\ﬁ%‘?ﬁ\ﬁr‘e&n}ﬁ&g@flgg}qg Vf\r,\d[r{a%ﬁtemga embodiments, the

poividei @nsetiad eCraie Bréateiothas IRRE to eadble dRt BsMamesdcit] ADCs 92, 93 to

R T TR 08 UESEP B e
deetqenrmem:snzgadt tieek hﬁxmégﬁtraftion bupges lréquﬁemeras frondal drive mmﬁguratlon this

< Seaeest berTRaNEa & i BLTS DDA hoRRh Sem g B possive

S|gnal 65 is.condltloned and fed to a conparator
c Fravsi 10 ill@drateh ia ohsitigmgpeor signdl BES @A ir¢puctentof thdleead’s diSplacemmt from

RELRSE CRLAREY LE AERIR SLBASH 147 MR bl iy
t lof 82htwacis. tlhethisompdimeant, the icoetler & programeed 18 Gendrge the PES 120
RIS, b SRS o  (FL0U0Sfrs TP 00 s ey v
t @mrammeldetooup ethedicalodlatéms dér thh FESi akorilimg e giiffarent eehbpgiments.  One
d t

g(‘(ij;ﬁtgc;éfgp gerﬁeﬁlt %\f'goxg%mb%h?&m 152{?1%%&%%%8 gg%nﬁg cﬂfa aréaéf) width is also
of\md@omt‘dlm QlebSQr@ traple width byhich ma[cgsz}heThmnzaélonmrmw simpler when

LS AN e Bk e ISR BN s i o

dseko t®&ki ncl udes noving the transducer across the data

arrays and triggering the counter 136 as the head 61

CHRs $ES 104 ﬁxdﬂﬁte@ (R th#hfud il AredRAGRY tﬂégixﬁlacement of the head 61 from the
predetermned limt on the counter 136 indicating the

d 8g#y emtelinea’ Sar fayill be epreesintede in s esrbgisnenh@ 1hré§roar@11mde indicates a

agdiake Bifsp!'é&%eﬂ?ﬁbﬁ% Hal %exﬁérﬁﬁ’é@ 5. 1A Eos@tﬁfe\é% pHRIAE kresents movement of
system-can then enter a track or arraé,zollomnn

node
wiisy keadl 01 Hpyands the firsbemopm 88 95 s5c01de bifs Theegnethe OWiSIE’ﬁ Giameter of the

I @RRBCHhilPa fdpatiFeeiMfinlde Qg)r&gntl hevéidhfofthé 84AR% towards the second group
preV|oust di’ scussed. he array counting circuit

136 of recordingibifs (&g dthp wsw*ﬁ élaéw% of the praydy Ingresgibagimenighe directionality
hegthekd @ eﬁs&é@gfﬁﬁ{emxﬁheﬂe #2DRing G288 et ﬁ]ﬁt @ trc%f)?nscs sampled with

stop 32 shown in %ure . A position identifier

etisripyated and maniswerted shock iganlp sripeetivelpsomesprad it thedfirst sroup 58 and
t R $BtdudBrdupV¥otdt ridofttiddWils! &br A@Sbie! AP ﬁrsﬂk%oﬁfnrg%\ft 72 at the beginning of
counting circuit 130 can then increnent and

decrenent its counter 136 as it noves fron1array to

array. [54] Thus, enbodi ments of the present invention

are disclosed. Although the present invention has
been-descri bed in considerabl e-detail with reference

to certain disclosed enbodi ments, the disclosed

enbodi nents are presented for purposes of illustration

and not limtation. The inplenentations descri bed

above and other inplenentations are within the scope

of the follow ng cl ains.




VWHAT IS CLAIMED I'S: 1. A nethod conprising: providing
a magnetic storage nediumincluding a magnetic |ayer
patterned to format |east one data array including a
plurality of discrete and separate recording bits
formng at least a two-bit w de staggered bit pattern;
generating with a transducer a readback signa
dependent upon the pIuraIity of recording bits of the
at |l east one data array; and 8enerat|ng at least first

arfe &eupHationEpaevind al of the od seerrding bils aferaerd waybeigng to the second
2. groip&9 Wfd&&du%fbu@' RikBvise, thOQLEd) ah 81l HHHE &leh teboRin ng bits, may belong
recgwgkng bi t ? rls s first and second groups o

r dg %ﬁ“ﬁ??% %@%@E%lv%ly i nduci ng first and second

groups of responses in the readback signal, and

[48] f ulhinbthe positigr deséchg 6d)pkdcasts the rdatiitk isipgal 68 adanml héddgglab detect a fine

[49]

[50]

151]

| dgton 7l aehaBl el B eaine REn dewh s Bmp. e postion detetor

r GB\FS&EIS@E] Figiire Geip eficipdstibletfifdoditneheastis ﬁ(ﬁqﬁt&dieﬂ’ %llﬁlit(ﬁfb configuration
ogrgﬁe servo position detector. It will be appreciated that multiple schemes are available for

extracting the position information and generating corresponding position signals such as PS1
94, PS2 95, and/or the PES 120.

In addition to centering the head over the data array, the servo control system also provides
coarse position information to ensure that the read and/or write head is adjacent the desired data
array. For example, in one embodiment, each data array includes an array identifier, such as a
graycode, and the servo controller can be programmed to interpret the response received from
the array identifiers. Thus the head can be positioned adjacent the desired data array using
coarse position information during a seek operation and the fine position information from the

position signals can be used during a subsequent track or array following operation.

In some embodiments, however, it may be desirable to avoid the use of dedicated graycodes in
order to increase the data density of the magnetic storage medium. Figure 11 is a block diagram
of an array counting circuit 130 according to an embodiment of the present invention. The array
counting circuit 130 can work in parallel with the position detector 64 to respectively determine

the coarse and fine position of the head 61.

As shown in Figure 11, the same readback signal 65 used in determining the head’s fine position
is routed from the head 61 to an ASC 132, which may or may not be the same ASC 82 in the
position detector 64. The readback signal 65 is conditioned and fed to a comparator circuit 134
which compares the magnitude of the readback signal to a predetermined crossing threshold.
When the magnitude of the readback signal meets the threshold, the comparator triggers a
counter 136. For example, with respect to Figure 4, moving along the crosstrack path 74 to the

next adjacent data array toward the outer diameter of the disk is registered by detecting a lowered
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152]

(53]

154]

3. The nethod of claim2, wherein the nagnetic storage
medi um conprises a di sk, and wherein the first group
of recording bits conprises outer diameter recording
bits and the second group of recording bits conprises

i nner dianeter recording bits. 4. The nmethod of claim
2, further conprising accunul ati ng, during an
accurul ati on wi ndow, the first group of responses

resul.tin st _acc I val u t he secon .
ooty e e LRl ea @R Ty it it i e e o o0 of recording
v dltsi@he IDBhitsYhe net hod of claim4, wherein the

accunulation mﬁndOM/conprises a length of a user data

S eﬁxﬁ@ " n?é ttl\}éﬁeaﬁ r61 tx%ﬁgcﬁcérﬂ {)oasytio rgativy?(? the.data arrays 54 of
met hod o Ia i'm 2 C sForage medi um

c dromagetic %ordgcsrksk Hnidclfdes m:ngahimms@cmgacrosst the datgarrdye and triggering
d'tﬁé‘ n&é? 156 30/E e&d%lté?(?ssés tﬁ@&ﬂ%&?@agg emg&ﬁml Qi]r}r%lﬁ:tennmed limit on

acunu ation w ndow conprises a one re
ofthe ¢pantgr ¢ indicgtingTthe dnme& ddta@fray,| the nomrollérstaps ¢lre head 61 adjacent the

CQEBLeh %aﬁgagﬁﬁc uﬂlé' s%H +’$1 %y&lﬂ?; $hy %ﬁ:g ei%?e? %rhqaclg o gﬁ% Rlilowin g mode

r esponses ing a plura accunu
andherghiemenitors) edinatpositiont ¢fehfaheald eathtrespect 3¢ tha mdxtshn@nﬂthe data array as

p [ S respectively conprises digitizing the
%%khh ﬂgﬁggggﬁd accunmul ated values with first and

second anal og-todigital converters. 8. The method of
c|Tdie gy counting eircwb ki) isdnitiglized i apg pnbeglimens by jbrigging {be head 61 to a

S QB AR e E!&Hea"s@c@l 24ahdi8SeMitbh 3§ Qﬁo\fnk ko hgﬁ RS %Cﬂ&ﬁnon identifier, for
analo% to-digifal converters. . The net’hod of claim

1, expppleregray@dp pT inpyoretion aark g)rqylcbé she qirspit with @tp initial position. The
SiaghR Eodﬂﬁf@ Cir QR 180 @arfthed fRRinehd drdlor ARLrRBERNDuRRS 136 £ moves from

S o to siray.
Thus, embodiments of the present invention are disclosed. Although the present invention has
been-described in considerable-detail with reference to certain disclosed embodiments, the
disclosed embodiments are presented for purposes of illustration and not limitation. The
implementations described above and other implementations are within the scope of the

following claims.
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10. A nmethod conprising: providing a magnetic storage
medi um i ncluding a magnetic |ayer patterned to forma
plurality of data arrays including a plurality of
di screte and separate recording bits formng at | east
a two-bit w de staggered bit pattern; noving the
transducer across the plurality of data arrays;
WHAJPISI CGIgAIMEDtISansducer adj acent a desired data array;
generating with the transducer a readback signa
dependent upon the plurality of recording bits of the

1. deglfﬁ@tﬂo@la@ra pidih@Y ; and generating at least first and
second posi t| on signals fromthe readback S|t€ﬁnal

Proyadiag 8 aragnetifoiomes Biium mchrlingremagnetis dajes patifrpgd to form at
res@eeaglt%‘f Odﬁ]&%a‘?ﬁﬁélh& gg}thﬂaﬁt&roq%lscre%é‘and-r ?aﬁ?etljégdjrdﬂl bits

n eac ray co an ar

i deérinfihg at laﬁBdaftwoibﬁtemde@mggersdB@ ateead; ng the array
identifier fromeach of the Iura ?/ of data arra¥s
gengratingwith 3 frapssuesr wg@chéwgaglsdepw@ea vipon the plugality gt o

arr ?é’c%rdm%grts Jfthe PEEARAnOlah laﬁlc&n allg further

conprising triggering a counter the transducer
gemavatireg A deasshrst frel s&bm@;bosity)ncsﬁgni&t faom thesrgadback signal.

2. The method of claim 1, wherein the plurality of recording bits comprises first
and second groups of recording bits respectively inducing first and second groups of
responses in the readback signal, and further comprising extracting from the readback
signal the first group of responses for generating the at least first position signal and

the second group of responses for generating the at least second position signal.

3. The method of claim 2, wherein the magnetic storage medium comprises a disk,
and wherein the first group of recording bits comprises outer diameter recording bits

and the second group of recording bits comprises inner diameter recording bits.

4.  The method of claim 2, further comprising accumulating, during an
accumulation window, the first group of responses resulting in a first accumulated

value and the second group of responses resulting in a second accumulated value.

5. The method of claim 4, wherein the accumulation window comprises a length of

a user data sector along the at least one data array.
6.  The method of claim 4, wherein the magnetic storage medium comprises a disk,

and further comprising rotating the disk with respect to the transducer and wherein the

accumulation window comprises at least one revolution of the disk.
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13. The nmethod of claim 12, wherein the plurality of
recording bits in each data array conprise inside
recording bits and outside recording bits respectively
i nducing first and second groups of responses in the
readback signal and further conprising triggering the

counter in response to one of the first and second
7. gr dibp methadeafsbmmets further compursipg ecrwmaatingdhie first archesicand

14, nmagnet i,c .st or ..devi ce conpri sing: netic
Qs Pt (iR RBEH ShaGRrlTh FhdHsdy TGk
geh&ratinkihe Gt Rastaieind Gedorld Qosikiah kighile tespectivelydonipriseast

.one data_array including a plurality of recording bits
digigzing thy fust amsseeond acqumplatedyalpes sitidierad sseandsgplogrtny,

- rap? er positioned adjacent the at | east one data
dl%lga?giy gtrgl%generati ng a readback signal dependent upon

the plurality of recording bits of the at |east one
data array; an. actuator coupled to the tragsducgr for
8. moving gnethed of clai@dly duther epmpiisiag sypsampling the disiang second

ac?xﬁﬁlﬁal%ﬁ R@%fes @ 1 dﬁx?ﬁ%(rﬂi LOMS ﬂalo}%(%é(ﬁgﬁﬁ QR Pet ween

e transducer an e actuator, ervo contro
systemincluding a position detector that generates at

| east first d second positi.on signals based on the
9. o B5 ANt QfPlAm L Rirthier PORBRSIG 2FRSEHIIg &Postiv cBioF signal
babdi#idn tﬁeairegét%rﬁ%@%hdngiﬁG@sigﬁély.at or based on the at
| east first and second position signals. 15. The

magneti c storage device of claim 14, wherein the

plyral ity of recording bits conprises first and second
0gr M&th8¥°9188’8§18%ng bits respectively inducing first

pré&Ading AGRAheaE SUREe AledBS RRNANS: 4 hakh@icl 8R4 Pagknsd @BIm a
and wherein the at least first and second position
si gridurslityrod dptasedysincluding 4 plyralisnelfl deereindnd sendpaic efcording
eSS %c?r?niné Sﬁ@%?g't&ég.lb}’t wide staggered bit pattern;

moving the transducer across the plurality of data arrays;

stopping the transducer adjacent a desired data array;

generating with the transducer a readback signal dependent upon the plurality of

recording bits of the desired data array; and
generating at least first and second position signals from the readback signal

dependent upon a position of the transducer with respect to the desired data

array.
11.  The method of claim 10, wherein each data array comprises an array identifier
and further comprising reading the array identifier from each of the plurality of data

arrays as the transducer moves across the plurality of data arrays.

12.  The method of claim 10, further comprising triggering a counter as the

transducer moves across the plurality of data arrays.
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16. The magnetic storage device of claim 15, wherein

the plurality of recording bits conprises a two-bit

wi de staggered bit pattern, wherein the first group of

recording bits conprises outer dianmeter recording bits

and the second group of recording bits conprises inner

di anmeter recording bits. 17. The magnetic storage
13deviThe méthad af claitis] 2, wheran thetpheraptyofatdording bits srenchidalg

ey S BPREE i R PecOiBhe S otis R G E FilF ety flhucing
fir§ A Seckshd ORI FeshBiscP Pt HUIb AR F1a0End RAHE} Chprising

first and second sanple, hold, and accunulate circuits
triggaringdhpemmier éi yespense taonaef thefrshand segend giouptof sgonses

S nd itio ignaks. 19. The nmagnetic storage
m%egl\%}ggé)r%%%&nﬁeﬁﬁ%%}ojﬁ&ierei n the position detector

further conprises at least first and second
anal og-to-digital converters for respectively
144 giA magnefictferagrdqyige @Mkt i rst and second sanpl e,

olfhic ABEh RS, )byt IR et |
2 s? r a{%e § ?Igég 0 ?Jc;:tﬁtaal Mrﬁwgﬂ% rtgﬁplﬁast ’necco%{gr o‘#?%nre 1clayet
genguattmasd t foaniat icast etk rdata sragirdludiag e plhuality lo€ raxbrding bits
| east first and second. position, si %nal S.
forming at least a two-bit wide staggered bit pattern;

a transducer positioned adjacent the at least one data array for generating a readback
signal dependent upon the plurality of recording bits of the at least one data
array;

an actuator coupled to the transducer for moving the transducer relative to the at least
one data array; and

a servo control system coupled between the transducer and the actuator, the servo
control system including a position detector that generates at least first and
second position signals based on the readback signal, and further including a

controller that controls movement of the actuator based on the at least first and

second position signals.

15.  The magnetic storage device of claim 14, wherein the plurality of recording
bits comprises first and second groups of recording bits respectively inducing first and
second groups of responses in the readback signal, and wherein the at least first and
second position signals are based on the first and second groups of responses,

respectively.

16.  The magnetic storage device of claim 15, wherein the plurality of recording
bits comprises a two-bit wide staggered bit pattern, wherein the first group of
recording bits comprises outer diameter recording bits and the second group of

recording bits comprises inner diameter recording bits.
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17.  The magnetic storage device of claim 16, wherein the plurality of recording

bits comprises a staggered bit pattern greater than two bits wide.

18.  The magnetic storage device of claim 14, wherein the position detector
comprises first and second sample, hold, and accumulate circuits for respectively

generating the at least first and second position signals.

19.  The magnetic storage device of claim 18, wherein the position detector further
comprises at least first and second analog-to-digital converters for respectively

digitizing the output of the first and second sample, hold, and accumulate circuits.

20.  The magnetic storage device of claim 14, wherein the controller generates a

position error signal based on the at least first and second position signals.
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