DI SC RECORDI NG MEDI UM DI SC DRI VE APPARATUS, AND REPRODUCTI ON METHOD
BACKGROUND OF THE | NVENTI ON The present invention relates to a disc
recording mediumsuch as an optical disc, a disc-manufacturing nethod for
manuf act uri ng the disc-recording nedium a disc drive apparatus for
driving the disc recording nedium and a reproduction method for
reproduci ng data fromthe disc recording nedium More particularly, the
present invention relates to a disc on which tracks are each wobbled as a

pregroove. As a technol ogy of recording and reproducing digital data,

there has been dgy8kORREORADERENIRLISH OBI Eesa gpg?§§.%§ed recording

medi a onto optlcal di scs . 1 ncluding négné o op ica tical disc
can be designed as a CD (Cowpa gb -Disc), or a  DVD
(Digital Versatile Disc) The opghcgbﬁg ggﬁsMgTﬁ neric name of a disc-like
metallic thin plate serving as recording media- fromwhich data is read out
as changes in reflected |laser beamresulting fromreflection of a |aser

beam r adi at ecordlng nedia. To put it in nore. detail, an optica
di sc .can. bee%?é§§§$ﬁ§Ri THE yERVENTEONr i t abl e type al | owi ng user data to

1 be witten onto the dISC Reproduction-only optical . discs
, , The present invention relates to a dlSC recording

: medium such as an optical_disc, a"diSC*ﬁanufacturing
' method for manufacturing the'disc recordingrmedium, a
S 7__diec-dri§e apparatus for driving the disc recording
medium, andra reproduction:method-for reprcdacing data
rfrom the disc recording medium. More partlcularly, the
present 1nventlon relates to a disc on which tracks are
each‘wobbled as a pregroove. | |
As a technology of recordlng and reproduc1ng
digital data, there has been developed ‘a technology of
recordiag data used in recording media onto optical discs
'.iﬁcluding magneto-optical discs. An optical disc can be
deeigned as a CD (Compact Disc), an MD (Mini-Disc), or a
‘DVD (bigital Versatile Disc). The optical disc ie a
generic name of a disc—like metallic thin plate serving
: as recording media from which data is read out as changes
in reflected laser beam resulting from reflection of a
'laser beam radiated to the reccrding hedia;'
To put‘it'in'more~detail, an.optical disc can be of

a'read—only'type_or a writable type allowing user data to
1 :



include a CO, a CO-ROM and a DVD-ROM On the other hand, witable optical
discs include an MO, a CO-R, a CO-RW a DVD-R 'a DVD-RW a DVD+tRW and a
DVD-RAM Data is recorded onto-a witable disc by adopting, anmpng other
techni ques, a magneto-optical recording technique, a phase-change
recordi ng technique, and a dye-fil mchange recording technique. The
dye-fil mchange recording technique is also referred to as a wite-once
recording techni que whereby data can be recorded onto the optical disc
only once, and once data has been recorded onto a disc, data can no |onger

be recorded gatQrtbhe-sa8Ec4i $§ S, e-fi | mchange recardj.ng. -

t echni que is sui tabl e for a rgcng th % erog%{}cotnlcino %%@g%qlagacﬁofljt%es ot her
hand, the magpefgzoptigal (regogdi,ng_technigue_and the phase- -change

recor di ng tecﬁn?%ﬁ% %r%ﬁad%pﬁgdgﬁﬁ'aaﬁ r?e@@Ho gﬂapﬁpic ?(ﬂﬁ@??ﬁhﬁhﬂmg
oper ati ons thE@&QﬁQ ya {ou- ginds ,of .content data such as nusical data,
vi deo. . dat a, 'ganes, - A %%%I ﬁﬁ??oﬁnﬁ}ﬁg?ai%.MQn drieferRt o2 rekohl- data onto
a disc to which the net o-optical recording technique, the phase-charige
recording.te%ﬁﬁi%Uea @ﬁ%ﬁgﬁe YyRVP TR ciathge YR ORMY ng Datechid que are ,

appl i cable,” a guiding means for tracking a data track is required. For
this reason,rfékﬁﬂ%% e 2 %?%Eﬁ%bei%i%ﬁﬁﬁhcyia@t@m@grﬁww@@,oﬂm@rgrones
and-lands teChniques} a'mégnetOHOPtical‘recording feéhnique; a
‘phase—change:reéording techﬁiqﬁe;_and a‘dyé—film—chaﬁge
4 o ;ec@rding technique. The dye¥film—change recdrding
techniqﬁe is also referfed to as a write;bnce'recording
technique whergby data can bé'reéotded onto the optical
“disc onlf ane; and once dafa has beén recordedéntoa
disc, data can ﬁo'ionger be recorded bﬁto.fﬁé:same diéc{
:_Thﬁs; the dye—filmfchange recording fechniqué is suitable
‘fqr a recofdingropération to-Save data.- on the other hand,
*the magneto—bpficai fecordihg.technique and ihe phase-
';hange recording technigue ére adopted in a vériety of
apblications including opefatiéns to record variocus kinds
of c&ntent:data such as musical data, videoidafa; games,
ahd application programs. |
In order to recofd data onto a disc to whicﬁ the
‘magneto—opticéi recording technique, the phase;change
-fécordingttechnique, and the dye-film-change recording
technique-are‘applicable, a guiding means for traékipg-a

data track is required. For this reason, grooves are
2 '



are used as data tracks. Aland is a plateau-Ilike nenber sandw ched by two
adj acent grooves. In . addition, it is also necessary to record address
information so that data can be recorded at any predeterm ned position on
a data track. In sone cases, however, the address information is recorded
by. wobbling the grooves. Assume that a track for recording data. is
created. .in advance as a pregroove. I'n. this case, the side walls of the
pregroove each have a wobbl ed shape representing -address information. By

havi ng such a pregroove, an address can be fetched from wobbling
operation

i nformation gbtaingd;jn,f650L igg—%gggr%%ggﬂgfﬁedgqrag%cvﬁ A Bde  ont o

i nformation conveyed by a reflect eam
or - reproducgd.fy esired. locatio i thout creating far,. exanple pit
data showi ng a%d?gggg%gi%é%%v%ﬂ%%gs Byr}?a\cllfoqrffg 2 dr égé"ti Worlndts FiPmRen
gr oove wobbl j shape .in this it is-no |longer necessary to provide
for exanple:%gg%V%h%ggd%¥égﬁéd?%g CHMCtHECPYSRk and record addresses in
t he address. areas]%%picalLy as pit. data. Thus, portions: for the address:
areas can be used YoPUEEoRy ddt d8 ddatn NESaTRRATY e FEsoagk adsnasis y .
can 3 be rncrggsed. . .y o ' : -

L inrormation so that data can be. recorded at any

predetermined positidn on é'data track. - In some caées;

however, the address information is recorded by wobbling

e

_the grooves.
Aséume tﬁat a-track for recording data:is created
_.in.advance as a prggroove; In‘ﬁhiS'case,rthe side wélls
of the preg;oo§¢ each have a wobbied Shape représenting
‘address informétion.' |

By héving such a pregroove; an'address‘q;n be
fetched ffqm‘wobbling information obtained in récording
and reprbduétioﬁ éperatioﬁs as information‘conveyed_by a
‘reflected beam. Thus, data can be recorded onto ér
reproduced from a desired.location without creating for
‘eXémple.pit data Showing addresses in,advaﬁée;

By adding address ihformation as a groove wobbling
shape in'thislway, it is no longer'neceséary tolprovide-
for examplé_discrete address éréas on the track and
reéord'addreSSes in the-addresé_areas typically as pit
_data. Thus, portions for the address areas can be ﬁsed

for storing actual data so that the storage capacity. can
' 3



It is to be noted that absolute-tinme information and address information,
whi ch are each expressed by the groove wobbling shape as such, are
referred to as an ATIP (Absolute Tinme In Pregroove) and an ADI P (Address
In  Pregroove) respectively. By the way, in the case of a rewitable disc
in particular, there may be a situation in which the - manufacturer wants,
to ship a disc containing various kinds of shipping-time information
recorded onto the disc in advance. The shipping-tinme information of a disc
is prerecorded information recorded onto the disc in advance prior to the

shi ppi ng of pheidiseasdypically, the shipping-time information includes
disc information and systeminformation. The disc information typically

i ncludes a recording. |jneas y. er - power recomended value
On the other hand, the systeﬁﬁﬁ %éﬁ% %gfut%o r'to %&5?{WEF

appar at us of h TE ti nfornatlon nmust be rellable
nmust have a ?ggggﬁé?%gstgﬁfggég alﬁ degeg 2BRdSAGEt °KBE©SFE%f Q¥ sFRfed. |1
t he shi ppi ng tlon is not relj able that- i's, if the disc

i nformation ?£$ udeﬁo|% thé ihgﬂFpﬁFnﬁuF aFﬁfﬁ?ﬁﬁFF%ﬁ s At 2BcBTF Rt e,

for exa Ie,
| p (Absolute Tlme In Pregroove) and an ADIP (Address In

H,Pregroove) respectrvely.
By the wef, in the case.of'a rewritable disc in
‘; :-:- particular, therefmay‘be a eituatlon in'wﬁlch the
manufacturer- wants to ship a dlSC contalnlng varlous
klnds of. shlpplng time 1nf0rmatlon recorded onto the disc
. in advance. The shlpplng~t1me 1nformatlon of a dlSC 15
prerecorded 1nformatlon recorded onto‘the disc in advance
prior to the shlpplng of the dlSC
| Typlcally, the shlpplng—tlme 1nformatlon 1ncludes
dlSC 1nformatlon and system 1nformat10n The disc
" information typically includes a recording linear
velocity and a'laserepower recommended value, On the
_ other hand, the system informationfshoﬁe how to exclude
an'apparatus of arhacker. | |
Thelshipplngwtime information must be reliable,
must have a large size to a certain degree, and must notr
' be-falsified.
If.the shipping-time information is not reliable,

that is, if the disc information included in the
. ‘



there may be raised a problem such as inability to obtain a proper
recording condition in the apparatus on the user side. In an operation to
record content data,. the data nay be -encrypted for protection of a
copyright. If a key wused for encryption is not obtained accurately from
the systeminformation, the encrypted data cannot be -decrypted so that
the content cannot be utilized.. This is also because the content data
cannot be encrypted in an operation to record the data. For the reasons -
descri bed above, disc information and systeminformation, which are

recorded as fpping-. 11 e | qption, _are required to_have reljability
hi gher thanélpjé %Ig‘gat%{ﬁ%ﬁjf‘lé%fr’%’é%%%%‘?uis%rn%l%t%‘?curﬁ%‘géhi bt nﬁ%‘?‘?‘ﬂjeer :

i nformation Q@g gihgr e size t@ a ceé%%én_d%gree because: of the foll ow ng
reasons. Consider ‘& tase TT whi ch PhePnelt 8rCkeds of neRet 15y sten?hktls to. be
updat ed because the qu-is ] eakedto a hacker. In this case, the type of
system (or p? FAUET® FrECUHE T KRR BN ik dtle PRaFates eXchisiesedl a
hacker.,apr%ﬂﬁus. Thus, in order to update the master key, a |arge anmount
of informati®%o a certain degree is required as a bundle of key .
information for identifying .5 the master key.for each unit. . For this
reason,. the systenﬁn an operation to record content data, the data

- may be‘encrypted for protéctioh of‘a‘COpyrightl 'If a key .
gsed for enCéyﬁtion is not obtainéd accurately from the
system.informatiOn,'the-enCrthed‘déﬁé éannotrbe‘
'décryptedrso‘that the contentléanndtrbe utilized. This is ,;
: alsqlbecausé the contént déta‘cannot be encryptéd inraﬁ
operation to record the déta. . | |
- For.the reasons déécfibe&-ébove,disc_informatiﬁn
and_system_informaﬁion,which are recqfded.as shiﬁping~
fime information,fare fequired to have feliability.higher
'thaﬁ recofded and‘reprdduced‘user data.

Thé shippinguﬁime infdrmation has a large size to a
certaiﬁ degree'becaﬁse_of the following reasons.

Consider a case in which fhelmaster key of the
‘'system needs fo be updated‘becaﬁsé the key is leaked to a
"hackert In this case, the type'of_systém (of ﬁfodﬂct) or
the like may be used as a unit of exclusion of a hacker
apparatus.i Thus, in"ofder to‘update the master key, a
large amouﬁt of informétidn to a certain degree is

‘required as a.bundle of key information for identifying
| 5 '



information inevitably has a conparatively large size. In addition, even if
the possibility of existence of a defect such as an injury or dirt on a
disc is taken. into consideration, it is inportant to read out the

shi pping-time information with a high degree of accuracy fromthe
reliability point of view For this reason, disc 2 information and system
information are stored repeatedly. .That is to say, the same data is
recorded a plurality of tinmes. Naturally, the amount of the shipping-tinme
i nformation cannot but-increase. Falsification of information nust be

avoi ded bec%%%emaisftetrh%e'%y%ta%%hgho"uﬁ’%i.P”FH§995{§”rS%(sgc'aH?h?%%a%éﬁ%m

apparatus of a hacker as descri bed above is not preven

{he systom | AToorarran bR eBlvoRes, okonRREE P aTY, theae 876t the |

the system i'nformation cannot “be"execute ST
b pping- 11 e i nf oFkat SURCEE: S PParLh P e PP U et POrP S T ASE t he
above requig%ngntsf'A'reco.dgngateghntque suitable for the |shipging-pine
i nformation 'S &l 5 8gﬁaﬁ885, FtaPsiPdubg A&t €4rEnan, 2adigcndehsakesr
prerecording.the shipping-tine information onto a disc, a. 6 technique of
creating enbﬁggngBPEgdﬁ athendi 5§t 18 kMBARtant to read out the
'ghipping—time iﬁformation with a'high”degree of accuracy
frbm the_ieliébiiity point'of %iew. For thislreason, disc
informatibn'and sfstem informatibn.éfe.stofed repeatedly.
.Thaﬁ is to say,.the same déta.is recorded a,plurality‘of
.-times.- Naturally, the amount of the shipping—ti@e-'.
information cannot but increas¢.' | |
Falsificatidﬁ éf‘inforﬁétion'must‘be avbide&
"becagse, if the-gystem-information ﬁSed for excluding an
_appafatus of a hacke: as aescribed abbye'is not prevented
from being faiéified, thé systém infqrmatiOn does not
have a meaning. The function of the system information
canﬁot‘be executéd unless falsification of the system
informaﬁion is avoided efféctively;. |
It is important for the_éhipping—time‘information
'Vas a prerecordéd‘information to satiéfy the above
.requirements. A recording techniqﬁe suitable for the
.shipping—timé informatidn_is_also demanded .
It is to be noted that, és.a.method for
: prerécording the shipping—time informatioﬁ onto‘a disc, a
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| f operations to record and reproduce high-density data o
optical disc are taken into consideration, however, the
enbossed- pi t-prerecording technique has problens. For ope
and reproduce high-density data onto and from an opti cal
with a small depth is required. In the case of a disc nman
creation of grooves and enbossed pits at the sane tine by
it is extrenmely difficult to formthe grooves and the enb
the depth.of the grooves nade different fromthe depth of
pits. Thus: lBendentl of Lheaqhiagven3ad g depth of ! e,

cannot hel p becom ng equal to each wever, €enpossée

nto and from an

rations to record
di sc, a groove
ufactured by
usi ng a stanper,
ossed pits with

t he enbossed

engo %ed pits
G pre&§™Rth a

smal | depth raises . iLgnal _having a_hi al ity cannot be
obtainedpfronythe e oﬁ%éé%fﬁ%égaég25%%g¥§ra%§a EP??ﬁéﬂhéﬁhféﬁ%#hﬁyan
anount of 234,68 (G.ga, &t%§gmcgn be necgrged onto and reproduced from an

optical disc wth a dianeter of To°Ri A
0.1 nmthrou n.optical system enp|loying a | aser diode
| aser havingggngggsg?tﬁﬁ?h ?wﬂﬁgrngggﬁdegﬁoﬁﬁﬁééPFVépFéﬁg

1gGvare FethBi tate) thi ckness of

generating a
Corehngn NA of

.0.85 by recor and_reproduci ng. phase change marks at a 7 track pitch of

di
0.32 mand a ?thg?uaeﬁ§?t9r8?lﬁmi2,

For operations to record and'repfoduce.highudensity

© grooves and the embossed pits with the depth.of'thé

 data'Qnto and from an optical. disc, a'grooﬁe with a.small

depth'is reQuired. In the case of a disc manufactufed:by )
creation of grooves_ahd embossed-pits at the same timefby

using a stamper, it is extremely difficﬁlt to form the

v

- grooves made different from the depth of the embossed

‘pits. Thus, the depth Of‘the grdoveé and thé depth of the

-embossed pits-cénnot help beéomihg equal to each'othe:}

Howéﬁer, embossed pits with a small depﬁh raises a
problem that a signal having a high quality cannot be.
obtained from the embossed pits.

Assume for example that data having an amount of 23

'_GB (Giga Bytes) can be recorded onto‘and'feproduced from

an optical disé with a diameter of 12 cm and a cover

_(Substrate) thickness of‘O.l ﬁm through an optical system

employing a laser diode generating a laser havihg a
wavelength of 405 nm and an objective lens with an NA of

.0.85 by recording and reproducing phase change marks at a
o - .



"mbit. In this case, the phase change marks are recorded onto and
reproduced froma groove created to have a spiral shape on the disc. In
order to suppress nedia noi ses caused by the high density of the phase
change marks, it is desirable to create a groove with a depth of about 20
nm of a depth in the range A/13 to A/ 12 where notation A denotes a

wavel engtic n Rt tof obfadh a i gpatl f romlemsessedepistis vhawifng & 14i gh
quality, on the other hand, it is desirable to create a groove with a
dept h inJWhélrange A8 to AV4. After all, it is inpossible to get a good
solution to the problemof providing the same depth to the groove and the
enbossed pits. Frobhihisaséfuahéophatberaahgs heersdenendedadwet hodo of
prerecordi ng shipping-time information, which conpensates enbossed pits.

SUMVARY &@Fel TrHp  dVENH G danodjresvies (@fedthel Riesive 1NVANHIAN SR8 9
provide a new disc recording nmediumusing an appropriate prerecording

techni qusd odiser easen t bedst onages eapact § Ynefii khedlisss 8:48604 dhgg di-um
and to inprove the recording and reproduction performance of t I sc

") TRk 9 g, ghBge ML RE! Ui e ChoROMbREL U 1,
medi um as-iRld 2% FRPRAYHCH AR I R HMout 20 nm of a depth in the
range A/13 to A/12 where notation A denotes a wavelength.
In order to obtain a signal from embossed pits having a
high quality, on the other hand, it is desirable to create a
groove with a depth in the range A/8 to A/4. After all, it is
impossible to get a good solution to the problem of providing
the same depth to the groove and the embossed pits.
From this situation, there has been demanded a method
of prerecording shipping-time information, which compensates

embossed pits.

SUMMARY OF THE INVENTION
‘Embodiments of the present invention seek to provide a
new disc recording medium using an appropriate prerecording

technique to increase the storage capacity of the disc



reproducing data fromthe disc recording medium Disclosed herein is a disc
recordi ng medium including: a recording/ reproduction area, which first
data can be recorded onto and reproduced from by adoption of a
rewiting-capabl e recording technique and already recorded second data
and, which second data remains recorded into and reproduced from by

adopt i o esORA1RE oowediolhl | Apc echai quistpaodea rtEpe oduetdard onty area only
allowing third data recorded therein by adoption of the groove-wobbling

t echni quertdect epnodueedp rmzeras nioff helfa r sii Hat ard Soracagdegely wadopt i on
of a first nodulation technique and has a first error- correction bl ock

st ruct upepitike secand datani sacecorided hytpeaption Ahna recepdngdYation
technique; and the third data is recorded by adoption of a third™ 9

modul at Hee d, eghrd dugeand d@§cad§f§%@1da;£9%é9ét%%r rest| Qeibﬁi% tHLr uatyr e

based on the sane correcti on codes as ose of the irst error-correction

ram ofroctored a e biteubobl Bak ot fuct o e PAA S ag. Phr sfetheidy Ve

correct - 0R,6OARS ANdy8 50, SUs Pogk §%§§§é3£§g medium.
Disclosed herein 1s a disc recording medium

including:
a recording/reproduction area, which first data
can be recorded onto and reproduced from by adoption of a
rewriting—-capable recording technique and already
recorded second data and, which second data remains
~recorded 1into and reproduced from by adoption of a
groove—wobbling technique; and
a reproduction-only area only allowing third
data recorded therein by adoption of the groove-wobbling
technique to be reproduced, wherein:

- the first data 1is recorded by adoption of a
~first modulation technique and has a first error-
correction block structure;

the second data 1is recorded by adoption of a

second modulation technique; and

the - third data is recorded by adoption of a third



i ncludi ng second error correction codes. The second error- correction bl ock
may i nclude a second frane structure, a third sub-block structure
including first error correction codes and a fourth sub-block structure

i ncludi ng second error correction codes. The second data and the third
data nma ge recorded along a wobbling groove created in advance. The

rew i tiﬁ“@- ulgpifle YdBHAURy BBEhAIGFUe2adiRRE | 6rrpscopdragtine folark
data nmay be a recording technique of recording phase change marks onto a
track iﬁBFEﬁEH#@dkéﬁﬁﬁgeDﬂnbbEiﬁ@mgidgﬁére@@$©mib@deabaue.tﬁheeseﬁbndmdata
and the third data are recorded along a wobbling groove created in advance
wher easfihetrenrpriagrreapaphebieckrdimgectechni que adopted for recording
the first data may be a recording techni que of recordi ng magnet o-opti cal
mar ks onto a trackhenfliesentadoas-ddreasibln ng @griooney dastnhibed above: The
third data, recorded onto the 10 reproduction-only area may includes

addr essfiraher maireiturke sec@dimgsdens] b¥kofs dhe tdhg didaiaq kg ymde
| ess dense than the recording density of the first data, and the nunber of

correct 9Rog00des rirBcthent | ISIqcRl I Yrfors eckiepnb! g%—g%c%e i fre
mul tiple of mwhereas the nunber of correction codes in the secon

error'CPﬁéfﬁ&iﬁﬁ'k§eQ§5mﬁ3¥rPSr correction codes. The second error-

correction block may include a second frame structure, a third
sub-block structure including first error correction codes and
a fourth sub-block structure including second error correction
codes.

The second data and the third data may be recorded
along a wobbling groove created in advance. The rewriting-
capable recording technique adopted for recording the first
data may be a recording technique of recording phase change
marks onto' a track implemented as the wobbling groove
described above.

- The second data and the third data are recorded along
a wobbling groove created in advance whereas the rewriting-
capable recording technigue adopted for recording the first
data may be a recording technique of recording magneto-optical
marks onto a track implemented as the wobbling groove
described above.

The third data, recorded onto the

10



set at n/mtines the nunber of correction codes in the first
error-correction block so that a data-piece count in the second
error-correction block may al so be nfmtines a data- piece count in the
first error-correction, block where notations n and meach denote a
positive integer. The recording density of the third data may be nade |ess
dense trﬁﬁPWQéLQQ&Rﬂﬂﬁﬂ%y'@éﬁ@iF?Ybﬂnﬁﬂ@dﬁﬁr§ﬁd§§ﬁ§,iaﬁérﬂﬁhéonunber of
first correction codes conposing a first sub- block may be set at a

mul ti pl e of m Wwher ecertinmndensdty faf stheorthesd odatadesmcobposiaty a
third sub-block may be set at n/mtines the nunber of correction codes
conposi Agsehelensier sthagubtid orkceondihgt dandatg- pifecehe ofintst ndihe, t kindd sub-
bl ock may al so be n/mtinmes a data-piece count in the first sub-bl ock
wher e nthet inombear antl cveaeht Hemotedaspdsi tilve fipsegerrotheorndeer oof
second correction codes conposing a second sub-block nmay be set at a

mul ti pl blotkp,mekl wbereas dtheanumberipwliec Segong sREFESET AL OMEHEPTRESI NY a
fourth sub-block nay be set at g/p tines the nunber of correction codes

conposi ogribetseaorddeeb-i Otke SOebBAl @ rddfracdt RLE ICRUN] ok t gy F%é” h
sub-bl ock may also be g/p tinmes a data-piece count in second sub-block

wher e ngeat keng /M AiGhdl @A MnGRPGIE T ROTHIME I&IRSs THethAt §9¢istM May
be a power of 2 and the integer n nay
error-correction block so that a data-piece count in the
second error-correction block may also be n/m times a data-
- piece count in the first error~correction block where
notations n.and m each denote a positive integer.

The recording density of the third data may be made
less dense than the recorxrding density of the first data, and -
the number of first correction codes composing a first sub-
block may be set at a multiple of m whereas the number of
first correction codes composing a third sub-block may be set
at n/m times the number of correction codes composing the
first sub-block so that a data-piece count in the third sub-
block may also be n/m times a data-piece count in the first
sub-block where notations n and m each denote a positive
integer.

- The number of second correction codes composing a

second sub-block may be set at a multiple of p,

11




be 1. The block | engths of the first error-correction block and the second
error-correction block may each be set at such a value that the block can
be recorded in a circle of the track on the disc. The nunmber of frames in
the first error-correction block and the nunber-of franmes in the second

error - CRRELEhEONthd! oekpaRy sachsdie, st @2 'olxhe %EJdle%as o 8#':{?@%3' to

a data- pl ece count in the error correction co he nu anes in

the fir I Or - COr ctlon ck and the nu of frames |n t he second
error- c%r r]é% ?ﬁb céﬁ’?%l g)c? e 36k b@tseﬂygt Bigafucthe I Lpadht

equal to the sum of the nunber of first correction code words and the
nunber @Preecohen corders td¢onrevidey wirdsedre setehd dakame rmbat Bcldade-a 12
synchroni zation signal in data's portion corresponding to the third

sub- bl oskecdheosaeonsh f¥aae rapyLal sQd-paldde rﬁa{yaQ%BS%e U:g{]% pugRer o n the
|

data's portion corresponding to the fourth sub-bl ock. tion, a frame
be added.to the irst rrection bl ock as mell as to

Iﬁre sec(‘l(f)érllig‘g pg?%%? E8HPEC o P BT YY S%@Tpgﬁr’r‘gﬂfff EENIHF WD aBBEd X 0 t he

flrst error- correction, block but no franme for Iinking my be added to the
each denote a p031t1ve integer.

The integer m may be a power of 2 and the integer n may

be 1.

The block lengths of the first error-correction block
and the second error-correction block may each be set at such
a value that the block can be recorded in a circle of the

track on the disc.

The number of frames in the first error-correction
block and the number of frames in the second error-correction
block may each be set at a value at least about equal to a
data-piece count in the error correction codes.

The number  of frames in the first error-correction
block and the number of frames in the second error—-correction

- block can also each be set at a value at least about equal to
the sum of the number of first correction code words and the
number of second correction code words.

The second frame may include a

12



second error-correction block. The first nodul ati on techni que descri bed
above may be an RLL (1, 7) PP technique, the second nodul ati on techni que
may be an MSK nodul ati on technique and the third nodul ati on techni que may
be a bi-phase nodul ati on technique. The first nodul ati on techni que can be
the sane as the third nodulation technique. In this case, the first and
third ndURFAFPBHZ2EMMi fhezahajnbdehabe phetRoh (CbrrEspPRALeghricqude
whereas the second nodul ati on techni que may be the MSK nodul ation

t echni queh11d subakéordanthewsthoadf frsmeaspectlaio time ludsent addmwesd i on,
there is provided a disc drive apparatus for recording data into or

r epr oducingt databéromma tiies datrésopdirtgd ome dicimeegmpidisiango aldatfoarga, in
which first data to be recorded into and reproduced from by adoption of a
rewitabsebaslawkt e-once recording technique and, in which second data
remai ns recorded into and reproduced by adoption of a groove-wobbling

techni que; and m r&dDeLst ) 08- reakk area ophyiall awina.d higd-data rggor ded
therein by adoption of. a groove technique to be reéproduced, whereln:

sai d firstrgdat ahsoFecorded Dy, ad&%%ggcgé a,Lh st osmodul ation ésj%?ab{}icﬂue’

including a first error-correction structure; said secon ais
recor ded, iy adoptien el paosecond nmodul ation technique; and said third data
is |

A frame for linking may be added to the first error-
correction, block but no frame for linking may be added to the
second error-correction block.

The first modulation technique described above may be
an RLL (1, 7) PP technique, the second modulation fechnique

‘may be an MSK modulation technique and the third modulation
technique may be a bi-phase modulation technique.

The first modulation technique can be the same as the
third modulation technique. - In this case, the first and third
modulation techniques may both be the RLL (1, 7) PP technique
.whereas the second modulation technique may be the MSK

modulation technigue.
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recorded by adoption of a third nodul ation technique, including a second
error-correction block 14 structure based on a first correction coding for
said first error-correction block structure, said disc drive apparatus

i ncluding: head neans for radiating a |aser beam to a track created as a
groove on said disc recording mediumand receiving a reflected beam
signal; extraction neans for extracting a signal representing a shape of
said track fromsaid reflected beamsignal; first data-signal extraction
means for extracting a signal representing said first data fromsaid

refl ected beamsignal; first data denodul ation nmeans for denodul ati ng said
signal represEntiagcsaiande r stidat aa i nfiarstepragiedi oroopeytas | Presait i ed
out on said data area by said first nodulation technique; second data
denmodul ahventieans froire desodut@tidgd ian dikepr @duGid o @Peraten &y i ed
out on said data area, said signal representing said shape of said track
by sai drseeend npduiatizon itreehini gue; ddpdshatay despdul at-ban means Jor
denodul ating, in a reproduction operation carried out on reproduction-only

area, sgédoraigpalmdEPIRSeBHpI Sal: shane, of said, tragk Q}lzl%q'idfrllijsrtd

nodul ati on techni que; error correction means for carrying out

error - GO £ §CHI0M PrACLSSH %S Qﬂigd 9Py SAL %S&ﬁegdc%rfo%tﬂfnadgsgﬁ%no%fa

nodul ation result output by said first data
~a rewritable or write-once recording technique and, in

‘which second data remains recorded into and reproduced by
adoption of a groove-wobbling technique; and a reproduction-
only area only allowing third data recorded therein by
~adoption of a groove technique to be reproduced, wherein:
said first data 1s recorded by adoption of a first
modulation technique, including a first error—-correction

- block structure; said second-data is recorded by adoption of

-a  second modulation technique; and said third data 1is
recorded by adoption of a third modulation technigque,

-including a second error-correction block

14



denodul ati on neans and a nodul ation result output by said third data
denodul ati on neans; and control neans for driving said second data
denodul ati on nmeans to carry out 15 denodul ati on processing in a data
operation perforned on said data area, requesting said error correction
nmeans to carr% out error-correction processing based on said first error
correct i BpFbEK e nPasgst acBper at bhsper¢ornedtdrrsaicedata farea,sadrd vi ng
said third data denodul ati on neans to carry out denopdul ation processing in
a repr odaesiton egperaticnre gerdror netboh sai ducepreducthan- onliycar exive
requesting said error correction neans to carry out error-correction

pr ocessipgabased dmcslidisecohdadr nerarcor fect iraibdoikgi B dasepr dduet i on
operation perforned on said reproduction-only area. In addition, the error
correctkon aeansaaRy beesapdbles of encadiagcandsdeeodingdt heetbhsitingy I or
correction block including a first frame structure, a first sub-bl ock
struct umedicenpased sécéivshgCad r edfile-icadescand 3igqaeond subrhlbeskn
structure conposed of second correction codes, and capable of decoding the
second REEAE. GO Q&»Eﬁ@é‘c@iﬁgka' Gl NOr 8o $860AH 1 nfyr e §ﬂ%¢'&t Fesad 4 hird
sub- bl ock structure conposed of first <correction codes and a fourth

sub- bl ogkasis ugtine £OIPOSEd0lor SeCoNdPOLTBALION 2908% ARESOXST Lhe

control nmeans nay drive t ead neans t
‘extraction means for extracting a signal representing said

first data from said reflected beam signal; first data

demodulation means for demodulating said signal
- representing said first data in a reproductién operation
- carried out on said data area by said first modulation
technique; - second data demodulation means for
demodulating, in a reproduction operation carried out on
sald data area, said signal representing said shape of
said track by said second modulation technique; third data
demodulation means for demodulating, in a reproduction
operation carried out on reproduction-only area, said
signal representing said shape of said track by said third
modulation technique; error correction means for carrying out
error-correction processing based on said error-correction
codes on a modulation result output by said first data
~demodulation means and a modulation result output by said
third data demodulation means; and control means for

-driving said second data demodulation means to carry out

15



make an access to the recording/reproduction area at a |ocation indicated
by address information extracted as the second data and drives the head
nmeans to nake an access to the reproduction-only area at a |ocation 16

i ndi cated by address information included in the third data. In addition,
the error-correction neans may carry out error correction processing by
setting SRBCAUABERL OB ProsasEcticni it odedh teo st atyl arheod 1 fastmest rayr said
correction block at a nultiple of mand the nunber of correction codes
conposi mpttheasegondrernestionr evtidneblrock atrr¢aticn nesahhe toundzerrpf
correction codes conposing the first error-correction block where

not at i orms1tn amdom-eathedénohe pro@asdtrigye bagteeigepn Faalberfibre; tdheor
error-correction nmeans nay carry out error correction processing by

setting ddrereuinioer lofodkrsh Lofaest operacdes qumpnsingl tbe khAst &HLOr
correction block at a nultiple of m the nunber of first correction codes

conposi Bgeahe driliviiieIs=adld GOHReCda®n Rleatiddla ti o thaBsst B cAvIReo R
correction codes conposing the first error- correction block where

not at i ORebARNG IR GACH dRNRQUE 131 g POt i Ve i nﬁ@ﬁ%a&é\ﬂ@ﬂ“%&h%ﬁ%‘%{“.
correction codes conposing the second error correction block at a nultiple
of p _a@%ﬂf&rﬂé‘&b%nmséfgo%p&%cﬁﬁ%ii&p—msa%%gr,)os:j:&guég'@ing said
.error correction means to carry out error-correction
processing based on said second error correction block in a
reproduction operation performed on said reproduction-only
area.
In addition, the error correction means may be capable
of encoding and decoding the first error correction block
including a first frame structure, a first sub-block structure
composed of first correction codes and a second sub-block
- Structure composed of second: correction codes, and capable of
decoding the second error correction block including a second
frame structure, a third sub-block structure composed of first
correction codes and a fourth sub-block structure composed of
second correction codes.
Moreover, the control means may drive the head means to
make an access to the recording/reproduction area at a
location indicated by address information extracted as the

second data and drives the head means to make an access to

the reproduction-only area at a location

16



fourth error correction block at g/p tines the nunber of correction codes
conposi ng the second error-correction block where notations p and g each
denote a positive integer. 17 In these cases, the integer mnay be a power
of 2 and the integer n may be 1 . In addition, the denodul ati on processing
may be carried out by assum ng that the first nodul ati on techni que

descri béadigigded | byana®itesd, iAfRatdcini quelutkd senontheroduiiatd on
techni que nay be an MSK nodul ation technique and the third nodul ation

t echni ggetemy be a bi-phase nodul ati on techni que. As an alternative,

requi red denodul ati on processing may be carried out by assum ng that the
first nmodul atitm adechihbguetinmye fxeot-hes Sade iash niaddhind, radthatdgn

techni que. As another alternative, denodul ation processing my be carried

out by asswi ngdhadcdile: figrelceand ddhi nd, medulatipn tHechniieas may be both
the RLL (1, 7) PP technique whereas the second nodul ati on techni que nmay be

an MK rmaleridion teefry Q%mpje%ﬂr{?ea% dange v i@ secend.aspest of the

present invention, there is provided a reproduction nethod for

EPLoChenRnke (Ola dae e A TUERERY SO r e, 1
rewritablgor 8E$ﬁ5§£&§ethe second error correction block at n/m
times the number of correction codes composing the first
error-correction block where notations n and m each denote
a positive integer.

Furthermore, the error-correction means may carry out
error correétion. processing by setting the number of first
correction codes composing the first error correction block at
a multiple of m, the number of first correction codes

- composing the third error correction block at n/m times the
number of correction codes composing the first error-
correction block . where notations n and m each denote a
positive integer, the number of second correction codes
composing the second error correction block at a multiple of p
and the number of second correction codes composing the
fourth error correction block at g/p times the number of

correction codes composing the second error-correction block

where notations p and g each denote a positive integer.
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recordi ng techni que and, in which second data remains recorded into and
reproduced by adoption of a groove-wobbling technique; and a
reproduction-only area only allowing third data recorded by adoption of a
groove technique to be reproduced, wherein: said first data is recorded by
adoption of a first nodul ation technique, including a first
error-correcti éa Bhesk st uridisalateseond tayalies a receededfby atapti on
of a second nodul ation technique; and said third data is recorded by
adopt i offhef iatagen n nwduy ati®nlt.echni que, including a second
error-correction block structure based on a first correction coding for
said first errber-eaddietonontbhéodkmstinbatior, photessingpmagudid afnapesat i on
carried out on said data area, said reproduction nmethod further

conpri sbuy: byadisatimigea Hagerthdepmrs® Bolihdskicheabetndsue He@WE Hay said
disc recording nediumand receiving a reflected beamsignal; extracting a

signal sepvesardiag KRIMobpl j ng)sm@pe,t@&hﬁe?de,tr@% 8880Ag SRl ation
representing said first data fromsaid reflected beam signal; denoéhlatlng

sal d exteaghequsi 9R3l pECRIESASKI RbRALL \WePbLERg, share Hiq sahd thack by

said 19 second nodulation technique and carrying out a égEOQ|ng process to
Teprosaniag eara Ve Ak I Bhsptrontare SogBtakira Feth e que
CorreSpondingﬂé)éﬁ“éh{éfﬁﬁtive, reguired demodulation processing may
be carried out by assuming that the first modulation
| technique may be the same as the third modulation technique.

As another alternative, demodulation processing may be
carried out by assuming that the first and third modulation
techniques may be both the RLL (1, 7) PP technique whereas
the second modulation technique may be an MSK modulation

technique.
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nmodul ati on techni que used for nodul ating said signal representing said
first data; and carrying out error- correction processing based on said
error-correction coding of said first error correction block to reproduce
said first data, whereas for a reproduction operation carried out on said
reproduction-only area, said reproduction nethod further conprising:

radi ati ng a | aser Inpaapprtrdasgied wirtdcke cseared aspsaitd ofr ddve mnelsertei vi ng
a reflected beamsignal; extracting a signal representing a shape of said
track fioweshidnsef thered beanpsoygnded denpdptathngisai dnexhodct &drsi gnal
representing said wobbling shape of said track by said third nodul ation

t echni quepraddctagr ylatg ofitorer Bordicar r et ipy ages$BirNgconespsi of: sai d
error-correction codes of said second error correction block to reproduce

sai d thiatdadatmea)l niaddiiion, fiofst HepEodUst ik eperaldan ¢atki egdhut on
the data area, the reproduction nethod may further conprise: carrying out

error cogpeetibendpracesshidabaged on dheal ivsirieiss 20 Garneatdon, bl ock
including a first frame structure, a first sub-block structure conposed of

first coseeetiion cedesnanfhd@ =3860Nd SURNRIQCK SSIIGE Uh%t%om%gﬁdiﬁé second
correction codes whereas, for a reproduction operation carried out on the
repr odued ¢ D! In 35 Ebhqg tAG FERIQIN LY 0N JRL NQY JBY, groove-wobbling
technique; and a reproduction-only area only allowing third
data recorded by adoption of a groove technique to be
reproduced, wherein: said. first data is recorded by
adoption of a first modulation technique, including a
first error-correction block structure/said second data is
recorded by adoption of a second modulation technique;
and said third data is recorded by adoption of a third
modulation technique, including a second error-correction
block structure based on a first correction coding for
said first error-correction block structure, for a
reproduction operation carried out on said data area, said
reproduction method further comprising: radiating a laser
beam to a track created as a grbove on said disc
recording medium and receiving a reflected beam signal;
extracting a signal representing a wobbling shape of said
- track and a signal representing said first data from said
reflected beam signal; demodulating said extracted signal
representing said wobbling shape of said track by said

19



further conprise: carrying out error correction processing based on the
second error correction block including a second frane structure, a third
sub- bl ock structure conposed of first correction codes and a fourth
sub- bl ock structure conposed of second correction codes. Mreover, fora
reproduction operation carried out on the data area, the reproduction
nmet hod FEBCFREt RedWlohipt P8 et e aeld Tge apndc cessrydnghewat a arcezoding

| ocation indicated by address information extracted as the second data
and, foPxpcesprdducriretiuper @&ddorssaririfedmatioon tdeenadedragdmet | saidnl y
area, the reproduction nethod may conprise: naking an access to the

r epr oduetdtgacorby sagealatrepreeceating badicdtedtbyataddressidpt osmrad £on
included in the third data. In addition, in the error correction

pr ocessiang,ddnmiulumbet ot echnbgati oncodeseeipegi Ngot hesfid st ferser
correction block my be set at a multiple of mand the nunber 21 of

cor r ect modutadesncomagimgnidhe sesand eyt orm@@@w@ﬁ?n dlieck gpynbe set at
n/mtimes the nunber of correction codes conposing the first

_error-cgégeébbﬁeiﬁbocgamer eipotatiops; N aa@d pueaghpdenclg a posifive
integer. Furthernore, in the error correction processing, the nunber of

first cebieebhabreoda® CAPAs NIphBEAT LAl Qi £pLLECtdon, BLagl, qray be
ple of m the nunber o irst correction codes comnposing the

third eEB@Hﬂﬁ”éfcgé¥H first error correction block to reproduce
said first data, whereas for a reproduction operation
~carried out on said reproduction-only area, said
reproduction method further comprising: radiating a laser
beam to said track created as said groove and receiving a
reflected beam signal; extracting a .signal representing a
shape of said track from said reflected beam signal;
demodulating said extracted signal representing said
wobbling shape of said track by said third modulation
.téchnique; and carrying out error-correction processing

based on said error-correction codes of said second

error correction block to reproduce said third data.

In addition, for a reproduction operation carried out on
the data area, the reproduction method may further comprise:
carrying out error correction processing based on the first

error
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bl ock may be set at n/mtinmes the nunber of correction codes conposing the
first error-correction block where notations n and m each denote a
positive integer, the nunber of second correction codes conposing the
second error correction block may be set at a nultiple of p and the nunber
of second correction codes conposing the fourth error correction bl ock

may be set at g/p tinmes the nunber of correction codes conposing the
second error-correction block where notations p and g each denote a
positive integer. In these cases, the integer mmay be a power of 2 and

the integer n may be 1. In addition, the denodul ation processing may be

carri edcoautchyoas $Umichg ihetudihey farﬁr@fedlﬂx@&deonsﬂm]we deggkished
above is an RLL (1, 7) PP technique, the second nodul ati on techni que may

be an MsKbrbdokat serubechai qempared22 1t he 4 reb ppdut At ogoieshphqug may be
a bi -phase nodul ation technique. As an alternative, required denodul ation

processsBgofBY sRE-686Ek eds oMy &S SR ﬁ&ﬁatoft heeth at FEBQE%?E&BH

technique my be the sane as the third no ation tec ni que anot her

al ternathyes dgrmdilatip proqgiéf d@g&ﬂpeaP %gkﬁgthekﬁﬁ%d?ﬁ§%g;ngpthat

the first and third rmodulation ni ques

teChn'qHﬁe“hﬁéﬁﬂédﬁgﬁloﬁﬁﬁgﬂf qgggigt|QﬁetegQB£g§§CQ?gnbgmthg§K Hggulatlon

t echniq
further comprise: carrying out error correction processing

based on the second error correction block including a
- second frame structure, a third sub-block structure composed of
first correction codes and a fourth sub-block structure
- composed of second correction codes.
Moreover, for .a reproduction operation carried out on the
- data area, the reproduction method may further comprise:
making an access to the data area at a location indicated by
_address information extracted as the second data and, for a
-reproduction operation carried out on the reproduétion—only
area, the reproduction method may comprise: making an access
to the reproduction-only area at a location indicated by
address information included in the third data.
In addition, in  the error correction processing, the
number of correction codes composing the first error

.correction block may be set at a multiple of m and the number
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In accordance with an enbodi nent of the present invention, on a disc of
the wite-once-storage-capacity type or a disc of the rewitable type,
shipping-time information (prerecorded information) may be recorded, as
the third data by wobbling a groove. In processing to store the
prerecorded data, the recording density (and the recording technique as
wel | as afhecrigeriiren teddmi rANPImyLIhe tirdeskesaddesseor | reoxadkdittiicon,
error correction codes nay be used by adoption of the sanme techni que as
t hat folhadk enagndest ype dat a/or timew itheb| Butlype dét aorwkeicth onpy-does
handl ed as the first data. The anount of data per error correction block
may be redposdng o;hd of i exanelreocrbonr rAs td oche Wi sklewhoreecwitd thibesf in st
data (or user data) onto the data area, there is 23 provided a

phase- change: eecar dengtteshpogiei s entmgnet o- optical recording technique.
If the labor required at a disc-shipping time and the cost may be taken

into consi der afipfhetn62E TN ashel aPF QSICELRR=@REYRdA AoLL 8L €Y, DYrysing a
stanper may be desirable since, in this case, it my hot be nectessary to

record datgos! die sbLoPIdAddT il SHUBLT Qb flid 0 1iat aps L addidon, i n

a process to record pre-address information (AD P)” as the secon t he

-g{ggve SBYrDE: 1 ¥RbRY 881 b2 YSHRI R RIS ﬂﬂ&%ﬁpié‘5Pem9aﬁﬁeokuﬁb%%cg%ded
first correction codes composing the third error correction
block may be set at n/m times the number of correction codes
composing the first error-correction block where notations n
and m each denote a positive integer, the number of second
correction codes composing the second error correction block
may be set at a multiple of p and the number of second
correction codes composing the fourth error correction block
may be set at g/p times the number of correction codes
composing the second error-correction block where notations p
and g each denote a positive integer.

In these cases, the integer m may be a power of 2 and
the integer n may be 1.

In addition, the demodulation processing may be carried
out by assuming that the first modulation technigue described

above is an RLL (I, 7) PP technique, the second modulation

technique may  be an MSK modulation technique and
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of the wite-once/rewitable type, pits may not used in the shipping-tine
information so that a recording process carried out by wobbling the groove
may be desirable. The shipping-tine information recorded as the third data
has a necessary property different fromthat of the pre- address
information used as the second data. That is to say, for the pre-address

i nf or maitfén thidCormedikatigre sedundiutat B2y t hebe ecorki T adensinegubatyidre | ow
and a low error rate that can be assured by interpolative protection or

t he I|k§8@§¥QE% acceptable. In addition, if the second data may be
recorded in the said data area as a groove wobbling shape, the first data
may be superpo8edaon aiternatack, i mphedestiedchyd?4 athengmaaessDugt heiyot her
hand, the shipping-tine information can be recorded as the third data at a

recordi hg density boawebyt hasurtihat ther tdhe fiinstt daddulddiddecds@ad didre is
to be taken into consideration, however, a recording density about the

same asmayhBe Ohe tdrans egoncthedata it H@Hu&ﬁtlbﬁet@éﬁnﬁg% ess information)
may not work. In addition, an error rate not exceeding that of the first

dat a - may de”and@ﬂEﬂﬁﬁ&kﬂe%ﬂﬁk%mat§bgced%ﬁ%dﬁqg%ggﬂcgrggegghﬁ arﬁ% Yo

"'storlngthe shi ppi ng-time i nf ormati on may be an ar create sing a

stanpergafkhaby bt QQy35§§u59H§a%wan19§£af&§%%r4§ﬁiaﬁhﬁrgr%%%%fg@¥g' ng

techniques are both the RLL {1, 7) PP technique whereas the
second modulation technique may be an MSK modulation technique.

-In accordance with an embodiment of the present
invention, on a disc of the write-once-storage-capacity type
or a disc of the rewritable type, shipping-time information
(prerecorded information} may be recorded, as the third data by
wobbling a groove. In  processing to store the prerecorded
data, the recording density (and the recording technique as
well as the modulation technique) may be made less dense. In
addition, -error correction codes may be used by adoption of
‘the same technique as that for write-once-type data or
rewritable-type data, which may be handled as the first data.
The amount of data per error correction block may be reduced
to, for example, 1/m.

As a technique to record the first data (or user

data) onto the data area, there is
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shape, address information can be included in the shipping- tine
information so that superposition on the pre-address information is not
required. It is thus possible to have a nodul ation technique for the third
data (that is, the shipping-time information) different fromthat for the
second data (or the AD P). Consider a case in which the third data nmay be

r ecor dedPTHAdmsbbE nghasgreberge | nrecortiordi fgohndgEss oar r & ednayety-
wobbling a groove, in general, the wobbling anplitude nmay be snall and the
S/'N (Si girli-aad- Neiosadingt tecbhighe.signal may be poor. 25 For this reason
in order to assure reliability of the third data (or the shipping-tine
information), iIf ithénpbabant requiredlicatt ha retocdsngpdensgi tyihe arwal ue
much smaller than that of the first data. In addition, the first data may
i ncl ude ther elcatsitvelmay | @&ege tekedr dorgectdodrs latik i@, stidddnerspeakd ng, a
relatively large first error correction block) including error correction

codes, whbebdieyiba-gheat Hataubesats@MUNe RIERY - aCOLEeebboN-AY | iyy and
redundancy points of view, and conpleting a deep interleaving process. By

taki ng ebbeehsief sidiad, apd imjjuriesson the glisc ko i ”ﬁEQ%E@EE&”wo
may be sét

however, the length of the first error correction bloc as

large arxabyg aatROss! Phe RhOMLIRE-LHAL tREYRALYEHBYsPehird data.

In addition, in a process to record pre-address
information (ADIP) as the second data, the groove may be
wobbled by using no pits. Thus, in the case of a recorded disc
of the write-once/rewritable type, pits may not used in the
shipping-time information so that a recording process carried
out by wobbling the groove may be desirable.

The shipping-time information recorded as the third data
has a necessary property different from that of the pre-
address information used as the second data.

That 1is to say, for the pre-address information
recorded as the second data, the recording density may be low
and a low error rate that can be assured by interpolative
protection or the like may be acceptable. In addition, if the
second data may be recorded in the said data area as a
groove wobbling shape, the first data may be superposed on the

track implemented by
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wi thin such a range that the block can be recorded w thout exceeding a
circle of the track. Also in an attenpt to reduce the recording density of
the third data, the third data may be considered in the sanme way as the
first data. That is to say, the second error correction block | ength of
the third data is set at such a value that the block can be recorded

wi t hout EfdNYGa circle of the track. In addition, in an attenpt to
reduce the recording density of the third data, the first error correction
26 bl ock | engt Rhofthehethiershagal a the sérirging-vainge idifdreragnitorf raam e
second error correction block length of the third data. Furthernore, the
error c@FFEELCREN acoddse othihe tdhiedatdat aremyrdienqradensheysdmweas tiHun
nunmerous error correction codes of the first data, which may be great in
nunber thet thee térer dri-wedr rdectd onkibihé t yeaddtieduddaney Heoitake:rofinticew.
Since it may be undesirable to apply as many error correction codes as

pi eces obndatiarbahithe hoareeassecimi@d-dmid hadhel €F r ghocer Laet is@meCedes,
the data-piece count in a frane may be made about equal to or smaller than

the nunbBatof of nt ehleeavescohBat dfsa t hqtmurberigf codes. Ps ReJdNe size
of the first error correction block may be nmade different fromthe size of
- the secondioemnk®honfordBet ne® blosk, the frame:shruciyr e, Gh3ngesie not
exceeding that of the first data may demanded. Furthermore,
since the reproduction-only area for storing the shipping-time
information may be an area created by using a stamper, that
is, an area containing data recorded as a groove wobbling
- shape, address information can be included in- the shipping-
time information so that -superposition on the pre-address
information is not required.
It is thus possible to have a modulation technique for
the third data (that is, the shipping-time information)
- different from that for the second data (or the ADIP).
Consider a case in which the third data may be recorded
by wobbling a groove. In a recording process carried out by
wobbling a groove, in general, the wobbling amplitude may be
small and the S/N (Signal-to-Noise) ratio of the signal may be

poor.
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In the case of the first data, the first error correction block may
include merror correction codes. Wen the sizes of the error correction
bl ocks for the first data and the third data are changed to acconpany
reduction of the recording density of the third data, the second error
correction block for the third data may be constructed from n/merror
correction codé®r PRisnreppsncadd qudaraytdeadesieabkedinbidétyawfeftfracti ve-
dat a- pi ece count of the first error correction block at a nmnultiple of a
power ofhrdudatas (armihei pihdppfing,-048<bynésormbhiaddit iidn,is timmyrtaso be
desirable to set an effective-data-piece count of the second error
correcttonrbbock ther tdmondiing det@ity aomal tvgliee ofuah peweatletr Zisiich as
a nmultiple of 2,048 bytes. If an EDC (Error Detection Code.) or the |ike

i S addethat tde ted etitnare-ddatea- pi ece count may becone a val ue different
froma power of 2 in sonme cases. In order to have both an

ef fective-dataipi ecriieawnt ofhd heifktStdard OnaGor Heetin Bl oski 2@ @n
ef fective-data-piece count of the second error™ correction block equal to a

mul tipl eaghea ROWRr Ofcarrddt MY bB1oRRCESSRTY éﬁkfﬁﬁl§hesééﬁkﬁn f mat a
power of 2 as well. Furthernore, if both the effective-data-piecé count of

the firsb18rf0L1GOIERGET @R B} ekrBQchF§?§2288tbi%b%§t%hBh%%&ngC%%%%rOf the

0
second error correction block are equa
correction codes, which may be great in number from the error-

correction-ability and redundancy points of view, and
Completing a deep interleaving process. By taking effects of
dust and injuries on the disc into consideration, however,
the length of the first error correction block may be set as
large a value as possible provided that the value may be
within such a range that the block can be recorded without
exceeding a circle of the track.

Also in an attempt to reduce the recording density of
the third data, the third data may be considered in the same
way as the first data. That is to say, the second error
correction block length of the third data is set at such a
value that the block can be recorded without exceeding a
circle of the track.

In addition, in an attempt to reduce the recording

density of the third data, the first error correction
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power of 2, that is, if n =1, accesses to data can be made wth ease. |f
the frame structure of the third data (that is, the shipping-tine

i nformation) may be changed to the frane structure of the first data (that
is, the user data), the 28 way to insert a synchronization signal, a DC
control signal (or the so-called dcc) and the like may al so change as

wel | . legthofoft Heha niFxptdadata i s st net devabeesdafferent chruider
superposition, of the second data (that is, the pre- address information)
as may the sheocpdserwbrhconeediiat Waick lengthddift Ebe, thirécdsih ng density
as high as that of the first data may al so not be required. For these
reasons, a si Fpiréheroduieat | tine netrad: canrbecadont echdss t lnef nodal athiiord
technique of the third data. If the conditions described above may not
exi st, damat heay otleermband tHichessmare appduhat immareindeasothalo efedthiend i r st
data can be adopted as the nodul ation technique of the third data. Since

the thicodegatof reeorfiacsasdacg) ovecMoRbli Bg ghape MWD erd omRd 11
advance by using a stanper, address information can be recorded too at the

sane tb&%o&gcbﬂﬁbctﬁ@n—gbigiﬂ&iMﬁdaEQQﬁﬁBHﬁcﬂa%@PﬁtgQ9§b¢féﬁﬁ maki ng an

access by wusing the address information. In"this case, a sync pattern and

a sync ID myshBce it may be undesirable to apply as many error
correction codes as 'pieces of data in the frame associated
with the error correction codes, the data-piece count in a
frame may be made about equal to or smaller than the number of
‘interleaves, that is, the number of codes.

Thus, as the size of the first error correction block
may be made different from the size of the second error
correction block, the frame structure changes.

In the case of the . first data, the first error
correction block may include m error correction codes. When
the sizes of the error correction blocks for the first data
and the third data are changed to accompany reduction of the
recording density of the third data, the second error

correction block for the. third data may be constructed from

n/m error correction codes.
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provided on a portion of the frane of the third data while an address unit
nunber may be provided on a certain portion of the franme. Since
pre-address information may be recorded in the 29 recording/reproduction
area in advance as the second data, an access can actually be made even if
only a mninmumsync pattern may exist. Neverthel ess, the sync pattern, the
sync 1D and tHe BaH? es8sani dtndferbemsendtrakbriséoa sgtoreneEfestife- t hey
may be provided. In addition, since the first data may be data to be
rewitteatatRifes Ogpindal P ridier féddstto asreun-¢ar zawt ram- blockf rames may
be required respectively in front of and behind a cluster serving as a
rew i t evghfipleahel rarmeveamt rAirswit a4 raamesl himy hefuded 4o mvitieski ng.  For
exanple, the run-in franme in front of a specific cluster nmay include an
APC oper ati on Imar exddiridmseritpowrsy cats®l ba R ipaidier n for R4 leadi ng-
in, a sync pattern for synchronization |leading-in and a gap area between

t he speeiféctctarsdera-anitkde dagterof mMediata@ing dresedidia-ddhe spegiddic
cluster. On the other hand, the run-out frame typically may include a
post - antbe phet el randia gapt & erulSipre BE of heswdat armay be-x egar ded

onto the reproduction-only area, which may be used for recording the
third daiesigiowesrery, ouse iResarea, the gap area and the like
If an EDC (Error Detection Code.) or the like is added,
the effective-data-piece count may become a value different
from a power of 2 in some cases. In order to have both an
effective-data-piece count of the first error correction block
and an effective-data-piece <count of the second error
correction.block equal to a multiple of a power of 2, it may be
necessary to set the value of m at a power of 2 as well.
Furthermore, if both the effective-data-piece count of
~the first error correction block and the effective-data-piece
count of the second error correction block are equal to a
power of 2, that 1s, if n = 1, accesses to data can be made
with ease.
If the frame structure of the third data (that is, the

shipping-time information) may be changed to the frame

structure of the first data (that is, the user data), the
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may not be required. In addition, since a data series including
synchroni zati on informati on and address informati on may be created
contiguously by using a stanper, the VFO pattern for PLL |eading-in may
al so not be required 30 either. Thus, even without the run-in frame, frane
synchroni zation, synchronization based on frame nunbers and even address
synchr 8%z 9 ol S&Ht e BEEBIaEFediam dddiali.or &G neent el foldrovi ngpr
cluster may also start inmediately, the data series may be conti nuous and
a post themsicecadhad fsc) aardntlorit]l fhamsy raysnathabger eguivedd. ei t her. Thus,
in the case of the third data recorded in the reproduction-only area, the
l'i nki ng franednkibancaset bé tha-thirdndatan-dttméy anes semdbeeddni nad ed.
As i s conprehensible, fromthe description described above, in accordance
with exbodiident ssudetpes ipriesends theenidd@rhd Wihbaa (reear disg taehmique, a
nmodul ati on technique and a recording density optinmumy applied to the

first datdaesst herseaardofiat asandyt Be tthier dadat &idh Y @ne: idatmRy Re
possible to inplenment a wite-once-type or rewitable-type disc having a

| arge gapaeiibn,fof recording UseisOafaaas then iy stndat @ @and, properdy
record shipping-tine information serving as third data. That s to say,

enbodi gERELS Ry t e SBr €56A! YJVEDLL OPelBY rXNiRbban £IIGE, thatg il Y be
possi ble to record a proper

modulation method can be adopted as the modulation technigue of

the third data.

If the conditions described above may not exist, on the
other hand, the same modulation method as that of the first
~data can be adopted as the modulation technique of the third
data.

Since the third data recorded as a groove wobbling shape
may be. formed in . advance by using a stamper, address
information can be recorded too at the same time so that the
disc drive apparatus may be capable of making an access by
using the address informatiomn.

In this case, a sync pattern and a sync ID may be
provided on a portion of the frame of the third data while
an address unit number may be provided on a certain portion

of the frame.

Since pre-address information may be recorded in the
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anount of third data serving as prerecorded i nformati on or the

shi pping-tine information that cannot be falsified by at sustained high
reliability. 31 In addition, in the case of the disc provided by the
invention, the effect on devices and circuits enployed in the disc drive
apparatus may be small so that a sinple configuration can be realized

wi t hout FEARLE LR e ediTtdae drpa cost adTanpat abt .ithedetaiond aliedi ment s of
the present invention mnmay exhibit the following effects. The first data
and theachésd dzara meytustdre bhe made ervar idor pedti oa codesnudhusynd he
first data and the third data can be subjected to an ECC process carried
out. by pahhennhaagwaxéstal Newkrghthesepsthef sthe ¢hiast e, vetappamai UDto be
| ownered and the configuration of the apparatus to be sinplified.

Fur t her amd e thehesddesds dah &t maymbhave nayf i it eanee LOpFEBlémN hback £
structure while the third data may have a second error correction bl ock

struct utigey Thay s dowiedthe first data and the third data may have
their respective proper error correction block structures. In particular,

the recording densigy;ofofhe sthied dal arimmy be Rds.}ess dense thand he

recording density of the first data, and the nunber of correction codes in

EEZ FirsdwifOhn, CPLARELT @DpRLask MY A6 50f & & MULLLRLE QL Py Mgleas

frames may be required respectively in front of and behind a
cluster serving as a rewrite unit. The run-in and run-out
frames may be used for linking. For example, the run-in frame
in front of a specific cluster may include an APC operation
area for laser power control, a VFO pattern for PLL leading-
in, a sync pattern for synchronization leading-in and a gap
area between the specific cluster and a cluster immediately
preceding the specific cluster. On the other hand, the run-out
frame typically may include a post-amble pattern and a gap
area.

Since no other data may be recorded onto the
reproduction-only area, which may be used for recording the
third data, however, the APC area, the gap area and the 1like

-may not be required. In addition, since a data series including
synchronization information and address information may be
created contiguously by using a stamper, the VFO pattern for

PLL leading-in may also not be required

30



nunber of correction codes in the second error-correction block may be set
at nfmtimes the nunber of 32 correction codes in the first
error-correction block, and the nunber of data in the second
error-correction block nmay be set at n/mtinmes the nunber of data in the
first error-correction block, so that not only do the first data and the
third datihepfave Thesr reﬁﬁﬁttlwét@p@ﬁer éheor verréoti ofrdheck stramst ures,
but the error correction structures may al so be anenable to error

correct Bgncprovéssitngn, Morwoveronismednarf bheefli rat  diraoe- conmeetsorerad ock
may include, a first frame structure, a first sub-block structure

i ncl udi agehi adtirers ayrcdroadtzbohonodes seicds@ablliBEeand a second sub- bl ock
structure including second error correction codes such as BIS while the

second error-camn eeidien dal, 06K naRy tHendde wad nse carG tharam® S talued Witartd
third sub-block structure including first error correction codes such as

LDC andlr&necﬂpékfélw subhbl agdc St cUetiwge mw' wei NELSECANLLr LR Cor rp%ﬁst*d—on
codes such as BIS, the first data and the third data share the sanme error

correcti@m £0desat and, i Addigions-dhe fidpty datg iheythidngd data have

their respectlve proper error correct’ion Iocks Par |cularly, |n this

Cth he_t hird th
he . reCOthQ?tQ§pS#ﬁ % SOt ke e nu th %gg?ré% corre Bon |

t he recordi ng dens the firs dat a, i on

reproduction-only area, the linking frames known as the run-in
-and run-out frames can be eliminated.

As 1is comprehensible, from the description described
above, in accordance with embodiments of the present
invention, with a recording technique, a modulation technique
and a recording density optimumly applied to the first data,
the second data and the third data as they are, it may be
possible to implement a write-once-type or rewritable-type
disc having a large capacity for recording user data as the
first data and properly record shipping-time information
serving as third data.

That is to say, embodiments of the present invention may
exhibit an effect that it may be possible to record a proper
amount of third data serving as prerecorded information or the
shipping-time information that cannot be falsified by at

sustained high reliability.
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33 codes conposing a first sub-block may be set at a multiple of m whereas
the nunber of first correction codes conposing a third sub-block may be
set at n/mtinmes the nunber of correction codes conposing the first
sub- bl ock, and in addition, the nunber of second correction codes
conposi ng a second sub-block may be set at a nultiple of p, whereas the
nunber of secofl @ik on dodédiecowpssi ngfa tbertfiisab-brockdady e set
at g/p tines the nunber of correction codes conposing the second

sub- bl oEkesénvhatinot d&hley affadie dnrdevikeea and thecthitsd edatlayerhvin t hei r
respective proper error correction block structures, but the error
correcttboa sdisct desvarmypgismthes awgnabke tmadlir ogocotheet i HN PIMYLIRSSi Ng.
In these cases, the optinmum values of the integers m and n may be a power

of two emdfbmeraespectineby. dMuidewer witteoutepl Ocuetien- oAl M naredsdreyn be
used as an area for recording the third data by groove wobbling. It may
t hus nocdsnger be necessary to record the third data by using enbossed
pits. Then, since it may not be necessary to create enbossed pits, the

depth of the grogye Gan she Jedyged e Fha i ndapL h, of %ﬁéepﬂélgé%f? ﬁﬁg&?&&?t at

a value optinmum for a high recording density wthout™ taking t
reprodugty af.h Ghar a¢ferdShingS n fegggcﬁgpossed pits into consideration.

Thus, it may be possible to provide a groove 34

The first data and the third data may share the same error
correction codes. Thus, the first data and the third data can
be subjected to an ECC process. carried out by common hardware
allowing. the cost of the disc drive apparatus to be lowered and
the configuration of the apparatus to be simplified.

Furthermore, the first data may have a first error

correction block structure while the third data may have a
second error correction block structure. That 1s to say, the
first data and the third data may have their respective proper

- error correction block structures.

In particular, the recording density of the third data
may be made less dense than the recording density of the first
data, and the number of correction codes in the first error-
correction block may be set at a multiple of m, whereas the
number of correction codes in the second error-correction

block may be set at n/m times the number of
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proper for a high recording density. In addition, in the disc drive
apparatus, the third data can be reproduced by using the sane
wobbl e- channel reproduction system as the second data or the ADI P address
information. Reproduction of the third data neans extraction of
information on the wobbling shape of the groove along which the third data
may be reRoFIEILCIFUEedRs nbhethei Hdesthemerorcdirngcdensi tyl cofk,t ed hilrel
data recorded as the wobbling shape of the groove can be made | ess dense

t han t herweleor dihgdadensin ytlod sdmoid retraat@yr tdes i drhibsXbdatrea € aie best
reproduced at a high quality even though its SNR may be poor due to the
fact that tiémthimels daha nmaybbe ofepieduded ws: af wehibl é b 5 @natectiMasgover,
the third data may be recorded after conpleting a bi-phase nodul ation

process kslmtk,assé hehkM eote ormduliat the FReeeSHathhusmd the signal &a, be
treated as a narrowband signal, allowing the SNRto be inproved. In

addi ti-omavehenBlik aadpdet eed | ORofdy Wl L Raah e wlesigngd ., as,.sidpl e

hardware. As an alternative, the third data may be nodul ated by adopti on

| hai idrst LY S
of the sae teeheirgue agthedidist sdabéru gﬂgﬁgd%}éb g@sgﬁeﬁfﬁgst Lt a

demodul ation circuit configuration can be etween the St
‘and Irmaéﬂydgjdyyf%d%gohhﬁkogggsig5§c drive apparatus can be sinplified. 35

Moreover, even if the first error-correction block may
include, a first frame structure, a first sub-block structure
including first error correction codes such as LDC and a
second sub-block structure including second error correction
codes such as BIS while the second error-correction block may
include a second frame structure, a third sub-block structure
including first error correction codes such as LDC and a
fourth sub-block .structure including second error correction
codes such as BIS, the first data and the third data share the.
same error correction codes, and in addition, the first data
and the third data have their respective proper error
correction blocks.

Particularly, in this case, the recording density of the
third data may be made less dense than the recording density

of the first data, the number of first correction
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Furthernore, the third data may include address information. Thus, the

di sc drive apparatus may be capable of properly naking accesses to the
reproduction-only area and appropriately carrying out operations to
reproduce data from the reproduction-only area on the basis of the
addresses included in the third data. BRI EF DESCRI PTI ON. OF THE DRAW NGS
Figs. 1A%Rs Rmposiagphadaretysdbagleris mmchbe showialy @ grboitel ecreatred on
a disc inplenented by an enbodi nent of the present invention; Fig. 2 is an
expl anatdreyr edisagitemsidsmep fant iarsra capanrfdtgunatdoate sofcdme sdmig ree 1 ised

i npl enented by the enbodinent; Figs. 3A and 3B are expl anatory di agrans
each sheumdplackwabdy i beg tschnhgue /adopimedsf ahea Qiflove ofeaiwd it fdie di sc
i npl enented by the enbodinent; Fig. 4 is an explanatory di agram showi ng ECC

bl ock ar@degat achpasesgStriuct whiestr esghdetoar, Phase changedeiks, i tide
enbodi nment; Figs. 5A to 5C are expl anatory dlagrans showi ng ECC bl ock

St T UCt UnREbeaCosided amhane LHanee JHRIS ddhddE nfodi s (sfp-BH1okk 1S an
expl anatory diagram showing a RUB 36 frame structure of phase change marks
in the %ﬁ@DQRﬂEQét at a multiple of p, whereas the number of second
correction codes composing a fourth sub-block may be set at
q/p times the number of correction codes composing the second
sub-block so that not only do the first data and the third data
have  their respective proper error correction Dblock
structures,; but the error correction structures may also be
amenable to error correction processing.
In these cases, the optimum wvalues of the integers m
- and n may be a power of two and one respectively.
Moreover, the reproduction-only area may be used as an
area for recording the third data by groove wobbling. It may
thus no longer be necessary to record the third data by using
embossed pits. Then, since it may not be necessary to create
embossed pits, the depth of the groove can be reduced. The
depth of the groove can be set at a value optimum for a high
recording density without taking the reproduction

characteristics of the embossed pits into consideration.

- Thus, it may be possible to provide a groove
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Figs. 7TA to 7C are explanatory diagrans showi ng a techni que of nodul ating
ADI P information in the enbodiment; Figs. 8A and 8B are explanatory

di agranms showi ng of address blocks in a RUB in the enbodinment; Figs. 9A
and 9B are expl anatory diagranms showing a sync part in the enbodinent;
Figs. 10A to 10E are expl anatory diagrans showing sync bit patterns in the
enbodi menPropegs fori1a haoh1Beapedingldergiory- di agrans showi ng a data, part
in the enbodinent; Figs. 12A to 12C are expl anatory di agrams showi ng ADI P
bit patterns in the ssldiédiomentin Fthe Hsics dmiexphapatratysdi agreantished ng
the ECC structure of ADIP information in the enbodi nent; Figs. 14A to 14K
are expl adatar ycah agransephodizngda byretdsitheof thedubahkngeiiieT @cchidiete]
information in the enbodinent; Fig. 15 is an. explanatory di agram show ng
an ECC btrepkodficpiet eegrden iarf orlmt 568080d ddatka 4+ apes @bittheyddress

enbodi nment; Figs. 16A to 16D are explanatory diagrans show ng ECC bl ock
struct ur ebnfofmPt £6@COREEHHNERIHRL bONthE 1RE rg3 A IHIMN ekt raction
of information on the wobbling shape of the groove along
which the third data may be recorded.

Furthermore, since the recording density of the third
data recorded as the wobbling shape of the groove can be made
less dense than the recording density of the first data, the
third data can be reproduced at a high quality even though its
SNR, may be poor due to the fact that the third data may be
reproduced as a wobbling signal.

Moreover, the third data may be recorded after

- completing a bi~phase modulation process such as the FM code
-modulation process. . Thus, the signal can be treated as a
narrow-pband signal, allowing the SNR to be improved. In

~addition, the PLL and detection circuits can each be designed
as simple hardware.

As an alternative, the third data may be modulated by
adoption of the same technique as the first data. Even in this
case, a common demodulation circuit configuration can be

shared between the first data and the third data so that the

disc drive apparatus can be simplified.
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Fig. 17 is an explanatory di agram showi ng the franme structure of a cluster
of prerecorded information in the enbodinent; Fig. 18 is an explanatory
di agram showi ng the frane structure of a cluster of prerecorded
information in the enbodinment; Fig. 19 is an explanatory di agram used for
describing a process to convert a data series of an LDC sub-block in the
enbodi ment ; Fi gurksrgoge, expilamat ohyrdi agledra usedyf orincdesier | biddrass
process to convert a data series of an LDC sub-block in the enbodi nent;
Fig. 21 infammasdginanat@rys,ditdyy amasaetrior agescrtids nga iy ocessbi® epnvert
a data series of an LDC sub-block in the enbodinent; Figs. 22A and 22B are
expl anatropatilagr arkisgoviagesdde tonf tigar atdpvdfcta dBl-Sraub- Breek imgt he
enbodi ment; Fig. 23 is an explanatory diagram used for describing a
process dppregmiertely dadmrigiarg esudf cpeBhSiondb-td oskpiadtbe enbadi FEmt ;
Fig. 24 is an explanatory di agram used for describing a process to convert
a data sgid ese@roauBkSonsuBill ogkehn &he wodiywmnt; 38 Fhg. 28disSsas
expl anat ory di agram used for

included in the third data.

BRIEF DESCRIPTION.QF THE DRAWINGS

Figs. 1A and IB are explanatory diagrams each
showing a groove created on a disc implemented by an
embodiment of the present invention;

Fig. 2 1is an explanatory diagram showing an area
configuration of the entire disc implemented by the
embodiment;

Figs. 3A and 3B are explanatory diagrams each showing a
wobbling technique adopted for a groove created on the disc
implemented by the embodiment;

Fig. 4 is an explanatory diagram showing ECC block and
data frames structures recorded as phase change marks in the
embodiment ;

Figs. 5A to 5C are explanatory diagrams showing ECC
block structures recorded as phase change marks in the
embodiment;

Fig. 6 is an explanatory diagram showing a RUB
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describing a process to convert a data series of a BIS sub-block in the
enbodi nent; Fig. 26 is an explanatory diagramused for describing the
frame structure, which is carried out when data of LDC and BtS sub-bl ocks
is recorded onto a disc; Fig. 27 is an explanatory di agram showi ng an ECC
bl ock of ‘prerecorded information and data frames of the enbodinent; Fig.-
28 i s an expl anatory diragram showi ng the frame structure of a cluster of
prerecorded information in the enbodinent; Fig. 29 is an expl anatory

di agram showi ng the frame structure of a cluster of prerecorded
information in the enbodinent; Fig. 30 is an explanatory di agram show ng
frame- synchr ofiiame | DRSO GFUER Hledoiaied FRARI PRI O i 1P t %?%%%W?ﬁt Fig.
31 is an explanatory di agram showing a | ayout of frane synchroni zations of
prerecorded i nf ornat iFdgsi.n 72 ke &fbediemenbl aFiaf.ora? dig g 515 W AG m
showi ng a typical configuration of a disc drive apparatus provided by the

embodi ment ;3% d&dighi@ee i Gf andrhwickt thaghdb® shofermpaieypizathe
'embOQiment;
| Figs. 8A'and'éB ape.exﬁlanatory diagfams showing ﬁf
addreSé blocks in a‘ﬁUB in the embodiment;.
Fiés. éA and 9B.are expiénatory diagrams shqwing a
'Synﬁ pértrin'the embodiment;'
| Figs. 1OA ﬁorloE are.eXplanatory diagraﬁs showing
sync bit pa£te£ﬁs in the embodimeﬁt;'
 Figs{ 11A to 11B are explanatory diagrams ShOWing'a_
'da#a‘part in-the‘embddiment;' |
ﬁigs; 123‘to 12C are eXplanatdry diagrams showing
ADIP bit patterns in the embodiment: | |

Fig.-13 is an explanatory diagram showing the ECC

f—

ustgucture‘of ADIP information in the.embodiment;

Figs. 14A ﬁo 14K are explanatory diagrams showing a
method of modulating’prerécorded information in.the
'embodiment;r'

| Fig. 15 ié anfexplanatory diagram showing an ECC
block of prerecbrded information and data frames.of'the.
embodimen£;
| Figs. 162 to 16D are explanatory diagrams showing

ECC block structures of preiecorded information in the
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configuration of a wobble circuit enployed in the disc drive apparatus
provi ded by the enbodinment; and Fig. 34 is a bl ock di agram show ng a

typi cal configuration of a cutting apparatus for nmanufacturing the disc

i mpl emented by the enbodi nent. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Next, an optical disc inplenmented by an enbodi nent of the
present invention, a disc drive apparatus (or a recording/reproduction
apparatus) for the optical disc, and a nmethod of manufacturing the optical
disc are explained-in paragraphs arranged in an order shown below. The"
optical disc inplenented by the enbodinent is known typically as a DVR
(Data & V'deﬁmgggh?ﬂ? g) disc and belongs to a category of discs devel oped
in recent years. 1. Overview of an Enbodiment Inplenmenting a DVR Disc
Provi ded by the | nVertidn As %ﬁwawr&bt%ﬁﬁ%&qf%§l¥ﬁw%% Hedrage ecc
Bl ock Structure of User Data 4. -ADI P Addresses 5. Prerecorded |nformation
( Shi ppi ng- Ti ﬁ’érlutnt@xmfoﬂ)cllast@rs@fmr%éecqm(p@adamﬁomavlon in the -

Di sc- Manufacturing Method 8. Mdified Versions
S embodiment;

Fig.‘18 is an explanatory diagram showing the frame
structure of a.cluster of prerecorded information in the

embodiment;

[N—

fig. 19 is an explanatory diagram used for
‘qésgribing a proéess torcoﬁvert a data serieé of an LDC
‘sub-block iﬁ fhe emquiment;

-Fig;_ZO-is én ekpianatory diagram used for '
-describing a pfécess to ‘corvert a data:seriés-df an LDC
éub—blbék in the embodiment;

Fig. 21 is anegplanatorydiagram used for
deScribing:a précess tblCOnvert é data seriesgs of an LDC
) . sub-block in the embodimentj

Figs 22A and 22B are- explanatory diagrams show1ng
the conflguratlon of a BIS sub block in the embodlment

Fig. 23 is an explanatory diagram used for
describingla prééesé:td convert a data series of a BIé'
-sub;block in the embodimgnﬁ;

.;Fig; 24 is an expianatory diaéram used'for
deséribing a process to convert a data series of a BiSr

sub-block in the embodiment;
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1. Overview of an Enbodi nent Inplenenting a DVR Disc Provided by the

I nvention First of all, the follow ng description shows how technical
words used in clains of the present i-nvention are associated with

techni cal words used in explanation of an enbodi nent inplenmenting a DVR
system It is needless to. say that the nmeanings. of the technical words
used in the.clains of the present invention are not limted to the

meani ngs of the technical words used in the explanation of the

enbodi ment.. First data used in clains corresponds to user data .used in
the expl anatl on of the eé‘r;éodl ment. The user data is main data serving as a
principl'e object of t%cotdithy T R DRI | DIFI TR 4% %R a is. recorded
in a recording/reproduction area as.phase change marks. Second data used
in clains. co‘?‘?ggﬁbﬁag‘?t% BhORARF P tasféanVﬁth@ dxpraparien of ehBIS
enbodi rent . .- .The ADIP is re-address information recorded in the form of
gr oove mobb??ﬁgbtﬁcﬁ F%cﬁgﬂlﬂQV@@bm%@Ection area. Third data used in
clai ms. corresponds to shipping- tine information used in the explanation of
the -enbodiment. THeEShidfpidfy-an rscr iefreroeaty ohi dgrapr ersecbrited 41 .
information recorded in the form of groove mobbllng in the :
reproduct|0nj%ﬁ¢9lb;@g the frame structure which is carried out when

data of 1DC and BIS -sub-— blocks is recorded onto a dlSC,

Flg. 27 rs ‘an explanatory_diagram'showing an. ECC

R

block of prerecorded information and data frames ofAthe
‘embodiment; | | |
Fig. 28-is"an explauatory diagram showing the.frame
eStructure of-a.clUStereof‘prerecorded'informetion'in.the
- .embodiment; |
Flg 29 is an explanatory dlagram show1ng the frame
structure of a cluster of prerecorded 1nformatlon in the

 ‘embodiment;

e

Fig. 30 is an explanatory‘diagram‘showing frame
tsynchronizetions‘of prerecorded iuformation in the
embodiment{

Fig. 31 is an explanatory diagram showrng a layout
of frame synchronlzatlons of prerecorded 1nformatlon in
the embodlment;

'Fig: 32 is a block diagrem showiug a typical
configuration of a disc drive'apperatus provided.by ther
embodimeut; | |
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A first nodul ation technique used in clains corresponds to an RLL (1, 7)
PP techni que used in the explanation of the enbodinent. A second

nodul ati on technique used in clains corresponds to.an MSK nodul ati on
techni que used in the explanation of: the enbodinent. A third nodul ation
technique used in clains corresponds to a bi-phase nodul ati on technique
used in the explanation of the enbodinment. A correction code used in
cl ai ms. corresponds to an LDC (Long Di stance Code) and a BlI'S (Burst
‘I'ndi-cating Sub - code) used in the explanation of the enbodiment. A first

correction code us SpY nds to the LDC (Long Di stance
LR R T use§< EﬁWﬁ?QﬁW%Q%d%H@@”?%}the BIS. An

Code). A second correction co

error correc used_.in corresponds to _an ECC bl ock usin
LDC and BI' S ééggdgsggﬁﬁeﬂ O% ?h%oééggaﬁaf?ﬁhtmePﬁ@Y@ﬁbbﬂlﬁ%ﬁtdl$$rst a%d

Third sub- bIgc%g used in _clains éorrespond to an LDC sub-bl ock used in the
expl anat i on - of ?h%P%ﬁB%EPﬁeﬂfovh egchynihangmbedinestih- #hdcks used in

cl ai s correspond to a Bl S sub-bl ock used in the explanatlon of
: 34 is a block dlagram show1ng a typical

conflguratlon of a cutting apparatus for manufacturlng

the disc 1mplemented by the embodlment

7lDETAILED DESCRIPTION OF THE PREFERRED EMBODIME&TS
Next, an_optlcal dlsc-lmplemented by an embodiment-
~of the;ptesent:inventien, a dise drive apbaratua‘(on a‘.
-recording/reproduction apparatus).for the'dptieal disc,
and a method of manufacturlng the optlcalrdlsc are'
‘explalned in paragraphs arranged in an order shown below.
| The optlcal dlsc 1mplemented by the embodlment is
known typlcally as a DVR (Data &'Vldeo Recording) disc
Vand‘belongs to a-category,of'dises developed in recent
years.
1: Overﬁiew of an Embodiment implementing a DVR Disc
Provided by the InventiQn
2.1 Physical Characteristicstof the Disc
.3f. ECC Bloek Structure of User Data
4. ADIP Addnesses' o |
57 Prereeordedllnformation (Snipping~Time InfOrmation)

6. Disc Drive Apparatus
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t he enbodi nent. A data bl ock of user data recorded in a DVR disc as

phase- change marks includes a sub-block of actual data and a sub-bl ock of
user control data. By the actual data, the user data is neant. The user
control data is addition & control information provided for the user data.
Address information provided in data separately fromthe pre- address
information referred to as the ADIP can also be included as part of the
addition & control information. In order to assure the ability to correct
errors in the entire data block, error correction codes required for the

sub- bl ocks ate uysed._ ' . 1 hi er will be described |ater. That
7€ ysed @%@4&&&{5@{%@&

is to say, for the us ata, an sub-bl'ock is created to include LDC

each used asgan ,ery:qf rection code For the user control data on the
82" Yol & |
other . hand, "a §{l e-cgl e’iscions

_ i is'created to include BI'S each used as an
error correciion _code. A data franme .s created to conpress pieces of data
f or “whi ch an{L M %E’é&ﬁdé% “@’ﬁl@%lnﬁ SattBR DSistce it s
undesi rabl e %o gﬁghy as_gﬁgy error, 43 correction codes as pieces of data
in a data frafe¥6id Rhhi'th B SNGL B S sub- bl ocks containing the error

R First of all, the fqllowing descripﬁion-shdws-how
- technical words used in claims of the present invention

~are associated with technical words used in explanation

p—

“ of,an embodiment imblementing a DVR system. It is
.needleSs to say that the-meanings.of the'techéical words
uéed in the.claims of-the présent inveﬁtion are not;.
limited to the meanings of the technical words used in

o the explanation Qf.the_embodimenfh - |
First data used in'dléims corresponds to user data
used in the éxplanatiqﬁ of fhe embodiment. .Tﬁe user data
is main data éerving as a princible object of recording
and reproduction. The user data is. recorded in a
recording/reproducfion area as phase chaﬁge marks.
Sécondldafa used in claims correéponds to an ADIP
‘used'in‘the explanation of the e@bodimentm The ADIP is
,.pre—addfessrinformation recorded in tﬁe form.of groéve
wobbling in a recdrding/reproduétion area.
Third data used in'cléims cor;esponds to shipping-
time information used in ‘the explanation of the

embodiment. The shipping-time information is prerecorded
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correction codes are created, the data-piece count in the data frane is
made about equal to or snmaller than a sum .of interleave counts of the
error correction codes or a sumof code counts. By the sane token, a data:
bl ock of shipping-time infornmation includes a sub-block of prerecorded
data and a. sub-block.of prerecorded control data. The prerecorded data
is actual data prerecorded as shipping-time information. on the other hand,
the prerecorded control data is addition & control information prerecorded
for . the shipping-time information. In order to assure the ability to
correct errors iihfd e data plioc ergor cq recti on codes required
for -t he 'sub- bl ocks aﬂrﬁgaiﬁ'srggd I%That |O§ Ji%oktshzfy £eh T % S Wodi 10G g the

actual data prerggor ﬁ% %g tine |nfornat|on an LDC sub-bl ock is
created to include L each used as &n % &rror correction code. For -the

prerecor ded: cont r ol dakaf ggtthe oihgr hand, a BI'S sub- block is created to
i ncl ude BI'S each used as an- srFoPULiRbl PR EPERniGHE. uaRdoinncinémease of a

bl ock :of the Shl%% %% gg information, a data frame is created to
conpress pieces 44 atPoftwhth dn (DCPRubsshadrugndsadBLS s@b-block

are created. In ad ition, the. data-piece count in the
anation of the e odlment } :

,A second modulation technique used:in claims

corresponds to an MSK modulation technique used in rhe ‘

explanation’of‘thecembodiment
A third modulation technique used in claims-
corresponds to a bi-phase modulation technlque used in
‘the explanation of the embodiment |
: A correctlon code used in claims corresponds to an
LDC (Long Dlstance Code) and a BIS (Burst Indicating Sub
-code) used 1n the explanation of the embodiment.
| | Affirst correction code_used in'claims corresponds
to the LDC (Long Distance Code) .
A second correction code used in claims corresponds
~ to the BIS. | |
An error correctionlbiock used in claims
corresponds'to an ECC block using LDC end BIS.as
-described in the explanation of the embodinent.
.First and Third sub-blocks used in'cleims
correspond to an LBC sub -block used in the-explanatlon of

the embodiment
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data franme is nade about equal to or smaller than a sum of interleave
counts of the error correction codes or a sumof code counts. In a few

wor ds, - t he sub-bl ocks of actual data share the sanme error correction
codes, nanely; the LDC, -regardless of. whether the actual data is user
data or - prerecorded data. On the other hand, the sub-blocks of addition &
control information share the sane error correction codes, nanely, the
BI'S, without regard to whether the addition & control information is user
control data or prerecorded control data. In accordance with this

technlque ‘an actual -data _sub-block in_a_hl ock of r, dat cl udes m LDC
error -correction cod@eont aff dt QQﬁﬂnSWQ)éiﬂ? eegfge 0 %ﬂ{ | ock of data
prerecorded as shi pping information different fromthe SIZ | ogk of
user. data to accoepaeydrieuetBbRH BEPTRECFECOFER bt dERSi T3P 67 8%E§°@d?§
prerecorded-as shipping-time informtion, an actual -data sub-block in a
bl ock -of preretbedembddimeht created to include n/mLDC/ error correction.
codes. In this case, it is desirable to set the effective data pjece count
of the actual -data sub-ditackiorka of osler 457 lte%rr%{% aat? dj%|ch P €Bf a
pomer of two such as 2,048 bytes. :

phase change marks includes a. _sub-block of actual data

and a sub block of user control data. ' By the actual data,

the user data.is meant. The user control data is addition

& control 1nformatlon prov1ded for the user data.. Address
~ information provrded in data separately from the pre—

'address lnformatlon referred to as the ADIP can also be

included as part of the addltlon & ‘control 1nformatlon
In order to assure the-ablllty to correct errors in
the entire data block error correctlon codes requlred

-for the sub- blocks are-used Details of this matter will

be described later.

;o . . That is to'say, forrthe user data, an LDC sub-block
is created to include LDC each.nsed as an error
correction code. For the user control data, on'the other
hand, a:BIS sub-block is created to includehBIS each used
.as‘an error oorrection code.

_A:data frame is created to compress pieces of data
for which an LﬁC sub—block_and a BIS sub-block are
created.

Since it is undesirable to apply as many error
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Likewse, it is desirable to set the effective data piece count of the
actual -data sub-block in a block of data prerecorded as the shipping-tine
information also”at a nmultiple of a power of two such as 2,048 bytes. |f
an EDC or the |ike is added, the effective.data piece count may becone
equal to a value other than a .power of two.in some cases. Neverthel ess,
in order to have both the effective data piece count of the actual- "data
sub-block in a block of user data and the effective "data"piece count of
the actual -data sub-block in .a block of data prerecorded as the

Shi pPEg: {1 Mo TR OBaceiual iRy ke OF o pguer of Lug It 1S

necessary for the value of mto“be equal to a
i f both the gffiegt i) i count., Of the actual data sub-block in a
bl ock of user data gﬁdg%hhe&gf 3%%?§e St §OP-EEBLBGu S0 HERE act ual - data-

sub- bl ock i I at a prerecorded as the shipping-tine information
are equal to%aéﬁgﬁgg%n CO% S P& GrEAted: f%e dAtaceésser 6ovpE dat dban be

made with eage, , @ tron  CO troI-rnfornatron sub- bl ock in a- block of
user data CORStPt fg@e 18] B2EFr 5POoUGr FREEL 0RO esdeRallpr ahaat Bewph t o
change the size,of a bIock of 46 data prerecorded as shipping information
and the size® %flnaeBFSEVeoF°H§§F Batah?oeaééenpaﬁyepedontcodeeforhe

sum of code counts
By the same token, a data. block of shlpplng tlme
information 1ncludes a sub block of prerecorded data and
a sub- block of prerecorded control data The prerecorded
r-data is actual data prerecorded as Shlpplng tlmer
1nformatlon | On the other. hand the prerecorded control
data is addltlon & control rnformatlon prerecorded for
the shlpplpg—tlme information.
| In order'to:assdre‘the abilitf to correCt errors in
the entire data block, error correctionrcodee required
for the sub-blocks are used. fhat is to say, in this
embodiment, for the actual data prerecorded as-shlpplng—
tinme 1nformatlon an. LDC sub~block is created to include
LDC each dsed as an error correction code. For tﬁe
,prerecorded control data,'on‘the otoer hand, a BIS sub-
‘_block iS'created to inclode_BIS each used as an error
correction code. |
"Also in the.case of a block of_the shippingutrme

information, a data frame is created to ‘compress pieces
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recording density of the data prerecorded as shipping- time information, an
actual -data sub-block in a block of data prerecorded as the shipping-tine
information is created to constitutes q/p BI'S error correction codes. -
Since the addition & control information  is nmerely information provided
for actual data, it not necessary to set the value of p at a power of two
and g = 1. Since data is created in. the reproduction-only area used for

recording the shipping-time information by using a stanper, address
information can be recorded at the sane time as part of the shipping-tinme

i nformation. FHusatat FerdiBecHr hMerpePaLAL abl ki n access
by using this address information. An syncﬂggfierﬁgandgag ?ﬁﬁ bgg E

provi ded on aarportianc8f the Jda0E t.he s ing-time information while
an address unit number 1S provi d&ld on a%‘ertcgaﬁg TET OTPHRE tife #hane. To
ttern and.a sync ID are

be more specifie D! e S
provided in a po?tFgﬁﬁ%fyggﬁéaéc%%?ggpo ﬁ?%g%?ooansae%har B2 upuB| ock in

a frame of "ship n_whereas an address unit nunber is
provided in a po?%?gﬁi%gyﬁag u% ?r gpﬁ%ﬂlﬁﬁr?ﬁ QAT BFChiemt foheR eonar ol

sub- blook_ln}%ﬁg éraggagfcggg gjng- tlne |nfornat|on

In a fewlwords; the-smeblocks of_actual data share
‘ thezeame=error correction codes, namely, the LDC,
‘regardless of whether the actual data is user data or'
prerecorded data; On the other hand, the sub blocks of -

‘ raddltlon & control information share the same error
correctlon codes .namely,_the BISg, W1thout reoard to
-‘whether the addltlon & control 1nformatlon ‘is user
o control data or prerecorded control data.

In. accordance With thlS technlque an actual— data'
rsub—block in a block of user data 1ncludes m LDC error
correctlon codes. In an attempt to make the size of a
block of data prerecorded as shlpplng 1nformatlon
dlfferent from the size of a block of user data to

| accompany reductlon of the recordlng den51ty of the data
prerecorded as shlpplngntlme 1nformatlon an actual-data
submblock in a block of prerecorded data is created to |

einclude.n/m‘LDC_error‘correction_codes.

in thisrcasen it is desirable‘tO'set the effective

data'piecelcount of the actual—data‘anb—block in a block
| 45 . |



Since pre-address information (or an ADIP) is recorded in advance in the
recordi ng/ reproduction area. for recording user data, an access can
actually be nade even. if only a mninumsync pattern exists. _
Nevert hel ess, ~ the sync pattern, the sync ID, and the address unit nunber.
do not cause a problem. even if. they are provided. In addition, for the
user data, franmes typically referred to as run-in and run-out frames are
required respectively in front of and behind a cluster serving as a
rewite unit.. The run-in and run-out frames are used for 1inking. The

run-in frameoinubeoniach aesperhitepicl ugt ar phncludes gy ARG operation area
for | aser power control, a VFO pat?ern Tor BL eadi ng-in, a sync pattern
for synchronh;@ggogy£QQQing-in, and a GAP area between the specific
cluster and a cluster imediately preceding the specific cluster. On the:

ot her hand, the run-.qut . frame typically .includes a post-anpble pattern and
a GAP area. Si nceri'nlgégo“{lf'nge%’ g%f ayigs&?sélc%ar A Tt Hee rehredtts drichl y
area, which s _used for recording.th shi pping-time information, however,
the APC area#§?§%_gﬁﬁp{a?gagéﬁdagﬁgairﬂﬁgﬁrguﬂaPlPEﬁuFPeﬁ.biﬁcﬁdaftion,
since a 48 q$t€ series iq%l$ding's nchroni zation information and address
i nfor mati on T3 rRATEY O g%%u%@% BYipRIPg hime information also’at

a multiple of a power Qf'two such as 2,048 bytes.
If_aniEDC‘or thé like is added; thé effectivéQdata
piece-count may'pecome equél.to‘a ﬁalue other"ﬁhéh a |
power bf two iﬁ,éoﬁe'cases. Nevertheléss, in'otdér to
rhave béth ﬁhé éffective data piece éount_éf the'actuai—
'-data.sub;block'iﬁ a block bf user data'and‘the éfféctive
.data_piece‘caunt 6fthe.actualjdata sub—biéck_iﬂa block
‘bf'data,prere¢6rded as the Shippiﬁg—tiﬁé information
équal to‘a multiple of a power ofrtwo, it is neceésary
 _ for théfValue of.m to be equél'tO-a power of two. .
In”additiqn, if both the effective data piece count
of the actual-data sub-block in a block of user data and
the effective data piece count of the actual-data sub-
-block iq a block of'dafa prerecorded as tﬂe shipﬁingutime_
information are equal ﬁo a pﬁﬁer of two, that is, n = 1,
ah access to the data can be made with ease.
An aaditién &.control—information sub-block in a
block of'user'data constitﬁtes ﬁ'BIS error correction

codes. In an attempt to change the size of a block of
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stanper, the VFO pattern for PLL leading-in is also not required either.
Thus, even without the run-in franme, franme synchronization,
synchroni zati on based on frane nunbers and even address synchroni zation
can be established. |In addition, since the to cluster also starts

i mredi ately, the data series is continuous, and a post-anble, that is a
run-out frame, is not required either. Thus, in. the case of the
shipping-tinme information recorded in the reproduction-only area, the

i nking franmes known as the run-in and run-out franes can be elim nated.
2. Physical Characteristics of the Disc The enbodinent is explalnec%n
concretely a&a{aolﬁmﬁecoﬁﬁacktamfsfalnplf{ﬂﬁy@iﬁ%mwfh&@|fski‘? &%t Fhe di sc.
i mpl ement ed by the enbodi nent and a wobbling track created on the disc are
described. The,ppdik Ct e damd ererdecbrigyanheredisele et i 7€ known
typically as a DVR (Data & Vi deo Recording) disc and belongs to a category
of discs developedihd d&centy yeatise datpaprécvetarded nevebBbtidg

technique is applied 49 to the optical disc as a DVR technique. The opti cal
di sc Irrpl erreggﬁg pyfggﬁ'a@mpdléﬁen&cmal -data sub-block in a bloc of

data prerecorded as the shlpplng time lnformatlon is

‘ created to constltutes q/p BIS error correctlon codes.

Since the addltlon & control 1nformatlon is merely
'lnformatlon prov1ded for actual data, it not necessary to
',set the value of p at a power of two and q 7 1.
| Slnce data is created in the reproductlon only area
used for recordlng the shlpplng—tdme 1nformatlon by u51ng'_
Aa stamper, addreSs infdrmation can be recorded at ther
| same tlme as part of the shlpplngwtlme 1nformatlon Thus,
the’disc drive apparatus is capable of.mak;ng an access
by usrng thls address lnformatlon
) | An sync pattern and a sync ID are provrded on a
'ﬁortion'of the frame of the shipping-time information
.while an address unit‘number is'provided.on a certain
éortion of'the frame.

To be more speeific, in a DVR system a sync
pattern and a sync 1D are prov1ded in a portlon of data
corresponding to an actual —data sub-block in a frame of
shrpplng time lnformatlon whereas an address unlt number

'is provided in a portion of data corresponding to an .
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an optical disc onto which data is recorded by adoption of a phase change
technique. As for the size of the optical disc, the disc has a dianeter of
120 mm and a thickness of 1.2 mm Fromthe external -appearance point of
view, the optical disc inplenented by the enbodinent is the sane as a disc
of a CD (Conpact Disc). systemor a disc of a DVD (Digital Versatile D sc)
systemas far as the dianeter and the thickness are concerned. A |aser
beam for recording and reproduction of data has a wavel ength of 405 nm
The | aser beamis the so- called blue-color 1aser. The.NA of the optical

systemis seaddati@n8% -Hhacks al, c e hang ks are recorded
have a track pltcﬁ of 0.37 m and g %ﬁ?ggrq engét t&fe BflﬁkiﬁPAnG§er-data

storage capaghing ngggggclgﬁ Gbhyte has . been reallzed ‘A groove recording
technique is adopted as a recording technlque That is to say, a track is

created as a groo nce.on the disc apd data is recorded along
t hi s- groove. Fig. ﬂl&:“\ZI%\:/exp ana %r%/ng‘?ﬂa?ﬁm%hb‘%\%r@l A Hodels 50 of a

roove GV cr As in the figure, the groove GV is
g EQESQdQH %g| avﬁgcghéBemggerecordlng/reproductgon area

created to forma spi
for recordlng user data an access can actually be made
even. if only a- mlnlmum sync-pattern exists. Nevertheless;
‘the sync pattern the sync ID and the address unit
number do not cause a problem even‘lf tney‘are provrded
In addltlon for~the user'data frames typlcally
referred to as run-in and run~out‘frames are required
respectlvely in front of and behlnd a cluster serv1ng as
',3 rewrlte unit. The run—;n and.run—out frames are used
- for linking!: -The:runéin frame in front of a'specific
'c1uster includes an APC operation area for laser power
control, apVFO pattern for PLL leading-in, a sync pattern
Afor'synchronization leading—in and a‘'GAP area between |
Athe specific cluster and a cluster lmmedlately precedlng
the specific cluster . On the other hand, the run—out
frame typically includes a post*amble pattern‘and a GAP
area. o | | |
Since no other data is recorded onto the
-reproductlon only area, which is used for recording the
shipping—time information,-however, the APC area, the GAP

area and the like are not ‘required. In‘addition, since a =
is



the disc's surface spread fromthe innernost circunference to the outernost
circunference. As an alternative,. the groove GV can be created to forma
concentric shape. Data is recorded and reproduced while the disc i's
rotating at a CLV (Constant Linear Velocity).. Thus, since the groove GV
is also rotated at the CLV, the nunber of wobbling waves per track circle
increases i-f viewed at a point noving in a radial direction fromthe
innernost circunference to the outernost circunference. Fig. 1B is an

expl anat ory di agram showi ng grooves GV each having a wobbling shape

expressi ng PRkTLCaler1addiassen: 40 SHON o LS L] GUEe, Lhe et and o ght

side walls of the groove GV are"wo 0. a - gener at ed

the basi s gfi, .the like, A land L. i bet ween t
) acent gr odvSEey. RETRREIPRY RG9EouaRPAtLaURedruE HPORG A groove

adj acent grooves _escrlbe_ (
daia can al o8 BB PbeoPBA R oRg L5 oFANACE. FFY [eRP4ngass 18 PaRE BOs a gata
track. As anogther alternative, data is recorded al ong a groove GV as wel |l
51 as a Iandrﬁguv}\ﬁtheéFgeﬁot WA a SR e thruthithe asen-imi grang, i s an
explanatdry gkggéag}gggﬁéggzgtggg?u;ynchronizétioh based on fr;me
" numbers aﬁd even address éynchrénizétion‘dan bé
Vesﬁablished. |
In-additioﬁ, Sincé;the-foildWiﬁg.dluster éisd
- starts iﬁﬁediately,'the data‘series is cdntihuoﬁs, and a
. -pOSffamble,_that-is;a runQQﬁt f:éﬁé, is not requirea.
ééither.. | | | |
Thus,lin‘the caﬁe of thé‘shipping—timé'infofmatioﬁ-
recorded in the reﬁrodubtionnoﬁly aféa; the iinking |
'frames known as the rgn~in and run-out fraﬁes can be
eliminafed.
2ﬂ. Physical Characteristicé of the Disc
The embodiment is explainéd concrétely as follows.
First.of all, physical cﬁéraéterisfids of the disc.
implemented by tﬁe'embodimeht and:a‘wobbling traék
.created on the disc are déécribed.
The opticai disc implemented by the embodiment is
known typically as a DVR (Datal&‘Video Recording) disc
‘and belongs to a cétegofy of;discs de#elo?ed in-reéent
years. ‘In particular; alnew wobbling technique.is applied
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or an area configuration of the entire disc. The area on the disc is

physi cal ly divided sub- areas called, starting fromthe inner side, a

| ead-in zone, a data zone, and a |ead-out zone. Froma functional point of
view on the other hand, the surface of the disc is divided into a PB zone
(or a reproduction-only area) and an RWzone (or a ~r-ecordi ng/reproduction
area) The PB zone is the inner circunferential side of the |ead-in zone,
and the RWzone is an area stretched fromthe outer-circunferential side
of the lead-in zone to the | ead-out zone. The lead-in zone is an inner side

zone inside ao em@cagkg@gmcglgbtgsaar@@@p%egkngéPgnl A prerecorded data
zone is the lead-in zone's area between a circuntérence wth a radius.-of

22.3 mmand a ci rcumgr@ﬂgfcé(\it@lgc {rﬁgi&ﬁeg e?gsb |%(#%$£$%€g%ggd _d-afta

zone is used for recording shipping-tine in

dise ne ;"Qi)FPQPI’@%%%Tiﬁ%%‘%. BB o SPRRT 28T Ra bauatraNIoR y

kgfggggtzgp ofh! ghgggngg s ﬁ %éagﬁ Ege rerecordeg data zone is the

prodictto ea) it Hhovet QT@ﬁI%%ﬁ in zone's

area bet“Be”OStfhéfuﬁigé?nghe dlSC has a dlameter of 120 mm and a
thlckness of 1. 2 mm. lFrom‘the external—appearance point-
- of V1ew “the optlcal dlSC 1mplemented by the embodlment
is the same as a disc of a Cbh (Compact DlSC) system or a-
‘disc of a DvD (Dlgltal Versatlle DlSC) system as far as.
the dlameter and the thickneSS'are concerned..

A laser beam for recordlag and reproductlon of data
has a wavelength of 405 nm The laser beam is the S0~
called'bluencolor laser. The NA of ‘the ootical system is

‘tset at 0.85. | | | | |
-Tracts alohg which phase changemmarks are recorded
~have a track pitch of 0.32 ,m and a linear deasity of
0.12 ,m. | |

A ueerédata storage capacity of about 23-Gbytethas
been realized; -

A groove recordiag technigue is adopted as a
recording techﬁique. That is to say, a track is created
as a gtoove in advance on the diso_and data is recorded:

along this groove.

Fig. 1A is an explanatory.diagram showing a model



with a radius of 23.1 nmand a circunference wwth a radius of 24 nmis
used as a test wite area and a defect nanagenent area. The test wite
area is used typically as a trial wite area for setting conditions for
recording and reproduction of phase change marks. The conditions include
the power of a |laser beamused in recording and reproduction operations.
The defect managenent area is used for recording and reproduction data for -
managi ng i nformati on on defects existing on the disc. A zone between a
circunference with a radius of 24.0 nmand a circunference with a radius
of 58.0 mmis a data zone. The data [

actual | y rec8fdéd9sRPESalYy Féﬁ?@@ﬁc@ﬂzgpaﬁggsag%gggﬁbﬁﬁg%égtﬁés %5§%?22ze 
between a circunference with a radius of  58.0 mm,and a.circunference with
a radius of 3&es5omaprvs GVhés| eagaset fSnéPrWUEhSPilEélt—ﬁé Fe&d9PR Z8R&, the
| ead- out zone includes a defect nanagenment area and a buffer area .
al | owi ng an &her disct e svecdrcensarseck ftopar dhPoANNATTREEa stretched from
the circunference with a 53 radius of 23.1 mm that is, the start of the
test write aieaumfertheel tadtbet ondremostt ké rRWIZeHEnCer the an
alfernatiVér:the_g?oove GV can_be created to form a
Céncéntrid shapé. |
Data is_récérded-and'repioduced'while_the disc is
rotating at é CLV’(Conétant'Linear-Velocity)Q ‘Thus, since _‘
.:thé gfodvé Gv:is alsoirotatéd at the CLV, the‘number of
'ﬁobbiing waves_bér frack'circle increases if viewed at a
pointmgviﬁg'ina radial direction from the\inheﬁmde
circumfereﬁcé_toithe outermost cifcumferenée.
Fig. 1ﬁ ié an explénatory diagram showing grooves
_Gvéachhaving a wobbling shape exp?essing physical
addresses.
As showﬁ in the figure, thé left and right side
| walls of the grooﬁe‘GV are wobbled to.represent a signal
"generated oﬁ’the basis of addresses or the like.
| A land_L-is a éép between two adjacént grooves GV..
- .As described above, data ‘is récorded along a grbove GV.
That is tolsay, a groofeAéV is a data tféck. It is to be
'nofed that‘data.can also be:recorded along a land L._rIn

’3'thislcase, a land L is a data track. BAs another

alternative, data is recorded along a groove GV as.well.
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recordi ng/reproduction area) cited above. Fig. 3 is explanatory di agrans
showi ng respectively a track used as. the RWzone and a track used as the
PB zone. To be nore specific, Fig. 3Ais a diagramshowi ng the wobbling
shape of a groove in the RWzone, and Fig. 3B is a diagram show ng the
wobbl i ng shape of a.groove in the PB zone. In the RWzone, address
information (or an ADIP) is recorded in advance by wobbling the groove
created on the disc to forma.spiral shape for a tracking. purpose.
Information is recorded onto and reproduced from the groove, which

i ncl udes the enbedded address information.by phase change marks. As shown
in Fig. . 3A25tRelgPBole FhitheaRw bonb, dathatraskst hea gheeveakeack

i ncl udi ng the enbedded ADIP'" address information, has a track pitch TP of

0.32 "m On this tFkEk, 2 pimsen cdrembpnates ks m&r&er%é@l@@ & 1ay&eer di ng
mark -are recorded. By adoptlon of. a RLL (1, 7) PP nodul ation techni que or

t he I|ke t e @ha@ée@haﬂgélgnaaksoarefreﬁgréﬁglgé aikknear density of 0.12
"mbit or 0.08 "mchannel bit. The RLL stands for Run. Length Limted and

the PP is an abbr &ilieatdmsa afn Rard tdimd R e;ﬁﬁfé’zﬁz‘ﬂﬂ? cpiJJ.cfe(H rsdgepeated
mnimumtransition run Iength) '
areas called, starting frqm the inner 51de, a lead—-in-
zong, a dgtaione,'ahd é lead-out zone.

From a functional point of'view,_én the-other hand;
the surface of;thé disc is‘divided inte é.PB zone (or a
.réproduction—only_érea) gnd'an‘RW zone (or a
recording/reprodudtion:area)."The PE zone is the inner-
circumferentiai Side of the lead-in zone, and‘the RW zone
.is an area stretched from the outer—circuﬁferéntial si&e
of the lead-in zbne to the lead-out zdne.‘

The léad—in zone is an inner side zone‘inside a
circumferenée with a radius of 24 mm. 2 prerecorded data
zone 1s the lead-in zone's area between a circumférence
with a.radius of 22.3 mm and a circumference-with a
radius of 23.1 mm. |

The prerecorded data zone is used for recording
shipping-time information'(or pferecorded information) in
advance as a wobbling shape of a groove created on the
disc as a spiral. The shlpplngutlme information is
reproduction- only information, which cannot be rewritten.

The pbrerecorded data zone is the PB zone {or the
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Let 1T represent one channel bit. In this case, the mark length is a val ue
in therange '2T to 8T. That is to say, the mnimummark length is 2T. As
descri bed above, the address information is 'recorded as the groove's
wobbl i ng shape with a wobbling period of 69T and a wobblinganplitude WA of
about 20 nm (peak to peak). The frequency band of the address information
is set not to overlap the frequency band of the phase change marks so
that there is. no nutual effect on detection of the address information
and t he phase change marks. At a bandw dth of 30 KHz, the address
information recorded as a_wobbling shape has a post-recordlng CNR
(Carrier NoF?@rRQPFG}OBFOBQYdBrﬁﬁd aritaddeegsseerror rate not greater than
1x10-3. The address error rate is obtained by consideration of effects
caused by di stur bBeekeadrchn azdisésskens betwedncasedrehatereapd an
external turbulence On the other hand, a.track created as the groove in
the PB zoneWshbwa radkig. o8B2Bad am thack pikelimgeeahee «ihanathat of the.
track created as the groove.in the RW zone shown in Fig. 3A and a

wobbl i ng, anpﬁnuadefl34aMm0155ugéeah@ratﬂé@tthﬁitgfaE@% Bﬁﬁcg b %%E%d as
t he groove in the RWzone shown in F|g '
- management area.
The test write area is used typically as a trial
Write area for settlng condltlons for recordlng and
—reproductlon of phase change. marks The conditions
include the power.qf a laser beam used in recor&ingraﬁd
‘reproduction operations. | | | |
| The defect management area is used for recording
‘ahd reproduCtionﬁdata for mahaging information on defects
existing on the disc. | |
A zone between a circumfeience withra'radius of
24.0 mm and a circumference with a radius of 58.0 mm is a
data zone. The data zone is an area, which usér data is
actually recorded onto aﬁd reproduced from as phase
éhange marks.
A zone. between a circumferencerwith a radius of
58.0 mm and d circumference ﬁith & radius of 58.5 mm is
the lead-out zone. Much like the lead-in zone, the lead-
.out zone includes a defect management area énd a buffer
- area allowing an overrun to occur in a seek operation.

An area stretched from the circumference with a
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To out it concretely, the track shown in Fig. 3B has a track pitch TP of
0.35 ,,m a wobbling. period of 36T and a wobbling anplitude WA of 40 nm
(peak to peak) The wobbling period of 36T inplies that the linear.
recording density of the prerecorded information is higher than the

| i near recording density of the ADIP address information. In addition,
since the mninmummark | ength of the phase change marks is 2T, the

| i near-recording density of the prerecorded information is |ower than the
|l i near recording density of phase change nmarks. The track in the PB zone

is not used fra@ik@CEOEdbAg 1 phasenchange marks. The | ing waveform
expressing recorded data in fhg gghqug %Fﬁﬁ%op a%,eb St HELWSbb! i ng

waveform expressi Ry oF _data_in the PB.zgne is sinusoidal or
rectangular. in an op%?%t%gﬁgtgﬁ%eé898'6? FgﬁpgﬁUGQHBhégé &h&nge narks
with ECC (Erg. . i.on_Codes) appended,to the data, a o
post-error-CO§F8%?F%§9%§§58§98?FéP gg?@ of11%402P¢Ee.can be achieved
provi ded that the s&g&al has a high - quality such as a CNR of 50 dB at a
bandwi dth of 30 KHz' *2 Thus:S t FEP AP ThahtRe Tamk ss heivind cees temive by be

usable 5~ in ag ogﬁrati n to record or reproduce data. The wobbl i ngCNR of
the ADI.P addfe§53Tf BFfet #8nti¢ RW zone and a track used as the PB

, zopé.';To bé:more specific, Fig. 3A is a diagram showing

-che_wobbliﬁg-shapé-of.a grooﬁe in_the RW zone,fand_Fig.
3B'isja diagram shoﬁinérthe ﬁobbliné shape of a,Qrooﬁefiﬁ
ﬁhe PB zone. | |

In the-Rw-zénéf address_informétion (oxr an- ADIP) ié‘
. récorded ih adﬁan¢é by WObbling the,gfoove cre#ted-énthé

disc to form a.spiré; shape fot a tracking,purpose.

information is reéorded onto and reﬁfoduced.from'
the groqve{ which inéludes thé embeddéd address
information by phasé changé mafks.

- As shown in Fig. 3A, the'gfoove in the‘RW zone,
lthat is; the groove tréck including the-embedded_ADiP‘
address information, has a track pitch TP of 0.32 ;ﬁ.

Oon this_track, rhase change_maiks each serviﬁg as a
_iecordiﬁg mark are recorded. By adaption of a RLL (1, 7)
_PPmodulation technique or thé like, the phase changé ‘
marks are fecorded at a lineaf density of 0.12 S/bit or
0.08 ”m/channel_bit. .The RLL stands for Ruﬁ,Length. |

Limited‘and the'PP is an abbréviation of Parity
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35 dB at a bandwidth of 30 KHz in a state of unrecorded phase change
mar ks. As address information, the signal quality of this order is
considered to be sufficient if interpolation protection based on the
so-cal l ed contiguity distinction is carried out. In the case of the
prerecorded information to be stored in the PB zone, however, it is
desirabl e to assure a signal quality equivalent to or better than a CNR of
50 .dB for-the phase change nmarks. For. this reason, in the PB zone, a
gr oove phy5|cally different fromthe groove-in the RWzone as shown in
Fig. 3B is pkeakede/ordhe;fd | 3% rgasing the track pitch
cross tal ks from adj acent trgtﬁgkggn gegﬁﬁﬁﬁﬁésﬁﬁi % a?ﬁét§ggoﬁ nplace
by doubl i ng tBagwabbl i ng anplitude, the CNR can be |nproved by +6 dB.
addition, by formng a rectangul ar. mobbllng wavef orm the CNR can be

further |nproved by onbi n ovements result in a CNR of
43 dB (= 35 dB + L%‘é §F,r %%?égeﬁ%‘g A %Wg%il]ﬂl%bbqq Mg e & ng band
bet ween the n r ng t he ase ,change nmarks and the zone 57 for
storing the Bﬁgrﬁg%gdégkggbagﬁ BEF?néanPPOHaBEG 28T rowieh T%ahai$ the

“Dbbl'ng pertgdsay, gge é&n&mum mark length is 2T,

As_descrlbed.above' the-address 1nformation is

recorded as the groove s wobbllng shape with a wobbllng

mern”

f o n perlod of 69T and a wobbllng amplltude WA of" about 20 nin
N (peak to peak) |
The frequency band'of'the address information.is
' -set not to overlap the frequency band of the phase change'
marks S0 that there 1s ne mutual effect on detectlon of
rthe address 1nformatlon and the phase change marks.

At a bandwrdth of 30 RHz, the address information
recorded as a wobbllng shape has a post recording CNR
(Carrier Noise Ratio) of 30 dmB and an address error rate
not greater than 1x10° 3. The address error rate is

dobtalned by con51deratlon of effects caused by
_dlsturbances such a disc skew, a‘defocused state, and an
external turbulence

On the other hand, a track created as the groove in
the PB zone shown in Fig. 3B has a track pltch greater

'than that of the track created as the groove in the RW

- zone shown in Fig. 3A, and a wobbllng_amplltude is also

55



m ni mrum mark | ength of the phase change marks, another CNR inprovenent of
9.5 dBis gained. As a result, the CNR of the prerecorded information is
equi valent to 52.5 dB (=43 dB + 9.5 'dB) Thus, even if the cross talks
fromthe adjacent tracks are estimated to give a CNR deterioration of -2
dB, the CNRis still equivalent to 50.5 dB. (= 52.5 dB.-2 dB) That is to
say, it is possible to assure a signal quality equivalent to or better
than the CNR of 50 dB for the phase change marks so that the wobbling

signal can be said to.be a sufficiently suitable signal to be used in
operations tgr:8eQrdnand roduce the prerecorded i nformation. 3. ECC
Bl ock Structg}e-of-LBer Dgﬁg%A%qE *bI"GEK K s Fraetife 36t HhSe9T@AYE écor ded

in the RW zepe &ar r rdi.nglreprqduction area) as phase change marks
i s expl ai ned by %@f%&??nﬁgﬁgnFﬁﬁ.%&g'Ag ata bl ock of user data physically

constitutes roughly 32 sectors. Froma content point of view the  data
bl ock includes a sub?b?dek! of CURET 2%, ablee at5akk whowk bh Bier BNt r ol
data. As shown_in Fig., 4, .the sub-block of user data forns the unit having
a size Of-64.ﬁﬁy?egr%gkngﬁghbygegf_3835_;m,_a-wobblingxpEZisdcbdr§ﬁT
énd a wobb;ing amplitude WA of 40 nm (peak'fo peak). The
hobblipg period of 36T“implies fhat the liﬁéar:recofding
denéity.of_the prerecdrded'inforﬁatiOn is higher than tﬁe
linear fecdrding?density of #héADIP éddresélihformatibn.
~In addit;on, since the mipimum mark ;engtﬁ of the phase
~ change marks-is 2¢?ﬂthe linear rec§£diﬁg-density_dfﬁhe
prerecofded information_is‘lqwerlthah the liﬁear ”
réqording density éf bhase change marks,
The track ihrtﬁe PB zone is nat usea_for fecbrding
"phase'change,marks.- | | |
The wobbling‘waveformrexpressing recorded data in
the RW zone islsinﬁsoidai, but the wobblingwaveform
.expressing recorded data in the‘PB zone is siﬁusoidal'or
rectangular, |
r;In an operation to record or reproduce phase change
‘marks with ECC (Error Correction Coées) appended'té the
Vdatg, a posteerror4correctioﬁ.symbol error rate of 1x107%®
can bé achieved brovided that the sigﬁal has a high
quality such as a CNR of 50 dB at a bandwidth of 30 KHz.

“Thus, the phase change marks have been known to be usable
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A 4 bytes EDC (Error Detection Code) is added to each sector to forma
data franme unit. 32 data frame wunits forma data frane having a size of
2,052 bytes x 32 sectors. The data franme is further scranbled to produce a
scranbl ed data frane. Then, the scranbled data frame is subjected to a
Reed- Sol onon encodi ng process. to generate a data bl ock of 216. rows and
304 colums. Thirty-two rows of parity are further added to the data bl ock
to generate an LDC (Long Distance Code) sub-block. The LDC is a correction
code for a long inter-code distance. The LDC sub-block is an RS (248

216, 33) x 3Q4 %Eo%ﬁer£Q§Bn an EQQOQ|USter§%%§ iggrgﬁaax 152 bytes is

formed fromthe LDC sub-block.: Firgs rams showi ng a

process to  encode | ock user. data_into the LDC sub-block. The
64 Kbytes user dat H?% ‘?A‘%‘Q’?P ‘QéAf £h§u%P%%t%%d¥%S%nle®3:%tb@mngs

process to p ck shown in Fi 5B. To put it in
detail, a 4 5gyﬁ FEP?H H?ﬁt@%thnKéﬁdé? ﬁssgéﬁédoﬁouéaéﬁodeAS byt es
sector of the_nain ata (t‘he user data). The 32 sectors of. the user data

are then encB82d®i AiPBREA BBEXSsub- bl ock. As mentioned above, the LDC

sub- block is an RS 59 (Reed Sol onon) code with an RS(248 216,. 33), a code
As ddress 1nformatlon the 31gnal quallty of this

'order-is cohsidered'to_be sufficient'if interpolation
‘:proteotionfhased.on the so—called‘contigoity distinotion
/.- . is darried out. In the case of the prerecorded
1nformat10n to be stored in the PB' zone, however it is
‘des1rable to assure a signal quallty equlvalent to or
better than a CNR of 50 dB for the phase change marks
For thlS reason, in the PB zone, a groove phy51cally
different from the groove in the RW zone as - shown in Flg.
3B is oreated.‘ h |
| In theftrst place, by inoreasing the'trach'pitch,
- cross talks fro@ adjaoeht-tracks'osn be suppressed. 1In
the secdno place, by.doubltng the'wobbling amplitude, the
CNR can be improved‘by +6 dB. |
| In addition, by forming a rectangular‘wobhling
_Waﬁeform the CNR can be further improved by +2 dB. These
-comblned 1mprovements result in a CNR of 43 dB (= 35 dB +
6 dB + 2 dB).
The differenoe in wobbling recording band between

“the zone for storing the phase change marks and the zone
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| ength of 248 ni bbles, a data size of 216 ni bbles, a code distance of 33

ni bbl es, and has a bl ock size of 304 code words. On the other hand, the
sub- bl ock of user control data has a size of 18, bytes x 32 units (576
bytes) as -shown in Fig. 4. Address unit nunbers having a size of 9 bytes
X 16 addresses (144 bytes) are added to the sub block of user control data
to generate an encoding unit having a size of 720 bytes (= 576 bytes + 144
bytes). The 720 bytes are subjected.to the Reed Sol onon encodi ng process
to produce an access block of 30 rows x 24 columms Then, 32 rows of parity

S L s g

sub ' code i ndi-cating the pos t|on (o} bur st - error

Bl S sub- bl oc S 2 , 4 bl.ock. e of 496
rows X 3 bytgngsQﬂ%ggn%g ??gg1 ﬁ Eﬁ%? B pPGEK® PS 38% §h e
di agrans ‘sho 2., Pr oG n e user_control data and the address
unit nunber, Mﬁﬂﬁmc% fav g ie?gf5| g g ?@% BYEREe PATHSt hanBFReEub-

bl ock. That &i to Sq% the 72 gytes of data shown in Flg 60 . SC are .
subj ected to- R ﬁ%%ﬁ?ﬁg g ces$Bt b5 genbrate | o

.As e result, the.CNR of‘the prerecorded.iofOrmation )
is equivalent to 52.5 dB (= 43 dB + 9.5 dB). “Thus, even
-if_the'cross taike from the adjacent tracks are'eetiﬁated
to give a._c_Ne _-Ide"ce_'rioration of ‘—'2_ ds, the CNR is still
equiﬁalenr £0150;5 dB. (= 52.5 dB.nz'dB), Thatris'to_say,

| ir is.possible to assure‘a signei quality_eéuivalenr to-

' or berrer than the CNR‘of 50‘dB for the phese chenoe‘
marks so thar,the'wobbling,signai can be said to be a
sufficiently suitable signal to.be used inroperetionslto
record and reproduce the prerecorded 1nformatlon
3. ECC Block Structure of User Data

An ECC block structure of user data recorded in the

.,RW rcﬁe (or the recording/reproduction area) as:phase
change merks is explained byrreferring to Fig. 4.

A data block of ‘user data physically constltutes
roughly 32 sectors. From a content7p01nt of view, the
oata block includes a sob—block of user data-andia subw‘
block of user control dara.

As shown:in Eig. 4, the equblock of user data

forms the unit having a size of 64 Kbytes (= 2,048 bytes
' 58 |



"I. theBl S sub-bl ock shown in Fig. SD. As nentioned above, the BIS
sub-block is the RS (Reed Sol onobn) code with and RS(62, 30, 33), a code

| ength of 62 nibbles, a data size of 30 nibbles, a code distance of 33 -
ni bbl es, and has a block size of 24 code words. As shown in Fig. 4, the
LDC and BIS clusters, which are each used as a recordi ng/reproduction
unit, each forns 496 rows each constituting a data frane. A data' frane
of the LDC cluster forms 152 bytes while a data frane of the BI'S cluster
forms 3 bytes. Thus, a conbined data franme forns 155 bytes (= 152 bytes +

3 bytes). Asyshow. L “figure, in the conbined data franme, four LDC
fields each ﬁavingeagg%gg'of 38 bytes and three BIS fields each having a

size of 1 byte ar rra ed&ﬁ{ ernately to formthe 155 bytes data frane
on one row. 496 ro%k%orby}%ﬁ a_c’ta #ﬁ:rarr?é%%eeatce}?ttfﬁ}} M) i @HeU5D bytes (=
1, 240 -bits) ggbstétute aE-E bl ock. Eagh of the data franes is. subjected
to an RLL (152°7)°PP-Tbdt? at 7ok prieedstirame irth- déd siats frpme frane
sync are added. to generate a recording frame. A dcc biit is a bit for ‘
yne , : : -
making the fP4he® fI¥E 14 FPRAEE CRAMPRIRRT NI T shae of Frn0%Rtlaytes dat2 (1, 240
bits) obtained as a result of the nodul ation process is divided into that
a start 61 .SRFQUP pl d&&d @eta & apegilenifivg téfent ve Hamphed $o2% dvidusealad
‘ - scrambiled data frame. - o
Then, the scrambled data frame is subjected to a
3-: : *-Reed—SolomOn enching'prbcess to generate a data -block of
216 rows and 304_¢olumns._ Thirty—-two rowsiof'parity are -
further added to the data block to generate an LDC (Long ﬂ
Distance Code) sub—block. The LDC is a'cprfectioh code
" for a long inter—code distance. The LDC sub-block is an
RS (248, 216, 33) x 304 block.
: Then; an'LDCAdluster of 496 rows x 152 bytes is
formed from_thé LDC sub~blo¢k. |
Figs. 5A and 5B are diagrams showing a process to
encode the sub-block of user data into the LDC sub—blobk.
The 64 Kbytes user data_shown-in Fig. 5A is
 subjected to an ECClenbodiﬁg process to produce the LDC
sub-block shown in Fig. 5B. To put it in detail, a 4
bytes EDC (Error Detection Code) is added-to gach 2,048
bytes sector of the main data (the user data). The 32

sectors of.the user data are then,encoded into an LDC

' sub—block. As mentioned above, the LDC sub-block is an RS
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27 groups followng the start group , is 45 bits, and then a dcc wth a
size of 1 bit is inserted into a location right behind each of the groups.
On the other hand, the frame sync having a size of 20 bits is placed at a
| ocation in front of the start group to produce the recording frame having
a size of 1,288 bits (1,240 bits of the original frame + 20 bits of the
frame sync + 28 bits of dcc). The 1,288 bits of the recording frame are
subjected to the RLL (1, 7) -PP nodul ati on process to generate 1,932
channel bits of a nodul ated recording frane. In the RLL (1, 7) PP

modul ation prRCE %Ssof @6H%ecog tﬁa?htgnoﬁgg?§§ gfédh@g)ngﬂePgre convert ed

into 3 channel its o €ording
franmes const . str ure be recor nto. a.track.in_the RW
zone on the %€h ?‘a%%% ugi%? a? tﬁl tzetﬁg gegoPﬂPHbeﬁen§|F9 des

t hought to bgls out O, %8 §n1 channel blt,outfut by the RLL (1, 7) PP.
nodul ati on proc JUCe Hhd3 ¢y %?rsa% chdd hak %@kaﬁléﬁt@gnepﬁ cegeel | ent

an error correction power in conparlson with the LDC, alnost all errors
are correctef® ™ hat is to say, the BISis a code u5|ng a code dlstance of

33 for-a code length of 62. 62
R n the other hand, the sub ~-block of user control

"data has arsrze of" 18)bytes X 32 units (576 bytes) as
Sh0wn‘in Fig. 4. Address unit nuhbers haviﬁg a size of 9
; o ~bytes“x'16 addreseee (144 bytes) are added to the sub-
block of user control data to generate an- encodlng unlt
' tav1ng-a size of 720 bytes (= 576 bytesJ+ 144 bytes);
| ‘The 720 bytes are subjected to the Reed Solomon.
encodlng process to produce - an access block of 30 rows x
24 columns . |
-Thea 32 rqows of parlty are . added to form a BIS .
.(Burst Indlcatlng Sub code) sub“block. A BIS is a sub
,code-indicating_the-position ofla bUrat_error of an
optical disc. The BIS‘sub—biock ie an RS.(GZ; 30, 33) X
24 block. Then,_a BIS eiuster,of-496.rows‘x-3 bytes is
- formed from.the BIS,sub—block.
Figs} 5C and 5D are diagrams showing a process to
‘encode the oser'oohtrol data and the,address unit number,
Whidh have a total size of'720 bytee,'into toe BIS sub-
block.
‘That_is to say, the 720 bjtes of data shown ia Fig.
50 A .



Synbol s serving as error pointers provided by erroneous BIS can be used as
follows. In a decoding process using ECC, BIS are decoded first. Assune
that two errors are detected in consecutive BIS (or the sync frane) in the
data-frane structure shown in Fig. 4. In this case, the 38 bytes data
sandwi ched by the consecutive BIS is regarded as a . burst error. Error
pointers are added to the 38. bytes data. Then, a pointer erasure
correction process based on. LDC.is carried out by wusing these error
pointers. In this 'way, the error correctlon pomer is increased over the

power of e sef Lot GoR/jREIRN AU LAY pcnlY, Gy B olc%?ggdcpo gaeg'gg ”‘er

data, address information. . These a resses ca

whi ch addr es i RfrQr nclu ed i wobbl i n ve as |s t he
case with a %gﬁ¥?§%e s%rio i QB V? an g ElaﬁgtorgsdP%@ 4 % oWPAYS t he

structure of . tery | u in ta_fr nes h. row shown in the figure
corr éesponds o abg§t§ fggneﬂ g %g aRSi 568? §9§°BQPésC8§ed€§6P|B§§ above.

As expl ai ne i h data frame is nodul ated to produce a recording
frame haV|ngﬂS?§?Ze§8? %§8323cﬁ8ﬂﬁe SPEPs°t468 PéRbler . 496drtamedze |

constltute an. E bl ock.. A 63
ni bles, a code dlstance of 33. nlbbles and-has a

',b}ock size of 24 code words.
As'sh0wn in Fig, 4 the 'LDC and BIS.clusters whichl
_f e rrare each used as a recordlng/reproductlon unit, each
forms 496 rows each constltutlng a data frame A data
'; ‘frame of the LDC cluster forms 152 bytes while a data :
'lframe of the BIS cluster forms 3 bytes |
| Thus a comblned data frame forms 155 bytes {= 152"
bytes + 3 bytes) As shown in the flgure in the combined
_datatfreme, four LDC fields each having a size of 3é
bytes'ehd three BIS.fields each hauing e size of 1 hyte
are arrahged'aiternatelyrto form the7155 bytes data fraﬁe
on_one row. 496 rows or 496 data frames‘each having e
- size of 155 bytes (= 1,240 bits) constitute an ECC block.
Each_of_the‘deta frames is subjected to an RLL (1,
-7) PP modulation process, in which dcc hits and a frame
~_syuc are added_to generate a recordino frame. A dcc bit
is a bit for making the frame free-froﬁ DCVcomponeutss To -
put it ih detail, data (1,240 bits) obtained as a result

of the modulation process'is divided into that a start
| 61 . B



run-in frame and a run-out franme are added to the ECC bl ock respectively
before and after the 496 franes to forma RUB (Recording Unit Bl ock)
having 498 franmes.. The ~RUB is the cluster cited above. The run-in and
run-out franes are each used as a linking frane. In addition, as described
above, 16 addresses are each added as an address unit .nunber. The
cluster's LDC portion excluding the run-in and run-out franes includes
.496 frames, which are divided into. 16 groups each having 31 franes,
nanely, frame 0 to frame 30. The 16 addresses, nanely, having unit nunbers

0 to 15, ar egaeaFgﬁggctee ERe nl6LULOURT AON o3 QHE 10RNC R39S 4 ARLP

Addresses The foll.ow ng descrlptlon exp eSseS™ recor
groove wobbl brg,shap LS an exp anator di agram
showi ng use of an B%KE?&FE%ﬁE%¥ th 3lﬁrfupe&ﬁn é g ﬁd §ﬁgﬂe'of
FSK nodul at Lo hods techn e.of .nmodul at.i ng ADI P addresses that
the grove. |sémgSEE&ggg g giagta%dgtéég 58 GRFELtEfol %68b?e 1gEgMmifls are:
taken. It is Eghge ng g t hat fmggble se nent is a wobble period deflned
as the reC|pro Bf a"CaPPrer© au8ﬁ89 - DR a“RRchBRT %#PQMKW¥%S i's
subjected to 64 :
: ‘ ame sync hav1ng a size of 20 bits is placed at a
L locatlon 1n front of the start group to produce the :

t‘_ recordlng frame haVlng a size of 1,288 bits (1-240 bits

e

of the orlglnal frame + 20 blts of the frame sync + 28
bltS of dcc) . The 1,288 b;ts_of-the.recordlng‘frame-are
: squected'to the RLL (1,-7) PP moduiatibn“processlto
‘generate 1,932 channei bits of a mOduiatedrrecordihg‘
frame. 1In the RLL.(lf.7)PP ﬁedulatienrprocees;'efery‘2
.data_bits ef‘the recerding ftameiare eenverted into 3 .
channel bits ef_the moduiated.recording frame.rr
Such reCording frames constitute a data st:udture~
to be reeorded onto a track in the RW zone on the dise.
In the eaae of a DVR disc, the.reCOrding deﬁsity is
.thought-te be about 0;08 « per channel bit output by_the
RLL (1,.7) PE.modulation procese; |
Sinee-the‘BIS is a code having anlextremely'-
exéellent'an error correction pqwer in'comparison with
the LDC, almost all errors are eotrected. That is to say,
the BIS is a eede using a code distance ef.33 for a code
length of 62. | |
| o 62
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differential encoding process prior to a recording process in a unit of
one wobble (or wi ndow I ength units shown in Figs. 7A) To put it in detail,
the differential encoding process encodes input data having a val ue of
"one" into prerecorded data al so having a value of "one" during a wobble
period between rising and falling edges prior to the recording process as
shown in Fig. 7B. Then, the prerecorded data is subjected to the MSK

modul ati on process to generate an MSK strean1shomm, in Fig. 7C To put it
in detail, prerecorded data having a value of "zero" is nodulated into a

carrier cosm1t or - 4 e erecqrded. da havi ng a
% 5%1' %OAQ érp@lncb:oolgﬁt%rs tp]gjo éj é%%w t

val ue of ‘one" is nDduIated Iinto a carrier = Cos| wth a

frequency 1.35,1 r epsY,Q the ier obtained as a result of
the MBK nodul gthﬁég%gggésgggrgge 4530t %8n pi%?@%brded data having a val ue

of "zero". Assune:ghat ne Q9nnel b|t of recarded or reproduced phase
change. dat a corresponc?s 5 SHECHIRRTSS Y% Cadtt S (He (HRGWEDE t he

carrier |s cg b% accgﬂgpdatlng 69 channel s.as shown in Fi'g.. 7C. By
t he way, - t t &Hw%rﬁ%@e%%%rﬁ%&ﬁf@s@o&up. es

56 mobble pséi while a wobble Perlod i s capabl e of accommodati.ng 69
channel bitsPtb %ErﬁﬂFzﬁy%Fr%%ﬁm? o$ntﬁ%eﬁﬂ%t%1fr@WeF$tﬁ@@bﬁa@|%#p@®

in Flg 4. In thls‘case the 38 bytes data sandw1ched by

‘the consecutlve BIS is regarded as a burst error. Error
b ;df:pOLnﬁe;s are'added_to the‘38 bytes data. Then, a pointer
'Aéiasure chrectidn prodesébased.on'tpclis carried out by-
‘ﬁsing these error pointefé.

In this-way, tﬂd eerr.cdrrectioh power is
rinCrdésed.Qver'the‘powerof the error correctioh_using-

' only LDC. | | | -
.BIS include, amdng other ddta,_address ihfofmation.
Tﬁgsé addresses can be used for a dase in which address
" information is nof'incldded in a wobblind groovedas is
'the case with a ROM-type disc.
Fig. G‘is aﬁexplandtory diagram showing the
—st;ucture“of a'clustér including data frames.

Each row shown in the figure cdrre3ponds to a datd
frame hdving a size of 155'b§tes as described abové. As
explained earlier, each data frame is modulated to
produce a recording frame thing a sizerof 1,932 dhannél

bits. 496 rows or 496 frames constitute an ECC block. A



process applied to user data as is explained earlier by referring to Fig.
3A. Thus, the recording density of ADIP data bits is 1/2,576 tines the
recording density of user data obtained as a result of the RLL (1, 7) PP
nmodul ati on process. In the case of this enbodiment, for one RUB
(Recording. Unit Block) or one recording cluster, which is used as a
recording unit of the user data described above, three addresses can be

i ncl uded as ADI'P addresses. Fig. 8 is an explanatory dlagran1shomnng a
state of ‘i'nclusion of the 3 address bl ocks |nclud|ng the 3 addresses in 1

RUB. As showpinn;FEi U reecording n 496
franes, mhichufoﬁﬁ1gﬁa%80gn§ 2 &85 nd -2 %%rgﬁeg ﬁéﬁ@ LP Eﬁ ﬁgﬁn and
of 498 fra serving as a

run-out fra T des a_tot
recor di ng unp§8c559gﬁge@t59§&¥g gﬂfe ﬁng §g§ﬁ€th80#P§556ﬁHPﬁgtPo 1 RUB,
3 ADI P addre§ 3'2058 r n g ddress bl ock consists of 83 bits.
Fig. 8Bis a %lagran1 6§?ﬁﬁr§ﬁ8 ﬂFFgE gffkonheyingn4B8dfE38epl ocee The
addr ess bl oc onsisting of 83 bits includes a sync part (or a

RufCLR L ohe "

synchroni zat §Pg BFEFThadFRYg absevee oqfh% Pinsimmhd Jdm-:plﬁ'art

havi ng a .si%e of 75 bits. 66 -
, - frames are. each used as a llnklng frame.

In addltion as descrlbed above, 16 addresses are
each added as an address unlt number The cluster's LDEC
) h_g“. 'portlon excluding ‘the run- 1nrand run- out frames includes
"5496 frames, which are lelded into 16 groups each hav1ng
31 frames, namely, frame 0 to frame 30. rThe‘16 addresses,
:g.namely,_having unit numbers O te'15;5ere assigned to the
16hgrou§s_oh a.oneftemonefbasis;
‘4. ADIP Addreeees
The following description explains ADiP addresses..
l.recorded as a groove webbling shape in the RW zone.
Fig. 7 is an explanatory diagram shewing use of an
MSK (Minimum Shift Keyihg)'techhique, which is one of FSK
A_medulation methods as a technlque of modulating ADIP
-_addresses that the grove is wobbled. |
As-a_data detectionunit,tﬁo wohble segments are
tekehu It is to be noted that a wobble segment is a
wobble period defined-as the reciprocal of a carrier
ifrequency; |

Data such as an address is subjected to a
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The sync part having a size of 8 bits includes four wunits each consisting
of 1 nonotone bit and 1 sync bit. On the other hand, the data part having a
size of - 75 bits includes 15 ADI P bl ock units each consisting of 1

nonotone bit and 4 ADI P bits. One nonotone bit, one sync bit, and one AD P
bit each occupies 56 wobble periods. At the head of the bit, an MK nark
exists to serve as a bit-sync. Wbble periods each defined as the
reciprocal of the carrier: frequency are created for the nonotone bit,
follow ng the MSK mark of the nmonotone bit. Details of the sync bit and

the ADIP bitawikkrbatdgscehbsdihgt §Foce50Y bl e ds _of an MsK
nodul ati on wavef orm are creatédafgro%ﬁe S ¥ Q %of%omﬁﬁg ¥he MBK mark

of the nc h rlods of an npdul ati on
S epRbbosByih e GRIE ‘%ngr §FhgTRES HAER BFEERe AD P

waveform.are created for the A
syne pari. A& TR oBEIEY é‘% i ‘él@l?as”‘;\csﬁn“%“ ”géetteé«?%e%ﬁf“e?%n%ﬂes.ze
A R I L R AP A A RS
and "3", each consi st TRkl A ta Mnbrene ﬁ@% anefa sync
bit;r TO be ﬂgég Pegofp§2r£§orded data also hav1ng a value- of “one”
' during a wobble perlod between rising and falllng edges
' prior to the recording'process as snown in Fig. 7B.
ﬂr_: L ._ Thén, the prerecorded data is subjected to the MSK.
.'modulatlon process to generate an MSK stream shown in Flg
7C. To put it in- detall prerecorded data havrng a vaiue
of “zero”rls moduiated 1nto a carrler coscnt or —coscvt
: On the other. hand prerecorded data havrng a value of
;“One” is modulated into- a.carraer cosl Swt.or —cosl. Smt
wrth a frequency 1. 5 tlmes the frequency of the carrler
iobtalned as a result of the MSK modulatlon process
carrled out on prerecorded data hav1ng a value of “zero”.
Assume that one channel b1t of recorded or
.reproduced phase change data corresponds to one channel.
In tn;s case, the perlod,of the_carrier-is capable of
accommodating 69 channels_as shonn in Fig. 7C.
By the way, 1 data bit of.an ADIP completlng an MSK
modulatlon process occuples 56 Wobble perlods while a

‘Wobble pericd lS capable,of accommodatlng-69 channel bits

obtained'as a result of the RLL (1, 7) PP modulation
| | 65 ' |



sync block "0" constitutes of a nonotone bit and a sync "0" bit, sync

bl ock "1" constitutes of a nonotone bit and a sync "1" bit, sync block "2"
constitutes of a nonotone bit and a sync "2" bit and sync bl ock "3"
constitutes of a nonotone bit and-a sync '13"" bit. As described above, a
monotone bit in each sync block is a waveformover a series of wobble
periods of a carrier having a single frequency. To put it in detail, a
monot one bit includes 56 wobbl e periods as shown in Fig.. 10A. At the head
of the 56 wobbl e periods, an MSK mark bs exists to serve as a bit-sync bs.

The re”a'n'nﬁr&@@?&eapﬁf{égdﬁoeﬁggrdggkgegsa%st%?Piggbgﬁoggklgefhg§ si ngl e

carrier frequency are created for the nonotoné | 6W Ng MSK mar k

of -t he nonot [ i 0 . ~noted that the MSK mark pattern is shown
beneath a mog%?epfin |%% ?ﬁ&ea% "of -Figs. 10A to 10E. As described above,

(here e § kinss o gy e A L e IR
bit, the syn "2 b|I the s "3" -bit are converted into wobble
maveforn1pat i%gh%ﬂﬁ °5 nt gggc%ﬁéQHQO%?n%BtY of user data obtained
.as_a result ofuthe RLL (1, 7) PP modulation process.
In the CQSé of this embodiment, for 0ne RUB
(RecordinglUnit'BioCkf Qr one recording‘clustér;lwhich is
R ﬁSéd as'a'réCOrdiﬁg unit of the user data described above,
“three addreSSeé céﬁ,be included,as AbIP addresses;. |
Fig. 8 is an expianatory diagramrshowing a stéte:of
1nclu51on of the 3 address blocks 1nclud1ng the 3
addreSSesiin‘l RUB. As shown in Fig. 6, a RUB (or a
reco:ding §;uster) inciudes 496 frames, which form an ECC
bldck{ and 2 frames, namely, the run-in énd ruh—ouﬁ |
frames. Thﬁs,_a RUB includés a total of 498 fraﬁesh
éérving'ag‘a ;ecordiﬁg unit. |
 As:shown in-fig._SA,tin'a éegﬁent corfesponding to
-l'RUB, 3 ADIP address biocks arejinclﬁded. An address
block consists of 83 bits.
'Fig. 8B is a diagram showing the cénfiguration of
' én address blocks. The éddress block consisting of 83
bits includes a sync pa;t (or a synchtonization signal
 pa£tf having a size of 8 bits and é data part having a

size of 75 bits. .
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10D, and 10E respectively. In the case of the wobble waveform pattern for
the sync "0" bit shown in Fig. 10B, an MSK nmark exists at the beginning
to serve as a bit-sync bs. The head MSK mark is followed by a second MSK
mark separated fromthe head MSK by 16 wobbl e periods. Thereafter,
successive MSK marks follow the second MSK mark at intervals of 10 wobbl e
periods. In the case of the wobble waveformpattern for the sync "n", the
second NBK'nark_exists'at a position |agging behind the second MSK nark of
the sync "n-1" bit by 2 wobble periods and, thereafter, successive marks

fol I ow at pOSI ti onsthaggiAg ggbknﬂawﬁgcgug\%ﬁgpgrftg ﬁyggeﬁg#yggg@ngggks of

the sync "n-1" bit by two wo per | ods erenl

speci fic, 'nuhﬁ%sc%%%hp %E%sWEQ@L%f WQ%SB%EQ'%QE}%ygn%Qr %g%riéﬁ "1% bit

shown in Fig. I'5t§ at the b edi'mning to s a bit-

sync bs. The head S .1 owed a second MSK nmark separated
fromthe head MK 5551 Bgﬁ%£p%%g%dsﬁﬁeT%%F%aP?eg g@ﬁ%%%s§i§ez Lmar ks
1Q wobbl e periqds. By the sane

foll-ow the sego rk at i v f
token, in thzgcggg o%nc gPeRbié ghBF%\B&PFérﬁaFSrCPHél§yﬁ€g'? £ Bit
shomn in Flgmonogone %1t and 4 ADIP blts

- One monotonerblt, one sync bit,;and'one'ADIPrbit

~each bCCupiesf56 webble periods. At the head of the bit,

M

“an MSK mark ex1sts to serve as a blt sync
Wobble perlods each deflned as the rec1proeal of

o theycarrler frequeney,are created;for the monotone hlt,
-fel_lowi-ng the MSK mark of the monot_one.bit. ‘Details of
l the sync blt and the ADIP bit Wlll be descrlbed later.

Anyway, wobble perlods of an MSK modulation waveform are
rcreated for the sync blt follow1ng the MSK mark of the

sync bit. By the same token, wobble periods Qf an MSK

modulation waveform are created for the ADIP bit,

Nl

fellowing the MéKrmark'of the ADIP bit.
B Fig. 9 is an,explanahory diagram ehowinglthe
eonfiguration of the eync.part.
| As is obvious frem'figs..QA end 9B, the sync part
having a size of 8 bits:ihcludes four sync blocks, namely,
sync blocks "0", "1n, "2",‘end_"3"; each'consisting“of
two bits{'namely, a monotone bit and a sync bit.

To be more specific,
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an MSK mark exists at the beginning to serve as a bit- sync. The head MSK
mark is followed by a second MSK nark separated fromthe head MSK bs by 20
wobbl e periods. Thereafter, successive MSK nmarks follow the second MSK.
mark. at intervals of 10 wobble periods. In the sane way, in the case of the
wobbl e waveform ., pattern for the sync "3" bit shown in Fig. 10E, an MSK
mark exists at the beginning to serve as a bit-sync bs. The head, MSK mark
is followed by a second MSK mark separated fromthe head MSK by 22 wobbl e
periods. Thereafter, successive MSK marks follow the second MSK nark at,
intervals of 10 wobbl e periods. Each sync pattern includes a pattern unique
to a nonotone bitSEANE Bleghc" B! t capatADrPebi 6§ dombrodeserbbedandiater. As

descri-bed above,.therg are four different sync- bit patterns. By including
each of the8¥nfif'P&rbAt,sync- bit pattern in every sync block of a sync
part, the disc drive-apparatus is capable of detecting and recognizing
any of these sync-$fmc paleak nslt noonstetlt ibes her SYNfonbtock s andsas yel | as.
establ i shing synchronization.. By referring to Fig. 11, the follow ng
descripti onsyegpl'al’nsithe data part of an address bl ock. As shown in Figs.
11A and 11B, the data part includes 15 ADIP bl ocks, nanely, ADIP blocks
"0" to "14%, whichsy@Rciblansi'glt Momstiflites of a monotone bit and a
sync "2" bit and - | | ' | |
.synq'blgck "3" constitutes of a monotone bit and a
sync "3" bit. |
- As described_abdve, a monotone bit in each sync
~ block iS'a'wavefofm over a éeries of wobble periocds of a .
carrier haying a single frequency. To put it in detail, a
monotone bit includes 56 wobble periods as shown in Fig.
10A. At the head of the 56 wobble periocds, an MSK mark bs
~exists to serve as a bit-sync bs. The remaining wobble
periods each defined as the reciprocal of the single
carrier frequency are created for the monotone bit,
following the MSK mark of the monotone bit. It is to be
- noted that the_MSK mark pattern is shown beneath a wobble
period in each of Figs. 10A to 10E.
As described above, there are 4 kinds of sync bit,
namely, the sync "0" bit, the sync "1" bit, the sync "2*
bit, and the sync "3" bit. The Sync "0" bit, the.sync "l

bit, the sync "2" bit, and the sync "3" bit are converted

into wobble waveform_patterns shown in Figs. 10B, 10C,
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bits. Each of the 5. bit ADIP bl ocks includes one nonotone bit and 4 AD P
bits. Miuch like the sync block, 1 nonotone bit of the ADI P bl ock occupies
56 wobbl e periods. At the head of the bit, an MSK nark exists to serve as
a bit-sync bs. Wbble periods each defined as the reciprocal of the
carrier frequency are created for the nonotone bit, following the MK
mar k of the nonotone bit. A waveformrepresenting the MK mark and the

foll owi ng wobbl e periods is shown in Fig. 12A. Since an ADI P bl ock _
includes 4 ADIP bits, the 15 ADH P bl ocks can acconmobdate 60 ADI P bits of

address infaormation. Wbble waveform patterns of "1" and "0" ADI P bits
are shown i rtOBirgénd] 2BEa ke spRC tively. As shown in Fig. 12B, in the
g .
case of the wobble waveformpattern of the "1" ADIP bit, an MSK mark
exists at the beglmntheg ¢tasseofeths wobbleSyaebs:mTHer bead H§K-tﬂ%rk s
foll owed by a second MK mark separated fromthe head MSK by 12 wobbl e
periods. AsS¥ROWAOInbEEgshadf, innFile ¢ose ah Mag WQE}E' xi0ayelorppattern
of the "0" ADIP bit, an MSK mark also exists at the beginning togégrve. as
a bltfsynC bsgiZding to serve as a bit-sync bs. The head MSK mark is
. followed by a second MSK mark separated from the head MSK
- by 16 wobble periods. Thereafter, successive MSK marks |
follow the second MSK mark at intervals of 10 wobble
periods.
In the case of the wobble waveform pattern for the
sync "n", the second MSK mark éxists at a poéition
lagging behind the second MSK mark of the sync "n-1" bit
by 2 wobble periods and, thereafter, successive marks
follow at positions lagging behind the counterpart
Successive MSK marks of the syﬁc "n—-1" bit by two wobble
periods, where n = 1 to 3.
To be more specific, in the case of the wobble
waveform pattern for the sync "1" bit shown in Fig. 10C
an MSK mark exists at the beginning to serve as a bit-
sync bs. The head MSK mark bs is followed by a second MSK
mark separated from the head MSK by 18 wobble periods.
Thereafter, successive MSK marks follow the second MSK
mark at intervals of 10 wobble periods.

By the same token, in the case of the wobble

waveform pattern for the sync "2" bit shown in Fig. 10D
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However, the head MSK mark is followed by a second MSK mark separated from
t he head MSK by 14 wobbl e periods. As described above, MSK-nodul ated data
is recorded along a wobbling groove. Fig. 13 is a diagram show ng an
address format of the ADIP information recorded as described above. Fig.

13 al so shows a nmethod of correcting errors in AD P address information.
The actual ADIP address information has-a size of 36 bits, to which 24
parity bits are added. The ADI P address information with a size of 36 bits
includes a 3 layer nunber bits (nanely, |ayer nunber bit o to |layer nunber
bit 2), whichnaMéKusedkf existikt btl ayer begeaakdyngopueposess 19pRuB
(Recording Unit Block) bits (nanely, RUB bit O to RUB bit 18), 2 address

nunber bits s¢nanelyhe adsiesssnuder i trdioraddsess suuhes Wit Wy and

12 auxiliary data.bits. . The 2 address .nunber: bits are used for identifying

3 address bl geksrheealrRIB. thBencauxisbkany got 8oi pehydes éP?o&P.Of the disc
containing stored recording conditions such”as the pome? of a

Const 11Ut ng st orar ot BOThrTe (30 it A B, BLEh R BT Ecb e lEray
above.. As ShﬁﬁfkiQttfﬁtéfggfg’dftfg ngﬁfe periods;

I V:In the-samelway, iﬁ.the'cése Ofrthe wobble ﬁaveform

f.patte;h for the San fB“ bit shown‘in-Fig.'lQE, an MSK
oo mark exists gt the beginning to Servé;aé a bit-sync bs.

'_-The.heéd MSK mark_is.followed 5ylé se¢6ﬁd MSKfmark :
'separated ffom the head MSK‘byﬁ22 wobble periods;
1Thereaf£er,'sﬁ¢dés§ive MSK marks follow the second MSK
‘"markiat;iﬁtervals-of iO wdbble ﬁériods.

Each:syné pattefnlincludés a pattefn unique to a
monotone bit and a'sync bitﬁaﬁd ADIP bifs to Ee deécribed
later. As described ébove, there are‘four'differént sync;

.bit patterns. By including eacﬁ of these différent sync-
bitrpatfern in-évery‘SYnc bléck of a syné part, the disc
gfive appar;tus'is capable of detectiﬁgrand récognizing
any of these'sync—bit patterns inélﬁded in the sync

: blocks and- as well as establishing synchronization.

By réfer;ing to Fig. 11, the following description
Véxplains theAdata part of an address'bloék._rAs shown in
Eigs. ilA and llB,rthe data‘parf includes 15 ADIP blocks,

ﬁamely, ADIP blocks "0" to "14", which each consist of 5
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bits are 15 nibbles, nanely, nibble O to nibble 14, where. a nibble
constitutes of 4 bits. As an error correction technique, the nibble-based
Reed- Sol onmon encoding RS (15, 9, 7) technique is adopted. |In accordance
with this technique, 4 bits are treated as a symbol. Notation (15, 9, 7)
means a code |ength of 15 nibbles, a data size of 9 nibbles, and a code
di stance of 6 nibbles. 5. Prerecorded | nformation (Shipping-Tine
Information) - Figs. 14A to 14K are expl anatory di agrans showing a nethod
of modul ating prerecorded information (or shipping-time informtion) for
form ng a woblitsng groove in the prerecorded data zone. As a nodul ation

t echni que, a bi-phase nodul ation technique such as an FM code nodul ati on

t echni que’ is adoptmgeh Rbg. tH4As Showsaym UstoOf s a5 faf aqdl to xﬁ%‘gﬂfﬁ%%dﬁ’m

shows a channel clock signal. Fig. 14C shows FM codes and

wobbl e wavef pi#Ban@ne fpta Bitgi s 2ch (2 channel clock) The FMcode for a
~data bit of "1" is represented by a frequency 1/2 tinmes the frequency of

the channel bl ock. pihg, Mo g(gfhékﬁﬁ%#g; oo ls re {eeg ed by a
frequency 1/2 tines,the frequency 0 cod®HRrO%
. ADIP block occuples 56 wobble periods. At the headrof the
bitc:an MSKVmark exists to serye as a bit—sync bs. | Wobble
perlods each deflned as the rec1procal of the carrier
/o _ frequency are created for the’ monotone blt follonlng the
- MSK- mark of the monotone bit. A naveformlrepresentlng the
iMSK mark and the follow1ng wobblerperlods is shown an Fig.
122, |
Slnce an ADIP block 1ncludes 4 ADIP bltS the 15
L‘ADIP blocks can accommodate 60 ADIP bltS of address
: 1nformatlon. | o
P\‘T.obble waveform patterns of 1 and “0” ADIP bits
are shown in Figs. 12B'and 12C respectively.
As shown in Fig. 12B,'in-the case of the wobble
waveformgbattern of the “1” ADIP bit, an MSK mark exists
at the beginning to serve as a bit-sync bs. The head MSK
;mark 1s followed by a second MSK mark separated from the
-head‘MSK by 12‘wobble_periods.
As‘ehown in Fig. iZC in‘the case of the wobble

_waveform pattern of the “0” ADIP bit, an MSK mark. also

exists at the beglnnlng tc serve as a blt sync bs.
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data bit of "1". A wobble waveformrecorded as a groove wobbling shape can
be a rectangular waveformdirectly representing the FMcode. As an
alternative, a waveformrecorded as a groove wobbling shape" can be a

si nusoi dal waveformshown in Fig. 14D. It is to be noted that the
polarities of the patterns of the FM code and the wobbl e waveform which
are shown in Figs. 14C and 14D respectively, can be inverted to result in
patterns shown in Figs. 14E and 14F ;respectively. Let the rules of the FM
code nodul ati on described above be applied to a data bit stream of

"10110010" sHoweveirn Ehg. hd4G MSE HAr% €a8S€o1lBaeADEY st 's@'&oﬁ'dogl'éf{es an FM
code waveform and a wobbl e wavef orm (sinusoi dal wave whi ch are shown

in Figs. l4Hmamtt bépatespacirirwal Yhel heh M@KbﬁynQﬁeg FB%E %F§IQBQU|at'0n
may ‘al so ~ produce an FM code waveform and a.sinusoi wavef or m

whi ch are shown in &b gSesdAdh@mds Cﬁsgpefggdayﬁ]yed b%%#gvgsrtln%?%#% - g§

polarities of the patterns of the FM e an e wave

14H and 141an1esgest y¥BhYindh cture of n ECC | ock of Shl ing-tine
|nfornat|on s dgscrlbed b?argfégﬁgngq{ T% f@ éh

address. format of the ADIP\lnformatlon recorded as
~ described above. | | | | |
Fig,-l3 also shows.a method of‘correcting errors‘in
) _'e-, .'AbIP addresslinformation. |
The-adtualhplP addresS infermatlon‘has a size of
36 bits} ro Which_24lparity blts‘are added.
| The ADIP address 1nformat10n with a size of 36 bits
1ncludes a3 layer number bhits.. (namely, layer number blt
0 to- layer number blt 2), whlch are used for multi- layer
"recordlng purposes, 19 RUB (Recordlng Unlt Block) bits
,r(namely, RUB bit 0 to RUBlbit-18), 2 address number bits
(namely, address number bit 0 to address number blt 1),
and 12 auXiliary data bits The 2 address number bits are
' used for 1dent1fy1ng 3 address blocks for 1 RUB. The
“aux1llary-data rncludes the ID of the diSc containing
stored recerding conditiens such as the power of a
recordind/reproduction laser. |
The ECC unlt of address data is the unit
.constltutlng a total of 60 bltS (36 bits + 24 parity

- bits) descrlbed above., As shown in the figure,. the 60
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data bl ock of shipping-tine information physically conprises roughly two
sectors. Froma content point of view, the data bl ock includes a sub-bl ock
of actual shipping-tine information (or prerecorded data) and a sub-block
of control data related to the actual shipping tine information
(prerecorded control data). As shown in Fig. 15, the sub-bl ock of
prerecorded data conprises two units each occupying a sector having.a
size of 2 K bytes. The two units formthe sub-block having a size of 4 K
byte ( 2,048 bytes/sector X 2 sectors). A 4 bytes EDC (Error Detection

Code) i's addéd tso areadls sawhllest,0 d:@fdhad (RhasTd 3B t 2 fl Qe
units forma data frame having a S|ze}gf , 052 (= f &i&bl% SRR

byt es/ dat a- f mams pwilict oénd tdaaakr e Ay@ . The data frane | s further.
scranbl ed to produce a scranbled data f?ane Then, the scranbl ed data

frame is subj ected tgs ayn Regds S dj rocess to generate a data
bl ock of - 216 rows and 19 Colunﬁ&99§§c€£§§ £?9%§ FEES ol f%h??%ﬁ ~bagridd to
Code) sub-bl ock of (216 +

t he ‘dat a b|OR%eHQSBQBEBQt Bdkgg ggoquécaaaggaﬁeggneggg is1gdoppdx 19

32) rows and 19 col ums. Sub

a‘symbol.-'Notatron (15' 9,'7).means a code length of 15
. : nibbles a data size of 9 nlbbles and a code distance of
)7 p‘r-'_ 6 nlbbles | | |
-5, Prerecorded Informatlon (éhlpplng Time Informatlon)

Flgs 14A to 14K are explanatory dlagrams show1ng a
method of modulating prerecorded information (or

| shlpplng time 1nformatlon) for forming a wobbling groove
in the prerecorded data zone.

As a modulation technique,.a bi-phase modulation
technique such as an FM code modulation technique is
adopted.

Fig. 14A shows“values of a data bit and Fig. 14B
shows a - channel .clock srgnal 'Fig. 14C shows FM codes and

-Fig. 14p shows wobble- waveforms.

One data bit is 2ch (2 channel clock) The fM code -
for a data bit of “1” is represented by a frequency 1/2
thmes the frequency of the channel block

The FM‘code for_a data bit of ™0~ is represented by"-

a frequency 1/2 times the frequency of the FM code for a
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bytes) is formed fromthe LDC sub-bl ock. Figs. 16A and 16B are di agrans
showi ng a process to encode the sub-block of prerecorded data into the LDC
sub-bl ock. The 4 K bytes.prerecorded data shown in Fig. 16A is subjected
to an ECC encoding process to produce the LDC sub-bl ock shown in Fig. 16B.
To put it in detail, a.4- byte EDC (Error Detection Code) is added to each
2,048- byte sector of the prerecorded data. The two sectors of the
prerecorded data are then encoded into an LDC sub- bl ock. As nentioned
above, the LDC sub-block is an RS (248, 216., 33) X 19 block. An RS (248,
216, .33) X Itabltddak dfs “a bl ock, which is conposed of the RS (Reed-

Sol onon) code. with a code |l ength of 248 nibbles, a data size of 216

ni bbl es and a code Hi sbBPLE Whv33ohibbLes-an a k Of 19 code
wor ds.’ On.the .ot her hand, the sub-block o? pgergc%rgeggggoﬁ *8dta has a

size of 48 bﬁh@@e(ca%4bgyge§ggnbhgﬁl%r %%3%%%I%§ %gggégn F| 5&15 ggg;ezse

unit nunbers having a size of 72 bytes bytes
e 5 s s ST 5
SUbJeCtEd togrBB@eRﬁggb§9h8nBHapg can be a sinusoidal waveform shown-
o in Fig. 14D.
It is to be noted that the polarltles of the
patterns of the FM code and the wobble waveform,'whlch
- are shown in- Flgs 14C and 14D respectlvely,'can be
1nverted to resultlln patterns shown in Flgs 14E and 14F
:respectlvely
Let the rules of the FM code modulatlon descrlbed
.-above be applled to a data bit stream of “10110010” shown
in Flg 14G; In thlS case the modulatlon produces an FM -
-code Waveform and‘a wobble-waveform (SlHUSOldal waveform),
which are shown in Figs. 14H and 14fI respectively,
'It.is to.be noted-that the modulation may also
ptoduce an FM code waveform and a sinusoidal wobble
-waveform, Whioh are shown in'Figs.,14J and 14K
'respeotively, by inverting the polarities ofﬁthe patterns
-of the FM oode and the wobble waveform.in Figs. 14H and
14I respectively. H - |
The structurelof an ECC block of shipping-time

information is described by referring to Fig. 15. The ECC
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encodi ng process to produce an access block of 30 rows X 4 colums. Then,
32 rows of parity are added to forma BIS (Burst-Indicating Sub code)
sub- bl ock. The BI S sub-block "is an RS (62, 30, 33) X 4 block. Then, a BI'S
cluster of 248 rows X 1 colum (| byte) is fornmed fromthe BI'S sub- bl ock
Figs. 16C and 16D are di agranms showing a process to encode the prerecorded
control data and the address unit nunber, which have a total size of 120
bytes, into the BIS sub-block. That is to say, the 120 bytes of data shown
in Fig. 16C are subjected to an ECC encoding process to generate the BIS
sub- bl ock shé&¥itai Blpcy. cf6Bhiny imgntiiowed ndbawe.tiohhehBs$cauhybl ock is an
RS (62, 30, 33) X 4 block. An RS (62, 30, 33) X 4 block is a block, which

i s conposed 6PTMPEFAEeRSTORgbUYStonsrytoade W idnaa COSRLLERUHDIRE S2
ni bbles, a data size of 30 ni bbles and. a code di stance of 33 nibbles and.

has a bl ock ¥iie®,othkodataoBowkr daclAgeshaWBubipEbak: otbackhg:LDC and Bl S
clusters, each conprises 248 rows each constituting a data frane. A data

frame .of theshEﬁpﬁthtEMeCﬂﬂﬁbtﬁéﬁleﬁ Qﬁreﬁr@@bhgraegaﬁgta rafy gf the BIS
cluster conprises 1 byte. Thus, .a conbined data frane conpri ses 0] bytes
(=19 7? | - sub~ block of control -data related to the actual shlpplng '
| tlme 1nformatlon (prerecorded control data)
As shown in Flg. 15, the sub—block of'prerecorded
data comprlses two unlts each occupylng a sector hav1ng a
: "size of 2 K bytes The two unlts form the‘sub-block
' hav1ng a sizeée of 4 K byte (= 2 ,048 bytes/sector X 2
‘sectors) |
A4 bytes EDC (Error Detectlon Code) lS added to
each sector ‘to form a data—frame unlt 2 data frame units
,form a data frame hav1ng a size of 2 052 (— 2,048 + 4)
bytes/data frame unlt X 2 data frame.unats The data
frame is further scrambled- to produce a scrambled data
frame. |
h Then, the-scrambled data framelis subjected to a
Reed—Solomon encoding process to. generate a data block of
216 rows and 19 columns 32 rows of parlty are further
.added to the data block to generate an LDC (Long Distance
~ 'cOde) sub—block of (216 + 32) rows and 19 columns. The |

" LDC sub—block is an RS (248, 216, 33) X 19 block.

‘Then} an_LDC cluster of 248 rows X 19 columns (19
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bytes + 1 byte) As shown in the figure, the BIS having a size of 1 byte is
pl aced at the head of the conbined data franme. The BSis foll owed by the
LDC having a size of 19 bytes.. 248 rows or 248 data franmes each having a-
size of 20 bytes (= 160 bits) constitute an ECC bl ock. ‘Each of the data
frames is subjected to a bi-phase .nodul ation process, in which a franme
sync is added to. generate a recording frame. To put it in detail, the
frame sync having a size of 8 bits is inserted into the head of 20-byte
(160-bit) data obtained as a result- of the bi-phase nodul ati on process to

produce .a st byebuse;sCeAshsli RYoAS tﬁéGLﬁBaQunﬁ'—bPMzg as a final result of
t he bi-phase nodul ation process. It is to be noted that, since there is no

o comonert i U gase of e Mx et Ml b 2 pratly e senry

to add dcc bits to the data frane. recordi ng Trane :

structure - t@, g L eENLdeg ont rack as a wobblipg groove in_the PB zone
on the disc. %o_%%tE?% ?ﬁbgg%g??,SE I%F%?%E%g éﬁaF%fg?ﬁ%t?Bﬁ Léged as
shipping-tin§u££$9£ggtion is recorded onto the P. zone, which is an area

between a circunfteréence with a radius of 22.3 mmand a circunference with

a radius of '23.1 @@i Q %P$)case of a disc.having a diameter of 12 cm 78
. - The 4 ytes prerecorded data shown in Fig. 16A is

subjected #6 aﬁ-ECC ehcoding‘proces% to produce the LDC
sub;block shbwn in Fig. 16B. To-put‘if in détail, a 4-
?.; :'bYte EDC (Erfqr.DetectioﬁCode) is added'to'each 2,048~
befe sectqr of the prerécofded'data.. Tﬁe two sectors of
_the prérecqrdéd data are fheﬁ éhcodéd into ‘an LDC sub-
.biock. As mentioned above, the LDC sub—block ié an RS
| (248, 216, 33) X 19 ‘l-aloc_k. An RS (2'48; 216, 33) X 19
frgloqk is a block, which is composed of the RSV(Reed~
- “Solomon) code with a codé‘lengfh of 248 nibbles, a data
size of'216 nibbles and a code disfancézbf 33 nibbles and
-lhas a bloék sizeiof 19 code words.
On‘ﬁhe otheﬁ hand, the.sub—block of prerecorded
" control data has a siée'of 48 bytes (= 24 bytes/unit X 2
units) as shown in Fig. le Address uﬁit huﬁbers haviﬁg a
size ofl72 bytes (9 bytes/address-X'S addresses) are |
added to the sub-block of prerecorded contfol data to
generate an enCoding'unit'hafing a size of 120 bytes f=
48 bytes 4 72 bytes) . | |

The 120 bytes are subjected to the Reed-Solomon
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as described earlier by referring to Fig. 2. To consider nmerely a condition
requiring that a data block of shipping-time information shall be recorded
in the format descri bed above into the PB zone's area not exceeding the
circle of a circunference on the disc, the recording density of channel.
bits can be nade | ess dense to a value of about 1.72 /.cm That is to say,
the recording density of channel bits can be reduced to about 1/28 tines
the recording density of user data obtained as a result of. the nodul ation
adopting the RLL (1,7) PP technique. As a result; the S/Nratio of a

signal repre Bag .t chanpel _bj an_be .inmproved. Since.the BISis a
code havi ng %ﬁegggggngfgcgggcgﬁlBg?géF%o?nchFg ?i%ﬁoﬁ5m8£'gﬁ EBWﬁa?ison-
with the LDg .ghyRgt all errors are corrected. Thus, synbols serving as

error _pointers provided by erroneous BI'S can be used as follows. In a

decodi ng. process usj ECC, BLS are decoded first. Assume that -two errors
are detected in coﬁfs}ge%lm i%\%e T OH PHHY A 2498 th s BER regar ded

as a:bUrst LI oL LP he_ 19-byt e dat sandmiched by the consecutive H'S.
Error poi nt_e?s &3ER 'b%??\?%h@gt u}an‘éo%?) t febertork. ~ dhe Rifedurhincklo- byt e
data. Then, '‘a pointer erasure 79 : ‘ o .
- . is an RS (62, 30, 33) X 4 blqck. _Then, a BIS cluster of
:248 ;éws X 1 column (l-byfe) is formed from the BIS sub-
- block. - R |
b ‘1” o Figs. 16C and 16D are diagrams showing a prbééss to
A'ehcode the pre#ecordéd contrél daté aﬁd the address unit
'ﬁumber,fwhich have a fotaliSize 6:_120 bytes;'into fhé
' BiS sub-block. | o |
| ‘Thatiis tO»say, the 120 bytes of data shown in Fig;
16C are subjeétgd to an ECC endéding process to genefate
_the BIS Sub—block shoﬁﬁ in Fig,:i6D: As mentioned.abové;
the BIS sub-block is an RS (62,‘30, 33) X 4 bipck.' An RS
(62, 30, 33) X 4 block is a block, which is composed of
l,théRS.(Reéd—Sq;omon) cpde with a code length of 62
pibbles,‘a data size of 30 nibbieé and a code distance of.
33 nibbles and has a block Sizé of four code Wérds.

As‘shown in Fig. 15, the LDC and BIS clusters, each
icomprises 248 rows each constiﬁuting a data frame. A data
frame of the LDC cluster ébmprisgs 19 bytes-whilé—a dafé
frame of the BIS'Cluster comprises 1 byte.

Thus, a combined data frame comprises 20 bytes (=19
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correction process based on LDC is carried out by using these error
pointers. In this way, the. error correction power is increased over the
power of .the error correction using only LDC. BIS include, anmong ot her
data, address information. 1In a prerecorded data zone, prerecorded
information is stored as a groove-wobbling shape. Thus, since the groove
wobbl i ng shape does not express address infornmation, the address
information included in BI'S can be used in making an access. As is obvious
from Fig. 15 (or Fiigs. 16A to 16D) and Fig. 4 (or Figs. 5A to 5D), the
ECC format ofyw4ser + datgShoregd ag se _change.narks uses_the sanme codes
as the ECC fgﬁhat of'gﬁipaing-?i%QBPﬁfg?ngﬁ?oﬁ?g$ﬁS'f§§? thth?ﬁbnﬁcﬁ
formats sharg;the es. iaplies that the ECC-decodi ng process of

shi pping-time %n?%?ggF&%%-égrbgggFgcgﬁdghei i&%ﬁ Eonbpaedafifitad  out
by t'he circui stemfor.performng the ECC decodi ng, process of
reproductionfgﬁ%ééerg%%t%ssf%rg%f%%gﬁﬁgg% tRfalde PRAYKRY andlafsof mblins
that the har%m%re c Q%iguration of the disc drive aﬁgaratus can be made
nore efficie ?;esFig?‘ 7-?%Saﬁre%%§aﬁ%ﬁ%rﬁr%m%@r%ﬁ¢%; W thes1g9. of -

20 bytes (= 160 bits) constitute an ECC block.
Each of the data frames is subjected to a bi-phase

modulation proéeé$, in whichra_frame sync is added to

o

generaté a“feéofding frame. .To pu£ it in detail; the
frame sync-having a size_of.B_bits_is inserted into,tﬁe
: hgaq~of 204byté_(160—5it)_d§ta obtained éé é result of
the bifphase mbdulation pfoceés'to produée a struétuie:
coﬁsistingiof-336 channel bité‘as a-finai,resﬁlt‘of the
bi;phase,mOdﬁiation process; |
'it'isrto be.noted‘thaﬁ; éince there ié ﬁo_DC
'COmponent'in the case of'thé'bi;phase modﬁlation,rit'is‘

“not necéssary to add dcc bits to the data frame.

e

Suchireéording frames constitute a data structure
" to be recorded onto a track as a wobbling groove in tﬁe
‘ PB-zone'on the- disc, | |
To put it in detailf'the prerecorded ihfqrmation'
~used as‘shipping—time infoﬁﬁation is recorded onto the PB.
‘zoné; which is én éreé:between a circumference with a
rédius'of722.3 mm and a circumference with a radius of

23.lvmm-in the case of a disc having a diameter of 12 cm
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structure of a cluster conprising data frames. Each row shown in the figure
corresponds to a data frane having a size of 20 bytes as descri bed above.
As explained earlier, each data frane is nodul ated to produce a recording
frame having a size of 336 channel bits. 248 rows or 248 frames constitute
an ECC block. A run-in frame and a run out- frane are added to the ECC

bl ock respectively before and after the 248 frames to formthe,

af orenmenti oned cluster having 250 frames. The run-in and run out franes
are each used as a linking frame. In addition, as described above, 8

addr esses ares aaebraddadeaﬁlaaradgr@é$e@@hhgn%6b@&g The cluster's LDC
portion excluding the run-in andrun out frames conprises 248 frames, which

are divided into eightcqiHupsr aache1 Payi Hgn it { SRANESqu DAIRL Y 0to
frame-30. The 8 -addresses, nanely, %ddresses havi ng %n?t %u%%%ﬁggg to 7,

are assi gnedakoat Beoh 06k 9hoPBSnG0:EnANEAELANE O\%rs]'sﬁal:ltb S rbo2Eedot ed

that .the prerecorded data's structure s

cont ormmi ty vt fn Phe” of UaF o SEE 1B ﬁr P 58P0k i’%ﬁ'sgﬁsﬁ 81 Bt0F Bt dat a s
cl ust ﬁ[esﬁéu‘?%“-’é%%%‘?ﬁn%‘ 09 L9180 aCEE%ES&fa%éHEteUEE OheUasho ot s |
- recordlng den31ty of channel blts can be made less dense
to a value of about 1.72 unn
} ‘.: 3 That isrto say; the récbrding-density of channel'
_ bits céﬁ berreduéed'ﬁo about 1/28 times: the ;ecording
-dénsity of user data‘obtained as a reéult of. the
v‘hoﬁulétion:adopting the'RLL'(1,7) PP teéhnique. As a.
' resplt; the S/N fatid'of’é signal‘répresenting the
channel bité=Can be-impfoved.' |
Sihée tﬂe-BISiis a céde having an eétremely
.excellentlefror'correctiOn powér in Cbmparisoﬁ with the
LDC, almbstWall:errorS'are corrected. Thus, symbols
. sérving as érrér pointers provided by erroneous BIS éanr
"be used as follows. |
in é decﬁding process uSing ECC, BIS are_décbded-
first. Assume that two—er;ofs éfe detected in consecutive
BIS. Iﬁrthis case, the‘tWo errors are regarded as a burst
~error in ﬁhé 19—byfe data sandwiched by the coﬁéecutive
BIS. Error pointers each pointing to one of the errors

.are added to the\lQHbyte data. Then, a pointer erasure
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of the circuit configuration of a decode processing systemenployed in the
di sc drive apparatus However, it is not always necessary to design. the
cluster structure of the prerecorded data (or the shipping-tine
information) in conformity wWith the cluster structure of user data if the
unconformty does not cause a problem That is to say, since the

shi pping-time information .is reproduction-only information, which is
never rewritten, the linking franes are not required. Thus, wth the

i nking frames elimnated, a cluster conprising only 248 franes as shown

in Fig. 18 isqals@Ganceiyaple. referring.to, Figs., 19 to 26, .the
foll owi ng degbription gxpl%%%sbgafg-ggrﬁgg %8n$8F§ggﬁ Bpgcggspﬁéngsuch as

an-interleavkﬂgsgrgggg§ gg&gkgg out on LDC and BSS sub-blocks. Figs. 19 to
21 are explanatory diagrans used “f or descri bi ng conversi on processing

carri-ed out on an ng sub-bl ock.. On the other hand, Figs. 22A to 25 are

expl-anatory di agrans uERE® 1GHY delsT i B TYT cOrvETSEOA BR¥REsFng carried out

on a BI'S sub-Dblock. Figv 26 _js an explanatory di agram used for describing

conversioon PPGEEESPHRCVRAI ERSi BO¥EFr PEdTBEL SHker GaE&°6FiPPCUAAEIBI S

subjleCks ignagcggg?d onto a disC.‘82 'i N . : ' '

"_'BIS-includeflémoné other data, address information.
In a pferécofded data'ZOne, ﬁre:ecoided;infqrmation is -
)1.... .7 stored-a§ a,grdove7w05bling Sﬁape. Thus, siﬁce the grooﬁé-

: WObbling shape doés‘not,ekpréss addressiinfofﬁation, thé
addréés.;nformatiog-included‘in BiS can'bé'used in making
an accéés; o | |

As is dbvidus=f#om,Fig. 15 (or fing'léA t6 16D)

: and_Fig. 4 (or Figs. 5A to Sb), the ECC forﬁat-of user
.déta:stqrea as ﬁhasétchéngermarksAuses‘the‘same codes aé
the ECC.format of-shipping;time iﬁformatiqn.

The fact that the ECC forﬁats sharelthe same codes

-vimpiies that‘the ECC decoding process of shipping-time
informétion (or prerecorded information) can be-cafried

“ out by the circuit system_fof perfbrming thé ECC decoding
.process of réproductidn of uger data stofed as phase
chahgé marks, and élso means that the‘hafdware
cqnfiguration af the'disc_driverapparafus cénrbe made
more efficient.

Fig. 17 islan explanatory diagram shﬁwing the
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Fig. 19 is an explanatory diagram used for describing a process to convert
prerecorded. data C(g, wused as actual shipping-tinme information into data
D(i, J) recorded on a nenory, where the subscript g inthe range 0 < g <
2 denotes a unit nunber and the subscript h in the range 0 < h < 2,052
denotes prerecorded.data nunber. The conversion processing is carried out
on the basis of ‘conversion equations using the unit nunber g and the
prerecorded data nunber h as follows: i (g X 2,052 + h) %216 Hj = (g X
2,052 + h)/216 where synbol denotes a. division operator for finding a

gquotient j - “96 . d .di Vi si operator. for finding a
di vi'si on reﬁ§?ﬂ§%?@?% %%;a g?%% ?r?%§%§%5§§@%5€§t%}§riii?(Error Det ection

Coes), o7 48, O) el B0 TR SR X A ile pleeoy degoata,

000 8, OOl SR Ty LR 0TS G PR R0 00 s Nen o

DT 1) | oaddth T Tth <Hehirs s g ata v b o Soves VIR SLATRE sbscr i pt | 16 a

COd?VQS prodube a récording frame having a sizé of é36'channél

- bits. 248 rows or 248 frames cohstituté-aﬁ ECC block. A
rﬁn“in fréme_and_a'run oﬁt.frame are‘added fo the ECC

>A 'l ‘-xbldék‘réspeCtively before éﬁdlafter the 248 frameslté
foxmrthg aforementioned cluster having_QSOrfrémes; “The

, run—in and run out framesjape-éach used as a linking
frame. | -

In addition} as described above,-B addfésses are
gach.added as an address unit numbef. The cluster's LDC
'p#ﬁtion exclﬁding:the run—in_and'rﬁn_oﬁt frames compﬁises
248 frames, which‘are divided'into eightrgroups each |

--having 31 frames, namely, frame 0 .to frame'BOi- The 8
éddresses, ﬁamely, addresses having unit numbers 0 to 7,
are'assigned-to the eightrgrdups on a Qné—to—oné basis.
| It is to be noted that the prerecérdéd daté's

- cluster structure'shdwn in Fig. 17 is é typical clusfer'
étructure obtaiﬁed by.adding the linking frames in
conformityl&ith the cluster strudtufe of'ﬁser data. The

prerecorded data's cluster structure conforming to the

cluster structure of user data is amenabie to the design
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nunber and the subscript j is a byte nunber. A hatched portion
corresponding to the subscript is values in the range 216 i < 247
represents 32 added rows of parity. Fig. 21 is a diagram show ng.
positions b(s, t, u) obtained as a result of a conversion process carried
out on the nenory data D(i, j). like the one shown in Fig. 20 where the
subscript sis an AUN (Address Unit Nunber), the subscript t is a frame
nunber and the subscript uis a byte number. The conversion process is
carried out on the basis -of conversion equations using the address unit
nunber s, th ; r- pytecn r..yas follows: i (s X 31 +
t) j = (s X 3% Eﬁgngiggﬁ?%)Cé??ggakgﬁégé §f5328§?oget5£o§isahagl < u < 20.
Figs. 22 to 11, Ok i agrans ysed for .describing conversion
processi ng c%???é@ %é?hggg&p?érg%%rggacc ﬁ%¥8|a88?5a§§8d as addition &

control informati ofpofé)‘;értheish.isppi r{g[;-t' me information.. Fig. 22 is an
expl anat ory diagr am $how ng T iforRL D IR I IRRSF TR B S_UEhId. As
descri bed ear%ie the Bl S inf0£na£ion conpri ses' _address -information and
prer ecor ded & H?ﬁ%fvagfa?t%ﬁe of the prerecorded data (or the

Shipping+time infqrmation) in~¢onformity.with.the‘c;uéter
_strﬁcture,qf uéer data if the unconformity does not-Cause_
a ﬁ:oblem. |
P _"  o Thatlis to say,_since'thé shippingwtime informati§n 
Jis&reproductioneohly,ianrmation, whichuis néver
rewritten, therlinking'framés are not required. 'Thué,
: With:the linking frames eliminated,‘a cluster'§0mprising'
‘oﬁly 248 ffames‘és shown in,Fig;‘lS is éisé éonceivable..
By reférring tQ_Figs;‘19 to 26, the folloﬁing
descfiptidn explains data—Series cbnversién pfoceésing
such as an intérléaving proéess carried out on LDClandr

'BIS sub-blocks.

L

Eigs.'lQ_to 21 are explanatory diagrams used for
deééribing cohvérsion processing carried éut on'an LpC
sub-block. On the other hand, Figs. ZZA to'25‘are"
explanatory diagrams used for describing cénversién
progessing'carried out on a BIS sub-block. Fig; 26 is an

‘ explanaféry diagram used for deséribiﬁg‘conversion |
"pro;essing, which is carried outlwhen data‘of LDC and BIS

sub-blocks is recorded onto a disc.
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The address information in the BIS information is shown in Fig. 22A.. As
shown in the figure, an address in one ECC bl ock conprises eight. address
fields, nanmely, address field #0 to address field V. Each of the address.
fields conprises 9 bytes. For exanple, address field #0 conprises 9 bytes,
namely, byte 0-0 to byte 0-8. The 4 MSB (Most Significant Bytes) of each
address field are used for storing an address val ue show ng an ECC bl ock
address called an AUN (Address Unit Nunber). The 3 LSB (Least Significant
Bits) of the 5th byte in each address field is used for storing the nunber

of the address fi elid;. Tive idesaendgntarh o3 (ditatarSiid i gt Bytes) of
each address field are used for storing parity bits for the address field.

On the otherdégﬁmhbiﬁga4N§¥@@@g§eg3cggﬁ&&%tcggé%éébraggl%%géi@{ ropfion is

shown in Fig. 226. As shown in the figure, the prerecor control data.in

one ECC bl oGkse UWId $85a R i S nd BBy iﬁimm?@i&@dﬁygg%%y%ich each

consi'st of 24 bytes. For exanple, unit #0 is -‘conpose S nanely,

byte 0-0 Lo fytedsaa Wi s REakseor dadh.contiol datal . resef veg, for

future use. 'Fig. 23 Is an ex agr ani use

-;ange'02§_g <2 denotes a unit number and ‘the suﬁscript h
in the range 0 < h< 2,052 dénbtes pferecordéd data
nﬁmber, TheAconversion'procgssing is carried out on-tﬁe

o : "basis of cbnvérsion-equétioﬁs ﬁsing the uﬁit ﬁﬁmbér_g”and-

r_fhe prereedrded data.number'h‘as foliows::

i = (@ X 2,052 + h) % 216 |
3 = (g X 2,052 + h) /216
"-where symbolrﬁj”rdenétés a,divisiqn Operatér for finding
a guotient j:aﬁd SYmbol "g7 denotes a division operatdr
.-for finding ajdivision rémainder_i. |
7 C(g, 2,0485 to_C(g,‘Z,OSiJ are EDC (Error-beteétion
Codes) for C(g, 0) to C(g, 2,047). |
The (2,052 X 2) -byte prereéorded détg including
EDC as shown in Fig. 15 ié converted into data D (i, j)
_loaded into a memory as shown in Fig. 19 where 0= 1 S
215 and 0 = j = 18. Notations “0, Oﬂ to. *1, 20517 shown
Ain Fig. 19 denote the prerecorded data C(g, h).
- Fig; éoris a‘diagram showiné codes of the
. prerecorded data's memory datarD(i, j) loaded into é

- memory as described above where the Sﬁbscript-i is a code
. 63 .



descri bing processing to convert the BIS sub-block's address information

I (s, v) and prerecorded. control data U(g, h) into nenory data B(i, j). In
the address information I(s, v), the subscript s is an AUN (Address Unit
Nurmber) in the range #0 to #7 and the subscript v is an address. nunber,
that is, a byte nunber in the range O to 8. In the prerecorded control
data Ug, h), on the other hand, the'subscript g is aunit nunber in the
range #0 to #1 and the subscrlpt h is a data nunber, that is, a byte
nunmber in the range 0 to 23. The conversion processing for the ‘addr ess

information nanpatr bed Uk edokbeibashs lgfapg@{%r%b%@ezequatlons using the
address unit nunber s and the byte ndnber v as f ollo I ( (s X 31 + v)

%31) X2 + ( (s X BhmtrMed tmn(aor/%eégyé,? t&%éé g é% 3.1+ v)

% 4 where 0 s < 8 and 0 v.< The addr ess tron is |nto a

menory, by bei | eqved. i that is n the range

0 < in 1% %sgthﬂﬁﬁé pﬁe?ggogaegecgggroiJdafa£8¥ﬁ5685ﬁ§%?5?o%2 Hdeessi ng
is carried o n s of converSIon equatlons usi ng the uni t nunber

g and the by%g %un%e§ EE@% , : _

Fig. 21 1s a dlagram shOW1ng pos1tlons b(s, t, u)
-obtalned as a result of a conver51on process carried out

Ton the-memoryrdata D(l j) llke the one shown in Flg 20

LS

' oWhere thegsubscript s is an AUN (Address Unit Number),'r
the subscript{t.is~a‘frame number and the subsoript s_is..
. a bﬁte numbér. - -
' The oOnverSion'process is-carrieo-out'on the basfs
of conversion eqﬁatlons uSLng the. address unlt number 5,

the frame number t and the byte number u as follows

i (s>_<3l+t)

]

5 (s X 31A+ t +u éi) % 19
" where 0 £ s <8, 0=t < 3i and 1 = u < '20.

Figs. 22'to 25 are explanatory diagrams used for
describipg converSioo‘processing carried out on
prerecorded oontroljdata'used-as additfoo.& control
information for the shipping*time information.

Fig. 22 is an explanatory diagram showing
_ioformation iholuded in a BIS sub—block.

: As described earlier, the BIS information comprises

address information and. prerecorded control data.
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as follows: i = (g X 24 +h) %12 + 18 |j = (g X. 24 +. h) /12 where 0 g < 2
and 0 < h < 24. The prerecorded control data is |loaded into a nenory in a
range of 12 rows, that 1is, in the range 18 <,i < 29. Fig. 241s a diagram
show ng address informati on and prerecorded control data, which are | oaded
in a nenory as described above, in terns of nmenory data B(i, ) where the
subscripts i and j are a code nunber and a byte nunber respectively. A

hat ched portion corresponding to the value of subscript i in the range 30
<i 61 represents 32 added rows of parity. Fig. 25 is a diagram show ng

processing. to converé abdigeSBNDEY. AL R: B \Mlqnl %hé ﬁ?stbﬁfQPzﬁa{Ei‘SM“l n Fig.

24 into positions b(s, t, u) on the disc where scrlp and u

are an ‘AUN(Adbass 1 Hnigt gNupbar ) | A@'SﬁéQHElﬂuQPgrffgﬁ ou ?ﬁﬁessbégls of

respectively. : The conver st on processing is carr
conversion. gguaki-engUsin r nit, . _nunber, the fr nunber- t
and -t he byte nunber ﬁ sg 80& glgggfgﬁﬁo addrgsf( * i§ff+n9¥e;¥3l) X 2 +
((s X 31 + tééé@é&s fﬂld #0 to address field #7. Each of the address
fields comprlses 9 bytes Eor_example,'address field #0

comprises 9'bytes, namely,-byte-0¥0 td byte-0~8.

The 4 MSB (Most Slgnlflcant Bytes) of each address

N

fleld are used for storlng an ‘address- value show1ng-an '
.ECC block: address called an AUN (Addréss Unit-Number)
The 3 LSB (Least Slgnlflcant Blts) of the 5th byter
in each address fleld is used for storlng the number of
73 the address fleld
The,descendans 4 LSB (Lede Significant Bytes) of
'ueach address field are used for storing parity bits for
the address field. |
On.the other hand, fhe prerecorded‘controlldata in
the BIS information is shown in Fig. 22B. As shown in the
figure, the prerecorded contrel data in one ECC bloek
'comprisesjéfunits{ namely, unit #OIaﬁd unit #1, which
each-consist of724 bytes fer examﬁle unit #0 is
composed of 24 bytes, namely, byte 0-0 to byte 0-23.
| This'pserecorded control data is reserved for
future use..

Fig. 23 is an explanatory diagram used for
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------------ (t 031) X2+ (s/l4) j =(s X31+t) 4were0<s<8 05
t <31 and u 0. The data at the positions b(s, t, u) shown in Fig. 21 to
represent results of a process to convert an LDC sub-block and the data at
the positions b(s, t, u) shown in Fig. 25 to represent results of a
process to convert an BI'S sub-block jointly formfranmes recorded on the
disc as shown in Fig. 26. It .is to be noted that the conversion rul es of
data processing to convert shipping-time information aré also applicable
to user data as well By the way, the above description expl ai ns the

shi ppi ng- t|naesafﬂbﬂmglpﬁoéeﬁyphgatoC@éﬁvéﬁt“@h&hBI§“sE££leéQC§ I's
constructed as a 4 K bytes unit of prerecorded data. However, an ECC bl ock

construct ed agdagss Knbyi@scibni & (9f P g@ﬁ&%ngﬁgﬁaﬁascgil%?ofooﬁe vabl e.

The structure of ‘an ECC bl ock constfuct as an t és uni

prerecorded gata i £xP, aLBEG-HY yto Fig. 27. In this case, the:
ECC dat a bIocEﬁof Ehlpplng t?ng dég% &Btl n" physi cally conprises roughly

Lot ey g, o de 515 P K S BLRSRRY  digaRdg T
is an AUN (Address Unit Number) 1n the range #0 ‘to #7 and |
“the subscrlpt.v le an-addressnnumber, that 15,‘a'byte- |
'number in'thefrange 0 to 8. |
"In the prereeorded contrdl data U(g, h), on' the
other hand the subscrlpt g is a unlt ‘number in the range
#0 to #1 and the subscrlpt h is a data number that is, a
byte number in the range 0 to 23
The conver51on proceSSlng for theladdress
informatlen is earrled out on the basis of convereion
equations using the address unit number a:and the byte
number v as follower | | |
i=((s X 3L +v) % 31) X 2.4 ((s X 31 + v)/124)
= (v % 31) X 2 + (8/4)
= (s X 31 +v) % 4
.where 0= s <;8 and 005 v < 9.'The address information
~is loaded into a memory,‘by being interleaved in a range
"of 18 rows, that is, in the ra.nge 0 él é 17
| h.Aerfor‘the prerecorded control data, the conversion
processing is carrred-out-on the basis of conversion

equations using the unit number g and the byte number h
| 86 o ' |



88 bytes. The four frames formthe sub-block having a size of 8 K bytes (=
2,048 bytes/sector X 4 sectors). A 4-byte EDC (Error Detection Code) is
added to each sector to forma data-frane unit. .4 data-frame units form
a data frame having a size of 2,052 (= 2,048 + 4) bytes/data-frame unit X
4. data-franme units. The data frame is further scranbled to produce a
scranbl ed data frane. Then, the scranbled data frane is subjected to a
Reed- Sol onmon encodi ng. process to generate a data bl ock of 216 rows and 38
colums. 32 rows of parity are further added to the data block to generate
an LDC (Longagx§@§p§@g Code) sub-block of (216 + 32) rows and 38 col ums.
The LDC sub-block i's an RS (248 216; 33) X 38 block, which is conposed

of the RS (Reed- Solonog) g@ r ﬁ% ength of 248 ni bbles, a data
size of 216 ni-bbles an e % st ante o* 33 ni bbl es and has a bl ock size

of 38 code words. .The o er of 496 rows X 19 colums (19
bytes) is forned fronlﬁﬁé %ﬁ¥§hbhbr%%k On the other hand, the sub-block

of prerecord d co trol - éa has a_size of 96 bytes (= 24 bytes/unlt X4 -
units) Addré "nuﬁbﬁr ARgi Ag=ahsiz@%f Tha byeescoggdeyresitadiress X

16 addresseg} re added, to' the sub
ta is oaded into a memory in a range of 12 rows, that

is, in‘the?range'IS §,ir=129.-

Fig. Zéﬂis.a diagram showing address.information
2 ‘ : ‘and”prerééordéd‘contfol dafaf which are ioadéd‘in.a
 memqu as‘déscribed abqve, in_térms of memory-data B(i,

J) where the subscripté i‘gnd.j are a code number:aﬁd a .
byte numbei £93pectivelf. | |
A hatched poxtion cdrréspondinﬁ to thé'vaiue of
rsubééript i in the range 30 = i§_61‘répresents SZVéddEd
- rows of parityﬁ 7. | 7-
Fig._25.i3‘§ldiagram showing processing to convert
‘the.memory data B(i,lj) like the one shown in Fig. 24
'into‘positions'b(s' t u) on thé disc where the
_ subscrlpts s, t and u are an AUN (Address Unit Number), a
:frame number and a byte number respectlvely
The conversionlprocessing is éarried out on fhe.
basis of conﬁersion‘equations,u$ing thé address unit
nﬁmbérrs, the frame number t and the byte number u set at

0 as follows:

X

1= (s X 31 + %) $31) X 2+ ((s X 31 + t)/124)



89 . block of prerecorded control data to generate an encoding unit having
a size of 240 bytes (= 96 bytes + 144 bytes). The 240 bytes are subjected
to the Reed- Sol omon- encodi ng process to produce an access block of 30 rows
X 8 colums. Then, 32 rows of parity are added to forma BIS
(Burst-Indicating Sub code) sub-block. The code words is 8. The BIS
sub- bl ockis an RS (62, 30, 33) X 8 block which is conposed of the RS
(Reed- Sol onpbn) code with a  code |length of 62 nibbles, a data size of 30

ni bbl es and a code distance of 33 nibbles and has a bl ock size of eight

code words. Then, a=BL§ gly§[ex @f+4%@ Ty ms'X 1 colum (1 byte) is forned
fromthe BI'S sub-block. The LDC and é Clusters each includes 498 rows . -
each constituting ajdatagfxa qata franme of the LDC cluster conprises
19 bytes whi'le a da%a frane 0 the BIS cluster conprises 1 byte. Thus, a

conbi ned dat eonpr s LQ-bytes 19 bytes + .1 byte As shown in
BREERTE RO R ONE R ot o

the figure, the havi ng i'ze s praced at the head of the
byt es. 496 1 ous or 56 GAEA S?;ﬁhe%‘)éésthad BUE SFrelfiihded Jrckisl
constitute a lEgg QEB%éSeE cgeng %aga ;ranes is subjected to. a
bi - phase Pprocess to convert an LDC
sub ~block and the data at the positions bi(s, t, u) shown
: 1n Flg 25 to represent results of a process ‘to convert
i, | ' an BIS sub block 301ntly form frames recorded on- the disc
‘as shown  in Flg 26. |
It is to be—noted that the conversion rules of-data
process1ng to convert shlpplngutlme 1nformatlon are also
appllcable to user data as well |
By the way, the above descrlption explainszthe
eshipping—tine informationls'typical case .in whlch,an ECC
‘block-is constrncted_as a 4 K bytes unit of prerecorded
data. However, an ECC block constructed as an 8 K bytes
unit of prerecorded data is also conceivablel
Therstructure of an ECC block constructed as an 8 K
_bytes unit'of‘prerecorded.data is explained by reterring
to Fig. 27..
In this case, the ECC data bloch Qf.shipping—time.
'lnformation physically comprises roughly four sectors.
Thus, the'subwblock of prerecorded data includes

four frames each occupyingta sector having a size of 2 K
88 | o |



90 nodul ation process, in which a frame sync is added to generate a
recording frame. To put it in detail, the frame sync having a size of 8
bits is inserted into the head of 20-byte (160-bit) data obtained as a
result of the bi-phase nodul ati on process to produce a structure

consi sting of- 336 channel bits as a final result of the bi-phase

nmodul ation process. It is to be noted that, since there is no DC conponent

in the case of the bi-phase nodulation, it is not necessary to add dcc
bits to the data frame. Such recording franes constitute a data structure
to be recordelytss a Whisblfiong giremes Gtten &Hd agh gl Jhe haP‘ﬁéggo%eS nthe.
disc. To put it in detail, the prerecorded information use

shi ppi ng- tlrmbfrﬁ(xrﬁytégl(s zeggg(kﬁtég1 zone, which is an area
between a circunference with a radius d%ﬂi%ﬂgfnn1anﬁegt8FF unf erence with
a radius of 23.1 nm i4ppihe g@&e(@fr@rd S g aneter. of 12 cm as
descri bed earlier by referring to 2 ? %$%%§0%5Fagd)N&Feﬁfdﬁdcdﬁdlt|on
requiring. thatacn Satiblack o %hl informgti on shal | be recorded
in the format described above into t ﬁﬁgzoneqrEne _éféggdpﬁ@tﬁhe

circle of a qb&gpgf@regc%rggl i.se,. the recordl den5|t of channel
bits can be made" 3 < @%Giﬁ% @ size. é] Q% +

t bytes/data frame unit X 4 data frame unlts : The data
frame 1s further scrambled to produce a scrambled data

frame.

L .

| Then, theAscrambled data frame is subjected to a-
Reed—Solomon encoding ﬁrocess to generate a.data block of
A216 rows and 38'columns 32 rows of parlty are further
,-added to the data block to generate an LDC (Long Dlstance
_Code) sib- block . of (216 + 32) rows and 38 columns fhe
' LDC sub-block is an RS (248, 216, 33) X 38 block, which

1s composed of the RS (Reed—Solomon) coderwith a code

length of 248 nibbles a data size of 216 nlbbles and a

o

code distance of 33 nlbbles and has a block size of 38
code‘wordsr

| Then,. an LDC cluster of 496 rows X 19 columns (19
‘bYtes) is formed from the LDC sub-block.

"On the other hand, the subublock of prerecorded
control data has a 51ze of 96 bytes (~ 24 bytes/unlt X 4.
.unlts) Address unit numbers hav1ng a size of 144 bytes

-(9 bytes/address X 16 addresses) ‘are added to the sub-
89



91 densely to a value of about 0.86 A m That is to say, the recording
density of channel bits can be reduced to about 1/14 tines the recording
density of user data obtained as a result of the nodul ation adopting the
RLL (1,7) PP technique. As a result, the S/INratio of a signal
representing the channel bits can be improved. In addition, also in this
case, the ECC format of wuser data stored as phase change narks uses the
same codes as the ECC format of shipping-tinme.information. Fig. 28 is a
di agram showi ng the structure of a cluster conprisihg data franmes. Each

row shown inhef igure carr S ta frame having a size of 20
bytes as descri bed ab% grd O§%§%€%§ﬁ%§§a %%I ‘Pel® G5CRTEAEH 2 SREOF4nT
modul at ed -t 0., pLO recqordi ng f.r havi ng si ze of - 336 channel bits.
496 rows or 492t %%%gs%congﬁltut% 5ﬁ%ng@tﬁﬁoéﬁ IR byERs f £A4mPYAR8)a run
out frane are addedT %g bl ock respectively before and after. the 496
franes to form the Ao F%ﬁesr%|ﬁgté?0he%rﬁ@ 7o ReedeSoldthen run-in

and run out franes are.each used as a linking -frame. In addition, as
descri bed ab§9E°I189aBEPESSES tar rodach addedcassahladir e€s30nibwaubber .

The ¢l uster’ 5 LDC portlon excludlng the run-in and run out franes
conprises- lumns.

S‘Then, 32 roWs-of parity are added to;fotm a BIS
(Burst Indlcatlng Sub code) sub- block dThe code-ﬁords is
;Sfi The BIS sub- block is an RS (62 O, 33y X 8eblook '
Wthh 1s composed of the RS (Reed Solomon) code with a
.'code length of 62 nlbbles a data size of 30 nlbbles and
Vlja code dlstance of 33 nibbles and has a block 51ze of
",elght code words Then,‘a BIS cluster of 496 rows X 1
_column (1 byte)- ls'formed from tne BIS snbeblock
The LDC and BIS clusters each includes 498 ‘rows
each‘constltutlng_a data frame._ A data frame of the LDC
lcluster comprises 19 bytes whiie-e data freme of the BIS
.oluster comprises 1 byte. |
Thus, a comblned data frame comprlses 20 bytes (= 19
'_bytes + 1 byte) As,shown in the figure the BIS'having a
31ze of 1 byte is placed at the head of the comblned data
_frame The BIS is followed by the LDC hav1ng a 51ze of 19
bytes. 496 rows orx 496 data frames each having a size of
20 bytestconstitute an.ECC_block.

: Each of the data frames is subjected to a bi-phase
” 90 |



92 496 franmes, which are divided into 16 groups each having 31 franes,
nanely, frame O to frane 30. The 16 addresses, nanely, addresses having
unit - nunbers 0 to 15, are .,assigned to the 16 groups on a one-to-one
basis. It is to be noted that the prerecorded data's «cluster structure
shown in Fig. 28 is a typical cluster structure obtained by adding the -
linking frames in conformty with the cluster. structure of user data. The
prerecorded data's cluster structure conformng to the cluster structure
of user data is anenable to the design of the circuit configuration of a

decode processiinlatsyst sAbE8PL0Yed WRidhes fiseedsiNe appana@tysto Hovever,
it is not always necessary to design the «cluster structure of the

prerecorded gat@rkPE &NeecSRPRENBRAhIE i1 QAL 0N, idkGONf O Y Wi th the
cluster structure of user data if the unconformty does not cause a

probl em Thaf,.hs éﬁ#éaﬂav§£§0§“%?§ SOE PRI DgEL | T iﬂ%%%ﬁgﬁiﬁgt?:n.?né.

reproducti-on-only 1mformati.o IS never rewl

frames are eqrli 4 0 u . W the linking frames_elimpated, a
clustercon%?%%#ﬁgy'%ﬁﬁ%yg%6?}?%2%%95§E§%%W%§+%9%?%.aﬁgaiEéglgg‘DP
concei vabl e. Fi re. expl anatory di agrans sth{Q thrane

Fi gs. 30 d 31 are,
synohr oni zat PERe BPTHe Fatnl LA PR 516t mrdnce °d uré

conSisfing of 336 channel bits as a fina; reSﬁlt:of the'
'bi-phase modulation proéess. |

) _fH -'..'7" it:ié_télﬁe_néted that; éince there‘is nd DC
comﬁonent=infthé'caselof the bimphase modulétion, it is
not neéessaryktb add_dqc bits,to.the daté fréme.

Such recording framés éonstitute a data étructure‘
_fo-be_ré;brdedés.a wobbling gfoové onto a'frackAiﬁ-the-

' PB zone on the diéc;

To put it‘in detail, the prefecorded informétion
ﬁsed‘as shippiﬁg—timeiinformation is recorded onto the PB
zone, which is an area betWeén‘a circuﬁferenﬁe wifh a -
radiﬁs of 22.3.mm-and a circumference with a radius of

' 23.1 mm in thé case of a.disc-having a diameter of 12 cm
“as'described eérlier by referring,to Fig? 2;‘ |

Td consider merely a condition requiring that a
data block of shippingutime‘infbrmation shall bé recorded .
in the format described above into the PB zone's area not

exceeding the circle of a circumference on the disc, the

recording density of channel bits can be made less
PRI N .91



93 bl ock of shipping tine information. As shown in Fig. 30, there are
seven types of frame synchronization FS, nanely, FSO to FS6. Each of the
frame synchroni zations FSOto FS6 is an out-of-rule pattern of. the
FM code nodul ation. The pattern consists of 16 channel bits. Eight of the
16 channel_blts are "11001001" = serving as a sync body. The renmaining 8
channel bits form a sync IDidentifying the frame. sync. Expressed in
terms of . data. bits,. for exanple, the 'sync ID of the frane sync FSOis
3 bits "000" and 1 parity bit, which is 0 in this. case. These 3 data bits

dth b d t t
00 0, par el yaks subbacitdr tB-g0 RSOl oML [on cProtes Lo

resul t

ot her frare  SxBeRiAY AEhb985 ESLAAEST % Sp0BLR Bedaphyths SaTE Y A

the frame sync FSO That s to say,
nodul ation process to

f h f ted . .to d .
result in 8 ch Sﬁﬂéﬁﬁéﬁ.?ﬁg#%% ?651P9a§§n§§ﬁ§0 Fntis="( fetoabrarseanes of

result

the bit data_ b bbl es or longer so . that a 1-bit error will not
cause a° syng %%g b%f ﬁ%%rBPéPgatéQnaﬁGPHEanyﬁéelELLIﬁlaﬁ)oBBrat;on to

record a fra nc FS, the frame sync FS is subjected to an NRZI
conversi on bgeﬁﬁg ue. result, "the S/N ratio of a signal

.'_representlng the channel bltS can be 1mproved
In addition, also in this case, the ECC format of
) 7‘. | .user data stored as phase ohange marks uses the same
-‘codes as the ECC format of shlpplng-tlme 1nformatlon
Flg 28 is a dlagramlshOW1ng the strucrure of a
cluster comprlslng data frames.

: Each-row shown in the figure corresponds tora dataj
frame hav1ng a size of 20 bytes as described above | ~ As
explalned earller each data frame is modulated to

" produce a recordlng frame havrng a size of 336 channel
bits. 496 rows or 496-frames constitute an ECC block. A
run—in frame and a run out frame are added ro'the‘ECC
;block'respeotively before anq after'fhe 496 frames to
form the aforementioned clhster havihg 498 frames. The
runQin and run out frames are each used as-a linking
frame.

In addition, as described above, 16 addresses are

. éaCh_added as an address‘unit numberf The cluster's LbC

_ portiOn excluding the run-in and run out frames comprises
- 92 | |



. 94 being recorded. Fig, 31 is a diagram show ng mappi ng of frane
synchroni zati ons:. As descri bed above, in the case of an ECC bl ock built
as a 4 K bytes unit, one ECC block including 248 franmes is divided into

ei ght groups- each having 31 frames. In the case of an ECC block built as a
8 K bytes unit, on the other hand, one ECC bl ock including 496 franes is
divided into 16 groups each having 31 frames. In either case; an ECC bl ock
is divided into groups each having 31 - franes. Frame nunbers 0 to 30 are
assigned to respectlvely the 31 franes of each group. For frame number O,

a FSOis usedeagzansheciflohrame aypeqmal sysed for guher fram. punbers.

Thus, the frame sync FSO al | ows t he ‘beginning o

det ect ed andzihepggesaddy S ORi atlon to_he establ ished. The frane

synchr oni zat i ons FST fo ﬁ%§%fe¥g§§%gﬁe§ £62 ??aﬁg nd%%%rLéJ?QQF%RF%%fshomn
nchronizations FS1 to FS6

Fig. 31 f_the f '
in Fig. IQmél as§dgpg§QESohav%ggréanEtBX@Eeaétgct@d15evéﬁe|f the frane

al l ows the beglnn hg of "an addres
Syne FSOTs 9LigRLECESend 1B SL BV RPERES BRe pasis.

It 1s to be noted that the prerecorded data's
‘ cluster structure shown in Flg 28 is a'typlcal cluster
'_‘ structure cbtained byraddlng the llnklng frames in |
b -conformlty w1th the cluster structure of user data The
_ prerecorded data s cluster structure conformlng to tue
rlcluster structure of user data is amenable to the de51gn
of the c1rcu1t conflguratlon of a decode proce351ng
- system employed‘ln the disc drlverapparatus.
Howeverfhit-is uOt always.necessary to'design the
cluster Structure of the prerecordedrdata {(or the
shipping—time information) in conformity ﬁith the cluster
structure-ofduser.data if the unconformity does not cause
a problemr
'That.is to say, sinde'the shipping—time'information_
“is reproductionmohly,informatiou which is never
rewritten the llnklng frames are not requlred Thus,
w1th the linking frames ellmlnated a cluster comprising
only_496 frames as shown in Fig.'29 is also concelvable
Figs. 30 ~and 31 are explanatory diagrams show1ng

frame synchronlzatlons of the 4 K bytes or 8 K bytes ECC
93 -



The follow ng description explains a disc drive apparatus capabl e of
recordi ng and reproducing data onto and fromthe di sc descri bed above:
Fig. 32 is a block diagram showi ng the configuration of the disc drive
apparatus. A disc 100 shown in Fig. 32 is the disc inplenented by the
enbodi ment descri bed above. The. disc 10.0 is nounted on a turntable not
showmn in the figure.. In recording and reproduction operations, the disc
100 is driven into rotation by a spindle notor 2 at- a constant |inear
velocity (CLV). Then, an optical pickup 1 reads out ADIP infornation

enbedded in Hhe-RW,200g10%:Re+diSC; - _wobbl i ng shape of a groove
track. In additfon; thelggét?cg %iéﬁggr@agﬁgg‘reads out prerecorded

i nforrmation enbeddzﬁg éﬁo&lbeiﬁ%fgp%@;t’%lg%gi%ge é%%%iré‘@“g%’# Qprar@%gfgs

of ‘a groove track. In a recording” ope

user -data int RW zone as_phase chan marks. 1n a reproduction _
oper ati on, O%QPégggPﬁ%FQﬁgﬁd?Sthgam8§¥icg$0pF8kﬁﬁ6ilﬂ%ﬁﬁ;QﬁntH?mfF%%%rding

phase change__marks..The,optical pickup 1 includes a |aser diode, a
photodetecto??ggﬁr8ﬁf€@§?9€slEﬁégﬂdFﬁ_ opt PRapPUsystenyleggattern of
. the FM%code-modulation. The pattern cbnsiéts éf 16
channel bits. Eight of the 16 channel bits are “11001001”
'sérving as a Sync.body. The remaining‘é'chaﬂpel bité.form
J. o a.sync Ib identiinng the ffame,syhé}f. |
lExpiessed'in.termsof.ddﬁa_hits,_fo; éxample, the
-.slync.c ID of the fr;ame‘ sync FSO is 3 bits 000" and 1
parity bit, which is 0 in this case. These 3 data mts;_
and the ?arity bit:are subjected:to-énFM code modulation
r'proceés to iesult in‘the 8 chaﬁnél bits “1ﬁi01010”;

The éréhannél bifs for.each of ﬁhe other .frame
synchroniﬁatidns FS1 t§ FS7 are obtained in the same way
‘as the frame synchSO. Thét_is to say; the.3 data bits
“QQO" and 1 parity bit of_éach framé sync‘are.subjec£ed
to an FM codé_moduiation'ﬁrdcéss to resﬁlt in 8 channel
bifs for the framersync; o | | |

Thus, the code disﬁance of the bit déta becomes 2
nibbles or ldngériso that a 1-bit errqr'will not cause a
'sync”ID to be interpreted as another sync ID.

In ap operation to fegdrd_a frame sync FS, the

frame sync FS is subjected to an NRZI Conversion before
, S o o4 o



which is not shown in the figure. The | aser diode serves as a |aser-beam
source. The photodetector detects a reflected beam The objective |ens
serves as an output end of a laser beam The optical system nakes the.

| aser beamradiate the recording surface of the disc 100 by way of 'the
objective lens and leads. the reflected beamto the photodetector. } The
| aser diode outputs the so-called blue-color |aser having a wavel ength of
405 nm The optical system has an NA of 0.85. The objective lens is held
in the optical pickup 1 by a 2-shaft mechani smn such a way that the |ens

can be noved.in,t ' and focus directions. The entire optical pickup 1
itself can beengge%égngQQhread nechanisn13 in the radial direction of

t he di sc 100. The ‘gaser flode e ged in the optical pickup 1 is driven
by adrive signal ,fthat LS | MRRRPE By BraMeser driver
13 to genera Iaser lnfornatlon conveyed by a beamreflected fromthe
disc 100°is ﬁg?gﬁfgﬁlﬁﬁtfﬂﬁsphotodetector whi ch converts the information
into an electrical signal and outputs the signal ‘to a matrix circuit 4.

The matrix circuit M [GRIUdED pventin choicere cbrae@iorbiigkuit and a

natrlx proce55|ng/anpllf|cat|on circuit. The current-to- 97
bullt as a 4 K bytes unlt one ECC block 1nclud1ng 243

frames is- lelded 1nto elght groups each hav1ng 31 frames

“fn the case of an ECC block-bu;lt‘as‘a 8 K bytes unit, on

.the:other hand; one ECC‘biock including‘496 frames is

. divided into 16 groups each havmng 31 frames In either
" case an ECC block is d1v1ded ‘into groups each hav1ng 31

-frames | | |

Frame numbers 0 to 307are ass1gned to respectlvely

the 31 frames of each group For frame number o, a FS0 is
Jlused as a spec1al frame sync not. used for other frame
_.numbers. Thus, the frame sync FS0 allows the beginning_of
an address frame,to.be detected and, hence, address
synchronization to be establisheo.

The-frame synchronizations FS1 to’FSG are assigned
to frame numbers 1_to 30 as shown in.figr 3i. This
assignment‘of the frame synchronizations FSl to fSG

- allows the beginning of an address frame to be detected

aeven if the frame sync FS0 is not detected.

6. Disc Drive Apparatus
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vol tage conversion circuit converts currents output by a plurality of a
| i ght-receiving devices each serving as a photodetection nmeans into a
vol tage. The matrix processing/anmplification circuit carries out matrix

processing on the voltage received fromthe current-to- voltage conversion
| (or a

data signal), a focus error signal and .a tracking error
focus .

circuit to

r epr oduced-

signal. T

generate required signals such as a high-frequency signa

he hi gh-frequency signal represents reproduced data. The

error signal and the tracking error signal are used for execution of servo

control . |
gener at es

push- pul

t he groove
reader/ wri
error sign
circuit 8.

r epr oduced-

RS

n_addit| t tr rocessln / al ification circuit a
a signal repﬁgsg%tl "9 %g %g %%%%abest% edFFBo9eiveha

SI%§§| ta ned EE a result of detectlng t he - wobbl i ng shape of
natr.xcéP? Ft °4 ESFBEP%HEhénﬁeﬁﬁ@aeééalaatdatg.gnap to a-
ter ircuit the focus error signal as well as the tracking

al grg@rhhe gifcufeseribnd &RevBush-pul | signal to a wo
The reader/witer circuit 5 carries out processes on the

| so
t is,

bbl e

dat a si gndl- t¥ reprdodiieckiaddiagesm shavwims thase change narks’
and outputs the data to a nodulation/denodulation circuit 6. The processes
i nclude b|n%??fE%%V@¥%¢@n0fptb@e@5$hgdandereppadmtﬁsonzchﬂm&bEﬁbO

shown in Flg 32 is the dlSC 1mplemented by the

embodlment descrlbed above

The dlSC 100 1is mounted on a turntable not - shown in

the flgure In recordlng and_reproductlon operations, the

dlso 100 is driven into rotation by a spindle,motor 2 at
& constant linear:velocity (CLV).

Then, an optical pickup 1 reads out ADIP

s infohmation emhedded-in the RW zone of the disc 100 ae a

ﬁobbiihg shape of:a grooVertrackL‘ In addition, thé'
optioal pickup 1 also reads out prerecoided information
-embedded'in'the PB zone of the diec 100 as a wobhlihg'
shape of a groove track.

In a recording operatioh,-the optical pickup 1

‘records user_deta into the RW zone as phase change marks.

In a reproduction operation, on the other hahd, the

optical pickup 1 reads out the reoording phase change

" marks.

The optical pickop 1 includes a laser diode, a

‘photodetector, an objective lens and an optical system,
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generati on processing based on a PLL techni que. The nodul ati on/denodul ati on
circuit 6 includes a functional nenber serving as a decoder in a
reproduction operation and a functional nenber serving as an encoder in a
recording operation. In a reproduction operation, . the

modul at'i on/ denodul ation circuit 6 carries out a process to denodul ate
run-length limted codes on the basis of a reproduction clock signal as a
decoding process. An ECC encoder/decoder ‘7 carries out an ECC encodi ng
process to add error correction codes to data to be recorded in a

recordi ng opgkat in a re rodu ion operation, on the other hand, the
ECC encoder/ deco noEaPPP 3 d&t T éé@udébod?ﬁa bREEEsEipgecopFEes
errors of - re rod_ced data. To put it _in detail, in a reproduction
operation, d& aadgﬁﬁﬁﬁrgﬁé‘d Wuﬁfﬁe rr'%l%leh%ﬁﬁaéﬁeagrade‘éﬁcmr@uut 6is

stored in an |nternal menory. The data stored in the internal nmenory is

t hen subj ect &8 %805?9c€§§@s sTien akjertbre Henecseontsorsesti ontpubcessi ng.

and de-interleave processing to generate reproduced data. The reproduced

dat a conplet?ﬂ@ ?ﬁeaEéESGéchﬁmg Processical rspdtent mbyes heh&Easer

encoder/decoder 7 is finally read out to be transferred to an AV (Audio 99
“beam radlate the recordlng surface of ‘the disc 100 by Way

of the objectlve lens and leads the reflected beam to the
photodetector
Z” ] .da . l__The‘lasef diede_outﬁdts the so-called blue-color
-.laeer'having a_Wavelenéth pf 405 nm. ‘The optical ayseem_'
.has an NA of 0.85. | | |
The_objecfiﬁe iens ds'heldlin the optical pickup 1
Tby adzeshaft,mechaniam in such.a way that the 1ens can be
moved-in tracking;and focus direbfione - The entlre |
"_optlcal plckup 1 itself can be moved by a thread
mechan;sm 3‘1n_the radial dlrectlon of the disc 100.  The
'laser‘diode emplo&ed in the optical pickup 1 is driven by.
a drive signal, that is, by a drive current, ouﬁput by a
. laser driver 13 to generate a laser, |
Iﬁformatidn.conveyed by a beam reflected-from the
disc 100 is detected by the photodetector which converts
the 1nformatlon 1nto an electrlcal 51gnal and outputs the
signal to a matrlx circuit 4; The matrix circuit 4 -
.;dcludes a'currenﬁ—tb—vqlﬁage,convefsion circuit and a

matrix—proceSsing/amplification circuit. The currentéto—
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Vi sual) system 20, in accordance with a command issued by a system
controller 10. The push-pull signal output by the matrix circuit 4 ,as a
signal representing the wobbling shape of the groove is processed by the
wobbl-e circuit ‘8. To be nore specific; 1in the wobble circuit 8, the :
push-pul | signal conveying AD P information is subjected to an MSK
denodul ati on process to generate a data stream conposi ng an ADI P address
as a-result of denmodul ation. The data streami's supplied to an address

decoder 9. The address decoder 9 -decodes the data stream received thereby

to produce awoaddgessonakwdiocandi SWAR! i addres val t he system
b 1oBNCirIuan Bhokts 200rS ISE%pu§eH§f§tlon

controller 10.. The wobble circuit 8 also carries “out

process baseglomadikklskeghni us pul | representing the
wobbl i ng shape o? %hg Sroove &?g ggﬁ%rg § aQSF&SES % | SCESLNExafpPe, the

generated chagkeos ceding k signal supplled to a variety

of conponentg t0 b gggggébﬁ ﬂgaggcgg n§ gﬁgFﬁg?on Thegngskhspul | si gnal

output by th 0 the wobbl e circuit 8 as a signal

representlngﬁfﬁggéaégﬁf %iiﬁ ﬁ%£6?ntﬁérﬁPvaéaF§185p9§h pakrisi gnal

conveylng Pr gL 88§ d information read out fromthe PB zone. In the wobble
ﬁ ﬁ pu%% %ﬁ| hglgﬂgFagg {@gelved from the current-to-

circuit 8
‘ voltage conver31on c1rcu1t to generate requlred signals:
such as a hlgh frequency 81gnal (or a reproduced data
X.:_“. 51gnal) a. focus error 51gnal and a tracklng error srgnal
The hlgh frequency SLgnal represents reproduced data The
focus error 51gnal and the tracklng error 31gnai are used
for executlon of servo control _ In addltlon the.matrix—
proce531ng/ampllf1catlon ‘circuit also generates‘a 81gnal
representlng a wobbllng shape of the groove, that is, a
_push—pull signal obtalned as a result of detectlng the
-wobbllng shape of the groove
The matrlx 01rcu1t 4 outputs thepreproduced—data
signal to.a reader/writer circuit'S ‘the focus error
31gnal as well as the tracklng error 31gnal to arservo
CerUlt 11 and the push-pulil 51gnal to a wobble circuit 8.
| The reader/wrlter clrcult 5 carries out processes
‘on'the'reproduced—data signal to reproduce data read out
as phase change marks and outputs.the data to a
_:.nodulation/demodulation circuit 6, The Processes include

Hblnary,conversionlprOcessing and reproduction clock
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subj ected to a band-pass filtering process and an FM code denodul ation
process before being supplied to the reader/witer circuit 5 as an FM code
stream In the reader/witer circuit 5 the FMcode streamis subjected

to a waveformreshapi ng process before being supplied to..the ECC
encoder/ decoder 7, which carries out ECC decoding and de-interleaving
processes to extract prerecorded information (that is, shipping-tine.
information) The extracted shipping-tine information is finally supplied
to the system control | er 10. The systemcontroller 10 carries out

processing -guabrasivar hedsesglihiyng-2Rd 6QP h (ot ecti on based on
read- out prerecorded inPorrrgtl(:)Ln'g Tae syggeélﬁ%gn%FS P&riTo also out puts a

control signal CT 410, tﬁ@dﬂ@gﬁl&%érﬁ&éﬁla% %I?t]necafo‘glﬁ%gle@sl qr;l CTdhfj;![ \e/es

t he wobble circuit 8 to swt processi ng

ADI P i nf orma p denodul at e "shi ppi ng-tine information or .
vi ce versa. Engtign?% égﬁﬁ%%kggfgéPgn?ghﬁmﬁﬁ ﬁggychélreEBﬂﬁP@E%%ﬁlon of

t he mobble c T ush- gnal PP received fromthe matrix
circuit .4 |g£%g§ée§ ong 8 % E%ﬁﬂF? 64 By hayeBY LRI baRdan paseoder ter 61,

Typlcally, t PLL unlé 64 carrles out a. binary conversion process. on the
push- puII Slgnd? operatlon In a reproductlon operatlon

- the modulatlon/demodulatlon Cchult 6 carries out a-
‘ptooess to demodulate,runnlengthllmited codes'on the
'fbéSiS‘Of a reproduotion clock signal as;a decodiag‘
"process. | |
Ae-ECC enooder/decoder 7 oarries-oet an ECC
eooodingprocess toVadd erfor.correction codes to data to
'.be :ecoxded'in a recording operatioﬁ CIn a'reoroduction
_operation on the other hand the ECC encoder/decoder 7
carrles out an ECC decodlng process to correct errors of
‘:-reprodoced data. To_put it in detail, in,a.teproduction
' _operation;'data demodulateo by tﬁe‘
modulation/demodulation circuit 6 is stored in an
_internai memory. ‘The data stoted in the internal‘memory
ie then eubjected to processes such as error
detection/correctioe orooeseing and deuanterleave
pfocessing to generate‘reproduced data.
The-teproduced data compieting'the ECC -decoding |
-process carrled out by the ECC encoder/decoder 7 is

‘flnally read out to be transferred to an AV (Audlo—
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carrier conponent passed on by the band-pass filter 61 prior to a PLL
process to generate a clock signal CLK based on the wobbling shape of the
groove. As nentioned -above, the push-pull signal PP represents the
wobbl i ng shape of the groove As described earlier by referring to Fig. 3,
however, the wobbling period of the RWzone is 69T while the wobbling
peri od of the PB zone.is 36T. That is to say, the wobbling carrier '
frequency of .the RWzone is different fromthat of the PB zone. For this
reason, the systen1 controller: 10 outputs the control signal CT for

SWi t chi ng theikaady)pass thid ber 1,61 d Croq:rg Lass gﬁ(rédtc%%%lthesl%%g%t |brc1)fn toth
aﬁ&% or e

record or reproduce ata onto or from

oper at.ion toargpkedwcedatarheemihe BP. zone or vice versa. As a result,
the PLL unit 64 generates t%e clock signal CLK with a frequency :

corresponding to th@h&ﬂ&? erlod ﬁf 69T in an operation to record or
reproduce data. onto or %&993 CREPUtf PegHenc)atbixesbondihgdt o

eration to reproduce data fromthe PB

t he wobbli ng_perti 1361 .0 an o
zone. The push-p 5 ?ggggnaﬁpﬁﬁs?ﬁgéggedhﬁrUﬁppﬁénﬁaﬁhﬁme ofr@hetg&oosealso

supplied to b ass fjlter 62 for 102
PP o ES 8TOC ssed h he wobble c1rcu1t 8. To be more speclflc

' in thelWobble circuit-8 the push pull 31gnal conveying :
~ADIP 1nformatlon is subjected to an MSK demodulatlon |
'_L process to generate a’ data stream comp031ng an ADIP
- address as a result of demodulatlon The data stream is
supplled to an address decoder 9. |
The address decoder 9 decodes the data stream
recelved thereby to produce an address value and
' supplles the. address value to the system controlier 10.
The wobble circuit 8,also carries out arclock
generatlon process based on a PLL technlque on the push-
pull s1gnal representlng the wobbllng shape of the groove
.to generate a clock 31gnal For example, the generated
:clock signal is anencodingclock_signal suppiied to.a
fvariety of components to be.used ih a recording operation.
The'pushhpdll signal output by the matrix circuit 4
to the wobble circuit 8 as a srgnal representlng the
"wobbllng shape of the groove is a push~pull signal
-h conveylng prerecorded 1nformatlon read out from the PB

',‘zone.“In.the wobble circuit 8, such a push-pull’signal is
100 | |



extracting a conponent having a carrier frequency and a conponent having a
frequency 1.5 tinmes the carrier frequency. These conponents are supplied
to an MSK denodul ator 65. The MSK denodul ator 65 carries out MK -
denodul ati on processing by perform ng, anong other processes, a process to
mul tiply an MSK-nodul ated wave -by the carrier conponent and a. filtering
process. As result of the MSK denodul ati on processing, the MSK denodul at or

65 out puts nodul ated data conveying an ADI P address to the address.
decoder 9, which decodes the data to produce the val ue of the ADIP

address. |t issbtfjediedated aid-the s NEK «dgmpdp gﬁtdcoe%so %%eséts' ased
R

on the clock signal CLK having the frequency C respon bl i'ng

period of 6931em15h1e1|altihmpg;lﬂoG@Sgn@efo@eg%c%eﬂ vge%u)%)tp me'{dhﬁ__ é:thrr X cr rcuit 4
or rac \

is also supplied to a band-pass filter

bi - phase- nodukatied /(Ei-apdyl i gnal ent to be supplied to an
FM code -denmpdul at or 66, whﬁ%%%gﬁeﬁ %% 5 éiiééﬂi i°Gfal &€BnpBfient. A

si gnal obt aiagd u eroduyl at s, supplied to the
reader/writer. c.?gﬁf?lkg§ t&fgh 2 %D %hfeﬁg?ﬁﬁgetﬁerﬁSK 1geAibiiestiedn

processing i gobgse ck.signal CLK _having the frequency
correspondlngoto t%vQEo%@ rgSRaEFngprBFe§8Tbef8§e being supplied to

the ECC encoder/decoder 7 Wthh carries out ECC decodingi
and de- 1nterleav1ng processes to extract prerecorded
7 :' o information (that is, shlpping—tlme 1nformation) Thel
: extracted Shlpplng time rnformatlon is finally supplied
. to the system controller 10. |
| The system controller‘lO carries-out processing
such as varilious setting and copy right protection based
on read —-out prerecorded 1nformation
The.system.controllerllo also outputs a cohtrol
sighal CT to the wobble circuit 8. The control signal CT
drices the wobble circuit 8 to switch processing from a
process‘to demodulate ADIP information to a process to
demodulate shipping—time'information or vice versa
| Fig. 33 is a block diagram showrng a typical
: configuration of the wobble c1rcu1t 8.
The push~pull signaerP received from the matrix
circuit_4 is passed on to a PLL unit'64'by wayﬁof a band-
pass filter 6l. Typically, the PLL unit 64 carries out a

:binary conversron process on the push pull signal PP s
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As descri bed above, the systemcontroller 10 outputs the control signal CT
to the wobble circuit 8 having such a configuration, controlling an
operation to switch the clock signall CLK fromthe frequency corresponding
to the wobbling period of 36T to the frequency corresponding to the
wobbl i ng ‘period of 69T or vice versa. That is to say, in an operation to
reproduce data fromthe PB zone of the:disc 100, the FM code denodul ator

66 is driven to carry out a denodul-ation process for reproducing
shipping-tinme information. In an operation to reproduce data fromthe RW

zone. of the diagdier0Gompocme gaharechand byt e VB eRAW atior. d q5§| 1S driven
to carry out a. denodul ati on process for reproducing an ADP address. In a

recor di ng op@rdrironook PH ¢irseedsi & gRPRARALUS, SN | data to
be -recorded is } received fromthe Avggyst§n120 Thgﬁhgg nﬁ% 6§%%ecorded

is stored inbaskdf ber teepkeyed ing ShapECE eRpQdES, ge,%odeé dgl%n,‘crg%?g
e

encoder/ decoder 7 encodes the buffered data to be recor i ng out

processing i abbudi,ngha pREACESI1t Q1add;eER0 rrectlon code
i nterleaving process, and agproceég t% gngg % E58&S. t?ﬁaﬁ939198gsay,- t he

ECC encoder/gﬁ§§g66f7tﬁ@r5kgévgut t he encodlng
.As.descrlbed earller by referrino to Fig. 3'
:however' the wobbllng perlod of the RW zone is 69T while
{f:d s the wobbllng perlod of the PB zone ‘is 36T That is to say,
‘the wobbllng carrler frequency of the RW zone is
dlfferent from that of the PB Zone.
For thlS reason the system controller 10 outputs
_.the control srgnal cT for sw1tch1ng the band-pass fllter
'61 from a pass band for the operatlon to record or
reproduce data onto or from the RW zone to a pass band
for. the operatlon to reproduce data from the BP zone or
”v1celversa.

As a result,ﬁthe PLL unit 64 generates the clock
signal CLK wlth a frequency corresponding to the wobbling
perlod of 69T in an operatlon to record or.reproduce data
onto or from the RW Zone or a frequency correspondlng to

‘ the wobbling period of 36T in an operation to reproduce
-data_from the PB zone.
The pushmpull 51gnal‘PP recelved from the matrix

j- CerUlt 4 is also supplled to a bandmpass fllter 62 for
' ‘102



104 processes to generate an ECC bl ock explained earlier by referring to
Fig. 4. Then, the data conpleting the ECC encoding processes is subjected
to a nodul ation process adopting an RLL (1, 7) PP technique in the _
nodul ati on/ denodulation circuit 6 before being supplied to the
reader/witer circuit 5. An encoding clock signal to serve as a reference
cl ock signal- for these encoding processes -carried out in a recording
operation is.a clock signal generated from the push-pull signal
representing the wobbling shape of the groove as described above. In the

reader/wr it erexdinacttiingd a thapeneddi v iR0GESI8S 1 e r! ¢3ULL LERY €5gNLI Ng data
to be'recorded is subjected to recording conpensatlon ocessi ng |nclud|ng

a process to.cdnpoeley tatjayshga al 8¢HARAG-PIWEN opti mum for
characteristics of a record?ﬁg Iayggeonyfhgg %ﬁ?% %gG “fh& Shape of the
and the |like, and a

t of the | s "5 Y5
spot o e f&%@ﬁeﬁ%ﬁnl Fhe erggﬂéghggtsl%flvev ythﬁle§%e data to

process to . adjust the wavef or m | aser

i it b S S o b L T
enployed |n H@ﬁo@ﬁlaﬁﬁonppggggsSLng by performlng, among other
processes a process to multlply an MSK- modulated wave by
the carrler component and a. fllterlng process As result
ﬂ'_‘_A. ,‘of the MSK demodulatlon proce551ng, the MSK demodulator
65 outputs modulated data conveylng an ADIP address to-
-the address decoder 9, which decodes the data to produce
-the value of the ADIP address. -It is to be noted that the
7 MSK demodulatlon proce351ng is based on the clock signal,
CLK hav1ng the frequency correspondlng to the wobbllng
perlod of 69T. o
The push*pull 31gnal PP recelved from the matrlx
c1rcu1t 4 is also supplled to a band~pass fllter 63 for
extractlng a bi—phasehmodulated (FM~modulated) signal
component to ‘be supplied to-an‘FM—code'demodulator 66,
which then demodulates the sidnalfcomponent.. A signal
'_obtalned'as ajresult of demodulation is supplled to the
reader/writer‘circuit 5. It is to be noted that the MSK
demodulatlon proce551ng is based on the clock 31gnal CLK
havlng the frequency corresponding to_the wobbling period

~of 36T.
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105 1, to drive the diode to generate a. |laser beam As a result, pits (or
phase change marks) representing the data to be recorded are Created on
the disc 100. It is-to be noted that the |aser driver 13 has the so-called
APC (Auto Power Control) circuit for controlling a |aser output at a
constant | evel |ndependent of the anbient tenperature and other factors
by nonitoring the power of the |aser output froman output generated by a
Iaser-pomer-nonltorlng detector provided in the optical pickup 1. To put
it in detail, the APC circuit adjusts the |aser output to a target value
set for a recordlngAérd?é@Fb@@@tabﬂvopetBE|spst&hecohafgrleﬂai@es of the

| aser outputs for recording and reproduction operations are set by the
syst em cont r Mteuts]1GheThenseptostignali CTlkogener abes1a var-gty @f servo
dricve signals such as focus, tracking, and thread signals .based on the

focus error bagdalb andhthecbnaigungtebhqrco&h&@@hanﬁhhﬁhoﬁé§a£§8ﬁ' d Trom
the matrix circuit 4, carrying out servo operations. To put in detail,

the servo ci pwlitthlthgeneoakesigaal ooy @Eb&etﬁegﬁﬁe agﬂ tracklng drive
signal in accordance with the focus-error signal. and tracking error
s|gnal to drCMErésp@s@ihgeta @hé0&8§b£9h§ BR9:84 of 36T to the
frequency correspondlng to the wobbling perlod of 69T or
. vice versa. ‘That is to say, 1n an operatlon to reproduce
' data from the PB zone of the dlSC 100 the FM~code
demodulator 66 is drlven to carry out a demodulatlon
"process for reproduclng shlpplng—tlme 1nformetlon ‘In an
operatlon to reproduce data from the RW zone of the disc
iQO; on the other hand the MSK demodulator 65 is drlven
-to carry out a. demodulatlon process for reprodhc1ng an .
.ADIP address, | |
In a recordihgroperation of,the disc drive -
apparatus shown in Fig, 32,'data't0'be recorded is
receivedsfrom.the AV,sjstem 20. The.data to be recorded
is stored in a huffer employed in the ECC encoder/decoder
. |
The ECC encoder/decoder 7 encodes the buffered data
to be recorded by carrylng out processing 1nclud1ng a
pProcess to add error correction codes; an 1nter;eaving
brocess, and a process to add sub codes That.is to say,

the ECC encoder/decoder 7 carries out the encodlng
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106 tracking coil, which are enployed in the two-shaft nechani smof the
optical pickup 1. Thus, the optical pickup 1, the matrix circuit 4, the
servo circuit 11, and the two-shaft mechanismforma tracking servo | oop
and a focus servo loop.. In addition, the servo circuit 11 turns off the
tracking servo |l oop and outputs a junp drive signal to carry out a track.
junp operation in accordance with a track junp command received fromthe
system controller 10. Furthernore, the servo circuit 11 generates a thread
drive signal based on a thread error signal obtained as a | owf requency

conponent of prbeekkagkithggeBErateSLgNakca PnExegcutLon contro
signal received fron1theg§ysten$contrgFlggoﬁg'g%ﬁfgiﬁgéagg ;lve 8glgnal

drives the tbéeggrgﬁghgglﬁ 3 gThe thread nmechanism 3 is a mechani sm

including a main-shaft for holdlng t he optlcal pi ckup 1, a thread notor,
flgure The thread

and a transnlsS|onmg§@r i shown he
mot or driven in ‘accor ance&‘iv]\% g%mepcht%?e%% 1&?‘? \}%C s‘?wlrﬁb slide the
optlcal pICk 90% ?geg |red di,sfance. The spindle servo circuit 12
execut es con taf%??ﬁ% ptAdf e™ 6?t?°%tpép@$§ﬁ 2doPRIBEMAL i On
on the prese ol uti eed o

o P gﬁ.ﬁfﬂr(f{ 9) Eg technlque in the modulatlon/demodulatlon

i circuit 6 before_belng supplied to.the‘reader/writer
~circuit 5. |
) o "_ o fAn,encoding clock sigoalrto'serve as a referencé'
'clock eignal for theee encodingeproceSSes cerried out in
a recordlng‘operatlon is a clock 31gnal generated from
the push pull Slgnal representlng the wobbling - shape‘of
-the groove as‘descrlbed:above.,
|  :In-the reader/Writer circuit 5, rﬁe encoding
processesl_result:representiog data.to be recorded is
eﬁbjected to'recording COmpensation processing including
a process to,finely'adeSt a recording power to a vaiue
optimum for characterlstlcs of a recordlng lafer onn the .
“,dlsc 100, the shape of the spot of the laser beam, the
recording ;inear Velociry'and the 1ike, and a process to
edjost-the waveform of laser drive pulses._ Then, the data
to be recordedlis sﬁpplied to the laser driver 13 as the .
laser drive polses. .
' The.laser driver 13 passes on the laser drive

pulses to the laser diode employed in the optical pickup
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107 the spindle notor 2, the spindle servo circuit 12 receives a clock
signal obtained as a result of a PLL process carried out on the signal
representing the wobbling shape of the groove. The spindle servo circuit
12 conpares the information on the present revolution speed with
information on a predeternmned reference CLV to generate a spindle error
signal. } In addition, in an operation to reproduce data, a reproduction
clock signal generated by a PLL unit enployed in the reader/witer circuit
5 (that is, a.clock signal serving as a reference signal in a decoding
process) is dsetoadriimborhat ddndentbhgeneyaket konsspeedeaaf. the spindle
notor 2. By comparing.this information on the revolution speed with
informati on omstihe, Ch¥tsr eber pragespegeamapkifl ¢o Egggnekggathgan al so be
gener at ed. Then, the spindle servo circuit 12 outputs a spindle drive

signal in acdetdaﬁ@ebnnkhcbb@eaphﬂé|§r§£t8& g'Qﬂgldﬁg reght ze CLV rotation
of the spindle nmotor 2. In addition, the spindle servo CIrCUIt 12 may al so

generate a spindl e dfiye s %@lnd{b@%@%{e l"!%e@rt ?I(-)I féquall% the o der

ki ck/ brake control signal received fron1the Sys & Ton

to inpl ements@pe NBpcS s c a terppation, an
accelerat|onS .éﬁié@ §PC ?ﬁ@té Péﬂeé-é5 ok 01rcu1g19 _

controlllng a laser output at a constant level

.1ndependent of the amblent temperature and other factors

P

_.by monltorlng the power of the laser output from an
;output'generated by a laeer—bower-monitoring detector
1‘provided in the optical picknpri To put 1t in detall
h the APC 01rcu1t adjusts the laser output to a target
value set- for a recordlng or reproductlon operation. The.
target values of the laser outputs for recordlng and
reproductlon operatlons are set by the system controller
10. |
The servo circuit ll generates a variety of servo
drive‘eignais snch as focus, tracking, and thread signals
;based on the focus error ‘signal and the tracklng error
:SLgnal,_which are received from the matrix circuit 4,
carrying out'servo'operations.
To put it in detall the servo circuit 11 generates
a focus drive 51gnal and a tracklng drive smgnalhln |
accordance with the focus-error signal and the tracking

error signal to drive respectively a focus coil and a
| ' 106




108 decel eration, and others of the spindle notor 2. The variety of
operations carried out by the servo systemand the recordi ng/reproduction
system as described above are controlled by the systemcontroller 10 based
on a mcroconputer. The systemcontroller 10 perforns various Kkinds of
processing in accordance with commands issued by the AV system 20. Wen
the AV system 20 issues a wite command for storing data to the system
controller 10, for exanple, - the systemcontroller 10 first of all noves
the optical pickup 1 to.anaddress at which the data is to be witten.
Then, the EC@ encoder/ de ode%,'Y and the denodulation circuit 6 are driven
to carry out-TRE ERE0EThy’ pFOLERsRES BAPIARCUatn FeRefyedSkabin t he AV
system 20. Exangl es of _the.data, include video and. audi o data conformng to
any of a vaffet§iuimtREnhrgueBticeh RECkwe MPEGhusechiiqqePtiqalnal |y,
| aser drive pul ses Penerat ed by the reader/witer circuit 5 are supplied
to the |aserPHrkWRrl. 18he Matads ¢breetord. t Hee deeavo | eivdditibh, awkkn the
. AV system 20-issues a read comand to the systemcontroller 10, making a
request for thetFeirstleafbimeehanism dierm suchrask MREGRe vvdeboaat and recor ded
on the disc 100 to the AV system 20, for exanple,: ' :
: . -focus sexvo loop.. :
Inraddition,jthe servo circuit 11 turns off the
| tracking servo loop énd.outputs arjump drivé_signal to .
‘carpy out a track jump operation in accordaﬁce‘ﬁith.a
i'traCk Jump commandjrédeived from the system controller 10.
Furthermore, the servo circuit 11 generates a
thread driﬁe sighal-based on a thréad_errér signal
~ obtained as‘é‘low—frequency componént of the traékihgl
3error_signal and_anidccess execution cdntrol'signal
received from the system controller 10. The thread drive
~signal drives the thread mechanism 3.‘ The thread
mechanism 3 is a mechanism including a main shaft for
'holdihg3the optical pickup 1, a thread motor, and a
~transmission gear, which are not shbwn-in the figure. The
thread motor'is driven in'aCCOrdance with he thread drive
signal to slide the optical pickup 1 by a required
”distance.
The spindle servo circuit 12 executes control to
rotate the spindle motor 2 at a CLV.
As information on the.p:esent revolution speed of
| 107 |



109 a seek operation is first of all controlled wth the read command's
specified address set as a target fromwhich the data is to be
transferred. That is to say, a seek command specifying the address is
issued to the servo circuit 11 to drive the optical pickup 1 into an
operation of making an access. to the target indicated by the address
specified in the seek command. Then, operation control is executed to
transfer the data in a segnent specified inthe read command to the AV
system 20. To put it in detail, the requested data is read out fromthe

disc 100,'sughgcgﬁgnggeg&ggg§s§sl§§gh%%g§%ggcgg%g iggg%gg'Lf%ing carrifﬂe'

out by the reader/witer circult enodu 6, and
ECC encoder/ 7_apn ppl i ed, t he AY system .20. [t is, to be
not ed t hat, ?§E%g§%%1?0§€°$% $%%%?%§%%al?% rd u%er%%Tﬁtagkpﬂa%ELchange
t he s§§ten1controller_10'controls. t he

marks-onto and fromthe . disc 100
recor di ng aB%O?%%?o%%%¥%% Vperdti HhS BYITR} nteRFE e BLBAdFRSs  detected |

by the wobbl e igiéit 8 and the address decoder 9. In addition, the system
control I er 18P VHERT &SP dT 1D FFROERC difcoddtimgecod@rvp t6 Tty out an
error correction decodi ng process on an ECC bl ock:havi ng. - :

compares the information on the present revolution
:spéedwithiinformafion on é prédefermined réference:CLV
'tp‘genérate a-spindle'errof signal.
In additioﬁ, in an operéﬁion to reproduce data, a
ieproductiop élock'signal.generated by a PLL unit
‘gﬁpqued in_the reader/Writer;circﬁif'S (that ié;,a'ClOCRV
signal serving as a reference signal in ardeébdiné |
pfo@esé)iis.ﬁsea as infﬁrmatioﬁ on the revolutibn'épeed
‘of the spindlé ﬁotor'z. By cbﬁparing this inforﬁation on
the‘revélﬁtion-speéd with:inférmétion on the CLV
refeience speed,-é Spindle erfor éigﬁal can.also be
generéted)
Then, the spindle servo circuit 12 outputs a
spindle drive signél in-éccordance with the spindle error
%igpal to realize CLV rotation of the spindle motor 2,
In addition, the Spindie'sefvo-ciréuit 12 maf_also
generate a,spindle drive signal in accordance with the a
.gpindle kick/brake contiol signal raceived frOm.the_.

system controller 10 in order to implement operations

such as an activation, a termination, an acceleration, a

108



110 . the structure explained earlier by referring to Fig. 4. Furthernore,
at a predetermned tinme such.as atine the disc 100 is nounted on the disc
drive apparatus, the systemcontroller 10 executes control to read out
shipping-tine informaticon (that is, prerecorded infornmation) recorded as a
wobbl i ng shape of the groove in the PB zone on the disc 100. In this case;
first of all, control of a seek operation wth the PB zone set as a target
is executed. That is to say, .a conmand is. issued to the servo circuit 11
to nmove the optical pickup 1 in an access to the innernost circunference

of the disc éQQelEPQELOBheaHBtbEﬂEﬁB'8 Uppk- sgﬁgdivenoEO mve along a

reproductlon trace to obfain a-pus srgn represented by a reflected
beam i nformation. R e CerUIt e reader/witer 5 and
t he ECC encoder/decoder 51&@@ ‘5§ %ﬁﬁriﬂEﬁ& %é%%ﬁqﬁﬁ thi GREs&es to -
obtain the’ rggggchggdd e cgrﬁrec rded i nformation. is to be noted.
that the systerrcontrol fﬁ LFsB89 F@BgoﬁuEBﬁﬂﬁnHYFBe?h%SE%%?Cflbe

encoder/decoder 7 to n error correction decodin process on an
EC bl ock haGrTG The g??%%?ﬁfsd%smeayssﬁm. ePbor ter Hrgsers g, 15

or Flg 27.
- —.a mlcrocomputer

The'syStem‘coﬁtroller id;performs various‘kinds of'
,-processing-in”aCeordencewifh commands issued_by the AV
b :7"system 20. |
| Wheg the-AV'system 20 issues-a‘write command for
,stering.date ﬁq'the system controller 10, for example,
rthe'system eontrolier 10 first of-all moves.the eptical
. bickup ; to.en address at which ﬁhe data is to be writfee.
‘Then‘ the ECC enCoder/decoder 7 and the demodulation |
01rcu1t 6 are drlven to carry out the encodlﬁg processes
wjon the data received from the AV system 20. Examples of
the deta lnClUde.VldeO and audio data_conforming_to any
"of a ﬁariety of techniques such as the MPEG2 technique.
‘Finally,_laser'drive pulses generated by the |
;eader/wriferlcireuit-S are supplied to the laser driver
13 in order to record the data. | | |
lIn eddition, when the AV system 20 issues a read
:eommand to the system controllerllo; meking.a.request for
‘ a transfer of certain data such as MPEG2 video data |

- recorded on the disc 100 to the AV'system 20, for example,
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111 . In addition, the systemcontroller 10 also carries out processes
such as processing to set a | aser power and copy protection processing on
t he basis of the prerecorded information read out fromthe disc 100 as
descri bed above. It is to be noted that, in an operation to reproduce
prerecorded information fromthe PB zone, the systemcontroller 10
control s accesses and reproductions by using address information included
‘in. a BIS cluster read out as the prerecorded information. By the way, in
the typical configuration shown in Fig. 32, the AV system 20 is connected
to the disc dgri l.t. 0S¢t not d, -however, that the disc
drive appara?ug%gﬁospggg%%§%tﬁg 5Pg§§hffoag £o %gﬁgghb§h§bﬁﬁ@%%ed to

I f t. | ddi t t he di
r've: apparay obt pr OV ﬁgﬁﬁ%e sSedsrt sFrv é%??tﬂaaeg%tinfgbmk%e@nnicteécto

drive. apparatus prOV|de

no pi ece g nent ‘ cas the disc drive apparatus is provided
with an opera Fon unlfsaﬁa §6P§$e6ﬁﬁg THe2tchbhf FQurayi od ofehl menber.
serving as an.interface f |n uttlng and outputting data is al so

di f ferent . f r SAPARE SBRGH YFHgFFBe gddrpgst he éasvedf toutheasstrandal one

disc drive apparatus recordi hg and reproduction proce55|ng IS
- 7 circuit 11 to drive the optical plckup 1 into an

- operatlpn of making an access;tO'the target indicated by
" the address speCified in the seek command.

'Then; pperation control’is'exeCuted to transfer'the
~data in a segment spec1f1ed in the read command to the AV
—isystem 20. To put it in detail the requested data is

read out from the dlSC 100 subjected to processes such
as decodlng and bufferlng carrled out by tha '
reader/wrlter circuit 5 the demodulatlon circuit 6, and
'the ECC encoder/decoder 7 and supplled to the AV system
20! |

It is to be noted that, in operations to record and
_reprodﬁce data as phase'changé marks onto and from the
‘disc 100, the systam controller 10 controls the taéording
rand‘reproduction operations by uaing an ADIP address
'detected_by the wobble circuit 8 and the address decoder

9.

'In'additiop, the system conttollerrlo gives a

command ‘to the ECC encoder/decoder 7 to carry out an

error correctlon decodlng process on an ECC block having
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112 carried out in accordance with operations performed by the user, and a
termnal unit for inputting and outputting various kinds of data needs to
be provided. It is needless to say that there are many conceivable
configurations other than the typical configuration. For exanple,

i npl enentations of the disc drive apparatus provided by the present

i nvention as a recording-only_apparatus-and a reproduction-only apparatus
are al so thinkable. 7. Disc-Mnufacturing Method The fol |l owi ng description
expl ains a method of manufacturing the disc provided by the present

i nvention. Rhecesses tofremeawliadhed Bgriherdbyc rare &l gskB'%Q inyo two big
categories, nanely, the so-called nastering process and the s cal'l ed '

replication processrufbRerf®sé er400a PhPLESS bR fedCLifis gﬁcﬁrggqgs up. tO
conpletion of a nmetallic. master dis-c called a stanper e used P

replication phecassc Qoothe abliakehand, +hheq;LePL Fg t'g a%ﬁ%?etﬁgf t he

process using - the stamper to nass-produce opt|ca rs&¥

stanper. To Bybchh SOREL8HTLY. 1hNekDE, RS EELOG BT %CS?%aﬂd thoto r esi st

material is applied as a li.ght-sensitrve ass substrate.

;pggvets he sosfiehhefy-Euht! rBEASEES! TeAl r_!-LSd BHerbof0eq © P te and

1nformatlon) recorded as a wobbllng shape of the groove

in the PB zZone on the disc lOO

-

In this Case, first‘of all, control of a_seekr
operation_nith'the PB‘rone'eet as a target is executed{
That is to say, a conmand isrissned todthe servo circult
11 to-movelthe optical'picknp 1 indan'access to the
innermostcircumference of -the disc 100. C

Then the optlcal pickup 1 1e drlven to move along

a reproductlon trace to obtain a: push—pull signal
represented by a reflected beam 1nformatlon Finally,rthe
wobble circuit 8, the reader/writerrS and the ECC
encoder/decoder 7 are driven to carry out decodlng
processes to obtaln the reproduced data as prerecorded

-.lnformatlon.. |

It 1s to be noted that the system controller 10
also gives a command to the ECC encoder/decoder 7 to
carry out an error correctlon decoding,process on an ECC
hlock having the structureexplained_earlier by referring

to Fig. 15 or Fig. 27. A
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113 by adoption of a technique of exposure of this light- sensitive filmto
a |l aser beam In the case of this enbodinent, the cutting process 1is
carried out to create a groove having a wobbling shape based on
prerecorded.information in a portion ‘corresponding to the PB zone on the

i nnernost circunference side of the disc and a groove having a wobbling
shape based on. ADI P addresses in a portion corresponding to. the RWzone
of the disc. The prerecorded information to be recorded in the PB zone is
prepared in processing called a pre- mastering process. As the cutting '

process is conpl et ety apicitet en i ped sﬁ%ﬁ@ﬁsééﬁﬂréﬂﬁérafoaa y €l ppnent
process is carried out. After -the devel opnent process, ornatlon |s

transferred outoprheesetal kiensuel pegcabsthg Ebaéétsgb?LEQEGPQ% ad aﬂon of
an electrocasting technique or the like to "create a stanper

required |atEbPanﬁﬁkeBﬂloﬂ'§§§c@§s§9§ &1 9£etB§s§§a”Pe£ In the
replication process follow ng the mastering ~process, ??nal di sc product

is made by cpre¥bAgr@8y iREQE |l udi ng_t he _steps of fransferring
i nformation to a, resin éubst@gﬁgggyraggp ?%ngﬁ Tt ypFc t?? 196, a?njectlon
met hod. usi ngad 51 5L@MPSSye geENerating a

It is to be-nOted'that in an operation to
reproduce prerecorded 1nformation from the PB zone the
‘system controller 10 controls accesses and reproductions
by using address 1nformatlon included in. a BIs cluster‘

read out as the prerecorded informatlon
By the way,'in the typical configuration shown in
'Fig 32, the AV system 20 is connected to the disc drive
apparatus 30;. It is to be-noted however. that the dlsc
drive apparatus prov1ded by the present invention can
_also be connected to a'personal_computer or-another piece
of equipment. |
In addition, the disc drive apparatus provided by
the presentrinventionVCan also be connected to no piece
of ‘equipment. In this case, the disc drive'apparatuS'is
provided with an operation unit and a dispiay unit. .The
‘configuration of a member serving as an interface‘for
‘inputting and outputting data is aiso different from that-
shown in Fig. 32. 1In the'case of such a standalone-diSC'

drive‘apparatns, recording and reproduction processing is
| 112 B




114 reflective filmon the resin substrate, and fabricating the resin
substrate into the required shape of the disc. As shown in Fig. 34, a
cutting apparatus for carrying out the cutting process includes a
prerecorded- information generator 71, an address. generator 72, a
swi-tching unit 73, a cutting unit 74 and a controller 70. The
prerecorded-informati on generator 71 outputs the prerecorded information
prepared in the pre-mastering process.. The address generator .72
generates absolute .addresses sequentially. The cutting unit 74 includes
opti cal - uni t cacodpdnentts 182ac83rdanded4itad spbshiabasl pbakaLlL,egnygyor 85,
a signal processor 81, and a sensor 86. The optical wunhit consisting the.

conponents 82he88secandaBd Eadbahesad uh@%eEoQGQHPEQtEH ghgss substrate 101
covered by a photo- resist material to do the cutting grocess. The

substrate rouspatteanveyoso8s Qih&@sokhaagéaﬁéeégb%§;§%$8%8%9§§§9tO

rotation and slides the. substrate 101 to convéey It

another. The. signalt{rocessol verts.input. data into data to be -
1 c‘gy Y tﬂa%dtli%r‘? O™ Al unit. The -

reCOrded'and suppli es @he_dapa to be Tecor _ . _ )
The substrarorrer ey A SREEL RS LR Reknef | Fh pBereaon in the P
or RWzone tébﬂf%bﬁ%ﬁ%f@ﬁ!e%bloéxample,'impleméntationS'of.thé disc -
7 d?ive appg#atus provided by therpreseﬁﬁ in?ention as.a.w
-' :ecording—onlylapéaratus:aﬁd.éreproduction;oniy
‘_épparatus are also thinkable; |
77 Disc4Maanacturing_Methbd
The following descripﬁion e#plains a method of
manufacturing the disclprbvided by thé prééent inﬁeﬁtion.i
Proceéses.of manpfacturiné_fhe‘disc are claséifié&
into two.big gatégories,rnamely; the-so—éalled méStering
rr:p?OCGSS‘and the so—-called replicatioﬁ-pfocess. Thé |
- mastering process is a series‘bf process up to completion
of a metallic master disc called é's£amper to be used in
.the replicatidn process. On the other hand,.fhe |
"replicatiOnrprocess is a processlusing the stamperrto
massfproduce,optical discs as copies of the stamﬁer.
To 'put it concretely, in the mastering process, a
photo résist material is.applied as a_iight—senéitiVe.
fi;m_to=a ground glass,substraté. Then;'the so¥called

- cutting process is carried out to Create pits ‘and grooves
' 113 |



115 The conponents 82,83, and 84 enployed in the optical unit are a | aser
beam source, a nodulator, and a cutting head respectively. The |aser beam
source 82 is typically a 1Tight source for generating an He-Cd | aser beam
The | aser beamradiated by the | aser beam source 82 is nodul ated by the
modul at or 83 on the basis of the data to be recorded. The cutting head 84
converges a nodul ated } beam out put by the nodul ator 83 and radi ates the
converged beamto the photo-resist surface of the glass substrate 101. The
nodul at or 83 i ncl udes -an. AOM (Acoustic Optical Mdulator) and an ACD

(Acousti c OpbiycabHopefibacher k. tEaeniAGM by R 20d 6f &, the m r adi at ed
by the | aser beam source 82. The AOD deflec%g Phe 8gakpﬁgd%§§§5 by.the

| aser beam seeheet8zei BiagcebdanggswWit g wobbling - generation signal. The
substrate rotator/conveyor :85 includes a rotation notor, a speed detector

orast “substrate 1011ty TEATT SR Bl iEat oty RS hatgle
Cubstrate 105 [nthe raarsl oafFsEboR gForke hrutedenoerbat ergothorRe
servo . contrgllen 8fli YslooconbLg! s gpantities including the
cprrééponqing éo the PB zéne on the innermost—
'ciréumfgreﬁce sidenbf the-disé and a éroove.having‘a-
 - -wobbling sha§e based on. ADIP addresses iﬁ a bortion
chriéspdpding to the RW zone of thé'disc.
The b;erecorded'information £o'be recorded in'tﬁe
PB zéne is prepared in procéssiné cailea a‘pre—mastering
" process. | - |
'As thé cutting process is completed, predetermined
.proceséing suéh as a development pfocess is carried out.
Afﬁer the deveiopment prbpess, iﬁformation is transferred
,tO'the metallic surface-gf the glass substfate'by
addptionlof an eléctrocasting technique or the like to
createia stamper, which will be required iéter in making
d;scs asrcopies‘of the stamper; |
In the’replication process folloﬁiﬁ@ thé mastéring
process, a final disc product is made by cafrying out
procéssing,including the steﬁs of ttansferring
'information té a_rgsin substrate bf adoptionrof_tjpically
 .an,inje¢tion‘ﬁethbd'using this staﬁper, generating a |
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116 . revolution speed of the rotation notor, the revolution speed of the
slide nmotor, and the tracking position of the cutting head 84. The signal
processor 81 carries out processing on prerecorded information and address
information, which are received through the switching, unit 73. The
processing includes a formatting process for adding data } such as error
correction codes to the prerecorded information and the address
information to create formatted data, and a predeterm ned process carried
out on the formatted data to create a nodul ating signal, that 'is t he

signal represemlictd ithe f NLEIHC Aed-od:f and addr ¢
information. In addition, .the S|gnalepﬁbcg§g%%!§ﬁ a|56“%g$%| dM&

processi ng tandrirwgith AAGOUS] tical. dul at or) t he ACD
(Acoustic Optical Défl%é?%h% mHic gﬁ% enﬁP&ﬁ? SH P59 ﬁgdthFBﬁCSB on
the basis of the u [ out the signal to the
nodul at or 83. Durlgggt%ﬂéhﬂ iﬁngE ro?éSS H % RI APPRRAJEHRAI £974,  the

substrate ro n or_, 85 drives the glass substrate 101 into rotation
at a constan%g%gkégg §§¥oghﬁyCu&ﬁ&ngwﬁFPE%Fﬁel@Pé§§e§uﬁsP#§F@CPGﬁeﬂs bei ng

drlven as it %Ildes t he %Iass substrate 101 by a dlstance equal to
1nforma 1on genera , an address generator 72, :

sﬁitching.unit 73,‘a cutting unrt 74 and a controller-?O.
The prereoordedeinformation geperator-71 outpﬁts
the prerecorded 1nforﬁatlon prepared in the pre—masterlpg
e process The address generator 72 generates absolute
Aaddresses sequentlally |
:The_cuttlng unit 74 ineludes opticalnunit
componentS'BZ,‘83, and 84;.a substrate.rotatorfsonveyor
85,la signa; processor.Si,.ahd a sensor 86. The optioal
-unit'coasisting the components 82, 83, and 84 radiateé'a
rlaser beam to the glass substrate 101 covered by a photo-
‘resist material to do the-Cutting pProcess. .The substrate
.rotator/conveYor 85 drives the glass substrate 101 into |
rotation and-slides the.substrate lbllto Convey it froﬁ a
pPlace to-another | The signal processor 81 converts 1nput
‘data into data to be recorded and supplles‘the data to be
recorded to the optical unit. The sensor 86 outputs a
-Signal indicating wﬁether; at.the present 1ocation, the
‘Substrate‘rotator/conveyor 85 places the outtiag position

~in the PB or RW zone to the controller 70.
| 115



117 a predetermned track pitch in order to ,create a spiral track on the
surface of the glass substrate 101. At the sane tine, the |aser beam

radi ated by the |aser beam source 82 is nodul ated by the. nodul ator 83
into a.nodul ated. signal based on the. nndulating signal received fromthe
signal processor 81, and the nodulated “signal is radiated to the photo
resist surface of the glass substrate 101 by way of the cutting head 84.
As a result, the photo resist is cut out due to a |light- sensitivity
effect to forma groove with a wobbling shape representing the nodul ating
signal . The control Tee &GmponEnobsszhessutéhags@pémﬁlbﬁ@doln tﬂ@ C“tt'”g
unit 74 and, while monitoring a signal generated by the sensor 86,

control's theOpmetadonded-amef@rHQEEan&%&ﬁr%hQ Ss ganerator
72 and the switching unit 73. At the beginning. of thgggﬁggpﬁg Sggcgss, the

control | er 7@utequgsheatineeeBblbihiGelddit Fhot he _slide posjition of
the substrate rotator/conveyor 85 asQan ?%l??é$¥ %dg %%uf%%tg?htﬁcutting

head 84 startgptBal1yadi atiAe QBuEBS gége&egg%gkg£§g%§rﬁ§- geggg;g to start

circunference. Then, the controll rrves

:2 SB:IF’ :t : gzbtégmdr "l"l?e tfﬁ%&é 4RSam Srg)élal@éc? 1::>]'y0]'thel:]tloasreorE algeaorr? sacgu:n?ceagé and

is modulated by the modulator 83 on the basrs of the data
to be recorded The cuttlng head 84 converges a modulated

_ beam output by the modulator 83 and radlates the ~"
converged beam to the photo ~resist surface of the glass
substrate 101

The modulator 83. includes an AOM (Acoustlc Optlcal

Modulator) ‘and an AOD (Acoustlc Optlcal Deflector) The-
AOM turns on and off the beam radlated by the laser beamr
source 82 The AOD deflects the beam radlated by the
laser beam source 82 in accordance with a wobbllng
generation signal.

The substrate rotator/conveyor“BS'includes a
:rotation~motor, a speed detector Fé; a,sllde motor, and a
© BerVo controller. The rotation motor drives the,glass

substrate 101 into rotation. The speed.detector FG
detects a reuolution Speed of.the rotation motor. The
slide motor slides the-glasssubstrate 101 in therradial
direction of the glass substrate 101. The servo

controller adjusts control'quantities including the
116



118 slide the glass substrate 101 by a distance equal to a track pitch of
0.35 Pmin order to create a groove. In this state, the
prerecorded-information generator 71 is, driven to generate prerecorded
information used as shipping-tinme information and supply the information
to the signal processor 81 by way of the switching unit 73. In addition,

t hel aser beam source 82 is driven to start the operation to output . a |aser
beam whereas the .nodul ator 83 is driven to nodul ate the |laser beamon the
basis of the nodul ating signal received from the signal processor 81 in

order to carkrgvoulitdoeUlbieRd oBf @68S$oka+GhLeate«a or e_on the.glass
substrate 101. The nnduFating signaléis aﬁﬁF %ggéé %@ u %FP%H%éganal

representi ngspleapker esar dedqknfgtaBt i Qp, Lot his a__cutting process
is'carriedjou% to create a groovgkﬁ?kegﬂghgﬂgngrg g@égiﬁoﬁﬁ ?OﬁBan an area

to be used ashet RE+PBLoZRREy A3 the signal generated by the sensor 86
i ndicates that the cu?tlng process to create a groove has reached an area

to be used as the RWzope, c leting the creatjon of the groove. in the
area to be used asaﬁﬁé Pronah FOTHY i} oFrerien HarRRACRBINT P
swi t ching. pﬁ@i%ion ﬁf the_switching unit 73 froma pole for the .
prer ecor ded- ¥ nf 67 &t o1 9BheFRebFon12Rg adgspest épfppeation, which

:'ére'regeived-throqgh fhe_switching_ﬁni£ 73¥ The
pfocessihg'inclﬁdes,a formatting procéss for‘adding data
such as errOrqorreétioh'codes'toffﬁeprefecorded o
information and the address information to create

"f?rmatﬁedrdata, and'arpredetermined processca?ried out'
on the'fdrmatﬁed data to créate‘a modulaﬁingusignél; that
iéﬁlthe signél repreéenting Ehé.prefecbrded.inforﬁétion
‘and‘the address information. |

Ipraddition; thé signal proceésor 81 also carries

‘out'processing to drive‘the AOM (Acouétic Optical-
Modulator) and the AOD (Acoustic‘Optiéal Defleétor);
which are employed in' the modulator 83, on_the basis of

the modulating signal_by outbutting_the signai to the
modﬁlator 83.. | | -

During the‘cutting process, iﬁ'the_éutting unit 74,
thé substrate rotator/conveYor 85 drivég the glass
substrate 101 igto‘rotafion‘at a cdnsténﬁ linear velocity
and, while the.gléss substrate 101 is_béing-driven as it

is, slides the glass substrate 101 by a distance equal to
117 '



119 address generator 72, and drives the address generator 72 to
sequentially generates addresses. In addition, the

substrat er ot at or/ conveyor 85 is
gl ass substrate

created on _
address information generated by the address generator 72 is supplied to

t he si gnal

the surface of the glass substrate 101. In this state, the

processor 81 by way of the switching unit 73. In addition,

driven to reduce the sliding speed of the
101 so that a groove having a track pitch of 0.32. Mnis

t he

nodul ator 83 is driven to. nDduIate the | aser beam- generated by-the |aser

v o a0 t | df th
eam source § pegdégsrﬁﬁﬁé EQEE%ED 3ﬁ?a5§ ?Flﬁgaﬁpégggggfﬁpéééﬂle 5

si gnal . processor

I'n or
| aser beam

groove on th ss_supstrate 101 y usi t he nodul at ed
thi's case, hgmgégrgn ﬁgen%ﬂﬁfi??nﬁ sF@ﬁaggaF§ aRewBrRaEBdLP At i on signal
representlng t he agg{esga information. In this way, a cutting process

carried.out to

to be used
i ndi cates

aﬁathe RW zone. As the signal generated by the sensor 86
t

In

is

OB & 45 thfe IR dtrsan YafliRited 3w ithean area.

eth%ea%uﬁ??ﬁ%ep$%ce%sm@@uk¢ee@ebh theovedhhstoeathed t he.
end of a | ead-out zone, | eting the creation of the groove in the. area
to be used agw?%eapwvékﬁﬁie heignal based on the modulatlng signal

'*Vrecelved from the signal processor 81 and the modulated

_51gnal 1s radlated to the photo reSlSt surface of the

'glass substrate 101 by way of the cuttlng head 84. As'a‘

. result,‘the photo resist is ‘cut out due to a llght—

.:sensitivity effect to form a groove with a wobbling shape

representing the modulating signal.

The controller 70 controls the.cutting operaticn of

the cutting unit 74 and, While'monitering a signal

'1.generatedrbYathe sensor 86, controls;the'prerecordedf

information generator 71, the address generator 72 and
the switching unit 73.

At the beglnnlng of the cuttlng process, .the

_controller 70 requests the cuttlng unit 74 to. take the

sllde p031t10n of the substrate rotator/conveyor 85 as an

"1n1t1al value so that the cutting head 84 starts the

radiation of the laser beam frcm the innermost
circumference. Then, the controller 70 drives the cutting

unit 74 to start an operation to drive the glass

: shbstrate 101 into rotation at a CLV and an operation to
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120 controller 70 ends the cutting process. By carrying out,the operations
descri bed above, an exposure portion corresponding to the wobbling grooves
in the PB and RWzones on the glass substrate 101 is created. Thereafter,
processi.ng such as a devel opnent process and an el ectrocasting process is
carried out to produce a stanper to be used for mass production of the

di sc descri bed above. 8. Mdified Versions The description given so far
expl ai ns an enbodi ment. inplenmenting a disc as well as the enbodi nent's

di sc drive apparatus and di sc- manufacturing nethod. However, the scope of

the present snyasttR8 §3aBot shbBktadet 904 NEy gngggkgﬁgg'ﬁgngﬁtkg Lo say, it
om

is possible to make a variety of changes not deviating e fange of

the present (i-gugnti opLtQethe iaent.. I n the enbodi nent, while user -
data is recorded aé egﬁagg -thﬁgg%rmﬁ STy Tt DITYSding user

data ‘can be: adopt ed, as,4 he_.t echni gue i f.the rewitable or
wite-once type. For Z%alrrs.};:«%%aat%]’ee%éee e’_‘nnefraeﬁorﬁfzehcf—i#%ﬁ?ﬁﬁ*% be applied to

a disc or a gj i ve,. apparat us_adopting the magnet o--optical recording
t echni que org%ﬁgr%§%¥ré%o$§i%ﬁlfg%h'?q%%?gYﬂt%dBf FBR°r#Adt he enbodi nent,

Shipping'rih?nformatiop_usedas shipping;timé informationland supplyf'
_the‘infdrmation to the signal prdcéssor.él Ef way of the
é%itching unit 73. In'addition, the laser beam sourﬁé 82
is.d;iVen to sta;t the'éperéfioﬁ td‘oﬁtput a iaser beam .

- ﬁhereas the mddulator 83 is driﬁen to-modulate‘théllaSer-
bBeam on the basis of the modulafing;sigﬁgl'received from.'

the signal proéesso: 8; iﬁ'orderrﬁo_carryréut a'éutting_
process to créate a.groﬁve on tﬁe glass Subétratellol.

. The modulating-sighal is an'fM ébde modulation signal
representing the prerecorded informétion. In this way, a
buttiné_proceSs is carried oﬁt to create a g:oove like
the oné shown in Fig. 3B in an area to be used,as‘ﬁhe PR
zone.

As the signal generated by the senéor 86 indicates
fhét the cutting probess-ﬁo'create a'groové has reached
an area to be used as the RW-zoﬁe, ﬁompleting the
-creation of the groove in the area to be used as the:PB
.ZOne{ the‘céntroilér 70 ¢hanges'CQer the switching

. position'of the switching unit_?é'from a pole for the

prerecordedminformation'generator 71 to a pole for the
o 119 | | |



121 information is subjected to a bi-phase nodul ati on process. However,
t he shipping-tine informati on can al so be subjected to the sanme nodul ation
process as user data. In. the case of the enbodi nent described above, for
exampl e, since the RLL (1, -7) PP technique is adopted in a nodulation
process for user data, the shipping-tine information can also be subjected
to a nodul ation process adopting the RLL(1, 7) PP technique. 122 In the
drawings: Fig. 4 Data frame Recording frame 17 PP nodulation Fig: 5
Dat a Data " Encoded Encoded 304 code words 24 codé words  Code | ength 248
Code Iength 6ddrFig. genéddtess7bLoskd ErgveQStﬁaIaddfeﬁg géﬁ@@éﬂ@ﬁg7iranE
to sequentlally generates addresses
In addltlon the substrate rotator/conveyor 85 is
drlven to reduce the slldlng speed of the glass substrate
101 so that a groove hav1ng a track pltch of 0. 32 UHllS
created on the‘surface of the glass substrate 101.
In this state, the address 1nformatlon generated by
}'1- :' the ‘address generator 72 is supplled to the 51gnal |
_processor 81 by way of the sw1tch1ng unit 73. In addition,
the modulator 83" 1s driven to modulate the laser beam
generated by the laser beam source 82 on the basis of the :
‘:modulatlng 51gnal recelved from the 51gnal processor 81
in order to carry out a cuttlng process to create a
groove-on‘the glass substrate 10l_by using the modulated
laser beam.r In this case, however, the modulating signal
is an MSK modulation signal representing the address =
'information.
In this way, a cutting process is'carried out -to
create a groove like the one. shown in Fig. 3A in an area
to be used'as the RW zone.
As the signal generated by the sensor 86 1nd1cates
that the cuttlng process to create a groove has reached

the,end of a lead-out zone, completing the creation‘of

the groove in the area to be used as the RW zone, the
| 120 - |



Bi - phase nodul ation Fig. 16 Data Data Encoded Encoded 19 code words 4
code words 123 Code | ength 248 Code length 62 Fig. 26 FromBIS From LDC
Fig. 27 Data frame Recording frame Bi-phase nmodulation Fig. 32 '13: _
Laser driver 4: Matrix 5: RWcircuit 6: Mdul ation/denodul ation circuit
8: Wobble circuit 20: AV system 11: Servo circuit 10: System controller
12: Spindle circuit Fig. 33 Wobble circuit 8 _

controller 70 ends the cutting process.
By_carrying'out~the Operations'described.above, an‘

exposure portlon correspondlng to the wobbllng grooves in

. the PB and RW zones on the glass substrate 101 is created
Thereafter processlng ‘such as ardevelopment

process'and'aoAelectrocaating,prooeee is'carried—out'to
producefa_stamper to be'used'for mass.prodUCtionfof:the

: disc‘deseribed;above. | | |
8. ModifiedAVersions

gTHe deeoription‘givenso farrexplaioe an‘embodimeot

implemeoting,a diSc:as well as the eﬁbodiment'spdiso

_“driﬁe apparatuSJand disc4manufactoring methoo. ‘However

. the scope of the present 1nventlon is not llmlted to the
embodlment That is to say( it is possible to make a
varietyrof'changes not deviating from the range of the

‘present invention to the embodiment.

In the_embodiment, while oser data is reoorded aa
phase change marka- ‘any technlque of recordlng user data
can be adopted as long as. the technlque is. of the
rewrltable or wrlte—once type. For example, the present
invention can also be applied to a disc or a disc drive
apparatusadoptino the magneto—optioal recording
technique or the dye reoording technique.

In addition, in the embodiment,'shipping—time
| 121



65: MSK denodul ator --> Address information 124 66: FM code denodul at or
--> Denodul ated data Fig. 34 Cutting apparatus 71: Prerecorded-information
generator 72: Address generator 74: Cutting unit 81: Signal processor 82:
Laser 83: Modul ator 101: Substrate rotator/conveyor 86: Sensor 70:
Controller 125 CLAIMS 1. A disc drive apparatus for recording data into or
reproduci ng data froma disc recording nediumconprising: a data area, in
which first data to be recorded into .and reproduced from by -adoption of a
rewitable or wite- once recording technique and, in which second data
remai NS 1 ecoreagd rivdte cand J ey lopt i .groove-wobbl i n
SRS o SO LBRAEE ool PRYGRRPBERAS, e

techni que; and a reproduction-only area only afl ow ng !
therein by a@@ﬂ%ﬁ@@,okh% %%Qgﬁﬁnbﬁ%ﬁﬁkqﬁﬁf%%mg i%%?%%%”%ﬁ%b'%gerern:
.'subjected tq the saﬁg moduiation process as usefldata.. In
the gase'of the emBodimén£ described abovet-foﬁ‘exaﬁpie,'
lsincetheiRLL(l,'f)'PP teéhnique is'adoéted in a
_moduiatién—proceés‘fbt uéer dafa, fheshippingwtime._
 inf0rm§tion can also’bé subjedtéd to a modulation_process

~adopting the RLL (1, 7) PP technique.

—
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126 said first data is recorded by adoption of a first nodul ation
technique, including a first error-correction block structure; said
second-data is recorded by adoption of a second nodulation technique; and
said third data is.recorded by adoption of a third nodulation technique,
including a second error-correction .block structure based on a first
correction coding for said first error-correction block structure, said

di sc drive apparatus including: head neans for radiating a | aser beamto a
track created as a groove on said disc recording nmedium and. rece|V|ng a
refl ected bebn1thgn@iawfm¢$actlon means for extracting a signal
representing a shape of said track fromsaid reflected beam signal; first
dat a-si gnal Bxdéra¢tion nmeans for extracting a signal representing said
first data fromsaid reflected beamsignal; first data denodul ati on neans
for dermodul ata+¥ s@ikk Signal representing sald first data in a reproduction
operation carried out on said data area by said first nodul ation

techni que; secand; day a dgppdul ation means for denodul ating, in a
reproduction: operatlon carried out on said data -area, said signal

representlngrﬁqﬁdﬁggg¥5§gI§ald track by said second nDduIatlon technlque

Fig. 5

v L S
; - Data ‘Data
'~ Encoded = Encoded

304 code words 247che words

Code  length 248 Code.length_62

'Fig. 8

Address blOck

- Fig. 15
Data frame -
" Recording frame

'-_Bi—phase modulation

Fig. 16

Déta o Datal

Encoded . ' Encoded

19 code woids 4 code words

123



third data denodul ati on neans for denodul ating, in a reproduction
operation carried out on reproduction-only 127 area, said signal
representing said shape of said track by said third nodul ation technique;
error correction nmeans for carrying out error- correction processing based
on said error-correction codes on a nodulation result output by said first
data denodul ation nmeans and a nodulation result output by said third data
denodul ati on neans; and control nmeans for driving said second data
denodul ati on nmeans to carry out denodul ation processing in a data
operation peﬁbdenﬁdngnhsaﬂd(ﬂﬁdbEMéﬁgtmagyestlng said error correction
means.to carry out error-correction processing based on said first error
correction block in a. data operation perfornmed on said data area, driving
said - third data denodul ation neans to carry out denodul ati on processing
in a reprodueiyonzeperation performed on said reproduction-only area,
requesting said error correction nmeans to carry out error-correction
processing pasgdsps said second error correction block in a reproducti-on
operation performed on said reproduction-only area. 2. A disc. drive

appar at us aQ§§gﬂlﬁ§bto cIa|n11 wherein said error correctlon means.i's

capable of.

Fig. 27
} ‘-1"' Data frame
' .Recording'frame 

‘Bi-phase modulation

. .Fig;-327
13: 'Léser‘d:iQer
,4:. Matrikn'
5: RW circuit
6: Modulation/demodulation circuit
.8: Wobble circuit
20: AV system |
ilg Servo-circﬁitf
Wr l0f System controller

:12: Spindle Circﬁit

Fig. 33 Wobble circuit 8
65: MSK demodulator ~—>-Address information .
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encodi ng and decoding said first error correction block conprising a first
frame structure, a first sub-block structure conposed of first correction
codes, -and a second sub-bl ock structure conposed of second correction
codes; and capabl e of decoding said second error correction bl ock
conprising a second franme structure, a third sub-block structure conposed
of first correction 128 codes, and a fourth sub-block structure conposed of
second correction codes. 3. A disc drive apparatus according to claim1 or
2 wherein said control nmeans _drives said head neans to nmake an access to
sai d data ar 88° atf FUI I BFP I hER 6 et byDeremitirstsed ndatamt i on extracted as
sai d second data and drives said head neans to make an access to said"
reproduction-only area at a | ocation indicated by address information
included in said third data. 4.A disc drive apparatus according to claimi,
2 or 3 wherefigsal¥ Ernrioringprammmicomsaeans carries out error correction
processi ng by setting the nunmber of correction codes conposing said first
error correc?lOnPﬂﬂnaﬂonﬂed}unﬁdnmﬂﬁidﬁ g@ﬁﬁﬂéﬁ&g}nunber of correction
codes conposing said second error correction block at n/m tines the nunber
of correctlthcodﬂﬂr@@&p@ﬁnaxaﬁvﬁiflrst error-correction block mhere
notatlons n.and m each -

.74: Cutting unit

81: Signal processor

L

_82: Lager'

83: Modﬁlato%
lOl;j.Sﬁbstrate'rotatof/convéyor
86:  Sensor_ |

70;‘ thtroller
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denote a positive integer. 5 A disc drive apparatus according to any one of
clains 1 to 4 wherein denodul ation processing is carried out by assum ng
that said first nodul ati on technique described above is an RLL (1, 7) PP
techni que, said second nodul ation technique is an MSK nodul ati on

techni que, and said third nodul ation technique is a biphase nodul ation
techni que. 129 6. A disc drive apparatus according to any one of <clains 1
to 4 whecaAmM8enodul ation processing is carried out by assumng that said
first nodulation technique is the sane as said third nodul ati on techni que.
7. A disc drive apparatus according to any one of clainms 1 to 4 wherein
denodul ati on. {progcegsicRg 4siveardd b sy ; id fl and
third nodul ation techE?q%gévgréﬁgﬁ?ﬂgg%SRﬁtﬁﬁ1%g$?gﬁgn§%cﬁﬁﬁghei£§%ereas
sai d seceid nepd@icacion dechnifgqon bsdancVBEcomddnbanednunechmpgieing: A disc
drive apparatuys cording to_cl ai.m,2 _wherei,n, sai.d error-correction neans
carries out egrégﬁx%d$¥%%tiéﬁ'ﬁ?ﬁé%%s%%ﬁs ydggﬁtFﬁbﬁf%er%%%ﬁ%$go%ngprst
correcti andcedes ccRreesi Mg rsabyd Adestienr of eordeeti©an1bl oGk wtiaerul tiple
of m the nunber of first correction codes conposing said third error
correcti BACHl odIESHEALRP technique and, in which second data

remains  recorded into and reproduced by adoption of a
groove-wobbling technique; and

a reproduction-only area only allowing third data
recorded therein by adoption of a groove

~technique to be reproduced, wherein:
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times the nunber of correction codes conposing said first error-correction
bl ock where notations n and meach denote a positive integer, the nunber
of second correction codes conposing said second error correction block
at a multiple of p 'and the nunber of second correction codes conposing
said fourth error correction block at g/p tines the nunber of correction
codes conposi ng said second error-correction block where notations p and g
each denote aspdsitfﬂeﬂinweger i9. rAdiirseddrbye appaiahusoaccor dirget o
claim4 ar §a % Hle val ue, of is a power,of 2. 130 10. A dISC drive

apparatus °qeEakt SN 4 BPC %Eéﬂﬁ%relﬁ t RETVRI B TIPS EE PR, A

reproducbi@w<nethodnk0r reproducing data froma disc recordlng medi um

conpri si ng: a r mhlch flrst data to record |nto an

repr oduced from Sae %%tdl %%t of & r &R T %3 ag I?1:108nc8 recordih
technrqueogwkhtuom mhchnnqyeGOﬂdddata renalns recorded into and reproduced
by adopt.ion of; ﬁdgr Ieimggpgln gye;, andde egﬁoddgtlon %nlg ar ea
only allow ng *fhird data recor 8opt F°R G gr oove technlque to be

r epr oducBeduivierai nteCQarduérrsnmdavangs retoadednby emkqnﬂamrnehtaohrrst
nodul at i Q'DO&ECQ’E]}.‘%JIJ %Js‘é@f N3 & ffirrsstt erdoq:rfe%%ri'e%thio%Qng for said
" first error-correction block structure, said disc drive apparatus

including:
head means for radiating a laser beam to a track created
1 as a . groove on said disc recording medium and receiving a
reflected beam signal;
extraction means for extracting a signal representing a
shape of said track from said reflected beam signal;

first data-signal extraction means for extracting a signal

representing said first data from said reflected beam signal;

- first data demodulation means for demodulating said signal
representing -said first data in a reproduction operation carried
out on said data area by said first modulation technique;

second data demodulation means for demodulating, in a
reproduction operation carried out on said data area, said
-signal representing said shape of said track by said second
modulation technigue;

third data demodulation means for demodulating, in a

reproduction operation carried out on reproduction-only
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bl ock structure; said second data is recorded by adoption of a second

nodul ation technique; and said third data is recorded by adoption of a
third .nodulation technique,including a second error-correction bl ock
structure based on a first correction coding for said first
error-correction block structure, for a reproduction operation carried out
on said data area, said reproduction nethod further conprising: radiating
a | aser heam,tosaidradlgnereat @praseAt@hoo\eidn saixgdiSe Egear dirfagkmedi um
and receiving a reflected beam signal; extracting a signal representing a
wobbl i ngbshgpadofhsad dnodyubakiahdectylignel; representing said first data

f id ref] d i gnal ; 131 denpdul at | id extracted signal
cpr esenti ng. EATH" woROHTHG- SRApe 6 'eai (41 ackbyYeAPd Sitlond HERLTat i on

representing sai

t echni quecan@@aidyi NYrodesa i4eCOoWatEPr A5LSSs i 0dPr edues ~ RANE£S61ion
i nformation; denodul ating said extracted signal representing said first

-dat a by &86g6i opr ofa amgendatiani oretethnioyi@udor bysponidi nd itet sdedafir st
rodul a1 annbaRiLNE Vet oL, odu L0 S sLanel ofeRreosns g, sal o
third data demodulation means; and

~control means for - driving said second data
.demodulation means to carry out demodulation processing in
a data operation performed on said data area, requesting
said error correction means to carry out error-correction
processing based on said first error correction block in a
data operation performed on said data area, driving said
“third data demodulation means to carry out demodulation
processing in a reproduction operation performed on
-said reproduction-only  area, requesting said error
correction means to carry out error-correction processing
“based on said second error <correction bleck in a
‘reproduction operation performed on said reproduction-only
area.

2. A disc drive apparatus according to claim 1
wherein said error correction means 1s capable of
encoding and - decoding said first error correction block
comprising a first frame structure, a first sub-block
structure composed of first correction codes, &and a
second sub-block structure composed of second correction
codes; and capable of decoding said second error
‘correction block comprising a second frame structure, a
third sub-block structure composed of first correction
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error-correction coding of said first error correction block to reproduce
said first data, whereas for a reproduction operation carried out on said
reproduction-only area, said reproduction nethod further conprising:
radiating a | aser beamto said track created as said groove and receiving
a reflected beamsignal; extracting a signal representing a shape of said
track from said reflected beam signal; denodul ating said extracted signal
repr esentdodigssai dandwbhl | nfpshtdpe efibshaldckr ack diy-tsaied t homplosedul atd on
techni que; and carr ing out error-correction processing based on said
error - corFECPAoRCEBRESTOF A% 'second error correction block to reproduce

said third data. 12 AdJepgpiist bppamBthed Rccarding t9 chaim k1 yherein,
for a reproduction operation carried out on said data area, said
r epr oduc #iher avet hoall d s chotiriodr eprips | srhyesargaficigheatl me@regy tor madkei on

processi b n.ssaid first errqr _correction pracessi.ng.based on said
first er’%glr Zﬁg‘g%%rrteoct g%ﬁdm%% acc‘%r?ﬁr’% sia%g E%a('DLfDiCrastt:L 't afe %tcrauscc(at%rgy.a

first. subdieack stfuctinde conposetaotelli rst cosiactsobcaadedatandaad
second sub-bl ock structure conposed of second correction codes whereas,
for a reﬁﬁ&ﬁﬁﬁio%abﬁeréﬁ%ﬂ1c%?ﬁpéd<iﬁ opake an access to said

reproduction-only area at a location indicated by address
information included in said third data.

4.A disc drive apparatus according to claim 1,
2 or 3 wherein said error-correction means carries out
error correction processing by setting the number of
correction codes composing said first error correction
block at a multiple of m and the number of correction
codes composing said- second error correction block at n/m
times the number of correction codes composing said first

 error-correction block where notations n and m each
dencte a positive integer.

5.A disc drive apparatus according to any one of
claims 1 to 4 wherein demodulation processing is
carried out by assuming that said first modulation
technique described above 1s an RLL (1, 7) PP technique,
said seéond modulation technigue is an MSK modulation
technique, and said third modulation technique 1s a

biphase modulation technique.
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said reproduction-only area, said reproduction nethod is further
conprising carrying out error correction processing based on said second
error correction block conprising a second frane structure, a third
sub- bl ock structure conposed of first correction codes, and a fourth
sub- bl ock structure conposed of second correction codes. 13. A
reproducti on nmethod according to claim1l1l wherein, for a reproduction
operation cagrhedabst otirsaed debaraanen, &aidkdiapsodusti anynevhed iox

further c%hprising maki ng an access to said data area at a | ocation
i ndi cat eFBySddr éss EPnf of natYi¥Rr ekt r ac B HEL &GP seddmFeftid%nd S or a

reproducti;en i@per athon. garri edsoiingn Sajdl r epneduct# Oy onky, fNed.; 3pi d
reproduction nethod Is farther conprising making an access to sai

r epr oductieshngnby asebheasame| dsatd o §indi< areth Int addrtesdriigfuer.mat i on
included in ;said;third data. 14, A reproduction method accordin% tg claim
11,12 or 13 Whererh, in $4rd 5PP8|Iac61rSr e GG rb%es%?ng?n%eoﬁ nbé’rf of
correcti enagades conposi ng saivhdidsl erdedoArAtEiGd. On prldRGs iirsy setigat a
multiple of m and the nunber of  correction codes conposing said_second
error coFREEEFEENn WllockPys sEISWHLLIRG m thads tFelGunbérssét cdrdecttirdddcodes

conposi Ngogah dchibhSte &I G T §ELT ¥pd33aR1 ggk, Woer € ot ghi g g m
each denote a positive _
whereas said second modulation technique is an MSK
modulation technique.

8. A disc drive apparatus according to claim 2
wherein said error-correction means carries out error
correction processing by setting the number of first
correction codes composing said first error correction
block at a multiple of m, the number of first correction
codes composing said third error correction block an n/m
times the number of correction codes composing said first
error-correction block where notations n and m each
denote a positive integer, the number of second
correction codes composing said second error
correction block at a multiple of p and the number of
second c¢orrection codes  composing said fourth error
correction block at g/p times the number of correction
codes composing said second error-correction block where
notations p and g each denote a positive integer.

9. A disc drive apparatus according to c¢laim 4 or

8 wherein the value of m is a power of 2.
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integer. 15. A reproduction nethod according to claim12 wherein, in said
error correction processing, the nunber of first correction codes
conposing said first error correction block is set a nultiple of m the
nunber of first correction codes conposing said third error correction
block is set at n/m tinmes the nunber of correction codes conposing said
first error-correction J block where notations n and meach denote a
positive integer,dide miiher abpsecend ceceeeling €0des1£0APOsSi ng- sa d
second error correction block is set at a nultiple of p and the nunber of
second cHPFEELPoRNEoYRS S cBRPBSiPgl said fourth error correction block is
set at g/p tines the nunber of correction codes conposing said second
error-correction block where notations p and q each denote a positive
i nteger. 16lL1/MAreppoddetctbonneehbddadeor diapydduainyg odetaf fromaianslikt to 14
wherein denndékation rocessin carried out by assum ng that said first
C

p %%is .
il ﬁﬁiaﬁg FBser et Hbdve is an RLL (1, 7) PP technique, said

"nmodul ati on ©f

second nodul agaoa beehni que wisian MBKsavdukat iton Bechotdr@eandntsaiagdt hird
modul ation technique is a biphase nodulation technique. 17. A reproduction
net hod aé€BrAPNGeto Hifm ohe efoprgignmef 1at &ers il B¢ n oderipdiut arPege

‘processi Qgcioﬁrdicr?é r i@éjc}?H_tLqQ)é agsym ng I haf, 541 d Jdrslq mdyl atian oo
E recorded into and reproduced by adoption of a groove-wobbling
technique; and
- a reproduction-only area. only allowing third data recorded
by adoption of a groove technique to be reproduced, wherein:
said first- data is recorded by adoption of a first
modulation technique, including a first error-correction
block structure;
said second data is recorded by adoption of a second
modulation technique; and
said third data is recorded by adoption of a third
~modulation technique,including a second error-correction
block structure based on a first correction coding for
said first error—-correction block structure, for a
reproduction operation carried out on said data area, said
reproduction method further comprising:
radiating a laser beam to a track created as a groove
on said disc recording medium and receiving a reflected beam
signal;
- extracting a signal representing a wobbling shape of said
track and a signal representing said first data from said

reflected beam signal;
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technique is the sane as said third nodul ation techni que. 134 18. A
reproduction nmethod according to clains 11 to 14 wherein denodul ation
processing is carried out by assumng that said first and third nodul ation
techni ques are both an RLL (1, 7). PP techni que whereas said second

nmodul ation technique is an MSK nodul ation technique. 19. A reproduction

nmet hod according to claim12 or 15 wherein the value of mis a power of 2.

20. A r epr odgstiddil Aeitpd agc@r diekg rhetekai milghor 1depnbeegt tnghe swalue of

nits ]ﬁogéﬁlng shape of said track by said second modulation
technique and carrying out a decoding process to produce
address information;

demodulating said extracted signal representing said first
data by adoption of a demodulation technique corresponding to
said . first modulation technique used for modulating said signal
representing said first data; and

carrying out error-correction processing based on said
error-correction coding of said first error correction
block to reproduce said first data, whereas

for a reproduction operation carried out on said
reproduction-only area, said reproduction method further
comprising:

radiating a laser beam to said track created as said groove
and receiving a reflected beam signal;

extracting a signal representing a shape of said track from
said reflected beam signal;

demodulating - said extracted signal representing said
wobbling shape of said track by said third modulation
technique; and

carrying out error-correction processing based on said
error-correction codes of said second error correction
block to reproduce said third data.

12. A reproduction method according to claim 11 wherein,
for a reproduction operation carried out on said data area,
sald reproduction method 1is further comprising carrying out
error correction processing based on said first error

correction processing based on said first error

132



correction block comprising ‘a first frame structure, a first
sub-block structure composed of first correction codes, and a
second sub-block structure composed of second correction
codes whereas, for a reproduction operation carried out on
said .reproduction-only area, said reproduction method is
further comprising carrying but error correction processing
based on said second error correction block comprising a
second frame structure, a third sub-block structure composed of
first correction codes, and 'a fourth sub-block structure
composed of second correction codes.

13. A reproduction method according to claim 11
wherein, for a reproduction operation carried out on said data
- area, said reproduction method is further comprising making
an access to said data area at a location indicated by address
information extracted as said second data and, for a
reproduction operation <carried out on said reproduction-
only area, said reproduction method is further
comprising making an access to said reproduction-only area
at a location indicated by address information included in
said third data.

14. A reproduction method according to claim 11,12 or
13 wherein, in said error correction processing, the number
of correction codes composing said first error correction
block 1is set at a multiple of m, and the number of
correction codes composing said second error correction
block is set at n/m times the number of correction codes

composing said first error-correction
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block where notations n and m each denote a positive
integer,

15. A reproduction method according to claim 12 wherein,
in - said error correction processing, the number of first
correction codes composing said first error correction block
is set a multiple of‘m, the. number of first correction éodes
composing said third error correction block is set at n/m
times the number of correction codes composing said first
error~correction J block where notations n and m each
denote a positive integer, the number of second correction
codes composing said second error correction block is set at a
multiple of p and the number of second correction codes
composing said fourth error correction block is set at qgq/p
-times the number of correction codes composing said second
error-correction block where notations p and g each denote
a positive integer.

16. A reproduction method according to any one of
claims 11 to 14 wherein  demodulation  processing is
carried out by assuming that said first modulation
technique described above is an RLL (1, 7} PP technique, said
- second modulation technique is an MSK modulation technique and

said. third modulation technique is a biphase modulation

technique.

17. A reproduction method according to any one of
claims 11 to 14 wherein demodulation processing is
carried ocut by assuming that said first modulation

technique is the same as said third modulation technique.
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18.A reproduction method according to c¢laims 11 to 14
wherein demodulatien processing is carried out by assuming
that said first and third modulation techniques are both an
RLL (1, 7) PP technique whereas said second modulation
technique is an MSK modulation technique.

19.A reproduction method according to claim 12 or 15
wherein the value of m is a power of 2.

20.A reproduction method according to claim 12 or 15

wherein the value of n is 1.
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