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EXTRACTI ON OF TRANSDUCER PCSI TI ON | NFORVATI ON FROM
BI T PATTERNED MAGNETI C MEDI A BACKGROUND [ 01l 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 coaX|aIHy nmounted on a

spi ndl e mMOESFRAGTION GF EANIDHGER FQRHTION INFQRMAJIQN .
rotate, one or FRYM BIT 2ATTERKED MAGNETIC #Ath@and/ or
wite heads, are noved across the surfaces of the
MBASEEGRYUND actuator assenbly to wite and read
digital information respectively to and fromthe

net.i recordin S The na neti c storage
R8RS fireke b ety S5ie sathn p mio i igeSp Rt BRgeh the wseof a
itrm@dunerethatrwmef end dacﬂsamagxfeay slata bpeaivelyac anmffrom the magnetic storage

na%ﬂ%})l ‘f’orr %%r%{)%en glisg stqtage Eﬁ\{l(be (gggﬁl% |0f1? retrr%gnetlc recordmg disks
cthzltta&ntoaxmlw xhyuxﬁ@lamedspdﬁteamttbﬁmkﬁlgh-gm&fcﬁddoyl As the disks rotate, one or

per pendicul ar to e, radius of the djsk. The data .

OB RN ool Ser e PineBr Py Bl frcsn B spftite of the disks by an

mahfatop lagseiblyato Srité @fid read digital inforphfi@nresicotvelly i dndi fom the magnetic
é Of S along the data tracks in the formof a

%ﬁ“'gg ¥%agnetic transitions recorded or induced by

the head. [03[ Magnetic storage devices often include

aﬂmomgnethc stfyregemedion ineguasattid storagaidavisk icarbbe orgawigeddintegone or more

F
A0t {96! i A ok Hag UL Suinf ol s BPAGE: LB for xamplc, can
thy @wdtd gito & ipbiratisy efreoncendficallyssphwd dlatidracks gt:nteealbwerméxcular to the
YhathO6e FRGIL e HEIALE Dine it be TPl ARIN b hfiple data sectors.

ata to an froma desire rac ] )
ridajm ést oftenrstacest withip thedietkrs aldng the data trackp drs the iferredf dyasies of magnetic

t as the track rotates
bengggﬁ%%ﬁg&%I&gﬁ &$b g%ggggon t he head during one
operation, the servo control systemfirst perfornms a
Magaetie Si0EF GViPes QiFn ARFI¥ises FRINQI FYStery (6 doquFRiFlY 2pg reliably recording

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

SpatrelsyHem e peptrokthe mevrmeny of thediead#ergss the gitags of fhe magnetic recording

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

ta
t fisk he l[eech[s PPFitioned Oyer tléqﬁ?p}eﬁ pf @9 dpta H\"“é‘ﬁqﬁ él}eé{qc§ r(;atates beneath the head.

r'ﬁg %bMtﬁ&n TheSHdad Ui VnB®pkAlos | HO3Lrvd Ot sY@ael first performs a seek
i ndi catin
function in w giluch the head is moved from its current position to the specified data track. Upon

reaching the destination data track, the servo control system performs a tracking function in
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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the position of the head as the head passes over one

or nore servo sectors on the disks. The servo contro

system then processes the servo information signal to
determine the current - | position of the head and

the novenents to adjust the position of the head, if

necessary. Disk storage devices generally enpl oy

ei ther dedi cated servo systens, in which a separate

di sk.i$S to stor nt.or 0

crBSipiEer HEREE e Bofor s H a3 e PR b s nBbsary. Disk
pe®rage @lnedesmtxwdbn cmipibn cibatdzigated saves sysgdms @i skichA separate disk is
S | de sector a

Qe G o in b MO erE B A e B v dp ki gorvo sctors e
upesitidned retwetradata sdetorhemad smgleakiskt | A werow egctdr IWy indadessector and track
o{xdetnpgcaq 11 codﬁ% %g»gell gosgé’fﬁ?u ga&e{ns dxg tt%rrﬁa{mtadﬁegl'rx rrltlactaa’s I;Imsmon over the
desngnéﬂsnhmdmdnanufacturers of nagnetlc st or age

devi ces are continually attenpting to increase the bit

d@ﬁ%‘n dt rafrﬁ&ﬂgtté Gtord %@Q@re@ﬁg Qnm}nﬂ cﬁ di @QP ﬁtfér&ation designers and
recor di ng hi's nmeans I ncreasing t a

d muﬁayturers ofenagnﬁ@t storageedemigedoae cmﬁmuaﬂa(@ktsmmngato diaz¢ase the bit density
AR (0 WIRGE WJ§§ g S % the areal density,
et glr gl% 1 g as l’r?e Peg‘%(r)lgin§ %k 1 ﬁ%ansl}ﬁ asmg € arcal density.
hépp bathi the melabe qfﬁéaca% emla ddknanids e nnmber (é)&mxﬁl@g Ppgtven track. New
PRididrfalieds Rl & ndw) ré’c‘.’@fc?ﬁ{k ﬁeﬂ\h&’sr Hald }{elﬁéd ﬁx‘é&%ea{hgdareal density. For
data bits are patterned in t magnetic stora

mesamle, biepaiteried ynedia, mh@hmplmaw ofsepasatpd data b ﬁéff patterned in the

c I

S Rk DAL bl A AW HBRORED IREH Bther than in o
t Isentifughsmagsetiqrnestiymde Sprve inforaationy hpwiever, mst il ble@rrchaled on the disks to
S Ea@decﬁbg{t&ﬂh ﬁﬁf&hﬁﬂbn fo? a@gqb tcbrﬁxgwl gﬁb&rp 8n %B&EHL&%' thy c&ﬁplexﬁy of the

servo pa terni Nng process u sequen
p rseve Pafterping process fangd Bebspruentpipccatinteepsheidhe by paidriead; media production,

t g ﬂ?&%?r@er&%e%rvB BE16tE FfBerSRRlcR! fe Eﬂé{; U&%blé A WeB g ata.

area available for recordi ng data.
ang a transducer's position reIat|ve to a
nﬁ%ﬁ%ﬁ%%‘ torage nmedi um i ncl udes generating at | east
a first position signal and a second position signa
f mmmlmwmmcmi .ggmitlog eeia:-tivaltcewlmlagnetxh gorap¢ mbdidmdmiiudes generating at

st.or age, ne St o n
5' ragtrm ﬁrsf OSlglOIb Flg?ag ?nq a seS?ﬁJdrOT(;og??)g flénal §ﬂ chi Sé%‘lal generated by the
r exransfdaimrg Th¢ thagnefit etotagamsdiumems atdedsy ae |ddte drra;dwah e pturahty of discrete

oo PerpiafRgroRle P o B RER sl afiRSepfif oAl S data array and
p Ither zahdhtayk s‘iﬁnal ganeractid g thd ttahisduoér is Bepeddent \@os the(’pilﬁaldﬁbﬁrecordmg bits

olf ﬂ}é@é %85? %ﬂ:{d ar\r/a"J)I'r IT%gsSé ag& Iaaer{ou]; gt%gr ea SresfJl Qn a% zf‘angteérJl %‘;I‘ls’be apparent

from a reading of the following detailed description.

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.



froma reading of the follow ng detail ed description.
BRI EF DESCRI PTION OF THE DRAWNGS [061 Figure 1 is a
top plan view of a nagnetic storage device according
to an enbodi nent of the present invention. -2 107]
Figure 2 is a top plan view of a data bit pattern and
transducer head according to an enbodi nent of the
present invention. [081 Figure 3 is a bl ock di agram of
S ' Lment .of .t he :
(07 SRR ERTarPviSh OF) BF BBl 4 AR GER BB R} 1o Wbmbodiment
maf herresens inyertips. medi um i | lustrating a data bit
pattern according to an enbodi nent of the present
[08] | TR 3 RN-blokk @ihgfahDol s8rve chritro? st KecbiuRg iR boBinR&t ¥MBhe present
position detector according to an enbodinent of the
priBEBYIN- i nvention. [111 Figure 6 is a bl ock di agram of
a charge punp circuit according to an enbodi nent of
[09] t IFegups £RQN6 view 6N iaBitic btbAle eBikfbllstlaingd data bit pattern according to an
regé)e%ent ation of a sipulated readback signal after
p&EOPdimeptff edresentdp§AU: condi ti oni ng uni t accor di ng
to an enbodi ment of the present invention. [131 Figure
[10] 8 Figiraés isarbdidthgragps fesenbgbsitdon ddtectdi @cdorttiira @l embgdiment of the
of, relgglgg{v%ntzothat is passed to a sanple, hold, and
alfCOrurat® @ rcui t accor di ng to an enbodi nent of the
present invention. [141 Figure 9 is a representation
(11] ofFigyesé isiadhockidipgeans ofrecherte pmp leiscul ageradiing fo ahiegnbodingnt of the present
a%g‘%g&pg to an enbodi nent of the present invention.
[151 Figure 10 is a representation of a position error
si_gnal based on the position signals of Figure 9 .
(12] aég@wa? gt rmesgﬁtaa%%fgq syapated readhack signal afier passingthropgh 2 signal

[ ¥Bhdifrdahy @hitlebcdrding tdPAGkbodinRGE SThOpresdht idvdnBdn. COUNt i Ng
circuit according to an enbodi nent of the present

invention. DETALLED DESCRI PT] ON THE ~ER .

191 EfET RENTEOFIAE TSNP R APt T ey iy posed 02
s lsembld, liwdd, medatcwntlatercatet aandingdo tthemtadamsinhgfthe pnesent invention.
whi ch |ike

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

embodiment of the present invention.

[15] 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.

[16] 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

[171 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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el enments in different drawi ngs are nunbered

identically. Enbodi nents shown in the drawings are

not necessarily to scale, unless otherw se noted. It

wi || be understood that enbodinments shown in the

draw ngs and descri bed herein are nerely for

illustrative purposes and are not -3 intended to limt

the invention to any enbodinment. On the contrary, it

IS int ed to.cover alternatives di ficati.ons,  and

o DTS S8 riERyBR @ fol iRRR e rom e Fenabo e Biebgdids cover

i aMe@mitives) modificativhi, nad ediyvaldies af&ﬁﬁ? v @tludbdrivitiin telsBdpe of the invention
Fi gur.e is a top plan view of a magnetic storage
dég&@Q“%@UiW%mﬂﬁgﬁéTﬂ% enbodi ment shown, takes the

formof a disk drive of the type used to interface

wiFighreal inesdp Manpew ef a magnetigstetageddviog 10switcleindiembodiment shown,
S B EHIRL s 16 Ghe el M QSIS Bl Ao gty
( storvand retrip@uisérahtac Thadisky divesidlaley varbop esnagoasntyinpimtedie a base 12.

?%38%“ (?Ve} P4 {sl%é\m @%ﬁia%ugarw% ga}]sg olggclm%d er%@g \Imrtlg Hl%.%%e lff <r>\form an

sk driv storage device

i rdéroad owalpdgvaonmers farthegdiskndrdiea for recording data. In

the enbodi ment shown in Figure 1, the nedia takes the

f ehi@inefic &b&%@héxﬁéé 1®fin g%lagﬁeﬂl: 51;9&3? mediF RGPt ding data. In the
recording disks 16 nmounted to a spindle nmotor (shown

g embedimest shewip)Figuse 1.rte raedimigkesithefory gée plufality of axially-aligned,

r Mala ' [ ' t ;

: a@ﬁ tie %Jor(ﬁidg & 118 oAhted %@&hﬁk%% éﬁvrr%%@ggjallﬁ; £ 2@5 ﬁx? rotating at a

about a bearing shaft ass ) adj acén

t Heeed instetptiowl directign @y Ap agipatere3ayhich eiateshowt athgaripgphaft assembly 24
f Egﬂﬂi&{e@ Q&&&Dﬁ& _dis@fd, Q%&ﬁg Mrﬁ@m{d@@ad%a&%& aﬂ(ﬁfronl %Qlks {not

The actuator 23 includes a plurality of rigid actuator
atdpsizmpd) @ b diskelsuspensi on assenblies 28 are

attached to the distal end of the actuator arnms 26 to

S UBP thatér 23Qfid1GED @ Pilirditly GHrighy acBfator bafrid T UTeXitfle Sf3pension assemblies 28
wite heads) with one transducer

(e.qg., .read and/or
a&}eé‘&‘éﬂl“'s bh gmaﬁ%ldﬁf thegctyator frmS|H6 40 sHRBef! 2 ey Tesppnding array of
ij lﬁ@bdddész 3 @l g:.,d&!a aawlaemdemee(dgpﬁiﬂ_s m@&@lﬁyf adRSéry Badhekkk surface.
si.gned.to fly In c e roximty to the, . .
O BRnORRaets Ao et SR ape R R sthary thiigpated) degigpgd to fly in close
d gasxirhivpdol thgcdniRSpotliinl surthice ¥Ethd Bssodited dislarss dusoardeadtiVating the disk
o rest on an_outer stog 32 and gggggneticj

h
S LG, hedapieers dp Gmeio B O oyt Ricp R BT £ BIERSHSD 34 secures the

( MetMto3BB.1 s used to nove the actuator 23 and incl udes
an actuator coil 38 and pernmanent magnet 40.

[21] o {/(ij'geagolil%rx]ot org(r\’%l{/ﬁ)rﬁr}g uste tc} Iggvectgle llcu’i)’a%orlzg (ejirllj& %%luﬁgst a%talc Dror coil 38

e actua
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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(23]

23 about the pivot assenbly 24. A flex circuit

assenbly 42 provides electrical conmunication paths

bet ween the actuator 23 and a disk drive printed

circuit board assenbly (PCBA) nmounted to the

undersi de of the base 12. The flex circuit assenbly 42
includes a preanplifier/driver «circuit 44 which

applies currents to the transducers 30 to read and

Wighdufe F2%30p pléh \Lgvglaf £ an%{eﬁgt gtﬁxla e Gisk P& F’ %pen\fz{rgéﬁ' o824 iffustrating a data
magnet i ¢ storage di sk n enlarged are

i bitpattars $§ srgordingae epmemntboémmsroﬁtmnmm dfiha gnagrestis sterage disk 16 is

eghadi d?%rb‘it%aﬁém&nﬁedum{ evﬂfe}e@rpthe ihg b rﬁ?:*s&rag;g\‘ﬁ'ahty of separate

disk 16 is shown as a bit patterne nedlu

t [Had disgrete Bate by wramnized inps stagzsred bisipaitent.i The hiffpatierped medium

a

AR A s PAbRmaplcc xR £ Gufind rip AR DR hyer wit

a PR endidaT ems@rombémgav@ o phmare intgdayiersibaty camtha swlisgrate and the
%ﬁafc nzg/e} ?c%gx{im‘é“ & meeoe‘?r{b%?fs?r%&u l’[‘ﬂE m@:?x}ﬁ tcigiarygrﬂy Pat@l’&@ orm the

one “or nore"interlaye et ween e su ate an
t Id@cremgﬁ eppratd dajachits éédbqougln dprteasamplepliteagiypbiic pettarsing Mirelf-
n%%ﬁtzin gxrnciesalrrg th'? Edﬁ?éjerﬁt&dfrx?ern@ {hg tha t1§ g{of%tg@ dik ‘116 is DC
separat a bit hr ou or " exa
|etah@ghe§pmt ds rp@tm@rwﬁhﬁgthe rnagr@thc stogaeg denies: n g
nanoparticle arrays. In sonme enbodi nents, the nagnetic

StRE 348 b Shexddidlafouliiihe AsRI6 endGE qmdea tmtb 8 pRPAKB] S data arrays 54,
within the nagngtlc stor;&g devi ce, ﬁe data bit

5 vhishiip the 1Wysiated) empedinent kake ghefpmn a'é@neﬁn C@@GSPP?F@&‘“& tracks (depicted

p'uUF%lxﬂet%nyasmmﬂesaJ Derdify: perpdilliclar 10 tHeR1ibd dfisd disd edthough the
ment take the torm of concentrlcall¥ spaced da%&s

t AR FPBPEE copeeniiciatadraskssy themtaneha Fasess megjum in

O RRMbdirlelt, RERRAIY fptcdiatel Chat 1he dhta dirkys nidly mb@alﬁhﬁ& configurations and
Al t hough the data ar ays 54 coppr.i se concentric dat

t EERRETIFS, ASHEst RRGFEMPle, & ‘fﬂl'r}fg’@ph@&prgﬁﬁl ¢ datg girays 54 ma}?be formed as one
ersp ﬁﬂi’d@%ﬁitantiaﬂy sth@ahk Ebwaef AR bRE | Rd@ding E@Flg&l’é @, €3k Aata array 54 in this

ar : ay qsqeg o%gﬁs@gélﬂgg Conf : %atfa }t%&r:%{teggwgla@gml glﬁglsk The data

t hgraghgacco ﬁ@d’zﬁst@%eﬂéﬂ,ycwb%ltfvﬂﬂ@ﬁﬂpaﬂﬁnp BRh dfth aﬂﬁylﬁhwng at least a first
str al r OWs

subst ant i f bits u
F%‘G’Pe‘ 2’f3@a§ﬁs ‘H‘éitaa? %ﬂnii &8 28 ﬁg . F@h‘B‘&’d‘Pfﬁ’e reference to Figure
C Qdk ifigst Srodp BE Wbdpridey a Blous bm&rdwh&m@nm&@m&&nd the second group 59

extendi ng around the dis The data arrays 54
c&ﬁﬁ??%eé%g"é‘f’g lj’é‘F am?t?xgﬂ%?ﬁ{;a\}a“ae bit pattern, each

data array having at least a first group 58 of data

[24] biThs datadrrayssAconfiirtterauganzed dito artod nbid data ééabrsehxarrph plurality of

cotr e ERsl By M arerr a0 s SR reeorgghic isved

t hercirealestrihe such bﬁ@m widcipthe sasdaceg) le@U peadfwrite e, can repeatedly record

di a%%}' g‘&e nt@dat%agu as, E‘or ‘example, the data routed to a storage device from a computer
operating system (sometimes referred to herein as “user data”). In contrast, position information
may initially be recorded in a “servo” sector or servo bits, but is usually not repeatedly recorded

and/or overwritten in servo bits in the same way as data is recorded in the recording 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, e.g., read/wite
head, can repeatedly record and/or overwite data,
such as, for exanple, the data routed to a storage
device froma conputer operating s% tem (sonetines

ré“t}é}“g]éﬁleldétaﬁé'ﬁﬁ 1p Eigusgeare erpicied)as being swmhifsgdde, it is contemplated

Pl thé Afhys RbPESREE Rider FRYtwobidd héuowng% sbREQhEHRMANdnt. 2
'servo" sector or servo bits, but is usually not

| 78R 0 Shonl ihond b dtaslim e don e evtem Qb pgvides

bpdsRional Torftdl H:ﬁlagxhn:idﬁeer Gwdhais @ Eé’ad)éﬁd/EAwhl& hEddaggar Q’h2 se’Nd%control system
' s conte

depi d as
CREnShE DRIl S e BB ot tseish B G tep s comsmand signals
afr6i0 athbs1Gystén &CEIQ)CQBM dopnéry and odelor Eioﬂatﬂoﬁh&x ﬁ@ﬁ%3&i’om a servo

functiqnal bJo di agr am of servo contr ste
o PG pRde e B e lor B R kg Pk sigad i the head 61

sfi6h wiichat dx@racls adthéerited\thi b dieade dsitiolNgnsIe 6y @ccﬁﬂlﬁﬁgﬁ@ lsome
st gm 60 i ncl udes a_.contr

r 62 (e.g a di
R S SBY ROt Bif PRERIey SAPeGFa HiF g rap Poffipsienss 63
aandQsy c&ﬂﬁﬁtﬁlﬁéxﬁlsgiom hehs BatenCARABURdR)coREPorite cOfitrol signal 66 to

r t|o nals servo position
g@?&ﬁg?é 5’4?“0 ?5’85"??52@‘@5?@3 lor 64 receives a
readback signal 65. fromthe head 61 fromwhich it
eRignadtis a mp Henecabthe hivel Mnesitipnaiod@co sid dagrarsiy gAdé.s., data track)
6% agscep ?ct(gro Sﬁ?xe a3 e&;% s%r néxgk % oqven fnrp{ é ho nI‘he head 61 reads
e con roI €SS e %‘“
sargifralvgitGuseaduth @rﬂ}e dajma)cﬁdsmgnwvmuﬁclodnwm 'wmitthe magnetlc storage

. é‘ﬁ mgat% %Q%fjsﬁro? & b3t i gltg @1209.9"*{ Showst é}gg%ln @g él}eohead 61 has a

Fslgﬁment 4vidth, W, topeap landion Wty wsér dateetomecradifd bitsoZd 4quas @l width of the
a 0 ta. j

BTS00 BT 00 oA T2 10801 o move
i via Fheyacteator, 23T haodsethel d@ia anensd§4 alangl /aoqrosafrick gethugh rbetween the inside
d t . a downtrack direction 70

&&@ tgpantd%gtsgggﬁg?e%%ythgﬁg ﬁ 16 and data arr ay 54
rotate past the head 61 As is shown in Figure 4, the

hEhmihead 6 aseds to bePpsitionss ovesita ¢entepineraf thecdsth asrey/S@ras it flies down the
V‘Qﬂa{yemutﬁgér tgaéfﬁctt‘&lyr ?&195 gier}gaé%ttlcc‘ fidids %B%ﬁ%‘renﬁl Wedkedbrding bits 72

ataarr 4, In this enb tIStVVO
r@@&rotpn@emat%y “WF @emagnﬁ@c Helddinea pattiselamtegerding\bi 72 in the array.

t ﬁgw@\%} Ut Rllse %ﬁ: RG0 38 tfib%tsda@B@e Ak a3 §§ thé F@s‘it%%f@he head 61 tends to

crosstriack path 74, befween the Insi aneter and
oepsy deviale amtthe a@e;y gepisrliges |I<n thi embodiment, where the data arrays include data

tracks, the deviation can be caused by external or internal disturbances or track placement errors
in the patterned tracks. If the head 61 deviated far enough, the head 61 would be unable to sense
the magnetic field generated by some of the recording bits 72 in the data array or would be

unable to induce the desired field in the appropriate recording bits 72.
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[27] The head 61 needs to be positioned over the
centerline of the data array 54 as it flies down the
array in order to effectively sense the nagnetic
fields emanating fromthe recording bits 72 and/or to
adequately induce a magnetic field in a particular
recording bit 72 in the array. However, because the
head freely fl oats above the array, the position of

t a devi at e fromt .

Cg%t ;E'r 2’1‘1‘%&@%% }S{lgnéh_%l %netl rpcordi dlta FLe Bzglfégneg rvf(léil gedlcated servo

i rbotstmhitematnaordt:lr mqkevide ﬂaedbdek/foalmwmxmag]tlieepomaouseﬁthbyﬁead According

g)gr) gﬁlgg(ilmgll;t? ﬁp hl%rlil]\{%ln %négﬁ urreg ac Ss:*llggarl t ogx %‘85‘% (@ f&n% indicates the user

datataatoed if dle @tmg:ly, can Iatsolbeamboﬁébedr@uhdicdnetha offktraek position of the head.

fg’g%(?r mkg' gﬁ?&ﬂ%&ﬂt& of Elmvg or}le(gbs/t} a g¥xe%ig or gg({i)cee&elgleservo burst patterns

urvalihemagnetie clormge tﬂeéunhe Skhue dosfts Bb(ﬁ:lat&d wiktemedip mq:nn’mag ere reduced and

r %ﬂ“ EOQalng'e'%) Iafs:' lraélgeotr'oa dri]ig' 8torcéﬁg a{ :é{'tlzag?tf é%ﬁ‘gslgs Se%g”s posmon can be

deldteumnaﬂassecmta 1bt¢a¢frmpam¢ma|ys in order to pr OVI de

f eedback for maintaining the position of t he head.

A n%F anRafl ABRTS BEs Vit dback signal

; E%S{Ja Sl%\gg n%r o e he§ S JVQV\}] Etg 5‘4 1{§%elﬁtes a readback signa
siépend@ﬁtlmogttm ddfa jpattern étcmqt & ﬁxerragordleahltaﬁ?, papsing by the head. The

Q&Sﬂ%ﬁjgntap i‘é&g* %ﬁcﬁﬁ%k}% (9{’ fxaékr ?iﬁoﬁ gﬂhte'h%ll @f zteh%e head’s position

head Accor ments o e Tnventio
otwitherespeetiie awe@erhmﬁ 5 eficthie data awiaysth For prample, pvathtr@fpmcc to Figure 4, the

0 r}eédbsckr@gﬁﬁ fdfeatl UAGEITREH: &‘aﬁ:‘k e%'émé“ GOReSHheRP 8P %o%s dong a path 76

medi a patternln are reduc etota ar ea
a\ﬂavmmﬂ fomghe Gafeterhs@ d8-aglthoygh Higueead é@lpénedhugete& the head 61 moving

h qagtw% t8 (ﬁ% sttdtﬁﬁaﬁ Ata QF ZY g@tﬂe\}glﬂlﬂa%gpr@éat&?@ﬁt tﬂ@;e@an'vé movement between

read fromthe array erring to Figure 4,

t nbe brag $1 amd the datn WérS‘&lh éhig smbodimend ynohuling 4 digle ﬁevea@élﬁguratwn may

ﬁ"lg,b@&lﬁr 5dcidlof udQPEREARRL ity UR HnduP Rrtrd@icBd Q@Hgﬁﬂ\@ disk manufacturing
store in the recordlng bits 72 passing by the

THsocessendion diRtugiapees leneppnteged iy the apRretgsBVIEREER f - t r ack
position of the head 61, i.e., the head' s position

\I/:WAd&oxfdﬁngS e dntbodinteANdhewh lxmmgﬁs%s ®fand 4 @hekabdback sﬁgoal Eslcompnses a first
or ex

referenc
SiEMR O ﬁ%ﬁ’P’&%‘r‘f @E‘P upqddn thehe 5%?‘9’ e fgfékgfﬂ%?’{]%‘ﬁ m&ra?é‘s and a second
h eg@lapﬁifrespu@sS mlieded irtthp Bédd 61 by thtesetdl gﬁgl SO @ydcBRling bits. As the head

centerline 75, Although_ Fi gur |Ilustra es
t e RN BYEY M i ceritline; (o ?H‘Ct‘f?&wg'f%t ¢ dirst group 58, the

arkgyned in tte feadbhckb.«ﬁgr@pes agé ot e ik afoup 38 xﬁ@éa@t: lir¥ fhagnitude, while the
novenent between the head 61 and the data arra 54 in

t HESPORTFH ST hihst Seeond| ravh 9 JeHPask 1 magaitdent4 §tpitar Byt opposite, effect

M curd Ghikedhle Yie 061 UhoRE SRR thelflra Gloup 68 &iWakdsthd cid group 59.
runout introduced during the di sk manufacturing

Thus, the responses in the readback signal 65 from the first and second groups of recording bits
comprise head position information that the position detector 64 uses to generate the one or more
position signals 63 for the servo control loop 60. In one embodiment a position error signal

(PES) is generated based on the extracted position signals. Advantageously, the position



process and/ or di sturbances encountered in the
operating environnent. [30] According to the
enbodi mrent shown in Figures 3 and 4, the readback
signal 65 conprises a first group of responses

i nduced in the head 61 by the first group 58 of
recording bits and a second group of responses

i nduced in the head 61 by t he second group 59 of

recordin 61 anes a fromth )
cé‘ﬁ’?”é’?ﬁ"u" & %’“‘B‘Fﬁﬂ 'g‘éf‘%f”éir‘%‘%\‘i?“sl&‘ Vootd l\g\agec?rﬂ@gfbﬂtf g g, illustrated as a
grseiggeraBdottahigy i 08 pMBSEMents of Riguies adiaak mugﬂalneé‘zﬁfod uancated servo
to the first 58 increase i.n nmagnitude, ile

 Sely Rt g K B R SRS P E o Sty n some Embodiments.

magni tude. A simlar, but opposite, effect occurs

[32] wHisausbeheh gmitlcﬁxlmﬁnmsoramesf diowetly HMeonk itheshatgnedﬂppaﬁ&m 50, it can be

133]

[34]

[35]

[36]

t %%tg%rieaglg lﬁso&d(he.g dﬁﬁry %—ga}% ?,4 g%sél %{(g;l'?d.l tlpsv eg%ﬁxa capability of, for

gre@axppie odedroated rRESnlerkn fasterne OrRor |esanﬁ1eqd>smosumfbmnon can be extracted

I n o%r lgqt I agaegtlrte rl]lger gt% Iséét&%lc?lgg %ﬁ aéaﬁr%? éh’ GS—P‘? %orsmtoH information can

gene?ate c 20re re” posi
s éhendbecsobtampled) ﬂhpntﬁ@pudly] ponidingrbaniirokesignabwil a ihighatignal to noise ratio

er n PES ne d based on the
e e b i

position -7 information is extracted fromthe native N
bitigyeabtilngirag op¢ emhedimentoridhe gertso mssiti@, détedtarsidr for exftracting position

aqn@mﬁ%ﬁ% qge fje%l] bk s alI gs.t r’\?neelm? . ﬁE[{ysigofPfdetector 64 receives the

Fi gures and us t need servo
d a@adbg%cﬁuwh 6% énmathﬁ herd @e EXHERClS uhfspospmmlefomaﬁog, and passes it on to the

chhtEBu?cFS‘z Hhich théH cg)gita?eg tﬂchﬁ%Pme%Jsfﬁgﬂ te he:id?’@] accordmgly

Because tfhe position I nformation cores directl rom
the native bit pattern 50, it _can be nnnltored fo
| @ﬁ’ﬁtdﬁg“’tﬁf‘ sgrie Perkiton detertey 64 ipchudey anapalog g2 %419?%8 circuit 82 (ASC)

deghpasing, er 6RHN, lal dojtitfous fifke filRX Qxfmhtﬁomﬂﬁdgaﬁﬂécﬁﬂ‘oiaﬁfat accepts the
buraélga'tl atterns For exanpl e, positiaqn |nfornat|

bd® %Hddﬁ’g’“és 3 gﬁg{nﬁn@f reaaq#agcrﬁxgqaé % Slélrong gfngodxment, the ASC

seRt Qdo RROG 4 FRtifla! Pr adctifingddhe ra_ddgadllos‘i i 8% before sending it to a clock
information can  then he subsa ant ageously

prEsPVERY sgeut Sbandrepuily &t sKiragting, Pﬁ%‘&j‘ﬁ‘ 1§ fognationt o noi se
ratlo (SNR) whil e naintaining sanple rate and
s l}ﬁidre 7 elxdws dimlatbn ofthé conditivhsbreadbatic ﬁgnal BS %ml—'thgherad 61 as the head

Lyst f .1 h
o diES Bor e o My SRR e AnsSirginglo S R R P gpbodiment, the
t himuleddbasknsi ha dita Gbray Ihee g. | dates track] Bed; (m)amtldsmﬁ eccentricity or runout.

ﬂ:‘g’ 55 o’r s | gg}\e nf nguag 6%9})?1}58%&? %#Tg?;f?gij ?oowgwbc{]ﬂalorﬁ(éorglgg bits 72 in the

i tstaggex’ed) bithﬁttemoﬁﬂ r Bighrer7 Sidwswhe conditivaed apdtaak e@nill’ﬁs generated from

t t head. 61
TR AL B 8RR bl P T gocTRE GrORRMAR KR gt the individual
artrespoded G0 Hage) appoSits) polaritizs i figm ©ppaditkly pdRricdiSferording bits 72), which the

ASC full-wave rectifies for clock recovery and position information extraction.

In one embodiment the clock recovery circuit 84 comprises a phase locked loop (PLL) that locks

on to the phase and frequency of the readback signal 65 to provide a clock signal 86. Referring



conprising, for exanple, a continuous tinme filter and
automatic gain control, that accepts the readback
signal 65 and outputs a conditioned readback signa
83. In one enbodiment, the ASC 82 also includes a
rectifier for rectifying the readback signal 65 before
sending it to a clock recovery circuit 84 and
circuitry for extracting the position infornation
E gg g}%ﬁt@%’l g}% C?OLI%QE r om éﬂt%’ dfog fx&acﬁ e |1|)0§1 éon mgoxmatlon from the
t rcavbtl@e@mdbach &igual 83 hrthaymEmilroént Bhayun éxe¢loalc agnadl Béidrives both a first
t Q@R Eech yg [ L p i
qood nees? l{;q: g%g&lg rzlnﬁ a&%k{ﬁ'ﬂa‘ta’ 91%) gﬁpflt’ 9t0r, gg l:émé; fir %\ Ndcond analog
t rerdigialgbneatteeiDEX2 93,ovh1¢1uprocﬁtss the Thulithenge readicheks sighal 83 and output
t I vi dual
SRl (BTPOPERS Sl BLUGSRNRM B 1 S0
e 7 shows the conditioned readback S|gnal 83 '
[37] ge’l%)@rﬁgqt@gd peond SHA: eiFqits QO f1t sglegpvedyf sampde thgrpadback signal 65 to extract

PQLRbAseY o @B and s&boR® BB ufIHROSH g?sls:ﬂ{ggeré@ or@fngtbng in order to generate

i ndi vidual - responses 80 have op arities

( S0 1 apPHBEE Q2 Iprestively.i Bigare rSeHmtreteﬁ the lspncbnom} readipscle pignal 83 ready to
t hR sarfipbd l‘;)Ptth‘. HARYRI deBnldisH 28 dufte 9¢ beck recovery and

position information extraction. [36] In one
enbadi.ment _the cl ock recovery circui 4 conpr

[38] pRedaripgtoddgures o gng By IverRr 90 Jryests %3?% Panal é%a@%& drives the first
a:rs;tm elﬁﬁueocytgg&dgg fo sRaeDaGinCRI, gfégt_rst sHA grcﬂit oy bﬂx;i:}ﬂ@skﬂle conditioned
Cl OC ererri.n - to ure ocC
siTgaC e&*@t%‘é eéF?‘éiﬁ“t‘Pg %&at%%&*? i FRYP fefr?iteeae?& Tegpqnses 98. For
| rekanpretthefirst SHA dikeit 90 BBghd d6ipafp R AGRAGMeE réhdBdck 8ignal 83 on rising
Lgpggeofre nt;lxoe: ?xlwegﬁg iph e%@‘ﬁi h}g%{ﬁsp |Ct)lgek sSI qgﬁ lrgsggnsgsr Io\rllefc'alling edges, and
acettmilatsahd Silfhledaedponies 99@uring k. préfedrmiinéd scsbmalagbnawindow.
second anal og- to-digital converter (ADC) 92, 93,

- [39] \gﬂétgtﬁ? %rrug Sf I»%?cht acgumt(ﬂ Ant \IVI%HgW,a#ilg ef%gaﬁq‘bb Exrglnta bO rese%% tctlte accumulated

i on SI gnh and” a*seco
pozlueitorthe figph aﬂD(@ I9$2a)1d gben {ese'l,i tol heeumblatet samphbdsrespomés during the next

S'd’/é\cug‘rlf %ty t\§m8c9w :lll} rstexblCVSé éer%e?aqps }f‘%lt EZF b?geagxpe ng the accumulated

Xtr response rom
semdngi ghes! pe cﬁﬁtal 5@lues. sHigyge? dthstraten Pl i3 péeresatddnaccording to one
oQ%10d1 generate PSI 94 and PS2 95, respectively.

Flgurengmlllustrates t he conditi oned readback signa
83 ready to be sanpled by the first and second SHA .
[40] ciTheseeond SBIA oircuit] WieleRidvedy samplestte Einditipess! Sadback BgnahP3 in a similar

' Wﬁlﬁner D?i@et'l ri)\f'etﬁlta %ohﬁ@er@do&&kséxgﬁ@gthg @eco\p{ﬁ ﬁi‘A qﬁﬂcth?@l samples the

t-he st clrcult
e rﬂso@ttlw@dtreadbh@c fignab 83 Sidrextrpets e aogmmslatnpthe graupesf alternating responses

C%dk'r() ﬁ)%dsecﬁﬁﬁ%%gKS@OQ rl’@!:or(??f%w (ﬁ%ﬁl afd sacaﬂqnatton window. The
accumu ates t I r QFO%P Iternat ng responses
ogccymgyplated values are converted to digital values by the second ADC 93 to generate PS2 95.

Figure 9 illustrates PS2 95 generated according to one embodiment.

{41] The first and/or second SHA circuits 90, 91 can include digital and/or analog circuitry to perform

the sample, hold, and accumulate functions. For example, in one embodiment, multiple Atmel



[42]

[43]

[44]

exanple, the first SHA circuit 90 begins sanpling the
condi ti oned readback signal 83 on rising edges of the
i nverted clock signal, holds the sanpl ed responses on
falling edges, and accunul ates the sanpl ed responses
98 during a predeterm ned accunul ati on wi ndow. [39] At
the end of each accunul ati on wi ndow, the first SHA
circuit 90 presents the accunul ated value to the

B0 Als ARfign brantmiager il AR Fom B e can b usd as

f sandple aﬁdﬁ@xo@&? deres rviioss oltputd alAmblyipleRélV @ dnl ASIC fiRice that performs the
accumy ?%F anal og values. to digjtal values. Figure 9

|?$%@ §r¢@P daesuplaon ¥ingdowi ng to one

enbodlnent. [40] The second SHA circuit 91 selectively

SRﬂf'pllrbg to fégweo idint bon eltbrmatiacl bmbkdimie@n'al th8 3naleg domain, the first and/or

e%tldlaéHAfc"flr%lrﬁ so l?r Y n aé{de nom%%e rgiceu% ﬁ)IO Xs shown, the charge

t he “secon cPYEd
Cpmnb tircon @¢o cmzl@lbaexiabbd gmﬂd)r dabled dnddischagks thangh analog switches. For

agxcéjnnrl arrtnﬁts Lh gdlg: %édc% @J*Pr) S ggl %&(Ehg I%g g{(])g %?( g t.thrgilog Device’s
aevamz swltcdmcam breabsetd forl hmtroﬂmg thmha’gm@ anahﬂxeﬂmr@fgeof a charge pump 102.
Cﬂln%g 19 10@ éﬁustua ur e %u-e F’I af sr g{;v Cl? %& d@gen y {he recovered clock

gener at &
gsig:eﬂ dtecnaeopie dhengadbackosignabbtbandi charge the [cna‘r];e fumep f02r 9X second switch

second SHA erU ts nin di .
% Or#ven% aggac%:l}n}%% 10Prg32/1{e si 612 lrlfO 1:}?%1 ?l%ehcongglx,ﬁ %% mﬁ agl’e sampling for
at’nd dacatiomof teaacCwnmdstionnsinddvor Aethadr]siav&qh i 12 endlischarge the charge pump
[ [ 1] t nel TS83102C0B,. A
TP B2 gl Mt Biocon iR VaRe pipwis KD fise 114 rom
bﬁxeuexmbnas Prmmn dsclanging) dhechcclemil ted resfvmse boilt ypuinsheacharge pump 102

”Eelntbe%%n% th%nAﬁéL& gew ce that perforns the

accuru or ‘a”programmed accumul ati on w ndow.
[42] Referrlng to ure 6, in one alternative o
e rbotfcrBpatigmwindew mgm@l% tregng embpdiment of theipygniien by synchronization

SREALHN %&h&%‘gt&ﬁgegcgsk 1%1 ﬁ@ Mm&%&%en@kmme aomety of useable

CIrCUIt 100. th rge punp circuit
céumg He oemmreérs an@:l pbmoreurgdaellees efrraisging dHabigeun be mcluded in the bit

t BARHOR r@%cﬁ%nﬁ%ﬁe‘%&@lﬁﬂu}mh wifdbWIRL 1% lg}ﬁh{e}ﬁls’irl]ﬁ AR embodiment

frequency (RF) swtches, such as, fo exanp
Dihpispehegnizafigromrks garasise 2 gemicade ewéefi inghe daganrrags ?tur?@ﬂar intervals.
t he charging and di scharging of a charge punp 102. 1In

t Ae shoWh iif WFigdrko8 addl oSthe adc@ifndliohi WiAdSw bs eBschfidl§t set to sample and
SMAt g é04 driven the recovered cl.ock signal, 106

Y écelﬁela.&‘eﬁla BERRNSS fefrfaFh eanseplivetesprgiabign the first and second
C Eﬁl)ﬁﬁheSS) BOT>f 1E0rdiny BiRC ORGbtieWekbEiments a longer accumulation window enables

the position detector 64 to accumulate the responses from several recording bits at a time. For
example, the accumulation period may correspond to uniform disk segments similar in length to
servo sectors used in some magnetic recording disks. According to some embodiments, the
accumulation window may be up to five hundred (500) bits or longer. A longer accumulation

window can advantageously provide greater noise reduction for the position detector 64, as well

-10-



[45]

[46]

1471

108 driven by an accunul ation gate signal 110 fromthe
controller 62 can enable sanpling for the duration of
t he accunul ati on wi ndow. A third switch 112 can

di scharge the charge punp 102 at the end of the
accunul ati on wi ndow upon receiving a discharge contro
pul se 114 from the controller. Prior to discharging,
the accunul at ed responses built up in the charge punp
102, can_he sent to one of the ADCs 92, 93. [43] The

8% FFRFPSEA BT ROy O eASOP PR Fiero Hleck s i ey pit placement
t Bork MBOddvRIrably disetaed)r oni zati on marks on the
magnetic storage disk 16. The synchronization mar ks

o REetS o FaoPE 5t PR SRR LA Sof SutaTY foording to one

i exbaditecht.i ﬂ“hé hﬁ’ld&d fclocP sigh#? idfivdsQhd ﬁrssmc&é@amm&t 912 93, controlling the
accu

at.i on ndows, re i nteryval In an
oS 2t S0 iR 25 SR YN retmar iV st ML e o, PS1 94 and
gPSZI Qﬁdﬁ ibstatie ds genetdie widh aclatl diyRlepdet ke@iityaThus, PS1 94 and PS2 95

|nt n Figures 8 ang 9. the .

B FaE o 5, o S LSBTl e 2 o Pt pbodiments, the

i digidet dsuwt Ity aammyﬂeaheﬂiah elni‘tjES@@ﬁlﬁﬂb tHer fisaadd second ADCs 92, 93 to
n the first and, second

P ORHEPle e b ERed Fpten g i b8 one, TRl R e sample rae
ardqowtsazmd%tkaﬂ&ﬁ@Wﬂtﬁd od g adgfuizémerdth én P Askidrios conﬁguratlon this

(rjelibeCt Wé cBrr %eigb)ge?scrgu laﬁtg?ac n ef t;ngiﬁﬂgg?cg alt{xcﬂxgm i?he liues are possible.

accunul ati on period nmay correspond to uniformdisk
s EgueniOsilestrates aposition ey signal (PERHR0 cepseettingshalssd's displacement from

M&%&hﬁe ?f & gg'lggﬁsu @aﬂﬁg r(llalvA\n%g%\% é}glatagtra%ﬂ r(slth a track eccentricity

f of/ 8.2htyarks. edn(tb@o)mbpﬁn@nt;rthq: corgeotler & prggggmmed to generate the PES 120

a | n va I

SR G069 GGV PLIBSHE WD AN, e gpmccrmy e

agrogesimimed- toQusg dthen @nledstetmﬁm@m é’nESu agpgrgingdo different embodiments. One

agg aﬁ%érﬂ:ﬁt %Qﬁ?%ﬁo&‘i& éxgtcﬁxej da‘ k gléevﬁata E}Fa %w1dth is also
pl acenent errors track ction 4

Réméamcnﬁ@lyt theFpagyr dragk “tuhb \ph;sh mialses thet bmauzah@n process SImpler when

half ide as th
cpebP R PR ki otk ROE el Bk Mfpicqly half as wide s the
asdvegadknd ADCs 92, 93, controlling the sanpling rate

used to generate PSI and PS2, respectively. Referring

t qhEPBYeo %duP b 1%4m de"? aﬁa dftectidh @f tﬂeldi'siﬁaﬁéﬁl&ﬁi oftthe E)u:ad 61 from the

generated with a clock divider set to unltg Thus, PSI
oaraneenfeineg®. A will e arpatciptidoin this embodisngah adarggnamplitude indicates a

alg%e%fef‘ @Eﬁ!@&ﬂeﬁ@ﬂ&ﬂ'tﬁ@arﬁ&tc&t&ﬁne 19 @b&s@t‘id’é%ﬁ)htude represents movement of
nbodi nents, the divider is set to a value greater

t quhqaﬁ io ytowerda tepfiist e 55 06 recaidipesitsofid(egpiie gptsidg giameter of the

t @rray), while a negative amplitude represents movement of the head 61 towards the second group

59 of recording bits (e.g., the inside diameter of the array). In one embodiment the directionality
of the PES is ensured by patterning the recording bits 72 such that the responses sampled with
the inverted and noninverted clock signals respectively correspond with the first group 58 and

the second group 59 of recording bits. For example, the first recording bit 72 at the beginning of

-11-



(48]

[49]

[50]

151]

subsanpl e the accumul ated val ues. As just one exanpl e,
dependi ng on the sanple rate requirenents and track
m sregi stration budget requirenments in a disk drive
configuration, this subsanpling can be by as nmuch as
a factor of one hundred, although other values are
possible. [46] Figure 10 illustrates a position error
signal (PES) 120 representing the head' s displ acenent

from the array center]line 75 as it nmpves over the
d é{xeaacgwlgylonévlﬁdow,cpgg all of theledd fgoprding hits g8grward may belong to the second

e GERIPISDIof kdcrdir@bifd. Zikelvive ke sdebnd, BhSalLHRAILIR Pécordﬁr&%ns may belong
contrqller is_prog rann%d to enerate the PES 120

ade Bedirsh gopn O RErSFIRE PBhshi p PES = (PSI - PS2)1(PS1 +

PS2). However, the controller may be programred to

uSkhuothie @osital @dﬂéoﬂirié@l]ﬁocﬁ:ﬂés thé Eealfi=ok 31pASI63I fFvgh the head 61 to detect a fine

di ff.ere e di.nents. e addjtiqnal .benefit of '

ot oS TR ST b Moo of P Sgsirdd fih afray  Tipjposition detector

Wiillistrated inflFigare SfislDakapREibRdnbolitRnsAIMO nétridekdedtdilifit the configuration
It;gh nmakes the |near|zat [

[ | e en .
B, By eSOl 1t LR PR Lat BuEle, Jarees e available for
d&k&adlhgdk: poSitiol hfomhdtign hﬂtll fgeritfating @6rrésporidivgy pdSRioM Qignals such as PS1

trgc 47],,The 20 indicates the magnitude and
diTes %%na"lﬁi(mﬁﬁeeﬁg?s acement of the head 61 fromthe

array centerline 75. As will be appreciated, in this
erfhadditento, cantdring gbe headpdviet thd elatanalrayattessesvo @nedt system also provides
di c%ﬁjs?aﬁo ifioh ént?reng%?ﬁb I?o erg[ureqyat ?h% %:edr zh}d%? Wi %c dheéq_ Pst a%l aceré fhe desired data
t hasraf | Fett GXQmplq:pnﬂihemﬁnbpélwnd mm@ datat ma?ch(heiegaq attrd:yedentxﬁer such as a
t f ar

SR, S TE B Tonb s oMl o RSB e et om

t Hhe smayoidentifreps p TheOthe thead car bk pegitixined aQJecegt thetdesired data array using
)

L8 AT i ort oA onchlog s 0,30l ifimaion om e
t Inositien mgmailarrgn foe used ARringi wbsdqacntttrhek oraspY ﬁ)élemngamp‘ra@m
with the inverted and noninverted cl ock signals
I 98 REGE ENBINMERS, HRHRPR it Wal Be Hgs‘?raf)]erté bvdid HéRisO8f &’e@ﬂ:ated graycodes in

the second group 59 of recordi bits. For exanple

t Haderitq igerepsedhg dattdensity ofthe raﬁgqe estBwg mefiNg. igure hlis a block diagram
thg aﬁﬁﬁ%ﬂuﬁﬁ%&mﬂt ﬁg@%coﬁﬁ% t6thh eboditiEnt @ffhe 'b?é.%&ft ¢Hivegtion. The array
bits afterwar bel ong t0 the second ro%a of
r coBRtingrsiyowt 130 capj w&mls@rallehw% thecnogition deecgs| 643p respestively determine

e\«ﬁ@caa%e%&ﬁﬁwp&moﬁofmexsemdlong to the first group 58
recording bits. [48] Thus the position detector 64

de‘?‘%@?’ag?‘f 12‘§fer g b?@gwsé' qﬁ%@]%éfgég%%lhhgqt%g%gﬁg t}lls[: éead s fine position
t he r&@m fdrh itehaall 62 t6les iaSedi 3d atvBicR s Yor mblySioPBS thieis@ifie ASC 82 in the

det ect
posmon 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]

illustrated in Figure 5 is one possible enbodi nrent and
is not intended to limt the configuration of the
servo position detector. It will be appreciated that
mul tiple schenmes are available for extracting the
posi tion informati on and generating correspondi ng
position signals such as PSI 94, PS2 95, and/or the
PES 120. [49] In addition to centering t he head over

t he ata a e s l. stem Iso oVi .
AP Rl 0 R PR, R o nutibd Som. e Sitahd @iy S5 of recording
ahﬂé@heﬂihﬁ@ head i s adj acent the desired data array.

For exanple, in one enbodi nent, each data array

[ b er

ﬁglluéé' gsr\?/eg%gocﬁ’trnﬁo%ﬁg é?eefgetah 6%21 e, mt%lﬂ&ﬂﬁ%zgo%%nog Q%/tﬁ;%q(? thte%ga arrays 54 of
t Hee magnplinsterageedisk Moddclides movingehetransducercherobs the éats arrays and triggering

ceﬁ?erl'ﬁ@ gs fne ﬂeziﬁeélpcqggsés tR@?aQa ﬁ-g:iygc ﬁ@t%r 1Ie£]c%1 %% L}Jréd%germmed limit on
da a array using I"nf or mat1 on
s dleskcogpler 436 mdwa'mg ﬂlh éesinedu datp sy, the comfoermstaps dire lﬁqad Gl adjacent the
i .

i Flg%l{(eegl?ﬂaadrr% yﬁ%{@%@m c?])gt'gcggs st ecgn %5%% ? t%}?%? grlllf}n{’ollowmg mode
e et imonitors the\ime @ositien ofrthg/hdaé Vd@saspattlte the &eracxbn@l ofi the data array as
[ d graycodes in order to increase the
d?%WQ&ﬂﬂggfégé the magnetic storage nedium Figure 11

is a block diagram of an array counting circuit 130

acldys rEreY §ounking wirewih b isenitialized tim eng) prbediment by dwingigg the head 61 to a
TheddlehAitted SN EhdAsChe Ghtet stdp 32 GROWNYR KighRR Panabdsiilon identifier, for
with the position detector 64 to respectively

d SKEPPIFrRoBrayqede ehamelrorization maek, pensides dhe cirouit Wit it anjtial position. The
6 Lirra ecuntifl$ PR30 lchh fEDHCRmEdy anllAf d& ATl RARBLK136 as it moves from
signal 65 used in determning the head's fine position

| STRHIRARYf rom t he head 61 to an ASC 132, which nmay or

may not be the same ASC 82 in the position detector
64rhu§témbbﬁa&ba©kﬂﬁlpgaaait irf¥entioh agdistldst® nﬁl@]oagdthﬁ- pf.kséma irfvention has

c r,circujt h conpar es I t.uC

o Do S Rt Wik KGR 3T F PR e e g dents, e
t M@&Béﬂhdnboﬁlﬂ%h aré ﬁesdri;(&gl‘ﬁd»rtpuﬂjbs@fof ilhﬁtreftﬁﬁdhﬁ&khﬁmgﬁﬂt The
nmeets the.thres the co tor triggers, a

C e e deuo by g e A ESuRiony 5% Pt e spope of he
ndylldvgngtiaing. t he crosstrack path 74 to the next

adj acent data array toward the outer dianeter of the

disk is registered by detecting a lowered -12 signa
magni tude due to the reduced signal contribution from
the second group 59 of recording bits (the ID bits).
1521 Thus, a nethod of noving the head 61 (i.e
transducer) position relative to the data arrays 54 of
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the magnetic storage di sk 16 includes noving the
transducer across the data arrays and triggering the
counter 136 as the head 61 crosses the data arrays.
After reaching a predetermned |imt on the counter
136 indicating the desired data array, the controller
stops the head 61 adjacent the desired data array.
The servo control systemcan then enter a track or
f de where it nonitors the fine

p3¥?¥rggk%$mhﬁﬁl ead with respect to the centerline of
the data array as _oreV|oust di scussed. [53] The
arlray Advsthed R deteymiping a frapsducer ppgitiqnarlativeto p magngtic storage medium, the
erRadiaBmbrifiyg: bri ngi ng the head 61 to a predeterm ned
zone, suc as the outer stop 32 shomn in Figure 1. A

positjon identifier exanp gr aycode or
syfﬁsv Bt %*a&*}esﬁstﬁfaﬁ%mﬁv @8@8%@ IS QOG A e poppgsing a plurality
I ni ti abfResiihg i, whBRin tBE FeddidHRYNE 4rd QisEefeGHA Sepdrdfkdcan
t hen i ncrenment and/or decrenent its counter 56 as it

\r/oevsdm DMns e zy ace %3{ to g tTh A enbodi ment's of

t Re b S BRTTIRER WU GLRAT ¢ hough 't he
present invention has been described in
c aersratingatitheheteanaducend tehdhaelf sgnehdependeserponithe pdirglsy ofeedording bits of
enbodi Aged embodi ments are presented
for pu?%g%§§“g§§m¥¥us fation and not linitation. The
i npl enent ations described above and ot her
i EnEHingahlepy Asst andssegpndmopitiohdguatsofun B readbacksignplowni ng
claims. -13 WHAT IS CLAIMED I S: |. A nethod of
d Qt er nirté ﬁl@thad bf @difOl) evbereahe pluRbity of Irétbfdﬁig i1 cémprises first and second

t medi : _
PP g kel by e nRdP R DY PP ipponses in the
| eafibadkigndB uid thaComptiging Sitaging ﬂ%mha kdatityack 6ifnal the first group of

T EPRAEE o RSB o P PPN T g RSB Eroup of responsesfr
agjenaaiitig thd 14t 1aubt de@adipositien ddgdahl array; generating with

the transducer a readback si gnal dependent upon the

plur a' Lﬁ1¥ Qfnol ‘8?8@ 3! gvl}lgllefnsthg{nagxgegg ftﬁ‘}aﬁé %%&Lmocg%pﬁ?ek 4 disk, and
array; genera at leas I'rst afd secon

p mghetqnothef g igedug of regmdingéits cantiysedkoutir graaieter fecorfling bits and the second

g%%mcgf%coﬁings% :Lom?ﬁ T (ﬂ}gﬁng rgéo%i}.)é YesOf recording

conpris Irs secon

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 comi)rises 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.

-14 -



groups of recording bits respectively inducing first
and second groups of responses in the readback
signal, and further conprising extracting fromthe
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 | east
second position signal. . 3. The method of claim 2,

ereip th t torage nedi um conprises a di sk,
aa s B e b Bl SRraRs Rl o gt and Second groups of
C eu3punisesaturiag b pluralityasiakeimulRioa Wdhdvgyslahd hatid ghdveating et least first
gro of, recording bits.c ri ses inner dianeter
R Bt FoB oL St ey E b Btrvares chdiiesbe S ind peond scoumated
C oatpdsi vt iy steand setohddratg; to-digitah@nediteBsccumul at i on
wi ndow, the first group of responses resulting in a
f igr St ﬁ?ecﬁigﬂi% f%gau}( %l fﬁﬁh&r&gmggsgné&%ganng 1135 %g%rst ?de se_c%nd accumulated
responses resulting in a secon coumil ared varue, 5.
Thaluesevitiotie Gfst eidssernnd analgetoadigital benvetersinul at i on wi ndow
conprises a length of a user data sector along the at

| ast PRELHRSPorRididN; fuﬁherﬁiﬁpﬂﬁ%? nge&tirﬁ%% ?Asmoﬂ error si%al based on the

wherein the magnetic storage nmedlim co ses a di sk,
afdeast first andiseeondpesidanpigoalst ati ng the di sk with respect
to the transducer and wherein the accunmul ati on w ndow

COOPr i AQSetitfd of ARIng AMRANIIAYR kdlhtiveRo Qtnabdteic Sofke medifim/ the method
The nethod of claim4, further conprising accunul ating

t FEPRTSY¥E and second groups of responses during a
plurality of accunul ati on wi ndows and wherein
g erusidiig mgagnetc sbragemsdivthicomprisisgapiastigrod dite sirdyispgach comprising a

and coiAE Rt G VR R ER fierips B e i

anal og-to-digital converters. 8. The method of claim
7 provighngyetransduepr ddgdcen) tarhagnatid stergga thedidriyy st and second
accunul ated values with the first and second

aRRVRG therBs@ictAcrds® e @l it of dhta aHA§s;Met hod of cl aim
, further conprising generating a position error

1

si gnal hased on the at.least first and second

p8‘§ﬂ’lf‘% ﬂ‘eifaﬁﬂfﬁ.aglfﬁf“?%d%ﬁ 2 8f*novi ng a transducer
relative to a magnetic storage nedium the nethod

c garpratiigvgth the wansdicap madbagnsgnat dspendent epanshié plnmality of recording bits
gorrpri 8}‘tﬂ9dc§sir€(!ig£tggljra! ,ar?df data arrays, each conpri sing

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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plurality of recording bits, wherein the recording
bits are discrete and separated; providing a
transducer adj acent the magnetic storage nedi um
novi ng 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

 plLhe oSl dots Lo, B0 81erPLiog Sl S25h sy

s ic@ﬁﬂﬁse repie I’ﬂéhbfﬁinglhlﬁierhna outﬁgs gebblﬂﬁlg(bﬁts t&ﬁcﬁfaﬂijﬂﬁm f;]rstdand second
with respect t e desir.e rray. .11. The net ho :
o bp TARTtseh b ot fitaL v Py ot wagRgR T onterin

ak¢spyhse thadiik iof the firdtand sdeorid diewp cTOERPONsas Mecting a fradgretntiged threshold.
array identifier fromeach of the plurality of data

anrays t ves across the plurality
o#4uatéq§¥é§§§*”%%ﬂﬁgﬁégﬁ%ﬁﬁ%ﬁ'of claim 10, further

conprising triggering a counter as the transducer
me\Pess; across the plurality of data arrays. -15 13.
The nmet hod of claim 12, wherein the plurality of

I QGBI de Smddfun® Aftdlatiipinduriéd 18 Yhe Ka9& RS Rirlg® 188 one data array
recordin b!tslind outS|de,r$gord|ng bits respectivel

. espe ely
i nduci FRIATISIG PRHAlY QEtsrording bis; pdictsin the eserding dits gre disgrete and
r eadbagdpaategnal and further conprising triggering the
counter in response to one of the first and second

grqQu f _responses. neeking a, predeterm.ned threshold. . .
e RO R g ke B Bhelaf P 1 Eenrin g Aongbiclc ignal
magnet depeadent eyga thieplinatityrof teebdbigybitsofitht etdedsooreliataasg,
conprising at |east one data array conprising a

Plajf ra&utgryc&g%lc& ﬁ)tctﬁé g‘%rggu&f %)‘? momg E}ﬁa' tnbdiCer TG/ B at least one data

bits are crete a separated; a transducer
posi ti emayeaedj acent the at |east one data array for
generating a readback signal dependent upon the

Plalseb icbtrod Eystede &5upic BetdictSthe trafsifce® hind 8@ &l Ahél S control system
array; an actuator. coupled to the transducer_ for

p e .
novi ng SeRRISINEA RSB Aetetorthat generates; ah keagiirst andssecqndeposition signals
data ffsed¥n thRRhdback signal, and further comprising 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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a servo control system coupl ed between the transducer
and the actuator, the servo control system conprising
a position detector that generates at |east first and
second position signals based on the readback signal,
and further conprising a controller that controls
novenment of the actuator based on the at |east first
and second position signals 15. The magnetic storage
deyi ce ura
oitts  EmfmeiChyread Vi gt e i PR s g BB GRS
bicomprises paaggercd byt patian greagr that sto Andvidkeecond groups  of
responses in the readback signal, and wherein the at
| gast 0 I I .
i Eg fi ’?‘féetr ég%)gpgst&ggég&@}cg 3?%1510 ﬂlf 2@%% e $Hsition QQ@'&& cgﬂlpnses first
r @speeceridsample, Hadd, atd eccmgh@tqucmﬁfgtrragmtmm geacraiingdhedt pgast first and
1§mmﬂ@§£ﬂkﬂs¥ geplurality of recording bits conprises
e staggered bit pattern, wherein the

first group of recording hits conprises outer
dil8net %he neBGHeTPgELavice af elaih S, wbersindhepasitign detector further comprises
I GERE r&ga.m sE&ma QARG &- 8L S gitdl B6ilvertdls RIBLsFEctil Qe Qirgﬂizﬂﬁ the output of the
bits. -16 neti ¢ storage device of claiml
wiER éﬁ‘%seﬁ?f@ sﬁWH‘Fa‘PQ“g yPodrocrmplgteiiagtshi t s conpri ses a
staggered bit pattern greater than two bits w de. 18.
lee Magheinbgnetié abxaged@edeiocf €laii 14 WhkidinltHe contiell&@igbndrdi€s a position error

osi ti.on detect Lonpr i ses irst .and second sanpl e,

gBal baed og ES‘é‘P? CEPRLPIHIPn FIgR et i vel y
generatlng t he at Ieast first and second position
signals. 19. The magnetic storage device of claim18,
wherein the position detector further conprises at
| east first and second anal og-to-digital converters
for respectively digitizing the output of the first
and second sanple, hold, and accumulate circuits. 20.
The magnetic storage device of claim 14, wherein the
control l er generates a position error signal based on
the at least first and second position signals. -17
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