REPRODUCTI ON METHOD BACKGROUND OF THE | NVENTI ON ' 159159'" The H"Wmmmmmm,
invention relates to a disc recording nedium such as an optica I'SC,
di sc- manufacturing nethod for manufacturing the disc recording nmedi“Uf> a
di sc drive apparatus for driving the disc recording nedium and a
reproduction nethod for reproducing data fromthe disc recordi ng nmedi um
More particularly, the present invention relates to a disc on which tracks
are each wobbl ed as a pregroove. As a technol ogy of recording and

reproducing di gi b ke Ok Aomd 15 AekBSulRopT 48 VERSDR InBrARKRBE, OflrOf

recording data used in recordi ng nedi & onto optic i ng
magnet o- opti cal discs. An opti C%BQ? igned as a CD (Conpact
Disc), an MD (Mni-Disc), or a %ﬁ%‘?{i‘é}ib@gggé{)i | e Disc). The opti cal

disc is a generic nane of a disc-like netallic thin plate servi gmm“mww“m”m
bi3

s WKYZ[\]~_"e3e\ >: 6pTO_ DI SC RECORDI NG MEDI UM DI SC DRI VE APPARﬂ

recording nmedia fromwhich data is read out as changes in refle
beam resul ti nzg_fromreflection of a |aser beamradiated to the recorgyng

nedi a. To pRAGHCROINRQF Jeiiki INVENRTHN i cal disc can be of a read-only type
or a witable type allowi ng user data to 1 be witten onto the disc.
Reproducti on-only &ite ®alesgingcdnviesitigsn Fedptes ¢ ROMisshder@WIROM On
the other hand, witable optical discs include an MO, a CO-R, a CO-RW a
DVD-R, a DVIRedjura PVERRY amdrtinak RN\sc Dat adiscrmapufladtoninga witabl e
di sc by adopting, anong other techniques, a nmagneto-optical recording

t echni que, angtiasd- Tdramypenu Bootwr ing t Gedndjsie, randrdivyemédivmchange
recordi ng technique. The dye-filmchange recording technique is al so
referred to ébsa drive-apperaecorfbongdt eeihmy quiee Whies ebyedatdinan be
recorded onto the optical disc only once, and once data has been recorded
onto a di sc,meékddwm cadndaa | pagesdibet 16 aficleflo@nfort hep sadec dhgcdataus, the

dye-fil mchange recording technique is suitable
from the disc recording medium. More particularly, the
present invention relates to a disc on which tracks are
each wobbled as a pregroove,

As a technology of recording and reproducing
digital data, there has been developed a technology of
recording data used in recording media onto optical discs
including magneto-optical discs. An optical disc can be
designed as a CD (Compact Disc), an MD (Mini-Disc), or a
DVD (Digital Versatile Disc). The optical disc is 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 recording media.

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



for a recording operation to save data. On the other hand, the
magnet o- opti cal recording techni que and the phase change recordi ng

techni que are adopted in a variety of applications including operations to
record various kinds of content data such as nusical data, video data,
ganes, and application prograns. In order to record data onto a disc to
whi ch the magneto-optical recording technique, the phase-change recording
techni que, and the dye-fil mchange recording technique are applicable, a
guiding neans for tracking a data track is required For this reason

d d
Dsed as dat afrSEkEeel Phiq PHEagsEr AN Qe ol M SR i R ™' °
dj t I t I
"t or mat i on_ SSCEHAE 8ar B cinCBaRPHeor B bt Bro0R ol &Y Het g0 ?ﬁr?% on a
data t k. | dd f ded b
wobbl 1 ng the"5i53058. SRESHAD ARAE: lwieéef%ﬁsﬁai:(??é’rag daf PSRy cated i 1
advance as a gﬁegroove In this_case e side walls of the pregroove each

have a wobbl B apB PUBrBYent &DéaﬂreggdrﬁfBVﬂaﬁﬂ%n thavi ng such a

pregroove, an address can be fetched from wobbling information obtained in
recordi ng anBefepeduentondopEihePbAsdasci BY ordaPE bR copenadobles
refl ected beam Thus, data can be recorded onto or reproduced froma
desired Iocatﬁ@hnmﬂvﬁéutacmeaneﬁg-ﬁptle&hHQEQOdendataCBheqnﬂg addresses in
advance. By adding address information as a groove wobbling shape in this
way, it i s nphbkeagehangeessapydingptechuiéqgher amdnpl éydifiimtehandeess
areas on the track and record addresses in the address areas typically as
pit data. Thuecopdihgohechniqtihe dlite edyse-of Has-cemdre rssskdiorg st ori ng
actual data so that the storage capacity can 3

technique is also referred to as a write-once recording

technique whereby data can be recorded onto the optical

disc only once, and once data has been recorded onto a

disc, data can no longer be recorded onto the same disc.

Thus, the dye-film-change recording technique is suitable

for a recording operation to save data. On the other hand,

the magneto-optical recording technique and the phase-

change recording technique are adopted in a variety of

applications including operations to record various kinds

of content data such as musical data, video data, games,

and application programs.

In order to record data onto a disc to which the
magneto-optical recording technique, the phase-change
recording technique, and the dye-film-change recording

technique are applicable, a guiding means for tracking a

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



be increased. It is to be noted that absolute-tine information and address
i nformati on, which are each expressed by the groove wobbling shape as such,
are referred to as an ATIP (Absolute dinme 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

manuf acturer wants to ship a disc containing various kinds of shipping-tinme
i nformation recorded onto the disc in advance. The shi pping-tine
information of a disc is prerecorded infornmation recorded onto the disc in

advance pri of Lo Lhe ShRPLDG. of ¢ Lee oo yPIfAl It e ShiPRiAgLt i M
i nformati on T'ncl udes 'disc 1nformation”and system' if ormati on. Re -di sc
information typically includes a recordin i.near velocity.and a

| aser - power ar%%o‘?ﬁr% e Pt et TET he Pot Hand, e&}’s)rﬁ' & REBPREL i on
shows how to exclude an apparatus of a hacker. The shipping-tine

i nf or mat i on TRARIWHESSI BP¥ptEe CPRVEIZCPEFYe size to a certain degree,
and nust not be falsified. If the shipping-tinme information is not

reliable, that is, Tif adKdtdiogo il drinetlisen Nar@SFdey i%P teeoFd address
shipping-tine information is not accurate, for exanple, there may be raised
a probl em suehfeEmad Hiadn | $¢ ythat bt &d ncan propeecoded dthg@rwndition in the
apparatus on the user side. In an operation to record content data, the
data may be predgpiodidied proiebenornod datapyright. Inf semeeyrasesd for
encryption is not obtained accurately fromthe systeminformation, the
encrypted dadtaweasmnpt tibe dddrgpt eth Sorndaton hiss coet@rnded dmnotodiel irig | 1 zed.
This is al so because the content data cannot be encrypted in an operation
to record thehéagroo¥es. t he reasons descri bed above, disc information and
systeminformation, which are recorded as shi pping

Assume that a track for recording data is created
in advance as a pregroove. In this case, the side walls
of the pregroove each have a wobbled shape representing
address information.

By having such a pregroove, an address can be
fetched from wobbling information obtained in recording
and reproduction operations as information conveyed by a
reflected beam. Thus, data can be recorded onto or
reproduced from a desired location without creating for
example pit data showing addresses in advance.

By adding address information as a groove wobbling
shape in this way, it is no longer necessary to provide
for example discrete address areas on the track and
record addresses in the address areas typically as pit
data. Thus, portions for the address areas can be used

for storing actual data so that the storage capacity can
3



time information, are required to have reliability higher than recorded and
reproduced user data. The shipping-tinme information has a large size to a
certain degree because of the foll ow ng reasons. Consider a case in which
the master key of the system needs to be updated because the key is |eaked
to a hacker. In this case, the type of system (or product) or the |like may
be used as a unit of exclusion of a hacker apparatus. Thus, in order to
update the nmaster key, a large anmount of information to a certain degree is
required as a bundle of key information for identifying 5 the naster key
for each unig, FoL..Lthisqreason, the systeminformation 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. .s taken, i
consi deration, it iSIsJC ilrfqpoércf aﬁ/n‘? l%ooteréeat a&utaqénozlus f PPyt

fnéﬁa ion . .
e i of at i on
with a high degree of accurac £r0n1the.reliabilit oint of view,, For this
reason, di scoTA SPRREF on RRA-SgEL Hy | REbF it on"ark SFBrEasPapRAt By, That
is to say, the sane dati,is recorded a gluralit% f times. hbturall¥ t he
amount of t h@TSAYBpIABPLiRg PRRBENAFI BCRanAbe heterRedekSe2SFalshttiRati on
of information nust be avoi ded because, if the systeminformation used for
excl udi ng an(bppatatesTercalRaBkegragvatseribed 4BEbe (R4ARBESpFBVented from
being falsified, the systeminformation does not have a neaning. The
function of Phegsggvem raspeativehycannot be executed unless falsification
of the systeminformation is avoided effectively. It is inportant for the
shi pping-tinme i nforBmttilon way a r etfee oraded dhformtriomble sdtssfin t he above
requi renents. A recording technique suitable for the shipping-tine
informati on psraisoldepanbede hayi beta bitnatidnt hatwhashathet hod for
prerecording the shipping-tinme information onto a disc, a 6

manufacturer wants to ship a disc containing various

kinds of shipping-time information recorded onto the disc

in advance. The shipping-time information of a disc is

prerecorded information recorded onto the disc in advance

prior to the shipping of the disc.

Typically, the shipping-time information includes

disc information and system information. The disc

information typically includes a recording linear

velocity and a laser-power recommended value. On the

other hand, the system information shows how to exclude

an apparatus of a hacker.

The shipping-time information must be reliable,
must have a large size to a certain degree, and must not
be falsified.

If the shipping-time information is not reliable,

that is, if the disc information included in the
4



techni que of creating enbossed pits on the disc is known. If operations to
record and reproduce high-density data onto and from an optical disc are

taken into consideration, however, the enbossed-pit-prerecordi ng techni que
has probl ens. For operations to record and reproduce high-density data onto
and froman optical disc, a groove with a small depth is required. In the

case of a disc manufactured by creation of grooves and enbossed pits at the
same tinme by using a stanper, it is extrenely difficult to formthe grooves
and the enbossed pits with the depth of the grooves made different fromthe

depth of e ARBERTE B up a1 SERLI LLlp BLONE? apfyil doPih o

the enbossed ecom ng equa 0 €eac
enbossed pits with a smal|l_depth_raises a problemthat,a,sigpal having a
hi gh qual | {y RSFRdPTpe BbTat TEY 3 BFe b HE eTBoRsed PReBil AbYuNE Pore BRanpl e
t hat data havi ng an anount _of 23 GB“étaiga Bgtes can be recorded onto and
reproduced % oPFAPEDPEFCAFItRcCMEhtToR| Ahethe BPPABaLHF afl BNROVERT
(substrate) thickness of 0.1 nmthrough an optical system enploying a |aser
di ode generati®®- a | aser having a wavel ength of 405 nm and an obj ecti ve
lens with an NA of 0.85 by recording and Zggroducing hase change marks at
a 7 track pitch dh @BPPeRdEA®h 19 mEfoerxintent dptp, "Woidatan this
case, the phase change narks are recorded onto and reproduced froma groove
created to heae ke spiceyptddpEonrproeedisen of ardepyrboktipprss rfesdi a
noi ses caused by the high density of the phase change marks, it is
desirabl e t ousedafer aegecopreiont bs andeptbtainadoatci@fanal of faodephd in the
range i./13 to i./12 where notation ~. denotes a wavelength. In order to
obtai n a si gspstdémohneohastish pi tise haneAgpaedi ghtgquabhhytr B8 the ot her
hand, it is desirable to create a groove with a depth in the range ~./8 to
~[ 4. After adécryptéd sapostbtieetOogeénd g98flo8ObYt LON1EPedihe This is
also because the content data cannot be encrypted in an
operation to record the data.
For the reasons described above, disc information
and system information, which are recorded as shipping-
time information, are required to have reliability higher
than recorded and reproduced user data.
The shipping-time information has a large size to a
certain degree because of the following reasons.
Consider a case in which the master key of the
system needs to be updated because the key is leaked to a
hacker. In this case, the type of system (or product) or
the like may be used as a unit of exclusion of a hacker
apparatus. Thus, in order to update the master key, a

large amount of information to a certain degree is

required as a bundle of key information for identifying
5



probl em of providing the sane depth to the groove and the enbossed pits.
Fromthis situation, there has been demanded a nethod of prerecording

shi pping-time informati on, which conpensates enbossed pits. SUMVARY OF THE
INVENTION It is thus an object of the present invention addressing the
probl ens descri bed above to provide a new disc recording nmedi um using an
appropriate prerecording technique to increase the storage capacity of the
disc 8 recordi ng mediumand to inprove the recordi ng and reproduction
performance of the disc recording nedium provide a disc-manufacturing

t hod f f i h i id i SC. drij f

Briving Che GRS RESHEENAC R BaonPhA}1C Aorl o £ aE AP LR [ Spd fom

repr oduci ng da%a frgn1the dis&gézﬁgkding nmedi um der to achi eve the
n

Ln or

obj ect descriB&8*BB6vVE™ tREVD PRiv FPHHa5?5%V83¥ agf&cSté&€or di ng
medi um i ncl udi ng: a recording/reg;oduption area, which first data can be
recorded onto and rEprddtetORr ot VB blobie RPOI LRI L ERY i of e tapanfe
recordi ng techni que and al ready recorded second data and, which second data
remai ns recoPded PRESCENGUFBpRASdaRednNI RS BY ddspt PBnaocfligcgisokak@dbbl i ng
techni que; and a reproduction-only area only allowing third data recorded
t herein by addjei eanstderatgrvoveétwdBbiinpgrtastntqueead butr &peroduced,
wherein: the first data is recorded by adoption of a first nodul ation
techni que anshhppiagfitise énformetirecwith bl békhstegereer of tkheusecynd dat a
is recorded by adoption of a second nodul ation technique; and the third
data i s recorfded hheadeptibbildaftyapblintdo¥ view. For this reason, disc

information and system information are stored repeatedly.

That is to say, the same data is recorded a plurality of

times. Naturally, the amount of the shipping-time

information cannot but increase.

Falsification of information must be avoided

because, if the system information used for excluding an

apparatus of a hacker as described above is not prevented

from being falsified, the system information does not

have a meaning. The function of the system information

cannot be executed unless falsification of the system

information is avoided effectively.

It is important for the shipping-time information

as a prerecorded information to satisfy the above

requirements. A recording technique suitable for the

shipping~time information is also demanded.

It is to be noted that, as a method for

prerecording the shipping-time information ontoc a disc, a
6



nodul ati on techni que and has a second error-correction block structure
based on the sanme correction codes as those of the first error-correction
bl ock structure. The first error-correction block includes a first frame
structure, a first sub-block structure including first error correction
codes and a second sub-bl ock structure including second error correction
codes. On the other hand, the second error-correction block includes a
second frane structure, a third sub-block structure including first error
correction codes and a fourth sub block structure including second error
correction c : addi Li .1.he d a LLd; da e
recor ded aIoggggnﬁ%ggl?gggsgggﬁgacﬁﬁggggg?nﬁggeaﬁge£ﬂghébéém%?t%ﬁ%?%épable
recordi ng techniqu dopted for recording the . first data.i.s.a recarding
techni que of recor aﬁg‘)‘g%ra% l%lh%n%% mar ‘gdoanrf% HRTECKS erJIgehrrec{netnesdlté% t he
wobbl i ng grogve describeg gbove. As ?n a&tgrnative, tge second data and the
third data afet?e@BFAed™dl bhG™a*RoBBItfiglgfbBie®Efehfta™i h*hQvance wher eas
the rewriting-capable recordi ng technjque adopted for recording the first
data is a reEBRatAGTEEEARr gheVEVFecbPEi RGPREGRETBLIGpPFERFCAEA kR 0Nt 0 a
track inplenmented as the wobbling groove described above. In addition, the
third data r Eeehaéguenhast RECPdemSr eproducti on-only area incl udes address
information. Furthernore, the recording density of the third data is nmade
| ess dense than thef 9rcepelfFgierhiste yrefordheand reeprzduce dnidbhtiengidiier of
correction codes in the first error-correction block is set at a nultiple
of m wher easdahe nntbeandf fromr evt Pphicededisn,t hegsecwadwithoa- soakécti on
block is set at n/fmtinmes the nunber of correction codes in the first
error-correctiepnhbieckegoirkdtl aTwatlee ptace chHumtdisc trenisBoondred by
error-correction block is also nfmtines a data-piece count in the first
error-correctreathbbackrwhepeveet ahdossbbsand pieachtdenet eameposinti beg
i nteger. Moreover, the recording density of the third data

using a stamper, it is extremely difficult to form the

grooves and the embossed pits with the depth of the
grooves made different from the depth of the embossed
pits. Thus, the depth of the grooves and the depth of the
embossed pits cannot help becoming equal to each other.

However, embossed pits with a small depth 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 reproduced from
an optical disc with a diameter of 12 cm and a cover
(substrate) thickness of 0.1 mm through an optical system
employing a laser diode generating a laser having a
wavelength of 405 nm and an objective lens with an NA of

0.85 by recording and reproducing phase change marks at a
7



is made | ess dense than the recording density of the first data, and the
nunber of first correction codes conposing a first sub-block is set at a
mul ti pl e of mwhereas the nunber of first correction codes conposing a
third sub-block is set at n/mtinmes the nunber of correction codes
conposing the first sub-block so that a data-piece count in the third
sub-block is also nfmtinmes a data-piece count in the first sub-block where
notations n and m each denote a positive integer. In addition, the nunber
of second correction codes conposing a second sub-block is set at a

mul tiple of e he, N o] [ odes conposi ng
a fourth sub?ﬁ?g%kp¥€8§e?§a§'g%py@?%%% %hzfﬁﬁg e&gé%fg%rggcgig% codes
conposi ng them gcgnd sub-bl ock so that a data-piece count in the fourth
sub- bl ock is"al 3o g/p times a data-piece count in second sub-bl ock where
notations p and q each _denote a pqsitive integer. In these cases,. the
integer mis a powd® gfiF aﬁ?f%'hetql%t%e Fhage MarkH o DI ock

| engths of the first error correction block and the second error-correction
bl ock are ea®RtSetl@tIREAIACTAl EEORhAL IFRRVE| GEROERR bR RR¥®rdled in a
circle of the track on the disc. Mreover, the nunber of frames in the
first error eBtFettsbaPdl @RktARAIiAe NUFHATHIT frarPnressharesEcond
error-correction block are each set at a value at |east about equal to a
dat a- pi ece co@h$esncahecdrbyrtheorhéghi denebtesof| khadehasenchange nunber of
frames in the first error-correction block and the nunmber of franmes in the
second errormavks ecttohs bfieskraglhe atgocraghebae grooune witvhl aedeptheaft
about equal to the sum of the nunber of first correction code words and the
nurr})e(rj of sesznsdadtcm regt bona cadetMoi fsth&Eurdhge mbr/a,3 t ke decandvHdmae
includes a 1

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 4/4.
After all, it is impossible to get a good solution to the
problem of providing the same depth to the grcove 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

It is thus an object of the present invention
addressing the problems described above to provide a new
disc recording medium using an appropriate prerecording

technique to increase the storage capacity of the disc
8



synchroni zation signal in data's portion corresponding to the third
sub- bl ock. The second frane al so i ncludes an address unit nunber in the
data's portion corresponding to the fourth sub-block. In addition, a frane
for linking is added to the first error-correction block as well as to the
second error-correction block. As an alternative, a frane for linking is
added to the first error-correction block but no frame for linking is added
to the second error-correction block. The first nodul ati on techni que

descri bed above is an RLL (1, 7) PP technique, the second nodul ation

techni que i s, gk, : é??%%ﬁfﬁﬁo@n&e@@niﬁﬁ@b@@dtﬁ@er%ﬂ%f?iﬁadyﬂétiOn t echni que

is a bi-phase nmo technique. I'n addition, IrSt nodul ation

t ochni . | ati . hi ,
the first anitreeur waat e shealihy Srenia hadtroREmkiY Spad g pp ©5°
techni que whereas. the gecqu nnﬂulgtion tecﬁ&igug is the NBE npdul ati on
techni que. O PriSeht It FHERt T B GHAH Y oUF T at AF SEARPFIE-AhpAY atis f or

recordi ng data and reproducing data, froma disc recordi pg, nmedi um i pcl udi ng:

g
a recor di ng/FEH oREIYHIE o eFLSAUTERVE | FRR2FAEES cEAF R + BERY dbiS ot 3 and
reproduced from by adoption of a 13, rewiting-capable or wite-once
recordi ng t SEPER QriBedipm ciS sBRbhd? 8lat ar PRFRFRC E kel rBeBle@cdhd i nto and
reproduced from by adoption of a groove-wobbling technique;, and a
reproduct i onceRrgdye teg ot 2 af Fo Blge tdise vatardeRdraedither ei n by
adoption of the groove-wobbling technique to be reproduced, wherein: the
first data is recorldedrsemdoptadniefe £He radt] amid detd b ace ahvivpue Eed has
a first error-correction block structure; the second data is recorded by
adopti on of presewndimvent honoproecdas guediandrecording 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 into 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 is recorded by adoption of a first
modulation technique and has a first error-correction
block structure;
the second data is recorded by adoption of a second

modulation technique; and

the third data is recorded by adoption of a third
9



the third data is recorded by adoption of a third nodul ati on techni que and
has a second error-correction block structure based on the sane correction
codes as those of the first error-correction block structure. Furthernore,
the disc drive apparatus has: head neans for radiating a | aser beamto a
track created as the groove and receiving a reflected beam signal; wobbling
extraction neans for extracting a signal representing the wobbling shape of
the track fromthe reflected beam signal; first data-signal extraction
nmeans for extracting a 14 signal representing the first data fromthe

refl ected beﬂg&éi%%%e%@&%gfqgé‘t 991‘1’5’9“&3«%]«%86%&‘3 §o£9509§5'9g%{3‘.“ ng the

si gnal representlng t rng s ape of e trac I'n a reproduction
operation c é% ru$ rec dg gA odugtloncgreg bé%the second
nmodul ation t ﬂ%lqu |rs %f% |on means toP"de 85I5§ing t he
signal representin g rst_data in a reproduct operation carried out
on the recorgpﬂﬁ?rgﬁr Hﬁc%fﬁﬁta?ﬁﬁpﬁyc?ﬁﬁegﬁ?g? ﬂ% Fa?FﬁHcFBEﬁnique third
dat a denodul ati on neans_for denodul ating, in a reproduction operation
carried out on the T¥priodirch iFF ISP EESEE 1AL G ghan s etes ehti g he
wobbl i ng shnge of the track by the third nodul ation techni que; error
correction nbEABefSETRAERYE ngd ofit TeEr BEbTREPekt FHRUPEBERSENAGUBABED on t he
error-correction codes on a nodul ation result output by the first data
denodul at i onfireanseandr acaprarhiponcedes | andus pgecondt Aubthiedkdat a
denodul ati on neans; and control neans for driving the second data
denpdul at i onsheanture taciydouy serond| etion peorestioy cadas. On the
recordi ng/ reproducti on operation perfornmed on the recording/reproduction
area, requesbthgrtheanédyrthe lSecond error-correction block includes 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.

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

As an alternative, the second data and the third
data are recorded along a wobbling groove created in
advance whereas the rewriting-capable recording technique
adopted for recording the first data is a recording
technique of recording magneto-optical marks onto a track

implemented as the wobbling groove described above.

In addition, the third data recorded onto the
10



correction means to carry out error-correction processing based on the
first error correction block in a recording/reproduction operation
performed on the recording/reproduction area, driving the third data
denodul ati on neans to carry out denodul ati on processing in a reproduction
operation perfornmed on the reproduction-only area, requesting the error
correction neans to carry out error-correction processing based on the
second error correction block in a reproduction operation perfornmed on the
reproduction-only area. In addition, the error correction neans is capable

of encoding f‘é‘ﬂr&'ﬁ&?@l&ﬂ—&ﬂfyf%féé SHEDLAEOT £ 8ELLON DLpSkpd i nding a first

frame structure, Irst sub-block structure conposed of first correction

codes and a secondobﬁ%gr%}{%%%&est réﬁd:é lireecocgg}l%f%n%jitsye%@({hc‘eorglhg%dngnacodes,

and capabl e of dec e second error correction-block Inc

second franme, structure, a.third sub-block structure. conposed of fifrst
correct i on cHAES ShRPoLPTR SRRl CERTSERtCl oy or Ehipotais brY s2tobit
correction codes, Moreover, the control ans drjves the head ans to neke
an access tof%ﬁ%trgﬁB?diﬁ@?rEg?OHH%P?Bnogfﬁ%rﬁ?CE??%c%?$%% +%d€§%ted by
address information extracted as the_second data and drjves_ the_ head neans
to make an aftESE EBTPRECPEPPOHLER| BhOBhI ¥Safdh &t & Tothipbh ab m

i ndi cated by address information included in the third data. In _addition,
the error-covheEeadntheanymearr PEsCOUFeEEioR €oHPRciP ORI ProR@RRENg by
setting the nunber of correction codes conposing the first error correction
bl ock at a marrpptecsteatind bPhechuibesedfatorfBctines chesnemhpbsphig t he
second error correction block at n/mtinmes the nunber of correction codes
conposi ng theofrestienr opdesr incthenfbkstkewherecootrattbos hlankd sPeach
denote a positive integer. Furthernore, the error-correction neans carries
out error cothattaodapaepessengobytseéht thg sbeondnberoofcodérretttonrecti on
codes conposing the first error correction block at a nultiple of m the
nunber of fipsbcroigseglkoNn¢mdesmesnpodang-phbecehcodnerinrther feeston

error-correction block where notations n and m each
denote a positive integer.

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

In addition, the number of second correction codes

composing a second sub-block is set at a multiple of p,
11



block at n/mtimes the nunber of correction codes conposing the first
error-correction block where notations n and m each denote a positive
i nteger, the nunmber of second correction codes conposing the second error
correction block at a multiple of p and the nunber of second correction
codes conposing the fourth error correction block at g/p tinmes the nunber
of correction codes conposing the second error-correction block where
notations p and q each denote a positive integer. 17 In these cases, the
integer mis a power of 2 and the integer nis 1. In addition, the
denodul ati on_pr Si S ried y m.ng_that, the first
nodul ati on tggﬁggégetggsgPpégé a osgg%ggaﬁgﬁﬁ%cf gn7f°BBSt§8ﬁﬁP§ﬁ3? fhe
second nodulgtiog tecpnkgue is_an ¥BK modul at.i on % chniﬁge and the third
modul ation t &OHAFGUEUPSPECHTE- pRasE “nBdulfaPi SATFECHAEGIEMCRE 8 al ternati ve,
requi red denodul ati ogn processing is,carried out by assumng that the first
modul ati on t ECRARGHEORs CPAESSSREPAS1PRe© ﬁiP&cﬁﬁeuﬁégrBﬁoFgcﬁﬂiaB@? As
anot her alternative, denodul ation processing is_carried out by assuming
that the firé&@tan@ierer gonbBdulat tbr fevmihqaed-hleckois BREOREIP(1, 7) PP
t echni que whereas the second nodul ati on technique is an MSK nodul ati on
t echni que. Thémgsesedatianpércieoncansoipr 6eicdas subeplodicwhenenet hod f or
reproduci ng data froma disc recording nmediumincluding: a
recor di ng/ r epetdtic¢bnenpared, quweech flensttedat poséthwer énteded.ont o and
reproduced from by adoption of a rewiting-capable or wite-once recording
techni que and, whi chnstltone cdateas | ebbe nsnteger dedis nd opawelr reprddawded from
by adoption of a groove-wobbling techni que; and 18 a reproduction-only
area only al lthei igtehierdndasalrecorded by adoption of the groove-wobbling
techni que to

Furthermore, the block lengths of the first error-

correction block and the second error-correction block
are each set at such a value that the block can be
recorded in a circle of the track on the disc.

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

In addition, 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.

Furthermore, the second frame includes a
12



be reproduced, wherein: the first data is recorded by adoption of a first
nodul ation technique and has a first error-correction block structure; the
second data is recorded by adoption of a second nodul ati on techni que; and
the third data is recorded by adoption of a third nodul ati on techni que and
has a second error-correction block structure based on the sanme correction
codes as those of the first error-correction block structure. Furthernore,
for a reproduction operation carried out on the recording/reproduction
area, the reproduction nethod is further provided with the steps of:

ca, is fur o
B S g R R A LY L

f the t k d, a. si i th irst data f h fl ected
Doam oi anar BB R FA IR RREES P Sl dihd L Sind Al T S o F o
h f th k by th d. | at.i t echni d [N

Goabsi v b oROaESEs b rERERa, tos thRT R RA: FoRoTkaoR ABRERaPRNRATTr he

extracted signal re resenting the first data by adoption of a denodul ation
t echni que cofFPekPBnBPREtRoSPREPEPFEL. nodul ation techni que used for
modul ating the signal representing the first data; and caré%ing out
error-correcti on prigt el tras el oraneef @F rbinking ekt i atdeddes ©iet he
first error correction block to reproduce the first data. In addition, for
a reproduct i 6hrspeearponcearecsdooublonkt he weptodactponhenkgcanda, the
reproduction nmethod is further provided with the steps of: radiating a
| aser beam tertbe-toac&ctient blloak.t he groove and receiving a reflected
beam signal ; extracting a signal representing the wobbling shape of the
track fromthe reflectad dbtemrsagirad, a frame for linking is added to

the first error—correction block but no frame for linking

is added to the second error-correction block.

The first modulation technique described above is
an RLL (1, 7) PP technique, the second modulation
technique is an MSK modulation technique and the third
modulation technique is a bi-phase modulation technique.

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

The present invention also provides a disc drive
apparatus for recording data and reproducing data from a
disc recording medium including:

a recording/reproduction area, which first data can

be recorded onto and reproduced from by adoption of a
13



denodul ati ng the extracted signal representing the wobbling shape of the
track by the third nodul ati on techni que; and carrying out error-correction
processi ng based on the. error-correction codes of the second error
correction block to reproduce the third data. In addition, for a
reproduction operation carried out on the recording/reproduction area, the
reproduction nmethod is further provided with the step of carrying out error
correction processing based on the first error 20 correction bl ock
including a first frame structure, a first sub-block structure conposed of

first correctifp; £00§Sc P8 Pe SEEORL: 8o RLOCKeSLEYELYT BERNPYSETaRE , SECON
correction codes whereas, for a reproduction operation carried out on the

repr oduct | oG ROLY ALEdna" BEcLePLAGYS! £ OO PRLEOYeLSnRUE HDET opROVI ded wi th

the step of carrying out error correction processing based on the second

error correction bl Encl udin nd.fra [uc third

sub- bl ock stFﬁgfﬂggggén%géﬁdg%fg??Pgﬁggogﬁe%tS%ﬂgﬁgdgégégéng fourth

sub- bl ock st£ucture cpn%oaed of second correction codes. Mreover, for a
reproduct i on“BpBFAEYSA 247 ried out on the recording/reproduction area, the

reproduction method is further, provided with the step of nmakin n access
to the recording/r SprFRIAIHHLHEL Y 2IR AT & %’a?%dtwcgocg?‘é%s
informati on extracted as the second data and, for a reproducti on operation
carried out BACPHEedcpheuaLRi BY- 8APHTAPRACTt KBer @pPOUACYPBRIABThod i s
further provided with the step of making an access to the reproduction-only
area at a | otachphavadteabedrppradureds Vhese#dti on included in the third
data. In addition, in the error correction processing, the nunber of
correction codes conposiimst rdatd riss recordedrbraadeptivwcki is Serstat a

mul tiple of mand the nunber 21 of correction codes conposing the second
error correcmpdnlation technique and has a first error-correction

block structure;

the second data is recorded by adoption of a second
modulation technique; and

the third data is recorded by adoption of a third
modulation technique and has a second error-correction
block structure based on the same correction codes as
those of the first error-correction block structure.

Furthermore, the disc drive apparatus has:

head means for radiating a laser beam to a track
created as the groove and receiving a reflected beam
signal;

wobbling extraction means for extracting a signal
representing the wobbling shape of the track from the
reflected beam signal;

first data-signal extraction means for extracting a
14



block is set at n/f/mtinmes the nunber of correction codes conposing the
first error-correction block where notations n and meach denote a positive
integer. Furthernore, in the error correction processing, the nunber of
first correction codes conposing the first error correction block is set at
a multiple of m the nunber of first correction codes conposing the third
error correction block is set at n/mtines 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
e second S1ghaFOLLEFLIORBhOCknL SeSEL: Mok MY Al Ao pr A4 N MuDET
of second correct1on TodeS conposi ng e fourth 'error correction block is
set at g/p tines the nfnber of correction codes conposing the second error
correction bPORR %hEP2notations p and q each denote a positive integer. In

t hese cases, the integer i.s a power, of, 2 and the integer is 1l 1In
addi tion, the denpAASHAbMFro A% B reoas AT BETRCAMATES R ¢ he
first nodul ation techni que described above is an RLL (1, 7) PP technique,
the second ndHUPati BAPTeERRFHEE TRe HPRBKMHIIERE if tEthnt iRk all 22 the
third nodul ation technique is a bi-phase nodul ation technique. As an
al ternative, repgedveticenpleration proekediogtienceiei ed out by assumi ng
that the first nodul ation technique is the sane as the third nodul ation
t echni que. Aseanpiieg/n¢predaciven aeeadey athenserondgsddglasiearri ed out
by assuming that the first and third nodul ati on techni ques are both the RLL
(1, 7) PP tetaohguguwhereas the second nodul ati on technique is an MSK
nodul ati on technique. In accordance with the present invention, on a disc
of the wite-once- stinrsageiaapaianoditlytd oo meeatiss Coaf ddmedudwartitraplthe ype,
shi pping-time informati on (prerecorded information) is recorded as the
third data byigndbl tegrésenting the first data in a reproduction
operation carried out on the recording/reproduction area
by the first modulation technique;
third data demodulation means for demodulating, in
a reproduction operation carried out on the reproduction-
only area, the signal representing the wobbling shape of
the track by the third modulation technique;
error correction means for carrying out error-
correction processing based on the error-correction codes
on a modulation result output by the first data
demodulation means and a modulation result output by the
third data demodulation means; and
control means for driving the second data
demodulation means to carry out demodulation processing

in a recording/reproduction operation performed on the

recording/reproduction area, requesting the error
15



groove. In processing to store the prerecorded data, the recording density
(and the recording technique as well as the nodul ati on techni que) are nade
| ess dense. In addition, error correction codes are used by adoption of the
sanme technique as that for wite-once-type data or rewitabl e-type data,
which is handled as the first data. The amobunt of data per error correction
bl ock is also reduced to, for exanple, 1/m As a technique to record the
first data (or user data) onto the recording/reproduction area, there is 23
provi ded a phase-change recordi ng techni que or a nagneto optical recording

techni que. 18othectabrntedy! £60:8t,0 ghiecashbPRLOG LIPS 408 05 are

to be taken into consideration, treatnent as reproductron- ta Treated
by using a s{a r is es'ra% e since, in this case,.it_is not necessary to
Pecord data BECCReRnFBS: RUEFngt A crrbrronicn BhTes S "n addition. in
a process to reco&d gre-addres .infornat%on (ADIE% asdthe gecond data, the
groove i s wobBFREIHHI{(EFRECHBC PR, ORATECIPR PRETREERI 0?1 athRcor ded di sc of
t he wwite-once/remqit?ble téﬁe .pits are al so, not used |n_the shipping-tine
i nfor mati on §8CPRALNG/ FEREP ﬁElgPo€E§§'c§F+YéHgoE?eb§th%U#?H@ the groove
is desirable. The shipping-time information recorded as the third data has
a necessary PeBPARIJLHPRIBRAAE FPORRYTRYtOBE €ABOPRLE2 BHAR RECTHIDIMAL I ONn
used as the second data. That is to say, for the pre-address information
recorded as iheaseepndddationt peeratbedi pgriernsedyonayhee | ow and a | ow
error rate that can be assured by interpol ative protection or the like is
accept abl e. frepadducibon-ohlyharsacondqdashing theoededri porhection
recordi ng/ reproduction area as a groove wobbling shape, the first data is
super posed omedhe toackriyppbetrearedrbyoRdectibe groo¥ssing based on

the second error correction block in a reproduction

operation performed on the reproduction-only area.

In addition, the error correction means is 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 drives 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



On the other hand, the shipping-tine information can be recorded as the
third data at a recording density lower than that for the first data. If
the read tinme is to be taken into consideration, however, a recording
density about the same as that of the second data (that is, the pre-address
information) will not work. In addition, an error rate not exceeding that
of the first data is demanded. Furthernore, since the reproduction only
area for storing the shipping-tine information is an area created by using
a stanper, that is, an area containing data recorded as a groove wobbling

shape, addresgqi pkPEBL{ 08q48s Be1h RGLMEeoh Ni hBELGBEPPANERET FR: L4f Or mation
so that superposition on the pre-address infornmation is not required. It is

thus possiblg,t9 have a nodul ation technique for the third data (that is,
the shipping-trme information) different fromthat for the second data (or

the ADIP) . Consi deJ; a aalse.ci) n ieche trhoe 1 hirrd c%aé)a i S recor drerd. ebg/ O\Aotbbl i ng
a groove. In a reco rﬂiahcg p?lbc ssocartied out rb‘?/ %Irﬁ"%adia &OOJX/e, i'h
general, the mobblin? anglitude is spall. _and gge S/Fh Siﬂnal-to-hbise)
ratio of the®5FghafCFEeHboP™ BECCCRBH INPYE FEEEORY oPtBPet o°hssure
reliability of the third data éor t he shigpin -tinme information), it is
i nportant t oCPEUEEEIPReCPERSr APRECTLREI Eht BLESTaPHECRUERTERGFFRR t han t hat
of the first data. In addition, the first data includes a relatively |arge
error correcPlefkbpbck PBttiPLpcPfymspraktng, numberapfvePyreaE§entirst
error correction block) including error correction codes, which are great
i n nunber freafieRecemporingr £bet FOACRABI Err9randrredthdankyopbi atsndn vi ew,
and conpleting a deep interleaving process. By taking effects of dust and
injuries on theedi thei nuobeonsfdepareohiononedes, composéngt hhef fihetfirst
error correction block is set as |large a value as possible

error~correction block where notations n and m each

denote a positive integer.

Furthermore, the error-correction means carries out

error correction 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.

17



provided that the value is within 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 is
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 val ue that
the bl ock can be recorded w thout exceeding a 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 length of the first data is set at a

val ue different frofp tfif KECONLE! e COLY +op Nl ogliog‘@@lgtglfoj dde third
data. Furthernore, the error correction codes of the third-data are made

the same as £H§ngHEE stneﬁgoi_correction codes of the first data, which
are great in nunber fromthe error-correction-ability and redundancy points

of view Since it i i+ abl many. rection codes as
pi eces of data in t%’e raﬁéefggsg%}?%t%%#%¥%@e?$%#g%%ﬁ%c slco(%algrold%(g, t he
data piece coupt..in_a_frane | about _equal ;to.or smaller than the
number of in?%?l%%v%%?u?ﬁﬁg %éég?ggengﬁﬁgF %?8858g§9nT§ﬁ§Lnégu?he si ze of
the first error correctjon block i different fromthe size of the
second errordﬁﬁ?Fé%?goﬁbBVSCk? ?Heﬁpgggi' %Su%FuFECEHéHB@S.tﬁﬁ fRECRYse of
the first data, the first error correction blaock includes merror
correction cBaddlathen FRENBIIBE of BReMEKrBPAEbRELERI SACHPRAERS PBR the
first data and the third data are changed to acconpany reduction of the

recordi ng deRBet yhéFdtRedvhpEdonatachnhguseésnd birphaser redpiafipPock for

the third data is constructed fromn/merror correction codes. 27
technique.

As an alternative, required demodulation processing
is carried out by assuming that the first modulation
technique is the same as the third modulation technique.

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

The present invention also provides a reproduction
method for reproducing data from a disc recording medium
including:

a recording/reproduction area, which first data to
be recorded onto and reproduced from by adoption of a
rewriting-capable or write-once recording technique and,
which second data remains recorded into and reproduced

from by adoption of a groove-wobbling technigue; and
18



In this case, it is desirable to set an effective data-pi ece count of the
first error correction block at a multiple of a power of 2 such as a

mul tiple of 2,048 bytes. In addition, it is also desirable to set an

ef fecti ve-data-piece count of the second error correction block for the
third data at a multiple of a power of 2 such as a multiple of 2,048 bytes.
If an EDC (Error Detection Code) or the like is added, the

ef fecti ve-dat a-pi ece count nay becone a value different froma power of 2
in sone cases. In order to have both an effective-data-piece count of the

first error correctd orept ke @ivh-adh Bf faedd ventata phecey conitd cddathe
second error correction block equal to a nultiple of a power of 2, it is

necessary torggbrhBg ¥g! HSoBEiHhanatHQ“ﬁEoQ{rezwéﬁbi‘@hb- tEURhRgLEDES, if
both the effective-data-piece count of the first error "correction block and

the effective_d -Ri co the second error correction block are
equal to a pgﬁeggﬁfgggggﬁétwﬁéfgﬁ?'n = 1, accesses to data can be made with

ease. If the frame structure of the third da that is. th hipping-tinme
CRformationy is chanded th EHE 53 ar Mo i g TR T oo b [That 1o,

the user data he. 28 .to inseri_a synchronization signal, a DC
contror si gndPupontins toellihls 888) hafled) REPFRREEEPEC R ARGRLORS el 1. 11
t he case of Ege hird data, it is not necessary to consider superposition
of the secon8l85€aSEFHSEUFE; the pre-address information) as is the case
with the first data. In addition, a recording density as high as that of
the first data is aF® #RECPLMAArRIS FRCIFRE hraadrRtier sPhpt eSeveifat i on
nmet hod can be adopted as the nodul ati on technique of the third data. If the
condi ti ons daeduilpsdoabseehadanst arflst, on the other hand, the sane
nodul ati on nethod as that of the first data can be adopted as the

modul ati on techni quehefthhedtdital datrecSided bheaddprbdoniart 2etbivéd as a

groove wobbling shape is formed in advance by using a stanper, address
modulation technique and has a second error-correction

block structure based on the same correction codes as
those of the first error-correction block structure.

Furthermore, for a reproduction operation carried
out on the recording/reproduction area, the reproduction
method is further provided with the steps of:

radiating a laser beam to a track created as the
groove and receiving a reflected beam signal;

extracting a signal representing the wobbling shape
of the track and a signal representing the first data
from the reflected beam signal;

demodulating the extracted signal representing the
wobbling shape of the track by the second modulation
technique and carrying a decoding process to produce

address information;
19



information can be recorded too at the sanme tine so that the disc drive
apparatus is capable of making an access by using the address information.
In this case, a sync pattern and a sync |ID are provided on a portion of the
frame of the third data while an address unit nunber is provided on a
certain portion of the frame. Since pre-address information is recorded in
the 29 recordi ng/ reproduction area in advance as the second data, an
access can actually be nade even if only a m ninum sync pattern exists.
Nevert hel ess, the sync pattern, the sync ID and the address unit nunber do

not cause a probl era@veiuldtidieyead epradded. s ighaaddiddr@bendinge thke first
data is data to be rewitten, franmes typically referred to as run-in and

run-out fra”F§r§E_ed£1€9Ub¥reQd6§§P§ﬁt!)feileérﬂocﬁtﬁPé?{i@rfx B0chPehidd a cluster
serving as a rewite unit. The run-in and run-out frames are used for

i nki ng. For%%@gpésndiﬂﬁ EH”thgogifE‘é‘ Jné‘d&ié’»?io&f%é‘cﬁr?&g&%/%% upser

i ncl udes an peration area aser power control, ern for
PLL | eadi ng-j ne ttern for_synchropizatjon Leadjing-in and.a gap
area betmeen%gﬂgfgg%%?f?@ecgﬁg?%r ah rgs%?gé?%rk?%ntﬁ{%¢ég§{%fé%@%ing t he
specific cluster. On the other hand, the run-out frane typically includes a
post - anbl e patt er n G AP SETE HFIE Cﬁ’erprcf’értee?silé%r g’@&%jec?nont o the
reproduction-only area, which,is usgd for recording the third data,

however, thetABCCEFRE CPRECHEHCORr E3IGRIOT hERFi kBT SF S FHPL r €EFFEELO% n
addition, since a data series including synchronization information and
addr ess i nf oPhaEkoROi EeEFedred EBAt f4tohsP§tBy using a stanper, the VFO
pattern for PLL leading-in is also not required 30 either. Thus, even

wi t hout the run-in ¥t @RA1%keme 53 ch ARG, OTs yaRgHadHiomatdadir isgsed on

frame nunbers and even address synchroni zati on can be established.
out on the reproduction-only area, the reproduction

method is further provided with the steps of:

radiating a laser beam to the track created as the
groove and receiving a reflected beam signal;

extracting a signal representing the wobbling shape
of the track from the reflected beam signal;

demodulating the extracted signal representing the
wobbling shape of the track by the third modulation
technique; and

carrying out error-correction processing based on
the. error-correction codes of the second error correction
block to reproduce the third data.

In addition, for a reproduction operation carried
out on the recording/reproduction area, the reproduction
method is further provided with the step of carrying out

error correction processing based on the first error
20



In addition, since the followng cluster also starts imediately, the data
series is continuous and a post-anble, that is, a run-out frane, is not
required either. Thus, in the case of the third data recorded in the
reproduction-only area, the linking frames known as the run-in and run-out
frames can be~elimnated. As is conprehensible fromthe description

descri bed above, in accordance with the present invention, with a recording
techni que, a nodul ation technique and a recording density optinmumy applied
to the first data, the second data and the third data as they are, it is

possi bl e to tHPLESENEn WL 1 ROCEALNPEa OF i FEW FL ARl estyRerdisc daving a
| arge capacity for recording user data as the first data and properly

record shi pp}ff‘ﬂéfcii’?ﬂ%lﬁi&éﬂ%%%?cf@@féﬂﬁ%{xﬁésé@iéﬁ Eﬂﬁ dbptedsi b9 say, the

present invention Its an ect t it is possible’to record a proper

amount of thj at a.seryi S.PLE rd i I ' th
shipping-tin%égﬁgo%ﬁ%tgo%é€%%§ %Q%ﬁ%fggﬁ ?gf%$%€5%8%9§§?gé%s gj%%ﬁP?ﬁgh
reliability. 31 tn addi%ion, ip t he fase of the diéc $rovided.q¥ t he

i nvention, tRRTEFFELTY oRCURY | BRI ARA ctPEuT t EERAPIOTBHOT nORFE W ¥ dri ve
apparatus is small .so that a?si£§$e%$onfi uratjon can be realized w thout

i ncurring anSFREFEAsRUTF OB okRe PREUFELPR- Rt Bi #rR hetBfesent inventi on
exhibits the following effects. The first data and the third data share the
same error chPPERENGRIGDIBILhIRUsS FRELRET sPrawidednttthethfi$EERIRE can be
subj ected to an ECC process carried out by common hardware allow ng the
cost of the ERBEYHRYveUBpPEFAF USCTBeBElPBVRERECARENY HRa2oRAf PRyUEREI on of the
apparatus to be sinplified. Furthernore, the first data has a first error
correction bfeechndtevreureonheteiomeblockdinatudbhag 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 recording/reproduction area, the reproduction
method is further provided with the step of making an
access to the recording/reproduction area at a location
indicated by address information extracted as the second
data and, for a reproduction operation carried out on the
reproduction-only area, the reproduction method is
further provided with the step of 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 is set at a multiple of m and the number
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second error correction block structure. That is to say, the first data and
the third data have their respective proper error correction block
structures. In particular, the recording density of the third data is nade
| ess dense than the recording density of the first data, and the nunber of
correction codes in the first error-correction block is set at a nultiple
of m whereas the nunber of correction codes in the second error-correction
block is set at nfmtinmes the nunber of 32 correction codes in the first
error-correction block, and the nunber of data in the second

error - corr ect £ 08 PLacki b S64ed! cBAPbStAESLADCS BUFHET o P ol gr koot gn fi I st
error-correction block, so that not only do the first data and the third

data have th815c£e§Qe§é£V§tpﬁ?ﬂe£1ﬁé§°Eh8°ﬁﬁﬁB %ngb£89§e8£{8ﬁt86§és but

the error COI‘I‘EC'[IOI’I structures are al so amsna e to error correction

pr ocessi ng. gyen i f [.S cory j.on bl ock includes a
first frame g$m§ %?ff%g suﬁ?% & géé % Onclﬂgln% first error

t d LDC and b-bl ock st ruct | udi
second ;?Po?%ﬁ%i%‘ﬁ% oﬁs%@% “gaeh igng?% Anpp e EhEe SLEEROREr or -corr et on

bl ock includes a second frane structure, a third sub-block structure
including first er o TS ont Tt odts LRI LOTIKEHRP PIWRRTHDb- bl ock
structure including second error correction codes such as BIS, the first
data and thetPfi RUTRRF 205 b ESEhEOEBRABLEPROFORS r eerPRRiRGERS BhESEN
addition, the first data and the third data have their respective proper
error correcﬁrﬁﬁrb¢@€R%CtP%FtPéQFhrF? seh 8hi 3 waskiriaecfeorthag density
of the third data is nade | ess dense than the recording density of the
first data, rWebeunbérfofstiegrreorient toAeg3compogéngcbthpothihyda first
sub block is set at a nultiple of

error correction block is 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 is set at a multiple of
p and the number of second correction codes composing the
fourth error correction block is 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 is a power of 2 and
the integer n is 1.

In addition, the demodulation processing is carried
out by assuming that the first modulation technique
described above is an RLL (1, 7) PP technique, the second

modulation technique is an MSK modulation technique and
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m whereas the nunber of first correction codes conposing a third sub-bl ock
is set at nfmtines 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 is set at a multiple of p, whereas the nunber of second
correction codes conposing a fourth sub block is set at g/p tines the
nunber of correction codes conposi ng the second sub-block so that not only
do the first data and the third data have their respective proper error
correction block structures, but the error correction structures are also
amenabl e to error correction processing. In these cases, the_optimm val ues
of the integefl® ntahed Mefel at e T RS ahtl drivt TRIMPR MBI 2t W eover
the reproduction-only area is used as an area for recording the third data
by groove wobb®¢hidue. is thus no | onger necessary to record the third data
by using enbossed pits. Then, since it is not necessary to create enbossed
pits, the depth of tHse agr edvercatilye ,r aduced.edlidendeptilatdfort Ipe opese@iaaan
be set at a value optinmum for a high recording density w thout taking the
reproducti on thadact ped sduc bwfadhenenpossed fhd SEFirdo modsigerati on. Thus,
it is possible to provide a groove 34 proper for a high recording
density. In agsihnDiue i1k tige didte M3 ehapparad Usodu et 1dn reedlad Bggan be
reproduced by using the sanme wobbl e-channel reproduction system as the

second data or the AR Br2AWS S 1itiiakicon d RRRARMGIHOH cddia ddiid data
means extraction of information on the wobbling shape of the groove al ong

which the thigg-#8i@ 4ot rgﬁ%%i@rwﬁ &, £Shdceatder £6@r ding density
of the third data recorded as the wobbling shape of the groove can be nade

| ess dense tﬁ?ﬁﬁ%gﬁqg&mmig% Oéott.}fﬂetﬁé rﬁLdﬁ 9,7)thlgepthi rd data can

be reproduce quality even though 1ts SNR is poor due to the fact

that the thi i dglfls bR CaTk AeloN @IS A 0Lk 8] SR echRIGEV L. 4fte third

data i s recor

MSK modulation technigue.

In accordance with 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) is 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) are made less dense. In
addition, error correction codes are used'by adoption of
the same technique as that for write-once-—-type data or
rewritable-type data, which is handled as the first data.
The amount of data per error correction block is also
reduced to, for example, 1/m.

As a technique to record the first data (or user

data) onto the recording/reproduction area, there is
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conpl eting a bi-phase nodul ati on process such as the FM code nodul ati on
process. Thus, the signal can be treated as a narrow band signal, allow ng
the SNR to be inproved. In addition, the PLL and detection circuits can
each be designed as sinple hardware. As an alternative, the third data is
nodul at ed by adoption of the sane technique as the first data. Even in this
case, a common denodul ation circuit configuration can be shared between the
first data and the third data so that the disc drive apparatus can be
simplified. 35 Furthernore, the third data includes address information.

Thus, the di?&o@&ﬁé@ appahatusnhsgeapabhbea9hgPtapghk yuaeki-ng ﬁ8§E§§85 to
the reproduction-only area and appropriately carrying out operations to

reproduce datgakrgm the raprAducthaf+aRl Y area on the basis of the
addr esses inc?u%eg in the thgrg Satag BRI EF DESCRI PTI ON OF THE DRAW NGS

Figs. A and 1B arelgxpﬁgnf%gé%n?éggifﬁi g@cg g?gg%gg%ﬁégﬁgq%ﬁngrggﬁed on a

di sc i npl enent ed by an enbodi presen g, is an
I t ' howi fi ti, .th ti di
ol oment o4 55 R EnBod! hEnEe ERBER” 3AtRnd° a8 dPeSes B ansPoryTaN hoftms

each showing a wo bling t echni u% adopt ed fgr a groove created, on the disc

i npl ement ed BYPEREVELBEH RBAY; CBL. CXepEednP¥xBFARLt Br § LAMREFabFshowi ng ECC
bl ock and data frapes structures recorded as phase change marks in the
embodi ment ; PP§drabAet §i5ecaxélekPianstsry difradfaRftsREBGRPA§AEYCEBI ock
structures recorded as phase change marks in the enbodinment; Fig. 6 is an
expl anat ory dP&§rdnfsdkewPhgtierReBigpingriane infasmatéonf aphibérdhange

mar ks in thedenbodinent; Figs. 7TAto 7C are explanatory di agrans showi ng a
ata.

In addition, in a process to record pre—address
information (ADIP) as the second data, the groove is
wobbled by using no pits. Thus, in the case of a recorded
disc of the write-once/rewritable type, pits are also not
used in the shipping-time information so that a recording
process carried out by wobbling the groove is 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 is 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 is acceptable. 1In
addition, if the second data is recorded in the
recording/reproduction area as a groove wobbling shape,

the first data is superposed on the track implemented by
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techni que of nodul ating ADIP information in the enbodi nent; Figs. 8A and 8B
are explanatory di agrans showi ng of address blocks in a RUB in the

enbodi ment; Figs. 9A and 9B are expl anatory di agrams showi hg a sync part in
t he enbodi nent; Figs. 10A to 10E are explanatory di agrans show ng sync bit
patterns in the enbodinment; Figs. 11A to 11B are explanatory diagrans
showi ng a data part in the enbodi nent; Figs. 12A to 12C are expl anatory

di agrams showing ADIP bit patterns in the enbodinent; Fig. 13 is an

expl anatory di agram showi ng the ECC structure of ADIP information in the
enbodi nent; Eigs rgé@ to 14K are expl anatory di agrans showi ng a net hod of
nodul ati ng prerecor g'infornation in the enbodiment; Fig. 15 is an

expl anat ory di agran&&h N9 20, EhC%é)l o] ;h}i%%r_ scor de ded | n%or ma{n on and

data frames of the enb msnt fe expljana?orPy dOagr ans
show ng ECC bloc structﬁrgs of rer cor,ded. i nf rnatlon i,n ﬁﬁ

enbodi nent ; ERF. PE7ERECARCEXBEak FoFglapa§F§ﬁ1§ oﬁﬁﬁ&CPﬁgnga n§iFcture
of a cluster of prerecorded information in the enbodi ment; %ﬁml8 is an

expl anatory &P¥§rafméRoRfRy £RE FRENEILPrubRtPe of f atle seag dr¥f ecor ded
information in the enbodinent; Fig. 19 is an_explanatory di agram used for

descri bi ng atPr Bees3akes 4BHPeFPNELE8TATIORN e BOBEVER  LBCTSGRIBABEK in t he
embodi ment; Fig. 20 is an explanatory diagramused for describing a process
to convert adgasityepbeytothgnseme ggbibréckfi fheneespbdddadat (thRg. 21 is

an expl anatory diagram used for describing a process to convert a data
seri es of aniebCthe pre—address information) will not work. In

addition, an error rate not exceeding that of the first
data is demanded. Furthermore, since the reproduction-
only area for storing the shipping-time information is 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 is recorded
by wobbling a groove. In a recording process carried out
by wobbling a groove, in general, the wobbling amplitude
is small and the S/N (Signal-to-Noise) ratio of the

signal is poor.
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sub-bl ock in the enbodi nent; Figs. 22A and 22B are expl anatory di agrans
showi ng the configuration of a BIS sub-block in the enbodinent; Fig. 23 is
an expl anatory diagram used for describing a process to convert a data
series of a BIS sub-block in the enbodinent; Fig. 24 is an explanatory

di agram used for describing a process to convert a data series of a BIS
sub- bl ock in the enbodi nent; 38 Fig. 25 is an explanatory di agram used
far describing a process to convert a data series of a BI'S sub-block in the
enbodi ment; Fig. 26 is an explanatory diagram used for describing the frame

structure, which iSF&PrEﬂfgzgé%seme“ix@;cde@E LG @'é%&ﬁ%ﬁ%%&%

recorded onto a disc; Fig. I's an explanatory diagrams

bl ock of [ ' . . [ t; Fig. 28
s an expl ankier 7at dorarsnon aac AL PP and- SRaCEnr R r B8 ot ey 5t
prerecorded information i odi nent ;

n the e LFlLg., 29.1s an explanator
G 201 am showtRECFRANFr Be SHIGeL IFS. Grearet 08 aphat i SPeforalte: AP mat i on
in the enbodi ne &; Fig. 30 is an I natoré di agram showi ng frane
synchronizat?@ﬁi &F ﬁgéPeEBﬁﬁea iﬁ?gr%éfﬁan Rhethe enbodinent; Fig. 31 is
an expl anatory diagram showi ng a | ayout of frang synchronizations of

prerecorded i nfor maif orddhtior, Hbdof Heht : daty. imelydes 3Rl B ERFam

showi ng a typical configuration of a disc drive apparatus grovided by the
enbodi ment; 38rge error correction block (or strictly speaking, a

relatively large first error correction block) including
error correction codes, which are 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 is set as large a value as possible
provided that the value is 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 is considered in the
same way as the first data. That 1is 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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Fig. 33 is a block diagram show ng a typical configuration of a wobble
circuit enployed in the disc drive apparatus provided by the enbodi nent;
and Fig. 34 is a block diagram showi ng a typical configuration of a cutting
apparatus for manufacturing the disc inplenmented by the enbodi nent.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Next, an optical disc

i npl emented by an enbodi nent of the present invention, a disc drive
apparatus (or a recording/reproduction apparatus) for the optical disc, and
a met hod of manufacturing the optical disc are explained in paragraphs

arranged i”.BPEBEdfé?éPR“QFb@hQ“&iI%@Rﬁgtgcﬁé Q%ﬁg%% '9Qfg£6d by the

enbodi nent i s known pically as a ta & ecording) disc and
bel ongs to a,c te or f discs devel gped_in recent, year 1 gwervieM/of an
Enbodi nent | pFERERET nb- QT DVEE DPSEOPROGF BB B RECERUCREPEH S5 @HDsi cal
Characteristig¢gs, of ﬁge §j$0 3. ECC Block Structure of User Data 4. ADI P
Addr esses 5. °Pr EP8cHPUEd FAFBr mati on (Shi pping-Time I nformation) 6. Disc
Drive Apparatus 40 7. Di sc-Manufacturing Method 8. Modified Versions 1.
Overvi ew of an EmbddiHgRTINT enehf | $iof &F DX IS S P KA dy & 1 nvention
First of all, the follow ng description shows how technical words used in
clai s of thehprds@éatai aventpren hhe 83%6cpat EHeWNRRer@BANREBPTWor ds used in
expl anation of an embodi ment inplenenting a DVR system It is needless to
say that thecataarhgsnotodae eéchhechlirabrdstasedhiaht Arecyueat bh t he
present invention are not limted to the neanings of the technical words
used in the supbanafrom bhet herenmbodrnentioktebiliayaandedednndanacys
corresponds to user data
points of view.
Since it is 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 is 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 is 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 includes 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 is

constructed from n/m error correction codes.
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used in the explanation of the enbodi nent. The user data is nmain data
serving as a principle object of recording and reproduction. The user data
is recorded in a recording/reproduction area as phase change marks. Second
data used in clainms corresponds to an ADI P used in the explanation of the
~enbodi nent. The ADIP is pre-address information recorded in the form of
groove wobbling in a recording/reproduction area. Third data used in clains
corresponds to shipping tinme information used in the explanation of the
enbodi ment. The shipping-tinme information is prerecorded 41 i nformation

recorded in the foryp ofnQf QQME WORbliNGddt A9 & 8y QAUCH PN Ofl - FRa. A

first nmodul ati on technique used in clains corresponds to an RLL (1, 7) PP

first ! e used in . (17
Lochni quo usga trPEPEr nedell ot Eng rHOFLTENRY etk r ot BR PR AR Gt hecd i n

t he expl anat] of . t he_enbodi nent thiyd_ podul atj on. techniq used in
cl ai ns correlgggﬁﬁ%l?oog iP%‘ﬂ%geoFm u’f‘é‘frilo%st%crﬂﬁjﬁh%l%s% ?hH?%e

expl anation of the enbodi nent. A correction code used in clainms corresponds
to an LDC (L3%Ge® stance Code) and a BI'S (Burst Indicating Sub code) used
in the explanation of the enbodinment. A f~.rst correction code used in

cl ai ms corresponds 1 dHE KR ( Lohg DidiShdeGgidle w0 &P correction
code used in clains corresponds to the BIS. An error correction block used
in claims cofféepbhus—datanPEees bForkt uf nEhe DEeaed BPSras destefbeenin t he
expl anation of the enbodinent. First and Third sub-bl ocks used in clains
correspond tblagkorsthebtbikdudetai attacnekpiphat pbnacpovae efbddi nent .

42
such as a multiple of 2,048 bytes.

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 is 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 is, 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) is changed to the frame

structure of the first data (that is, the user data), the
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Second and forth sub-bl ocks used in clains correspond to a BI S sub-bl ock
used in the explanation of the enbodinent. A data bl ock of user data
recorded in a DVR di sc as phase-change marks includes a sub-bl ock 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 al so be
included as part of the addition & control information. In order to assure
the ability {9y COETELLePET QN Syhbntbei £OE1EL éiﬂ%@apl ogkpc eEsREr&Pr rection
codes required for the sub-blocks are used. Details of this matter will be

descri bed | af ggna ThAL, T 80l 0s62Ya1 104 GbE) Uses CALa1sp0 LIS, subsblock i

created to incfude each used as an error correction cod he user

control data on ife other hand, a BIS sub-block is created to include BTS
as well, . ;
each used as"an érror correction code. A data frane is created to conpress

pi eces of data for itghh acnasLDCfSL%-ebl c.kroflrgj X BI SC siub- t%ltoclgcaerses creat ed,
Since it is undesirable%4ppI as - hany & G-~ CortectiGiT Eodeds as
pieces of daja in a-data frane foé,mhicp ﬁgc and Bl S sub-zlocks.containing
the error col?eCPRohdehdRUPEFRORT ELPRAOT ¢ HRe dSESORT el obMt2Fntf he data
frame is made about equal to or smaller than ,a sumof interleave counts of
the error cobh@echFoncedness otnEoEmAtsPRLod® tHuRRS. cByet bt akRet oken, a
data bl ock of shipping-time information includes a sub-block of prerecorded
data and a sEbrdrodataf preradbirtdan contiestorsbing dans irerasc dHidRY afata i s
actual data prerecorded as shipping-tine information. On the other hand,
t he prerecorteatcohtthbe Biratidabadisi ahs& eoht reiuinedr ndtdrthwss ecor ded
for the shipping-tinme information. In order to assure the ability to
correct errorsasemsheaestipbedavdubabehn metbedcorncbei afopbedsasetuéred
modulation technique of the third data.

If the conditions described above do 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 is formed in advance by using a stamper, address
information can be recorded too at the same time so that
the disc drive apparatus is capable of making an access
by using the address information.

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

portion of the frame.

Since pre-address information is recorded in the
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for the sub-blocks are used. That is to say, in this enbodi nent, for the
actual data prerecorded as shipping tine information, an LDC sub-block is
created to include LDC each used as an error correction code. For the
prerecorded control data, on the other hand, a BIS sub block is created to
i nclude BI'S each used as an error correction code. Also in the case of a

bl ock of the shipping-tine information, a data frame is created to conpress
pi eces 44 of data for which an LDC sub-bl ock and a BI S sub-bl ock are
created. In addition, the data-piece count in the data franme i s nmade about
equal to or srmatbedihhAneprsdnroionnbeebedneadoanice efs ttiee eseawndadaesf i on
codes or a sumof code counts. In a few words, the sub-bl ocks of actua

data share thgnsagee€sr eancactesllonbeodede gask! ¥£ bheylLBGninegandl ess of
whet her the actual data is user data or prerecorded data On the ot her

hand, the subspheqsateéradektsea & NS Fit e 1Y O N d a5 Hrddre, saime error
correction codes, nanely, the BI'S, wthout regard to ether the addition &

control 'nforggﬁboﬁo'§nH5%BeCQHB£QEsd@ﬁﬁtoﬁuﬁﬁéfe&8r98€ gqpteoh data. In
accordance with this technique, an actual-data sub-block in a block of user

data incl udes,m L PG eLien ggegﬁgg QE %98§1 é an attenpt to nmake the size

of a block of“data prerecor ing information different fromthe

size of a block of uger, gﬁ@lddrﬁ) asCCrP aﬂ%’e reduct i on of ;¢ a{aecggcggtg

density of the data prerecorded. as s ppi ng-t1fre 1 nf ormat1 on,

act ual - dat a sub- bl ock |nf bIoc% recorded gaéa LS created t i ncl ude
I Lbe ar cor et SEenontEated rﬁltﬁiiycaséerr? T£9488; FUBT &5t et 't he
effective data ece count of the actual -data sub- b&ock |? a blogk of
o dars ot BuRnRE o EBEs ot rtnErant Lot etarehLvaLy Kn' Brdn?! 88 ad

behind a cluster serving as a rewrite unit. The run-in
and run-out frames are used for linking. For example, the
run-in frame in front of a specific cluster includes 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 includes a
post-amble pattern and a gap area.

Since no other data is recorded onto the
reproduction—-only area, which is used for recording the
third data, however, the APC area, the gap area and the
like are not required. In addition, since a data series
including synchronization information and address
information is created contiguously by using a stamper,

the VFO pattern for PLL leading-in is also not required
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2,048 bytes. Likewise, it is desirable to set the effective data piece
count of the actual -data sub-block in a block of data prerecorded as the
shi pping-time informati on al so~at a nultiple of a power of two such as
2,048 bytes.. If an EDC or the |like is added, the effective data piece count
may beconme equal to a value other than a power of two in sonme 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 ppi ng-ti mg; pREeT Mafir 0N, egpdl Dol hdl 810f i 2 POWRE, of 40, it s _
necessary for the value of mto be equal to a power of two. In addition, if

both the eff golLke fatacpLacesGRUNLoRE sLheoAChyaladgharsuhebhofkorD 2 b ock

of user data ective data piece count o e actual -data sub

block in a blﬁék of dg&grgﬁgrg&gégggngiakhgnshlgpbngegkggl ﬁgénatlon are

equal to a po access tot a can be nade
with ease. An addlt on(ﬁ control -j nfor b- bl ock i ock of wuser
g % oHELLON]

n a
data constitutes p *Eﬁ Bor?ettTo PR emtd 13 change t he
size of a block of 46 grerecorded as shlpg |nfornat|on and the
size of a bl BERTEF ﬁ@@?dﬂéFﬁl o HREoApAAYSPEAGEL 8 PtﬁﬁBOPECBFﬂlﬁg
density of the data prerecorded as shipping tine |nfornat|on
act ual - dat a BRptopBekeir nthabl 48k 8f THRTASr EFe®8r déd ﬁ@ttﬁéqghFﬁﬁlng tine
information is created to constitutes q/p BIS error correction codes. Since
t he additi one&tkehtrol information is merely 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 Bresu ethithe heaseprbdilee i tnl ok data ececsreded o rigedr di ng
the shipping-tine informati on by using a stanper, address information can
be recorded aeprbhéusamentpniyasrpart tbe Lhekdhopprageti keownf asnaheon.
Thus, the disc drive apparatus is capable of nmaking an access

run-in and run-out frames can be eliminated.

As is comprehensible from the description described

above, in accordance with 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 is

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, the present invention exhibits an
effect that it is 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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by using this address information. An sync pattern and a sync ID are
provided on a portion of the frame of the shipping-tinme information while
an address unit nunber is provided on a certain portion of the frame. To be
nore specific, in a DVR system a sync pattern and a sync |ID are provided
in a portion of data corresponding to an actual -data sub-block in a frane
of shipping-tine information whereas an address unit nunber is provided in
a portion of data corresponding to an 47 addition & control sub-block in
the frame of shipping tine information. Since pre-address information (or

an ADIP) is recordegd, ijyadvahice ih the £ecordf n@ﬁéec@w@'uf%%&fd &g, f or

recordi ng user data, an access can actually be nmade even It only a m ni num

Sync pattern gyl shaenleunr  ebesseobbeoiyna,PaLLCLA, LhecayRg 1D and the

address unit nu 0 not caus€e a probl'emeven are provided. In
addition, for tge user dsga, trangs.%épicalk¥ refgrrgd 39 as rgg-in and
run-out franSSPaPEcHeqlli F88 FaS5eEFIVE §PPRTAEERt T SBRGTHERI HE2E &l ust er
serving as a rewmite uglt. The run-inband rgn-ogt trgnes are used for
li nking. TheStUR:EnCPRAMEUFATEPBNEBf P8 SHBCHEPE WRGEPEF LREPGIEETaARAPC
operation area for |aser power control, a VFO pattern for PLL |eading-in, a
sync patternif6Fed§RchPofiP24ti on | eading-in, and a GAP area between the
specific cluster and a cluster immediately preceding the specific cluster.
On the other hand, TheP®lintbuin fdakell yprlalPyesert ubRert port el bts
pattern and a GAP area. Since no other data is recorded onto the
r epr oduct i ontbal yodleningheéherssused for recording the shipping-tine
i nformation, however, the APC area, the GAP area and the |like are not
required. In addititme Singe dad8 andlatlke sehied datcd uslhayge syimehsame zat i on
i nformation and

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 has a first error

correction block structure while the third data has a

second error correction block structure. That is to say,

the first data and the third data have their respective

proper error correction block structures.

In particular, the recording density of the third

data is made less dense than the recording density of the

first data, and the number of correction codes in the

first error-correction block is set at a multiple of m,

whereas the number of correction codes in the second

error—-correction block is set at n/m times the number of
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address information is created contiguously by using a stanper, the VFO
pattern for PLL leading-in is also not required either. Thus, even w thout
the run-in frame, franme synchronization, synchronization based on frane
nunbers and even address synchroni zation can be established. In addition,
since the followi ng cluster also starts inmmedi ately, the data series is
continuous, and a post-anble, that is a run-out franme, is not required
either. Thus, in the case of the shipping-tinme information recorded in the
reproduction-only area, the linking frames known as the run-in and run-out

frames can beoghodtnghosoads PAYEHERL: DB actSELSLLESoLloh o1 Oeo The

enbodi nent i s explalned concretely as ows. First o Si ca

characterist%ﬁs of the d%s i pl e ﬂted b he_enbodi nent. and a mo@bling
a?tad%%c #ﬁ%

track created ontAR°Hi ¢ R OBt TEar Ot SEt TR RheRt ed by

t he enmbodi nept i s known tygicallg as a DVR(&Pg%a & Video Recording) disc
and bel ongs $® $Ctafbgdfy bMassthe qRUBPehedt i Aetactht teafLrstn
particul ar, a new wobbling technique is apglied 49 to the optical disc as
a DVR techni §EECr TRRTBPpEFEar Biseki npP ekt e@Obyorhe @AbBAP nEhFSts an
optical disc onto which data is recorded b% adoption of a phase change
techni que. Adataran@etBezehbpFdtdataphpval these, repeeatsee nRECRLHI amet er of
120 mm and a thickness of 1.2 nm Fromthe external - appearance point of
view, the operrar dbscechpbeneheel dyruhtusapodbwbnthéserhersane as a disc
of a CD (Conpact Disc) systemor a disc of a DVD (Digital Versatile Disc)
system as faconsethiodi ahetetunad &éhe ahsckamssahie toneeroed. A | aser beam’
for recording and reproduction of data has a wavel ength of 405 nm The
| aser beam i sothecsbonaptedebsimgcol or | aser. The NA of the optical system |
is set at O0.85.
Moreover, even if the first error-correction block

includes 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 includes 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 is made less dense than the recording

density of the first data, the number of first correction
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Tracks al ong whi ch phase change nmarks are recorded have a track pitch of
0.32 "mand a linear density of 0.12 "m A user-data storage capacity of
about 23 Gbyte has been realized. A groove recording technique is adopted
as a recording technique. That is to say, a track is created as a groove in
advance on the disc and data is recorded along this groove. Fig. A is an
expl anat ory di agram showi ng a nodel 50 of a groove GV created on a disc.
As shown in the figure, the groove GV is created to forma spiral-1like
shape over the disc's surface spread fromthe innernost circunference to

the out er NDSEo gL & CHGHhSSE SIS - a AP AS AL LISIHBE &V e s ther 0L 00y 8
created to forma concentric shape. Data is recorded and repro uced whi | e

the disc '.Ssxﬁgx{vﬁéf@.gsa{h@ ﬁ:}{b% Qﬁtﬁi‘f *&'é‘@@feé’@i %%‘F. ng oSt e the

groove GV i SO rotated at the CLV nunber o ves

track circle '@ﬂf&‘sgéb'}‘; gé]gm@g Poﬁﬂ{'erm)s gtﬂlé‘ r?%ﬁlgg}:%fd' rectl on

from the i nnérios C|rcu erence circunterence. Fig. 1B is
an explanatory diagram s rooves each havin bbl i ng. shape

xpr o651 ng. PRYSTRarL ot 60tb e ot STHiG e FheeT ot TofE et %Ra T gh
side walls of % roove GV are wobbled to represent a sign ener ated on
the basis of 2ddHtEERestlof FWEPPT KRL FEFARY FOTECGLHD %@?gﬁeﬁo WS & acent
grooves GV. As described above, data is recorded along a groove GV. That is
fo say, a grdo¥ecendisul-khegktincket atia W%#E%P%%t%g Rhathemeas clie al so
be recorded along a land L. In this case, aland L is a data track. As

anot her al t eRWEPEYeQf dagaond ?%EB?HEHO%I%%QG%.EQ%QQ%lQE/%szb¥Fh5§Ub‘as a

| and L, which are both data tracks in this case.
block is set at g/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 block structures, but the error
correction structures are also amenable to error
correction processing.

In these cases, the optimum values of the integers
m and n are a power of two and one respectively.

Moreover, the reproduction-only area is used as an
area for recordiqg the third data by groove wobbling. It
is thus no longer necessary to record the third data by
using embossed pits. Then, since it is not 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 is possible to provide a groove
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Fig. 2 is an explanatory diagramshow ng a |ayout or an area configuration
of the entire disc. The area on the disc is physically divided sub areas
called, starting fromthe inner side, a |lead-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 recording/reproduction area). The PB zone is the inner
circunferential side of the lead-in zone, and the RWzone is an area
stretched fromthe outer-circunferential side of the lead-in zone to the

| ead- out zongraggﬁ ggﬁd%:Eé&ﬂpgﬁgéﬁﬁ?nghagﬁ5§£9? zone inside a

circunference ra 0 prerecorded data zone is the
| ead-in zone's are et ween a ciyr erggﬁ P ' of 32 nd a
circunference wt h%arpraacgflﬁéaog}’ Zléglggrﬁﬂ %dé%lé{?eega&{rpgagﬂ&u%a a zongthlrgspctfjsed
for recordingﬁghigging-tineri f,oL ions£or Frerqurdeg%$£f9rngt£o ) in
advance as aSWbPbrTRgCEhapRTBF G Yr B¥v RS tPEatRe BAE he R A S hiral .
The shipping-tine information is regﬁoduction-gnlg i nformation, which
cannot be refFPTPERCTIAR PYRFEROPEeH BaPEC2BMed?s2t Pl PR ZANEF (or the 52
reproduction-only area) cited above. The |lead-in zgone's area between a
ci r cunf er encedF 8HS al PAAFHAL 6P 23 RERRAMMRE 1Pk it it ridhdd Walte 43S us of
24 mmis used as a test wite area and a defect nanagenent area. The test
wite area i8Xtsegtigpiefl ipfasmatippapnvineecvabobirgrshapei af EbAditi ons
for recording and reproduction of phase change marks. The conditions
i ncl ude t he poaeveotlangasbichetheusbidrdndabdeaotdi ngcandedepr oducti on
operations. The defect nanagenent area is used for recordi ng and
reproducti on data fRurtheawae gy, | sifrorerathiencerp nbifrer tdensditst iof Wre t he di sc.
A zone between a circunference with a radius of

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 is poor due to the fact that

the third data is reproduced as a wobbling signal.

Moreover, the third data is recorded after

completing a bi-phase modulation process such as the FM

code modulation process. Thus, the signal can be treated

as a narrow-band 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 is 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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24.0 mmand a circunference with a radius of 58.0 mmis a data zone. The
data zone is an area, which user data is actually recorded onto and
reproduced from as phase change marks. A zone between a circunference with
a radius of 58.0 mmand a circunference with a radius of 58.5 nmis the

| ead- out zone. Much like the lead-in zone, the | ead out zone includes a

def ect managenent area and a buffer area allow ng an overrun to occur in a
seek operation. An area stretched fromthe circunference with a 53 radi us
of 23.1 mm that is, the start of the test wite area, to the | ead-out zone

is the RWzone (or gifieeaRhd NGALRAUCIIAN arRaludld eiahawe. Fig. 3 is

expl anat ory di agrans show ng respectively a track used as the RWzone and a
track used ne. b r ific,.  Fi i |.3gr.a

show ng the%m%%(gﬁggléﬁépg ho ’a%ﬁ(ﬁesﬁoﬁwgcﬁﬁz%ﬁeﬁéan% %agi.a% irgsf a

di agram showi ng the wobbling sh of _a groove in.the. PB zone._ ln_the RW
Zone. - addr esb TRt bt Tory o C0ases pir S, A8 ot p R ¢ F S AREE 35%w0b1 | ng
the groove created on the disc to forma spiral shape for a tracking
purpose. | nf PHetRRPREFETof dedt bhtsd and® r PP OYLERS f FInTERE Y Tove, which
i ncl udes the_enbedded address informati on. by phase change marks. As shown
in Fig. 3A &2 gfodetht TPRIFEVSOHRNeRAY #EC2tPR Broovests atk ¥R udi ng

t he enbedded ADI P address_ information, has a track pitch TP of 0.32 "m On
this track, pHésesepaniechwi®d Backhectling @3ta-recording mark are
recorded. By adoption of a RLL (1, 7) PP nodul ation technique or the |iKke,
t he phase change narks are recorded at a |linear density of 0.12 "mbit or
0.08 "m channel bit. The RLL stands for Run Length Limted and the PP is an
abbrevi at i onBRIEPaPESGREATION OF THE DRAWINGS

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

Fig. 2 is 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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preserve/ Prohibit rmr (repeated mnimumtransition run 1 ength ) . Let 1T
represent one channel bit. In this case, the mark length is a value in the
range 2T to 8T. That iis to say, the mninummark length is 2T. As descri bed
above, the address information is recorded as the groove's wobbling shape
wi th a wobbling period of 69T and a wobbling anplitude 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 narks so that there is no
mutual effect on detection of the address information and the phase change
mar ks. At a bandw dth of 30 KHz, the address information_ recorded as a
wobbl i ng shape fF@&ea sggactiigCordi MY eERRCEERIE BRING & RES GPEE3¢AFB and
an address error rate not greater than 1X10-3. The address error rate is
obt ai ned by consi der aFi-@f - of Retpedfsagqussalapaipsy ufibaatasssgbAVAnNEi 3c
skew, a defocused state, and an external turbulence On the other hand, a
track created dsdindqyeoofe Modulsd Py AHE dhdwrmatiling in3Rhgas a track
pitch greater than that of the track created as the groove in the RWzone
shown in Fig. &Abcarithemtnobbling anplitude is also 55 greater than that
of the track created as the groove in the RWzone showm in Fig, 3A To out

it concretely, the traglsshemnahd EBgardBekptanatoagkdphtyeAmIPshbwind5Sotm
a wobbling period of 36T and a wobbling anplitude WA of 40 nm (peak to

peak). The wobklddi@speni1odkef i36h IRUY iies thRaterifiRiikiemagr recording density
of the prerecorded information is higher than the |linear recording density

of the ADI P address i@igémabhoandl ppaddit bQP1afikBeeyt €afkBBUBLARE Kl &Ngt h
of the phase change marks is 2T, the linear recording density of the

prerecorded i nfQmmatjQR ii% | QUElendRRnldg ;| | Nnear recording density of phase
change marks. The track in the PB zone is not used for recording

Figs. 10A to 10E are explanatory diagrams showing
sync bit patterns in the embodiment;

Figs. 11A to 11B are explanatory diagrams showing a
data part in the embodiment;

Figs. 12A to 12C are explanatory diagrams showing
ADIP bit patterns in the embodiment;

Fig. 13 is an explanatory diagram showing the ECC
structure of ADIP information in the embodiment;

Figs. 14A to 14K are explanatory diagrams showing a
method of modulating prerecorded information in the
embodiment;

Fig. 15 is an explanatory diagram showing an ECC
block of prerecorded information and data frames of the
embodiment;

Figs. 16A to 16D are explanatory diagrams showing

ECC block structures of prerecorded information in the
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phase change marks. The wobbling waveform expressing recorded data in the
RW zone is sinusoidal, but the wobbling waveform expressing recorded data
in the PB zone is sinusoidal or rectangular. In an operation to record or
reproduce phase change marks with ECC (Error Correction Codes) appended to
the data, a post-error-correction synbol error rate of 1x10-is can be

achi eved provided that the signal has a high quality such as a CNR of 50 dB
at a bandwi dth of 30 KHz. Thus, the phase change nmarks have been known to
be usabl e 5~ in an operation to record or reproduce data. The wobbling
CNR of the ADIg addreﬁs information is 35 dB at a bandwidth of 30 KHz in a
state of unr EB8PGeHBhase change marks. As address information, the signal
quality of this order is _considered to be sufficient if interpolation
protection based onft%e 5b-t3 FREIRMIYLPTY HIFMR TN IRT Bt i P BUt. 1 n
the case of the prerecorded information to be stored in the PB zone,
however, it B&rHe§PMEgbPE Rocaystrs afspgrarcqudrrt ynéqumpaient 1RotBe better
than a CNR of 50 dB for the phase change nmarks. For this reason, in the PB
zone, a grooesbphymepslly different fromthe groove in the RWzone as shown
in Fig. 3Bis created. In the first place, by increasing the track pitch,
cross tal ks from adfageni8tiacks egplbeatopyreésaedam| shohengetivadf piraee, by
doubling the wobbling anplitude, the CNR can be inproved by +6 dB. In

addi tion, by steunitogeaoctfeat adgsiter wibpiremgcnadetioimtotrhetCHR danthe
further inproved by +2 dB. These conbi ned inprovenents result in a CNR of
43 dB (= 35 dRbbdémdBt+ 2 dB) . The difference in wobbling recordi ng band
bet ween the zone for storing the phase change marks and the zone 57

Fig. 19 is an explanatory diagram used for
describing a process to convert a data series of an LDC
sub-block in the embodiment;

Fig. 20 is an explanatory diagram used for
describing a process to convert a data series of an LDC
sub-block in the embodiment;

Fig. 21 is an explanatory diagram used for
describing a process to convert a data series of an LDC
sub-block in the embodiment;

Figs. 22A and 22B are explanatory diagrams showing
the configuration of a BIS sub-block in the embodiment;
Fig. 23 is an explanatory diagram used for
describing a process to convert a data series of a BIS

sub-block in the embodiment;

Fig. 24 is an explanatory diagram used for
describing a process to convert a data series of a BIS

sub~-block in the embodiment;
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for storing the prerecorded data is wobbling period of 18T, which is half

t he wobbling period of 36T. At the 2T m nimum mark | ength of the phase
change mar ks, another CNR inprovenment of 9.5 dB is gained. As a result, the
CNR of the prerecorded information is equivalent 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
mar ks so that the wobbli sl gnal n be said,to be a sufficiently suitable
signal to be used i nl%'peér%tjfsogasnteo’&?aleacnoar aorandjlraegpl}a(%uucseec{ hfeorprerecorded

i nformation. 3. qu_BIock StructU£e of LBe£ Ea%a An ECC blogk s%Eicture of
user data reB5PAELPIRYt AePRIFESietPof PREL Fel ot dFAg? FEPFBAREL F oA Ar ea) as
phase change marks is explained by, referring to Fig. 4. A data bl ock of
user data ph§§PEQFP9kCbﬁsFP?uF@EO%bﬂaﬂFy 32 sectors. Froma content point
of view, the data bl ock inc|udes a sub-block of user data and a sub bl ock
of user control datBldAs?&hbwh EFRIpnAotheliagran seiedifUser data forns
the unit having a size of 64 Kbytes (= 2,048 bytes 58 32 sectors). A4
byt es EDC ( Edesrrbeingt tha Codey ptrudtuvdet owkach seccarriedfonm wheat a
frame unit. 32 data frane units forma data frame having a size of 2,052
bytes X 32 sdetarsf Ih€ datlaBffamebibléokthis secanmBéddonbopaodiise; a
scranbl ed data frame. Then, the scranbled data franme is subjected to a
Reed- Sol onon encodifiy pratess 40 epanbared wory dhtagytdmodhofid o &&C and 304
colums. Thirty-two rows of parity are further added to the data block to
gener ate an bDEcklLofigpbestabedefoda¥osmbthbncknd THethDEramea 66r £R6ti on
code

embodiment;

Fig. 28 is an explanatory diagram showing the frame
structure of a cluster of prerecorded information in the
embodiment;

Fig. 29 is an explanatory diagram showing the frame
structure of a cluster of prerecorded information in the
embodiment;

Fig. 30 is an explanatory diagram showing frame
synchronizations of prerecorded information in the
embodiment ;

Fig. 31 is an explanatory diagram showing a layout
of frame synchronizations of prerecorded information in
the embodiment;

Fig. 32 is a block diagram showing a typical
configuration of a disc drive apparatus provided by the

embodiment;
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for a long inter-code distance. The LDC sub-block is an RS (248, 216, 33) x
304 bl ock. Then, an LDC cluster of 496 rows x 152 bytes is forned fromthe
LDC sub-bl ock. Figs. 5A and 5B are diagrans showi ng a process to encode the
sub- bl ock of user data into the LDC sub-block. The 64 Kbytes user data
shown in Fig. 5A is subjected to an ECC encodi ng process to produce the LDC
sub- bl ock shown in Fig. 5B. To put it in detail, a 4 bytes EDC (Error

Det ection Code) is added to each 2,048 bytes sector of the nain data (the
user data). The 32 sectors of the user data are then encoded into an LDC

sub-bl ock. As nent ipned Aabawe.s the DG isidr %dﬁf% R$p2a1 (Reed
Sol onon) code with an RS(248, 216, 33), d code |lengt’h of 248 ni bbles, a

data size of b MLDBLESy By Codgolh 8l aBErcol S5ni BPLES:» pgk NBSs @ bl ock
size of 304 ¢o elﬁ%r%é. %h the of her hand? t he éﬁ%- ockno User cont ro
data has a sjze of_ 18 es x 32.units (576 byte %n sho in Fig. 4.
Addr ess uni talﬁhv earl%pﬁg%‘ltclrl}% %r%lf%%g%fg}é g’}?e%a{é(oi %%%fe%r\é\@es (144 bytes)
are added to the s bl qck .of user conirol data to _generate an encoding
it having a o ze o8 720 Hift &b HLoBr QST £ hoiR B ec P R 720 byt es
are subjected to the Reed Sol onobn_enpcodin rocesg to produce an access
bl ock of 30 TOWELFKUBALERN uths? FHERIPS22PRBAEE bES phe T 192 AP B QdetP 0 form a
BI'S (Burst Indicating Sub code) sub-block. A BIS is a sub code indicating
the positiontle iperimrkereopted By bhei eWPO@IBRRtThe BI'S sub-block is an
RS (62, 30, 33) x 24 block. Then, a BIS cluster of 496 rows x 3 bytes is
formed fromthe BI'S sub-bl ock. Figs. 5C and 5D are di agrans showi ng a
process to encode the user control data and the address unit nunber, which
have a tot al DETAELBP DERHCRYPBEON| QF oTHRePBESEBRBD hpEMBRDIMENTS|i s to say, the
720 bytes of data shown in Fig. 60 5C are subjected to an ECC encodi ng
process to generat &lext, an optical disc implemented by an embodiment

of the present invention, a disc drive apparatus (or a

recording/reproduction apparatus) for the optical disc,

and a method of manufacturing the optical disc are

explained in paragraphs arranged in an order shown below.

The optical disc implemented by the embodiment is

known typically as a DVR (Data & Video Recording) disc

and belongs to a category of discs developed in recent

years.

1. Overview of an Embodiment Implementing a DVR Disc

Provided by the Invention

2. Physical Characteristics of the Disc

3. ECC Block Structure of User Data

4., ADIP Addresses

5. Prerecorded Information (Shipping-Time Information)

6. Disc Drive Apparatus
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the BI'S sub-block shown in Fig. 5D. As nmentioned above, the BIS sub-bl ock
is the RS (Reed Sol onon) code with and RS(62, 30, 33), a code length of 62
ni bbl es, a data size of 30 nibbles, a code distance of 33 nibbles, and has
a bl ock size of 24 code words. As shown in Fig. 4, the LDC and BIS
clusters, which are each used as a recording/reproduction unit, each forns
496 rows each constituting a data franme. A data' frame of the LDC cl uster
forms 152 bytes while a data frane of the BIS cluster forns 3 bytes. Thus,
a conbined data franme forns 155 bytes (= 152 bytes + 3 bytes). As shown in

the figure, $n thecopived datind Mymod our LDC fields each having a size
of 38 bytes and three BIS fields each having a size of 1 byte are arranged

alternately go f ndihey 1R L es data frame on one row. 496 rows or 496
data franes %écﬁﬂﬁgﬁﬁhg a size of 155 bytes (= 1,240 bits) constitute an

co0 plock "Each Al fale 1 AR d Sl sehet b g Bkt p 0 PP

nodul ati on prbocess,” 1'm which are a

generate a recording frape. dCC bit is a bit for making the frame free
from DC conpgﬁ%ﬁfgggT%ypgﬁeith%nE%?%iI, data (1,240 bits) obtained as a
s is divided intp that a start 61 oup

result of the nodul atiaon oces r
pl aced at the begirﬁﬁ?&fc#¥t4i§¢r§ﬂﬁa'%}%ﬁyﬁﬂq %ﬁﬂf%ﬁiﬁﬁQMﬁﬂPW§MWQﬁ% ng the
start group is 45 bits, and then, a dcc,wth a size of 1 bit is inserted
into a | ocat FBANPLGRT ¥eRPhdUEaEhiBf Ctaemyrofipkhe Arenen bt hRYeREAYD t he
frame sync having a size of 20 bits is placed at a location_ in front of the
start group @beppddacéathd YiebrHERYNiFAkeABYS ngS@dsinee¥PLlanaBBoD| t s
(1,240 bits of the original frane + 20 bits of the frame sync + 28 bits of
dcc). The 1,988ahi emboflimpetrtuptenegtinand BYR subfestedtoldahe RLL (1, 7)
PP nodul ati on process to generate 1,932 channel bits of a nodul ated
recordi ng fraeedléssthe &y that 7 h@Pmeadiuhasi ofi phectsshnégatywgrdata bits
of the recording frame are converted into 3 channel bits of the nodul ated
recordi ng ganeed in the claims of the present invention are not
limited to the meanings of the technical words used in
the explanation of the embodiment.
First data used in claims corresponds to user data
used in the explanation of the embodiment. The user data
is main data serving as a principle object of recording
and reproduction. The user data 1s recorded in a
recording/reproduction area as phase change marks.
Second data used in claims corresponds to an ADIP
used in the explanation of the embodiment. The ADIP 1is
pre—-address information recorded in the form of groove
wobbling in a recording/reproduction area.
Third data used in claims corresponds to shipping-

time information used in the explanation of the

embodiment. The shipping-time information is prerecorded
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Such recording franes constitute a data structure to be recorded onto a
track in the RWzone on the disc. In the case of a DVR disc, the recording
density is thought to be about 0.08 "m per channel bit output by the RLL
(1, 7) PP nodul ati on process. Since the BIS is a code having an extrenely
excellent an error correction power in conparison with the LDC, al nost all
errors are corrected. That is to say, the BISis a code using a code

di stance of 33 for a code length of 62. 62 Synbol s serving as error

poi nters provided by erroneous BIS can be used as follows. In a decoding

process using ECCroBha: 868 FE€OH88dT LA Stne ABSHIBoE NGEob¥R BEKIOT Sndr £n

detected in consecutive BI'S (or the sync frane) in the data frame structure

shown in Fig. 4 n i t 8 es data sandw ched by the
consecutive BIStPé f%g%?%gg§ggnagﬁﬁ§s?p%%for. Error pointers are added to

the 38 bytes data. Thepn, a 1_g)in[ptcfurlaerasryre Sars euctiuosne rQcess .bassed on LDC
is carried out by usiﬁg’?hese &1 o %Jb?nt TG NY Jy T ror
correction power is increased ove he power of the error correctjon using
only LDC. Bl S | RRFEAEPORAnG o othoRbHath!  AdPBSEEPRROTHAL FORD Thebas

addresses can be used for a case in whi¢ch address infornmation is not
included in a WeKBLRPGLYPBOOE HBe| SMPAGLBGEE-with a ROMtype disc. Fig. 6
is an explanatory diagram showi ng the structure of a cluster including data
frames. Each row show? iSPERA Ml Rt gy usethild f¢lddhavi ng a
size of 155 bytes as descri bed above. As expl ained earlier, each data frane
i s nodul at ed t ocprodspendsrteondi HGKf nadvladippgtackniguef uged3pnchhanel

bits. 496 rows or 496 franes constitute an ECC bl ock. A 63
explanation of the embodiment.

A third modulation technique used in claims
corresponds to a bi-phase modulation technigue used in
the explanation of the embodiment.

A correction code used in claims corresponds to an
LDC (Long Distance Code) and a BIS (Burst Indicating Sub
code) used in the explanation of the embodiment.

A first 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 correction block used in claims
corresponds to an ECC block using LDC and BIS as
described in the explanation of the embodiment.

First and Third sub-blocks used in claims
correspond to an LDC sub-block used in the explanation of

the embodiment.
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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 frames. The RUB is the cluster cited above. The run-in and run-out
frames 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 franmes includes 496 franes, which
are divided into 16 groups each having 31 franes, nanely, frame 0 to frane
30. The 16 addresses, nanely, having unit nunbers 0 to 15, are assigned to
the 16 groups on a one-to0-0 bas 4. ADI. P Addresses The follomnng
description expl ains Aﬁ@%ﬁ ’Hgs‘!é?tr}bc%%kﬂ’éﬂl%‘g‘sa WbV oiiftShg shape i n
the RWzone. Fig. 7 is an explanatory di agram show ng use of an MK

(M ni mum Shi ft Reyragporechai guBlSwakkhPiccknesed okthedexataoatier hofs,

as a technique of nodul ating ADI P addresses that the grove is wobbled. As a
data detection thietembadimedbl e segnents are taken. It is to be noted that
a wobbl e segnent is a wobble period defined as the reciprocal of a carrier
frequency. Data such & Gataddiress ¢ widy attted tecard indid fBfRentisd as
encodi ng process prior to a recording process in a unit of one wobble (or

w ndow | engt h uphésesbhbangenm&rls. iddjudds pusubtbiockedvfii Aot data
differential encoding process encodes input data having a val ue of "one"

into prerecordedndabasabsplbaxi 6g asgal senbtolofetadurBynatoe idl£ pRrdi0d
between rising and falling edges prior to the recording process as shown in

Fig. 7B. Then, the pkeregqtdedsdabants sStHY aeded denihel Malcdodilald Odion
process to generate an MSK stream shown in Fig. 7C. To put it in detai

prerecorded datg B@Mt?glalﬂﬁbyﬁaeionZEEQVlHéd”?QH'@E@dubgfodétgafrAdﬂress

coscot or -coscot. On the other hand, prerecorded data having a val ue of

"one" is ”DdU|a&ﬁgokﬂggléncﬁ£5b§3eﬁo§£ QML QLpafR8LiyCPlom the 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 cbrrection codes required
for the sub-blocks are used. Details of this matter will
be described later.

That is to say, for the user data, an LDC sub-block
is created to include LDC each used as an error
correction code. For the user control data, on the other
hand, a BIS sub-block is created to include BIS each used
as' an error correction code.

A data frame is created to compress pleces of data
for which an LDC sub-block and a BIS sub-block are

created.

Since it is undesirable to apply as many error
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with a frequency 1.5 tinmes the frequency of the carrier obtained as a
result of the MSK nodul ati on process carried out on prerecorded data having
a value of "zero". Assune that one channel bit of recorded or reproduced
phase change data corresponds to one channel. In this case, the period of
the carrier is capable of accommpdating 69 channels as shown in Fig. 7C. By
the way, 1 data bit of an ADI P conpl eti ng an MSK nodul ati on process
occupi es 56 wobbl e periods while a wobble period is capabl e of
acconmmodati ng 69 channel bits obtained as a result of the RLL (1, 7) PP
modul ati on 630 crBEEERS BARLI 8Y beeUSET odalaras: hsacugLal pedngagbier by

referring to Fig. 3A. Thus, the recording density of ADI P data bits is

112,576 L1 megei g isgogﬁpngxgeeﬁbtxlgérgsghggggﬁlggg%bgegrés a result of

the RLL (1 i On process i S enﬁodlnent for
one RUB (Recordlng Uni t ck% gr one.r corging %Iuster whi ch | g ed as a
recordi ng unfFPrHf Fﬁ8nu§8pe8a 5ed5§8F 5B5vEa tRRPAECGaGPHE e%nc

i ncl uded as ADI P addresses. is an expl anat ory_di agram show ng a
state of .ncﬁagﬁoﬁrawet hé @a&i&dﬁégéltbFSBR% RcPadrft iLﬁé §héad?‘e§§’€s in 1l
RUB. As shown in Fig B (or a recording cluster) includes 496

frames, whicf féPﬁFéﬁeEEE SPBE%S ghdther PARRE, CRARBFYLOPNECHAA- PR &nd
run-out franes. Thus, a RUB includes a total of 498 franes, serving as a
recordi ng unfem A§ §ﬁéﬁnCPHnF§g. 8A, in a segment corresponding to 1 RUB, 3
ADI P address bl ocks are included. An address bl ock consists of 83 bits.
Fig. 8B is a di agrady shloi sfne heokenf i gudaita opl otk anf ashfipbndt oks. The
address bl ock consisting of 83 bits includes a sync part (or
synchr oni zat inofiosmgadbnpant)lubeaei rgsabsbieckf o breseanddadddaaapantd havi ng
a size of 75 bits. 66
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 in
the entire data block, error correction codes required
for the sub-blocks are used. That is to say, in this
embodiment, for the actual data prerecorded as shipping-
time information, an LDC sub-block is created to include
LDC each used as an error correction code. For the
prerecorded control data, on the other hand, a BIS sub-
block is created to include BIS each used as an error
correction code.

Also in the case of a block of the shipping-time

information, a data frame is created to compress pieces
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The sync part having a size of 8 bits includes four units 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 ADIP block units each consisting of 1 nonotone
bit and 4 ADIP bits. One nonotone bit, one sync bit, and one AD P bit each
occupi es 56 wobbl e periods. At the head of the bit, an MSK mark 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 nonotone bit. Details of the sync bit and the ADIP bit will be

described | atogr daARY WY, WAkl enpenicodsiedh 1t Maiidedwat iseb-wawekor m ar e
created for the sync bit, followng the MSK mark of the sync bit. By the

sanme token, wokblg pedodsIaf 2881 VBKnMEHLaklhen-paxekorpLALe A eaLed for
the ADIP bit, following the MSK mark of the ADIP bit. Fig. 9 is an

| t - ' f i i t t. '
expl ana orymﬁégggﬁgzdaoggn%éd@e AR %'ﬂ;;)u%l' Yr e 19EC A abi/ét%éd s

obvious fro a 9 the sync part having a size

| ncl udes four, S%n¢ Bhacks AR o SXAE ROGKS cdvecthon ‘Raesld 23", each
consisting of two bi'ts, namely, a nonotone bi't and a synccbl .~ To be nore
specific, 67 Sy bl ock "0% constitutes of a nonotone bit and a sync "O0"
bit, sync bl S8 ©f OG5 Es of a nonotone bit and a sync "1" bit, sync

bl ock "2" constitutes of _a nonotone git and ? s&nc "2" bit_and. sync bl ock
"3" constitutes of APnBnbEBnECRHE: ahk easggﬁP ogksppf agtugdsdptpednarbve, a

nonotone bit in each sync block is a waveformover. a series of v~obble
peri ods of q the same €rror 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
addition & control information share the same error
correction codes, namely, the BIS, without regard to
whether the addition & control information is user
contreol data or prerecorded control data.

In accordance with this technique, an actual-data
sub-block in a block of user data includes m LDC error
correction codes. In an attempt to make the size of a
block of data prerecorded as shipping information
different from the size of a block of user data to
accompany reduction of the recording density of the data
prerecorded. as shipping-time information, an actual-data
sub-block in a block of prerecorded data is created to
include n/m LDC error correction codes.

In this case, it is desirable to set the effective

data piece count of the actual-data sub-block in a block
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carrier having a single frequency. To put it in detail, a nonotone bit

i ncl udes 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
remai ni ng wobbl e periods each defined as the reciprocal of the single
carrier frequency are created for the nonotone bit, follow ng the MSK mark
of the nonotone 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 descri bed above,
there are 4 kinds of sync bit, nanely, the sync "0" bit, the sync "1" bit,
the sync "2"opifsefNfatdeasyCmuBtipid . ofNe S¥er "OF Bid. shbe sync "1" bit,
the sync "2" bit, and the sync "3" bit are converted into wobbl e waveform
patterns shoyn %@ 588 10B, 10C, 68 10D, and 10E respectively. In the
case of the mb% e waveform pattern for the sync "0" bit shown in Fig. 10B

an MSK mark exists Al d esebeg_q\yggsﬂ%%t(sqrsa%rlvee B9 sfaetbitth; SYJ 1,\‘/’52%@%2 VBK

mark is foll owed by a second separated from the hea
wobbl e peri ods, Therea%te , .successiye NEK rE% foIIOM/tq$ second MBK nmar k
at interval sP6F30°%H I%£p55?oﬁggu?¥ % ac%@% Forhethobb %°€%v orm
pattern for the sync "n", the second MBK mark exists_at a positjon, |agging
behi nd t he sé%B?mdiBReﬁ%We‘Bfaf hERGyFRIPRIRG~Hipe bb“%o%%f N2t $JRT and,
thereafter, successive marks foll ow at positjons Ia&ging behi nd t he
counterpart 3uBBkELPYR RBKE MBPRET of £t HEC sTREh &S 12, BF8 Byteso wobbl e
periods, where n =1 to 3. To be nore specific, in the case of the wobble
wavef or m pattern forf e ERfET 1theyikikehovin adiled g thrpe Lt fartvele a4 exi st s
at the beginning to serve as a bit sync bs. The head MSK mark bs is
fol | oned by BieeeomdunsknayirkReceparaded!l f Fondt ielheadthBK Byansawobbl e
periods. Thereafter, successive MSK marks follow the second MSK mark at
i nterval s of pd®enobbl ewpeinodsme Byashe. sdiavdmileeds tire coabar dfo t he
wobbl e

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 shipping-time information

equal to a multiple of a power of two, it is necessary

for the value of m to be equal to a power of two.

In addition, 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 in a block of data prerecorded as the shipping-time

information are equal to a power of two, that is, n = 1,

an access to the data can be made with ease.

An addition & control-information sub-block in a

block of user data constitutes p BIS error correction

codes. In an attempt to change the size of a block of
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wavef orm pattern for the sync "2" bit shown in Fig. 10D, 69 an MsK mar k
exists at the beginning to serve as a bit sync. The head MSK nmark is

foll owed by a second MSK mark separated fromthe head MSK bs by 20 wobbl e
periods. Thereafter, successive MSK marks foll ow the second MSK nmark at
intervals of 10 wobble periods. In the sane way, in the case of the wobble
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 nmark separated fromthe head MSK by 22 wobbl e peri ods.
Thereafter, successive MSK marks follow the second MSK mark at |ntervals of
10 wobbl e per #3838 PERERCIYHRT pat t SR HPPHRY LHRECERRE ¢Rr #NdinFRRIeS 1 %R LT

nonot one bit and a sync bit and ADIP bits to be described |later. As

descri bed abowebleflkref aveef odetai £9 e epdmBHRE beduphierras. By i ncl udi ng
each of these different sync bit pattern in every sync bl ock of a sync
part, the di stedeirdénapperatity ¢ thpathhbaopreetectiag amdshieppymizi ng any
of these sync-bit patterns included in the sync bl ocks and as well as
establ i shing symehinfibzmatbon, Bynrettualndatea sulg-bldcktiwe & dblovk ngt
description explains the data part of an address block. As shown in Figs.

11A and 11B, #headptarpastdédcisidese 15h AbbEPndtoCks, inasehytidWl 5 bl ocks " 0"
to "14", which each consist of 5 70 bits. Each of the 5 bit ADI P bl ocks

includes one ppagtenetdi tonsdi fudbk Pappts1sMighoki kertber synccbiOsk, 1
nonot one bit of the ADI P bl ock occupies 56 wobble periods. At the head of

the bit, an MSK marks sdestind QEervoRS adiirSl N RsemMohil elaoerrém.%; each
defined as the reciprocal of the carrier frequency are created for the

monot one bi t, ﬁ%!:ﬂ%ﬂ&ntBfob@éeﬁﬁfgroécwgl”HQE&O”Ettht Ae¥eyel Ay M o

representing the MoK mark and the foll ow ng wobble periods 1s shown Iin Fig.
set the wvalue 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 stamper, address information can be recorded at the
same time as part of the shipping-time information. Thus,
the disc drive apparatus is capable of making an access
by using this address information.

An sync pattern and a sync ID are provided on a
portion of the frame of the shipping-time information
while an address unit number is provided on a certain
portion of the frame.

To be more specific, in a DVR system, a syncC
pattern and a sync ID are provided in a portion of data
corresponding to an actual-data sub-block in a frame of
shipping~time information whereas an address unit number

is provided in a portion of data corresponding to an
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12A. Since an ADIP block includes 4 ADIP bits, the 15 AD P bl ocks can
accommodate 60 ADIP bits of address information. Whbbl e 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 waveformpattern of the "1"
ADIP bit, an MSK mark exists at the beginning to serve as a bit-sync bs.
The head MK mark is foll owed by a second MSK mark separated fromthe head
MBK by 12 wobbl e periods. As shown in Fig. 12C, in the case of the wobble
wavef orm pattern of the "0" ADIP bit, an MSK mark al so exists at the
beginning to S n S e e head. ark is
fol | owned by 338LL B e QﬁEr ysglﬁgr%%éékf%ggﬁ? f’ﬂae‘g% %Eﬁ%%bbl e
peri ods. g§sgrlb§d §9¥§n VBK- nodul ated data is recorded along a
wobbl i ng gr o6v s a diagram show ng an address format of the AD P
information recorded as described above so S a .,net hod of

i e Lon i

correcting errors iTAS PEIAEESThi gtk Onﬂ] E-taal Bl B-Saddr ess
information has a size of 36 bits, to which % g?rlt bits, are added. The
ADI P addr eserﬁ?Bii%tiBnaW?ﬂcﬁ %Pth‘Sf r%%OB +RI{ FePLodechian| a58? nunber
bits (nanely, layer nunber bit QO to |ayer nunber bit 2), which are used for
mul ti-|ayer £@EOFEFAEABDEpBEES, daba RUBN (REEDFEI R LATEUBE bEKYe bhede (nanel v,
RUB bit O to RUB bit 18), 2 address nunber bits (nanely, address nunber bit
0 to addr essewanbef @Myly,manummrz avRf| baryevmt exbsts. Trverthmless
nunber bits are used for identifying 3 address blocks for 1 RUB. The
auxi l i ary dathei aghadestthen| Dtbeé shrcdiBe endt bhai agdsessednitcordi ng
conditions such as the power of a recording/reproduction |aser. The ECC
unit of addressbdatdoi Botheauagtacpnsbiemt evgnaifotheyodré0pbovsde¢d6 bits +
24 parity bits) described above. As shown in the figure, the 60 72
In addition, for the user data, frames typically

referred to as run-in and run-out frames are required

respectively in front of and behind a cluster serving as

a rewrite unit. The run-in and run-out frames are used

for linking. The run-in frame in front of a specific

cluster includes 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 hetween

the specific cluster and a cluster immediately preceding

the specific cluster. On the other hand, the run-out

frame typically includes a post—amble pattern and a GAP

area.

Since no other data is recorded onto the
reproduction-only area, which is used for recording the

shipping-time information, however, the APC area, the GAP

area and the like are not required. 1In addition, since a
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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 nibbl e-based
Reed- Sol onon encoding RS (15, 9, 7) technique is adopted. |In accordance
with this technique, 4 bits are treated as a synbol. Notation (15, 9, 7)
means a code |length of 15 nibbles, a data size of 9 nibbles, and a code

di stance of 6 nibbles. 5. Prerecorded Information (Shipping-Tine
Information) Figs. 14A to 14K are explanatory di agrans showi ng a mnmet hod of
nodul ating prerecorded information (or shipping-tinme information) for

formng a wof gkb” e9589Vey Fﬂuhgﬁgpégh€895ﬂ§9a925ﬁ $0RE R 180 g'ation

t echni que, |-p ase no atron-te nlque suc as an FMcode fodul ation
t echni que |s ég gted nFlg %10 sh hows vg g Q talb'h andlg g. 14B
shows a chanfi FSck S|gW3I Fig> TiE SRSwS Eﬁf8888§ InBYFP§1R94B shows
wobbl e maveforns One H g B 2ch g g i T ¢l ock) . The FM code for a
data bit of SI2MPETyefs itefak 3e5nff quehly 18P IPPREE LRe2fFRQUBACY of
t he channel bl ock. The FM code for a data bit of "0" is represented by a
frequency 1/ 3eAPAESTt RétheEqueTlys of YR EMEQUE ¥B7 EUF3Ln EEAmebit of
"1". A wobbl e waveformrecorded as a groove mobbllng shape can be a
rectangul ar haFBLOPHNENEEBLRER tiePr e S¥RCNEGNLRB LERMNCBAESdASNafTaNEer nat i Ve,
a waveformrecorded as a groove wobbling shape can be a sinusoidal waveform
shown i n Fi ghumkprs| anflsevgnpaddaeed shachrhaipsitarnt ces bk the patterns of
the FM code and the wobbl e waveform which are shown in Figs. 14C and 14D
respecti vel yestahlbehedverted to result in patterns shown in Figs. 14E and
14F respectively. Let the rules of the FM code nodul ati on descri bed above
be applied to a datinbaddstiemm 9inc¢d0iHO0IQT lshime cluster also
starts immediately, the data series is continuocus, and a
post—amble, that is a run-out frame, is not required
either.
Thus, in the case of the shipping-time information
recorded in the reproduction-only area, the linking
frames known as the run—-in and run-out frames can be
eliminated.
2. Physical Characteristics of the Disc
The embodiment is explained concretely as follows.
First of all, physical characteristics of the disc
implemented by the embodiment and a wobbling track
created on the disc are described.
The optical disc implemented by the embodiment is
known typically as a DVR (Data & Video Recording) disc

and belongs to a category of discs developed in recent

years. In particular, a new wobbling technique is applied
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in Fig. 14G In this case, the nodul ati on produces an FM code waveform and
a wobbl e wavef orm (si nusoi dal waveform, which are shown in Figs. 14H and
141 respectively. It is to be noted that the nodul ati on may al so produce an
FM code waveform and a sinusoi dal wobbl e waveform which are shown in Figs.
14J and 14K respectively, by inverting the polarities of the patterns of
the FM code and the wobbl e waveformin Figs. 14H and 141 respectively. The
structure of an ECC bl ock of shipping-tinme information is described by
referring to Fig. 15. The ECC 74 data bl ock of shipping-tinme information

physical 'y cegptheesptough! dikwoagest pUR. tEERALGuEONt ent point of view, the
data bl ock includes a sub-block of actual shipping-tine information (or

prerecorded data) afih 85Ul agis OF 1 Iﬁé}{téjﬁt% a?{@tgrgo xﬁ&‘f—t agct ual

shi pping tinme information (prerecorde control own in Frg. 15,

the sub-bl ockof, ESE?CBEQEdBQ%Bawﬁ$EHr83%3 Lo,y gb&aeg 2fiGHpYLAg @

sector haV|ng a |ze of two unlts orm havi ng
a size of 4 hé 948 by es{sectar EectqH% tes EDC (Error
Det ecti on Coae) 88e8 Isach“deetor ‘t o %or t%ﬁ??a Wit 2
data-frane units ) da frane aving .a size of 2 2 2,048 + 4)
bytes/data-fPB%é E'gaic %E?adFFS afnft S12RRECHaPE iggn@& anflydt her
scranbl ed to roduce a scranbl ed data frame. Then, the scranbled data frane
i s subj ect edthdCkPREEIO B0l oADMRendOTRTGERT REERTR DL RRRIZF 2NGE R H DI ock of
216 rows and 19 colums. 32 rows of arlt are further added to the data

bl ock to gen8faVée¥dn EbPE PEEhSaExgﬁaﬁcémE%HE?n§ﬂﬁ-BVO&ReoﬁmP2§6m¢n32) r OWs

and 19 colums. The LDC sub-bl ock is an RS (248, 216, 33) X 19 bl ock. Then,
an LDC cl ust éF &he288Mpods X 29SEoPlinAsCP1¢Compact Disc) system or a

disc of a DVD (Digital Versatile Disc) system as far as
the diameter and the thickness are concerned.

A laser beam for recording and reproduction of data
has a wavelength of 405 nm. The laser beam is the so-
called blue-color laser. The NA of the optical system is
set at 0.85.

Tracks along which phase change marks are recorded
have a track pitch of 0.32 ,m and a linear density of
0.12 ,m.

A user-data storage capacity of about 23 Gbyte has
been realized.

A groove recording technique is adopted as a
recording technique. That is to say, a track is created
as a groove in advance on the disc and data is recorded
along this groove.

Fig. 1A is an explanatory diagram showing a model
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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-bl ock of prerecorded data into the LDC
sub- bl ock. The 4 K bytes prerecorded data shown in Fig. 16A is subjected to
an ECC encodi ng process to produce the LDC sub-block 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 19 plock is a hlock, which is composed of the.RS (Re Sal onon)
code with a cd eal%%%?‘ﬁe o‘f’)vzi%éﬁ:%%l%%,aa&d%n%)a S, TG 14 rﬁgjﬁb&ggugﬁd a
code di stance_of 33 ni bbl es, and has bl ock size of 19 cpde rds. On the
other hand, tHeSsTERBYDRY oF S pFEFRLDT dbd LML rdl SRE . Hbkk S THARE AV
bytes (= 24 bgtes/uni; X 2 units) as shown in Fig. 15. Address unit nunbers
having a size™®F F25Hyt e3UF 05t ERF 2R r B X8 oHRRRERREY are added to the
sub-bl ock of prerecorded control data to generate an encoding unit having a
size of 120 byiesunfergnegiee the2opiewsgst TRbrqumtereree ar dSs@s ected to

t he Reed- Sol onon 76 encodi ng process to produce an access bl ock of 30
rows 4 col umaltaheative, rohe ofopweity ear keldedeated oton EoBr S
(Burst-Indicating Sub code) sub-block. The BIS sub-block is an RS (62, 30,
33) X 4 bl ockcorddentrac Bslsapeuster of 248 rows x 1 colum (1 byte) is
formed fromthe BI'S sub bl ock. Figs. 16C and 16D are di agrans show ng a

process to encode t Imaya ersecoydatieabind | ragatciard Wi laddmes liwd i snunber
whi ch have a total size of 120 bytes, into the BIS sub-block. That is to

say, the 120 pyt&sing seta chowiconstagt Lbfear evelbseeyed thw) EQgGce
encodi ng process to generate
the groove GV is also rotated at the CLV, the number of
wobbling waves per track circle increases if viewed at a
point moving in a radial direction from the innermost
circumference to the outermost circumference.

Fig. 1B is an explanatory diagram showing grooves
GV each having a wobbling shape expressing physical
addresses. -

As shown in the figure, the left and right side
walls of the groove GV are wobbled to represent a signal
generated on the basis of addresses or the like.

A land L is a gap between two adjacent grooves GV.
As described above, data is recorded along a groove GV.
That is to say, a groove GV is a data track. It is to be
noted that data can also be recorded along a land L. 1In

this case, a land L is a data track. As another

alternative, data is recorded along a groove GV as well
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the BI'S sub-block showmn in Fig. 16D. As nentioned above, the BI'S sub-bl ock
is an RS (62, 30, 33) x 4 block. An RS (62, 30, 33) X 4 block is a block,
whi ch is conposed of the RS (Reed- Sol onon) code with a code |length of 62
ni bbl es, a data size of 30 nibbles and a code distance of 33 nibbles and
has a bl ock size of four code words. As shown in Fig. 15, the LDC and BIS
clusters, each conprises 248 rows each constituting a data frane. A data
frame of the LDC cluster conprises 19 bytes while a data frame of the BIS
cluster conprises 1 byte. Thus, a conbined data frane conprises 20 bytes

(=19 ~a bY.&@Sa+l§fn@}’£e)whf§h5£‘9<¥mbd>fhtcﬁ‘&t$'Qid&@kst:h& B85 haydang a size of
1 byte is placed at the head of the conbined data frame. The BS is follomed

by the LDC havi ng z f fr
20 Bt s (= oo ey e e e oLy

havi ng a si ze of tes ( 6 an ECC Bl ock. “Eac of t he

dat a franes %§ gHbAgggegoﬁglggg%Fggﬁsggnpgglgﬁigp éo%g in which a franme

sync is added to genera e'a r amne in detall the frame
sync having a S|ze,_ﬁ1e 8 Qét%)l y{n%Fr%?QA Q thel ad of &F (160-bit)
data obtained as a Tesdtt®% pth iPitase foduiatd ess t broduce a

structure con5|st|ng ff 336 channel blts as a final result of .the bi-phase
modul ati on pPbEdEstit{eds $H2h lﬂ%t%ﬁPThﬁ?e PRk Fhdte ?sl?ﬁgTi?conponent
in the case of the bi- hase nodul ati on, is not necessary to add dcc bits
to the data FPRfe.2SER ré%%?dlﬂ@df?a%%%dc%%3t¥?%?e a data structure to be
recorded onto a track as a mobblln%ngroove in the PB zone on the disc. To

put it in detail, tHeOWréerfBlsHandinfaimdt idh it £» SHigpsithen ihpad.,

information is recorded onto the PB zone, which is an area between a

ci rcunf er encthei shrfagadplisthe @pse ien dhvidedi tetoferRRceont o @ adi us of

23.1 mmin the case of a disc having a dianeter of 12 cm 78
reproduction-only area) and an RW zone (or a

recording/reproduction area). The PB zone is the inner-—

circumferential side of the lead-in zone, and the RW zone
is an area stretched from the outer-circumferential side

of the lead-in zone to the lead-out zone.

The lead-in zone is an inner side zone inside a
circumference with a radius of 24 mm. A prerecorded data
zone is the lead-in zone's area between a circumference
with a radius of 22.3 mm and a circumference with a
radius of 23.1 rmm.

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

The prerecorded data zone is the PB zone (or the
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as described earlier by referring to Fig. 2. To consider nmerely a condition
requiring that a data bl ock of shipping-tine 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 made | ess dense to a value of about 1.72 ~ m 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 SINratio of a signa

representingréﬁgo@@@@p@ﬁ_gﬁif SABabeci ppHoyssye Since the BIS is a code
havi ng an extrenely excellent error correction power in conparison with the

LDC, almost all errmgrs a8 o ragied na%,b&%g éosiqrrva'd?&e%%n%r .l

poi nters provi ded by erroneous BIS ca use I'Tows. 'Th a decodi ng

process usi : 5EC . are degod i . s hat two errors are
det ect ed inn‘g%nse%u%(\%légél%e ?%?ﬂ?ﬁsl %%ée??h%gﬁ%e%??% swja?% a|’egarded as a

burst error in.the 19-byte data sandwi ched by the consecutiye BlS, Error
poi nters eacﬁa%b?%t?ﬁgggdmﬁn%so?s?ﬂea%r?o S LA LRI D T ALRIREE dat a.

Then, a pointer erasure 79 correction process based on LDCis carried out
by using theB@PIFBFborhE2rs. In this way, the error correction power is
i ncreased over the power of the error correction using only LDC. BIS

i ncl ude, anong ot héh et AHtes LT dratsesh. LY G overdgc v ded-adat a zone,
prerecorded information is stored as a groove~wobbling shape. Thus, since
t he groove vobbEe nmgremaper deetthpy espiesitongdfessrepdodimgiamd the address
information included in BI'S can be used in maki ng an access. As is obvious
from Fi g. 15r¢produgkion 6aft phdse) chanodimarks (orThe gondAitamssD), the ECC
format of user data stored as phase change marks uses the sanme codes as
include the power of a laser beam used in recording and
reproduction operations.
The defect management area is used for recording
and reproduction data for managing information on defects
existing on the disc.
A zone between a circumference with a 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 user data is
actually recorded onto and reproduced from as phase
change marks.
A zone between a circumference with a radius of
58.0 mm and a circumference with a 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 and a buffer

area allowing an overrun to occur in a seek operation.

An area stretched from the circumference with a
53



the ECC format of shipping-tine information. The fact that the ECC formats
share the sane codes inplies that the ECC decodi ng process of shipping-tine
information (or prerecorded information) can be carried out by the circuit
system for perform ng the ECC decodi ng process of reproduction of user data
stored as phase change marks, and al so neans that the hardware
configuration of the disc drive apparatus can be nmade nore efficient. Fig.
17 is an explanatory di agram show ng the 80 structure of a cluster
conprising data franes. Each row shown in the figure corresponds to a data

frame havi ngraqsiizeoef 23201 byhestastdescr thedsahoveorAsnexpbatngdigarl!ier,
each data frane is nodul ated to produce a recording frane having a size of

336 channel Bibs, 288:h0v8c06-848 LoAERSsCeRs!kirkenan (FECCRLOCK. A fun-in

frame and a run out franme are a to the E respectively before

and after thgegg§d££§g§§8%8%E§£?§g2§§géfgggggéiggggegluster havi ng 250

frames. The run-1n-a each used as a linking frane. In
addi ti on, as described ove }%x@ddresses are eac S unit

18’ anatory,.di m h.,added as anedat‘(jdd\;
nunber. The cl ust er® ¥ 1DC Borton Xl vt Hy T G T3 e OtV $Hanes
conprises 248 frangs ich e divided into_eight grougs_each having 31
f r anes, naner?rngnBsﬁ tasfgéﬁeggo?o?ﬁeagéaad#ggggs?sﬁanﬁﬁy?ﬂﬁdggesses
having unit nunbers 0 to 7, are assigned to the eight groups on a

one-to-one bASPE: 1T0ike tHPHe FRAGH thatfidhe It ek OrHRPTRR SROEIRE er
structure shown in Fig. 17 is a typical cluster structure obtained by

addi ng t he | FARi HgLPLaREsshaPeoAfor nPEGOWRt hnt ABecRUsEerest andt Big- of user
data. The prerecorded data's cluster structure conformng to the cluster
structure of 3Bséf dadhapsamnthasiegt sheheodesing shapeopit pegePpEai in

configuration of a decode processing
the PB zone.

In the RW zone, address information (or an ADIP) is
recorded in advance by wobbling the groove created on the
disc to form a spiral shape for a tracking purpose.

Information is recorded onto and reproduced from
the groove, which includes the embedded address
information by phase change marks.

As shown in Fig. 3A, the groove in the RW zone,
that is, the groove track including the embedded ADIP
address information, has a track pitch TP of 0.32 ,m.

On this track, phase change marks each serving as a
recording mark are recorded. By adoption of a RLL (1, 7)
PP modulation technique or the like, the phase change
marks are recorded at a linear density of 0.12 ,m/bit or
0.08 ,m/channel bit. The RLL stands for Run Length

Limited and the PP is an abbreviation of Parity
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system enpl oyed in the disc drive apparatus. However, it is not always
necessary to design the cluster structure of the prerecorded data (or the
shipping-time information) in conformty with the cluster structure of user
data if the unconformty does not cause a problem That is to say, since
the shipping-tine information is reproduction-only information, which is
never rewitten, the linking frames are not required. Thus, with the
linking franes elimnated, a cluster conprising only 248 frames as shown in
Fig. 18 is also conceivable. By referring to, Figs. 19 to 26, the follow ng

description gxpbains/dabRiBeti eatE0NVYEHSA 08d PhOEBESh NGr SHE DL 86n aPun
interl eaving process carried out on LDC and BIS sub-blocks. Figs. 19 to 21

are explanatpéﬂggﬁggrans used for describing conversion processing carried
out on an LDC sub-block. On the other hand, Figs. 22A to 25 are expl anatory

di agrans used for qdeesgrﬂlbgé%f@gl%’ﬂ sgﬁa%a}%eeusl:ggg%.g?&éie%gigutcagg a BI'S

sub-bl ock. Fig. 261S an anatory scribi'ng ¢onversion

processi ng, ich_ i arrjed.out when data_of LDC ang Bl S sub-hl.ocks. is
ecor ded ont ha e bR FEBOLRTI 84 KAFQe CBRECRE FBVPn LS EhT L o
descri bi ng rocess,to conyert orded data C(g, h) used as actual

a rere
shi ppi ng-ti n& iﬁ?%rnﬁ??oﬂlFﬁ?Bmdﬁ?ﬁﬂtf??gf? +%c€?ded on a menmory, where the
subscript g in the range 0 ~ < .2 denotes a unit ngg?er and the subscript
hin the range 0 - iF SESGEPER AU protR EIRRP AT FRRAIGOR o
conversion processing is carried out on the basis of conversion equations
usi ng the unFECPHEABRrag BRE PRECPFeP etePBbindatRieRen®beEln2 aeoPblivds: | =
(g X2,052 + h) %216 | - (g X2, 052 + h) /216 where synbol "/" denotes a
di vi si on opeParépdief FPRIARE a yobPiéhRy pmphdtagabBh of"abewbt ¢8 AM
di vision operator for finding a division remainder i
(peak to peak).
The freguency band of the address information is
set not to overlap the frequency band of the phase change
marks so that there is no mutual effect on detection of
the address information and the phase change marks.
At a bandwidth of 30 KHz, the address information
recorded as a wobbling shape has a post-recording CNR
(Carrier Noise Ratio) of 30 dB and an address error rate
not greater than 1x107. The address error rate is
obtained by consideration of effects caused by
disturbances 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 pitch greater

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

zone shown in Fig. 3A, and a wobbling amplitude is also
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C(g, 2, 048 ). to C (g, 2, 051 ) are EDC (Error Detection Codes) for (g,
0) to C(g, 2,047) . The (2,052 X 2)-byte prerecorded data including EDC as

‘'shown in Fig. 15 is converted into data D (i, j) loaded into a nenory as
shown in Fig. 19 where 0 ~i 215 and O ~j s 18. Notations "0, 0" to "1,
2051" shown in Fig. 19 denote the prerecorded data C(g, h). Fig. 20 is a
di agram showi ng codes of the prerecorded data's nenory data D(i, j) | oaded
into a nenory as described above where the subscript i is a code 83

- nunber and the subscript j is a byte nunber. A hatched portion
correspondi ngrt9tbherRURSERAB o F' §h¥a£H§§k|BréQ€e&aQQetgé6 fobve 247
represents 32 added rows of parity. Fig. 21 is a dlagran1s%omﬁng posi tions
b(s, t, u) o i pgd, LEsH! § of cQpuversion process carried out on the
menory data g&? F) ?ﬁﬁe ﬁe on% sh@mnggn Fig. 20 where the subscript s is
an AUN (Address Uni er subserint ty a f.rame nunbher t he
subscript ais a by#e nuutnblegr erﬂcgreconx’r st?non praocckessslrlcf‘"’sn clarf:gl on the

b f h dd nb

nunber t_ andiEhem F% %‘a“ﬁﬁgﬁ *’é's”? 0 % v é’b“&ieﬁé‘ﬁ%lfd ? 3&*31 .t
+a-1) %19 where 0O ~ , 8 a s. 22 to 25
are explanatBP? ﬂlE@PQﬁ%nﬁséﬂp}bFu@%s@%i%Fn@ cBﬁvéP%?BntBrB%%E rn&"ﬁhrrled

out on prerecorded control data used as addition & control infornation for
the shi ppi ng¥ePhtinaiBeRaeHonl #PE. 1DRLies afhakprhnal brgasi aeFardsrEw ng
information included in a BI'S sub-bl ock. As described earlier, the BI'S
i nformation é@ﬁﬁ#t%e@faﬁh?e@§erﬁ¢@Fﬁ9@ibﬂfgﬁ@abiéﬁeéérHe@hébnthém daea. 84
The address information in the BIS information is shown in Fig. 22A As
shown in thelihgarerecanrdildgedenshtynef EO=bRBER asddpessesnépyhathomr ess
fields, nanely,

In addition, since the minimum mark length of the phase

change marks is 2T, the linear recording density of the

prerecorded information is lower than the linear

recording density of phase change marks.

The track in the PB zone is not used for recording
phase change marks.

The wobbling waveform expressing recorded data in
the RW zone 1s sinusoidal, but the wobbling waveform
expressing recorded data in the PB zone is sinusoidal or
rectangular.

In an operation to record or reproduce phase change
marks with ECC (Error Correction Codes) appended to the
data, a post—error-correction symbol error rate of 1x1071¢

can be achieved provided that the signal 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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address field #0 to address field #7. Each of the address fields conprises
9 bytes. For exanple, address field #0 conprises 9 bytes, nanely, 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 showi 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
field. The descendant 4 LSB (Least Significant Bytes) of each address field
are used for storing parity bits for the address field. On the other hand,

the prerecorgeda§onbs Pht doh atd Nrdber Bl S | PFFRLEOMA 82 Shown in Fig. 22B.
As shown in the figure, the prerecorded control data in one ECC bl ock

compri ses 2 uni ts, mANElopnIutg difk A U itk AW CReagh ARSlish ol 24

bytes. For exanple, unit #0 1's conpose 24 bytes, nane f, yte 0-0 to

byte 0-23. Thi s,prerecopded, contTor Satal s g eserved. for [Hluepee. Fio
23 is an explanatory diagram used for escri bl hg processing to convert
the BI'S sub-bﬂock's addr ess ﬁgfornation | (s, v) and prerecorded control

data U (g, HPFRToCAEMdFy d5¢2° B (i, j ) . In the address information I(s,
v), the subscri pt S AUN.ngdress Unit_Nunher) .in the range #Q to #7
and the subscript é\ﬁ sa%ﬂ‘eaﬁfd &R (s silsg,rgaa} :"rthnt?gr 5% 5 he
range 0 to 8. I n the prerecorded control data U(g, hﬁi on the ot her hand,
the subscri pPrgEFsi tRRELARHBSr tP P v fahigke® 1h IAterrer tdei@ibscript h
is a data nunber, that is, a byte nunber in the range 0 to 23. The
conver si on pPHRERSEHYR fBRSeRheCAdHR@ s30T PR b Pt FOREIEUEEY rd B HRETHI t he
basis of conversion equations using the address unit nunber s and the byte
nunber v as $dl¢ausied eut. (JIX He cage p3mhexprerqeorsied 31 + v) /124)

information to be stored in the PB zone, however, it is

desirable to assure a signal quality equivalent to or

better than a CNR of 50 dB for the phase change marks.

For this reason, in the PB zone, a groove physically

different from the groove in the RW zone as shown in Fig.

3B is created.

In the first place, by increasing the track pitch,

cross talks from adjacent tracks can be suppressed. In

the second place, by doubling the wobbling amplitude, the

CNR can be improved by +6 dB.

In addition, by forming a rectangular wobbling

waveform, the CNR can be further improved by +2 dB. These

combined improvements result in a CNR of 43 dB (= 35 dB +

6 dB + 2 dB).

The difference in wobbling recording band between

the zone for storing the phase change marks and the zone
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- (v %31) X2 +(s/4) j - (s X331 +vVv) %4 where 0 ~s <8 and 0 s v <09.
The address infornmation is |oaded into a nenory, by being interleaved in a
range of 18 rows, that is, inthe range 0 s i S 17. As for the prerecorded
control data, the conversion processing is carried out on the basis of
conversion equations using the unit nunber g and the byte nunber h 86 as
follows: i = (g X 24 +h) ~ 12 + 18 ] - (g X 24 + h) /12 where 0 ~ g < 2 and
O ~ h < 24. The prerecorded control data is |loaded into a nenory in a range
of 12 rows, that is, in the range 18 Si S 29. Fig. 24 is a diagram show ng

addr ess i nf of gt 4 05 Bl P L1 SEOF s &QNt d Dt a dBd awobl Lhy s &rigded in a

menory as described above, in terns of nmenory data B(i, j) where the
subscripts i1gnd jnfEe B Goder D eFoRD: By YL £1 SWNDEr36eSPeat ivyRl yr A
hat ched portion corresponding to the value of subscript i in the range 30 ~

| ~ 61 repr%ﬁﬁﬁuﬁ%?ﬁﬁiﬁeﬁ% &f %igr%l?(as{i)(gl‘ll?lﬁ%ei a Fc i AL AR show ng

processing to convert ry data the one shown in Fig. 24

into positio b(s, t, u) on th i where.the subscripts s, t and a are
an AUN (Addréﬁ% {?P¥O*fW%ﬁ§)?£a§f€a nunper*and a byt e nunber

respectively. The conversio rocessi i arried out on the basis of
conver si on equatio%? Gﬁﬁﬁﬁu@ﬁg ééggﬁﬁfﬁ: ST eECRdRe A REEY ¢
and the byte nunber a set at 0 as follows; i_= (.(s X 31 + i} ~31) X2 + (
(s X 31 + t)iy 199y erient ¢ 5437)dK &= 443548 +(9:5 (Bl 3ThHS) YR where 0
~s <8, 0ct<31anda=0, . .

if the cross talks from the adjacent tracks are estimated

to give a CNR deterioration of -2 dB, the CNR is 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 to
record and reproduce the prerecorded information.

3. ECC Block Structure of User Data

An ECC block structure of user data recorded in the
RW zone (or the recording/reproduction area) as phase
change marks is explained by referring to Fig. 4.

A data block of user data physically constitutes
roughly 32 sectors. From a content point of view, the
data block includes a sub-block of user data and a sub-
block of user control data.

As shown in Fig. 4, the sub-block of user data

forms the unit having a size of 64 Kbytes (= 2,048 bytes
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The data at the positions b(s, t, u) showm 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) showmn 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 rules of data processing to convert
shipping-tine information are also applicable to user data as well. By the
way, the above description explains the shipping-tine infornmation's typical
case in which an ECC bl ock is constructed as a 4 K bytes unit of
prerecorded daga. s&leveyvey. an ECC bl ock constructed as an 8 K bytes unit of
prerecorded data is al so conceivable. The structure of an ECC bl ock

constructed as an & K hyfess wid @frRyemodad faiiid)s explpideddy
referring to Fig. 27. In this case, the ECC data bl ack of shipping-tine

| nformation Q%&ZL&@EL&?QWE&?&%r?HEQ' YriQUr o L1 O, WS, ¢ LG Sub- bl ock

of prerecorde ta 1ncludes four franes each occupylng a sector having a

size of 2 K A o T o] a for sup- bl Lng, a,size of
8 K bytes (:§§}6ﬁ8¥%§§e2/§%&%0?£§3‘é g%%%%‘?sg. éggﬁ-(ggt%’@% %ﬁ#%rxﬁé ection
Code) is added to _each,.sector to forma data-frame unit. 4 data-frame units
forma data F?Sﬁ@rﬁav% aé%ﬁaﬁeforo%mez,lo% Ltr:ta}f?)fscrf“%l%tteos/%q 195 dhe
unit X 4 data-fr gnits. ;he data frane is further scranbled to produce a
scranbl ed daf&rf HRER, LTR8BS scranbl ed data frame is subjected to a
Reed- Sol onon encodi ng process to generate a data bl ock of 216 rows and 38
col ums. 32 rows of THRfti tiRerseFamtifd drfef%ane He B Atk % denerat e
an LDC (Long Di stance Code) sub-block of (216 + 32) rows and 38 col ums.
The LDC sub-BEBERSPLOBAN RENCOABNIREOCESS Mo 3genebeke ahdehaibleskpesed of

the RS (Reed- Sol onobn) code with a code | ength of 248 ni bbles, a data size
of 216 ni bbl é56apewg and 304 columns. Thirty-two rows of parity are

further added to the data block 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 304 block.

Then, an LDC cluster of 496 rows x 152 bytes is
formed from the LDC sub-block.

Figs. 5A and 5B are diagrams showing a process to
encode the sub-block of user data into the LDC sub-block.
The 64 Kbytes user data shown in Fig. 5A is
subjected to an ECC encoding 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 each 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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code di stance of 33 nibbles and has a bl ock size of 38 code words. Then, an
LDC cluster of 496 rows X 19 columms (19 bytes) is forned fromthe LDC

sub- bl ock. On the other hand, the sub-block of prerecorded control data has
a size of 96 bytes (= 24 bytes/unit X 4 units). Address unit nunbers having
a size of 144 bytes (9 bytes/address X 16 addresses) are added to the sub89
bl ock 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
t he Reed- Sol onon encodi ng process to produce an access block of 30 rows X 8

col ums. Thenreda £6Y6méhH) pasitywitk afddrd (2osfornsa B S, (Bussdel ndi cating
Sub code) sub-block. The code words is 8. The BIS sub-block is an RS (62,

30, 33) X8 Dé@gkhw850@4bsnﬁgﬂpe§¢daoaa£9esﬁ§é(5@eﬂ1§0hgﬂpnéspogegM&éh a
code length of 62 nibbles, a data size of 30 nibbles and a code di stance of

33 nibbl es agdspasca BEOsk §igs10L chghtngode woLds. sThen,rasBhScchuster of
496 rows X 1 columm (1 byte) is forned fromthe BIS sub-block. The LDC and

Bl S C|USterSW§E§$ i ncl udes 498 rows each constituting a data frame. A data
frame of the cluster conprises 19 bytes while a data frane of the BI S

cluster conprises byt.e. Thus, ,a conhi.ned dat.a fr.ane. conpri ses byt es
(=19 bytes + 1 byte n S %V\%ri}har%cg’e 1?'egusrlgelj, ]?a]hoed%l? huas\r;%)rng Oan%r'lzogle of 1
byte is placed _at,the head of tE onbi ned gata. ra The BISis foll owed
by the' LDC n9FAGMAT SR 808P 95 it BYUSHGR POvERLFE 2087 APREFPRARE cach
havi ng a size _of 20 bytes gonggk%%te an ECC bIock.IFth of the datﬁ {ranes
i s subj ect edSPgWY bF-%ﬁgse 90 RRT a1 oh PrRES: R it S r sync
is added to generate a recording frame, To gut it in detail, the frame sync
having a si zBYBESgXpipsafidreasest 444fnPYteRt AEGdaBHed0tRyERe (98B bit) data
obt ai ned as a result of
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 Soclomon
encoding process to produce an access block of 30 rows x
24 columns.
Then, 32 rows of parity are added to form a BIS
(Burst Indicating Sub code) sub-block. A BIS is a sub
code indicating the position of a burst error of an
optical disc. The BIS sub-block is an RS (62, 30, 33) x
24 block. Then, a BIS cluster 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 user control data and the address unit number,
which have a total size of 720 bytes, into the BIS sub-

block.

That is to say, the 720 bytes of data shown in Fig.
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t he bi-phase nodul ati on process to produce a structure consisting of 336
channel bits as a final result of the bi-phase nodul ation process. It is to
be noted that, since there is no DC conponent in the case of the bi-phase
nodul ation, it is not necessary to add dcc bits to the data franme. Such
recording frames constitute a data structure to be recorded as a wobbling
groove onto a track in the PB zone on the disc. To put it in detail, the
prerecorded information used as shipping-time information is recorded onto
the PB zone, which is an area between a circunference with a radius of 22.3

mm and a ci rggnd & eges ddtdd aré agh USCOf erddo di N pFod des caseg@iePathh SC

having a dianeter of 12 cmas described earlier by referring to Fig. 2. To

ponsider_nergﬁg §E§OQQ$1EP@cEeQH@&ﬁnghtﬁﬁé.asﬂﬁt%QﬂMEH%théﬁ“dﬂﬁd&rti”E
information shall be recorded in the fornat descri bed above into the PB

zone' s area poL gxgesdbgLibe LLTehe RE PrEdd CHIT SRERFecode LPEATS6q he

recordi ng density of anne Its can be made Tess densely to a val ue

of about 0.86c5m Jhatsis 1o SaYe 106.Lecording,dansily of aehangel bits

can be reduced out 1714 trmes recordi'ng density of uSer At a
obtained as a_result. of the nodyl ation adopting th L (1,7) PP technique.
As a result ,thgggff\P?L‘f—?o %fc%g‘ii‘é)hipa?%%r%‘kseﬂ%i’?ﬁ@’& S chaPhereBids can be
inmproved. In addjtion, also in this case, the ECC fornmat of user data
stored as ph25@ckn3hge Phrk: ©ede YAEY%ane codes as the ECC format of
shipping-tinme information. Fig._ 28 is a diagramshow ng the structure of a
cluster conprisi ng ARt Ftanes Fighctf r S Fnel S 91 Tor Messdhds to
a data frame having a size of 20 bytes as descri bed above. As expl ai ned
earlier, eacht®atachrapediasnddufaPedird/ proredechiorcwirdt nge2¢ne having a

size of 336 channel bits. 496 rows or 496 frames constitute an ECC bl ock. A
run-in framefendsadPbnrous ¢aahecepstibedng cat@etEgChrame. A data

frame of the LDC cluster forms 152 bytes while a data
frame of the BIS cluster forms 3 bytes.

Thus, a combined data frame forms 155 bytes (= 152
bytes + 3 bytes). As shown in the figure, in the combined
data frame, four LDC fields each having a size of 38
bytes and three BIS fields each having a size of 1 byte
are arranged alternately to form the 155 bytes data frame
on one row. 496 rows or 496 data frames each having a
size of 155 bytes (= 1,240 bits) constitute an ECC block.

Each of the data frames is subjected to an RLL (1,
7) PP modulation process, in which dcc bits and a frame
sync are added to generate a recording frame. A dcc bit
is a bit for making the frame free from DC components. To
put it in detail, data (1,240 bits) obtained as a result

of the modulation process is divided into that a start
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bl ock respectively before and after the 496 franes to formthe

af orenenti oned cluster having 498 franes. The run-in and run out franes are
each used as a linking frame. 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 franmes conprises 92 496 frames, which
are divided into 16 groups each having 31 franmes, nanely, frane O to franme
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 gad@p SpLhaisd et St ¢lChed Ensioavio f Ntk Of rafe | Bs a2% Yipi €8l akd ust er
structure obtained by adding the linking franes in conformty with the

cluster strugt U%EO sUSET18iRg dRE PELFECOFEQY Oat a5 SprtaIStory StRdig ure
conforming to the cluster structure of user data is anenable to the design

of the circujtycontiguratd ofe of¢ & derpdes PIASESELNd: SYStEM SapLoyed in the
di sc drive apparatus. However, it is not always necessary to design the

t I
cl ust er SUr UEL g hikg %é%ﬂ?ﬁ?{ﬁlggcg%@péor otrbeu%*io%i&gﬂér{ae the

i nformati on) conformt uster structure of user data if the
unconformty e r That, is_to_s Lnce the
shipping-tin£9$ﬁ$o$§%f?%%é}%gf%pgg%ﬁc fo%@o% §Siﬁ?d$%% ?%n?gm%ich IS never
rewitten, the Ijnking franes are not required. Thus, with the |inking
frames of | m haPBHOR PR ST ERC CBhpFiS| FADRI J- 98 7 ELOUCE sHEon in Fig. 29
is al so concei vabl e. Figs. 30 apd 31 are exglan or%_diagrans show ng frane
synchr oni zat FBRSTFRY her 2K BIYERIoF BLKE LY e%'gé% 8ts bl oek0 dP1%Hhi ppi ng
time information. As shown in Fig. 30, there are seven types of frame
synchr oni zat PHntis oRbEEPYL FRERe ot FSB. PERE OB thAef FRBARSEYRchr i zat i ons
FSOto FS6 is an out-of-rule pattern of the FM code nodul ation. The pattern
consi sts of RB&teh@hn@Fchi t SLherj g8 Hbitfe afs Witarkigdomiing dframe B3®1001"

subjected to the RLL (1, 7) PP modulation process to
generate 1,932 channel bits of a modulated recording
frame. In the RLL (1, 7) PP modulation process, every 2
data bits of the recording frame are converted into 3
channel bits of the modulated recording frame.

Such recording frames constitute a data structure
to be recorded onto a track in the RW zone on the disc.

In the case of a DVR disc, the recording density is
thought to be about 0.08 ,m per channel bit output by the
RLL (1, 7) PP modulation process.

Since the BIS is a code having an extremely
excellent an error correction power in comparison with
the LDC, almost all errors are corrected. That is to say,
the BIS is a code using a code distance of 33 for a code

length of 62.
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serving as a sync body. The remaining 8 channel bits forma sync ID
identifying the frane sync. Expressed in terns of data bits, for exanple,
the sync ID of the frame sync FSOis 3 bits "000" and 1 parity bit, which
is O0inthis case. These 3 data bits and the parity bit are subjected to an
FM code nodul ation process to result in the 8 channel bits "10101010". The
8 channel bits for each of the other frame synchronizations FS1 to FS7 are
obtained in the same way as the frame sync FSO That is to say, the 3 data
bits "000" and 1 parity bit of each frame sync are subjected to an FM code
nodul ation process stfywoq%ulsterivrin% charelo iges nfr@ir st e cffide ync. Thus,
the code distance of the bit data becones 2 nibbles or Ionger so that a

1-bit error Wild &0ls CRESE-Sn SYONC 4Ly 1o bei gt preted as another sync ID.
In an operation to record a frame sync FS, the franme sync FS is subjected

to an NRZI Conversilgln ab%fe(?:ro%ii%l% #ﬁ%-e%% ru%qurgdgigic I:iBE)i’S 3t feRodeRgr am

showi ng mappi ng of Trame synchroni zati ons. scribed above, I'n the case

of an ECC bl pck built as a tes _unit, qQne | ock i ncl udi nq.248
Prams s dibfiabt] mesthel chal BECLMR GUC (R hel W20
an ECC bl oc ilt as, a 8 K bytes unjt, on the other hand, one E bl ock
i ncl udi ng 4S%P r E¥esthe WVF abtPTRt otd 6T o Eaeéﬁﬂ“%agﬁﬁ ] SR | n
ei ther case,, an_ECC bl ock is divided into _groups each having . 3] frames.
Frame nunbert® 0F1%- 3 arl@ 4<% F %0 trh&&%c&y&@sy e §f“@%&ﬁé§dopyeach

group. For frame nunber 0, a FSOis used_as a special frame sync not used
for other frif® FRRmBPRFLLIVRURIS the ¥y S ESAPW bR T Me bEFTRF ng of
an address frane to be detected and, hence, address synchronization to be
est abl i shed. PTheteranere ydedednte ationid FsIted R ar Shgdsi gn@@indefr ane

nunbers 1 to 30 as shown in Fig. 31. This
erasure 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, among other data, address information.
These addresses can be used for a case in which address
information is not included in a wobbling groove as is
the case with a ROM-type disc.

Fig. 6 is an explanatory diagram showing the
structure of a cluster including data frames.

Each row shown in the figure corresponds to a data
frame having a size of 155 bytes as described above. As
explained earlier, each data frame is modulated to
produce a recording frame having a size of 1,932 channel

bits. 496 rows or 496 frames constitute an ECC block. A
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assignnment of the frame synchronizations FS1 to FS6 all ows the begi nning of
an address frane to be detected even if the franme sync FSO is not detected.
6. Disc Drive Apparatus 95 The foll owi ng description explains a disc
drive apparatus capable of recording and reproducing data onto and fromthe
di sc described above. Fig. 32 is a bl ock di agram showi ng the configuration
of the disc drive apparatus. A disc 100 shown in Fig. 32 is the disc

i npl enented by the enbodi nent descri bed above. The disc 100 is nmounted on a
turntable not shown in the figure. In recording and reproduction

operations, pf€-ghSerdfld dsd dii ¥eRn-oit Of FOhAtd B8 Hydéed spb nehe mptor 2 at a
constant linear velocity (CLV). Then, an optical pickup 1 reads out ADI P

i nformation gpbeddeds bt e RVBORSrOfat s flisf 400 856 ar phbl i g shape of
a groove track. In addition, the optical pickup 1 also reads out

pr er ecor ded kggﬂrgnﬁﬁgn(ﬁgggggﬁggi@anerE%%P”ﬁé5ﬁnéh§99i§Paﬁ€9.a%m%

wobbl i ng shape 0 a groove trac In a recordi ng operation, the optical

pi ckup 1 rec S. Us d i nto e e .ch rl In a
reproductionR%%e%gt?%%,g%ﬁst%% %%ﬁ%? aﬁgg'tﬁgnggﬁﬁhéﬁl%ﬁ%ﬁdﬁﬁﬁﬁig%ds out

t he recordin? %gase chaqgehnarKi. The gﬁtkcal gickup 1 includes a | aser

di ode, a phot bHBERCELT, AN obF &2t FVe® | eh¥ Hh¥ ah?®Bptical system 96  which
is not shown in the figure. The |aser diqQde, serves as. a ser - beam sour ce.
The phot odet ect or ddt 4% & 3ef Iaesctdé’tfckfe‘%fﬁd V6bi g@(ia\géﬁieegr?sséarr\?es as an
output end of a | aser beam The optical system nakes the |aser beam radiate
the recordi n§2shr#dged ors t#e ARAESIHOUBYEWAY™BRT t hef | PS8R 1%edP%Gnd

| eads the reflected beamto the
portion excluding the run—-in and run-out frames includes

496 frames, which are divided into 16 groups each having
31 frames, namely, frame 0 to frame 30. The 16 addresses,
namely, having unit numbers 0 to 15, are assigned to the
16 groups on a one-to-one basis.
4, ADIP Addresses

The following description explains ADIP addresses
recorded as a groove wobbling shape in the RW zone.

Fig. 7 is an explanatory diagram showing use of an
MSK (Minimum Shift Keying) technique, which is one of FSK
modulation methods, as a technique of modulating ADIP
addresses that the grove is wobbled.

As a data detection unit, two wobble segments are
taken. It is to be noted that a wobble segment is a
wobble period defined as the reciprocal of a carrier
frequency.

Data such as an address is subjected to a
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phot odet ector. The | aser di ode outputs the so-called blue-color |aser
havi ng 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 nechanismin
such a way that the I ens can be noved in tracking and focus directions. The
entire optical pickup 1 itself can be noved by a thread nechanism 3 in the
radial direction of the disc 100. The | aser di ode enployed in the optical
pickup 1 is driven by a drive signal, that is, by a drive current, output
by a |l aser driver 13 to generate a laser. Information conveyed by a beam

reflected frdiftdweerthise]l 1600 &t t@ed sk Dypither plotoded @stding whi ch
converts the information into an electrical signal and outputs the signal

to a matrix gigeadd fh dheniBlef Xokd BBl (delwidaesowr rakdgentud oeyol tage
conversion circuit and a matrix-processing/anplification circuit. The

current -t o S¢howy Ol f 388 COMILY Si @ HutCUYitl jGORMELES CUHLH:T rAHRHL Y a
plurality of a Iight-receiving devi Ces each serving as a phot odetection

Teans IN0O SOl ARe. pdlie JR Ll do REOCESSINAUATP LIS 6RL | 2y £ G WE CarT] oS

out matrix processi on t olta romthe current-to voltage

. . 2 ; : i b
conal (o a oi8 oS PRS- AANdEs LA B e A ek g
ced data. The

error signal . The high-frequency si.gnal represents rep

focus error SFohay aa%&o]?% et?%%{?iggee Yor st ghatd aal’régués 7 e&cution of
servo control.,In addjtion, the, matrix processing/anplifjcation circuit

al so gener atREIAT sFQYnEhe rERTFRETHEY n%r%c‘g‘ﬁ)b‘ﬁ rﬂ‘@ﬁég@‘ l‘i’hejngr oove, that
is, a push-pull signal obtained as a result of detecting the wobbling shape
of the groove. The T Xhe RAsReABGIRDHaLa He rséﬁ?rjc?dﬁc?éjd-tt?atté“esiufﬁ‘gl to a

reader/witer circuit 5 the focus error signal as well as the tracking
error Signajmq@u%agéqqoprocess to generate an MSK stream shown in Fig.

7C. To put it in detaill, prerecorded data having a value
of “zero” is modulated into a carrier coswt or -coswt.
On the other hand, prerecorded data having a value of
“one” is modulated into a carrier cosl.5wt or -cosl.5wt
with a frequency 1.5 times the frequency of the carrier
obtained as a result of the MSK modulation process
carried out on prerecorded data having a value of “zero”.

Assume that one channel bit of recorded or
reproduced phase change data corresponds to one channel.
In this case, the period of the carrier is capable of
accommodating 69 channels as shown in Fig. 7C.

By the way, 1 data bit of an ADIP completing an MSK
modulation process occupies 56 wobble periods while a
wobble period is capable of accommodating 69 channel bits

obtained as a result of the RLL (1, 7) PP modulation
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circuit 11 and the push-pull signal to a wobble circuit 8. The
reader/witer circuit 5 carries out processes on the reproduced-data signal
to reproduce data read out as phase change nmarks and outputs the data to a
nmodul ati on/ denodul ation circuit 6. The processes include binary conversion
processi ng and reproduction clock 98 generation processing based on a PLL
techni que. The nodul ati on/ denodul ation circuit 6 includes a functional
menber serving as a decoder in a reproduction operation and a functional
menber serving as an encoder in a recording operation. In a reproduction
operati on, pheceedubapildrideénpdskat danacasclist egptaineds caufliarpbgcess to
denodul ate run-length Iimted codes on the basis of a reproduction clock
signal as ard€eeding poowess. 3An ECC encoder/decoder 7 carries out an ECC
encodi ng process to add error correction codes to data to be recorded in a

recording operati ofhud N €nd EPEQSHEIAGNIORELBY | 9P, APTPt LRt HEEs hand, the
ECC encoder/ decoder 7 carries out an ECC decodi ng process to correct errors

of reproduc d ) Ut hiat o ‘Al deih@ 13 8RR ti 0 L,Qp, data
dermdul at ed by The. Sotaatt onT dormad ot fon e Toart 6 s arar o T an

internal meqpry. ﬁEQ‘al‘Ea% %h%r gdr! N1t he,i @Tpeﬁl%hl%%hypir%cteﬁgr.‘ subj ect ed

to processes such as error etection/correction processrng an

de-interl eave proc gs{ﬁg_égsgeggr@ﬁfsrgﬁﬁggyﬁg tgs%gﬁeggéxﬁggroduced dat a

conpl eting the ECC decodin rocess carrie encoder/ decoder
20 in accor SERERTALEH BRASTRAREN s Stea sy Ta Loy EreM CoNprar el Iot He
20 in accor I'ssued By "a . I'e . e
push ULl o190 SSULOUL b e TBLAL £ LM Lo el L SBentl 19
be more Spegalgg’addresses can be included as ADIP addresses.
Fig. 8 is an explanatory diagram showing a state of
inclusion of the 3 address blocks including the 3
addresses in 1 RUB. As shown in Fig. 6, a RUB (or a
recording cluster) includes 496 frames, which form an ﬁCC
block, and 2 frames, namely, the run-in and run-out
frames. Thus, a RUB includes a total of 498 frames,
serving as a recording unit.
As shown in Fig. 8A,Iin a segment corresponding to
1 RUB, 3 ADIP address blocks are included. An address
block consists of 83 bits.
Fig. 8B is a diagram showing the configuration of
an address blocks. The address block consisting of 83
bits includes a sync part (or a synchronization signal
part) having a size of 8 bits and a data part having a

size of 75 bits.
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in the wobble circuit 8, the push-pull signal conveying ADIP information is
subj ected to an MSK denodul ati on process to generate a data stream
conposing an ADI P address as a result of denodul ation. The data streamis
supplied to an address decoder 9. The address decoder 9 decodes the data
streamreceived thereby to produce an address val ue, and supplies the
address value to the systemcontroller 10. The wobble circuit 8 al so
carries out a clock generation process based on a PLL techni que on the push
pul | signal representing the wobbling shape of the groove to generate a

cl ock signal. Fox &hanplyac pvhetgbaeiated slieekosfi gndlitiss iarlekdeadifogrcl ock
signal supplied to a variety of conponents to be used in a recording

oper ation. Theifwisdadiuldorsd gainpWMHU myhddendmaiit Xartd rcWyndd giox t he
wobbl e circuit 8 as a signal representing the wobbling shape of the groove

is a push-pull sigeal t&eNeNeRd hBhEr, e%a@daathnb@&%awa%n@e@d sQyle brom the
PB zone. In the wobble circuit 8, such a push-pul | signal 100

subj ected toy® wand- passuddd te] | PACRSS Ad A M C&ﬂ?sf’seﬂ}ﬁj’ &Gt 1on
process before being supplied to the readerIMW|ter circuit 5 as" an FM code

stream In the seaderdwitey {;ﬁﬁEﬂt s the FM code streamis subjected to
a waveform reshapi ng process ore elng supplied to the ECC

encoder/ decoder 7, @QJ%@n%ﬁr &e %utoﬁgCFgggogﬁhat%gg g%ﬁlab%rl%g¥tng

processes to extract prerecor nf o i pping- X e

i nformation)._ The extract shi tlne i nf finally. supplied
to the syst R TOMTOIR T e%; wl%g&s i c%t rgltln’gﬁ‘ e@?r o eglh(‘?u 1)
processi ng sucgﬁgg vari ous, setting and co ght protection based on

read- out pret® SR Hat o Lﬁfev% éam 1 dt9er 10 al so outputs a
control signal CT to the wobhle circuit 8. The control signal CT drives the
wobbl e circuit 8 t&obklecReFiodss ARG ﬁFSﬁP&dpP§c§§§ F&cdeFeFdtatd ADI P

information to a process_to denodul ate shipping-time information or vice
ver sa. the carrier frequency are created for the monotone bit

following the MSK mark of the monotone bit. Details of
the sync bit and the ADIP bit will be described later.
Anyway, wobble periods of an MSK modulation waveform are
created for the sync bit, following the MSK mark of the
sync bit. By the same token, wobble periods of an MSK
modulation waveform are created for the ADIP bit,
following the MSK mark of the ADIP bit.

Fig. 9 is an explanatory diagram showing the
configuration of the sync part.

As is obvious from Figs. 9A and 9B, the sync part
having a size of 8 bits includes four sync blocks, namely,
sync blocks "O"“, "1, “2%, and "“3", each consisting of
two bits, namely, a monotone bit and a sync bit.

To be more specific,
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Fig. 33 is a block diagram show ng a typical configuration of the wobble
circuit 8. The push-pull signal PP~received fromthe matrix circuit 4 is
passed on to a PLL unit 64 by way of a band pass filter 61. Typically, the
PLL unit 64 carries out a binary conversion process on the push-pull signal
PP's 101 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
t he 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 wobbl smgcpbliod 80"t henR tohesi ef69Tmahptenehel wobhdli ag
period of the PB zone is 36T. That is to say, the wobbling carrier
frequency ofsyinte "RW Zdne, is different fromthat of the PB zone. For this
reason, the systemcontroller 10 outputs the control signal CT for

swit ching the bandspassbiibkker18lcbhemiaupasscbandmbastbhe vperahdos to
record or reproduce data onto or fromthe RWzone to a pass band for the
operation tgymepradugg data fromthe BP zone or vice versa. As a result,
the PLL unit 64 generates the clock signal CLK with a frequency
correspondi ng to tRhgpwoBhbiRg«per Ladsef +G9Lsi Bran ABALabhaNpie LRGORd or
reproduce data onto or fromthe RWzone or a frequency corresponding to the
wobbl i ng perd.qg. ofy 361 4 ny@an operation to reproduce data fromthe PB zone.
The push-pul|” signal PP received fromthe matrix cixcuit 4 is also supplied
to a band-pass f"%ghc6%1E§% 192 coﬁéE&%EEbggiﬁ SOHBHB%QhehB¥£”Qn§ garrier
frequency and a conponent having a frequency 1.57tinmes € carrrer
frequency. The§§,ggn29q?nts are supplied to an MSK denodul ator 65. The MSK
dermodul at or 65 tarti €5 but MSK denodul ati on processi ng by perform ng, anong

ot her .
As described above, a monotone bit in each sync

block is a waveform over a series of wobble periods of a
carrier having 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 periods, 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 "1"
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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processes, a process to multiply an MSK-nodul ated wave by the carrier
conponent and a filtering process. As result of the MSK denodul ati on
processi ng, the MSK denodul ator 65 out puts nodul ated data conveyi ng an ADI P
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 MSK denodul ation
processing is based on the clock signal CLK having the frequency
corresponding to the wobbling period of 69T. The push-pull signal PP
received fromthe matrix circuit 4 is also supplied to a band-pass filter
63 for extrddd ngral BidEphaspamduedtyved (FM nodul at ed) signal conponent to
be supplied to an FM code denodul ator 66, which then denodul ates the signa
conponent. A signalinohhai nedeasfathesubbbdt degedulat pantesnsdppl tkd to the
reader/writer circuit 5. It is to be noted that the MSK denodul ati on

processi ng isyrased yid hdwoak Fignall 08 K HawaK mdta fd:8@enet the
corresponding to the wobbling period of 36T. 103 As descri bed above, the

system cont ildiem 1My ¥ RS d N GOHiQls w9 . ChhkOnkha WeRbhE ki fcuit 8

having such a ‘configuration, controlling an operation to swtch the clock
Co T he TreaUoney e 1 gt O T ha b kg ar! ad ol eer A S la
a0 B g b @YAUAN, | opgestadice dalackianthgeRBagane of (he
Fepr oduce. 4 T Fbm e RABoNSTor e Th S T2 i6h Tih GooRG Ifand, the MK
denodul ator 65 . s,driven to carry out a denodul ati on process for

repr oduci ng B ¥A9% address. In a recording operation of the disc drive

apparatus shown in Fig. 32, dat% tg be E%iorded i_s received fromthe AV
system 20. The dat 2% hSecpggop e& e WO e waveform pattern for the

sync "n", the second MSK mark exists at a position
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 sync "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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is stored in a buffer enployed in the ECC encoder/decoder 7. The ECC
encoder/ decoder 7 encodes the buffered data to be recorded by carrying out
processing including a process to add error correction codes, an

interl eaving process, and a process to add sub codes. That is to say, the
ECC encoder/decoder 7 carries out the encoding 104 processes to generate
an ECC bl ock explained earlier by referring to Fig. 4. Then, the data
conpl eting the ECC encodi ng processes is subjected to a nodul ati on process
adopting an RLL (1, 7) PP technique in the nodul ati on/ denodul ation circuit
6 before beiang MBKppared 0 sthe ateadey owgitrari ey rielidersze A encadi-ng cl ock
signal to serve as a reference clock signal for these encodi ng processes

carried out dyh reaerdeng PRBEr akir@niks falcbaek sygrakegendar akgdmhi-@m t he
push-pul | signal representing the wobbling shape of the groove as descri bed

above. In t @%éﬂh@%@%d Widr€lerd Nfddd Mok e BNoadiihb IO GRSSRRIs F esul t

representing data to be recorded is subjected to recording conpensation

processi ng iﬂ@#ﬁﬁ%{%ﬁa%ﬁ%fﬁuéﬁlﬂa% 113 GG UG RPWRIk L0 2

val ue optinmum teristics of a recording layer on the disc 100, the

shape of th‘?na??e.Otatijtné\!Egra}ja Zster%ﬁeﬁmwc; 8 d %c%cirj]dd'c{’ég | i near velocity and the

i ke, and a process u € wavet orm-o aser drive pul ses. Then, the

d b ded i | i ed h dri 13 he | d
ol ces. The aser GFi VB T3Gotede off CHE CaSkr of (08 BOPES PEOERE aser

di ode enployed int optical pickyp,105 1 to drive the diogf 0
generate a f\éé’gzé:lﬁrﬁ’e A sryergq” {<3q fits s & ishardd mak 5K
representing the data to be recorded are created on the disc 100. It is to

be noted t hBThEXESS afr it Pegifind o serve as a bit-sync bs.
The head MSK mark is followed by a second MSK mark

separated from the head MSK by 22 wobble periods.
Thereafter, successive MSK marks follow the second MSK
mark at intervals of 10 wobble periods.

Each sync pattern includes a pattern unique to a
monotone bit and a sync bit and ADIP bits to be described
later. As described above, there are four different sync-
bit patterns. By including each of these different 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-bit patterns included in the sync
blocks and as well as establishing synchronization.

By referring to Fig. 11, the following description
explains the data part of an address block. As shown in
Figs. 11A and 11B, the data part includes 15 ADIP blocks,

namely, ADIP blocks "0" to "14", which each consist of 5
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so-called APC (Auto Power Control) circuit for controlling a | aser out put
at a constant | evel independent of the anbient tenperature and ot her
factors by nonitoring the power of the | aser output from an output
generated by a | aser-power-nonitoring detector provided in the opti cal
pickup 1. To put it in detail, the APC circuit adjusts the |laser output to
a target value set for a recording or reproduction operation. The target
val ues of the laser outputs for recording and reproduction operations are
set by the systemcontroller 10. The servo circuit 11 generates a variety
of servo dribdessignals such as focus, tracking, and thread signals based on
the focus error signal and the tracking error signal, which are received
fromthe matrix ci Egtht o4, thar 6ybhg ADTPSBLBOkePEhatluaBs. ohe pvhoikbnen
detail, the servo circuit 11 generates a focus drive signal and a tracking
drive signalpit s:a36car daree paidsh the focus error signal and the tracking
error signal to drive respectively a focus coil and a 106 tracking coil,

whi ch are enpl oyedyj;pnt hextwenghafhcneebari, sm AbnbRBnEPHE ¢ab rPicpkuUP 1.
Thus, the optical pickup 1, the matrix circuit 4, the servo circuit 11, and

the two- shafyp 1 ¢S IR t5reaQJQHiﬁ.eZ?j;e‘£?ﬁJdéqp andAef AEUS 587 ¥Rl SOF’-

Tn addition, the servo circuit 11 turns e tracking servo |oop an

out put s a | YR dLveychl gl WG koW d LACk D SRST A1) ONylBpr

accor dance J unp conmand recei ve romthe -system con

10. Furthernore, 1he serv ircuit ner.at es t d drive signal based
on a thread peerrrl(g’rdtssie 31 Cgenﬁléllerééc? sait:lhae'g ﬁ:(?vcv- rré)qcljaganO;LIr gcgl onent-of t he
tracking error signal and an access execution contral, si | r.eceived from
the system AT PG CHRA AT daF driS SRGERC (i fved T Tt
mechani sm 3. The thread nechanism 3 i s a mechani smincluding a nmain shaft
for hol di ng M¥e Wtk &ff HhecRARotong tirtead AnBE8F L OZRd TEPELSRENT8Si Ghegear ,

which are not shown in the figure. The thread notor is driven in accordance
with he t hrédsK dggnk and the following wobble periods is shown in Fig.

12A.

Since an ADIP block includes 4 ADIP bits, the 15
ADIP blocks can accommodate 60 ADIP bits of address
information.

Wobble 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
waveform pattern of the “1” ADIP bit, 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 from the
head MSK by 12 wobble periods.

As shown in Fig. 12C, in the case of the wobble
waveform pattern of the “0” ADIP bit, an MSK mark also

exists at the beginning to serve as a bit-sync bs.
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signal to slide the optical pickup 1 by a required di stance. The spindle
servo circuit 12 executes control to rotate the spindle notor 2 at a CLV.
As information on the present revolution speed of 107 t he spi ndl e 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 informati on on a predeterm ned
reference CLV to generate a spindle error signal. In addition, in an
operati on t dlowgreoducehadtegd Memaoducis deldlonkl digralseagemst Ms&d by a PLL
unit enployed in the reader/witer circuit 5 (that is, a clock signal
serving as anamel evepos tsad)nitom nttee dexaatliMBK [ryo dels syoliksl el gt iagis .nf or mat i on
on the revolution speed of the spindle notor 2. By conparing this

i nformati on on the nsedelsdiribrds peetew MEKi-pbdulateandanat he €e¥otrakar ence
speed, a spindle error signal can al so be generated. Then, the spindle

servo circuidldrdy QUtwisis Eng Rt dripyg shgnak kndaegeafaneswihihahhe
spindle error signal tb realize CLV rotation of the spindle notor 2. In

addi tion, theysmldyl €SIV h LI ADER 1186 M-S0 HENRI @&y S ndl e drive

signal in accordance with the a spindle kick/brake control signal received
fromthe sysiamcauyoll&fe10 in order to inplenent operations such as an
activation, a termnation, an acceleration, a 108 decel eration, and

others of the spi ”%Ji%.mitso(r?l%-o Lhean by nah 8?%%9:5:%%%18@{%3& ut by the

servo system and thé“recording/reproduction system as desc above are
controlled thgK%&%§%§3 {§¥g£&4¢fgn}0 based on a m croconputer.

The actual ADIP address information has a size of
36 bits, to which 24 parity bits are added.

The ADIP address information with a size of 36 bits
includes a 3 layer number bits (namely, layer number bit
0 to layer number bit 2), which are used for multi-layer
recording purposes, 19 RUB (Recording Unit Block) bits
(namely, RUB bit 0 to RUB bit 18), 2 address number bits
(namely, address number bit 0 to address number bit 1),
and 12 auxiliary data bits. The 2 address number bits are
used for identifying 3 address blocks for 1 RUB. The
auxiliary data includes the ID of the disc containing
stored recording conditions such as the power of a
recordinﬁ/reproduction laser.

The ECC unit of address data is the unit
constituting a total of 60 bits (36 bits + 24 parity

bits) described above. As shown in the figure, the 60
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The systemcontroller 10 perforns various kinds of processing in accordance
wi th commands issued by the AV system 20. Wen the AV system 20 issues a
wite command for storing data to the systemcontroller 10, for exanple,
the systemcontroller 10 first of all noves the optical pickup 1 to an
address at which the data is to be witten. Then, the ECC encoder/decoder 7
and the denodul ation circuit 6 are driven to carry out the encodi ng
processes on the data received fromthe AV system 20. Exanpl es of the data
i ncl ude video and audi o data conformng to any of a variety of techniques
such as t he WREGxnedHnirgud lds naldnglyt agerbldre e tpulrsidd lgeridr,atwiedey t he
reader/witer circuit 5 are supplied to the laser driver 13 in order to
record the datralbdle addidtioniteshert theiAs system 20 i ssues a read conmand
to the systemcontroller 10, making a request for a transfer of certain
data such as MPEQ wkdeq dararrecerdedion tbehdigae]}O@heonibplévbaystiem 20,
for exanple, 109 a seek operation is first of all controlled with the
read commandigesaaidndid atiessy 568 as 2 ¢ argeteddmmar ahy e L is to
be transferred. That is to say, a seek command specifying the address is

i ssued to the SAMO-EHd i drl 410 drd el W OPtd Gl £ P LR ded L AN
operation of nmaking an access to the target indicated by the address
specified i t%?méﬁpk Then, qopenat| cantral. i cutedsto
transfer theﬁéL ain a@%&r&%ﬁl s(ggc'i fgi’eg)i tﬁne%ﬁes %e%gago%%%ﬁt gtft gg AV
system 20. To.,Qut_Jdt J (4, t yest I S ad,.out_fro he

di sc 100, s-lgbljﬂg%:ﬁteeéd’ té{o rhpaﬁgaf: gljslszees Cts]iﬁcgitle}gls eegsg’d ?ara{g&aén ¢ céoﬁef :‘jd elrslucnagnccea?;'rflt ed out
by the readeg/ggitfgs(ﬂ rcuit 5, the denodul ation circuit 6, and the ECC
encoder/ decoder bPand‘ supplied to the AV system 20. It is to be noted that,

1 ooperat one | g eeard A sareduae 09A 55 (RIASE L3098 ks ont 0 and

Figs. 14A to 14K are explanatory diagrams showing a
method of modulating prerecorded information (or
shipping-time information) 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 signal. Fig. 14C shows FM codes and
Fig. 14D 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
times the freguency 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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and reproduction operations by using an ADI P address detected by the wobble
circuit 8 and the address decoder 9. In addition, the systemcontroller 10
gives a conmand to the ECC encoder/decoder 7 to carry out an error
correction decodi ng process on an ECC bl ock having 110 the structure
explained earlier by referring to Fig. 4. Furthernore, at a predeterm ned
time such as a tine the disc 100 is nounted on the disc drive apparatus,
the systemcontroller 10 executes control to read out shipping-tine
information (that is, prerecorded information) recorded as a wobbling shape
of the groow®ten e B “ZAdhe on the disc 100. In this case, first of all,
control of a seek operation with the PB zone set as a target is executed.
That is to say, a eonobbde wavefoed trecbltdesiensoacigrovive ¥bbba impve t he
optical pickup 1 in an access to the innernost circunference of the disc

100. Then, tdreapptdpalbeiLktdrtdadgultt Wellyd b 110 L 18l Bi1gy ar S Qauciipn
trace to obtain a push-pull signal represented by a refl ected beam

i nf or mati on.tyfd nak [abdd he aAdohkl @ 1¢kieuitti vd, theakeFden/ Welchbeted adnd the
ECC encoder/decoder 7 are driven to carry out decodi ng processes to obtain

the reproducsd, dal 8,35 Pi&S eapisledd iy @téiq{hhsditdails e aptadhat the

systemcontroller 10 also gives a coomand to the ECC encoder/decoder 7 to
carry out any F cof ection decoding process on an ECC bl ock having the
structure explai'med earlier by referring to Fig. 15 or Fig. 27. 111 In

addition, the syst 1t Gantoblen 1Q al s can g%tlg%ﬁt%%c%%s%%esu‘:h as .
processing to set a1aser poOower and copy protection processing on the basis
of the prer %Caqcrtdeerdnsi, nc;to rt@é iE%' croe ed aonu gl{eomvcgb%%ediwsacve oorn? ,S 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 modulation described
above be applied to a data bit stream of “10110010” shown
in Fig. 14G. In this case, the modulation produces an FM
code waveform and a wobble waveform (sinusoidal waveform),
which are shown in Figs. 14H and 141 respectively.
It is to be noted that the modulation may also
produce an FM code waveform and a sinusoidal wobble
waveform, which are shown in Figs. 14J and 14K
respectively, by inverting the polarities of the patterns
of the FM code and the wobble waveform in Figs. 14H and
14T respectively.

The structure of an ECC block of shipping-time

information is described by referring to Fig. 15. The ECC
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described above. It is to be noted that, in an operation to reproduce
prerecorded information fromthe PB zone, the systemcontroller 10 controls
accesses and reproductions by using address information included in a BI'S
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
drive apparatus 30. It is to be noted, however, that the disc drive
apparatus provided by the present invention can also be connected to a

per sonal conputer or another piece of equipnment. In addition, the disc
drive appar alatsa rledkdedt mhitdyel qy-esiend i mfcendd toiiore aghyed ism ey connected to
no piece of equipnent. In this case, the disc drive apparatus is provided

W th an operddniti de¥ trafthla diviplasctbdd. Fhencankogtteat poiak afmenber
serving as an interface for inputting and outputting data is also different

fromthat showy | rifd Gatd2 blldek tCaste HPfa sdiph-r shiandal ana i sc drive
appar at us, recordlng and reproduction processing is 112 carried out in

accordance Wi} ORES-ALIMNS DRI RS Dok Nordiseior A fadHr hfla Unit for
i nputting and ou putting various kinds of data needs to be prOV|ded It is

needl ess to Say. 4 t her ey, q&gg qﬂﬁ t han
the typical conflguraf?%ﬁﬁnﬁgﬁﬂéxaﬁﬁf .Mgpnentatlons'%ﬁ t éﬁs drive
appar at us p&é) deldnpc}/ r&ahceoq'{e(}% 4 recr!)vre&té o‘p?rh Cf ordl ng-only appar at us

and a reproducti on- onl y appar s are a Di sc- Manuf act uri ng
Met hod The fol |l ow scripti Ialn a nmet hod f nuf act uring the
di sc provided by t%g Sﬁgggnﬁ |£&gn Eg% g@ 5% ﬁgagfgffﬁpFﬁﬁgthe di sc
are classified into two bi at orles nanel t he so- calleqb_;r mast ering

process and 4Heé SCTEHIISE r TP REUPYRE rfsasﬁeecﬁ% oL is a

series of process up to COQPIetl%n of a netallic master disc called a
st anper tolﬁfﬁ%éﬁf two units form the sub-block

having a size of 4 K byte (= 2,048 bytes/sector X 2
sectors) .

A 4 bytes EDC (Error Detection Code) is added to
each sector to form a data-frame unit. 2 data-frame units
form a data frame having a size of 2,052 (= 2,048 + 4)
bytes/data-frame unit X 2 data-frame units. The data
frame is further scrambled to produce a scrambled data
frame.

Then, the scrambled data frame is subjected to a
Reed-Solomon encoding process to generate a data block of
216 rows and 19 columns. 32 rows of parity 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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the replication process. On the other hand, the replication process is a
process using the stanper to mass-produce optical discs as copies of the
stanper. To put it concretely, in the nmastering process, a photo resist
material is applied as a light-sensitive filmto a ground gl ass substrate.
Then, the so-called cutting process is carried out to create pits and
grooves 113 by adoption of a technique of exposure of this |ight
sensitive filmto a |l aser beam In the case of this enbodi nent, the cutting
process is carried out to create a groove having a wobbling shape based on
pr er ecor ded bytear)maild Gorneda framnt ithe OO espehdiorg .t o the PB zone on the
i nnernost circunference side of the disc and a groove having a wobbling
shape based on ADI Figddr esgaesntini1gpparki aNageamnsSHRBRiAG hoptBeeRY zgne of
the disc. The prerecorded information to be recorded in the PB zone is
prepared i n QHARSHHY LA A& e gRURLGIRRPREESIntdS e i@ ting
process is conpleted, predeterm ned processing such as a devel opnent
process is cadied,Qut. After the devel opnent process, information is
transferred to the netallic surface of the glass substrate by adoption of
an el ectrocasting heehni Qe k! BeelbksrheaCHERL s RoRhATRCE gl gR YLl | be
dirg p t nper. In g

required later in naking discs aS copies o e sta he replication

process foll Qui.ng the nasterd rocess, .a final .disc odu i de by
carrying outsu\#@rjoe%etsesdlerfzgo iaﬁlcléu | r?gmtqne " é’ﬁsoc(%sst anaréafc{‘ﬁcﬁgctitthef mt ion to
a resin substrate by adoptiaon qf, typically an injection nmethod using this
st anper , geﬁ%#ﬁ%? AN e Pé%tﬁ&%hfi¥ﬂ18H%thE Fﬂsaﬁtgﬁ st Paf'eé, and
fabricating the resin substrate into the required shape of the disc. As
shown in Fi @Y% ERL BH59y BhnaEids Gase)cdry dddg ot @3¢ #1944% process

i ncl udes a prerecorded
' byte sector of the prerecorded data. The two sectors of

the prerecorded data are then encoded into an LDC sub-
block. As mentioned above, the LDC sub-block is an RS
(248, 216, 33) X 19 block. An RS (248, 216, 33) X 19
block is a block, which is composed of the RS (Reed-
Solomon) code with a code length of 248 nibbles, a data
size of 216 nibbles and a code distance of 33 nibbles and
has a block size of 19 code words.

On the other hand, the sub-block of prerecorded
control data has a size of 48 bytes (= 24 bytes/unit X 2
units) as shown in Fig. 15. Address unit numbers having a
size of 72 bytes (9 bytes/address X 8 addresses) are
added to the sub~-block of prerecorded control data to
generate an encoding unit having a size of 120 bytes (=
48 bytes + 72 bhytes).

The 120 bytes are subjected to the Reed-Solomon
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informati on generator 71, an address generator 72, a switching 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 absol ute addresses
sequentially. The cutting unit 74 includes optical-unit conponents 82, 83,
and 84, a substrate rotator/conveyor 85, a signal processor 81, and a
sensor 86. The optical unit consisting the conponents 82, 83, and 84
radiates a | aser beamto the glass substrate 101 covered by a photo resist

materi al to RddigiC Wriddeg PrHac esHduthe asuksidedise p1eickt o/ gonveyer X85
drives the glass substrate 1A ~into rotation and slides the substrate 101
to convey its fdmmgpl ace to another. The signal processor 81 converts
input data into data to be recorded and supplies the data to be recorded to

the optical unit. The,SeRsorL.36 B4t UL+ ékgnéhdbadtSaEbﬂﬁ whgiger, at the
present |ocation, the substrate rotator/conveyor 85 places the cutting

posi tion in %éaerﬁiﬂ{d RUZNE S té?fdz{)o%fbdﬂl%rck?() rAd5srs T, COMRORENt S

82, 83, and enpl oye e optical unit are a | aser beam source,

nmodul at or, and a d Spgc The | aser am,so

typically a ou&%% pgf d%ﬁepgté f%%k 'a§bFH%E§ﬁls¥ﬁ§ nger beam
radi ated by .t e Iaser b an1 ourc s, npdul at ed._ by t he nodul at or, 83 on
the basis of%4thd W &t ?’B%O?Hgkay{%%el%u%??%%d P ST FRRrYR a

nodul at ed bgﬂ gutput by the nodul at or 83 and radi ates the converged beam
to the phot st surface of the glass substrate 101. The nodul ator 83

i ncl udes an AOM ( Acousti ¢ Cptlcal Modul at.or) and an AQD (Acoustic CEtlcaI

Defl ector). The ACKEEErnd®6n28fd 18Pt afRe dpaRAMEdFEPEY By 2t REOFGERr tBeam

source 82. The AOD deflects the beamradi ated by the | aser beam source 82
i n accor danc@GA%dh HeavdBiaRp etk e i sidpf@ and the address unit

number, 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-block shown in Fig. 16D. As mentioned above,
the BIS sub-block is an RS (62, 30, 33) X 4 block. An RS
(62, 30, 33) X 4 block is a block, which is composed of
the RS (Reed-Solomon) code with a code length of 62
nibbles, a data size of 30 nibbles and a code distance of
33 nibbles and has a block size of four code words.

As shown in Fig. 15, the LDC and BIS clusters, each
comprises 248 rows each constituting a data frame. A data
frame of the LDC cluster comprises 19 bytes while a data
frame of the BIS cluster comprises 1 byte.

Thus, a combined data frame comprises 20 bytes (=19
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The substrate rotator/conveyor 85 includes a rotation notor, a speed
detector FG a slide notor, and a servo controller. The rotation notor
drives the glass substrate 101 into rotation. The speed detector FG detects
a revol ution speed of the rotation notor. The slide notor slides the glass
substrate 101 in the radial direction of the glass substrate 101. The servo
controller adjusts control quantities including the 116 revol ution speed
of the rotation notor, the revolution speed of the slide notor, and the
tracking position of the cutting head 84. The signal processor 81 carries
out processimgcan prergeos)ded aAisnfstromat iian thrd faddress thef eTsaha@ingwhi ch
are received through the switching unit 73. The processing includes a

formatting pgpgesst foropeli g gladGesuch Bt aidl SPrieetdiboadesddin t he
prerecorded information and the address information to create formatted

data, and a prgelet emfned R0GRII SRY bed tPll 19t hheiher rRitied datagto
"create a nodul ating signal, that is, thée signal representing the

prerecor ded jpfor mbien AL e 28dess IFhaREh naYiaddialisqne bhe
signal processor 81 also carries out processing to drive tthe AOM (Acoustic

Opti cal Nbd%(ﬂ;%%%ﬁpg? E)r %%ﬁfﬁ@#&@é iacr?‘lEchfﬂd]Scfé}?r) , Which are

enpl oyed in t asis of the no ating signal by

outputting the signal ,to |.ator._83. .Dur t he tting.process, in
Che eutting unit TR ST Hhel Pate FOats: A omviyae s dt vl PRESG RS
substrate 101 into rotation at a constant linear velocjty d, while the
gl ass subst rr%\?‘%e&ﬁﬁl?% fb’é??l%g%ri%nwr}é’sca}? 12 | AT | HEF 1 59‘?‘5;95‘% Qibstrate
101 by a distance equal to 117 a predeterm ned track pitch in order to
create a spiFePeIFLRIC FETMEIRA df e PYitadd dipds 1608 At the

sane time, the |laser beamyradiated by the | L )
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 modulation process to produce a structure

consisting of 336 channel bits as a final result of the
bi-phase modulation process.

It is to be noted that, since there is no DC
component in the case of the bi-phase modulation, it is
not necessary to add dcc bits to the data frame.

Such recording frames constitute a data structure
to be recorded onto a track as a wobbling groove in the
PB zone on the disc.

To put it in detail, the prerecorded information
used as shipping-time information is recorded onto the PB
zone, which is an area between a circumference with a
radius of 22.3 mm and a circumference with a radius of

23.1 mm in the case of a disc having a diameter of 12 cm
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| aser beam source 82 is nodul ated by the nodul ator 83 into a nodul at ed
signal based on the nodul ating signal received fromthe signal processor

81, and the nodul ated signal is radiated to the photo resist surface of the
gl ass 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
wobbl i ng shape representing the nodul ati ng signal. The controller 70
controls the cutting operation of the cutting unit 74 and, while nonitoring
a signal generated by the sensor 86, controls the prerecorded information
generator 7BS tdfsaddass eagaiaatr X amdintheesiidhidyg unit 73. At the
begi nning of the cutting process, the controller 70 requests the cutting
unit 74 to take th&oskbdeipesi tegrlef at kensiiidbnatrequitrdngr kbenveyor 85 as
an initial value so that the cutting head 84 starts the radiation of the

| aser beam fdza tdie dknnef nEistprei ne-unifner et rvddiein tdtes lcomg atderrddd dri ves
the cutting unit 74 to start an operation to drive the glass substrate 101

into rotatidm athed fdivhaaN Ut ORERtdIvd oildd thes|prledde Plass sistrate
101 by a distance equal to a track pitch of 0.35 ~ min order to create a

groove. In tdidesdialf tid&iFErecr dedi ol fdtd e ganeid igd, igndriven
to generate prerecorded information used as shipping-tinme information and

SUPD' y the ifﬁé%{f@itﬂd)raérpsitﬂﬁ St %}?AanHPQ&SLSé)rca%J- kl}lé’_r?{@a/e ofedd@rs¥dd chi ng
unit 73. In addition, the | aser beam source 82 is driven to start the

operation tqou %]buae Ioaéear?ﬂﬁgr’@ .vxpfr‘gz@s. the nodulator 83 is driven to
e 0

nodul at e t he 1 aser "beamon basi’s the nodul ati ng signal received from

t he signal processg%a%liint%rg%%l?%P%a&%% %%Hn% %%%%Hngi%&o%%%%ﬁkﬁccreate a

groove on the glass substrate e “‘rodulat ng signal "i's an I'code
rodul a1 on AT LERL LS {F BELEC AP S LOUS R LB s e
Fig. 3Bin %enasrietay toof bueseurse at?as cgbhteail?'xeéd as a result of the
modulation adopting the RLL (1,7) PP technique. As a
result, the S/N ratio of a signal representing the
channel bits can be improved,.
Since the BIS is a code having an extremely
excellent error correction power in comparison with the
LDC, almost all errors are corrected. Thus, symbols
serving as error pointers provided by erroneous BIS can
be used as follows.
In a decoding process using ECC, BIS are decoded
first. Assume that two errors are detected in consecutive
BIS. In this case, the two errors are regarded as a bhurst
error in the 19-byte data sandwiched by the consecutive

BIS. Error pointers each pointing to one of the errors

are added to the 19-byte data. Then, a pointer erasure
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zone. As the signal generated by the sensor 86 indicates that the cutting
process to create a groove has reached an area to be used as the RW zone,
conpleting the creation of the groove in the area to be used as the PB
zone, the controller 70 changes over the switching position of the
switching unit 73 froma pole for the prerecorded-informati on generator 71
to a pole for the 119 address generator 72, and drives the address
generator 72 to sequentially generates addresses. In addition, the
substrate rotator/conveyor 85 is driven to reduce the sliding speed of the
gl ass subst reqerd@iieo niwtess dgrasnd daviliy i teacki gl toht dfy s8ha mi s
created on the surface of the glass substrate 101. In this state, the

addr ess i nf ot é osrgengraitreckty. t he address generator 72 is supplied to

t he signal processor 81 by way of the switching unit 73. In addition, the
modul ator 83 is dritverhtie magyl ahe kheoraser eeanogepeiaiedsby the | aser
beam source 82 on the basis of the nodul ating signal received fromthe
signal procegs@fedHed b ¥leihd HHAF Yo OUhA Liitdd Nh PFQCESSh s i gate a
groove on the glass substrate 101 by using the nodul ated | aser beam In
this case, hoyeyerpcthe nmodulating signal is an MSK nodul ation signal
representing the address information. In this way, a cutting process is
carried out to cre F e Li Wn Qe i rea to
be used as the FNV?%%E%n%égt%B S?%ﬁgfggg%gfgég ’bfd?ﬁg%%eﬁégprgg%Pﬁ i'cates
that the cuti] o r o end of a
| ead- out zonieﬂ, n%oﬁ%?%%?%&%%e&%%%%% ﬁyﬁéﬁﬁ%ﬁc\geﬂ?ﬁo{xﬂ%%}gf% 0o be used
as the RWzon t he 120 control.l.er. 70 ends the, cuttin rqQcess. B
Carrying outs FESDRT 4t | B e TP e n U ShE oty Eoove
Correspondlrwkgéﬁiggigﬁggglégg ré%%“%&ﬂggss address information, the

address information included in BIS can be used in making
an access.

As is obvious from Fig. 15 (or Figs. 16A to 16D)
and Fig. 4 (or Figs. 5A to 5D), the ECC format of user
data stored as phase change marks uses the same codes as
the ECC format of shipping-time information.

The fact that the ECC formats share the same codes
implies that the ECC decoding process of shipping-time
information (or prerecorded information) can be carried
out by the circuit system for performing the ECC decoding
process of reproduction of user data stored as phase
change marks, and also means that the hardware
configuration of the disc drive apparatus can be made
more efficient.

Fig. 17 is an explanatory diagram showing the
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the PB and RWzones on the gl ass 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 disc
descri bed above. 8. Mdified Versions The description given so far explains
an enbodi mrent inplenenting a disc as well as the enbodinent's disc drive
appar atus and di sc- manuf acturing net hod. However, the scope of the present
invention is not limted to the enbodinent. That is to say, it is possible
to make a variety of changes not deviating fromthe range of the present

i nvention t cthermodifientclustarmhearhddiimentdatahiflremeser data i s recorded
as phase change marks, any techni que of recording user data can be adopted
as long as the techachueoiws sabwhhénr enei fablieeotowresponasetbypedatar
exanpl e, the present invention can also be applied to a disc or a disc

drive appar atriseadRptint 4 he Jegetan opideialas’ eeictiingd ecleriequensr the dye
recordi ng technique. In addition, in the enbodi nent, shipping-tinme 121

i nformation d:§13UR]RFlRG-1:e A Riadafe MR 110N i RAesea Hwever, the
shi pping-tinme information can al so be subjected to the sane nodul ation

rocess ‘as Usefalal & Jddhekasefle MR BRPUINEN desaid hedabave, for

exanpl e, since the RLL (1, 7) PP technique 1s adopted in a nodul ation

P Osers . 134 cbhe B BRENGsLLEE LBLOLERLEGNAARCR BRO0E, Pl oC| B

to a nodul ation processS adopting tf technrque. " In the
drawi ngs: Fi,g;, 4 Data s e Reoqiding: 1.0k LiLPRJRAA 9L B 5 Data
block respectively before and after the 248 frames to
form the aforementioned cluster having 250 frames. The
run—~in and run out frames are each used as a linking
frame.
In addition, as described above, 8 addresses are
each added as an address unit number. The cluster's LDC
portion excluding the run-in and run out frames comprises
248 frames, which are divided into eight groups each
having 31 frames, namely, frame 0 to frame 30. The 8
addresses, namely, addresses having unit numbers 0 to 7,
are assigned to the eight groups on a one-to-one basis.
It is to be noted that the prerecorded data's
cluster structure shown in Fig. 17 is a typical cluster
structure obtained by adding the linking frames in
conformity with the cluster structure of user data. The

prerecorded data's cluster structure conforming to the

cluster structure of user data is amenable to the design
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Encoded Encoded 304 code words 24 code words Code | ength 248 Code | ength 62
Fig. 8 Address block Fig, 15 Data frame Recording frame Bi -phase nodul ati on
Fig. 16 Data Data Encoded 19 code words Encoded 4 code words |23 Code

| ength 248 Code length 62 Fig. 26 FromBIS From LDC Fig. 27 Data frane
Recordi ng frane Bi-phase nodul ation Fig. 32 13: Laser driver 4: Mtrix 5:
RWcircuit 6: Mdul ati on/denodul ation circuit 8 Whbble circuit 20: AV
system 11: Servo circuit 10: Systemcontroller 12: Spindle circuit Fig. 33
Wbbl e circuit 8 65: MK denodul ator --> Address information 124  66:

FM code demsdultdteorcircuife modfliguad tdema ofi ¢ 3 oGst minegessiadat us 71:
Prerecorded-i nformati on generator 72: Address generator 74: Cutting unit

81: Signal pyedessemByddasier the disc drive apparatus.

However, it is not always necessary to design the
cluster structure of the prerecorded data (or the
shipping—-time information) in conformity with the cluster
structure of user data if the unconformity does not cause
a problem.

That is to say, since the shipping-time information
is reproduction-only information, which is never
rewritten, the linking frames are not required. Thus,
with the linking frames eliminated, a cluster comprising
only 248 frames as shown in Fig. 18 is also conceivable.

By referring to Figs. 19 to 26, the following
description explains data-series conversion processing
such as an interleaving process carried out on LDC and
BIS sub-blocks.

Figs. 19 to 21 are explanatory diagrams used for
describing conversion processing carried out on an LDC
sub-block. On the other hand, Figs. 22A to 25 are
explanatory diagrams used for describing conversion
processing carried out on a BIS sub-block. Fig. 26 is an
explanatory diagram used for describing conversion

processing, which is carried out when data of LDC and BIS

sub-blocks is recorded onto a disc.
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83: Modul ator 101: Substrate rotator/conveyor 86: Sensor 70: Controller 125
CLAIMS 1. A disc recording medium conprising: a recording/reproduction area
in which first data is recorded into and reproduced from by adoption of a
rewitable or wite-once recording technique, and in which second data
remai ns recorded into by adoption of a groove-wobbling technique and is
reproduced from and a reproduction-only area only allowing third data
recorded therein by adoption of said groove-wobbling technique to be
reproduced, wherein: said first data is recorded by adoption of a first
nodul ation techni giiéJand®has anf PrBLABREBEYCOEREERMOHSBRoER st ructure; said
second data is recorded by adoption of a second nodul ati on techni que; and
sai d third desgridinseer e anf sadeptdmy st @adriaadadstuldttaof tBehni que and
has a second error-correction block structure based on same correction
codi ng as t latedofassaict dalr sthignriory-ddnmree cittifornid tdcia sitvaectdate (1 ,A di sc
recordi ng nedi um according to claim1l wherein: said first error-correction
bl ock conprijyeseroridest o amenestanyct wiesrea fhea stuksidriptoek ist ridet ure
conprising first error correction codes and a second sub-bl ock structure
conpri sing seeed jerL o €05 I 8644 08s CRULSL + aNGSet da S€CORNE ShbOEr LHREIRCLI ON
bl ock conprises a second frane structure, a third sub-bl ock structure
conprising fiiy T el @ L0k 1 Ny Cosiesaandt&s f opEtb-sHabl 0gke gt ructure
conprising second error correction codes. 126 3. A disc recording nmedium
accordi ng tQuehRiym 1rae 2ontRekebh: psdldse8ngndsdakarard 3Ridohhichd data
are recorded al ong a wobbling groove created’in advance; said rewitable
recording t i adopt f REA i i, fidst,, o i r i ng
t echni que 0?’%%&;58;6 I ng pﬁeg%eldg%a{lge nlgjrr%sJ Lgsflit% aﬂ}{erse}lc a%?rlpl%nggn%ntggd%ggd; sai d
wobbl i n rQqve. 4. i r | [ rqi toclaim1l1 or 2

9 9 Q¥ r%réé% adsecd a%ccgaraﬁl&{ﬁtﬁqr#}fgl%afo%o%w

wherei n: said sécon a an a are recorded al ong a wobbling

groove created in advance,, sai ewritable recording technique adopted for
recording said first=d fJaxl sz'aoqu%chor}Hi ?l%g 2t]e(’rchni gue of recording

magnet o- opti cal marks ont%Ca track inplenented as said wobbling groove. 5.
A di sc recording nedFurffa o?r'cﬂSt?g t d n?yl%ne of the preceding clains,

wherein said third data r“/cprded onto saj d reproduction-onl rea includes
addr oss | nf OFIRES GYRERL A | eI dh rrFHeth U SRR g 4 LAY
wherein: recording densjty of said third data is nade, | ess dense than
recordi ng dénSUticsal FHd rimRRk o % T IeIRerd FH ot Y BIIRIFE RS i n
said first errorcorrection block is set at a multiple of m and the nunber
of correcti dPddeing oaid BT HDRYIT etion block is set at n/m
times the nunber of 127  correction codes in said first error-correction
bl ock, so that a d&tl@-ple®é8ioist Ci(F s&i @4 r grec DCe dEra® hiPedeats oxl so
n/mtinmes a data-piece count in said first errorcorrection block, where
not ati ons n Caseah darch Genot® atpds{ai v, @htleger.

The (2,052 X 2)-byte prerecorded data including
EDC as shown in Fig. 15 is converted into data D (i, j)
loaded into a memory as shown in Fig. 19 where 0 = i =
215 and 0 = § = 18. Notations "0, 0” to “1, 20517 shown
in Fig. 19 denote the prerecorded data C(g, h).

Fig. 20 is a diagram showing codes of the
prerecorded data's memory data D(i, j) loaded into a

memory as described above where the subscript i is a code
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7. A disc recording nedium according to any one of the preceding clains,
wherein said block lengths of said first error-correction block and said
second errorcorrection block are each set at such a value that said block
can be recorded in a circle of said track on said disc. 8. A disc recording
medi um according to any one of the preceding clains wherein the nunber of
frames in said first error-correction block and the nunber of franes in
sai d second error-correction block are each set at a value at |east about
equal to a data-piece count in said error correction codes. 9. A disc
recordi ng mEtHRRRACEE dily TBSHRLIRNE) oFS thdPreCBHTRRE cl ai N5 wherein a
frame for linking is added to said first error-correction block as well as
to said second err ér hadchect por thiooc ko rrgspRNGHISY rtec g pbrsdilomh
according to any one of clains 1 to 8 wherein a frame for linking is added
to said first'ervarueorirectionrdigelkRbiitSna £ any frep ddsrinitzg 3i2s sadeded t o
sai d second error-correction block. 128 11. A disc recordi ng nedi um
accordi ng t ey aheafittthe preceding clainms wherein said first nodul ation
t echni que descri bed above is an RLL (1, 7) PP technique, said second

nmodul ati on techni quag.s 2an iNBiK eRddirai ahdwashnipgeatidvnd $aisd thi g

nodul ation technique is a biphase nodul ati on technique. 12. A disc

recordi ng mesh M e Ui NGrdu BN Yo PNE @n€d A 1n IptOcdds vhereid sad first
nodul ati on technique is the sane as said third nodul ati on technique. 13. A

di sc recor digy {RIIERASE UL DD {0, Ay pﬂeeoéhél@wssﬂ?&r@ %) phier e sai d

first and third nodul ati'on techni ques are both an RLL (I, t echni que
wher eas sai d;second, aty techini guesn$ ﬂqgl‘u t chni que.
14. A disc recording ne |uml(aiptccor Ing to cl al?ill:nl%1 , erejl'ﬁril: lrgg%%lf)di ng

density of i i IS C | 0Q: ity of
said first ﬂ%;éﬁé&nﬁbgﬁ o E?ﬁ%fié}@gég%foéﬁgg‘gg %%%%%E?\ng Jféllr st
sub- bl ock isasbettéat li;lmbrmllti ple of m and the nunber of first correction
codes conposi ngya thitd sub-block is set an n/mtimes the nunber of
correction codes c% 0S| ng sai,d first sub-block, .so thattc a % ta-bpi ece count
in said third sub- BPScKOPY SEPE nPHOCEREs 18 FAEA5h O& T Siht=ieh P&5iiF i r st
sub- bl ock where notations n and, m each, denote a,positive, i nteger whereas
129 the nuibeToRT LRI FBI T I R GRS 1Y U S6CHEPSTER bl ook | s
set at a multiple of p; and the nunber of second correction codes conposing
a fourth subtht ociene HEPeR 1h/3nq i R ke MRS T of 2dr¥eEt?Wh’ codes
conposi ng sai d second sub-bl ock, so that a data-piece count in said fourth
sub-bl ock is also & pF tlismes 3L dattd- pi ece count in second sub-bl ock where
notations p and q each denote a positive integer. 15. A disc recording

medi um according td el dism’? B A4t whew e P thelhunber of frames in said
first errorcorrection block and the nunber of frames in said second
error-corr ecthere H) cEksaxke8eabhSseat <at3la aral Ue Satul€ad®. about equal to a
sum of the nunber of first correction code words and the nunber of second
correction code woFdgs.1@2 Aodi2Sc arec @i legratedivur igcpmnd nged folrai m 2, 14
or 15 wherein said second frame includes a synchronization signal in data's
portion cor réspoid gy taosee s idn rpkceds g kcandi ed sout neh udes an addr ess
unit nunber in said data's portion corresponding to said fourth sub-bl ock.
17. A di sc recorstafieddicimt sl ddinoused ay oddiviog! @i doRtrdd to 16
wherein: said second frane includes a synchronization signal in data's
portion corrasaonst ot O SR thd N foSidg bt DEK; 1 886 HnSYNGAT ONi zati on si gnal
is fromone of the plurality types so that consecutive second franes are
different each otherig 130 ;s18n AxH19G @Y H gy BdiHBRGEPrding to any
one of clains 2, 14 tgo 17 wherei n:xqisai d second%ane i ncl 3%23 a

synchroni zat{ Qf, shgnabn | fhdRl@ed L9074 I 9 ConbesP9Rdi ng to said third
sub- bl ock; and saird synchroni zation signal conprises; a unique
synchroni zati on patgter risi it stri Y/ aln .a result
of a nodul ation prgcseéis%s% opteldflgerégal‘;’1(531}![’hitr%éér nénﬁulrlg]tl orrﬁrpa\ ac nni%g)ﬁrg);sr%es
synchroni zati(?% | D .wh#'ch ig. dat a obt ai ned a(? % resglt O‘%f nmodul ati on
process adoptThg it 1P T AT i BRC T RCARTGheCORhECh PaFTty field for

i ncreasi ng a code di stance between sai d gynchroni zation signals. 19. A disc
recordi ng medi um according to claim®6 or 14 wherein the value of mis a
power of two. 20. A disc recording mediumaccording to claim6 or 14
wherein the value of n is 1.



21. A disc drive apparatus for recording data and reproducing data froma
di sc recordi ng nmedi um conprising: a recording/reproduction area, in which
first data to be recorded onto and reproduced from by adoption of a
rewitable or wite-once recording technique and, in which second data
remai ns recorded into and reproduced by adoption of a groove-wobbling
techni que; and a reproduction-only area only allowng third data recorded
therein by adoption of said groove-wobbling technique to be reproduced,
wherein: 131 said first data is recorded by adoption of a first

nmodul ati on techni qd&canddyas sa imfogmagiesr iooithecBIon ibfoaradionctigre; sai d
second data is recorded by adoption of a second nodul ati on techni que; and
said third dshtawni sin etioy detRbhy adoptioon dh dhehifigumedulaat iaddresshriinque and
has a second error-correction block structure based on the sanme correction
codes as thosee ECGd Ibdk radmer ises caiglectadirdd ocki eslidsictnamelysai d di sc
drive apparatus having: head neans for radiating a | aser beamto a track
created as GadOeye HieSdi#D dis Cadd®esy sli Mige TR UM FREN FeitheNGdareefd ect ed
beam si gnal ; wobbling extraction nmeans for extracting a signal representing
a wobbl i ng shepriPfcambsh d&AcK dyeun saird o @ikhaghed BeRdPexisgrale1d iwost

dat a-signal extraction neans for extracting a signal representing said
first data feomsaids refhecded bapmpi ddle Garand Wata glegrodul ation nmeans
for denodulating, in a reproduction operation carried out on said

recor di ng/ r epr oducty a j i3 leirepre i-Ng [ | 4 hape
of said track by ng%néé%%ﬁ% %@Eﬁ1§#io%fﬁégﬁﬁi§§g%s iFE?e%§¥gg§%¥%%ﬁfation
nmeans for de j i j r ' ' ir in a
reproducti onf%%jél# g%%%%l%% ??%%%r%rﬁé)sﬁ%%%%%%g é%pﬁ?ﬂﬁ?oén&ar ea by
said first lLatign technique:. fhird dul at.i on ans for

denodul at i ng@@n@oﬁpar%%%ﬁ o%aloip%é ath g}ﬁhga&?eﬁr Soshtdrblht r %flct i on- onl y
132 area, said signal, representing .sai.d wobblin hape of said track by
said third modul at i Cedt cfﬁ*&asécr L W@é‘tt%i Bitsdant e gé"thrﬁyr’f& out
errorcorrectjon processing based on said _error-correction codes on_a

modul at i on rjéélﬁ’a?c}bui‘ e%ﬁ/ G 115 EsefhtEP eI R i Uit RIHRRe GRS a

nodul ation result output by said third data denodul ati on neans; and contr ol
nmeans for dr¥R% ASEE3E skk®td- data denodul ation neans to carry out

denodul ation processing in a recording/reproduction operation performed on
sai d recordi ng/ r eprdfuEEssergasy 4 é(f%eétﬁet?@tsﬁlﬁnérfrl&anéom&&si)oﬁfneans to
carry out error-correction processing based on said first error correction
bl ock in a reaoh dddyesprbiekd i dve opeedtfon Peoritarmepoitydrits for
recordi ng/ reproduction area, driving said third data denodul ati on nmeans to
carry out develladdiess pfbekdsing in a reproduction operation perfornmed on
said reproduction-only area, requesting said error correction nmeans to
carry out error-colredtieom tireoct dsgidng thaes ed eore coaidek ds e@mortatodr dartacdnr ect i on
bl ock in a reproduction operation perforned on said reproduction-only area.
22. A di sc dthe eBBP phr &b xrsa ataor s nghdwn ciai Fl@l 2d®er eins Sdiodvrerimorthe
correction nmeans is capable of encoding and decoding said first error
correction bfbgkrepnttie Sprgracdrded dsmtivo Btdatd Ui, owe TECStbBddk bl ock
structure conposed of first correction codes, and a second sub-bl ock

structure copppsels®d >egoeds conamsly onusdees) adl wapable, ofnfegoding said
second error correction block conprising a second frame structure, a third

sub- bl ock stEaeh WShEPEPOSER AT HitdsS! T a1 el33nitCedes,s and a fourth
sub- bl ock structure conposed of second correction codes. 23. A disc drive

appar at us. acggagh gy 0 ch 211y 2ds 0 2s WheNs) 0o 5Ll CONGOL gEgs dri ves
a

said head neans to nake an access to s recordi ng/ reproduction area at a
| ocation indicated ’Itfyisagﬂre%fse%drlge% r&gt%legart%cti%d A% Sf%'eql segond data and
drives said head neéans t0 nmake an access to said reproéﬁctlon-only area at
a location ipdicated by address information included in said third data.

24. A disc drf %r%p%%?atus according to claim?21, 22 or 23 wherein said
error-correction nmeans carrjes out error, correction processing by setting
the nunber of corréctd orftddedt W AT A58 & rection bl ock
at a nultiple of mand the nunber of corggction codes conposing said second
error correction block at n/mtines the nunber of correction codes
conposing said first error-correction block where notations n and m each
denote a positive integer. 25. A disc drive apparatus according to any one
of clains 21 to 24 wherein denodul ati on processing is carried out by
assum ng that said first nodul ati on techni que descri bed 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 ati on technique is a bi phase nodul ati on

M o AN A ~ A I . o S o Y I L



28. A disc drive apparatus according to claim22 wherein said
error-correction neans carries out error correction processing by setting

t he nunber of first correction codes conposing said first error correction
block at a nultiple of m the nunber of first correction codes conposing
said third error corection block an n/mtinmes the nunber of correction
codes conposing said first error-correction block where notations n and m
each denote a positive integer, the nunber of second correction codes
conposi ng said second error correction block at a nultiple of p and the
nunber of seéEHEET iGNt AP SEIdss o meeyierd Fdied BISu sl -&rliogk 'sorrect i on

bl ock at g/p times the nunber of correction codes conposing said second
error-correcddaess dek ommertd avotlatsi,onsd @nah @ g reachr deeh otom taroposliattiave
integer. 29. A disc drive apparatus according to claim?24 or 28 wherein the
val ue of "nmU(gs &)pdwero ofertcdy db3m B (E0. jA .di sc drive apparatus according
to claim?24 or 28 wherein the value of "n" is "1". 31. A reproduction

met hod for reprodugchnghdatadireesm andbemareoar dileg R UAECOUPSESLPY: sa
recordi ng/reproduction area, in which first data to be recorded onto and
reproduced firomRAdORIdaR Y U iteWurdid)e 19F tMd trRmQRC e 0" @eO0RYI REq

techni que and, in which second data renmains recorded into and reproduced by

adoption of 14 JrOMLAMRDIY NG tRLIIANEs MghiR X eRAdUGH on- gRliy area only
allowing third data recorded by adoption of sai d groove-wobbiing technique

to be reprodyged., \M}hertquzrazﬁfddigosts data is recorded by adoption of a

first nodul ation technique has a first error-correction bl ock
structure; said seg¢qn a ' d d LO f secgn dul ation
t echni que; and saiggtgpgdkggkgcﬁgggécggagéogyaggép?#gh g?'agﬁh??gn

nmodul ation t ni qu n as S d er.ror-cqr.r.ection bl.ock.structure
based on t hé’ecglraéﬁe%ca%lrd?ec hl orfu(é%osd:grgi%ancs 9 ndsé 6 lst_‘aindm%errstmelrscrhé':'r F&5PFect i on
bl ock structyr fQr a roduction ration rried.out on sai.d

ecor di ng/ r dir ductl GRchrdle SHRSFTRAN G ifo ke PRS-t A tpridvi ded wi t h
the steps of: radiating a |laser beamto a track created as a groove on said
di sc recor diFIERRRRAR rA&iRATRF £ & 1%t ed beam signal ; extracting a
si gnal representing sai d wobbl i ng shape of said track and a signa
representing sai d FlPsEOBEESEPENPEIFASFéRPeéPEdtBBaAfidrghal ; 136

denodul ating said extracted signal representing said wobbling shape of said
track by saild®iSeEwidafodifl favRak it que TRl Redrisyiafy comves sd@dodi ng
process to produce address information; denodul ating said extracted signal
represent i ng®@td ony gisidwt £y asibmssovngit aurrsdd anidorfhee Bhrfieque
corresponding to said first nodul ati on techni que used for nodul ating said
si gnal reprageiamy & ddliontsdata; and carrying out error-correction
processi ng based on said error-correction codes of said first error
correction block ta eeredidcelsai dr)f iy F1)daf a2 whereaX Bar +avyépeaegucti on
operation carried out on said reproduction-only area, said reproduction

nmet hod further proxi dedswistth the st eps/mof: radiating a | aser beamto said
track created as said groove and receiving a reflected beam si gnal ;
extracting a signak cepgeserdi ng waig awbbling shape of said track from
said refl ected beam signal; denodul ati ng said extracted signal representing
sai d wobbl i Rg,shape Dfssai gl fhrack Hysai d third gpdptati pRrdarhpiswe; and
carrying out error-correction processing based on said error-correction
codes of saijth SRGRME MY £HdnkPdy ObP KRG g O e IhicR Sl & thidgd dat a.
32. A reproduction nethod according to claim31 wherein, for a reproduction
operation c i o] idrse i.ng/ oducki pn<arnea, said

repr oduct i oﬁor{ne]teﬁo%%ss’ &u}?ﬁgﬁg’pﬁg{/ﬂd{e% I\rfﬁe’ﬁ?t e step (%f%'carryi ng out error
correction processhyd (h3sefleOR llobibal BhikebicaRkect kAR RHAGEsSigY based
on said first error 1 correction block conprising’a Tirst frane
structure, a first .sub-block leygﬁﬁ%e caonno ed of first caorr.ection codes,

and a secon® LTk & r e Bhped'tt R oh & T FFEFi0r Codes
whereas, for a reproduct;on eratjon carried qﬁ% n sai d reproduction-only
aren. sai d rSPROGGEE OF TE HOLP 19 FHRBS T byARTE R (Y o ST O
carrying out error correction processinggbased on.said second error
correction block conprising a second frame structure, a third sub-bl ock
structure conposed of first correction codes, and a fourth sub-bl ock
structure conposed of second correction codes. 33. A reproduction nethod
according to claim31 wherein, for a reproduction operation carried out on
said recordi ng/ reproduction area, said reproduction nethod is further
provided with the step of meking an access to said recording/reproduction
area .at a location indicated by address information extracted as said

1 . - o o,



clainms 35 to 39 wherein denodul ati on processing is carried out by assum ng
that said first nodul ation technique is the sane as said third nodul ati on

t echni que. 139 38. A reproduction nethod according to clains 35 to 39
wher ei n denodul ati on processing is carried out by assumng that said first
and third nodul ati on techniques are both an RLL (1, 7) PP techni que whereas
sai d second nodul ati on technique is an MSK nodul ati on techni que. 39. A
reproduction nmethod according to claim32 or 35 wherein the value of "ni' is
a power of "2". 40. A reproduction nmethod according to claim32 or 35
wher ei n t heagalf@élofs*n" is "1". 41. A disc recording nmedium for
reproducing data in accordance with the nethod of any one of clains 31 to
40. 42. A disc recording Hediqumhof scliai /s 13 to 20 for reproducing data in
accordance with the nmethod of any one of clains 31 to 40. 43. A disc
reproduci ng apparajus f{grXxrepradugi/ng data in accordance with the nethod of
any one of clains 31 to 40. 44. A disc reproducing apparatus of clains 21
to 30 in acgpegange=Md h theydetdiad gf capy, ong, Ofp Al dBrRld 1@ rft001140

.Af . AL Af . ASs. Af. AUs. A{s. Ays. Af{s. A A . A Ayh9 Ah’ Ay Ays. A{s. AyhL. AUL. AyL. Ay
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2.A@. A | . ATE. AFE.
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>WAE: / 10S, Z10% & ()-L* 10% & ()-F(L10% & ()- @ 10% & ()-9% 10% & ()-
10% & ()-w hdB4/ 10
10! 810%&' ()--61 10% & ()-4 10% & ()-210% & ()- sO010% & ()-I1. 10% & ()- 7 k
gH 10 10!'yS10%& ()-9nl0%& ()-y nlO%& ()-f10%&k ()-y 109%& ()- 10 10 JdEH
10 10! y109%&' ()-y 109%&' ()-&10%& ()-ylO0%& ()-fnlO%& ()-f10%& ()-5ndEH 10
10! yL*109%&' () - yF(mO%&' () - y@ml0%&' ()-y&$P10%& ()-93"310%& ()-y, 10%& ()-;
sdEH 10 10!610%& ()-4MLOY%& ()-210%& ()-s010%&k ()-9l.
10%&' ()-yS, 109%& ()-PQRSauV7 10 1 10%& ()- nlO%& ().- y1lO09%&' ()-ys310%& ()- 10
10 10! 8niLovgkyYes : sfdrupPury framesydEorm ySr0%R &3V FOREZ®) - Z
109 ()-10%&' ()-$[ NaBuVv7 10 13(10%& ()-&109& ()-L$10%&' ()-!4S"310%& ()-y -
1098 ()-10985f) 8 NeLlFusd 16 2AU4ADURY (s 4200 (- 4" 0E&L0o&S( ) - .
109 ()-S, 109%& ()-y9*10%& ()-L~& uVv7 10
A 4-byte EDC (Error Detection Code) is added to
each sector to form a data-frame 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-frame units. The data
frame is further scrambled to produce a scrambled data
frame.
Then, the scrambled data frame is subjected to a
Reed-Solomon encoding process to generate a data block of
216 rows and 38 columns. 32 rows of parity are further
added to the data block to generate an LDC (Long Distance
Code) sub-block of (216 + 32) rows and 38 columns. The
LDC sub-block is an RS (248, 216, 33) X 38 block, which
is composed of the RS (Reed-Solomon) code with a code
length of 248 nibbles, a data size of 216 nibbles and a
code distance of 33 nibbles and has a block size of 38
code words.
Then, an LDC cluster of 496 rows X 19 columns (19
bytes) is formed from the LDC sub-block.
On the other hand, the sub-block of prerecorded
control data has a size of 96 bytes (= 24 bytes/unit X 4

units). Address unit numbers having a size of 144 bytes

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



ly 109%& ()-y 10%& ()-yl0%& ()- 10 10 10 !810%

& ()- @6MLO% ()- f9sdEuv7 10 1y

109%&' ()-yl0%&' ()-yl09%&' ()-f10%& ()-L10%& ()-ylO0%& ()-s3nmdEuV7 10 1ly

@109 ()-y9% 109& ()-y3"10%& ()-9, 10%& ()-y&3109%& ()-yl0%&' ()-)cdEuv7 10
ly 2109%&' ()-010%& ()-. 109& ()-Lf,10%& ()- *109& ()-9F(10%& ()- =wxyzuV7
10 1&10%V&' ()-sy 10%wK ()- 10 10 10!810%& ()- @ 10%&' ()-4' 10%& () - V7dEuV7
10 1&109%V& ()-S 10%VE' ()-10%K ()-10%v& ()- mO%E ()- s109%v& ()- 7p) cdEuV7
10 1&9% 10%& ()-3"10%v&' ()-s 10%W ()-10%vK ()-10%v& ()-10%v&' ()-c*\dEuV7
10 block of prerecorded control data to generate an encoding
1&s010%WK' ()-1.10%w' ()-S, mMO%v&' ()-L*10%v&' ()-F(10%&' () - @GL10%K' () - STUWO
eF 10 1&s10%g € )hd-PMEM 08824 05882 £) -bPEOIME= (96 AP ) A BPde ) -+ C w
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The 240 bytes are subjected to the Reed-Solomon
encoding process to produce an access block of 30 rows X
8 columns.

Then, 32 rows of parity are added to form a BIS
(Burst—-Indicating Sub code) sub-block. The code words is
8. The BIS sub-block is an RS (62, 30, 33) X 8 block
which is composed of the RS (Reed-Solomon) code with a
code length of 62 nibbles, a data size of 30 nibbles and
a code distance of 33 nibbles and has a block size of
eight code words. Then, a BIS cluster of 496 rows X 1
column (1 byte) is formed from the BIS sub-block.

The LDC and BIS clusters each includes 498 rows
each constituting a data frame. A data frame of the LDC
cluster comprises 19 bytes while a data frame of the BIS
cluster comprises 1 byte.

Thus, a combined data frame comprises 20 bytes (=19
bytes + 1 byte). As shown in the figure, the BIS having a
size of 1 byte is placed at the head of the combined data
frame. The BIS is followed by the LDC having a size of 19
bytes. 496 rows or 496 data frames each having a size of
20 bytes constitute an ECC block.

Each of the data frames is subjected to a bi-phase
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consisting of 336 channel bits as a final result of the
bi-phase modulation process.

It is to be noted that, since there is no DC
component in the case of the bi-phase modulation, it is
not necessary to add dcc bits to the data frame.

Such recording frames constitute a data structure
to be recorded as a wobbling groove onto a track in the
PB zone on the disc.

To put it in detail, the prerecorded information
used as shipping-time information is recorded onto the PB
zone, which is an area between a circumference with a
radiﬁs of 22.3 mm and a circumference with a radius of
23.1 mm in the case of a disc having a diameter of 12 cm
as described earlier by referring to Fig. 2.

To consider merely a condition requiring that a
data block of shipping-time information shall be 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
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technique. As a result, the S/N ratio of a signal
representing the channel bits can be improved.

In addition, also in this case, the ECC format of
user data stored as phase change marks uses the same
codes as the ECC format of shipping-time information.

Fig. 28 1s a diagram showing the structure of a
cluster comprising data frames.

Each row shown in the figure corresponds to a data
frame having a size of 20 bytes as described above. As
explained earlier; each data frame is modulated to
produce a recording frame having 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 to the ECC
block respectively before and after the 496 frames to
form the aforementioned clﬁster having 498 frames. The
run—-in and run out frames are each used as a linking
frame.

In addition, as described above, 16 addresses are
each added as an address unit number. The cluster's LDC

portion excluding the run-in and run out frames comprises
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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
conformity with the cluster structure of user data. The
prerecorded data's cluster structure conforming to the
cluster structure of user data is amenable to the design
of the circuit configuration of a decode processing
system employed in the disc drive apparatus.

However, it is not always necessary to design the
cluster structure of the prerecorded data (or the
shipping-time information) in conformity with the cluster
structure of user data if the unconformity does not cause
a problem.

That is to say, since the shipping-time information
is reproduction-only information, which is never
rewritten, the linking frames are not required. Thus,
with the linking frames eliminated, a cluster comprising
only 496 frames as shown in Fig. 29 is also conceivable.

Figs. 30 and 31 are explanatory diagrams showing

frame synchronizations of the 4 K bytes or 8 K bytes ECC
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RRROSUVT. 10 0% oad R L0rdn 10%L( Lak A0HEhs 110 39 16
channel bits. Eight of the 16 channel bits are “11001001”"
serving as a sync body. The remaining 8 channel bits form
a sync ID identifying the frame sync.

Expressed in terms of data bits, for example, the
sync ID of the frame sync FS0 is 3 bits “000” and 1
parity bit, which is 0 in this case. These 3 data bits
and the parity bit are subjected to an FM code modulation
process to result in the 8 channel bits “10101010".

The 8 channel bits for each of the other frame
synchronizations FS1 to FS7 are obtained in the same way
as the frame sync FS0. That is to say, the 3 data bits
“000” and 1 parity bit of each frame sync are subjected
to an FM code modulation process to result in 8 channel
bits for the frame sync.

Thus, the code distance of the bit data becomes 2
nibbles or longer so that a l-bit error will not cause a
sync ID to be interpreted as another sync ID.

In an operation to record a frame sync FS, the

frame sync FS is subjected to an NRZI conversion before
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frames is divided into eight 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 block including 496 frames is
divided into 16 groups each having 31 frames. In either
case, an ECC block is divided into groups each having 31
frames.

Frame numbers 0 to 30 are assigned to respectively
the 31 frames of each group. For frame number 0, a FSO is
used as a special 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 established.

The frame synchronizations FS1 to FS6 are assigned
to frame numbers 1 to 30 as shown in Fig. 31. This
assignment of the frame synchronizations FS1 to FS6
allows the beginning of an address frame to be detected

even 1f the frame sync FS0 is not detected.

6. Disc Drive Apparatus
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10 configuration of the disc drive apparatus. A disc 100

shown in Fig. 32 is the disc implemented by the

embodiment described above.

The disc 100 is mounted on a turntable not shown in
the figure. In recording and reproduction operations, the
disc 100 is driven into rotation by a spindle motor 2 at
a constant linear velocity (CLV).

Then, an optical pickup 1 reads out ADIP
information embedded in the RW zone of the disc 100 as a
wobbling shape of a groove track. In addition, the
optical pickup 1 also reads out prerecorded information
embedded in the PB zone of the disc 100 as a wobbling
shape of a groove track.

In a recording operation, the optical pickup 1
records user data into the RW zone as phase change marks.
In a reproduction operation, on the other hand, the
optical pickup 1 reads out the recording phase change
marks.

The optical pickup 1 includes a laser diode, a

photodetector, an objective lens and an optical system,
96



1- (10%H&' () - &10%H& () - $nL0%&' () - " 10%4& () -y
mMLO%H& () - s10%4& () - | MummmmdEuv7 10 1- &4

1094 () - &210%H& () - &010%H& () -. " 10%4& () -, 10%4& () - *10%4& () - nKnnnnnnnouV7
10 1 "10% & ()-y10% & ()-° 10% & ()- 10HH 10HH
10HH 9@ O0%H&' () - @10%4& () - ol 0~0000 pdEuUV7 10 1
"S@0% & ()-10% & ()-10% & ()-10% & ()-10% & ()-10% & ()- pUpppg<qpqdEuV7
10 1 "s&I0% & ()-$YL0% & ()-" 10% & ()- 10% & ()-y 10% & ()-10% & () -pqqq
rbrtrrdBEuv7 10 1

"1210% & () -wHHdD %' ot FsHOM & )t SlP% & ()rh&* 186%e& @iode serves
(10% & ()-1rsOsPSQsRsASSUV7 10 1° 109 () - S109E ()- 10°N 107A

10" 8MLOYE s (2 -1@ELO01$E Al -4 A AE0 &'Th)er ?Nc@o@ettfedz%éw dHects a
1" 1098VE () - MLOYVE. () - 10%VE' () - - 10%VE () - 3109%VE () - MLOY%VE () -t ul u{ uuuvdEUV7

10 1° &$- 1o%\£8eﬁn)e AP ) - ThOMR iV s sEIPK Qs LOVMR e
vnvvvvdeuV?

1's” 010%& (G)rde Jé‘oaoﬁgéls(%ﬁ P IVELR) o%tjl%%&f&s )St%(ﬂlgl% ()th’e&ﬁja%%&g& () - wow

wwwwwwwwwd YNC 1

]1‘ONB 10%& (geam 1r0; at(é qqlo(%égdfnlg%égchlP% Qﬁ"@?‘d‘@"&%&?dEYNC 10

of the objective lens and leads the reflected beam to the
photodetector.

The laser diode outputs the so-called blue-color
laser having a wavelength 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 mechanism in such a way that the lens can be
moved in tracking and focus directions. The entire
optical pickup 1 itself can be moved by a thread
mechanism 3 in the radial direction of the disc 100. The
laser diode employed in the optical pickup 1 is driven by
a drive signal, that is, by a drive current, output by a
laser driver 13 to generate a laser.

Information conveyed by a beam reflected from the
disc 100 is detected by the photodetector, which converts
the information into an electrical signal and outputs the
signal to a matrix circuit 4. The matrix circuit 4
includes a current-to-voltage conversion circuit and a

matrix-processing/amplification circuit. The current-to-
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voltage conversion circuit to generate required signals
such as a high—~frequency signal (or a reproduced-data
signal), a focus error signal and a tracking error signal.
The high-frequency signal represents reproduced data. The
focus error signal and the tracking error signal are used
for execution of servo control. In addition, the matrix-
processing/amplification circuit also generates a signal
representing a wobbling shape of the groove, that is, a
push-pull signal obtained as a result of detecting the
wobbling shape of the groove.

The matrix circuit 4 outputs the reproduced-data
signal to a reader/writer circuit 5, the focus error
signal as well as the tracking error signal to a servo
circuit 11 and the push-pull signal to a wobble circuit 8.

The reader/writer circuit 5 carries out processes
on the reproduced-data signal to reproduce data read out
as phase change marks and outputs the data to a
modulation/demodulation circuit 6. The processes include

binary conversion processing and reproduction clock
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in a recording operation. In a reproduction operation,
the modulation/demodulation circuit 6 carries out a
process to demodulate run-length limited codes on the
basis of a reproduction clock signal as a decoding
process.

An ECC encoder/decoder 7 carries out an ECC
encoding process to add error correction codes to data to
be recorded in a recording operation. In a reproduction
operation, on the other hand, the ECC encoder/decoder 7
carries out an ECC decoding process to correct errors of
reproduced data. To put it in detail, in a reproduction
operation, data demodulated by the
modulation/demodulation circuit 6 is stored in an
internal memory. The data stored in the internal memory
is then subjected to processes such as error
detection/correction processing and de-interleave
processing to generate reproduced data.

The reproduced data completing the ECC decoding
process carried out by the ECC encoder/decoder 7 is

finally read out to be transferred to an AV (Audio-
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as a signal representlng the wobbling shape of the groove
is processed by the wobble circuit 8. To be more specific,
in the wobble circuit 8, the push-pull signal conveying
ADIP information is subjected to an MSK demodulation
process to generate a data stream composing an ADIP
address as a result of demodulation. The data stream is
supplied to an address decoder 9.

The address decoder 9 decodes the data stream
received thereby to produce an address value, and
supplies the address value to the system controller 10.

The wobble circuit 8 also carries out a clock
generation process based on a PLL technique on the push-
pull signal representing the wobbling shape of the groove
to generate a clock signal. For example, the generated
clock signal is an encoding clock signal supplied to a
variety of components to be used in a recording operation.

The push-pull signal output by the matrix circuit 4
to the wobble circuit 8 as a signal representing the
wobbling shape of the groove is a push-pull signal

conveying prerecorded information read out from the PB

zone. In the wobble circuit 8, such a push-pull signal is
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demodulation process before being supplied to the
reader/writer circuit 5 as an FM code stream. In the
reader/writer circuit 5, the FM code stream is subjected
to a waveform reshaping 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-time information). The
extracted shipping-time information is finally supplied
to the system controller 10.
The system controller 10 carries out processing
such as various setting and copy-right protection based
on read-out prerecorded information.
The system controller 10 also outputs a control
signal CT to the wobble circuit 8. The control signal CT
drives 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 showing a typical
configuration of the wobble circuit 8.
The push-pull signal PP- received from the matrix
circuit 4 is passed on to a PLL unit 64 by way of a band-

pass filter 61. Typically, the PLL unit 64 carries out a

binary conversion process on the push-pull signal PP's
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prior to a PLL process to generate a clock signal CLK
based on the wobbling shape of the groove. As mentioned
above, the push-pull signal PP represents the wobbling
shape of the groove.
As described earlier by referring to Fig. 3,
however, the wobbling period of the RW zone is 69T while
the wobbling period of the PB zone is 36T. That is to say,
the wobbling carrier frequency of the RW zone is
different from that of the PB zone.
For this reason, the system controller 10 outputs
the control signal CT for switching the band-pass filter
61 from a pass band for the operation to record or
reproduce data onto or from the RW zone to a pass band
for the operation to reproduce data from the BP zone or
vice versa.
As a result, the PLL unit 64 generates the clock
signal CLK with a frequency corresponding to the wobbling
period of 69T in an operation to record or reproduce data
onto or from the RW zone or a frequency corresponding to
the wobbling period of 36T in an operation to reproduce
-data from the PB zone.

The push-pull signal PP received from the matrix

circuit 4 is also supplied to a band-pass filter 62 for
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frequency. These components are supplied to an MSK

demodulator 65. The MSK demodulator 65 carries out MSK

demodulation processing by performing, among other

processes, a process to multiply an MSK-modulated wave by

the carrier component and a filtering process. As result

of the MSK demodulation processing, the MSK demodulator

65 outputs modulated data conveying 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

MSK demodulation processing is based on the clock signal

CLK having the frequency corresponding to the wobbling

period of 69T.

The push-pull signal PP received from the matrix

circuit 4 is also supplied to a band-pass filter 63 for

extracting a bi-phase-modulated (FM-modulated) signal

component toc be supplied to an FM-code demodulator 66,

which then demodulates the signal component. A signal

obtained as a result of demodulation is supplied to the

reader/writer circuit 5. It is to be noted that the MSK

demodulation processing is based on the clock signal CLK

having the frequency corresponding to the wobbling period

of 36T.
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outputs the control signal CT to the wobble circuit 8
having such a configuration, controlling an operation to
switch the clock signal CLK from the frequency
corresponding to the wobbling period of 36T to the
frequency corresponding to the wobbling period of 69T or
vice versa. That is to say, in an operation to reproduce
data from the PB zone of the disc 100, the FM-code
demodulator 66 is driven to carry out a demodulation
process for reproducing shipping-time information. In an
operation to reproduce data from the RW zone of the disc
100, on the other hand, the MSK demodulator 65 is driven
to carry out a demodulation process for reproducing an
ADIP address.

In a recording operation of the disc drive
apparatus shown in Fig. 32, data to be recorded is
received from the AV system 20. The data to be recorded
is stored in a buffer employed in the ECC encoder/decoder
7.

The ECC encoder/decoder 7 encodes the buffered data
to be recorded by carrying out processing including a
process to add error correction codes, an interleaving

process, and a process to add sub codes. That is to say,

the ECC encoder/decoder 7 carries out the encoding
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processes to generate an ECC block explained earlier by
referring to Fig. 4.

Then, the data completing the ECC encoding
processes is subjected to a modulation process adopting
an RLL (1, 7) PP technigque in the modulation/demodulation
circuit 6 before being supplied to the reader/writer
circuit 5.

An encoding clock signal to serve as a reference
clock 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/writer circuit 5, the encoding
processes' result representing data to be recorded is
subjected to recording compensation processing including
a process to finely adjust a recording powér to a value
optimum for characteristics of a recording layer on the
disc 100, the shape of the spot of the laser beam, the
recording linear velocity and the like, and a process to
adjust the waveform of laser drive pulses. Then, the data
to be recorded is supplied to the laser driver 13 as the
laser drive pulses.

The laser driver 13 passes on the laser drive

pulses to the laser diode employed in the optical pickup
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so—-called APC (Auto Power Control) circuit for

controlling a laser output at a constant level

independent of the ambient temperature and other factors

by monitoring the power of the laser output from an

output generated by a laser—-power-monitoring detector

provided in the optical pickup 1. To put it in detail,

the APC circuit adjusts the laser output to a target

value set for a recording or reproduction operation. The

target values of the laser outputs for recording and

reproduction operations are set by the system controller

10.

The servo circuit 11 generates a variety of servo

drive signals such as focus, tracking, and thread signals

based on the focus error signal and the tracking error

signal, which are received from the matrix circuit 4,

carrying out servo operations.

To put it in detail, the servo circuit 11 generates

a focus drive signal and a tracking drive signal in

accordance with the focus error signal and the tracking

error signal to drive respectively a focus coil and a
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focus servo loop.

In addition, the servo circuit 11 turns off the
tracking servo loop and outputs a jump drive signal to
carry out a track jump operation in accordance with a
track jump command received from the system controller 10.

Furthermore, the servo circuit 11 generates a
thread drive signal based on a thread error signal
obtained as a low—-frequency component of the tracking
error signal and an access execution control 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
holding the optical pickup 1, a thread motor, and a
transmission gear, which are not shown 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 present revolution speed of
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12 compares the information on the present revolution
speed with information on a predetermined 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
employed in the reader/writer circuit 5 (that is, a clock
signal serving as a reference signal in a decoding
process) is used as information on the revolution speed
of the spindle motor 2. By comparing this information on
the revolution speed with information on the CLV
reference speed, a spindle error signal can also be
generated.

Then, the spindle servo circuit 12 outputs a
spindle drive signal in accordénce with the spindle error
signal to realize CLV rotation of the spindle motor 2.

In addition, the spindle servo circuit 12 may also
generate a spindle drive signal in accordance with the a
spindle kick/brake control signal received from the
system controller 10 in order to implement operations

such as an activation, a termination, an acceleration, a
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a microcomputer.

The system controller 10 performs various kinds of
processing in accordance with commands issued by the AV
system 20.

When the AV system 20 issues a write command for
storing data to the system controller 10, for example,
the system controller 10 first of all moves the optical
pickup 1 to an address at which the data is to be written.
Then, the ECC encoder/decoder 7 and the demodulation
circuit 6 are driveﬁ to carry out the encoding processes
on the data received from the AV system 20. Examples of
the data include video and audio data conforming to any
of a variety of techniques such as the MPEGZ technique.
Finally, laser drive pulses generated by the
reader/writer circuit 5 are supplied to the laser driver
13 in order to record the data.

In addition, when the AV system 20 issues a read
command to the system controller 10, making 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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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 segment specified in the read command to the AV
system 20. To put it in detail, the requested data is
read out from the disc 100, subjected to processes such
as decoding and buffering carried out by the
reader/writer circuit 5, the demodulation circuit 6, and
the ECC encoder/decoder 7 and supplied to the AV system
20.

It is to be noted that, in operations to record and
reproduce data as phase change marks onto and from the
disc 100, the system controller 10 controls the recording
and reproduction operations by using an ADIP address
detected by the wobble circuit 8 and the address decoder
9.

In addition, the system controller 10 gives a
command to the ECC encoder/decoder 7 to carry out an

error correction decoding process on an ECC block having
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information) recorded as a wobbling shape of the groove
in the PB zone on the disc 100.

In this case, first of all, control of a seek
operation with the PB zone set as a target is executed.
That is to say, a command is issued to the servo circuit
11 to move the optical pickup 1 in an access to the
innermost circumference of the disc 100.

Then, the optical pickup 1 is driven to move along
a reproduction trace to obtain a push-pull signal
represented by a reflected beam information. Finally, the
wobble circuit 8, the reader/writer 5, and the ECC
encoder/decoder 7 are driven to carry out decoding
processes to obtain the reproduced data as prerecorded
information.

It is to be noted that the system controller 10
also gives a command to the ECC encoder/decoder 7 to
carry out an error correction decoding process on an ECC
block having the structure explained earlier by referring

to Fig. 15 or Fig. 27.
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reproduce prerecorded information from the PB zone, the
system controller 10 controls 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 drive
apparatus 30. It is to be noted, however, that the disc
drive apparatus provided 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 present invention can also be connected to no piece
of equipment. In this case, the disc drive apparatus is
provided with an operation unit and a display unit. The
configuration of a member serving as an interface for
inputting and outputting data is also different from that
shown in Fig. 32. 1In the case of such a standalone disc

drive apparatus, recording and reproduction processing is
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configuration. For example, implementations of the disc
drive apparatus provided by the present invention as a
recording-only apparatus and a reproduction-only
apparatus are also thinkable.

7. Disc-Manufacturing Method

The following description explains a method of
manufacturing the disc provided by the present invention.

Processes of manufacturing the disc are classified
into two big categories, namely, the so-called mastering
process and the so-called replication process. The
mastering process is a series of process up to completion
of a metallic master disc called a stamper to be used in
the replication process. On the other hand, the
replication process is a process using the stamper to
mass-produce optical discs as copies of the stamper.

To put it concretely, in the mastering process, a
photo resist material is applied as a light-sensitive
film to a ground glass substrate. Then, the so-called

cutting process is carried out to create pits and grooves
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circumference side of the disc and a groove having a
wobbling shape based on ADIP addresses in a portion
corresponding to the RW zone 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 completed, predetermined
processing such as a development process is carried out.
After the development process, information is transferred
to the metallic surface of the glass substrate by
adoption of an electrocasting technique or the like to
create a stamper, which will be required later in making
discs as copies of the stamper.

In the replication process following the mastering
process, a final disc product is made by carrying out
processing including the steps of transferring
information to a resin substrate by adoption of typically

an injection method using this stamper, generating a
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switching unit 73, a cutting unit 74 and a controller 70.

The prerecorded-information 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 optical-unit
components 82, 83, and 84, a substrate rotator/conveyor
85, a signal processor 81, and a sensor 86. The optical
unit consisting the components 82, 83, and 84 radiates a
laser beam to the glass substrate 101 covered by a photo-
resist material to do the cutting process. The substrate
rotator/conveyor 85 drives the glass substrate 101 into
rotation and slides the substrate 101 to convey it from a
place to another. The signal processor 81 converts input
data into data to be recorded and supplies the data to be
recorded to the optical unit. The sensor 86 outputs a
signal indicating whether, at the present location, the
substrate rotator/conveyor 85 places the cutting position

in the PR or RW zone to the controller 70.
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is modulated by the modulator 83 on the basis of the data
to be recorded. The cutting head 84 converges a modulated
beam output by the modulator 83 and radiates the
converged beam to the photo-~resist surface of the glass
substrate 101.

The modulator 83 includes an AOM (Acoustic Optical
Modulator) and an AOD (Acoustic Optical Deflector). The
AOM turns on and off the beam radiated by the laser beam
source 82. The AOD deflects the beam radiated by the
laser beam source 82 in accordance with a wobbling
generation signal.

The substrate rotator/conveyor 85 includes a
rotation motor, a speed detector FG, a slide motor, and a
servo controller. The rotation motor drives the glass
substrate 101 into rotation. The speed detector FG
detects a revolution speed of the rotation motor. The
slide motor slides the glass substrate 101 in the radial
direction of the glass substrate 101. The servo

controller adjusts control quantities including the
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109 () - nn$g;g§ Egg%@@;d 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 predetermined process carried out
on the formatted data to create a modulating signal, that
is, the signal representing the prerecorded information
and the address information.
In addition, the signal processor 8l also carries
out processing to drive the AOM (Acoustic Optical
Modulator) and the AOD (Acoustic Optical Deflector),
which are employed in the modulator 83, on the basis of
the modulating signal by outputting the signal to the
modulator 83.
During the cutting process, in the cutting unit 74,
the substrate rotator/conveyor 85 drives the glass
substrate 101 into rotation at a constant linear velocity

and, while the glass substrate 101 is being driven as it

is, slides the glass substrate 101 by a distance equal to
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received from the signal processor 81, and the modulated
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 form a groove with a wobbling shape
representing the modulating signal.

The controller 70 controls the cutting operation of
the cutting unit 74 and, while monitoring a signal
generated by the sensor 86, controls the prerecorded-
information generator 71, the address generator 72 and
the switching unit 73.

At the beginning of the cutting process, the
controller 70 requests the cutting unit 74 to take the
slide position of the substrate rotator/conveyor 85 as an
initial wvalue so that the cutting head 84 starts the
radiation of the laser beam from the innermost
circumference. Then, the controller 70 drives the cutting

unit 74 to start an operation to drive the glass

substrate 101 into rotation at a CLV and an operation to
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the information to the signal processor 81 by way of the
switching unit 73. In addition, the laser beam source 82
is driven to start the operation to output a laser beam
whereas the modulator 83 is driven to modulate the laser
beam on the basis of the modulating signal received from
the signal processor 81 in order to carry out a cutting
process to create a groove on the glass substrate 101.
The modulating signal is an FM code modulation signal
representing the prerecorded information. In this way, a
cutting process is carried out to create a groove like
the one shown in Fig. 3B in an area to be used as the PB
zone.

As the signal generated by the sensor 86 indicates
that the cutting process to create a groove has reached
an area to be used as the RW zone, completing the
creation of the groove in the area to be used as the PB
zone, the controller 70 changes over the switching
position of the switching unit 73 from a pole for the

prerecorded-information generator 71 to a pole for the
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driven to reduce the sliding speed of the glass substrate
101 so that a groove having a track pitch of 0.32 um is
created on the surface of the glass substrate 101.

In this state, the address information generated by
the address generator 72 is supplied to the signal
processor 81 by way of the switching unit 73. 1In addition,
the modulator 83 is driven to modulate the laser beam
generated by the laser beam source 82 on the basis of the
modulating signal received from the signal processor 81
in order to carry out a cutting process to create a
groove on the glass substrate 101 by using the modulated
laser beam. 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 indicates
that the cutting 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
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Thereafter, processing such as a development
process and an electrocasting process is carried out to
produce a stamper to be used for mass production of the
disc described above.

8. Modified Versions

The description given so far explains an embodiment
implementing a disc as well as the embodiment's disc
drive apparatus and disc-manufacturing method. However,
the scope of the present invention is not limited to the
embodiment. That is to say, it is possible to make a
variety of changes not deviating from the range of the
present invention to the embodiment.

In the embodiment, while user data is recorded as
phase change marks, any technique of recording user data
can be adopted as long as the technique is of the
rewritable or write—once type. For example, the present
invention can also be applied to a disc or a disc drive
apparatus adopting the magneto-optical recording
technique or the dye recording technique.

In addition, in the embodiment, shipping-time
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the case of the embodiment described above, for example,

since the RLL (1, 7) PP technique is adopted in a

modulation process for user data, the shipping-time

information can also be subjected to a modulation process

adopting the RLL (1, 7) PP technique.
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Data Data
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Address block

Fig. 15
Data frame
Recording frame

Bi-phase modulation

Fig. 16

Data Data

Encoded Encoded

19 code words 4 code words
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Data frame
Recording frame

Bi-phase modulation

Fig. 32

13: Laser driver

4: Matrix

5: RW circuit

6: Modulation/demodulation circuit
8: Wobble circuit

20: AV system

11: Servo circuit

10: System controller

12: Spindle circuit

Fig. 33 Wobble circuit 8

65: MSK demodulator —--> Address information
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72: Address generator

74: Cutting unit

81: Signal processor

82: Laser

83: Modulator

101: Substrate rotator/conveyor
86: Sensor

70: Controller
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10% () - @ 3pL0% (184 3078, L) ¥ 14028 ()oXorh¥REV technique, and  in
which second data remains recorded into by adoption of a
groove-wobbling technique and is reproduced from; and
a reproduction-only area only allowing third data
recorded therein by adoption of said groove-wobbling
technique to be reproduced, wherein:
said first data is recorded by adoption of a first
modulation technique and has a first error-correction
block structure;
said second data 1s recorded by adoption of a second
modulation technique; and
said third data is recorded by adoption of a third
modulation technique and has a second error-correction

block structure based on same correction coding as that

of said first error-correction block structure.

2. A disc recording medium according to claim 1
wherein:

said first error-correction block comprises a first
frame structure, a first sub-block structure comprising
first error <correction codes and a second sub-block
structure comprising second error correction codes; and

said second error-correction block comprises a
second frame structure, a third sub-block structure
comprising first error correction codes and a fourth sub-

block structure comprising second error correction codes.
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said rewritable recording technique adopted for
recording said first data is a recording technique of
recording phase change marks onto a track implemented as

said wobbling groove.

4. A disc recording medium according to claim 1 or
2 wherein:

said second data and said third data are recorded
along a wobbling groove created in advance;

said rewritable recording technique adopted for
recording said first data 1is a recording technique of
recording magneto-optical marks onto a track implemented

as said wobbling groove.

5. A disc recording medium according to any one of
the preceding claims, wherein said third data recorded onto

said reproduction-only area includes address information.

6. A disc recording medium according to claim 1
wherein:

recording density of said third data is made less
dense than recording density of said first data;

the number of correction codes in said first error-
correction block is set at a multiple of m; and

the number of correction codes in said second error-

correction block 1s set at n/m times the number of
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correction block, where notations n and m each denote a

positive integer.

7. A disc recording medium according to any one of
the preceding claims, wherein said block lengths of said
first error-correction Dblock and said second error-
correction block are each set at such a wvalue that said
block can be recorded in a circle of said track on said

disc.

8. A disc recording medium according to any one of
the preceding claims wherein the number of frames in said
first error-correction block and the number of frames in
said second error-correction block are each set at a
value at least about equal to a data-piece count in said

error correction codes.

9. A disc recording medium according to any one of
the preceding claims wherein a frame for linking is added
to said first error-correction block as well as to said

second error-correction block.

10. A disc recording medium according to any one of
claims 1 to 8 wherein a frame for 1linking is added to
said first error-correction block but no frame for

linking is added to said second error-correction block.
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said second modulation technique 1is an MSK modulatlon
technique, and said third modulation technique is a bi-

phase modulation technique.

12. A disc recording medium according to any one of
claims 1 to 10, wherein said first modulation technique

is the same as said third modulation technique.

13. A disc recording medium according to any one of
claims 1 to 10 wherein said first and third modulation
techniques are both an RLL (1, 7) PP technique whereas
said second modulation technique is an MSK modulation

technique.

14. A disc recording medium according to claim 2,
wherein:

recording density of said third data is made less
dense than recording density of said first data;

the number of first correction codes composing a
first sub-block is set at a multiple of m; and

the number of first correction codes composing a
third sub-block 1is set an n/m times the number of
correction codes composing said first sub-block, so that

a data-piece count 1in said third sub-block is also
n/m times a data-piece count in said first sub-block
where notations n and m each denote a positive integer

whereas
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fourth sub-block 1is set at g/p times the number of

correction codes composing said second sub-block, so that
a data-piece count in said fourth sub-block is also

a/p times a data-piece count in second sub-block where

notations p and g each denote a positive integer.

15. A disc recording medium according to claim 2 or
14 wherein the number of frames in said first error-
correction block and the number of frames in said second
error-correction block are each set at a value at least
about equal to a sum of the number of first correction
code words and the number of second correction code

words.

l6. A disc recording medium according to claim 2,
14 or 15 wherein said second frame includes a
synchronization signal in data’s portion corresponding to
said third sub-block and also includes an address unit
number 1in said data’s portion corresponding to said

fourth sub-block.

17. A disc recording medium according to any one of
claim 2, 14 to 16 wherein:

said second frame includes a synchronization signal
in data’s portion corresponding to said third sub-block;

said synchronization signal is from one of the
plurality types so that consecutive second frames are

different each other.
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and

sald synchronization signal comprises;

a unique synchronization pattern comprising a bit
string never obtained as a result of a modulation process
adopting said third modulation technique;

a synchronization ID, which is data obtained as a
result of a modulation process adopting said third
modulation technique; and

a parity field for increasing a code distance

between said synchronization signals.

19. A disc recording medium according to claim 6

or 14 wherein the value of m is a power of two.

20. A disc recording medium according to claim 6 or

14 wherein the value of n is 1.

21. A disc drive apparatus for recording data and
reproducing data from a disc recording medium comprising:

a recording/reproduction area, in which first data
to be recorded onto and reproduced from by adoption of 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 said groove-wobbling

technique to be reproduced, wherein:
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block structure based on the same correction codes as
those of said first error-correction block structure,
said disc drive apparatus having:
head means for radiating a laser beam to a track
created as a groove on said disc recording medium and
receiving a reflected beam signal;
wobbling extraction means for extracting a signal
representing a wobbling 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;
second data demodulation means for demodulating, in
a reproduction operation carried out on said
recording/reproduction area, said signal representing
said wobbling shape of said +track by said second
modulation technique;
first data demodulation means for demodulating said
signal representing said first data in a reproduction
operation carried out on said recording/reproduction area
by said first modulation technique;
third data demodulation means for demodulating, in a

reproduction operation carried out on reproduction-only
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third data demodulation means; and
control means for driving said second data
demodulation means to carry out demodulation processing
in a recording/reproduction operation performed on said
recording/reproduction area, requesting said error
correction means to carry out error-correction processing
based on said first error <correction block 1in a
recording/reproduction operation performed on said
recording/reproduction 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 block in a reproduction

operation performed on said reproduction-only area.

22. A disc drive apparatus according to claim 21
wherein sald 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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make an access to sald recording/reproduction area at a
location indicated by address information extracted as
said second data and drives said head means to make an
access to saild reproduction-only area at a location
indicated by address information included in said third

data.

24, A disc drive apparatus according to claim 21,
22 or 23 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 Dblock where notations n and m each

denote a positive integer.

25. A disc drive apparatus according to any one of
claims 21 to 24 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 bi-

phase modulation technique.
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10%7& () carried out by assuming that said first modulation

technique is the same as said third modulation technique.

27. A disc drive apparatus according to any one of
claims 21 to 24 wherein demodulation processing 1is
carried out by assuming that said first and third
modulation techniques are both an RLL (1, 7) PP technique
whereas said second modulation technique 1s an MSK

modulation technique.

28. A disc drive apparatus according to claim 22
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 corection 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
correction codes composing said fourth error correction
block at qg/p times the number of correction codes
composing said second error-correction block where

notations p and g each denote a positive integer.

29. A disc drive apparatus according to claim 24 or

28 wherein the value of “m” is a power of “2”.
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28 wherein the wvalue of “‘n” 1s Y17,

31. A reproduction method for reproducing data from
a disc recording medium comprising:

a recording/reproduction area, in which first data
to be recorded onto and reproduced from by adoption of 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 by adoption of said groove-wobbling technique to
be reproduced, whereby:

said first data 1is recorded by adoption of a first
modulation technique and has 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 and has a second error-correction
block structure based on the same correction codes as
those of said first error-correction block structure, for
a reproduction operation carried out on said
recording/reproduction area, said reproduction method
further provided with the steps of:

radiating a laser beam to a track created as a
groove on sald disc recording medium and receiving a
reflected beam signal;

extracting a signal representing said wobbling shape
of said track and a signal representing said first data

from said reflected beam signal;
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demodulating said extracted signal representing said
wobbling 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 codes 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
provided with the steps of:

radiating a laser beam to said track created as said
groove and receiving a reflected beam signal;

extracting a signal representing said wobbling 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.

32. A reproduction method according to claim 31
wherein, for a reproduction operation carried out on said
recording/reproduction area, said reproduction method is
further provided with the step of carrying out error
correction processing based on said first error

correction  processing based on said first error
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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 1is further provided with the
step of carrying out 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.

33. A reproduction method according to claim 31
wherein, for a reproduction operation carried out on said
recording/reproduction area, said reproduction method 1is
further provided with the step of making an access to
said recording/reproduction 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 1is
further provided with the step of making an access to
said reproduction-only area at a location indicated by

address information included in said third data.

34. A reproduction method according to claim 31,32
or 33 wherein, in said error correction processing, the
number of correction codes composing said first error
correction block is 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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first correction codes composing said third error
correction block is set at 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 1s set at a multiple
of p and the number of second correction codes composing
said fourth error correction block 1is set 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.

36. A reproduction method according to any one of
claims 35 to 39 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 bi-

phase modulation technique.

37. A reproduction method according to any one of
claims 35 to 39 wherein demodulation processing 1is
carried out by assuming that said first modulation

technique is the same as said third modulation technique.
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modulation technique is an MSK modulation technique.

39. A reproduction method according to claim 32 or

35 wherein the value of “m” is a power of “2”.

40. A reproduction method according to claim 32 or

35 wherein the wvalue of “n” is “1”.

41. A disc recording medium for reproducing data in

accordance with the method of any one of claims 31 to 40.

42. A disc recording medium of claims 1 to 20 for
reproducing data in accordance with the method of any one

of claims 31 to 40.

43. A disc reproducing apparatus for reproducing
data in accordance with the method of any one of claims

31 to 40.
44, A disc reproducing apparatus of claims 21 to 30

in accordance with the method of any one of claims 31 to

40.

140

New' h



