- e3e##\6TICV  TITLE OF THE | NVENTI ON A METHOD FOR REPRODUCI NG PHASE
| NFORMATE ON SI GNALS | N AN | NFORVATI ON RECORDI NG DEVI CE 5 BACijmmlmlmﬁ
| NVENTI ON Field of the invention The present invention relate H

for reproduci ng phase information signals which reconstruct originghehase
information data rows, based on the convol uted phase 10 information data
rows which are read by the AdABEf PENTHEF INVENISON ecordi ng nedia in an
information rec ' [ LGPt i f | r e current
trend of nagngtngpggoggﬁnéﬁgﬁg%ﬁggygdSggﬁg f§Q§€®?g§%ﬁ€§ﬁ§%$¥%b toward
greater recordi ng dengit p&s INFOBMAEIT ONO RECOHREN®GMDEVALCHEr | zat i on and hi gh
capacity. In the field of hard disk drives which are a typical nmagnetic
recordi ng and reproduci ng device, those with a surface recording density
over %5 Gbhits/in2 (23.3 Muditra®D hewerpeernatNeasly on the market, 20 and
those with a surface recording density of 40 Ghits/in2 (62.0 Mits/ mR)
have beerfigld apf dChedheiipt ogress toward the actual practice. It is
expect ed t hat c i S W4 4 i L0 near
future. For sugﬁﬁﬁgﬁg%%ggﬁgpgngA%?g% P%ggggfégk?g%ﬁﬁ#gggfégp?%%cggghead IS
i mport antphdse tivef corateidn neigretl < wheicohr df eprasidr veprodugi mgl delva ses,
preformatted i nformation signals such as trackin erv i gnal s, address

i nf or mat ild}Fdosﬁnbafﬁiosr} Aaan r (%\‘sddjjcaﬁ%cﬂ ¥t Je s‘?%rh‘g?gutaef EFS'E%%? ded on

di ski1ehapeftdifar i it d ecsrdivig dredie atedd X @glieeddtefomal s. The head
30 reproduces these signals at fixed intervals and accurately scans the
target triddermatiiqn pRABEFAREME Hfdl Ao 5T PE R E 50D FELOTE6HNITRY bFe such
tracki ng servo techniques is a phase servo -

Description of the related art
The current trend of magnetic recording and reproducing
15 devices is moving toward greater recording densities in order
to achieve miniaturization and high capacity. In the field of
hard disk drives which are a typical magnetic recording and
reproducing device, those with a surface recording density over
15 Gbits/in? (23.3 Mbits/mm?) have been already on the market,
20 and those with a surface recording density of 40 Gbits/in® (62.0
Mbits/mm?) have been in rapid technical progress toward the
actual practice. It is expected that track pitches will reach
the level of submicron in the near future.
For such a narrow track, tracking servo technique of the
20 head is important. In the current magnetic recording and
reproducing devices, preformatted information signals such as
tracking servo signals, address information signals, and
reproduction clock signals are recorded on disk-shaped
information recording media at fixed angle intervals. The head
30 reproduces these signals at fixed intervals and accurately
scans the target track, while pinpointing and modifying its
location.

One of such tracking servo techniques is a phase servo
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" control which enploys the tinme information of regenerative signal pul ses,
that is, phase infornmation as the location information of the head (refer
to Japanese Lai d-open Patent Application No. 10-83640 (Page 5, FIG 6),
Japanese Lai d-open 5 Patent Application No. 11-144218 (Pages 8-10, FIG 7),
for exanple). Wien an information recording mediumthus preformatted is

i nst al | edcomt el i wif DelBémphoy ecolidi bgndevhe6rmébeonphaserpgeherasivei tten in
the infornmation recordi ng medium nmi ght be 10 decentered with respect to the
rotation Tt 19 i HRRE ndti oPhEeR ot B AENAREPUINES | Bhehigcehsen even

when the headhhs: Bdn dotaRdsiidd, (tdeepPhasesshInaks ﬁéi&hgg[)éf?c%%g?t

informati on of the head picked up by the head are not constant,
f1 uct uat Apml idwt for Nof 19i-B8 6AQvéPaThi §, nlkes G)t, Tapessiskl Bai8-bpeper f orm

e S Aok P BV ek

i nf or mat i extanielb®y di ng medi um 20 on the rel ative physical relation between
the rotation center and the head. Therefgre, the main object of the present

i nvention is td'HE T MCFRATES L86R TEdRFeRSSt BNt REF BeeERAtBRFREY even

if the anpynin of ; BECEM RrAM G Of o Fhker PORSFe PHEE BRHSA4$1 L&T OBnd NpBRsEoNt I ast
to the track density. O her objects, features, and advantages of the

present ipAteiRITON Whilttaye il Bhefirboimat hen deswridiriomedeluiowniphtobder to
achi gpe t V. ' : ' ' a t foll ow ng
appr ggc h c%%c%g%r o%%?éle%% a%éeif@eo&if ﬁt?(g PE rrrllaf% P%g@% %‘%%u Q&Fttﬁéﬁngif ntf }8(% mat i on
r ecor di ngirdearntse: 1 An riecbadia med f@eor dimghidiase peeenousdy t$iconesdphase

patterns for_track |ocat] t ection. The ase patterns are repetition
Dot Ler ne 19 Ahet U O ot SHe HAARSis" DTN Feaiin 1 9= Chsm ¢hi s
repetiti omffridtaiseh pat tRE Nfedd plilk&keciaus &phhdahdad AnOhdti Onstang, first

step, phase patterns on the inforpation recording nediumare read by the
head to RHuflectrataadmtre i It sHAS AV or TdtliORakIRd tabiiROs W bE t he

phasggi nf.qy Bﬁﬁ%ﬁfg}ﬂ s%flo%;/%égﬁq@iaéﬂ“glo&_ whi ch consists of the

remai nders al ned ng eacth data 1n the phase information data row
to be reconstructed by a predeterm ned value (2n, for exanple). 10 In a

second step, a differential d i e i.ch is a data row of
the differential val ues betwe hﬁgéﬁggéﬁtgggtéﬁ&ﬁgpﬁghdata row of the
convol uted phase ii¥ afdtdd iy y aad dymngdiasdwachd N ef Tddridk Sdepsha t wo-step
differential data row is generated which is a data row of the differenti al

val ues 15 SEMSHE DB ECENPAEEEAN PN} HE itPEerBRELeR 38FarFoRg T#ER R ourt h

st ep20i N drheneWpeshepvdi fhes enil ale Ut Bordf Pt WRAIdreEheupytati¥g coef i cient
i s cal cul ated depending on the section region to which each data belong, a

reconst r w9 fddiprhsasts is performed to sol ve the convol ution process,
t her eby genera@Hg}é%ore, the main object of the present invention is

to perform high precision compensation for decentering, even
if the amount of decentering of the phase patterns is large in
26 contrast to the track density.
Other objects, features, and advantages of the present
invention will be clarified in the description below.
In order to achieve the above object, the present
invention adopts the following approach to reproduce phase
30 information signals in an information recording device.
An information recording medium previously stores phase
patterns for track location detection. The phase patterns are

repetition patterns in the direction of the radius of the medium,
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' 20 reconstructed differential data row. Finally, in a fifth step an
integrating process is applied to the reconstructed differential data row,
t hereby acquiring the reconstructed phase information data row. The above
configuration can be expressed as follows with 25 synbols so as to nake it
easier to understand. Suppose the data row of the convol uted phase

i nf or mat iand rdaick irepdelfiostoSi@pmss PKigris =lls 2he.cN)se cetdang the
phase inﬁggnatiq?.data rowto be reconstructed in the end is Pu (i) , the
cunulativerg%%%9'%ﬁQﬂn is k (i) , and the predeterm ned val ue 30 of

convol ution is m 4 heded | owpg mauad i gt e deowbired nett o Rt JekPwW(i ) + a
k(i) --- (1) Convolutjon is acconpani ed by repetition. The repetition
period i FGEHRFANT yadipit fgg bgad-by ke ijpddn- acguinsythe=pata) 524t xk(i)

--- (B) j it {fdeent t t j econd
ciop P) JREPA AR Slierey prk fata cop bp G5-genesel i e et
di f f er entisala danvalowed dRLyaratatdil¢h ehesidis do St Epe | semPidgrs

di f ferentisala g ed detyoreranetd 518 igrs
oot i bn PRGHRRAY Sy ke o, BoEa S e o Ree o ke REL R ERFS ) ©

bel ong 1Q-dwo,td hey elseairdddddpy he wread edinvenedefd1wd edn K(f9dr dependi ng
on the sectiog regi on where each data belong. For exanple, when the data
bel ongs t° %irst section region, it is decrenmented, when it belongs to

the ggcond sectirPn @@RRH sitkpl,SakaptrbPehBeatUhaelt r¥rl U8, gandrabes it
belongs to the third 15 section region, it is increnented. Then, a
reconst r Wiy ipradeds rewpdl toenddf forant val twid usshbekerom i dees’s by

using th LVE fird ent, JKGikegS I ¢ n cted
differen?FQ%yggtgHggé?%%ta?ﬁgﬁgﬁé%%%?sv &E F),Bﬁgg%i?= % ?§§§~§i%?) ---
(5) 20 | byt hbefhi¢adh. anch fi Nl rétsdep,aareconst ¢pctidd edierftaradntaéh dawa r ow
dPu (i) i,s integrated to qgbtain a reconstructed p i nfornmation data row
Pu(i ) Supp SRR TR (Y A oh U G §e P te gh LR 7.y
--- (56 )betneth e¥phaknedalove tHeiseetbABihegiansrawe diserfaunat ed by
usi ng the tmo-steg differential data row b i); the differentjal data row
dPu (i) iSFSRecefstPACHER BYSR i Hdi iy IHe Tumdltat FO¥ - cobFPF cFEMLAE(TS ; and
the phasedd¥ardmd{on daka KW R bhpesdieeoBst EHEt 88cPYohNEEYLEHT OF.
Therefore, even if the 30 anobunt of decentéring of the phase patterns on
t he i nf ormieitdlosacicdatipnge herly urd ire doarsgeudtti nds ppessshl &stre ateumed el y
reconstryct t se si I ef indi cat orjgi rack
| ocati on r5%?5%%q%ﬁ%§%h§&§ﬁg¥ﬁﬂa&§%%%%¥%eggﬁ#égk#:5%?%#énfﬁg d
20 reconstructed differential data row. Finally, in a fifth step
an integrating process is applied to the reconstructed
differential data row, thereby acquiring the reconstructed
phase information data row.
The above configuration can be expressed as follows with
256 symbols so as to make it easier to understand.
Suppose the data row of the convoluted phase information
read in the first step is Pw(i) (i=1, 2,..N). Letting the phase
information data row to be reconstructed in the end is Pu(i),
the cumulative coefficient is k(i), and the predetermined value
30 of convolution is «a, the following equation can be obtained:
Pu(i)=Pw(i)+ o k(i) --- (1)
Convolution is accompanied by repetition. The

repetition period is generally typified by 2n. Letting o=2m,

3



" convol uted state. The use of the results achieves the accurate detection of
the rel ationship between the anmount of decentering and the phase.
Consequently, a high precision tracking control can be 5 realized by
perform ng the tracking control of the head, while conpensating decentering
with the use of the relation. In the above expl anation, the boundary val ues

for the section, regi ans, can be i.n the e of "-~" and "~" . As anot her
node, the bounggfégvgﬁﬁ%%'ggﬁﬁﬁgn"-3~", Y-n" "~", and "3~" . The 10 forner
node m ght causippomgit@anitd ek fMearemttiid atensbmwuebedephaserstgaalin

wavef orm | oses snoot hness, i n ga{ts, whereas the |latter node can suppress
the occurméncE oINS BRI Hy ¥ fties, and reconstruct the phase signal

wavef or m i ndi caipwng {tmy tiacky {0cat i-on- w3h high precision. 15 In the
integrattng process in the fifth step, it is preferable to apply nuneri cal

i nt egPati on t o SURPUPHY ridie JBIU HRP WA TEs rRN t iRl rRal? VPt EPof t he
reconstr q%cérpeq_,ﬂhgé erentpal Wt gg%% dibu £hy) [ia)n,d by subtracting the nean
romt

val ue Ea e reconstructed differential data row dPu(i). 20 BRI EF
DESCRI PTI ON OF SH4H iDRAIAWNGS -THysEl and -ot-hefd Jobj ect s as wel | as advant ages

of the inventi 111 . becone,.clear, hy the follow ng description of
preferred enbo&ﬁrgh?sf%“fr@hgtieg\?eﬁ ilﬁ’ndaﬁgFﬁmﬁg?énr@%‘c%‘ £5°FHE B9 on
acconpanyddih diaaw BFEStheheret stefidif e dertsi Al dadechait sdepicthaUohde
procedure of the method for_ reproducing phase information signals in the

i nf orHat i%6h RIS TRATESL S B it sl 1° e 2f b iete bfbsent
| nvent | ORiepthdiiriiich 2Hes JHliQehal e pnelicndathe adehabledngl ocpdur e of

t he phase reconsttucting process in Enbodi nmen of the present invention;

example, when the data belongs to the first section region, it
is decremented, when it belongs to the second section region,
it is kept in the current value, and when it belongs to the third

15 section region, it is incremented. Then, a reconstructing
process is performed to solve the convolution process by using
the found cumulative coefficient k(i). Supposing the
reconstructed differential data row obtained here is dPu (i),

dPu(i)= 8Pw(i)+2mxk (i) -=-~ (5)

20 In the fifth and final step, a reconstructed differential
data row dPu(i) is integrated to obtain a reconstructed phase
information data row Pu(i). Supposing the integration
constant is v,

Pu(i)= ZdPu(i)+y --- (6)

25 As explained above, the section regions are discriminated
by using the two-step differential data row dPw(i); the
differential data row dPu (i) is reconstructed by finding the
cumulative coefficient k(i); and the phase information data row
Pu(i) is reconstructed by integration. Therefore, even if the

30 amount of decentering of the phase patterns on the information
recording medium is large, it is possible to accurately
reconstruct the phase signal waveform indicating the original

track location from the phase signal waveform measured in a



" Figure 3A is the waveform of the phase signals to be 5 reconstructed in
the reproducing nethod in Enbodinent 1; Figure 3B is the waveform of
nmeasur ed phase signals in the reproduci ng net hod of Enbodinment 1; Figure 3C
is the wave formof differential phase signals 5 in the reproducing nethod
of Enbodi ment 1; Figure 3D is the waveform of differential phase signals

subj ecte ting process in the reproduci ng nethod of
Enbodi neﬁct&%&l}lhg%?re]é% i's the waveform of integrated phase signals in 10

t he reproduci nghetdsed odf tBebodisnints hrhEegesetiei scaupban deeacshomi ng t he
general st ture_of .the i,nforpation recordin vice to which the nethod
Por 1 opr Gtluciify T8 3RASE- PrP O REPRORMS| JHAHLE £ee SRRy S o8 EntBa! mont s
of the prasay. | !@b@\%felq@lé_nltiye}péﬂﬂi?}i ptaclisuhet Patkidg Rt H: M BWa@Xpéai ni ng
t he di sk-shaped information recordi ng nmediumin which preformatted

i nf or Aat iR S zathby BeefaFnipeths tar cdiagprensrothel 4315 heati onhbiet he

pr esent i{gﬁﬂg' o EarbdiSs heaty i 1 ; phase patterns
20 drawn on adﬁ{r{s:dng%ged r?cnforrﬁ%aﬁr\lon re}%é(:)rtylﬁ\g)ﬁe |u219?$n§€lr%2r to apply
the phase servdrcaite @hovd gumEldhdtsien dethe |lmrindany sholviey fdatthde phase

patterns of Figure § are repetitive, Figure § ig a flowchart depicting
Hot ai | od SHUAAUTE OISR IS 50 IR (T e TrgE e oloss P ERBBAThont 2
of the preseNt thBVEHA@y F0Wed 8ah paarthawechart” depi dridasithe presess of

dem)gﬁl ating the phase information signals; Figure 10A is the waveform of
the pHasd Fitfitamedeompeh§oc et sinditiodd: t M uPe reoBI P sTeFRN T eE bRt of t he

convol ut %a@@%%g%a@ln%ﬂa%ef%irﬁwll%sé% Eﬁo%t%é%}é’g%ﬁ' é!a?i:ﬁgf&lgéré kathon

bet ween the 6 scanning trail location an e anbunt o I spl acenent;

Fi gure 12atser podeecarcunrmnessf thegeeeungence of such singularities,

and reconstruct the phase signal waveform indicating the track
location with high precision.

15 In the integrating process in the fifth step, it is
preferable to apply numerical integration to the data row
obtained by using the mean value Ea of the reconstructed
differential data row dPu(i) and by subtracting the mean value
Ea from the reconstructed differential data row dPu(i).

20

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects as well as advantages of the
invention will become clear by the following description of
preferred embodiments of the invention with reference to the

25 accompanying drawings, wherein:

Figure 1 is a flowchart depicting the procedure of the
method for reproducing phase information signals in the
information recording devices of Embodiments 1 and 2 of the
present invention;

30 Figure 2 is a flowchart depicting the detailed procedure
of the phase reconstructing process in Embodiment 1 of the
present invention;

Figure 3A is the waveform of the phase signals to be

5



" Figure 13 is a flowhart depicting the procedure of the nethod for

reconstructing the phase signals in the basic 5 technique; Figure 14Ais a
vi ew showi ng a gradual decrease in the phase information data row Pu(i) to
be reconstructed; Figure 14B is a view showi ng the neasured data row Pw ( |
) corresponding to Figure 14A; 10 Figure 14Cis a view show ng the
differenty d i).cC i I, gure A..Figure 15A is a
Vi ew ShOV\% %égorgsa%ﬁé%ﬁ%y? %ﬁ#%%s%éﬁ&gﬁg%ﬁgnéée%% o%rﬁrag%%%d%ﬁ?ggrgw Pu(i) to
be reconstruct exlguitgWBR® iSBHes waveifewns bdwneg sulrednpaadeed igakasr ow PW( i
) 15 correspondi ng to, Figure 15A; Figur 15C is a view showi ng the

di fferentif TRREOT Y RPIEHRG0E R Figure 15A; and Figure 16 is

a waveform usedr{0,@XpAiB the WPRELSIADLA Rildre riRithad E%s@egﬁgﬁg%ng ,
phase information signals in the 20 information recordi ng devi cé accordi ng

to thé bdst cthectenrpducing an¢thordset fEmpedsnenrt kb conponents are indi cat ed

by the same nurer@ls, HETA LED PESGHETIQN G THE PRERERED.EVBODL MENTS 25

The enbodi nent for teproduci ng phase’i ion°sighals in
t he i nf orswdtjent ek torairegodeyirae tahgt preo e s émt t haveptrioaiuasirld méehdeéscri bed
in detail gsﬁ{&%&pv\s. (Enbodiment 1) Figure 5 is a schematic diagram of the
pattern dt el 4 nformati on recordi ng medi um 1 such as a magnetic

di sk in order tm ApR BEA BNASE waRier® r&OBE! Dhted et D IHAB s@nkeGor i Ny
surface of the disk-shaped information recording medium 1 includes the

firstOr ediltdhsreRr atierine R eedgeprdre®h Which 7 phase patterns are
witten for the,: i f t j T e of -t he
first regions %gggﬁggghggﬁﬁéggnbgﬁggr%Hgﬁi%ﬁgjg%ggﬁgﬂgggFE%EESBQSref

di sti nguitied ffomaaoin aderrdipalevide atd iwsich egiomezhamdfar second

[ 2b_f . d 3. nber. of h, wed 3 d
he same TSCSIUET S EHREIITS R BT RN B i T 20 Drf AT9h L HES CElter o

t he i nf orgmido dimdrecOralf nchargsitardrlt fiveentef @ enceapwinbed; 4 | ndi cates one of
thewigai | s of the head for the recording/reproducing (Refer to the head 18
showh®i n Fi gur € B9 P t16 Scdh A i GHRkd Bh-1eddidi Mg fethakRd. Figure 6

speci fi cald #6304 WacKrAda e PNESEnRA 1 & BSe rhR B @Wte: Or AR { L 6ST phase
pattern 5 is recorded on the first regions 2a and the second phase pattern
6 is recctidethloh artee weddmh ragjiathexdnpItheof ithe gprbecpaterref Sthagd t he

second 1 pat . 6 are not parallel to the direction of the radius
of the |%Igér£ﬁe§ﬁ olf]}“}re:rl%’:g(}rol’ng medium 1, but are sloped with the

predet er mi ned anghece Bhesf arséhenmt Secare phase ngather psa5e aoal: 6eane sl oped

| Lhe obposite directions Lo each other, Tn the case shere the fpformation

to apply the phase servo control;
Figure 7 is a detailed view showing that the phase
patterns of Figure 6 are repetitive;
Figure 8 is a flowchart depicting detailed procedure of
25 the phase reconstructing process in Embodiment 2 of the present
invention;
Figure 9 is a flowchart depicting the process of
demodulating the phase information signals;
Figure 10A is the waveform of the phase signals to be
30 reconstructed;
Figure 10B is the waveform of the convoluted phase
signals;

Figure 11 is a view explaining the relation between the
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20 the magnetic phase patterns shown in Figure 6 can be easily obtained by
being transferred onto a nagnetic disk with the use of a master information
carrier having the array patterns of a ferromagnet thin film correspondi ng
to the phase patterns. In Figure 5 as the result of the head form ng the
scanning 25 trail 4, the first regenerative signal waveform 7a

cor r esporftfiaAY AT thea ¥} rkacyhie nd tidie et the IbTRhrCeBYRRMEr ati ve

si gnal wavef or {7y, Correspondi ioh fortde. @f&@r@f Phage-pattern 6 are
obtained. Both the first regenerative signal waveform 7a and the second

regenerative S|Fg1rm1ra/vé\3eﬂ§rm Bloweharte dpmiertaitrey tihe plrocgdurenbér shand t he
pul se is t trail 4 of
t he head Iﬁma es a l{1ange In I{lﬁe ra% ﬂfé ﬁ%%l on‘y}b‘?ﬁe {‘r‘?élﬁ@?@%@%era“ ve

si gnab wenesflorimpB; 7a and the second regenerative signal waveform 7b
change their phases in the direction of ,the t For exar t he

phases of thesé ¥%Yen 4R e 25 VgRYI §h?§(mgba\/\hl’cf‘gu?hsdﬁgﬁﬁaﬁg ?E g t he

scanni ng gidd #Abrdimdtioceed v oW e & e sschhshrnwcdd; t he draw ng.
When the head forns the scanning trail 4a outside the radial dlrectlon t he

phase of the fiffigtuyegdBet atd vd e Qhawlﬂﬁv’ém%rmﬁa?%lq%%t@sﬁpmP‘t’blihe | ef t
si de) and, ﬁﬂﬁﬁﬁ Eﬁ%ndl generative signal waveform 7b | ags
(shift to t%ee I ght r{s:ng{erﬂl a reisﬁl;lt the pulse interval (3 10 between

t hes@0r egener atiiigursi gridl ma\aeir@ewssﬁawlﬁitg thereéasésrethibhedgvatravy, when
t he head t he scanni trail_4c in e the radial direction, the phase
of the fl4l§§{ ]Tegce%eastﬁ%é]lg? e W S]rfﬂ%a | ags (shift to the rlght
side), and the mpkpse afsA he segeed sREENAGALI YyeadlghalicWaygEer ih 7bné eads

(shift to the 15 left side). As a result, the pulse interval (3 decreases.
Wth a ciiifge |Wﬁwqtdc°&tl<%ﬁ$%frqmep‘~h@8)d G kf%er%ﬁqré%ftli%t%ﬁ t he radius of

the informati Ol qlsﬁglMlﬂwshaagnge@ﬁ@%@ggw&éld%%l | -YRvel eI T8

7b change their ases, thereby changing™the pul se interval e anount
of oflé- trtmﬂ«e;apcn"fdltr‘@ tredd gare bldAdet ect ed based on this. Prior to the

description of gy rse"% iG EEQQQLVCQho%%ée%?I8%f£§§e£‘c£ %dsgmpgdmnt of

the present invention, € basiCc tecC escrl h™ tef erence
to Fi gurevae(land:o]ﬁeaspc&sdJIm; nek &' tdherd ARt iaard under st ood easier. 25 Basic

t echni int for find h ding.to th
| ooati on of 't he HEHE 18- Bdt R AMEIGE G RO (STt AAT €78 APFFAB20ettr i bed
by the flioucharthd fdOWeprDddding ghasil ﬂﬂ&ﬁﬁm&inw Migneof the

regenerative signal corresponding to the wedge nunber i 1s entered; in Step
30 S89 t Hafg igegeenrEding 4916l ge @§F0rr€@@@etatﬁhﬁeb§ﬁgﬁaqechmque

In all these figures, like components are indicated by

the same numerals.

DETAILED DESCRIPTION OF THE PREFERED EMBODIMENTS
25 The embodiments of the method for reproducing phase
information signals in the information recording device of the
present invention will be described in detail as follows.
(Embodiment 1)
Figure 5 is a schematic diagram of the pattern drawn on
30 the information recording medium 1 such as a magnetic disk in
order to apply a phase servo control. The information recording
surface of the disk-shaped information recording medium 1

includes the first regions 2a and the second regions 2b on which

7



" waveform 7a corresponding to the first phase pattern 5 is detected based on
the entered signal sequence V (i ) ; in Step S63 phase denodul ation is
applied to the first regenerative signal 9 waveform 7a; and in Step S64

t he phase val ue sequence cpa(i) corresponding to the first regenerative
signal waveform 7a is acquired. On the other hand, in Step S65 the signal

Sequencen@& %@Ea%@é nd J@%Q?Egéh%é’c %gi'seeg%“celf %hgqubcfgélg ?888@9:099 to 5

t he seco e pa tern etected e entered signal sequence
V(i) 5 rtl‘ISt @[maS@Gpphaeenokefrmdhel atreh resgEppd i2Zedatd the pdecendategenerati ve

| 7b i St S67 t.h h b(i
oo o ot e e s o ok BE S 5 TN sl A e S BT S R P e 1
Step S68 patfn.e oF0adi f fd eRgiiahn D4 driteat y6cPhasRe JdriiebsestenNees wpagk | )

and \(,:\A% is calculated to find the phase val ue sequence cp ( 1 )
the dge3 nur%@wmbeaso# SHrHedaEs (G §Ee sy gnged agphng ispme 1 lnmyvﬂaﬁs phase

val ue sequentg CPi £tdmELOFELEPONAS: £ Ot Non PALSENd St hOt 8ENRL r ~b£SPRYUN i N
Figure 6. The anmount of off-track of the head is detected based on the

phase valirfeapiclee eeteydinmdnediun rhck The Imnfigrerice auidiat i<al |y
control | ed, fgtg) u ce cp(i) as the
di fferenti a({?&s 3%1’}% c%}?ér)gtg%%fndg ?Paé}g ?é%ggﬁ(?g the 20 tracking
control cmndamﬂmgteréqgrmm@l(tﬂeefrerone ’orﬁetﬁmcphasshwﬂuwm fFeqguercés cpa
(i) cpb (| t ead of usm t he se val uence cp (i) as

di ff enttr%l %be P Iﬁeeccg’é %c%e(gjp‘(q‘)ﬂas the differential
doubl es the Ser{slddﬁ/é %yspéalﬁlaém?/chtﬁiﬁvéj@#ocﬁlﬂésrtgfEﬂ%s@h§§€t§§ﬁ¥e

t echni que, 25 phasg gatterns are already witten int magneti ¢ di sk

bef ore t He! Fdgivers € Bhekiinst iagd @éttt@rtnhé h%trl’cﬁctﬁ@@dj@ﬂ cae Mheatt he
pr ef or ”atfeg‘%lérfg oS Bl PR H LRI '?i%@' “?alt%erﬂskakgeg?wrtigﬁ LAT prgation

recordi ng vi ce, the phase patter ten in the information recording
medi um nesedmndrarice led fflhemEtLtnetr phaskeopatertrer Sobntthehenfecomdli on
recordi ng .medi um_.Even_when t he hea andstill i he r d| al

(i r edBt orP NS EE Sr gt ST oh "EbnRRFSbr e EHE FEoT T e ReL B atbhb8 prathS
decent eridf) thid Enpoenant ohhee phosen§ingstal gn Whi Bht Wre sa.l'dpdd”lﬁlltﬂf orent i on
about the track location from being kept constant and nake them fl uctuate

in the f RTRVILLINNGEHPEILRecehbe il NAPACTE TRDPHRAE PR A% @ AAYi ng

l'arger angl J,ar gebpkhagk denSddses teARd rbbe18pBups S IH¢diati @R tRephase 5
signals due to decenterl ng grows with the increase in track density under

the sane @apunhest tdecenfernagloyecivr ditigenedwe 1 Ihamrynsdsiec diheke the
2Ok Nl A 3A0Fs U0 OBl LIEIBSARD ¢ o0 01E)S
obtained by being transferred onto a magnetlc disk with the use
of a master information carrier having the array patterns of
a ferromagnet thin film corresponding to the phase patterns.
In Figure 5 as the result of the head forming the scanning
25 trail 4, the first regenerative signal waveform 7a
corresponding to the first phase pattern 5 and the second
regenerative signal waveform 7b corresponding to the second
phase pattern 6 are obtained. Both the first regenerative
signal waveform 7a and the second regenerative signal waveform
30 7b are generated in plural numbers and the pulse is repeated
to make the wave detectable.
When the scanning trail 4 of the head makes a change in

the radial direction, the first regenerative signal waveform

8



" 10 The occurrence of fluctuation in phase signals due to decentering nmakes
it inpossible to performa proper tracking control. To solve this problem
it is necessary to conpensate a fluctuation in phase val ue sequence cp(i)
resulting fromthe decentering of phase patterns. The foll ow ng approach is
15 avail able for that. The amount of fluctuation in phase pattern due to
decent erimgang tRasde®@shd nreadvance itve deghgmaﬁavéf@rmeﬂkabhengbetmeeﬂ t he
amount of fluctuatiaon aﬁg‘cﬁ t of decentering._ For this,

d the anou
i nf or mat IR ST oY T MR i HsttHe ol 3RS 20 FH (?rxr"?‘éftﬂlr?n rtebeor di ng

device, gHhddrenst ‘E%e@%agebéngﬁﬁeﬁ’@ec@lnbb{aisXﬁéj to find & kecphase val ue
sequence. Figure 10A shows"that the phase si gnal waveform Su' to be

reconst r i niss thieugraaning traihells dmitde spneevene Bt bdecenteri ng.

Wen ghe Jr{ggl“i%t LR !:n?agipge“w de Se?a@?o%n%”@hewggghgi%syra%? be

reconstru i"S suppose ept const ant there I's no decentering.
However, 4a ddtugitdeattdse iradie farmoafiea hehavehdesauSetlod fliecent eri ng.

Fi gure 10B shows t he phase _si rm Sw. regener at t he head from
Tha'l ot o RESTRT 4 ccGr BAGrrotr LT BacHUSE 68 {ABLSD Cherito B Fot LS of 1t he
phase patd{ Bhshsd Bfﬁrgélé@cﬁndtﬂ‘@%é}’(@xsﬁﬁ@@@bn\é@vxﬂé@éf@fﬁg%@é@éed by

t he head becomes Sw shown in Fi 0B, nmaking it inpossible to detect Su'

di rect|y. (SHovidy &, thﬁatrlgétneé@!ea |nl\ScM@ﬁéﬂéﬁroﬁhﬁopuééeeh@é?rﬁgl|% the 11
phasggsi g!r% %V%F%%%”ké Hen& PQWRvE Ns £ QA orHEen fO'?quﬁé‘P%QééQ' nal

phase si waverorm Su” 1S reconstructe romt he détected phase signal
wavef or mdwt h@ragpedrr amuonsen rdte berdfforire phaseagingmal t navkior mside coul d

porO1n SSGHLEL D LOIRSISA! | oRGLOF RSP 10; ThR TEasy G phges, o ona

reconst r wehweddrin Q@ Ulsed r3t abeth&heighguenae) of ahbecthenphasleroval ues
obt ai ned by dividing each value in the data arrag of the phase signal 10
wavef or mt&i¢ spgopd F%g?‘h%r%*eh\’?%lﬁﬂt%ﬁﬁlpwaé’éf@lr@ha 1Rads itk £Rathe s

act ughl y 1Qitaidied by Aeaguredeit, The bahlewingdisaa %urae'c%%@te%ry
expl anati on about convol ution. The phase patferns 5 and 6 shown in Figure 6
are repetitiveWidtt arafsrige thetll doceitdonodf tthe hadilus @fletcﬂﬂere.!.cstlon

i nfor rratl C(?rra% ng. rgetdlttq{g Lnddsh q:eitoa}{a I\s,é}qq% nLéh The phase

pattern é’p ot'fh S hé re enerative si gna passes t hr ough
t he scanmet@rterra*dnép s:s;ﬁah‘le vearef aasnd h&,phasa:matgeertrhé;rr Phddes,
regenerative signals 7a, 7b when the head asses t hrou h he cannl ng trail

4r. This Ghe AG88NIANEHAS BEASRO R béint LBF A EHSBELS Mt P1,

for ggampje)hd HRl N HOGdiRideHbAHE tdie tHiase patterns 5, 6 in the
circunferential direction is the same as the |ocation of a point_ of

i ntersection (FEHNT RP, they d@?&rﬁi—lpé)lo@f afthé hee SRATGE 1T S8 Ed t he phase

patterns Gy ij.eth% rﬁ%@%ﬁ%ﬁ%eﬂ‘tréftﬂr@ r%%emelﬁbéﬁeleﬁtt@w 9q of
the regenerative si b correspondi ng tp the scanni ng trail 4q

m dway b@taﬁa@qtenensqaﬁnwmgltbaud@m@m wnrth selfecgnee fPdRagubesween t he

phase pat_t and 9r r, th tlerns.are repeat ed.
30 Supposaem{ ﬁ‘% pgoq (,ahsl t“}?é‘ CI rcu ereect 3} rrekastﬁtloonoaoa he Phase patterns

5 ang56 is S, @Githeedhntqarglie ohetbgophawepabrefﬁnalmthhé gsipess to the
radial direction is 8. Al so supposing the pitch between regenerative
si gnal s FQRSSFRAEling toddife LpsetéPh q%thﬁeh%%far BRFRUSBIF PSIEOVIR=S/ t anA

--- (8) in Figure 5 will be described by the flowchart of Figure 9.
In Step S61 the signal sequence V(i) of the regenerative
signal corresponding to the wedge number i is entered; in Step
30 S62 the signal sequence of the first regenerative signal
waveform 7a corresponding to the first phase pattern 5 is
detected based on the entered signal sequence V(1i); in Step S63

phase demodulation is applied to the first regenerative signal

9



The cunul ative coefficient k is given to the positions delimted every
pitch Rin the radial direction fromthe 5 standard position of the
information recording nediuml. In this case, the k-th delimted position
i s kxR Suppose the scanning trail position between the k-th delimted
position and the ( k+1 ) -th delimted positionis U( i ) , and the anount
of di spl acenehtrof’74 hearsd aimi $igep r@64 posi phame 1®auqe)seq0enchecpk4th
dellmtedcgiosmlonto rd ou%:%lrgglnther di_al dlr%t onf |) as shown
in Fi gure 3\[1 (5?(3?1?16%?1 lv%rﬁel%annewravesuopr osg FJ(I -1) -
(k-1) XR+VA(¢qliJ)red- (OhO):hb5oUblerll)and( kIhi)Qﬂ%lp\/\(SG-Bl)the- sighd) ¥éateate
detected ﬁl ﬁjhe head are W( i-1 ‘2 g d7 é} i +1 ) The act ual
scanni ng k&g B%EPPijoTr?‘I?f(e-Watll‘j Sslgéléllcﬁf‘ ?Earlay R K r&@e@@eee%me

Wi - 1), '”;%‘/&\H/i@et aaﬁﬁeﬂﬁ)sdﬁtié)née'ﬂe&é%e@“}gaé)e&l bfflt})leaéﬁtéi?é'ﬂd from
t he det ect ed vaI ues , 20 respectively. W( 1-1) w
(i) , i) sneqlle)lcer‘é ih, tJJrﬁJeSten@éﬁ)phaee qlers@dmh%ml@nmdapeésedhan R.
Because af the rese it n perli conyert 2~ by
bei ng di \?CI de:(?ebyeﬁo r%%%tl pri @;ngé bSl nv%%ﬁ)e:r% \7\/§r‘ Il;lé{alnr %%Iegc%rgrent IS
done as fiuid QYVBase?&a":tué?)@e?qtﬁérR:e -gb (1)12c<)rﬂbl£p<)1¥dll(mcjxﬂo~/ﬂle se€dsd
P\/\,(i):V\(i]% X2~ R - - | en the veeuatlosare chan%%asfollows
Pu (i-13%eeenesative fl) gvet :‘irﬁ“ a¢guireg - puf i S er g

(16) 1Bu (dlf'ﬁeﬁerﬁfé'ﬂ?(df kht lwé%ésé"'\ﬂaﬁue -seduehtds paguneahd @5@% t he
details . S} i+l ) are detected values, and are
in the ramyea ?uﬁéﬂielde*s% ftlﬁ@nt emsﬁvalpésﬁs@qweﬂp iThin rﬁ@@sﬂ?é@ephase
si gnal Figure 10B is a conbination of detected val ues
PW( i _1)\/\%@%{“%§h%jﬁ%2% others. 5 The process for reconstructing the
ori gi nal srmotkpMasepah@na-l alavetf) or-m—Su(7)fromthe measur ed phase 5| gnal
waveform Sw is  also called "unwa Pe present S C|f|(£t|onl unw ap"
is plainly refertet S§s VaLBEoRS 'ﬁ%%?e ¢ Uy GRF TR Ehe &% £8€ PRLPfdi cat es
the qper atrt@d1I0W shidwni gur €133rel6. Pltig dnfourhe cdaba Faki-ay kob £t fie
nmeasur ed phase si gnal vvavef orm Sw. Pu( |¥1 is the data array of t he phase

si gnal wdtRFDriA Sptiesusd PessssoruétedPhpsesyapus7ie9Insiaci A (Kl gurRd13 t he

convol ut %éiactxaada}@\ffo&wo(m)ngf QuNd  RY¥MIBASUIERERbNk $o8AEEN Bse3UBROSE . t he
number of 15 wedges is N, and the variable I is prepared to count f he

wedges . Although the phase value sequence ¢ (1) as the

differential of Figure 9 corresponds to p of Figure 6, the
20 tracking control can be done by using either one of the phase
value sequences pa (i) or ob (i) instead of using the phase value
sequence ¢ (i) as differential. Using the phase value sequence
(i) as the differential doubles the sensitivity.
In a hard disk device using the phase serve technique,
25 phase patterns are already written in the magnetic disk before
the magnetic disk is installed to the hard disk device.
When the preformatted information recording medium is
installed to the information recording device, the phase
patterns written in the information recording medium may be
30 decentered from the rotation center of the information
recording medium. Even when the head is at a standstill in the
radial direction from the rotation center of the motor, the

presence of decentering will prevent the phase signals which
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The neasured data row Pwm(i) holds true to all the wedges, and is expressed
fromi=1to i=N In Step S72 the variable i and the cunul ative coefficient
k(i) are initialized. The cumul ative coefficient k(i) is a 20 count rate to
add or subtract the phase 2~ by 2~c, and its initial value is set at ko.
The cunul ative coefficient k(i) is an integer (natural nunber). In St ep S73

diff tial nl h d h
Gata row e Ehd AT s Boeda t s Bk o BR e B FaPradeh FohF (| )
To be rmr@rm%mﬁla:nd trieek € ad Hoath aﬁlwttiﬁte (¢ ePRgin -FM(s1d¢ wave(18) IS

carried out for_ all the wedges between the variable i=1 and i =N, thereby
generating t he RGNy dAEPaMagarn Fovpadiapwedia pre havigiggasesy anfs

det er m ned; het kel ag8ngat 261 e t@klef ERbEALI & fAAA Ja SHPWn(bhabel ong to
the section Tegion | arger than’"~t". When it is determ ned that the val ue

of the 14igrgild a@tﬁmldm@emqﬂmws bel Ingshe olm¢13ée®%@tl@ntr@gkon

I t oy d I
Lar9er 1 0Rhqty chS, MOPEHE BrORt 4P BLER. ST dSETETNIPE U 2t [ ve
S78. 5 Wien theecdetewhe nattiton tiracy dpnSi4yt s nishewante lnelenagatmvzeoft he

procedure_goes to Step S7/6 where if is determ ned whether each data of the
Gi 11 or enth OGRS FOWTUBRERT BLVRRYS O THRA SOt bioR LBGFEASIRE! PP fhan *. -

When Itoﬂ Letadidi gy t hat the value belongs to the section region smaller
than_"-~", 10 the procedure goes to Step S77 where the cunul ative
coef £0ci. ent k (The Yoqapgnencenert dd ustuetiqn (in phage (signa)s «dug wnd goes

to Step § ée’igf‘d; 3 ngt%t b skB 1 _E%SE‘EE% ga}%rgoéé’%‘/ RX‘&H Se' 0”9

to the sectlonr 'ess than ™
pr ocedur e:ognnsall 0 $beposve b 4 @rb@dpmglthnes mamlswtamyetd:&@qeérhsa:tent k(i )
at the val tep al ue aq 2~x Kk (1

ot he At dut el ipomn Bue AT S Bed s B ta gt R R X ot

target, idcedadedigy r&icqmésré@aeﬁtmasce IThfe0 ERRN I nda b groa diu i(d ) 20
Pu(lﬁ Pwmi)+2~xk(i) --- (19) In Step S79 in order to process the next
proce8s tagdabkedaridfie i is incremented. In Step S80 it is deternined

whether the valig Qfndif G 1AR& Ja@idrfrid hd S RBUErNafe to

decentering is measured in advance to designate the relation
between the amount of fluctuation and the amount of decentering.
For this, an information recording medium is installed to the

20 information recording device, and then the head is mechanically
fixed to find the phase value sequence.

Figure 10A shows that the phase signal waveform Su’ to
be reconstructed is fluctuating in the form of sine wave due
to decentering. When the fluctuation is at rest, the phase

25 signal waveform Su’ to be reconstructed is supposed to be kept
constant if there is no decentering. However, it fluctuates
in the form of sine wave because of decentering. Figure 10B
shows the phase signal waveform Sw regenerated by the head from
the information recording medium. Because of the

30 characteristics of the phase pattern shown in Figure 6, the
phase signal waveform regenerated by the head becomes Sw shown
in Figure 10B, making it impossible to detect Su’ directly.

However, what is needed in compensation for decentering is the
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"reached N or not, that is, whether there is a process target 25 left or
not. Wien it is left, the procedure goes back to Step S73 to apply the sane
process to the next target. Wien the process is done for all the neasured
data row Pw(i), the procedure goes to Step S81 to acquire the reconstructed
phase information data row Pu(i) in the end. 30 According to the

af or enentdoned QReIAL LABEFotResPhasR Wi ar FRGh A8 dat a rew RBeUrk i pdicating
the original track |ocation can be reconstructed fromthe nmeasured data row
Pw (i ) erRinakohasandaslshavefoerodey atisonecpbnpitguctetd3fromnake 15

it visual under st.andabl.e, Fi qure 14 expl ai th ere._the i gi nal
phase inf%%tn%%r%%én pcpaafsae ron r’Iﬂ?‘u]( i%ﬂudV'teot:Iqu:é]n )rgg'c'ong?Pﬁgﬁegggge\é\ggggg}ogu%%ose t he
dat a r ow P iphaieerebgesl wdve fouat esst ngowkd gee bf eitmbecciurase shown i n

Fi gure 14A. Al so suppose the dagga row decreases fromthe k-th section

regio A(%m%%ﬁ?’ib&?héo’( 55§ M-Sett9on region A(k-1) over the k-th
delimted posi thmehisgited 388s& NV 4 ¢ aRRESHEw dad Br & V6 R itho, t MBI Ch
changes within the range of 0 to 2~. The data row Pwmi) 10 decreases wth
decr easi iyake $iionw lPwayeiform Showev dre LARON a1 oW PaRVylekededs t he
delimte [ ti K, t ) s ' starts to
decreasedsatgé;tlsén'. %ﬁ&s,set %n at %f{ gwe%ngala%qfhwgﬁégi%%o%(?ware not in
| i near relistidimg RRaph evdd® | ivdi ot edatdheaxhrd¥y eventhal plodew | $=dvgl ) 15

Pw(i-1) in the data row Pwi). Since the data row Py(i) decreases

o aadll | AR e B PR RS R Y DRSSP e b el GEe LORBer
when it exceedss tdwecwkel 1yidiech posd thpmdasuteharitis into a plus value. At
that nonment, as the general trend, the differential_ dPw ( i ) becones

| arger than "n'The £&OllaOing|iS & HRR IR YT A CHBAT)EME i JRPk i -1)> ~ is
equi val e {085 hg e L idi o) - EH%‘I'J kt 41
necessar ?‘%%‘R’d@{:r ement T%éepggﬁﬁ{%%%%%%egf fa:ﬁg gn%\ﬁ% ?J}Sh as s%c;%wr'e]3 ?EéSt eps
S74 to Stepeaetifigwr epdiX e gurre e ekipfeadinson hef case whadires the oné gi nal

hase.25 . nformption data row Pu(i) to be reconstructed increases. Suppose
Phacdars IR lRy S e R ehtheel s fRER bl h e a6 Aot e er S Poe
shown i n Fi guhe Iil‘i,fse @a&%e&t(mﬁk)ﬂp?ﬁ 'rc]he ﬁeta;_temémtjh&s s%\@ﬁa%asw, ﬁrb?xﬂméﬂget E-t h
section r I QN to t + - secti Qn regl on + over e -

del im teoteig%gr?@é(t S5 S STHE TP (& m@injﬂlinﬁcﬂﬂgggés‘léﬁ tR FRer e28Fny° dat a
row Pu ( dnq égﬁs%ﬁ%ﬂé}rfiﬁul’o@ 18B; regéﬁé%ti%esi hei1dava, row fHed i )

exceeds the mted position k, the data row Pwi sud_der]fy 16 falls
and t hen Biahesdipas e ddg@ugiarhe srMiRg tasd 1t 05; tHeldasabeoa PR (i)

and bbe %@l%@é’t%n%% aafagiﬂgtof intie'}%%rctri%lnat(ﬂagﬂnt P1, for example)

of the scanning trail 4p and the phase patterns 5, 6 in the
circumferential direction is the same as the location of a point
of intersection (point R1l, for example) of the scanning track
4r and the phase patterns 5, 6 in the circumferential direction.

25 The phase pattern 9q of the regenerative signals 7a, 7b
corresponding to the scanning trail 4g midway between the
scanning trails 4p and 4r is located midway between the phase
patterns 9p and 9r. In this manner, the phase patterns are
repeated.

30 Suppose the pitch in the circumferential direction of the
phase patterns 5 and 6 is S, and the tilt angle of the phase
pattern 5 with respect to the radial direction is 6. Also

supposing the pitch between regenerative signals having the
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Pwmi) changes in the range of 0 to 2~. Since the data row Pu (i) increases
gradually as shown in 5 Figure 15C, the differential dPw ( 1 ) =Pw ( i )
-Pw ( i-1) in the data row PWmi) basically has plus val ues; however, when
it exceeds the delimted position k, it turns into a mnus value . At that
nmonent, as the general trend, the differential dPw (i) becomes smaller than
"- =" (thesaRs Obalt €o ¥l e DREOPRS: 4 Ar@EFdcc f6naid0rrul e, the differential
dPw(i ) =Pw(i) - i-1)<- ~ is equivalent to crossing the delimted position
upwar ds. Hence RtS{tanfecessafy) to i ncrement the cumul ative coefficient k (

i ) as shown i VASHES I Fi .3, gene - for
phase reconstr Erc}'?él gﬁﬁ%‘ﬁoa&nl‘%n%ffglgd}reg%% %%s g;E%np(rEgb:&g% ?hggﬁgggges
cannot belgrioperéey eeconspituch ekl wheth¢ headbalndionéctdecenfeomnghef phase
patterns in contrast to the track .density . s relatiyvely |arge and the phase
si gnaP wa%te?rb‘%fﬁ PO H! roegcotﬁke[ rlﬁﬁ]oé:&l A™h 1e5°4 ¢ met{}gxg\_ alThe&Peason
for this tisisiscdd) omse R+t N@eTaBELSH pbereibheianpkrtude is small, when a
data row crosses over the delimted posjtion froma certain section region
A ( k) , it nDVEPRIFE HOSTFIHH PR N A okiion gpeteek-ahg antlkh is

hi gher or : h 18 - j | §/karge, the
dat a rowdnéa%wﬁfoaé;é? %g? ﬁégge%??gﬁter %Ti;ﬂnﬂn F \MI}?FL% l)ttré?ra%m(tﬁ&g%)g %}Lgh 25 1s
hi gher orandwdre bypoiwd. oflodesetacehenprat g slcewn iing Ergudepé8iddes not
suppqpt i.t,. Wth increasin unt._of decenteri.n t.he cunul.ative

coot A0ci dhttkeinen S Rer P B T a2  rESIEA o tBitpne? gb Bk pRontopne

i ncr ementradi alecd ereeditt i ol Daire (16 sdhossowmeisi hidatéohlresults. Figure 16A
30 indicates the phase signal waveform Su' to be reconstructed which is in
the formof sintiave QR &s) the anplitude of 170 rad, and Figure 16B
shows the phasersignal s Wy efo{ia sSw Sppeddit ed by 2~, which is measured by
the head. Figure 16C 17 shows the phase signal waveform Su reconstructed
by the general Ppriodedur el showRiWM(iF Yure13(1Ws shown in Figure 16C, the
recoRgtruct ed Se \Sign formSu is n snooth, and its anplitude is
smal ﬁg’r t han tﬁgﬁpﬁla?se:qs%?%vﬁmﬁ@gﬁoﬁm Su' P%l)be 5 reconstructed. Thus the
reconstructi ng Wraacaddrde tafc tadiby e hbhdad heet( F-€C)oNF L yctarichie (phase si gnal
wavef orm Su' properly when the phase, patterns have a large a nt of

Gocent o i 2PhoRdt SLain 10 AT BREABEOR) priorar £ SERRA S Hee

ori gi nal qhase&d gnaludvavel-anm anemehie seeasunhgdtphasepssgnabndOuywayef orm
even if the anmount of decentering is |arge. The first enbodi nent of the

present i3VeNtiiod \wBirenfeend ifzom thesdarerted ke s Held Jagnfoll K dhs) » based
on Fbgur Fi, gures _3.th h 7 : r l.s0 f r the
pr esggt 2%0 |ér)rcefnk{el.§}'Fi Sﬁ?'egi’iﬁgygﬂeasncgﬁqilgllgr%r%?ilgjntﬁgclggrrgl ng?tforrréél?um 15
(magnet i cleiskshan & @apd nddss ndtar B. which rotates the information

recordi ng medi ym 1 arou tiﬁes alxeiss At hié}h spee .tainéjna hrelad act uat or 10.
The head act uator 10 Tompri sed an actuator® arm 1 suppd‘? eao%’y the rotation
axis 11, corddted nnkd Wi Bh béiﬁ?%ﬁ@i@é’d%ﬁ IR el acldabohedr By12rand is

| ocated 20 on the opposite side of the rotation axis 11, a coil 13 attached
to the coit HMRAANOLLAS i%e?e&ﬁﬁﬁi??nfbe]a?nci@%\m}%e% e¥end is attached to
t he ee end sidef Aactuyat,gr arm 12, a mcronotion actuator 16 which
util ??es t he thzﬁﬁlf(izlrgr@gi ezogflezgtri c material attached on the free end side
of the 25 sl i dé Suppbii) B 15,- alsl)ider 17 which is attached to the tip
of the slider rt.beam 15 and its,.\m cro displacenment is controlled by
the m cronoti o%"g@t u‘ﬂglre) x%@rfd a (rle480r di ng/ reproduci ng head 18 nounted on
the slider 17. THeer,e tdre adse eqernbnmentamagieanddd aid athkedows: t he case
opposite 30 to the coil 13, and a head position control unit 20. The head
posi tioni ng comty 61~ W t279‘0“‘sﬂﬁd1p%(sl'tlﬁe <oi 1 (1B with drivi ng current so as
to rghate the head jactyahorp,lQ jaraund qtgle rotation axis 11, thereby

8

perform ng seek operation. 1
Pu(i+l)= 2mnx (k+1)+Pw(i+1l) --- (17)

Figure 12 shows the details. Pw(i-1l), Pw(i), Pw(i+l) are

detected values, and are in the range of not less than 0 and
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The slider 17 at the tip of the head actuator 10 faces the information
recording medium 1l rotating at high speed with a mcro space therebetween.
The head 18 reproduces preformatted i nformation signals fromthe
information recording medium1l and 5 transmts themto the head positioning
control unit 20. The preformatted information signals to be reproduced

i ncl ude regenerative signals resulting fromthe phase patterns for tracking
servo (refess ttham giff-es 6 and 7). In the tracking followi ng operation to

position the h%@ﬂ:%éaﬁhkgdﬁﬁﬁﬁﬁggi?ﬂaﬁhﬁaégféﬁﬁgﬁlshB%ﬁMJ?@ibﬁr%h?OBraCking

correction operation at the time of an off-track, the head positioning
control urd t2 2Omgpamertdions odr detrgtedgnallvebyPpéif ol wi Ry (pr edew éihi hed

cal cul at ia‘?ﬁ &glseetcg on the regenerative signals for tracking servo and
transmts e driving signals to the thin filmpiezoelectric element in 15
t he nbcronoti orhacpuatesslfor Teeomstromitingnt Aetatatgin b smeosh ppesat ed

that the head 18 is positipned to . the target track with the slider 17.
Hqure 58 Ot "are TRRIsaU ol e ThevBe o hT 66 Ph eSS S haAdn ey BEPEH Stng
Fi gure 3B showsp the phmsarsihgnal . wayvekaemp2@ sSw thiegewied ardeyn,t he

condi tion of being convoluted by 2~. Figure 3C shows the phase signal
wavef or m"SdWw IR ailfe 8 1By Nappr §fagredet @i gS er@farat Pradcess Tof PStBPreS12 i n

Figure 1 ; sur.ed, . i vef ]%(\\[i Fi e shows t he
reconst rusgvt%éltd'rlﬁiﬁglrséejnq?ﬁ p as?%?r?a%mglv%(% m duirgﬁ%?%!e%d g‘g by
execl®i ng the phade riecdrist rdadta g gaEryocesshof nteepir$kB dHeoven sigagure 1,
and Figure 3E sho th hase si_gnal veform S t ai ned by .executing the
i nt egrat iy o&é‘bg”'of ?)gﬁéi §f4tg‘F Ei%%ré’rf?yTﬁg h&&2FE Sf‘é;ﬂagduci ng

phase i nfyarvErdran i gl irecthdthaidddpr mati on recordi ng device of the
present enbodi nent will be described as follows, based on the flowchart
shown in Fi gurés Bt&mdS71 FheVFolRofitAYrBpeéPatiBnsonyel ekedud@t® byot he head

posi ti onigyg jG0BEAl B fefQurdfent | s JfR A, Bhekerde 8 Ri) isérucgf pre

: Iy
formatted i nformation”si gna\ls In the information ?gcordl ng nmedi um
r ot alld ng wetddeisg hs e ed danle srardad ltehém ¢ e repe fecatio posint dbhergedont rol uni t

20. The pi,cked _si gnal ont ai not he, convol uted data,ro i) .5

cor r esponditn ey ERE RkSerBr g ateG Sl FhatiaheT et )29 as
true to akl éxprasedgesaim ii=l ttw N=N.n Step S12, a differential process is
appl i ed between adj acent. phase data in the data row i) obtajned by
measur enent , tﬁé’r%t?pggr?egafi‘?@“ﬁ{él%ilff%?é%ﬂﬁ ﬁPmHéEEﬂ’SWﬂ?}%ﬁW\K?‘}? To be
nore speq (fii)C.addhe al il istd PN ohe ERMUIATRWE LoBWEliclkent k ((30)d & applied
to all the wedges fromthe variable i=1 to i=N, thereby generating the

di f f 80 entdoaintdas he ronad@wi Jubt rast ¢heSiBase Phdne2recoarsd dstimygt prbcess is

applied ts I f ti i o} al

reconst rb%tljeu% %?fscegrter?tetlr 3{‘]" dg#%g?%l\%vn%\ﬁ?‘%v éé%—‘?ggcr%é%% }éﬁg\}/\si?hgn phase

si gnal wawgfegran Schatocoralespoidimig to the differential data row dPw (i) .
The detailed operatio j n S13 wll be described .as,faollows, based on
Che 11 onchart SROGREPEH GuFt eTatt b Be0Ce S50 8 b 15 PG EESPTe done
in the sprasmaaes as the My00058d H@en rok Bvgily ¢ Shexeeptgdiatat eg process
targgt in Fiqure 13 is the data row Pwmi), whereas the process target in

Fi gu ® 23 differantigle f5ta rd%ttéiPﬁ'b(v&)de@"P) be| gogee§PEL fdfowtien Fi gure 2
the differgntjjaldat 3 #.0w 25 dPwW(i) is entered.

dPw(i)=Pw(i)-Pw(i-1) --- (18)
is carried out for all the wedges between the variable
i=1 and i=N, thereby generating the differential data row
30 dpPw(i).
In Step S74 it is determined whether each data of the

differential data row dPw (1) belong to the section region larger

than “n”. When it is determined that the value of the

14



In Step S22 the variable i and the cunul ative coefficient k(i) are
initialized. The cunul ative coefficient k(i) is a count rate to add or
subtract the phase by 2~, and its initial value is set at the appropriate
val ue ko according to the 30 requirenents. In Step S23 the differential
5Pw(i) is found between adjacent phase data in the differential data row
dPw (i) . ARG f a f a
bPw( 1 ) LS a1 ) A A B e Ty ned WhEtPer each
dat a of tﬂfaecgemotgtaep“oh"ffehenplrabedatra gowsbPeo( s ebefdhgtd cdébhecsect i on

w9t op W4 PEPUREFAT 209t £ BBt bt ToBVong 8 o 'CHe! a0t ot REG: BHE ar ger

than"'ngdﬁymuanﬁdnnfngoes to step S25 to decrenent the cunul ative
coeffh]m ent k(| (k(1-)t =Kk (i aa{hlrg and t hen agoes to Step 828 When t he
det er %i nati on | S TP nelfhati%ds (HE prod®iure goes

to Step %amezfee thelﬁré”@é&ﬁf@ R sWhstdtedp eachydata iof iEhgetaen st ed

dlfferentlal data row ~Pw ( g bel ong to the section reglon smal | er than
"o~ \Whethsthers e@étheudmtﬁe@ftﬁ £ @aéﬁeaefl’alaﬂa @lhéatmwS@@p Hl thelengi al

data rowb ) . bel on th tyi_Qn i en_smal han "Lt . the 15
procedure S@&E ?%géi g %ﬁﬁf egﬁgi %% E&%ﬂlatlve g% |E.éﬁtd$F?rT13e
i ncr enentechtbyhé \(eki(mé Pelionlstld tard sgees ohor & epn &x&ll\&'tenheach—da; a of

ot 1tss ieant pceSuER dhn SRufeddiad vhete die BllghiahtBogine T 468, o8

whi | e keeqiingiglihbeekentéatiyve ¢ReffiLgient)ki)amd Jdws val geegfle -1). It
shoul d be noted that the two-step dlfferentlal dat a rOMIbPM( ) is set in

the range of - ¥heppogehdata pff Wiepifigrens ipdl detamon ABY (B ReRPMY 2~x k
0 Dot omce e o S sk e 2
dPu( i) =bPw(’i,) tHze-pkoickedure §@@3 to Step S78 while keeping the cumulative

15 coefficient k(i) at the value of k(i-1).

In Step S78, the value obtained by adding 2nxk (i) to the
measured data row Pw(i) in a convoluted state, that is, process
target, is made the reconstructed phase information data row
Pu(i):

20 Pu(i)=Pw(i)+2nxk (i) --- (19)

In Step S79 in order to process the next process target,
the variable i is incremented. In Step S80 it is determined
whether the value of the variable i after the increment has
reached N or not, that is, whether there is a process target

25 left or not. When it is left, the procedure goes back to Step
S73 to apply the same process to the next target. When the
process is done for all the measured data row Pw(i), the
procedure goes to Step S81 to acquire the reconstructed phase
information data row Pu(i) in the end.

30 According to the aforementioned operations, the phase
information data row Pu(i) indicating the original track
location can be reconstructed from the measured data row Pw(i).

Figures 14 and 15 show the operation of Figure 13 to make

15



In Step S29 in order to process the next process target, the variable i is
incremented. In Step S30 it is determ ned 30 whether the value of the
variable i after the increment has reached N or not, that is, whether there
is a process target left or not. Wien it is left, the procedure goes back
to Step S23 to apply the sanme process to the next target. Wien the 21

process i& %%Jlol(r)y %éf@cﬂ&iﬁé&ﬁ“ al data rows Pw (i) , the procedure

goes to Step S31 to acquire e reconstructed differential data row dPu (i)
in the end. Fi duirer3D lgheap tdienphdse o gmatheanay eftor noSdyi healv i piga $die

di fferent.i corresponding 5 t he reconstructed differential data ro
QPu( ) THE A Ol QIS VARG T St GO r L pater L0 (R Terar Eont
di f f er entgupaye afhd heatphaser stgnial desed0ses Sul ti ol ere¢ecoNgtwagyed shown

in Figure 3A. After Step S31 shown in Figure 2, the procedure proceeds 10
to St gp SRSovin 35 ﬁi’i%{ﬂ e FRgpng elfifs1 4 ALge isyPegss ithG leddesod s

applied tQdhe Jaconsdn ureddif frantdl rdat dh rovk AR ) o dhe (k-
integrating process is the integration of data fromwhich the nean val ue
has been l9ulitly sercéd onToepéonok ékspewve e theuppsdi dglinetadapovat Lenof t he
reconstructed di.f entj.al 5 ro [ )4 t ifferential
(dPu(i)-Ea) i s(%:l ugrlg’ger glde}% Svr\,i1 t%{]sarttlansepénce\tgs[qg}%dnedavtzar 5’3%“1 eEhV?(,P)t’he"rﬁé é;r% obt ai ni ng
the data drHamddy iwitafirt hend esildes of 0 ie@Ati ehe Bath iro T (G)dPu (i )

-BEa ).---,( 23 Figure 3E shows the phase sjgnal waveform Su 2

con Ao e at D O e o D8 RIBS DL O PR R Bheite et n (e
af or en”entridiﬂ@d (d@sékb@ééi@rthé hi%lfi'ﬂﬁ&%cﬁbﬁ@&ltiwvl?)‘ ofHe 3du 0folvhey (1)
differential shown in Figure 3Dis the differential waveform of the phase

si gnal wBPSETRYSPisss pebshescsistitgcteddsrefASEnapRglr e BUS ThHehe

| ntear at e BNASE il ANALnUaUE! QLML Ji50AM) | 1 FLOUT, 3EnEsClosl Yoanal ogous

to the phase signal waveform Su' reconst ruct ed. ase signal
wavef orm Su' i fdiguateed 4Che noticgitress tthreacki i feoatritdm l AP vdEis)criEvbeid -

her ei, pbef or e, or di th hod for,.30 i hase .i.nf ti
o ondb s e Gird ¥ IO st duf G ey 53826t ThRe PR £ oBnabdident of t he
present idueaRldsys dhieiasg sirgnali fvwedar i ISWpe (idi gadd gk The 1ad gi nal

track | ocation can be accurately reconstructed from22 = the phase signal
wavef or M3WUfe ¥3dH€§ /i ROWC¥BAY ot iR d s CaCceedsy ERej ¢e i Bl pRd SO phE1@F ns on

the inforgrati-op,FREOILH 5% BREIUGLNAYE ani aNnas BRI Ofhsdeceni&fd gy This

enabl es the relation between the anount of decentering and the phase to be
proper |y thetet,echeddidfidreheiaiadRv ) doetords ofatdeer hidech t'a”’be Pperd or med

Wt Dofl 91 Aol Blon BLeL neOmRensal L1 L% LBE (2550 £71 0L AY: Hsl nge the
to crossing the delimited position downwards. Hence it is
necessary to decrement the cumulative coefficient k(i) as shown
in Steps 874 to 875 in Figure 13.

Figure 15 explains the case where the original phase
26 information data row Pu(i) to be reconstructed increases.
Suppose the data row Pu(i) gradually increases with increasing
wedge number i as shown in Figure 15A. Also suppose the data
row has increased from the k-th section region A(k) to the
(k+1)-th section region A(k+1l) over the k-th delimited
30 position.
The data row Pw(i) increases with increasing data row

Pu(i) as shown in Figure 15B; however, when the data row Pu (i)

exceeds the delimited position k, the data row Pw(i) suddenly
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In the first enbodi nent, reconstructing precision is 10 remarkably inproved
as conpared with the nmethod shown in Figure 13. However, it has found out
that the reconstructed phase signal waveform Su has singularities at a few
points . Therefore, the second enbodi nent of the present invention ains at
further inprovenent in reconstructing precision. The second 15 enbodi nent
wi |l be deddrs bad tlyemstagtisheof irovedmséd aefaifri.gure dhasdalesaobherid owchart

of Figure in place of t f _Figure The foll own |sadescr|pt|on of
Che ot nG FofoP &bt Gy enid Ao iHrbHAL) GiF & Ghes LACERe s I or ML | on 20
recor di ngAdayi ¢844 é@qﬁwqﬁ{gpc&wtm Sted on the flowchart of Figure

8. In the process sgnown In Figure ep differential data row SPw
(i) is dividedSimce §hﬁl¢%¢a§@é~t Pérﬁlr)e@@ﬁgaﬁﬁargliafﬁqaﬂel)pra@cébgwghmm in

Fi gurg 2Fl§5%%t81§61 (LB FEALSANG S, @9 LA 2L 110547 PheW, 29 11

Fi gure 2 termne e’ two-step
di f f er entrioa Pdaua bambﬁ’My)hdo&lp)lngs tva ltuees ;s @oieor rr, eghen 1 argereddan " 3~"
When it ed that each ta of the two-ste ntial data

row bPw( |t)hebg?g$1§rig];88tﬁ1%s%%l% bﬁ%%@?%&ﬁt&@éﬁlquﬁ%aﬂgg ergﬁe Fhocedure

goes to mn%SaEOtﬂecg@q@fﬁltt&%r@Jmh@t Hyereoehtigiedbwk{j )odWortes
(k(i)=k(i-1)-2), and then goes to Step Sb2. In Step 46 it is determ ned

whet her &aeR leat aheh 'ha”23thet absgﬂepedvaﬂgeehecamedaitargew SPvi{$ )a bel ong
to t section 0 t d"3~" U|ve When. each dat a
T@ ?‘%l tflgg(hlf]fé)relptelg\ft%{;be (pr oce rit 5 slﬂejps §97thv ﬁ'errent

bel ong to tHé Section r'egi on, re go 5
t he currurt@t |C\r@s<sae1fgf|t¢1|eerdtell¢n(1t|ed) pos it ilork ypwarndssk Hened )t-1is) , 5 and

t hen goes tao Step S52. In 48 it i.s . determ er, each data of the
tvo- stepn&FFP&fﬂ«sﬁﬁalm&&e&‘ A PRy B iy e OB e SRk G 28giot o not

| ess t hanin" s3epsand d ess shhaw ' Figurdhars .each data belong to the section
regi on, the pro edure geﬁs to step 10 S49 to increnent the cumul ative

coef ficient k(? FyJene )p"kc(?equrﬁ)foraﬁ@alsﬁeﬁe@’)B%tFBCEEQB goWn |3 St ep 50

it %5 detE@@EE'rQGQ3VME%tsh%@1ee%%|&b(i%‘mat(Pxfatt fgﬁlas\@% s,ia%octl Heersnidal) fata row
bPw() belong to the section region of |ess than "- en each data

bel ong t sechassadctend 18enddioamouns f oiﬁ-;cmmeerglm Otfopmeep ps&ltet:ms
|ncrenen&ntggnggggkg%lVggéggigéﬁlggﬁ ft§ is rgwgtléefy(larae an 1 ) *2)

, and thén goes
phase signal waveform Su’ to be reconstructed has a large

amplitude. The reason for this is as follows. In the case
20 where the amplitude is small, when a data row crosses over the
delimited position from a certain section region A(k), it moves
to the section region A(k+1l) or A(k-1) which is higher or lower
by one. On the other hand, when the amplitude is large, the
data row may move to the section region A(k+2) or A(k-2) which
25 is higher or lower by two. However, the process shown in Figure
13 does not support it. With increasing amount of decentering,
the cumulative coefficient k(i) is likely to be decentered in
either direction of increment or decrement.
Figure 16 shows the simulation results. Figure 16A
30 indicates the phase signal waveform Su’ to be reconstructed
which is in the form of sine wave and has the amplitude of 170
rad, and Figure 16B shows the phase signal waveform Sw

convoluted by 2n, which is measured by the head. Figure 16C
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When each data of the two-step differential data row bPw () belong to the
section region of not less than "-~" nor 20 nore than "~", the procedure
goes to Step S52 while keeping the curnul ative coefficient k() at the val ue
of k(-1). The two-step differential data row bPw(i) is in the principle
range of -4~<bPw(i)<4~. Steps S52 to Sb5 are the sane as Steps S28 to S31
of Fi gur eRiw2thAfglers<Sttepgn8iSyatdtopn Gocedacenptoueedd By thkegemé gl at i ng

process of Step S14 shown in, Figur . The conpar.is bet tg met hod in
 gure. 19EARF I MAHOH ‘o7 FHR b dod SoGaOTRnirY or SyeH drng the
process Gfeddrgitieid RphsiseUkabadl Tove eXaNPE €, i Vbt Eheowadgenaumber N=50,
30 in the nethod of Figure 13, the phase signal waveform Su' to be

reconst r BERAd twede vis| PopdésnsERart Bie ipha e (HerapMavede 18 Sp5 Eadee
however, ct i I f t rad.
I n coﬁt r gsetl%r{sﬁz the e'rsope'cog~ ugm%i%%%tfﬁ%qtﬁ%ﬁggghgiggc?g}ﬁ%él\q/%f %?m Su'
to be redmists tictredtomest naedt] the phrstr sitgrdl we vied driveS ahplriopedd yofh¢99 r ad.

In general, the anplitude capabl e of being reconstructed is.in proportion
to the \A&d’gee p&werp%qer{r}%gpa%e[ haoglaorfgq:iagrboruents O_L% é;en%er?toéﬂi]?h t he net hod
of the present Terrediorent .itFas expopkentwbenptbpeevedgeenomberudlslOfe in the

met hod of Figure 13, the phase signal waveform Su' to be reconstructed was
wel | recoEidiidle®@haser s10RB L aNPYFEUHR T0Fo% G ealcafbREFePnagpesSignal

recongt r yohRt phassedl gPah MRNSHAE BSHebbHebYahedi 81 3L d adTnd0rd At
contrast, 1n the second enbodi nent, the phase si'gnal waveform Su' to be

r econst r wetbedl iweentwelfl thecomssentt édvaptiont Whiahpréaldecsft79s wakl

Accordi ng to, t he .net had t.he seca enbodi, t O e, prese i pvention,
t he phas esidfﬁéir]\ﬁae\fgfa@r %fo L]I" "Hdi gggidnémt %Jelg%%egr iflgitcgafl'trélc@¥%€a ion can
be reconsdhneaiced7vdrid ohd g apsecrsfonréd am £be Plwmpeesegnatmveyafiontn Sw
nmeasured in a convoluted state, w thout causing singulari tiereff even i f the

phase patters K@% furlsdides §a&y alfoT TR i S ictht rast to

the grackfdepidie AU 1 hese emod ity ALHIMIEFMITWEs prgeess is the
integration of the data fromwhich the nean val ue has been subtracted;

however, isefsinnes il geconeriadameddtinet dppirrciies axisi PabR eI uPeed,
nurrer i cal, d;t eggeaécﬁ ]%{Eet‘r’{ﬁeén{}ixt MR USERRl nBLAP3AR 3 Y § 00T chide 183 nRtion of a

reconstruc al” phase signal waveform as approxi mate function
S0 as to ddtnchtaod agical snppgrabdfioncthenrdramdrhexpar ddet ercoAs aescri bed

her ei nbef.ore, .according to, the esent invention, in.the,information
recor di ng d&HEE & FngﬁﬁtSHa‘éjg{}ée%\‘/% acc(r)]trﬂarncoqr, ™ @6 SPdptEi TS Rt al
dat a200wWdrstHeeshbp&s Sk @iislel aguiHErseation 4604 QNS, atdie ICUBW ot 4 oeed

coefficient is found to reconstruct the differential data row, and,
i nt egr at itehthe peiforFBdl 40 & E¢4ASEr BEPPPRE PP e 3 WhOSFabPPSR 83Ha T ow.

Ther ef or g+ 1R DA HIMBledaMR{ Yimd ek aatd N e OF I gidal 2 25

micromotion actuator 16 which utilizes the thin film
piezoelectric material attached on the free end side of the
25 slider support beam 15, a slider 17 which is attached to the
tip of the slider support beam 15 and its micro displacement
is controlled by the micromotion actuator 16, and a
recording/reproducing head 18 mounted on the slider 17. There
are also a permanent magnet 19 attached on the case opposite
30 to the coil 13, and a head position control unit 20.
The head positioning control unit 20 supplies the coil
13 with driving current so as to rotate the head actuator 10

around the rotation axis 11, thereby performing seek operation.
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track | ocation can be reconstructed accurately fromthe phase signal
waveform neasured in a convoluted state, even if the phase patters on the
i nformation recordi ng nedium have a | arge anmount of decentering. 5 Using
this result can detect the relation between the anount of decentering and
t he phase precisely Hence, high precision tracking can be achi eved by

perform t f qﬁg

decenterlplglgec#‘n G‘tqirie rgelt;?gl}%{noélfg R/éﬂr}ieneé.'t %%@%%%%Zi%?% tV\%at is at
present czm"fsmim*tecbrt @ da rariefoe meed vembodiotrantisigobitt hiighi spesti ebthisd Wil |
be understood that v rlo%rmdlflcatlons may. be made therein, and it is

i nt ended "EEDVRACEHF SRfed ding REad1B CERRORNGESi kBt f orRaEsetal |

Wi thin the Adi@ tSiid 518AE1800RM helih £dMnd tHENEEeBrd28g mdMBlm 1Sa g4 ai med
is: 1. A nethod for reproduci n% phase information signal's in an information
£

recor @i ngimﬂﬂtlésc&ﬁﬁm dionghea hepdsposiép opfingc ganitireg andat 40r owl'led phase
f t t ded
I nf or mat i gn, patterns | ﬁoeﬁ?%a&&?asdl SE tpcsaﬁeerszplpcg&}’éé)d‘sjlr%cf&?@r ed as

repet|t|\Pe ITectio t he radi an 1 nformation
r ecor di ngagetianat iaves ecigh Ist emmﬂtgxerrgermomngtrae hHd sy aoe i ad rrdat Bor ow

consi sti of a data ro of _differential | ue et ween adj acent .10 data in
Sors ant Akl e e o ek it W EP IS R0 A BRelh g oo s
generati rﬂ:leldvmrgsbp@ratﬁbarmtpo@lltd@trﬁth@mmaiss«viﬂ]g spedtata figw of
diff rentlal val ues_between adj acent data in said differential data row, a

four {R sti@Fastt GEREKAT AY T UFFREKERDIAAT TRATE FDAPEE3F4EHRT FhS DY a
reconst r st LA HraGess: f RheSil ¥ BOSRE A ‘éPéHBtPBl RIPGESS, g &ld 1t &s

curmul ative coefficient 'is cal cul ated accor to the secti on region to
whi ch eadlriddtng shosald btympesfepmdngfm@ﬂneatmndmcacaéwubelt@ngs meked fifth

step of 3eaui il ng %n% hasenkenpatop dat a, §r36E73T8 dé&c{ansn@’ﬁpp' yi ng

g ? Qw 20
an integrating pr JE8sse6VsSaradteconstruct ad ferentia a T oW . The

net hod f ahe eptiedugi Bggphasetd nftoy rmiﬂrplfl&mgpaémemet:belbnépém@.mom
recoigl n% device of claim1, whereiw n the data row of said phase information
int PdCIOmos 1iog ACEFAFOTULEd dBPa PoRF BRI SR | Hgteh tehel ¢ ebfi nder s

obt ai ned s%yoﬁb‘fb@bagtﬁ% *'t}ﬁj@th%a!d“ 18 P@%iﬂ&{é@tﬂ&@h@aﬁér?éw {0 e

reconstructed by 2~. 3. The method for ‘reproduci ng phase infornmation
si gnal s |mttfh¢henf8c3rmﬁ dﬁ -recording device of claim2, 30 wher einin the

nggrLQt f};gp% oP%g’ ey Al Hes, Of gal E,a %Ct 18 LNF AlE t g = and 4.
produci ng hasel ormatl S|gnals It e|n ormation
recor di nged®nsteruafted, ammﬁ2flaﬁre 3B shows the phase signal waveform
20 Sw measured under the condition of being convoluted by 2=x.
Figure 3C shows the phase signal waveform Sdw obtained by
applying the differential process of Step S12 in Figure 1 to
the measured phase signal waveform Sw; Figure 3D shows the
reconstructed differential phase signal waveform Sdu obtained
25 Dby executing the phase reconstructing process of Step S13 shown
in Figure 1; and Figure 3E shows the phase signal waveform Su
obtained by executing the integrating process of Step S14 of
Figure 1.
The method for reproducing phase information signals in
30 the information recording device of the present embodiment will
be described as follows, based on the flowchart shown in Figures

1 and 2. The following operations are executed by the head

positioning control unit 20.
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In Step S23 the differential &Pw( ound between

adjacent phase data in the differential data row dPw(i). The

dPw (i) is referred to as a two-step differential.

20



_cJ}xsnid_Z]]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]lca]ca]calcalc
aJ ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca! JLST wxbcEFek

rx7}xsni d_Z]]ca] ca] ca] ca] ca]ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca! 7: @K #xbcEFek;

rx7}xsnid_Z]]ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] ca] ca] cama] calem) cal cadwe] caMpi K—-" 10%H& () -L- 10%& ()- 9

10%& ()-F10%& () - 10%& ()-$S10%& ()-109%& ()-tO ;- 1! #10%b& ()- !
#10%b& ()- ~ WLOVERR )S24 KBy #dogergrminegarigthen oopeh (et of [ kbe

"1 610%D& () md i 3K RV & L)-435 1 L) =T L2109 & L

10 f{sv@,%‘%eg;ﬁi&i%/%@n%?sfﬂé&@gr&) B LOPOB& &g T €2 10DE £ e L ¥n

1 pVFO# 1 Q88 IRfr& 1(Qrd e FHEBON K& . () Whek-9itt] Q0P (dR(L& riinetDithd@beach data

10b: 10%0& {) - 8L0%WE& () - Or~p 1S7X9~) . L #10%& ()L O, | #10%( h( & () - !

| #1090( & ‘(% 2‘35? e %9 %%%/Eze&{"‘i’)a-‘]r f%%io%‘%%:?%‘?fﬁsﬁe@é“&%&) the
" #3%2 00 YFd @HQVE Pioh 148GeE0tndA(BL0%& ﬁ)iobé@.ﬂ:@l@%é Ri'stkr! s25
| #100& ()-TL 1 #109(h(& () wiBdY7! ¢, #10%(T(& () ]g}!;l,#locyf(A(&' ()-

(ly 1#1Oq@qu%g{gment the ‘cumulative coefficient k
(k{(i)=k(i-1)-1), and then goes to Step S28.

1

When the determination in Step S24 turns out to be
10 negative, the procedure goes to Step S26 where it is determined
whether each data of the two-step differential data row dPw (1)
belong to the section region smaller than “-n”. When it 1is
determined that each data in the two-step differential data row
OPw (i) belong to the section region smaller than “-n”, the
15 procedure goes to Step S27 where the cumulative coefficient k(i)
is incremented by 1 (k(i)=k(i-1)+1) and goes to Step S28.
When each data of the two-step differential data row
SPw (i) belong to the section region of not less than “-n” and
not more than “n”, the procedure goes to Step S28 while keeping
20 the cumulative coefficient k(i) at the value of k(i-1).
It should be noted that the two-step differential data
row OPw(i) is set in the range of -2a<dPw(i)<2m.
In Step S28 the value obtained by adding 2nxk (i) to the
two-step differential data row &Pw(i) which is the current
25 process target is made the reconstructed differential data row
dPu(i):
dPu(i)=8Pw(i)+2mxk (i) -~-- (22)
In Step S29 in order to process the next process target,
the variable i is incremented. In Step S30 it is determined
30 whether the value of the variable i after the increment has
reached N or not, that is, whether there is a process target
left or not. When it is left, the procedure goes back to Step
S23 to apply the same process to the next target. When the
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#10%&5() é%]éﬁé reconstructed differential data row dPu(i). The phase
signal waveform Sdu corresponds to the result of
differentiation of the phase signal waveform Su’ to be
reconstructed shown in Figure 3A.

After Step S31 shown in Figure 2, the procedure proceeds

10 to Step S14 shown in Figure 1. In Step S1l4, an integrating
process is applied to the reconstructed differential data row
dPu(i). The integratingprocess isthe integrationof data from
which the mean value has been subtracted. To be more specific,
supposing the mean value of the reconstructed differential data

15 row dPu(i) is Ea, the differential (dPu(i)-Ea) is integrated
with respect to the variable i, thereby obtaining the data row
Pu(i) of the results of integration.

Pu(i)=%(dPu(i)-Ea) --- (23)

Figure 3E shows the phase signal waveform Su

20 corresponding to the data row Pu(i) of the results of
integration.

In the aforementioned description, the phase signal
waveform Sdu of the differential shown in Figure 3D is the
differential waveform of the phase signal waveform Su’ to be

25 reconstructed shown in Figure 3A. The integrated phase signal
waveform Su shown in Figure 3E is closely analogous to the phase
signal waveform Su’ to be reconstructed. The phase signal
waveform Su’ indicates the original track location.

As described hereinbefore, according to the method for

30 reproducing phase information signals in the information
recording device of the first embodiment of the present

invention, the phase signal waveform Su’ indicating the

original track location can be accurately reconstructed from
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10 remarkably improved as compared with the method shown in Figure
13. However, it has found out that the reconstructed phase
signal waveform Su has singularities at a fewpoints. Therefore,
the second embodiment of the present invention aims at further
improvement in reconstructing precision. The second

15 embodiment will be described by using the flowchart of Figure
1 and also the flowchart of Figure 8 in place of that of Figure
2.

The following is a description of the method for
reproducing phase information signals in the information

20 recording device of the second embodiment, based on the
flowchart of Figure 8. In the process shown in Figure 8 the
two-step differential data row &6Pw(i) is divided into smaller
section regions than in the process shown in Figure 2.

Steps S41 to S43 are the same as Steps S21 to S23 shown

25 in Figure 2.

In Step 44 it is determined whether each data of the
two-step differential data row dPw(i) belong to the section
region larger than “3n”. When it is determined that each data
of the two-step differential data row &Pw(i) belong to the

30 section region larger than “3mn”, the procedure goes to step S45
to decrement the cumulative coefficient k(i) by 2
(k(i)=k(i-1)-2), and then goes to Step S52.

In Step 46 it is determined whether each data of the
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10ve< ()2 1SRN ST it B i A< TR 0
10< 10<; 1H¥4s%r( Jof Mot NQ%e<&har “-Bh0%ERE (k=3 thi@%-n”. When each
data belong to the section region, the procedure goes to step
10 S49 to increment the cumulative coefficient k(i) by 1
(k(i)=k(i-1)+1), and then goes to Step S52.

In Step 50 it is determined whether each data of the
two-step differential data row &Pw(i) belong to the section
region of less than “-3n". When each data belong to the section

15 region, the procedure goes to step S51 to increment the
cumulative coefficient k(i) by 2 (k(i)=k(i-1)+2), and then goes
to Step S52.

When each data of the two-step differential data row
OPw (i) belong to the section region of not less than “-n” nor

20 more than “rn”, the procedure goes to Step S52 while keeping the
cumulative coefficient k(i) at the value of k(i-1).

The two-step differential data row dPw(i) is in the
principle range of -4n<dPw(i)<4m.

Steps S52 to S55 are the same as Steps S28 to S31 of Figure

26 2. After Step S$55, the procedure proceeds to the integrating
process of Step S14 shown in Figure 1.

The comparison between the method in Figure 13 and the
method of the second embodiment for performing the process of
Figure 8 was simulated. For example, when the wedge number N=50,

30 in the method of Figure 13, the phase signal waveform Su’ to
be reconstructed was well reconstructed up to the amplitude of
25 rad; however, the reconstructed phase signal waveform Su

fluctuated at 26 rad. In contrast, in the second embodiment,
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In contrast, in the second em odlment the phase signal waveform
Su’ to be reconstructed was well reconstructed up to the
amplitude of 796 rad.

According to the method of the second embodiment of the
present invention, the phase signal waveform Su’ indicating the

15 original track location can be reconstructed with high
precision from the phase signal waveform Sw measured in a
convoluted state, without causing singularities even if the
phase patters have a further larger amount of decentering in
contrast to the track density.

20 In these embodiments, an integrating process is the
integration of the data from which the mean value has been
subtracted; however, besides this, there are other approaches
availilable such as numerical integration with the use of
Simpson’s rule or the estimation of a reconstructed

25 differential phase signal waveform as approximate function so
as to find a logical integral function from the parameter.

As described hereinbefore, according to the present
invention, in the information recording device utilizing phase
servo control, a two-step differential data row is used to

30 distinguish section regions, the cumulative coefficient is
found to reconstruct the differential data row, and integration

is performed to reconstruct the phase information data row.

Therefore, the phase signal waveform indicating the original
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10 While there has been described what is at present
considered to be preferred embodiments of this invention, it
will be understood that various modifications may be made
therein, and it is intended to cover in the appended claims all
such modifications as fall within the true sprit and scope of

15 the invention.
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consisting of a data rowof differential values between adjacent
10 data in said data row of the phase information read by the head;
a third step of generating a two-step differential data
row consisting of a data row of differential values between
adjacent data in said differential data row;
a fourth step of generating a differential data row
15 reconstructed by a reconstructing process for solving the
convolution process, after a cumulative coefficient is
calculated according to the section region to which each data
in said two-step differential data row belong; and
a fifth step of acquiring a phase information data row
20 reconstructed by applying an integrating process to said
reconstructed differential data row.
2. The method for reproducing phase information signals
in the information recording device of claim 1,
wherein the data row of said phase information in the
20 first step is a convoluted data row consisting of the remainders
obtained by dividing each data in a phase information data row
to be reconstructed by 2m.
3. The method for reproducing phase information signals
in the information recording device of claim 2,
30 wherein in the fourth step, boundary values of said
section regions are set at “-mn” and “n”.
4, The method for reproducing phase information signals

in the information recording device of claim 2,
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wherein in the fourth step, boundary values of said
section regions are set at “-3n”, “-n”, “n” and “3n”.

5. The method for reproducing phase information signals
in the information recording device of claim 1,

wherein said integrating process involves generating a
data row by subtracting the mean value of the reconstructed
phase information data row from each data in the reconstructed
phase information data row, and applying numerical integration

to the generated data row.
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