- METHOD FOR DETECTI NG SERVO ERRORS FROM A DI SK FI ELD OF THE | NVENTI ON
The present invention relates to a nethod for detecting servo error froma
disk and refers particularly, though not exclusively, to such a nethod
whereby the | evels of synchronous signals recorded on the header area of a
di sk are conpared. The invention also relates to a nethod for detecting a
tilt error. DESCRI PTION OF THE RELATED ART The quality of a signa
remar kably deteriorates due to a servo error such as the tilt and detrack
of a disk as recording density beconmds higher not only in a disk only for
reproduction such as a DVD-ROM but also in arecordable disk such as a
DVD-RAM I n parti C Meghop FORDETECTRCYERYO ERRORSFROMADISH Ng qual ity
deteriorates due to the influence of the servo error when the servo error
exi sts during recording and the deterioration of the quality of the signal
beconmes s@ELDORTRE IWENTIONSer vo error during the reproduction of a
concerned part. In a DVD-RAM di sk, informationis recorded on a track. The
track.is conprised of aland track. and a groove hack. The | and track and
the gr oové’h?WWWWWWM@TGP@WHQﬁ%ﬁ%@fésffeﬁceed'smlé réfensd track and
the Er 00V Qartiuiil maw?@m@?w Suich agneimél}%é%byimheuers of @ %?éu@ pr O\él de at
racki ng e In.an initial_ stage.gn 0 Cross et.ween adj acen
L0 bl D bl el o %%ka'eﬁ{@ar%“@wmgm@aﬁ%?fe F8F sect or s
havi ng, an&wpﬁﬁrﬁmMMnﬁﬁﬁaWWFNe enbossed header area. is provided during
the manufacturing of the disk as a: neans of physically dividing the
sectors ddr of the sectors are recorded in the
pre-enbosggggﬁ§£%§+ a E ?ﬁ 2ctor is conprised of a header area in
whi ch physi cal i dentification data (PID) is recorded and a data area. FIG

4Ashows 1 i B%t?'o?ﬁ'sngﬁg%%wtd&?enh%{ég dbé %Pg sérOo @rr&)\%mrﬂ' "an FIG |IB

shows t he of a push g | and track. The header
area is r&giest di?in an @E%’BPWBV 'W%‘BS"t‘}"Hé‘?( ’EWHWP‘I Ds (PID1
t hrough Psithps h@VDr@M et alsaime mta*dae!edlsi&suob@eamm dneatiadedar thar ea. The

PIDL and (D&dable disk, recording quality deferiorates due to the influence of the servo error when
the servo error exists: dunng recording and the deterioration of the quahty of the signal .

becomes severe due t the servo error during the reproduction-of a-concemed part. .

In. a-DVD-RAM- disk, information is recorded on a track. The track.is comprised. of a land.
track. and a groove track. The land rack and the groove track allemnate when the disk
rotates ence. The land track and the groove track are altemated: in the DVD-RAM disk in
order to'provide a tracking guide in an initial stage and to reduce crosstalk between-adjacent

© Thetrack ns compnsed of sectors: havmg a uniform length A pre—embossed header area. is
.pn:mdeeimnng the manufachiring of the- disk as a-means of physically dividing the sectars '
Fhe: phyacaiwdresses ofthe sef:tors are recorded in the pre—embossed header area

" Each sector is comprised: of a header area in which physucal identification data (PID) is
 recorded and a data area.

FIG. 1A shows the physical shape of the land track in & DVD-RAM disk. FIG. 1B shows the
wavefonnofapusb—pnﬂs»gna!mthelandtrack '



PID2 are arranged to deviate fromthe center of the track by a certain
anount and the PID3 and the P1134 are arranged to deviate fromthe center
of the track to a direction opposite to that of the PIDL and PID2 so that
the PIDs can be correctly read even if a | aser spot 22 deviates fromthe
center of the track. Also, the arrangenents of the PIDL and PID2 and the
PID3 and PID4 in the |and track are opposite to those in the groove track.
The push-pull signal showmn in FIG | B can be obtained in the |and track.
FI G 2A shows the physical shape of tze groove track in a DVD RAM di sk
FIG 28 shweaﬂleh@rewés/e@eﬁtmlmnann@ ueybry patttr o itombikcki FouhBIDgr(Btte tr ack.

FIG 3 shansugnl sama\g% In the
structure 85’% he he er a, tﬁ?%%ﬁ%%%&g&%a %ﬁé b@%g%ed PID4 are

arranged t%¢ (Sfﬁ‘f ﬁ o ghe tepter of thegizek by-aeertain amenb ard the PR3 ect | ons by
a uni f or maasrthePiD4 de wianged Griatiath o g @ntesai tFacke t d diREHoR REYbskOL

h h |
Sar esaos o O EPIATHE IS ot AP Gab Bo Bt} re BT U B2V
si gnal hadevistesTrarpthepanter pidbe teack @FOAhPﬂfwngemeatssfethW@ndFm apli ek si gnal ).
As shown iPrDaFnc. PH34 mtttlieeraulitﬁm@reaﬁ;@asne&o hosEIh Itrﬁaegiodaé &0 ThdJugpstnl DL (P pl)

ID4 {Liaggﬁ%%;’@%{i&% l{' |L 3 37 ar?(d D3 (PI D3)38, and vfo4 39 and

e aser spot passes through the header
area of the groove track, a push pull signal RF_pp shown in FIG 4A and a

sum si gnarmmwmyﬁb&fﬁﬁgﬁ@ tra@0h AIDVBRAM Bisik | K448 ghokb01 si gnal

42 corres f‘%’ﬁ' gg Vi Ol 'ssiaﬂn?’ areahar_;? of FIG 3. A vfo3 signal 43
correspon s 1o v B'I'féml el ares 9r G 5 shows the structure of an
apparatus for obtaining the push-pul |l signal shown: in FIG 4A and the sum
si gnat shpe 3ishows! the erﬂa‘igedl H&adilr @;ea%hovfrﬁﬁ EIGNGR tsUERR2A! TR dRRRkes. 2

phot odet e r_divided on ef erence n | s 52 and 54
denot e ad%ggeadgr %ﬁghiic:?e nu ?ﬁ‘gg[ﬂc?eﬁ?g? aée%réﬁng‘?ﬂmol# eafﬁ’?'émﬁppar at us
shown in Fﬁ“ﬁ'ﬁsﬁ@&aﬁb%‘?ﬂm@t&s@mmmra \Riformy amayit. s A g bignatl beémgt 2d by | i ght
recei vi ngsgﬁbmﬁenéymwﬁﬁ%;ﬁag@ﬁdéd@n@hgbﬂﬂﬁlg?%lswd Firdoryith four, sum

signal s V,Jmﬁgg of di_al . espect ive |ight
receiving e eman‘fs e pus T SSPE:H‘éq EPWP has Qubt ract i on
si gnal VZEWWW&WWZSaWOmeCTOCk signal).

As'shown in FIG. 3, the header area is comprised of viol 33 and ID1 (le) 34, vfo2 35.and .
1D2 (PiD2) 36, vio3 37 and ID3 (PID3) 38, and vio4 39 and 1D4 (PID4) 40,

In FIG. 3, when the laser spot passes through the header area of the groove track, a push-
pulk Slgna! RF_pp shownin: FIG 4A and a sum signal RF sum-shown in FIG. 4B are
. obtamed In FIG. 4A, a- vfm signal 42. corresponds to the vio1 signal area 33 of FIG. 3. A
vfoSs:gmM& correspendstothevfo(-} signal area-37. '

FIG: 5 shows the structure of an ‘apparatus for obtammg the push-pull ssgnal shown:in FIG.

4A and the sum- sngna% shown in FIG. 4B. In FIG. 5, reference numeral 50 denoles-a
 photodetector divided into four sections. Reference numerals 52 and 54 denote adders
_Reference numeral 56 denotes a calculator.

The apparatus shown in FIG. 5 cutputs the sum signal RF-sum of signals detected by light

_ receiving elements A through D of the photodetector divided into four, sum signals V1 and-

V2ot radial pairs B and €, and A-and D of respective light receiving elements, and the push-
' 'ptziisngnai RF_ppwEm:h is a subtraction ssgnal V2-Vt of V1 and V2.



FIG 10 shows a conventional technol ogy for conpensating for tilt and a
net hod for detecting the anobunt of tilt by a specific pattern recorded on
the track of a disk. The specific pattern coincides with the proceeding
direction of the track and the center of the track and is realized in the
formof a reference pit A and/or a reference pit B. It is possible to
obtain OR informati on by conparing signals reproduced fromthe reference
patterns shown in FIG 10 with each other and to thus operate a tilt
conpensati ng equi pnment according to3the obtained tilt information or to
conpensat &16.010 shewssi geraentions) techaoiay rfgr tdwepensatngalor 2itrand gefrieihod dort  of the

AR ra‘*?‘eé"“gg?'ﬁ"gﬁ’“?“n“”t R%’m@ pRRhELRRI SRR Gub HR Padic) 08t odl |1
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shown in Eéﬁed]rﬁhefnhﬁoﬂaidgiehca}fﬁﬁdmﬁfofﬂfeﬁ#@a@ﬁtB pattern for detecting the
tilt is too short Another pattern is necessary in order to detect the

correct position of the tilt pattern. Also, radial tilt (tilt in a radial
di rect i on)t izeasrbe ipebizie fibiplogeption &y prRpagngesignale ireprodusedy fromsthe: zeferencet han t he

tangent i a|patte\*ﬁstshmﬁ1 |@F@Cimﬁi&,ea&l'hﬁhé’r%ﬁ&t6@ﬂﬁﬁpd?ﬁé hes éb?npaﬁ@msgogqmpﬁ;@musef ul .
S o b o PR E RS Wik uPhBLRS) ¥ ARG B B BY cheing e

r ecor di ngf""rcefJ ucl ng appar at us
recor di ngﬁ'ﬁ@tﬁ%’&ﬁiﬂ?fgﬁ@@m@dwwsigsa'necessary to nmanage the servo error
signal in high resolution However, the precision of the servo error signal

vari es depending on.the dlsk e .reproduci a s. . Accordingly, it
is di-fficd m{ebec'l AP PP, '8e5$]ﬁ8 1055%1/5' a"lafbrl?a? &pﬁ?w#ho s]ke?@gl ve of the
pr esent im@mfﬁﬂd%t@hm@wmwﬁitmﬁ@meﬂen)hod for detecting a servo
error. It is a second objective of the present invention to provide an

e pr o5 HPWRy B ShPEaehs Jnatody, pn FETE, b dirobcy b BeIRg. o tiit.
error. 4 Wﬁ'ﬁ@ﬂlmmmnﬁmm@ﬂem ispecashale b aadamint dedet ther det ect i ng
SEervo errgre&iposiiond3PREbieiadsm Ao, FASM BN Gk diRition) cannot be detected.

Since the radial tilt is. Iargei'than the tangential tilt in practice, the reference patterns are not

so useful.

Since it is necessary to precisely manage the servo for the recordingfreproducing apparatus
to maintain-an 6ptimal recording/reproducing state, it is necessary to manage the servo error
signal i high resolution.

However, the precision of the servo error signal varies depending on the disk or the
repmdm':ing apparahm Accordingly, it is difficult to preciséiy manage the servo.

“Hisa ﬁrst oh;ecbve of the present invention to provide an improved method for detecting a
’ SEIVO-eITor.

" Risa second objective of the present invention to provide an improved method for'detécﬁng
‘& tracking - esror. '

Kis a third objective of the presem invention to provide an improved method for detecling a-
titt error.



and reproducing data froma disk in the data area of which reference
patterns having a uniformsize are recorded; wherein the servo error of

t he recording/reproducing apparatus is detected by the ratio of the

magni tude of the reference patterns recorded on at |east two positions
separated from each other to the nmagnitude of the reproducing signa
corresponding to the reference patterns. In the nethod, the disk is
preferably divided into sector and each reference pattern is a synchronous
signal included in a header area in which the addresses of the sectors are

recorded. FHMMARGRR JIEINVENZION conprises a land track and a groove track
and each reference pattern is a wobble signal for separating the |and

track fro the ropve trac a_radial direction of the _disk. According
to a seco '%? 6‘%" Q@éﬁfec'fwsm B of ahanraratus Ty rerprdngdal2 Pet hod of

detecti ng anarepmdumgeu!atmfromfa disk iahpadatd area bbwhicle pfedahae ipbigeraiiaging BOM an
opti cal uﬁikorrh QE&%%M g@%mluswsem@reﬁ& %%}aﬂ%&@h&@ﬁﬁ&g s_€ach

sector has a head er for I cat1 ng an address as a first

header andetctedhby &HE’P gl oF e refergRcgdatierns resuTet en trleast Wocent er of a
track in Wmt@mmm aitidr tthethé | magnitdile a g thed Réprddiengs egasd header

have addrggs ﬁ[ ";P [ess si gnal s of the sectors are .recorded
and synchronous gﬁgn }g%eas |%qvvh| ch synchronous signals for detecting
t he address signals recorded in the address areas are recorded, the nethod
conpri si ngy mdmeefommagk&dxremﬁbryldwfdeimﬁyfseaof bﬁ&&mﬁy&s@ﬁm&n% gnal of a

r epr oduci rs ader | eve Ivf 3 of a second
synchrono%ys Si g%ﬁgdﬁﬁ %H %ec%er?gghaer?d'grw 'cggj?f ﬁ}éjéetsf;?? g"s%?’:W)s BFror in
accor danc®cfifeth a ratio of a magnitude. of Mt to a magnitude of M o3.
Preferably the magnltude ratiois (lvofl - M3)(lvfol+ Ivfo3) or (lvfol -

Ivof3)/|o alevl of .a mrror , the

r epr oduci g™s é’e&‘? 5 a sum EPGNAT* B oravef 53?(9 ac}'ﬁe’t%[erf?ﬁtg?@ab ect or

di vi ded ?WWW@W@RS“@M“%”WWW@MPﬂgad@fgwaﬁmlt%ﬁla push- pul |
signal RFgigp and the detected servo error is atilt error signal.

Al ternatively, the reproducing si gnal is a sumsignal. RF-sumand the

detected servo error.is tracking error signal. 5
Accordmgm a second form-of the- present invention, there:is provided a-method of detecting

a servo-efror afan apparatus for. reproducmg data from an optical disk in which a.recording -
area is divided M,sectors each sector has & header for indicating an address, each header
has a first header and a second header which are recorded to. deviate from a center of a
track in opposite directions, and thie first header and the second header have address areas
n wmch addms signals. of the sectors: are'recorded and synchronous signai areas in whlch
synchmnows s:gna:s for detechng the address. signals recorded in the address areas are
recorm the: metiwd oempnsmg determlmng a level Mol of afirst-synchronous. s;gnal ofa
reprodtmmg sxgnal in the ﬁvstheader and a levelvio3: of & second synchronous s:gna! in. the- '
_seeond header ami deteetmg a servo error in accordance with a ratio of a magnrtude of
ivfol to & magmmde of Maa

Preferably, the magrmudef ratno is (Ivfo‘i o3){ivio1+ lvfo3) or (o1 — Mo3)lo, wherein lo:
is a level of a mirror sngna!

Preferably, the reproducing signal is a sum signal of radial pairs in a photodetector divided
into four sections and that the repi’oducing signal is a push-pull signal RF_pp and the
detected servo evror is atilt ervor signal. Altematively, the reproducing signal is asum signal
RF_sum and the tﬁetected servo error is tracking error signal. '



Preferably, the detecting the servo error conprises determning the

magni tude ratio by averaging nagnitude ratios obtained froma plurality of
sectors adjacent to each other in either a tangential or radial direction:
Preferably, the optical disk has a plurality of |and/groove tracks, and the
met hod further conprises inverting the magnitude ratio in each | and/ groove
track. Athird formof the present invention provides a method of recording
data on and reproducing data froma disk in which a recordlng area is

di vided into sectors, each sector has a header conprising an address; each
header ha®referélly, e drlentieg tharsérve esror ovtprisesadierminig Ghel edgtiiode dabvibyt e from a

center of Léaﬁg. inlcB rRRE Bty Forh %caura.@sof saa&sta&scem {o%acﬁ%mg.e,h and the

second heater e address areas i n dress signals of sectors are
recor ded sﬁafagwﬁeﬁﬁeﬁaa§d§%6w5| areas |n mhlch synchronous signals for

detecting the address signals recorded in the address areas are recorded,

t he netho L N t he

synchr onous Snai ggﬁ ﬁ%%‘%@% E’Jn&g'toov W%%a aggggnﬁgtﬁ%dgﬁh?%de W53 of

t he synchﬁ@ﬁ@ﬂ%ﬂmﬁﬂﬁkm§F@mmmﬁﬁquemﬁéw@ﬁﬂmﬁeﬁﬂbr and controlling a servo
so that the ratio of the first magnitude Mal to the second magnitude |vfo3

2 S e g et B S S L o0 RS o LRSS abl bkt e

restrlcte presen I nven
provi des detarerhadiskin whishegetoripgaerends wwd@rmtgrse@ﬁrs &ech sepigehastahsades

repr ogum Bnprdhdard marbaapma hdﬂ'a’iﬁfsthrgydgﬂ?mﬁgfsédoﬁ% héRECEENER t&lt gnal f and a
secon reter ce SI I C are recorde eV a ce er o a
e A s L MU S
conpri si n@aatede‘tae& mddnewgaam iip S¥hicheqdsyess | signels off sactves Bier gcorded gnénce si gnal
and a secgq B.eas afwrﬁdaesya@.faaaﬂ; é’:gﬁsfa@.rf&rﬁéﬁ:cﬁg%@bddrés&%r epr oduci ng

signal re ro n1the optlcal K; etermn nce val ue
K e cor PSR dhru PR dvaen gresHrRtFih e AR SEprong, deliing 278, . ' Pyt o3)
and det ecmmguclehém Qf@vamnquws c!walseghdﬂpém firf beddat andceseveniduraghitude: er t he
disk is %mgme h%s@c&ﬂ@@%ﬁbﬁﬂ@ﬁﬂolﬁn@%ﬁlo%ﬂﬁéﬁe track,

each sec es t t,and secon r | nd the
met hod f 'g’se&@ij G R %%"g?ﬁ%zv@aﬁa{}ggs %E??f rom :
adj acent @wm@ﬂbhmehesB@@F@P@Eéﬁd"ﬁ?@@égﬂﬂ@stmb bal ance values‘to det ect
t he servo error Anot her form of the present invention provides a nethod

of det ect_‘_hn% tmg:%(m nug ?urr&er forf')n]c pr%\raﬁlndes a:method of detecting a servo-error of an

apparams f_or reproducing data from an optical disk having a-first reference signal and a

. second reference signal which are recorded to deviate from a center of a track in opposite

directions and which have the same pattérn, the method comprising: determining a first level

wfot of the ﬁrst ‘reference signal and a ‘second level vfod of the second reference S|gnal

from a. roducing sngnal repmduced from the optical disk; and determining a- balance value

Ky accmdmgm the: fullowiﬂg equatron K, = (Ivfo‘t -Ivfo3) / (o1 + Wfo3);. and: detecting: the
sewnembaseduponmebaian{:evame K;.

- Preferably, the disk is divided into- s‘ecbrs‘:having'a predetermined length on the track, each

. sector compnses the first-and second reference signals, and the method further comprising

' 'determmmg baiance values obtained from adjacent ones of the sectors and averaging the
‘balance values to detect the servo error.

. Another form of the present invention provides a method of detecting a racking error of an
-apparatus for reproducing data from an optical disk having a first reference signal and 2
second reference signal which are recorded to deviate from a center of a track in opposite

 directions and which have ti':e‘same-‘p_a.ttem, the-method comprising: determining & first level



apparatus for reproducing data froman optical disk having a first
reference signal and a seconds reference signal which are recorded to
deviate froma center of a track in opposite directions and which have the
sane pattern, the nmethod conprising: determning a first level 6 Mt of
the first reference signal and a second level Ivfo3 of the second reference
signal froma reproducing signal reproduced fromthe optical disk; and
determ ning a bal ance value K, according to the follow ng equation: Kt =
(Mel - Ivfo3) / (Mt + Ivfo3); and detecting the tracking error based upon
t he bal anm1mthee°ird(;eferé?mefs*@nalah93 setrmd dévellkdvioI ofdhey setort iefrepcg eigtadr s havi ng a

predet er nj é’e sﬁ@ a;trQ&oJuE&q}sm tﬁ@sﬁacal §i§lPTaPJ déié?%fnb%%élaﬁd&e:aﬁné rst and

second re eren and the net hod I Si.n det erm ni ng
bal ance vk %@%F’M@’@WBW Kethfols n’§f§3)di("‘f??1e "’é‘g?p:taﬁ‘i' Qetehig WS er agi ng t he
bal ance vedding efrér bet @pdn thdialahceeieng error. Another form of the present
invention provides a method of detecting a tilt error of an apparatus for
reproducing data froman optical disk in accordance with a subtraction

si gnal  RPefemblyaibe digi ig dividedsiptorsesters baning asirefelermipgiensthoecibe Bed gl ence si gnal
Whi ch ar esdeRe ednshSestite firsteMit 8dctnd rreef’anae ﬁ@ﬁtseénd(lﬁe eth6AKher Boriiipiag i t €

directions and which have the e

det erm ni "‘f"\f%?“?e“%‘ %% ° pes Ofmeersgfln%res S é‘ﬁee{%g)@nﬁéa second

| evel Nbaimmsmmfheeﬁaekimry gnal from a subtraction signal RF_pp
reproduced from the optical disk determning a bal ance val ue Kl accordi ng

Ejgt tegt(:al L%"ﬁ@' ﬂ%?‘ggeﬁ%%%ﬁ%@mé' ‘"%eﬁe B‘&F‘“&%) %" fg:ﬂ“ emop é?’ér ably, the
di sk- i s appariatie fbrirepregugimctaby fonhavontice disl nededrdanps wiua sublreaiipn gondl he tr ack,
each seqgpPy ﬁamgrd ﬁaseféreﬁcefs@atanaaeeéﬁe meﬁcefs@ﬁ@ RBRh %iegeéﬂrc%d i@nd the

nmet hod furt ri sin al anc val,ues obt from

adj acent %’é@f@f"‘i fee ol & q@?@'"&ﬂ@gg%'ﬁf%@ﬁ t“ﬁ'é:ﬁh ?‘l%aé"evpé"ﬁ %o detect
the tilt reethwircomplisngedstamining @ fipt isvéldded f&tmmﬂﬂ@fﬂeem@@mﬁwﬁser vo error
of a di Skeyef QBB thé BdondiRlcRhid gagragﬂor@aéuuu%omgrmmp% rdpkoddbeddnk Or M y si zed

reference at t corded o at t of 4N area of the
di sk, ﬁ“@érﬁsﬁ’l nigg 2 Drges g‘ﬁq@ tgo?tk%bﬁ rs et ng‘e’m gnal

corres pod&bﬁgﬂ@)tﬂ'@%’éﬁ@’ﬂ@néeetwm e wserroamfe@lmoeéhq %@"% valse¥le error based
on a magnitude ratio of 11 to 12.

Preferably, the disk-is divided into sectors havmg a predetermined length on the- track, each
sector compnses the first and second reference sighals, and the method further comprising
determining. balance values obtained from adjacent ones of the sectors and averaging the
balance values to detect the tilt error.

Thereis also provided & method of 'detecting a.servo error of a disk, Acomprising‘ determining
afirst magmmde 1 of uniformiy: sized reference patterns recorded on at least. two: posmons "
of an area ‘of the: disk; and determining a second magmtude 12 of a reproducing. signal:
wfrespending tothe reference pattemns; and detechng a servo error based-on a’ magmtude
raho of o 12,

~ Preferably, the disk is divided into sectors and- each reference patiem is a synchronous
_signal included in a header area in which addresses of the sectors are recorded.

.Advantageously, the disk comprises a land track and groove track and each reference
pattern is & wobble signal separating the land track from groove track.



Preferably, the disk is divided into sectors and each reference pattern is
a synchronous signal included in a header area in which addresses of the
sectors are recorded. Advantageously, the disk conprises a land track and
groove track and each reference pattern is a wobble signal separating the
| and track from groove track. 7 Preferably, the magnitude ratio is
(11-12)/(11+12) or (11-12)/10, where tois a level of a mrror signal.
Preferably, the reproducing signal is a signal fromsections of a

phot odet ector divided into sections7lt is preferred that detecting. of
Servo er r erefdnebiye the Gragsitud® gatio fsudhel2y(Ht-Rpori (H )i ebera e isagieved) of aregrort ude rat i os
obt ai ned F@$ﬂ1 a plurality of sectors of the disk adjacent to each ot her.
In a final"torm the present invention provides a nethod for recording data
on and/or reproducing data froma disk in which a recording area is

di vi ded i pleRrSRCihe isprodad sighalit @lsignBidmmbscinsl of a putodbictbCadideagntan addr ess,
each header .has a first header and a second. header which are recorded to

deviate fPOMS center of a track in opposite directions, and the first
header and the second header have address areas in which address signal s of

the Slect]?ﬁ% é&é&dgtﬁﬁ%ﬁéﬂgaﬂ%%?ﬁ%&@@u?aﬁﬁﬁﬁb% eegmﬁma% Wa{jagih gsynchronous
signals for detecti s .signalg recorded in address area are
recor ded, ™ Pﬁmgﬁﬁﬁ%& ‘ﬂﬂg%ﬁé?fg’(%?fﬁﬁdj'sgaﬁjgﬁpgﬂﬁﬁ%ﬁ si gnal
including sumsignals V1 and V2 fo radial pairs of detectlng el ements, -

sum si gnaj, M%O&eta&ed@ﬁ.%%m&oﬁéén&%&m a&dre@ormhb; Bath Wl a.ﬂognal RF_pp
of the detectin elene %ﬁg om an Oﬁtlca| retl ected fromthe disk;
generatldﬁwaﬁﬁgﬁ ?@ﬁﬁﬁaﬁ§9ﬁ 823 e '@?85*??6?@1 % epr oduci ng
signal r el@ela\hewefioomttdtlm areq;ldmducameaw bEserfirg bemiendndra sedrddesdeng a first
synchr ongygeysig Mﬁdﬁtaesewenef @tréckr.rﬁsppamruw&&% ah/bhekipf a  first

header, detecting a.second-s nchronous

synchronous si gn I-n the first g
si gnal 38‘31 B 88508% Megerdaue reRyS ﬁﬁ@?‘li“t“ﬂ?l‘f@ aiqiEsFiagpis g bR & 'synchr onous
signal i rare Weorsetmckyndh@adsrsmalobrwlwcwmat syn@motaaisnm!sefm@lac@glt(w of the

magni tUd%&é&@%ﬂ%&d r.étmesmé}&mgre Rbaaay, u@me&mhe @RGMdidgude |'vfo3 of

oo DR araeben Bl Renioape 1 B T B SRR, o o g 2
differe nm@nkénbea mmw_bamaﬁwe detedtingelbthends) dnd #\Buahﬂ)ﬁléslm BF_.pp of

the detecbng e!ements ‘from-an optical signal reflected from: the disk; generatmg a header

area signal havmg aheader area from- the reproducmg signal’ received from the reproducmg;

signa) generator, detecting a first synchronous signal leve! by detecting.a first magnitude:

ot of afirst synchronous signatin the first header; detecting a second-synchronous signal

level by dewetmg a second magmtude Ivfo3. of a second synchronous signal in the ‘second

header; andwk:tﬂahng a batance: value K;, of the magnitude ot of the first synchranous

sngnal andthe: magnﬁude o3 of the:second synchronous sngnai

_ Preferab!y the methocifurther compnses comparing the balance value K;- w:th a reference'
. value Ko, and: determmmg a drﬂerence K between the batance value K1 and the: reference
vame K. the reference valoe K, bemg 4 balance value measured in a regularized reference
- state

. Preferably, the disk comprises a land track a groove tack, and a wobble for separating the
lang track from the groove track, and wherein the method further includes determining an
amount of a detrack by an amount of variation of a wobble signal produced by the wobble in .

& radial direction. - |



value K;; the reference value K being a bal ance val ue neasured in a

regul ari zed reference state. Preferably, the disk conprises a |and fl ack,
a groove tack, and a wobble for separating the land track fromthe groove
track, and wherein the method further includes determ ning an anount of a
detrack by an anmount of variation of a wobble signal produced by the wobble
in aradial direction. 8 Preferably, the cal cul ation of the bal ance val ue
K, is based on the equation (Ivfol- Ivfo3)/(lvfoi+lvfo3). BRI EF DESCRI PTI ON
OF THE DRAW NGS The above obj ectivessand advant ages of the present

i nvent i on Reférbbhb ebe maiculatie ol ipabaartce valpe dasisrhiabédhgn ite dauation (Wopr ef erred

enbodi mentdharaoks o th reference to the attached draw ngs in which: FIG
1A shows thes’g‘{flys-lﬁ'fggff shape of a land track; FIG 10 shows the wavef orm of
a push-pull signal in the land-tack; FIG 2A shows the physical shape of a

groove tr BRIEF DRSERIZION bpwHEDRAWIRGST or m of a push-pull signal in the
groove track; FIG 3 shows an enlarged header area shown in FIGS. 1A and

2A; FIGs. 4A and 413 show a push-pull signal and a sum.signal which are

obt ai ned iheabode bbiestives anp gtveptagescol thelnresagilinvention iwillbcomeymetg apbarete gr oove
track in b} Gescabing InGetan & PRYGrel REbBEIMEIR L Hréof Qlith 3BTeARRRA A tHdSatheed ODt @i Ni Ng

t he reproducj ng stgnal shown in FIG 4; FIG 6 is a block diagram show ng
the struc 'f"'h'gh'enbodi ment of an apparatus for detecting a servo error
according to the present invention; FIGs. 7A through 7E show wavef or ns

during theORRLRivk B phfsichitfaRRPA ARG xkshown in FIG 6, FIG 8 is a block
det ct | ngF EniB s Ge Jprelimat s BRIPALSETE  HE SBF B<nt | nventfont £l Gs. OA
t hr ough 9BGsPstows the plysival sblapeiohggiodve tegder at i on of the apparatus shown in
FIG 8 R Miwshe Wavetorm Py BRthipQNadnal it B gRbRMMACK,Or correcting tilt;

FIG. 3 shows an enlarged header area shown in FIGS. 1A and 2A;

FIGs. 4A and 4B show a push-pull signal and a sum signal which are obtained when-a laser

spot passes through the header area-of the groove track in FIG. 3;

FIG. 5 shows the structure of an apparatus for obtaining the reproducing signal shown in

FIG. 4; : ‘

FIG. 6 is a block diagram showing the structure of an embodiment of an apparatus for

detécﬁ.ng a servo ervor.according to the present invention; -

FiGs. ?A ﬂmrough’?E.shdw wavéforfns during the operation of the apparatus shown in FIG. &

FIG. 8 is a block diagram showing the structure of another embodiment of the apparatus for

detecting the servo error according to the present invention;

FiGs. 9A through 9B show waveforms d’ur_ing the operation of the apparatus shown in FIG. 8;

FIG: 10 shows.a conventional technology for correcting tit; -

FIG. 11 i's'ra.Qx_a;ph'shbﬁng-:'t;fi_e?re}éﬁons_tiipfbeweén radial tit and- a balance value K in the

 method.and apparatus aééofdingétb the:present invention; and
FIG. 12is a graph showing the relationship beiween detrack and the balance value K.in the
method and apparatus: accordmg t'o'thé-preSenti:ihveninn. | ' |

DESCRIPTION OF THE PREFERRED EMBODIMENTS:

~ Hereinafter, the struciure and operation of the ﬁresent invention will be described in detail
with reference to the altached drawings. '



FIG It is a graph showing the relationship between radial tilt and a
bal ance value Kin the nethod and apparatus according to the, present
invention; and FIG 12 is a graph showing the relationship between detrack
and the bal ance value Kin the nethod and apparatus according. to the
present invention DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Herei nafter, the
stricture and operation of the present invention will be described in
detail wth reference to the attached drawings. 9 For exanple, in a
push-pull signal, the ratio of the magnitude of the signal PID and P1D2 to
t he magni tmde(aﬂubte,tihe pashcpuibigrial, B2 ratiodf 1Rd Dégviadd efsheignaiPID Dardi®H2 dependi ng on

the di ok no'NEDuSHC v& Sh1ba ks HERLoAR 1 (3 SHENEERMANG| ik Glscont rol T ng

a servo, reci sely mal nt a

opt i mal rw@n@ﬁgw@p@f@dmﬂﬂgaﬁfa@é@e srgnal foh eontreltingor] s¢re: ﬂd%si@’@wt fag the servo
error accQrdisfPmbuoh BR sBhEaRhairltady Sk BeordighEgrddciRs &igtes. 1S detected by the
rati o of the nmagnitude of reference patterns regularly recorded on a disk -
to the nmagnitude of a reproducing signal corresponding to the reference
pat t er ns. liRbé metbpe for dejertivgethe serepertod agending dethe peyent mventiou s seivgeadr r ecor ded
in a headgsrdgl b ,Etn&'ra& M%nﬂdg Bﬁjefereﬁ&c&ﬁgﬁgriegmaﬂyl?@co%ﬁ Bi¢h LigioOf the

track of st a nethod detectin e servo error using the
synchronoﬂ'se'%?gg e o %W%W”‘f"ﬁgﬁ“ﬁ%’m&m ﬁ'gé%{ﬁﬁmewa}ﬁ%mfue%%f?'?%d When t he
opti cal apat&msfcam lnalsma sypcitroriogs signal recoadedtima hémeiehaeaiand a wobble signainel y, when
tilt ina EEg,ﬁ;Epjh d98s, occur, the magnitude (Mt) of a

det ected vbol si gna |sﬂ§%'§romor$g?r§ry equal to the magnitude (lvfo3) of a
vfo3. signal. However, in the case that tiff or detrack occurs, when

ei ther t heirsi/ai mahodhedétecﬁng?:ﬂmbemmr ubiag tye. syich@naishsignallbreeded 3n | mmal | This is

because tn% ti i%f%ﬁﬁ* Dlicafo eﬁ;le% (and the
P1D3 and It c%are%%ﬁ%ﬂrtﬁééﬁ%%% eégfeF%]%“er cen'(t;!h the track
i n opposi MBS dEMel WEsTStit im 3, Fdiak difegtion ogt inetnodey. thsemegnitydegvigth&f i sk

al t hough ﬂémddlgdﬂt s:gmﬁs bppolnsatdhh equab ot e radgniikie (Iviaag lof a Witesigidhe di sk is

lilted toythe iRk BLRAs! Unlonhd MU Wb PLY FEMRA sbifilan upper
header (a peak he g%bnt%?g?ger than? e't | ect edlﬁ%roma | ower header
(a bot t onlPlEdeReHer At-in FI GS. IAthrough 2A:;

This is because- the intensity of light reflected from the PID1 and PID2 and the PID3 and
PID4;, which, are amenged to deviate from the center of the track in opposite directions,
varies.in refation to the tilt of the disk although the light spot tracks the center of the track:
When the disk is Sited o the inner side, the intensity of light reflected. from an upper header
(a peak header) is larger than that reflected from a lower header (a bottom header) as
shown in FIGS. 1A Brough 2A;

Accordmg!y the raﬁho of. the magnitude: ot of the vio1 signal o the magmtude lvfo:-l of the'-
vio3 s@nﬁ vanes Also; h‘ve ratio: of the magmtude Ivfo2 of a vio2: srgnal to the magmtnde
M‘oﬁ of & viod signal vaties.

In-order to detect the degree to which the magnitude ratio- varies, a signal recorded at a
uniform level shouid be used. Since a vio signals have uniform levels and freque‘ncies the
vio signals are suitable for this purpose. Also, itis easier to detect the magmtude of the viot
andvﬁo&sagnalsttmnthatoﬂhevf& and vio4 signals.

- Here, when the magnitudes of the synchronous sngnals detected in viol and vio3 areas are
Molanﬁlvfoa ababncevaiuekssdeﬁnedasfenows :
K=(ivfo y — Noz)/{vioi+ IVioy) _ )



Accordingly, the ratio of the magnitude. Vol of the vfol signal to the
magni tude | vfo3 of the vfo3 signal varies. Also, the ratio of the

magni tude Mot of a vfo2 signal to the magnitude WM& of a vfo4 signa
varies. in order to detect the degree to which the magnitude ratio varies,
a signal recorded at a uniformlevel should be used. Since a vfo signals
have uniform |l evels and frequencies, the vfo signals are suitable for this
purpose. Also, it is easier to detect the nagnitude of the vfot and 463
signals than that of the vfo2 and vfod signals. Here, when the nmagnitudes
of the synchramous signals detected in viol and vfo3 areas are M and M3,

a bal ance value K is defined g S([Jé }VW K=(1vfot-1lvfol/ gvfoiHVfo;..(t)
0 or K=(lvfo, - M3)/lo .. 'f erein, to is the magni tude of the sum

signal RF_sumin the mrror area. In Equations | and 2, the bal ance val ue

i s cal cul abretinBiistge inBanitiRPNiNE BBesiGfal ROGuMSYRE MRS Si gnal s detected from
the areas viol and vfo3. Wiile it Is possible to calculate the bal ance

val ue using the magni tude of the synchronous signals detected fromthe
areas. viZEasignyitoand Rt thesbalaned splue ds delcwidded nbing $henolagnilmdaf shegnal s from

the areas sy;tcaJonétﬁ ué;@aete&éaaramftﬁe%&ds%1%sa@3 Vi iBE fos¥ib@do club®e 1T 1S

p055| bl e éﬁ)e%‘éé val u obt a '{Yfr’] d“g% E}f conbi nat.i on of the synchronous
signal s d t“ﬁ'@g o BRI IS fstegist fiem BpEfhed by the
combi nat i ofe2@nd vind: ltsryﬁeﬂmf@@m&egmhmnmetmaled}omnhadneasarfelamo\nﬁm and vf o4.
When the lBahaieeny Bl vz QR @b41CAd, h & BEssRSR Usb e Vo8I dhiina BY yer VO er ror

is KO and the nce.val ue K obtained in the case rvo error

exists i Sc@&%@ PYEFIONRLS HplRdiatgeted fahe ﬂﬁaﬂﬁ?h@?‘{f‘? AdrheEess fol | owns.
Kr Ko- Kr . obtpigéd bylﬂmmhvymatlon_ of the yochsinblisesignals kdateeted ih éhechfaae elod amd vied  nagni t ude
of the servo error according. to the value and sign of K, . Here, KQ may be

t he val ue asur in ate where there is no servo error, a default

val ue Y‘g‘%&]ﬁﬁﬁgﬂ "’f@ﬁ?@%{e&m the fesedhatdiers s ng sPrve 69T im B PR #duci ng.

appar at us pamme sahyaK g@:ained in the case that a servo error exists is K;, the difference between
tbetwsva!ues;sdeﬁnedasfol!ows.

K= Kr ' )

Namely, it is possible:to know the direction and magnitude of the servo error according to the
value and sigivof I,

Here, Ky may be the value measured in a state where-there is no servo error, a default value
detlénningd by the system controller of a recordinglrepmducingt apparatus, or a value
measured in a reference state detérmined by the system.

In the Ianétrack and the groove: track the polanty of Ky shouid vary in order to calcu}ate K
conecﬂy since the: position of PID1 and PID2 and the posmon of PID3 and PID4 ase
. mvelsec}

A method for detecting the servo enror of the disk: using the wobble signal will now be
. described Wobb!e is formed in the land track: and the groove track in the DVD-RAM- dssk
-_ The wobble-is inr the-form of a sinusoidal wave formed on the side walloﬂhe track.

When the disk is tilted in a radial direction, the wobble signal is tilted-in the radial direction.
‘Namely, the magmtwe of the wobble sign_al varies between two arbitrary points separated



measured in a reference state determ ned by the system In the kind track
and the groove track, thepolarity of K, should vary in order to calculate K
correctly: since the position of PIDL and PID2 and the position of PID3 and
PID4 are inversed. A nethod for detecting the servo error of the disk
using the wobble signal will now be described. Wbble is formed in the

| and track: and the groove track in the DVD-RAM di sk. The wobble in the
formof a sinusoidal wave forned on the side wall of the track. Wen the
disk is tilted in a radial direction; the wobble signal is tilted in the

radi al di rﬁ%ﬁrtéaanameruﬁtﬁ@}ahﬁal &r@ﬁo@%&fdﬁé’% iOpostile todal it bylceRaing YRl | es

bet ween two argﬁhraryfg 39 }‘{1} fromeach other in the radial

di rect i on.2MPHH © ?wf’ o YEHORt tilt by detecting the
anount of change of the vvobbl e SI gnal in the radial direction. FIG 6 is a

bl ock di a%@@é@%n’lﬁg&ﬂﬁ‘shﬁ&uwﬁ& Winfend o p‘?éf&ie‘a %Qd:ﬁ&ﬁ%%@‘é‘ the

apparatus _for detecting the servo error 'signal accor e present
i nvent i onfor Wﬁ%ﬁ‘ﬁﬁ%ﬁ%”%ﬁmﬁc@'ﬁmﬁ@e %eﬁeﬁw‘{?ﬂté@ ahg @ﬁ?’@%é'ﬂ% si gnal
gener at or irfbBG. & ikvkaces repraacislesigRl gdnelfor 63, & ineader aky IGlatioNe4) S Mrstgnal | evel

det ect or S I balance
cal cul at O?W%%ﬂ ar a{l%rgc%%g a%&%ﬁ’f‘ sﬁéﬁﬁé@”&% E‘lgltcl %‘r% %Qctor % It
contr ol | epalage @lw!?im o Ptoympﬁ#err (2 'argugr%mel datea@t?saewlt@@ntﬁ@ws%ﬁ ér 80. The

reproduci pgafiy igveethr 788Ma Latbiick Comp@asdrabes a sum signal RF_sum sum signal s
VT and V2 of radial pairs, and a push-pull signal RF_pp obtained by

subtracting V1 fromV2. The reproducing signal generator 62 includes the
phot odet eérerepmugingstang! gensratas G2 aenreRies asymesigngl BY_sumssughsignaisi PG, 5. The

header ar gaofeEAG:R, afifla SRAPIRLIGEI heggesbtaa;@@ay §dbﬁ§talh§V( armha&deﬂhear ea signal

| and a heagg ar ea n rea fromthe reproducing
si gnal . 33"595‘ 'g?é")é“@?sg% Odge(fmrgl es °f° Eﬁf I&%T'DZ ar eas.
The headeﬁsﬁlwfam':ﬁénal 2 notifies the PID3 and PI D4 areas. Since the
header area has an envel ope Iar ger than that of the data area, it is

PO AR e BB 5 PPl L DER50 568510, bOL
and the chswgieiragaopignal %@W‘F‘Qé‘lﬁ Eefﬁ%fkﬁf@ﬁlﬁﬂ's the rpRmpruging\signaklebieret e 66
synchr oni gaderatdalRighdl 8 nbihackae PRV @Ad PIDRRAdas.| The header areasignal 2 notifies the
PID3 and PID4 areas. Since the header area has an envelope larger than that of the data
area, it is possible to obiain a header area signat showing. the header area using both an
enveiope detector for detectmg the envelope of the reproducing-signal and the:comparator.
The first synchronous:signal level detector 66 synchronized with the header area signal ¥
generated by the header area detector 64 detects the magnitude o1 of the viol signal -
shown in FIG. 4. To be specific, a first enable sn_:;nal {enable 1) having a. predetenmned \mdth
and separa@d from the starting: point of the header area signal 1 by a predetermined
distance is generated Aﬁer gating: the reproducmg signal-by- the ﬁrst enabie S|gnal (enable A
1) the: mamrh:de vfot of the viot s&gnal is detected by detecting the peak-to-peak value of

therepmdmmg&w

' 'mesecmdsynchmnws signal level detector 68 synchronized with the header area s:gna! 2

- generated by the header area detector 64 detects the magnitude of the vfo3 signal shown in

" FIG. 4. To'be specific, the: magnitude o3 of the vio3 signal is detected by generating a

second enable signal (enable 2) having a predetermined width and separated from the

. stasting point of the header area signal 2, gating a reproduicing signal by the second enable
signal (enable 2), and detecting the peak—to—peék value of the gated reproducing signal.



generated by the header area detector 64 detects the magnitude Ivfol of the
viol signal shown in FIG 4. To be specific, a first enable signal

(enabl ed) having a. predetermned width and separated fromthe starting
poi nt of the header area signal 1 by a predeterm ned distance is generated
After gating the reproducing signal by the first enable signal (enable 1),
t he magni tude Idol of the vfol signal is detected by detecting the
peak-to-peak value of the reproducing signal. The second synchronous
signal |evel detector 68 synchronizegh with the header areas signal 2

gener ?t ed Thy bhmzef@@@lﬁgr ﬁ[l_ &%g@t%&%‘é Riio Bf thd ShRRikule e BrRES Moy dRnalf ]E hg vfo3
si gna 0 0 be.s e vfo

signal is d%‘f‘%‘&yetge%swﬁré’l’%ls eié%’(?ﬁ‘ﬂ'%éﬁﬁ%l@&?”&ﬁﬁ?g(oghﬁﬂ{] g 2) having
a pr edet exsighah deleatddhiylhecsecong epehrabamid signad levél ldetectgt&liras ishawnpo Eqiatiof 1.t he header

area sign 2 I &r@‘% si gnal
(enabl e 2%%%'89'3%%‘5%??‘#1’%‘%::’%?@?@’9@ va@éoﬁ@@ﬁ%ﬁ%&%at e r‘r%gpr oduci ng

si gnal . 1%omoeuerahsticerssive teglps(| @P’E“W“’@%‘F"@ﬂl ¥Rt he ratio of the magnitude

Ivfol of the viol signal detected by the first synchronous signal |evel

det ect or by the
second sy?&n oﬁ%%g’r Z? o Zh\?eq\gag%t@éjte %ﬂgia%% ?ﬁhg%ﬂcgglﬁ’%ﬁ% Her e;
t he bal anwih %%ﬁ@ﬂ@g’eﬁﬁﬁéﬁﬁa’%ﬁﬂ? OWP}E!S the gifergnge Retween ihﬁé”%‘&ﬂ'l&hce val ues
obt ai ned mfdsme@ﬁmwmm M8y SEE UaMieSmédBurcd i o asle dherdthetciggent i al

directi ong 3 éﬁ”ﬁﬁ a&g re cal cul ated by
t he bal ancné cal cul at or med ”ﬁ?@s %ﬁéatcg?%ﬁﬁegcﬁgfrg?%ﬁ%mv 8% Ko. and
out put s tWf%ﬁﬁﬁ%’ﬁé@ﬁ’qfﬁf@feﬂmt@ﬁﬂmmkﬁy@%Sﬁmvn in Equation 3
Here; Ko may be a value neasured in a state where there is no tilt; a.

defaul t v "far%? ern&ert]e%% pél he %%%Hugg :%ncz)nlrl*n%detects neeiherlﬂ}? u?eéFer ence

recordi ng/ reproauct ng - appar at us, measur e
st at e dettEchisibg lang “Pﬁ'eorsty%ﬁ@ﬁ\fe "H‘ié I‘Taﬁﬂlpg-?Weﬂgd@'toé@tedPaneﬁéi ves the

r epr oduci fighnithg@dbine R4 ad@bmwsnvunatmrmdt bﬁomyémﬂnm a§. sekin@ciime | and track

or the 9rQQV etrak he s n dtr t he
magni tude 0 ISBTa'aR% E}?E‘%" 'S snenrlngée"g"[fehozfi% ? t?jlf-"ﬁﬂg'%r "PIN as
shown in Wwf’fl% P'ﬁém‘éﬁmﬁulmeéqng’ﬂ'&m%‘ﬁ*f@wgﬁégwwmwwhe lehe magni t ude

of PI1)1 trkklrd e giodvetiiak bshig thdwove. t he magni tude of the. P1D3 and PID4. The
| and/ gr oove detector 76 di scrl m nates the land track fromthe groove track

usi ng the above.
d The polarity inverter 78 inverts the polarity of the subtrachon value K; output from the

comparator 72 according ‘to the result detected by the land/groove detector 76,
Thebamncevahse carrbe used in order to compensate for tilt.

The tilt eontroller 74 eontrols the tit of the disk accordmg to the subtrachon va!ue K the f
-pcéamy ofwmch is: anerted and which is output from the polarity mverter 78 Smce the srgrs |
-ahd’ magnnude ofthe suhtrachon vaiue K. shaw the dtrectlon and- magmtude of the tilt, the tilt:

'  ofthe disk i rs mntmlhed by feeding back the sign and the magnitude: of the subtraction value

Ke

The balance value can be:used in-order to comect detrack.

The detrack compensator 80 controls the detrack of the disk according to the subtraction

value K,thepdamy of whx:h is inverted and which-is output from the polarity inverter 78.
- Since-the sign and magnitude of the subtraction value K, shows the- direction and magnitude

of the detrack, the detrack of the disk is controlied by feeding back the subtraction value K.



The polarity inverter 78 inverts the polarity of the subtraction val ue Kt
output fromthe conparator 72 according to the result detected by the

| and/ gr oove detector 76. The bal ance val ue can be used in order to
conpensate for tilt: The tilt controller 74 controls the tilt of the disk
according to the subtraction value i , the polarity-of which is inverted
and which is output fromthe polarity inverter 78. Since the sign and
magni tude of the subtraction value K,; show the direction and magnitude of
the tilt, the tilt of the disk is cgntrolled by feeding back the sign and
thg magni FIGle shbws he vawdsomns af tmmpmaﬁdl?aaf theepphralug 8BRdvn ViR IF1ee ecla;rs. bﬁ uzed ink
order to t . cQ nsator 81 controls e detrac
of the di %ﬁ%&ﬁ%‘?’%ﬁ*ﬁé’g %"’? E‘%ﬁ?g'm"%g?eu"Sﬁ‘gB%?’l‘fe’e%’ﬂg”‘”P%8‘9%9%{19[5‘3‘&5 of which
i s invert €4 HREE {HhandyCishow the paveldrmg of thérbeader angal signal Irand thecheadeBarea Sj nce t he
sign anf ggeb trebctodly, GhrrAdath R GehdiParka bikiey fdnelp Wicd P8 atli 7EGGE,ON and
magni tude, of the _gﬁtrhr%%k, Bﬁge'gdﬁir%ﬁk of ‘the disk is controlled by feeding
back t he SGBEYHFTShME AStienaRy Siofes tenaies!) apd N5 SRECOREREIVEIFIRSA t he

oper at i onussk by e fagsarchtonsussiyparievendeldc@r 66 and-hGsechid spltioramut kignahav ef or m of
the push-puhbasigeal generated by the reproducing signal generator 62.
FIGS. 7B and 7C show the waveforns of the header area signal 1 and the
header area signal 2, respectively, generated by the header area signal
gener at or FIGFS B biet diagrelm Bhovaidoihe stiubtareva wedtiay elbaimdnber tiid appératen bl e si gnal

enable 1 mglggﬂ!?t C : . : first
gynchrono%es Sl _nﬁf%veg{&g ] ect'%ﬁ%%%ﬁgmﬁgﬁdmgéﬁc 'gk_?%()sn%lg‘gnsi gnal

| evel det8&t% 9 igsimiln testhegppaatys powp in BCa § exgepshshibe gorerslis dickdes ir e of

anot her emipodiraesignabientiar 8 par Dinidr §igiial le@e B&EAdri 980 ThtefoREhW @arRé I Or  Si gnal
accordi ng L. Buridr8S SRt ushd [ i r S . 8 is
simlar ?’8;?%%@appar atgll%s S %\ﬁ/ﬁ'gis%ﬂﬁImé%%ggggggﬁe@%d;&%g@g%%fa us i ncl udes

a mirror®9i®¥a signal generator 86 and a ni rror signal level detector 88
Therefore, the sane reference nunerals are used for the sanme nenbers and a

det ai | ed (RSGfblL 6%for b6 n%%}]efstaerﬂarmﬁ}sa Qiir,rﬁaﬁ-gﬁmﬂ{ %%P%%} generator
86 generates a mrror_area si n%ﬁ showng a mrror areg rom e sum

si gnal RAFSLHE Be vennb B symirided by BeiieeioAvring; signali sepriplen 62t drthepusht n -t he push-
pul | si gryalt sibtisl RFppssimte thetntireor signat becosiegaad, it @O pRSibIE & diain the inBronot  possi bl e

to obt ai Nt NG iy bR push-pull signal RF pp.

It is possible o generate the mirror area signal by the enveto;ied‘etector and the comparator
sinee the minor signal has a much lower envelope than'the signals of the data area and the '
header area. ' :

Ehe mimor s;gnanevel detector 88 detects the level of the mirror signal from-the sum signal
RF'_sum-by-:'ﬂié-minor area signal generated: by the mirror area signat ‘generator 86. The:
- mirror signal “level’ detector 88 generates a third enable signal (enable 3). having a
pfedete;mmed penoctby the: mirror area signal generated by the mirror area signal
 generator, gates the sum signal RF_sum by the third enable signal (enable 3), and detects
thepeak—to—peakvakxearmegaied sUm"sigﬁ-a}-RF,'_sum. ‘ |

The balarice: calculator 72 calculates the balance value K; as shown in Equation 2 by the
level viot of the viot signal detected by the first synchronous signal level detector 66, the
- level vfo3 of the vio3 signal, detected by the second synchronous signal level detector 68,
~ _and the miror signal level lo detected by the mirror signal level detector 88. Here, the
balance calculator 72 can output the mean value of the balance values obtained from
several suceessive seclors in the radial or tangential direction.



area signal by the push-pull signal RF_pp. It is possible to generate the
mrror area signal by the envel ope detector and the conparator since the
mrror signal has a nuch | ower envel ope than the signals of the data area
and the header area. The mrror signal' |evel detector 88 detects the

| evel of the mrror signal fromthe sumsignal RF_sumby the mrror area
signal generated by the mrror area signal generator 86. The mrror signal
| evel detector 88 generates a third enable signal (enable 3) having a
predeterm ned period by the mrror afga signal generated by the mrror area
signal generator, gates the sun1signa| RF_sum by the third enable signa
(enable 3 peak.val ye of the gate um si gnal
sum The %gﬁsa%g@"igﬁéﬁq 5?%@'?&?%’3“%%“‘86@3%%5 \”ﬁg'dFRé é;s shown | n
Equat i on ZFlG\pAtshews ﬁlem@#efwvdzt thef miprbreargd eignat ioginiet| frochethe otirend aley stohal f i r st
synchr onoysnepdig 2! nbey@md@a@%%n%fmmﬁa eﬂ.a%bé%tgn&ﬂeé.aaé 3f he vio3si gnal
detected. by the second synchronous signal level” detector 68, and t he
mrror sly level to detected by the mrror signal |evel detector 88. Here,
the bal amrdirglt@thbateeem hiZentiam Raspaasible tchese thegpusivadiisignal IRF fpethbalimnce val ues

obt ai ned {; ?ﬁékﬁk [ ntial
directi on X @ %iry%n&ﬁ’gts%‘%odng érhgw{’%% % era?"?on of the
appar at usﬂ&ﬁm%swmsd*ﬁ@bwqufwmm Pﬁ?‘é’fs'gt‘ﬂ% FArror area

si gnal ouémmfmmdmmpmirs@naimg@ i§ Ugagil is. pOSIbRI 8 EeMipefitate 1ol tikin HB shows t he
wav ef Orm QJ&S&H Mg.fﬂéghrﬁlﬁ@h:ﬂﬂ su‘n%ﬁ?édﬁ?@pos Fordl Bgnsgtgf mﬁ present

i nventi on, I'S pOSSI gna e sum
signal s\ thgdenosatiabdiredtiie r adi al pairs, and the sum si gnal RF_sum for
detecting the servo error since the servo error is by the bal ance val ue of

the synchggn r 1 RF _pp is
used, it tlgg %gﬁ%%ﬁ@%@ﬁ@g%ew%%&gﬁﬁdsﬂbe %rl Vsaid'g?g'(‘:t i on. Wen
t he sum stgmathoRandagpRalys IEREIng R thaprprsaidpvsniont @’ﬁ@nﬁeﬁgﬁ?@oﬁ@ﬁxm It in the
tangent i adenctes Riial ﬁtnaaruEé. énd thd vérScabagy a@hfesfbamwguatubexr ah aid.ansthep bet ween

t he radlgg?%t i L ShR! LLEE W M&Lm%s |9 nallfgresgpﬁtanﬁae%agmap [atus

accordin resent I nventI on. orl zon aXI S
denot es r%’ﬂ‘?’%‘gp I@@s“sﬁ?tdwp@é?ﬂe@df'th&ﬁ@w&@ﬁéwe@dhﬁm val ues K.
In FIG lslgnaimsum and the balance value according to Equation 2 are used. The graph-marked

with @ shows a case where thie push-pull signal RF_sum and the balance value according to
Equation 2 are used. The graph marked with M:shows a case where the pushpull signal
RF pp and the-balance value according to Equation 1 are used.

As shown inFIG. 11, the radial it is best described by the case marked with- lF-where the

push-pull signal RF_pp-and the balance vaiile according to Equation 1 are used. The case

marked with @ where the push-pull signal RF-PP and the balance value according to
- Equiation 2 are used is also useful for describing the radial filt

' Therefore it is possible fo determine the tilt by the vahres accordmg to Equatlons 1 and 2
L using me pnsh—ptm sighat RF_pp.

FIG: 12 is a graph showing the relationship between the detrack and the balance value K in

the method and apparatus according to the present invention. In FIG. 12, the horizontal axis

~ denotes the amount of the detrack. The vertical axis denotes the balance value K. In FIG.

12, the graph marked with A shows a case where the sum signal RF-sum and the balance

- value according to Equation 1 are used The graph marked with ¥ shows a case where the

sum signal RF sum and the balance value according to Equation 2 are used. The graph
marked with ®:-shows a case where the push-pull signal RF_pp and the balance value _



graph marked with A shows a case where the sum signal RF_sum and the

bal ance value according to Equation 1 are used. The graph marked with t
shows a case where the sum signal RF_sum and the bal ance val ue according
to Equation 2 are used. The graph narked wth a shows a case where the
push-pul | signal RF_sum and the bal ance val ue according to Equation 2 are
used. The graph marked with » shows a case where the pushpull signal RF pp
and the bal ance val ue according to Equation 1 are used. As shown in FIG

11, the radial tilt is best describegs by the case marked with » where the
pusg- p$|h| mmtoeajémmduidaemag@mmam@dmmmdicﬁ@vlﬁr@%.ﬁﬁ%%lshog Ihare
used. e r na and the

bal ance v ﬁ§53500¥§%%§%%55@%¥€aﬁﬁgﬁp tgg@ﬁj iﬁ$§s 1so useful for
describing the radial tilt. Therefore, it possible to determne the tilt by

the val uesansminlieg 12, b ganau@a s,.ul. Aa\ﬂﬁl:h?sm\khsh@ eastemer@mu%dnaﬁl gnal
RF_pp. FI 42 |§m b%ﬁmg Hg Qﬁﬂa ationship ween t he_detrack and
t he bal ance YRHB™R “ﬁﬁe‘ﬁ:ﬁ” ge %?55&*5%@“%88“5*?&5"% e present
i nventi ong:abln rrﬁﬁ@:! witR B-which Hamis 2lon tase wheresthe (pastopull sighlieRrApp wnd tef t he

det r ack. Shibed Labra e KIn FIG 12, the
graph mar ked vm th A-sh'(ﬁﬁg(\/\ig%g%g'g?ag\?\e}]a%{%e%}ﬁdews}ﬁ%e\é%wnal RF- sum and the

bal ance value according to Equation 1 are used The graph marked wi th shows
a case wh@haeibregt :sswumbieitgnalamﬁﬂétwmtmddb}tthevéhad aoarainy Bl ERatdacirdi ng to
Equati on g& £%+Gﬁ%§" aph marked with shows a case where the
push-pul | sigha the bal ance val ue 15 according to Equation 2
are used. The graph narked with » shows a case where the push- pull signal
RFE_pp andas siewbal RAGS.€11\sad 12 it isooesililé togndsoefiegivaly idetct theinubtuB tit wi shown i n

FIG 12, P%{{M [N MheLe the sum signal
RF- sum an@ ?ﬁe ba nceﬂ('ggﬂethg%%g\r%l ng at%g&ﬁﬁq%tg%ﬁ%%ﬁa S rmdsat af fected by
the detrack. The graph marked with Ewhi ch shows the case where the

push- pul | Tisi gaty oRihepprvartrot Signal baleanesrdia) toetha goaitydsrnge: tisk Beiaki on 1 s

| east aff&aﬁhﬁ%sva BRieHe b %wﬁgﬁésmneem%sé@eggﬁﬁﬁgﬁl Enbifedgl" M ne the

detrack b ue accor sum si gnal
RF- sum A& seme#rersen F‘I"GSF"’SEE'E ’8"%’2"’-’9 the RIQ opip is<diffiquit to febfyeanage thect i vel y
det ect t henanTbetfos intthd dish\ihervalue K, is preferably managed to maintain & prescribed:

leved '

Accordingly, in the present invention, it is suggested that the value Ko be restricted. to +0.1.
This value-is rem»red to-normally reproduce the PID when a standard amount of tilt +0.35°
_isgiven. Also, the aliowance range of the track control is considered.

Also s necwsary to restrict the value K: to no more than a predetermined value to

prectseiy cmiml the servo-in the apparatus for reproducing data-from the disk. When the:

quamy of the- sewu is.not strictly managed when the data is reproduced, R:is not possible fo
 obtain the PID mfommon

“Therefore; in the present invention, it is suggested that the value K, be restricted to 0.1 in.
- the servo operation of the reproducing apparatus.

© Jtis possible to comrectly detect the tilt state of the disk without a: spec:ﬁc pattern for detecting
the servo emor by the meltrod for detecting the servo eror accordmg to the present
_invention.



t hepush-pul | signal RF _pp and the bal ance val ue according to Equation | are
used. The quality of the servo error signal varies according to the quality
of the disk and the conditions of the system However, when the val ue of
the servo error signal is not restricted to some degree, it is not

possi ble to recognize the PID or it is difficult to stably manage the
servo. Therefore, in the disk, the value KOis preferably nanaged to
maintain .a prescribed level. Accordingly, in the present invention, it is
suggested that the value i<o be restigcted to 0.1. " This value is required
to nor rri: Isty:s rpG:;HMfdf: et laeordthdhiepbdiRing aﬁﬁ@éﬁﬁkﬁfa@tﬁi@wﬁﬁol ake bdrbd arfd. t35'd EA\IS

gi ven. c ed. so,

> %1?& t 8 I'RMI%M Uglfl J'tg?g ﬂéce%wekaﬁg Lg % éra& %%e S(gg;e .

it is necessary nor e &t er mi ned
val ue to eppresignalacgordingtoths W%'Ewwnlmﬂmd%haﬁw ¢ft§’r strafem‘ teuci ng dat a
fromthe gisgk. When the quality of the servo is not strictly managed when
the data is reproduced, Ris not possible to obtain the PID information.
Therefore; in the present invention, it is suggested that the value Kl be
restrict ed is poBblelfol the redoalirpégreoduoipe eprarabrs bfstablyecomsprﬂwdmmgrdaqopar atus. It
| s possi blygntf ﬁ;&a,sm; Jexor&ﬁ@r%s.tod&ch@ shdd dincR ik %oggaaettt]% ut a

specific pattern for detectin servo error he nethod or detecting
the servo ¢ PHbe SEOSHE, ?ﬂj’a’t‘ﬁ"‘ic"'ﬁ%ﬁ'f) Pasisoh eontrolingdha ‘“IE"B’H by Ere disk ageerdpgssi bl e f or
t he recor titngireseprimentohng apparatus to stably control the servo and to :
mai ntai n an optiml recording/reproducing state since the apparatus for
generating the servo error signal according to the present invention-
correctly detects the servo error state of the disk. It is possible for

t he recording/ reproduci ng apparatus to stably control the servo and to

mai ntain the optimal recording/reproducing state since it is possible to
strictly nanage the |level of the servo error signal which is the basis of
controlling the servo by the disk according to the present invention. 17
VWhat is clained is:



1. A nethod of detecting a servo error of an apparatus for reproduci ng data
5 froman optical disk having a first reference signal and a second
reference signal which are recorded to deviate froma center of a track in
opposite directions and which have the same pattern, the nethod
conprising: determning a first level Ivfol of the first reference signa
and a second level Ivfo3 of the secordd reference signal froma reproducing
signal reproduced 10 fromthe optical disk; and determ ning a bal ance

val ue K1 ac I to the foll ow ng equation: KL = (lvfol-Ivfo3) /
(lI'vfol +l vf oé@;ﬁfﬂén afh%tdé%ti ng the servo error based upon the bal ance val ue
Ki. 15 2. The nethod of claim1l, wherein the disk is divided into sectors

having a pr,edet grm |9dﬂH' s the
first and sééond% %%gggtgégét%%eg@e%ﬁ%%? Ere' aﬁ@%ﬁ%’?ﬁ@érﬁgr cq?rag?i si ng
det er ni nisng fioad amepticaldisiulayingn frstreteréncesignd) arckhsecond seferengseigralct ors and

averaging t %riéglga}{é?&ceordéﬁaljolé%?iafe%cgﬁﬁ%%ﬁt& 919? gg&ﬁ’iﬂ oﬁggﬁ%:dirgai s afiget hod of

detecting a I'ng error an apparatus for rep i ng ata from an
optical di shwhicinhavg the $ame pattest dhemethodicgmalisiagid a second reference  si gnal

whi ch are record . devi Yol 'Y L.he
directions and V\/ﬁlgtcehgwg]@eé f‘ {?g Ie]é’éﬂg}oga?? 'g% ﬁ’,rSt ﬁ%@%{ %ggalc%gp%??ésbl%ha: 25
det er mi ni ng lavef ivfastof lthey sécaond freferepte sigoalffrans e reprpducineeiond! gempduggd a second

| evel [|vfo3 ference signal froma reproducing signal
reproducléd f E"otbngtgﬁtz&ggi{g%c%% di sk; and determ ni n%ua bal ance val ue Kl

accordi ng to t hedesrmiowmgraybaignestvaiie: Kideeordingtpdhe follewisy equatiops i %1 vf 03) ;
and 30 det e?l%oﬁﬂg%?)ﬁ%‘\ff@ﬁlf\mé‘%ﬂ&ﬁ or based upon the bal ance value Kl1. 4. The
, erei n the

met hod of claim ] Isk is divided into sectors having a
predet er m ned | edgtehtingtheiservorerok basegatpon e ketancgvgiiedes the first and
second reference signals, and the nethod further conprising determning

bal ance
15 2. The method of ctaim 1, wherein the disk is divided into sectors having a

predetermined length on the track, each sector comprises the first and second
reference signals, and the method further comprising determining balance
values obtained from adjacent ones of the sectors and averaging the balance
values to detect the servo error.

20 _ _

3. A method of detecting a tracking error of an apparatus for reproducing
data from an optical disk having a first reference signal and a second reference
signal which are recorded to deviate from a center of a track in opposite
directions and which have the same pattern, the method comprising:

25 ' determining a first level Ivfo1 of the first reference signal and a second
level ivfo3 of the second reference signal from a reproducing Sign_al reproduced
from the optical disk; and '

determining a balance value K, according to the following equation: K; =

_ (Ivfo1-Ivfo3) / (Ivfo1+Ivfo3); and

30 detecting the tracking error based upon the balance value K.

4. The method of claim 3, wherein the disk is divided into sectors having a
predetermined length on the track, each sector comprises the first and second
reference signals, and the method further comprising determining balance
35 \)alues obtained from adjacent ones of the sectors and averaging the balance

values to detect the tracking error.



35 val ues obtai ned from adj acent ones of the sectors and averaging the

bal ance values to detect the tracking error. 18 5. A nethod of detecting
atilt error of an apparatus for reproducing data froman optical disk in
accordance with a subtraction signal RF _pp having a first reference signal
and a second reference signal which are recorded to deviate 5 froma center
of a track in opposite directions andishich have the sane pattern, the

met hod conprising: determining a first level Ivfol of the first reference

si gnal and second |l evel, ]vfo3 of the ond._rI i roma
subtracti on®si gn |m?éi33§;5’? d?{gﬁyr@dﬁg'kaerw an%ﬁ@%ggﬂ{@f%&&@;ﬂ%ﬁ%ﬁet er ni ni ng
;’a ??l ?npel v?bg@%ptigalmh ragcdrc»ar}]daevimnfﬁ $ubivantipresigrat RBnpp Iving a (ilst f ol - | vf 03)
vfoi +l v - and detecting the tilt error base t.he nce val ue
Kl1. 6. The FF‘S?')ﬁB‘ée 8'9"%” 3jd,q SecoRisrence sung Y sar%irigﬁ%gdekg llgnf{eg’%gegct ors
havi ng as 1fomreckit@rdfianedk irecgpositodirddliend amwhicke hate the stoe patienpr | ses t he
first and sg%ongt reference signals, and the nethod further conprising
det er mi ni ng"GANEAEACOVRIYEL obt ai ned from adj acent ones of the sectors and
aver agi ng t he babeaasiningal firesievel Idlet @f thet firet tefdrencer sigmal aBd a7sechndret hod f or

recordi ng dat n.angd/or reproduci ng dat roma disk in. Leh recordi ng
area is di vrédg]df‘)’f‘?ﬂ gt the segand & g%ﬁ"‘%eﬁ'gg?a' ffﬁ%@; %SH@?&@F” P@Pg\(nhﬁd?gati ng an
addr ess, eagdprétRizde frolmaRe aptical disk;header and a second header which are
recorded to devi

te from enter of_ a track.in o i I.rections, and
the fird® headergealﬁﬁmf"i'i'&l Y8 Vﬁ@ﬁd‘éracﬁ%{@@gafﬂQ}eeﬁgé@?ig%%“ﬂﬁ%‘i'E:h addr ess
3\3 S|hgnal S @¥fol INdoB®Eiviyishes3y; angicor ded and synchronous signal areas in
iC synchr onoys, si | s, for detectin he ad signals recorded in
the address ar egetﬁf’tg‘%;}@%@F Bré%f,batsﬁ(gu?r%"{ﬁ'SE’aEagﬁ%%@?ﬁb: generating a
reproducing signal including sumsignals V1 and V2 of radial pairs of
detecting eg_emenlrﬁé m%ti?o%%fscia%ﬁ qu wﬁgre?numeoc]ciskt ig %ivga%tdqﬁlglsggtors having a
15 predetermined length on the track, each sector comprises the first and second
reference signals, and the method further comprising determining balance
values obtained from adjacent ones of the sectors and averaging the balance

values to detect the tilt error.

20 7. A method for recording data on and/or reproducing data from a disk in
which a recording area is divided into sectors, each sector has a header for
indicating an address, each header has a first header and a second header
which are recorded to deviate from a center of a track in opposite directions, and
the first header and the second header have address areas in which address

25 .signals of the sectors are recorded and synchronous signal areas in which
“synchronous signals for detecting the address signals recorded in the address
area are recorded, the method comprising:
| generating a reproducing signal including sum signais V1 and V2 of
radial pairs of detecting elements, a sum signal RF_sum of the detecting

30 elements, and a push-pull signal RF_pp of the detecting elements, from an

optical signal reflected from the disk; '
generating a header area signal having a header area from the
| reproducing signal received from the reproducing signal generator, _
detecting a first synchronous signal level by detecting a first magnitude

35 . Ivfo1 of a first synchronous signal in the first header;

detecting a second synchronous signal level by detecting a second |



30 elenments, and a push-pull signal RF_pp of the detecting elenents, from
an optical signal reflected fromthe disk; generating a header area si gnal
havi ng a header area fromthe reproducing signal received fromthe
reproduci ng signal generator; detecting a first synchronous signal |evel by
detecting a first magnitude 35 |vfol of a first synchronous signal in the
first header; detecting a second synchtonous signal |evel by detecting a
second 19 |1t’iagy|ni|.:'tua|delvifazic o3fof aa semord spyandnognosigndi dghalhei §e¢dd second
header; an | cul atin 1 | of the
first sync ﬁﬁﬁé‘g ﬁ%&%ﬂpﬁgaq agjcgrr%%,rﬂlllstkjdc)ftﬁép{%ﬁn twgﬁgl‘g?c?lnﬁérgtgynchr onous
signal . 5 Ssynflwenou $igrhl afd ttieanagn?tudé a3 thecgnepnd syneropowpegnalg t he

bal ance value Kl with a reference value KO and determning a difference
KO between the bal ance value Kl and the reference value KO 9. The nethod
of clainm 8, SMerEinmmbﬂmdroetla‘rmﬁcturMat cempBingscampsing theebalampewdiuge neasur ed
in aregul reference t i gy ein the

di sk corrprl g 3 éﬂarepf%gﬁﬁlea&"’ garn(%)joveetg’{?'ﬁrgﬁﬁ ah8 8'%fnc }%bkfﬂé@?e separati ng
the | and trmxndemmetmengnm@m@emmmame Ko d wher ein the nethod further

i ncludes determ ning an anount of a detrack by 15 an anount of variation of
a wobbl e si gnal produced by the wobble in a radial direction. 11. The

met hod of c.ai m Bre wethcei of tlhimm 8awbateir thenreférendeevajug Made a/hplaecs is

based oln t h\ieall?eq%ggéu?ed {n avtfegnl,l[anzedor%?grérlc\éfs%t gl viod).

10. The method of claim 9, wherein the disk comprises a land track, a
groove track, and a wobble for separating the land frack from the groove track,
and wherein the method further includes determining an amount of a detrack by
15 an amount of variation of a wobble signal produced by the wobble in a radial

direction.

11. The method of claim 8, wherein the calculation of the balance value K, is
based on the equation (Ivfo1-ivfo3)/(Ivfo1+lvfo3).



