', e3e8iVHH 4JLKL6LT8MJaCYs s, 2 ~ S E P 2002 WD 99/ 60571 PCT/ US99/ %%ES,EFPOIZQQZ
METHOD AND APPARATUS UTI LI ZI NG FI ELD RATI O NG DEMODULATI ON TECHN

NULL- TYPﬁxggg%g PATTERN FI ELD OF THE | NVENTI ON 5 The present invention

rel ates t Zl be devices. In particular, the present invBETMUSROASIZAtes to
servo systens in storage devices. BACKGRClJND OF THE | NVENTI ON A st orage
device, such as a disc drive, typically uses a servo systemto position a
read or wite head over a recording trabk were digital information is

stored. The servo systemrelies qn servo information stored either on a

dedi cat ed di sdVEEEH(E DnAINT) ARPARAIES A THLEZINGEIEII hat are
radi al y di spersed throughout each disc. The servo information gives coarse

" position inf RNH@IN@BE%(?DGLKA’N]@N PECHNIGUESFQRe head is

positioned over and 5 possi t he angul ar sector head

of or mat i on t hat ZQECM\NEE-WWEE@?@Rf‘ﬁi“Eﬁmﬁﬂ hin e track
' The fine position informati bs _ using a servo field
pattern that is a conbinatio ds. There are zo several

types of servo fi I; he S er,

"split- bu?st anpl %gﬁgééggr@genﬁd}ftérf%gg% s%%%%gégﬁ ?/pg‘q iSQrtgcﬁg%r g%t erns.

nul I -tt-pe sgwgénpmeefﬁmﬂérdtmeﬁo bpaieinsin@tdrage devideli ch are written at
a known phasé relation to one another.” The first field is a "Phase" or
"Sync'' field, which is BACKGROUMNMDIODE THHAENVENTIONquency of z5 the read
channel to the phase and frequency of the read signal. The Y, 24°S
E P 2002 WO 99/ 6087 Btqvage odrg onich as af discad naﬁdtmcgllpnm arfesyorat i on i s

df d dul at t fi Id | . . Th field t
Lheref or e baSEER &4 BasHy rf%%ea‘éﬁ”re?érﬁq%rhw@ EE 4 85435 ea&cisﬁm'eﬁhasg“s
and ”eq%’”%xéﬁ )t E}?fo fhof! gpaétogégp ”Bleﬁ:(? t%&te‘)ﬁa?& A gbe 3 to

er error fie

4 times long p03|t|on nsuri ng 5 ConsTSt ent phase

rel ationshi pu%wﬁﬁant Sreatthet icH 4 dedichbd RISd sLARCENihos zfmﬂdldxstn each
servo sector of a disc is critical to accurate positioning of the head. If

the phase bebystem bhédneserwo sbetoksithatsaneotadialys dispersedathreaghosereachfi el d, a
di fferent p05|t|on error value will be t o obtained at two different servo
fields even digsughhe servinformatipngives coarse pasition information suchvashi n t he

expended t odit AR BRAPSE off £t SACP Mt oo Bradh TP opRRBERaT O 8R4 t he

same in gyer ?boﬁé%}sptﬂé Shghlar BEtBP Bt (AR RIS YAHiHEnAEBRRA! GhePierihe Servo

system i deal
information also includes fine position information that describes the

radial location of the head within a track.
The fine position information is generally stored using a servo
field pattern that is a combination of several servo fields. There are
20 several types of servo field patterns, including "null-type" servo patterns,
"split-burst amplitude" servo patterns, and "phase tvpe " servo patterns.
A null-type servo pattern includes at least two fields, which are
written at a known phase relation to one another. The first field is a
"Phase" or "Sync" field, which is used to lock the phase and frequency of
25 the read channel to the phase and frequency of the read signal. The
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‘15 changes linearly as the head noves radially across the track. jucg

| inear changes sinplify the cal cul ati ons needed to determ ne the2 EIP 12@02
whi ch thgv(l;lg@gb pust be noved to bring it to a desired |location. In general,
servo systemns 50 not produce position error values that chBEG&SPYeREr |y as
the head noves radially across a track. In particular, as a 20 head noves
radially across a track, the read signal generated by the read head tends

to fluctuate due to the geonetry of thg head. To reduce the effects of such
fluctuations, the prior art has used automatic gain control systens to

aut omat i calfigldadhdshis pRagiinfonation isaised foraferiodiifaging theSo@iAs const ant
at all track positions for the head. The anount of gain 25 that nust be

i ntroduced e5yor fieldasigoaht The giase digkd monst thesefore pesubficientdy longtai t t hat
must be initialized ejther at disc burn-in or periodically during the life
of *the. i scenatis Bt PEbiodock orptopfhepbiin sl friaracher Mabarbaanel. or G g
is a block gl f Lot I i rt. Fl.G 9is a
pattern Iay%dur?%?ﬂéﬁéte}?ev %éaet?éelfi ﬁ&g? ci)tléhi{ogc;}ri élgé%% ﬁ?‘ﬁv%#ﬁ“oﬁ‘.e E?sélo'io is a
read signalerggigel ed by a read head as it passes over 5 the servo pattern
of FIG 9. FIG 11 is a read signal generated by a read head as it passes
over the servo pBhsuwimg af cdrisidteft phasé rélationskiprisstdreehghalplpgeadicdied by a

read head as it passes over the servo pattern of FIG 9. to FIGS. 13-1
t hrough 13-a3ndthe qogition ereayr dekst Bt eaclysareo sedotoftadiss isirritical 4ot al

denodul ator_of the present inventign. . ElG 14 is a blqock diagramof a
digital - denSTHFEEROORs HHedisedl e e phee Bedietndhese T BRI 15T ar e
timng di aghe®, 1 i i WREK LEi a‘;,:'!-!? val ues
and a readglrsll gnéﬁ@%ﬁ%n%@n%%&?%ﬁ' %@?ﬁ%nfe?\?entl O%&S{:’lv%%fe 16- ?et hr ough
16-2 arp tiobtathed agtwroadisfeemnineervbeidlah aivearthbughbibWwead feeriinkiipat i on
val ues and a read signal for a second enbodi nent of the invention. 20 FIG
17 is a bl odle simgrradialf pasitianaivitininlehe duack. oTooinstune thisesensistenwment i on.

FIGS. 18-1 thr ougfh 18- 11 are timng di agrans show nao s_icgnal S associ at ed
with the bl gweat gifast and sxpenes has bepr expgnded fopiasd buwilding sensBtemt anal og

di vi si i it i |G 17. ' .2 ~ S EP 20 WO 99/ 60571
T Usoo) oorES RSt Iahs el pEstate the e eyPRRIERERI |n addit i o,
m or ot gﬁgsz O(rjafgﬁe PRGOS er¥) VandAEenel28d At ey o?Rhtandidang ves read

15 changes linearly as the head moves radially across the track. Such linear
changes simplify the calculations needed to determine the amount by
which the head must be moved to bring it to a desired location. In
general, servo systems do not produce position error values that change
linearly as the head moves radially across a track. In particular, as a

20 head moves radially across a track, the read signal generated by the read
head tends to fluctuate due to the geometry of the head. To reduce the
effects of such fluctuations, the prior art has used automatic gain control
systems to automatically adjust the gain of the servo loop so that it
remains constant at all track positions for the head. The amount of gain

25  that must be introduced by the automatic gain control is set by a control
circuit that must be initialized either at disc burn-in or periodically

during the life of the disc drive.



bus. The recovered data is provided to the host through host interface 234.
M croprocessor 233 controls the novement of head 112 over 5 the RikSEP 2002
t hrough wowewessagi c 232, which is connected to m croproces 8@&@33 t hr ough

an address bus 241 and a bi-directional data bus 243. Usi ng PR3 hys 241
and data bus 243, mcroprocessor 233 is able to store a desired | ocation

for the head in a nenory location wwthin servo |ogic 232. This nenory

| ocation is accessed by servo logic 232, which issues a current conmand 236

hoan M o a0, DASERS B3 BIbe Blah YAl HEER kBRI SR IneBRloL 8! O the

head. M croprocesso 31s a retrieve osttiron i'nformation
. stored in servo FI@®i & 232" paftenDiyd@cCaf iDREris ipiteUpe the Ppfes@tl and data
bus 243. Wthin plant 230, current” command 236 i's received by power ~ 5
anplifier 2Bentinch converts the voltage of current command 236 into a

current signal rrent si.gnal 240 i rovid tp and controls an
actuat or 242, mzé@ﬁ ]B;‘élatfcfégl %}g?%eg%fqtemoq r?ﬁg?ﬁfﬁ B Passehgver s driven
by, and Saccﬂees%g\zc???ﬁﬁgﬁ%{ﬁl@ gleterm ned by, the current of current signal

240. Actuator an es the current of current signal 240 into 20
nechani cal novergrg. 24.a Wl g Emehagd Ll 12redl Rédd 8s pddies By um Head
112 detects data and servo patterns enbeddéd within the diumas it noves
rel ative t othelservegattern FhEIG&r vo patterns contain information about the
position of the head relative to the nediumand cause the head to produce a
| ow | evel si gnal Fi481% isa readrrignalsganccdiad byxsrenskheadas itppansemoven. A head

amplifier 250 anplifjes t | evel signal 248 to produce anplified
si gnal 252, € OPgthéggf{é%ti ble to noise and which is easier to

decode. ,Anpl i fi eflisd 93] 1BRAIS13- t ; = 60571 -9
2 ~ S EP 2002 P?:Ir%%%g; 6931?@%%?’%%&@?2?39%@& of st 3%0‘{‘?5%%2@%
frequency dengndlaiitdl deaithdator dfrthe puésant irlveaition. t he track in the sense
that its ability to respond to irregularities in the track decreases as the

frequenci es of tFKsel4 israeblockdiagrn ioferdigidalsdemnpdulater of tleepredeat
irregularities of the track can by 5 thought of as an input signal to the
servo | oop BIWEMWRA. servo | oop's response to those irregularities can be

h ht of h i f &h I - oE ctal .of head 122,
Speci i cal |y maghkhor doris 18uBadeZ B8 wiBhecRiagirie, SREWBE M servo
| oop ch geﬁlééo%ﬁﬁgpeém&n reé%éﬁﬁl glﬂrglu‘éga&g&_saWeBBi & a} r@¢KondNUs, the

head wi Il respon ster to tra irregularities in“ditferent parts of
a track. FI &nbddiment of fhgriavestiomi ng the essential portions of a null type

servo magnetization pattern for a servo section 180 used in the prior art.
The radi al di menEIQH d6-di geough 16-2meentivdngi élaagrwmarmomegarﬁgm ar
di mensi on of .di.sc 122bi s shown_.hori zont.al | Y; Arrovgi 182 i di cat es
relationship between rectitication values and a read signal for a secon
embodiment of the invention.
20 FIG. 17 is a block diagram of an analog demodulator of the
present invention.
FIGS. 18-1 through 18-11 are timing diagrams showing signals
associated with the block diagram of FIG. 17.
FIG. 19 is a block diagram of an analog division circuit used in

25 FIG.17.



t..5 down-track direction, or angular dinension, of disc 122. Arr 1
i ndi cates a cross-track direction, or radial dinension, of disc %ﬁ %%2@2
shows fougyd sidgkscenters 190, 191, 192 and 193, which are labeled "1", "2",

"3" and "4", respectively. Head 134 is aligned with track F&He§9909312al ong
cross-track direction 184. 20 The shaded regions in FIG 3 correspond to

regi ons of opposite magnetic polarity as conpared to the non-shaded

regi ons. For exanple, in a |longitudinal-recording system if the

| ongi tudi nal nmagnetization in the non-shaded regions were right to left in
the figure, affperaten ?ISﬁ i WEHE RN trﬁeg&gw@k)-zm radition tmisreprasessareidons woul d

be left 25 i ght . .W £ hi h i he. [ [ i d
h el ther 1 oGPIMVERE 4% dlonkiirte BB b na iR R eRRlone R o
ti dirhgd. a7 ; 11 d
;nia 82; | gl(%?%f ma rg%oﬁ?%ﬁatgrlggr?&]ﬁlaee @}%‘%ﬁ?@?ﬁ%‘@?ﬁﬁ@?@% | a%’y ;g?oed.

FIG 5 is a waveform dvikgoprocessoni283 cantpsls the ndenteritasfthealdonal ovd6 when
head 134 is halfmaﬁ between centerlines 190 and 191 of s tracks 1 and 2,

respect i vel ythe ughaserva dogia 33b evhiich isfeanriented tohmimopradedsari 2fdal 218,

| % ol d sional 220, . and quad I 8
Sl gnal 222, AN BRcAAiERt S oyt o1 B e dlede b, &5, pdsBe el d ¢
202, | 1] fi i el g
206, espectiyars? B il Bhd dfa b B RlGBIBOIALA BPRCRbI Bok®a ' 5 fead

signal 224 vaneRqsehtibddot shdabid NRY MEGhIBER ARG %&hﬂ%@ﬁ&k@@@sﬁ% of

tracks 2 and 3, respectively. Read signal 224 can be divided Tnto phase _
field signalTii2nemaonyriatatimrsistacosssed by servoddgic 2B nahichAsswrsch cluaekitat ur e
position error field signal 230. Note that normal position error field

si gnal 220 igerunand $3p<to1mentds0 bpsetbuper she stasad rsdweiandothiet cwmerty r or
field signal 228 infgh%i m of a .demdul at or 300

6., F 7 i b K dj
that represdLUYPh Jﬁaﬂenmﬁfopﬂé‘%ﬁﬁaﬂﬂ %Fs ggﬁg%t?leﬁoeret@egg prior
t. Denodul : j i &4 i i e
ot DX i MBS S L0 540 R0l RO P

f eedback | oogddregd busdlueeisdataBusing circuit 304, which is connected to
t he out put of automatic gain control 302. Sununing circuit 304 al so

receives a reference v@lithin pbt@3eauerenbyorenaral 23fgisgecdvedbymadvern.
Ref erence val ue 306 _is cal cul ated g{ selrvo | ogic 232 to ensure. that the
gai n of bPhe amplifien Ty whirhicrRaversh dieaveltage off gurrenfge i 11 Ami ng 25

circuit 304 subtracts.,t reference I 306 fr. the it t he
out put of aut SRt %gﬁ%llg CO_‘rﬁ% “38%“@02‘9 bSdBEeVlgg%letre&d%%n@%nat?%g %%8 t hat
i's fed back §q,adt ORI AIHANRIGRE VoRle 3A2moRAsE SFiccedbagks\@ive, L 4 5
t r LUV WO 99/60571 -13 PC TNS99/ 09312 After the nornmal position error
signal, the bgxindagekirates agai rate datetwineelibputhe3dfrérst dtheumendsighal e
position error signal. The quadrature position error signal is also

provided to 240tifrivetor32d? pnsdatesnthe guurent ohecujmertr sianed 244ralo by cl ock
Tnegrardh byeRiRu arorerass 24 BhEiieeves hiad areiadvsdothe BEdIPL: val ue
ar the outpul of ' nteoiRhern1dierec GafRnl Qb SRR LhibeBUbAMWHALLIE |9

then routed by nul tiplexer 3 to output 3 e quadrature position error

val ue on out gt pedduansgs ihendvasnilatpestd ithe mediam.valhe sefvopanems826 ar e
then used to calculate the t o position of the head within the track. Such
cal cul at i onscanteinvimfdrnfatmmalvqutithe pasitionfif the Bead relabive ¢ the apedinidf a

di gital denodul ator 350, which |s one enbodi nment gftha prior art éigcimdul at or

254 of F| G 2nd cause the head to produce a low-level signal 248 that contains enco
25  position information. A head amplifier 250 amplifies the low-level signal
248 to produce amplified signal 252, which is less susceptible to noise and

which is easier to decode. Amplified signal 252 is input to demodulator



Amplified signal 252 of FIG 2 is provided to automatic gain conjrol 352, t
5 -which operates in a manner simlar to automatic gain control 3 ZﬁcﬁElpggoz
7. Gin g‘gmgréa]s jout put 354 of automatic gain control 352 is provided to
summer 3 WA ch subtracts a reference value 358 from the PEDWSNMBI20f gain
control output 354 to provide a feedback val ue 360. Based on feedback val ue
360, automatic gain control 352 applies the proper gain to 20 anplified
signal 352. Gain control output 354 is9-al so provided to a phase | ocked | oop
362, which generates a clock signal 364 based on the phase field portion of
the read signal. The Thegseofo ldep desoriked iabowe has adfrequeriayedepmndensi gnum
circuit 366, which provigdes, a . digital, val.ue representatjve of the_sign of
cl ock si gndi€SBexe t?QI‘Pg@PaéTtlféRnstﬂ%FF&Fk Jriherssnae thag tisrability) toespondop 362
conti nues e i he. e figl Q1 Lon. ofi _gai trol .oyt put 354

&% 'ﬁr@%%fahﬁte@ frph@é tlacf Qe&%#es Bs Sagﬁieg’t“(éﬁ tes ogft#’t?ﬁe

ends and the nor posi T1on error srgnal and error

VIO 991 6057 lirrebRlaitieh ifickeaBes? ORPHI sdMNBIMHOBREAIFRs oF the tPadkaldrEhy | ayout

for a servo region 400 used in the . present “invention. In FIG 9}n t he
cross tsackthdughttofoas ias Eiputnsigealt tadhé wenmnd lodye athowvthé sardo dosgist i on is
shown horizontally wth a head 134 noving fromleft to right across the

figure. Seripeperssi tonthose ragwiasidies sandedhayght of as Hpgaiprefsthersesva 404,

m ddle field 40 nor mal position errqr field. 408, quadrature, position
orror 11 el doaRo TR RS pf Bead A2, seasThly FaetORRt Y BB 11 ol d
406, and traild el ' ' ' in the
servo regi o%leo &?ﬁefgcgr%%éa%ﬁféfgﬁg\%gp‘?dnf@lpcg}%ﬁéggﬁggggfqbgﬁqhégﬁ%%&FI G 9is
simlar to piregearigee! witRRaithadkl CThds, thsdend Wilkirespdhdeeéralo wbRse fiel d
404 has fewer transitions then phase field 202 of the prior art. Phase
field 404 iisregudarities intdifferamipartsiofhdra®B2 because the present invention
does not need the accyurate. phase |ocked |oop that is found in the prior art
and thus does not reqﬁl&@&saa’éﬂym%\%‘fmgé %eﬁenﬁﬁipaﬁm of 2ngllas t he

prior art. Normal position error.field 408 and ~ 5 adrat ur.e pasition
brror fiel dYPEGSLYSIAEReFARPR Hatieny (354 SetsP martiom 450 st 18 HhePBRS ¢ on
error fieldg.2 ; SRESA di ANy i r mal
position erf%’r fgﬁglﬁ%naeﬁ quad#lg"?li}rzem\g?)‘éﬁlf gﬁrtgrmr}gfé#(?g‘ %sﬁ%%ﬁgat h
include a s¢imaisioreof didcyl22dbehewn hordagitallpnArdci# 18R dndikatazenr the

begi nning of the respective fields. Radially coherent 20 transitions 414
and' 416 ar@owintrack directior arrangilar dimernsinmdfidisphids eArncsy d8404. The use

f th t iti i s di d furth | ow.. FlI .1 1 d 12
1 ng. di aghintes » axempracl diRtlon nradiak g imatsion,pteissd22y EIGeRt i vel y. -
whi ch are pg §f‘&ubf¥a&e§&ftla?s41®§wi, @g%ﬁaswbbw aitflale1degh O 400 of

FIG 9 at different trac ocati ons. n particu servo read signal
452 of FI G "3thnids'4predpeatvels. Prad 1834s phgaes watlofgck bentee2eslohge of track
418 of FIG 9. Read signal 452 can be divided into three regi ons consisting
of a phase ¢ross-tirackgtingctitdtl84a nor mal WO 99160571 2 4 S E P 2002

PCT/ U89290/ 093i 2 -17

The shaded regions in FIG. 3 correspond to regions of
opposite magnetic polarity as compared to the non-shaded regions. For
example, in a longitudinal recording system, if the longitudinal
magnetization in the non-shaded regions were right to left in the figure,
then the longitudinal magnetization in the shaded regions would be left

25  toright. Within these regions, the magnetic medium is saturated in
either longitudinal direction, as is standard practice in digital magnetic

recording.



‘Read ‘signal 454 of FIG 12 is generated when head 134 is positi d
hal f -way between track centers 418 and 422 of FIG 9. Read si gn?fﬁl&gﬁ)ﬁﬁﬂﬂz
be divid into three separate portions including a phase field signal 490,
a nor nal %883?’5?56’?1 error signal 492, and a quadrature 5 poSPCTRISIROIIOr
signal 494. Normal position error signal 492 may be further divided into a
trigger oscillation portion 496 and a null pattern portion 498. Simlarly,
guadrature position error signal 494 [ﬁy be divided into a trigger
oscillation portion 500 and a null pattern portion 502. 1 o Since both read
si gnal 454 i i I ; d j sitioned
halgf - way betr ﬁ%@?&gi ig(\ggilnta‘rﬂigl??cgg\ntg gpglf?etrl]g%} éﬁ?ﬁ(%l Izﬁ%v'?a&t(;:%sf)*anir‘rt?)ar%ﬁ))?eat ures.
For exanpl ezerudld. pattern portions 482 and 502 of read signals 450 and 454,
respectively, are both substantially equal to zero. In addition, null
pattern portions 478 &id. b is asgavefprmediageanyshpwinge portionsaf a respect i vel vy,
have maxi num a Ltudes., Re L s 450 and 454 gre i dentical,
because nul Flg’&gﬂzﬁ qu?ﬂ]f‘?%cﬁqi‘gésgﬁéﬁf% 8%?%§erﬁﬁ¥q"@§q%h£éf#]fﬁ nul |
pattern por NLSnbStSai | t B } ull type
patter nspof thh%gs grgﬁdr i’atir’%%.p 'egégéc}%silg%gl gﬁ@?@ﬁ%ﬁ%ﬁ%‘?@? gﬁ“?‘? g r}ﬁgf %e prior
art in that field gfgefal QQSPﬁ@h’nhB?b@iﬁoﬁ%’rféxoﬁéld‘k?@napm@}Qﬁ\cﬁq&aHP@m?@”e in
normal position error signal 472 and normal position error signal 492 even
t hough t he pekitiqraerrer fieldbsighah222améhishhafe adatedbybead 34 astt pdssphase from

each other. In fact, the trigger qscillation portion of any normal position
error fiel do¥pymhasedirld 2 noramlsposiion egrasntialdo20? andcqugdraturee sane.

Simlarly 35 the trigger ,qsgillation. porti found in uadr.at ure position
error si gnaPOB{‘h%gr%?eéeéat E¢41\f§ﬁ??cg}¥%\il)%ulr‘3&béo tha %’3@02{“ 128%38 d

| ocati ong i QLKA & B 1Q981¢ A9 Tri gger ed
osci || atlor 526%1% ear zi%étsméaﬁfpIae?%aég%éqsa?g?gg?éé%p%agsctﬁggngcg%?r% signal s
froma sequbecwserdddntefiinee 1P and3102 oictracles2 arvkeB orgzpacstvelpst Readcircui t,
that is commnlai known in the art, which uses portions of read signal 522

t 0 gener at e Signa 28| eary be tdigidesbintoophase feld signalad2ér novee)l posifieh 536 of
FIG 13-3 and a ﬁéﬁ;t,voLt e contro] |l ed oscil | ator (%{%ig 538 of
FIG 13-4. ftorqeHeldisignahAsPeantuqdsptre Rsitien ety fie &1?33 0.538,
sequences 5 S I Y [ i L . o iBani ng of

t he phase fﬁ?tg,t?éﬁéggrgra rr%?’g% §a) ?Lfrérn%g\?dr %159 ?f%#(g%?ggg ?tﬁ%ﬁgﬁagﬁgﬂ?re
positionsern i 1. i : rqng to FIG 9,
sequencgg Sﬁ{aﬁ‘g@ns g‘i'?mltapgﬁﬁlgﬁ\%r%frg%ég?ﬂgy%gQ%%ggglﬁ%tééd wi th phase field
404, and radially coherl@nt7 tisaasblockndiagiamaofl o4 HeneddulatoraBopogiati on error

field 408 and quadrature gosi tion error field 410, respectively. Sequences
534 i nsur es I'epeERsents gppegraBodyaeny eftdamaedatar25¢ ©f FGa2 ob e priek@arbhase
rel ati onshipg.in eagh of,.= s the fiel . ser o ion 400. Tq_.insure this
phase rel at ﬁ%‘?f%‘ﬂﬁﬂfatg’éq@gnéﬁgelg%ﬁ amélgqu%gss%r}q g%%fgad 8¢ ARk 3? §§6 at the
end of each | : : e-&&p&l tr) j Regi nni ng
of each fi elaé}.t&é%rtrlgrgmél %c Si ggza'l ég%‘?{ﬁ%&aggg{ Eé@%%ggzﬁga%aﬁtgti fication
val ue geper gb@db&x4Qo6p tihinchilesdrAimih@eive@s 304, ehichfis edhhestedabue with
20 each positive going transition in sanple clock signal 528. The
rectificati dhevaltped of adtmradtibygaieatontiol a3020rbunmieg ganmritat3dd 80 ar e

provided to a nultiplier 542, which al so ceives the digital | ues
produced by T8ReIVEY -2 sefgrefceavalisnig ngat%% Y REAVOi gl%rz‘q‘% Q?rﬁ}ﬁii%l ies the

or oduct _val ISRyt 3D8 i EREta S BilpekRribn] R UERLUREES, 7 %
rectificati %a]laif{ W YRe SERRY R)bgil’ rexft#ind Rendthhi APAIl ®ack48cdiRss. fumaengal ues

produced by anal og-to-digit converter 524. This rectification can _ .
WO 99/ 6Q571 dicult 8B-subBacts the referendtlvaine $66tfromvtbiet inagnitiide eoft these | ow
magni tude v slues can often be corrupted by noise. By suppressing them the
noi se associcutputwiftautomesic gaiw earndgral t3ddetovpraduse; a fegdhackuynesi®d. FI Gs.
16-1 and 16-2 sho second enbodi ment of s i nvention re the
rectificati daba g@sab%iet%%@mﬁ‘%%ﬁiﬁrcg§goig§%s iBPé?fonséﬁﬂ‘\gg& Y%ﬁ’é}n froma
read signal 620. Read signal 620 has peaks such as peaks 622 and 624 as
wel | as shoul ders 626 and 628. Shoul ders 626 and b28 represent non-i deal
portions of read signal 620. Thus, sanples taken from shoul ders 626 and 628
do not accurately represent the transitions 1o stored in the nmedium Under
t he enbodi nent of the invention shown in FIGS. 16-1 and 16-2, rectification
val ues of zero are used to suppress sanples taken fromthe shoul ders. Thus,
t he sanpl es associated with shoul ders 626 and 628 are nultiplied by
rectification values of zero. The remaining rectification values are chosen
to rectify the sanples taken 15 fromthe peaks. Thus, sanples having

o, . . o o o o e e



. B . 4 tigUUl
enbodi'nents shown in FIGS. 15-1,15-2,16-1, and 16-2 are only exanples zo o
possi bl e enbodi nents for the rectification values. O her sequences of
rectificayh9sesd] ues are possible and are considered within the scope of
the present invention. Returning to FIG 14, sunming circufCT45894%a2
together a series of product values 544 for each o the fields in the servo
region. 25 Specifically, sunmng circuit 54b suns val ues for phase field
404, normal position error field 408, -E33d quadrature position error field
410. In nost enbodi ments, the tinme period over which the sumis taken is
the same WO 99/ 6057After-the popmabgesition] e1300/s¢grsd 2the2gextasigoahgnt hat
di vides the sum associ ated with the norgal positjon error field_and the sum
fomras ib s o g

associ at ed SREHCPREOYS: T2V PRSI BIFOf m 3&€oci at ed

ith the ph I+l o (RNl g oA f it fiel b
\che phagepf gé?%;dsurr(? p?ﬁéog're\ég%'n{l [ nvgggsl%o% oﬁg%?ﬁk %rlé“ggg %{'ng@evlg Zﬁ(rjrs Y
i m nat . i ) £ et

o The" s plie s ubieinge gaTER 8, s Bl o v 51 o

by a di v si signal 820i tPraghict sigmaldRfeisatterr ftegraed ibyn irtegetos3gRab
estimate. The division of the quadrature position error field sumby the
phase fi el dPERFHGEA AUAAAHERIPBIRNAITGIYalHe @t the PutpLy of Gutegratpr 82uce a

S nal beti e dudraheh stk Bl Valie 5 bt RN REES IR AR don ne ¢ he
|ocati on of ohigufread hé Bkl iRkltion eBF VAMABL ARbLOSRHEEd by the

denodul ator o he prese I nventi'on shown I n noves certain errors

in the posi hbfal pSsitibhodrreawaluR diautpidZt aiedien sRdaol Gtadae e the
denodul ati on hardware. To show this, the sanpled read data produced by

anal og- todi gosisioncaitherhead @dthinahe beadcke fSuddcalsulatios prewdll knewn(t -

nTS.) EQ 1 where y*(t) is the sanpled read data, Y(t) is the anplified

si gnal r ecefvthe a3 by anal og-to-digital converter 524, t is tinme, 8 is an

i mpul se function, n i heg, nu roof this s I .and; (Ts) Js | sanpl e
clock period. The st e?%éog %g?iﬁglcgi#ﬁgf%@ §gﬁp$gégydé“$%%fta??ri §§9,i on val ue
and summ ng wHien RE K enBHiBferteRf @SBAbL hrPYderoddiator 254/(0f) FIG. 88t - nTs )
~ R EQ 2 25 where Sx is the sum produced by summng circuit 546 of

Fig. 14, R' isanplified signdli25atofdHIG: 2l inprasried @t adomatic gdir controd86p) e, and N

is the number = WD 99160571 -25 24 S E P 2002 PCT/ US99/ 09312 PEST - A'rPEF
EQ 7 APF Swhith gpeyates fire agnensensinplarite aydarmsjicgain spprokde2of F1G68 can be

SoP R 7- Gain conlisl fput Bekot PSR BN TR0 PURTERGIO6: ror
ST Do ok VIS AN b lend S s S8 3R Ll Ded
of gain control output 354 to provide a feedback value 360. Based on
feedback value 360, automatic gain control 352 applies the proper gain to
20  amplified signal 352. Gain control output 354 is also provided to a phase
locked loop 362, which generates a clock signal 364 based on the phase
field portion of the read signal. The sign of the clock signal is
determined by a signum circuit 366, which provides a digital value
representative of the sign of clock signal 364.
25 The clock signal generated by phase locked loop 362

continues even after the phase field portion of gain control output 354

ends and the normal position error signal and quadrature position error



'PES2.- AyPEF EQ 9 APF Equations 7 and 9 show that any errors that
consistently 10 appear in f(t) are renoved by the divisions per]Z)I,nchBtZUOZ
di vi si onagblg,%&sr.,f S66 and 568. In addition, since the sanpli nl% eriod TS is
cancel l ed out In Equations 7 and 9 if the sanpling period PSTAURR/3te in
each field of a servo region, it can be seen that the sanpling period does
not need to be the sane for each servo region as |long as the sanpling
period is 15 consistent in all of thelbields within a single servo region.
Thus, a highly accurate phase | ocked |oop is not needed since the sanpling
cl ock does not need t Bl isvepatfmn EWOEEEQT & genve reginroA00 used bathe a

istent tri d il b 1 FIG 14... It should
a5 be notRAFSEHEIREBER, IRFIE 9n g dpregads dshioRs HPYE VEsiES ent | n
all three d 1Rk d%owR. & SGFtBiohCH ﬂgJWIT mtﬁ'iz&xﬂgﬂgy A HASa ?{etag 1§@n be

chosen to elimnminate noisy sanples w thout inmpacting the position error

signal estimieng Ifforadeftticorightinbicss ahé figur¥al3eesoGRpidaea0r askladedli f f er ent
servo regions to maximze thé perfornance of the denbdul at or. 24 SEP

2002 WD399/ lenditig fielr 4190 phasatield 40 imjdalesfield 406 niokimali pesiioal eres2, an

exanpl e of which is shown in the timng diagramof FIG 18-1. Two of the
signal s genfdelg; 483 puadeature grositign aﬁf@raae&ﬁéﬂpeavél waidiagc fatd @lled
oscillator {V i ln~ 70 0, I fhet ee [ mof . FlG,18-3 and a
start volta %@%‘Eﬁ%ﬁ%@& Hg‘%l?ﬁ @@gr@g’ %aﬂ}ﬁg f%%%%f ahe {%@t‘[‘:ﬁ"n{l%g di agr am
of FIG 18- A\ € DN teSr ' ; ' oscil | ator
708, whi ch tg‘r% A€ rimieds t‘id%‘?é*?*’éiz‘ﬁﬁ’k*%?ﬁ%g?”?eﬁgnéﬁéﬁﬁdﬁf’@%z.
Triggered 03.cPhlagé dield 28t il FIGs 2 iwsivitar 30 pHasdy/€Eld 262 i BIGSBsesper 702

Wth enable VCO 704 high, triggered oscillator 708 will begin to produce
mul ti pl %er tHatcin general, ghase field 404 kas fewsr travsitioroahgnghase fikld 202 gger ed

e e 1
TR s I R

and start VQoginding thz%ioxsﬁ‘ﬂ'dﬁﬂ%hs&@s ne8 tauife &4 AfEnyStraMAtiond th at each
field in the servo regi'on. Specifically, clock signhal 710 is restarted each

time the hetlte phues fiedd plathe priet dirt.a Mamall positioni enroefiebd 40Bedre] and a
quadrature position error field. Se%gences](_)z rg‘ener,at es enabl e VCO 704 and
start VGO 7QBadeafuee posision eof ifield 4ddiage simglapdgiprimarti poraaalrend el d. 1n
particul ar, sequences 702 uses the.fir se f transistions.in the phase
field, and AHRJEEHES d?osffi‘%fhs‘?ff‘?fog@i%gﬁéi%ﬁ‘}eéo&i CRBRAVELE TR Taf o gger
portions of xPcfl-?ﬁ 41l 9ki§5A Uredr Bh1d AW h G HRIRAE P&itRGS! L on
error fiel de;éu ﬁmg{sﬂgzlstci ati}gnltri gélérr porti ong 414 and 413‘501cl FIG 9.

Si nce sequeages fikdd 426 basie sndlade al dey of eadinlnicohepntittdraitiorisodIst amd
triggered oscillator 708, the clock signal produced by triggered oscillator
708 wi || ha$db tiears tme beginning of pheouBpentivo feddy| Redjallgogpbereny - 29 the

h fieldis th _ i.od of. int ti fqr. t I
o ¢ of er FERSHIRIA ARG A5 SIS tho SePeiPrs PPN RS A each
posi t i off er it A
equence of 1Pht AP aR6 St 4158 PR B R LR B o and 1t he

sequence of integrandsjGg010S1R PSR até eintinendiRgtand of Waitple Jeddr ect ed by
a multiplexes 722 to an anal og phase field sanpl€ and-hold circuit 724.

Ml ti pl exessig2alsldf@at5e, ahe 4541 exgpaciively, whictearfd ptatiwediehead 1861 d
circuit 724 based on a nultipl exes con&rg# (gri nal . 726 sho in FIG 18-6.
Ml ti pl exes a8 &ipasses hrgugh sepe regian 440 abF] gqg? EECHIFIGHOSR P Se when

dur i ng the BRmasasBlR HENE dndr p RO Gt REpRORRG HEhFafdBe, 0 oo T or
t he normal %%%&é{ éelagggf\ﬁg?xg@eﬂlix‘?e 8 fack beg GPFHE.a@.URﬁa%)Q?ér{ail 252 @an®e fiel d.

Phase fiel d*sanp circuit 724 receives a pha
divided into three regions consisting of a phase field signal 456, a normal



1.5 | oad signal 728 and a phase reset signal 730 from sequences 7[Q2

Exanpl es of phase | oad signal 728 and phase reset signal 730 areBs’hoﬁ/EPr?UUz
FI GS. 18-Woa8doshg- 10, respectively. Phase reset signal 730 resets phase
field sanpl e-and-hold circuit 724 just before the phase i nfF&JfU98/0py2
produced by integrator 716. Phase |oad signal 728 places phase field 20

sanpl e-and-hold circuit 724 in a state to receive the phase integrand from
mul tipl exes 722 just after integratorl7216 produces the phase integrand.

This is shown in FI %3819 nd 18-5 where phase | oad signal 728 goes high
just as enabl e integ rsignajrdd of lGols is grnerated fwhpndwadi 134 5 Once the

Cirou t 72RosBrRHTHIE PR BGRbercRAE crtfels RISRRIAR br Ble e Hebel e -

i nt egr and j : :hd o fHred s O3 220 99/ 60S71
PCT/ US99/ Og 2al g?’ﬁ q ader gﬁgg@%‘!& tt}frgélgeeéér%%?é P?re %’ﬁ%’t%lelgd}lgf%% géa e phase

field integiekhdigral @90duatormslepositioposrirbt Gigrerd?, farel d geidmmae that is
provided to analog to-digital converter 746. The second position error
si gnal &st peaition sriosrsignaleddby RNeamed-pasitionieradr signadr 432 midp bent o a

di gi t al L. i [ | ..estinmate. in the_ digital [
of "t he. pr odetines ABaRER AR £ itE8aed odRDRtSR RATEoR A HRnA R AIGRREHRLr <1 gnal
of ‘the_pr St vio Lo fhf or st
era |t clroud el Pur aarif, Mdafle Rsdtton A8t SEMAAH I S0 cFom °

into each idividadanth atbicgedbbaNatibArpdri®nes00Tanatd ﬁglllgiatié}ﬁ iofi rcuit and

t he phase | ocked | oop urider the present tAvention. 19 shows one

enbodi ment 562. division circuit 742 of FIG 17. In FIG 19, the output 740
of position error si | e-and hold circuit 734 is provided to the

|
rrver (kg | nput of "aisse iforead el 4 7 mad sl 450 operat ona
Omp of | phacenetaled el Hhad, 38 s paiiliGhed s Was belydtn REBeaa ol Por
752 i i t i j i LI h th
desclr ;Splto |r 8#%? Qghgelrgg{% %ﬁ:ﬂl“\é’?g‘i n?%gh%g{rﬁ% %bg%%%gﬂe’?ﬁglt pﬁgéeﬂgﬁgl og ©

val ues are éﬁﬁﬁOﬁ@ A82 ahdh02néforedidgsipahls \UB0UASd 264 Urdsplectivdle] atdiBofl0si tion
error field integrand has been divided by the phase field integrand, in

ot her enbodubstansially reguiahte gesmd dnnaddibione avalle pattem postiang dV8landal ues at

any point after integrator 716. In sunmary. he present invention provides
S her hdd ofIBE &vi HERGISAD0 Goa 424 rerpesaY bl bRk A ED A letcgasage medi um

100 20 22 ksS40 088 R RpPERSUBSE LB RPN, 25, e
410. The maiBqd 180CddpHess BEE LOPHARE WitH SR Wadter A% SrlorOhoRPemnas ions 542,
similar to the phase shift found in null type patterns of the prior art.
Read signals 450 and 454 differ from the prior art in that trigger
20  oscillation portions 476 and 496 are the same in normal position error
signal 472 and normal position error signal 492 even though the null
pattern portions are shifted 180 degrees out of phase from each other. In
fact, the trigger oscillation portion of any normal position error field
signal generated from servo region 400 of FIG. 9 is the same. Similarly
25 the trigger oscillation portion found in a quadrature position error signal

of the present invention would be the same at all head locations in servo



"WD 99/ 60571 -33 2 ~ s E P zoo2 PCTNS99/ 09312 712 for rectifying a phase

field signal 456, 470, 490 and a position error field signal 45 a
474, 492,w6%5l,655?lpr0duce a rectified phase field signal and _a r?cll’lélgge%?ﬁﬂz

position error field signal. The denodul ation circuit al soPFRUSIYEBIZH
summing circuit 546, 716 coupled to the 5 rectification circuit and capabl e
of summ ng values of the rectified phase field signal over tine to produce
a normalization factor 732 and capablggof summ ng the val ues of the
position error field signal over time to produce an unseal ed position error
field value. A divisi driggerecuoscibsior £265gernattes saagpahileckosighab 828 ng t he
normal i zation factor 732 and the 1o unseal ed position error field value and

i s capabl e PAsedian epmigok ignalsfeameansemyencenoddde rpestuencer B34 incledesya t he
lizati | t d it i, | | 744. Alth h

the. pr esent 2t RIIRCT ShotAtketiills (il Hommmonf knowhdRdRe et oviBeh Kska i ng t he

phase | OCkﬁ?ml ép(i'ﬁéd‘ts? I' S28%b n%é'ne?at‘éoﬁﬁr%{ablé AARgekbonEdndd the art

will recogn ze that the present 1 nvention may be practided in a disc drive

that retai noscillftbag¥d@ckigaal 686 ﬁnﬂ@mmta@maaiszagawt?&mkeuéd is to be
under stood that even though nunerous characteristics and advant ages of

vari ous enbestiltagnr §VEO)tshgnalrid8eofi Flto 1BrkehoigemenateenabenVER sigmal h i n t he
foregoing d ription, ther w details of _the structure and function
of various c?&\‘fresﬁ?% %h%‘gf‘ﬁve%#r oI AUERFY PPéceeLrtae| Eespertie rati ve
only, and c i,n ElS, I Yl tter

onl Y. 219 CHERGRBET R "30TpIE A o TR SRR St B Rl

i nvention tgodifienfdttdr AXIdSRN t'f'\élc?ui’écﬁ-ﬁhir% positidee e?f&aﬁielaedf%a'sert@m ng of

the ternms ih which the appended clains are expressed. For exanp

denodul &t i oregibn.t Tauphasferring fodIG. d) ssquencén &Bdsusssn the firer ffoured
sequentially with the sane circuitry or can 2 4 S E P 2002 WD 99/ 60571
-35 WHAT | Stransitives pssociatgdiseattogahase fielkd 4 0andf radinBy ncohergnd | ocat i on
of a read head .o.verlﬁ stqrage nediumin,a stora e!ﬁi | ce.based on a servo
signal genefaR¥HoRy 4ihan ey H%&l%a'a%gi& gﬁi%’é@% Fatirgnase
field and [N reqfq fi@ d 3 tor i : t

conpri si ngagtggelggho??m?a%g{)der%l?f rr{e% e%ljf‘%el { duqae%t%ﬁe%gﬂsg%oﬁﬁ%ﬁga I'ons on a

portion of ¥\ citlaiicH 2631506 ia&h%dnﬂbte&htFh@s@b@&ﬁoﬁélﬁbdn@@cl@b@dme a
phase field value; (b) perform ng the denodulating set of operations on a
portiontof thee fieddy ofssepval regisocidlded Twi tihsurke thiss phasen reladionshipel d t o

Pl ol 0 val uosiienne: Sheisatle) tiggeide RlAtong26 of Gosnd of carh S1do | mat
i ndi cative of sthe | ggatlon.of; JNAILSALESARGindig GHlarABRIdTT UM
Sample clock signal 528 is also provided to a rectification
value generator 540 of Fig. 14, which produces a rectification value with
20 each positive going transition in sample clock signal 528. The
rectification values produced by rectification value generator 540 are
provided to a multiplier 542, which also receives the digital values
produced by analog-to-digital converter 524. Multiplier 542 multiplies
the rectification values by the sampled data values to produce a series of
25  product values 544 that are input to a summing circuit 546. Together,

rectification value generator 540 and multiplier 542 rectify the values

produced by analog-to-digital converter 524. This rectification can



‘2. The method of claim 1 wherein the read head passes over a second

position error field and the method further conprises steps of: (d) 02
per f or m ngotdegosdenodul ati ng set of operations on a portion of t /&%E{B 20
econd

signal associated with the second position error field to d’rqy
position error field value; and (e) dividing the second position error
field value by the phase field value to produce a second position error
estimate indicative of the |ocation of2-he read head over the storage

medi um 2 ~S EP zZOQz W) 99/ 60571 PC fNS99/ 09312 -379. A denodul ation
circuit for PIRRBEUINYENHENaSihepyHheseglaw mpgnitide walvesgand@ftere heo produce

a position error siqnal valu he ser.vo signal, conpri sing. hase field
signal and §°H8ﬁt?s4 (%’IX Plrsg'r ﬁ ye%'ﬂ’%’ieéﬂ'gg, ﬁ}eﬁ% &%%eaﬁﬁ%%”?ﬁacw

conpri si ng: tﬁes_reqswrhhgﬁ;ma@vsme%usms% RippIrBssed. r €cei ving and at | east
partially rectifying the phase field signal and the position error field
signal to produce a r&Ghfl16d phdsteLi shalwsa ggeabndnembodémieht icfFdtirosi tion
error field signal; a sunming circuit coupled to the rectification circuit
and capabl e inyerdionivhgre tieugstificatione values are uged e supprassaindegirableover time

to produce a nornal |zation factor a apabl e .of 1 ng val ues_of the
posi ti on e”samp,lgseqakegm@ 15685181 zﬁo Seaﬁéﬂaﬁﬁga? 833 on error

et or ot ® el 2 dhal 62 HL1 G4 cholifRaR BeUnd B96! ¥hBAIAAE cBRTIR | Pati on

me
factor and tphe unsea ositron error al ue an T Vi t he

unseal ed pognBirepregéttiori-idtal postiss Bﬁfréahlesigﬁémo.Z?ﬂhh@,@a}x@;ﬂb@'&al&éﬁ produce
u

a position error” signal value. 10. The denodul ation Tircuit of claim9
wher ei n t he fsammahoglddrs é2b6tareb A8 ideenotacamately repregpnatthe tramditjors Ae. A 2
CACA A A A ATLAY L AA AT AL A AH . AE . Ah. A[ 20UzIMUSpl 1 " # . =X\ 8

| wr mheA YPe a]s&ﬂeféé‘]‘éh? mediure Wnday ﬂ}ea?félh?éi’af’é{:%ﬁ the inypetipe shewineH) ca] caj ca
Ieha] ca] cal (:E/iégc 1g-]1carzligl C16§£] Pe%l‘igi%ggigg vl‘él\ﬂx(e:s‘;i of hz%ré are used to suppress
samples taken from the shoulders. Thus, the samples associated with
shoulders 626 and 628 are multiplied by rectification values of zero. The
remaining rectification values are chosen to rectify the samples taken
15 from the peaks. Thus, samples having negatives values are multiplied
by negative one and samples having positive values are multiplied by
positive one.
Those skilled in the art will recognize that the
embodiments shown in FIGS. 15-1, 15-2, 16-1, and 16-2 are only examples
20  of possible embodiments for the rectification values. Other sequences of
rectification values are possible and are considered within the scope of
the present invention.
Returning to FIG. 14, summing circuit 546 sums together a
series of product values 544 for each of the fields in the servo region.
25 Specifically, summing circuit 546 sums values for phase field 404, normal
position error field 408, and quadrature position error field 410. In most

embodiments, the time period over which the sum is taken is the same
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Voo & ()< gD R R LSRR R REEE Lt 2 6 -
+109% ' & () - MUSp} " ?$109& & 6rm§‘l£&%r&{>€}forﬂ&d(ﬁg(ﬂfe' Hemb8UWdiér OF-the

109 ()-Sz 10%& ()- I'1"}[<31 10% & ()-' @1 10% ( (& ()-1/10%& ()- 11+
10% () (& () ptesehdpfvefition-skdVaYRFIG- 14¢ﬁmoves\c}emm@9zms 1) tHetBosifiods "r " & () -
+109J&X&' () - 10( 10( 10(&$s<10%1& ()-#f810% & () -\ aB] > 109%& ()-
3MLO%EE ) - mwmn(\p foaicar 9y bmse)arlsmﬂqmoﬁa the deeers]ulamg%& ()-

\1(00/3/&%@& () hax cégﬁ& () 8%% %g%ﬁgfeé)rea& p%duceé by anEloé o -
digital converter 524 can be defined as:

Y () =Y(@) - 8(t ~nTy) ’ EQ.1

where y*(t) is the sampled read data, Y(t) is the amplified signal received

20 by analog-to-digital converter 524, t is time, 3 is an impulse function, n is
the number of this sample, and (Ts) is the sample clock period.

The steps of multiplying the samples by a rectification

value and summing the product can be represented by:

S, = im) -8(t—nTy)-R, EQ.2

n=i

25 where S« is the sum produced by summing circuit 546 of Fig. 14, Rn is the

rectification value associated with the nth sample, and N is the number
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> Aper f(O)-6(t~nT}) R,
PES2 == EQ. 8

2 Ape f(£)-8(t—nTy)- R,

1l

where PES2 represents the second position error signal produced by
division circuit 568. Using the assumptions described above, equation 8

can also be simplified to:
PES2 = Auper EQ.9

PF

Equations 7 and 9 show that any errors that consistently
appear in f(t) are removed by the divisions performed at division circuits
566 and 568. In addition, since the sampling period Ts is cancelled out in
Equations 7 and 9 if the sampling period is the same in each field of a
servo region, it can be seen that the sampling period does not need to be
the same for each servo region as long as the samplir.lg period is
consistent in all of the fields within a single servo region. Thus, a highly
accurate phase locked loop is not needed since the sampling clock does
not need to be the same at each servo region. Instead, a consistent
triggered oscillator can be used as shown in FIG. 14. It should also be
noted that R, can have any values as long as Rn is consistent in all three
fields in the servo region. Thus, the values of Rn can be chosen to
eliminate noisy samples without impacting the position error signal
estimate. In addition, different Rn values can be used at different servo

regions to maximize the performance of the demodulator.
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10% & () - M703Q &n hable voltage controlled oscillator (VCO) signal 704 shown in
the timing diagram of FIG. 18-3 and a start voltage controlled oscillator
5 (VCO) 706 shown in the timing diagram of FIG. 18-4. Enable (VCO)

signal 704 is provided to a triggered oscillator 708, which produces a

multiplier clock signal 710 shown in FIG. 18-2. Triggered oscillator 708

also receives start VCO 706 from sequencer 702. With enable VCO 704

high, triggered oscillator 708 will begin to produce multiplier clock

10 signal 710 after start VCO 706 goes high. Triggered oscillator 708 will
continue to produce multiplier clock signal 710 until enable VCO signal
704 returns to low. In most embodiments of the invention, multiplier
clock signal 710 is a square-wave clock signal oscillating between
negative one and positive one.

15 Through enable VCO signal 704 and start VCO signal 706,
sequencer 702 restarts clock signal 710 at each field in the servo region.
Specifically, clock signal 710 is restarted each time the head enters a
phase field, a normal position error field, and a quadrature position error
field. Sequencer 702 generates enable VCO 704 and start VCO 706 based

20 on the first sets of transitions in each field. In particular, sequencer 702
uses the first sets of transistions in the phase field, and the sets of
transitions associated with the oscillation trigger portions of the normal
position error field and the quadrature position error field such as
oscillation trigger portions 414 and 416 of FIG. 9. Since sequencer 702

25 uses radially coherent transitions to start triggered oscillator 708, the

clock signal produced by triggered oscillator 708 will have the same
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value resultmg in a sequence of integrands 720 at its output. The ﬁrst
integrand in the sequence of integrands 720 is a phase field integrand,
which is directed by a multiplexer 722 to an analog phase field sample-
and-hold circuit 724. Multiplexer 722 directs the integrand to phase field
sample and hold circuit 724 based on a multiplexer control signal 726
shown in FIG. 18-6. Multiplexer control signal 726 is high during the
period of time when integrator 716 is producing the integrand for the
phase field and is low during the periods of time when integrator 716 is
producing integrands for the normal position error field and the
quadrature position error field.

Phase field sample-and-hold circuit 724 receives a phase
load signal 728 and a phase reset signal 730 from sequencer 702
Examples of phase load signal 728 and phase reset signal 730 are shown
in FIGS. 18-9 and 18-10, respectively. Phase reset signal 730 resets phase
field sample-and-hold circuit 724 just before the phase ‘integrand is
produced by integrator 716. Phase load signal 728 places phase field
sample-and-hold circuit 724 in a state to receive the phase integrand
from multiplexer 722 just after integrator 716 produces the phase
integrand. This is shown in FIGS. 18-9 and 18-5 where phase load signal
728 goes high just as enable integrator signal 718 goes low for the phase
field. Once the phase field integrand has been loaded into phase field
sample-and-hold circuit 724, phase field sample-and-hold circuit 724

produces the phase integrand at its output 732 until it is reset.
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5  position error signal estimate. As in the digital version of the present

invention, the division of the normal position error signal integrand and
the quadrature position error signal integrand by the phase field
integrand eliminates common errors introduced by the servo system into
each integrand. This allows for the elimination of the AGC circuit and
10 the phase locked loop under the present invention.
FIG. 19 shows one embodiment of division circuit 742 of
FIG. 17. In FIG. 19, the output 740 of position error signal sample-and-
hold circuit 734 is provided to the inverting input of an operational
amplifier 750. The output of operational amplifier 750 is fed to a
15 multiplier 752, which also receives output 732 of phase field sample-and-
hold circuit 724. The output of multiplier 752 is provided to the non-
inventing input of amplifier 750.
Although the description of analog demodulator 700 found
above shows that the analog values are not converted into digital values
20 until after the position error field integrand has been divided by the
phase field integrand, in other embodiments, the integrands may be
converted into digital values at any point after integrator 716.
In summary, the present invention provides a method of
determining a location of a read head 110 over a storage medium 106
25  based on a servo signal 522 generated by the read head 110 as the read
head 110 passes over a phase field 404 and a position error field 408, 410.

The method includes performing a demodulating set of operations 542,
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field signal over time to produce a normalization factor 732 and capable
of summing the values of the position error field signal over time to
produce an unscaled position error field value. A division circuit 566,
568, 742 is capable of receiving the normalization factor 732 and the
10 unscaled position error field value and is capable of dividing the
unscaled position error field value by the normalization value to
produce a position error signal value 744.
Although the present invention has been described with
reference to eliminating the phase locked loop and automatic gain
15 control, those skilled in the art will recognize that the present invention
may be practiced in a disc drive that retains a phase locked loop and an
automatic gain control.
It is to be understood that even though numerous
characteristics and advantages of various embodiments of the present
20 invention have been set forth in the foregoing description, together with
details of the structure and function of various embodiments of the
invention, this disclosure is illustrative only, and changes may be made
in details, especially in matters of structure and arrangement of parts
within the principles of the present invention to the full extent indicated
25 by the broad general meaning of the terms in which the appended claims

are expressed. For example, demodulation of the phase and position

error fields can be performed sequentially with the same circuitry or can
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the read head as the read head passes over a phase field and a position

el A i A

error field on the storage medium, the method comprising steps of:

(a) performing a demodulating set of operations on a
portion of the servo signal associated with the phase
field to produce a phase field value;

(b) performing the demodulating set of operations on a
portion of the servo signal associated with the
position error field to produce a position error field
value; and

() dividing the position error field value by the phase field
value to produce a position error estimate indicative
of the location of the read head over the storage
medium.

2. The method of claim 1 wherein the read head passes over a
second position error field and the method further comprises steps of:

(d) performing the demodulating set of operations on a
portion of the servo signal associated with the
second position error field to produce a second
position error field value; and

(e) dividing the second position error field value by the
phase field value to produce a second position error
estimate indicative of the location of the read head

over the storage medium.
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the demodulation circuit comprising:

a rectification circuit capable of receiving and at least
partially rectifying the phase field signal and the
position error field signal to produce a rectified
phase field signal and a rectified position error field
signal;

a summing circuit coupled to the rectification circuit and
capable of summing values of the rectified phase
field signal over time to produce a normalization
factor and capable of summing values of the
position error field signal over time to produce an
unscaled position error field value; and

a division circuit capable of receiving the normalization
factor and the unscaled position error field value
and of dividing the unscaled positio-n error field
value by the normalization factor to produce a
position error signal value.

10. The demodulation circuit of claim 9 wherein the summing

circuit comprises an analog integrator.



