REPRODUCTI ON- ONLY RECORDI NG MEDI UM REPRODUCI NG APPARATUS,

REPRODUCI NG

METHOD, AND DI SK MANUFACTURI NG METHOD BACKGROUND OF THE | NVENTI ON The

present invention relates to a recording nmedium such as an optical

the Iike, and particularly to a data format of a reproduction-only
recording nedium and also relates to a reproduci ng apparatus and a
repr oduci ng nethod for the reproduction-only recording nedium and a disk
manuf act uri ng met hod. As technol ogy for recording and reproducing digital
data, there is data recording technol ogy using optical disks (including
nmagnet o- optlcal dkﬁﬁ%%WSUCh for exanple as CDs (Conpact Disks), MDs

(Mni-Di sk

~BiYy i REFORRING  MERTUM 5 KBEPRODVETHEIARBARBEDSE, The

opti cal disk is a generic name for recording nmedia that allow a signal
be read by ir rBEFBR NG METHOD, AND (BISK NMANUFACTURING NEEHGD prot ect ed
with plastic with laser 1ight and detecting change in the reflected |ight.
Optical disks include for exanple reproduction-only , types known as CD,

CD-ROM DVD-ROM and the like and user data recordable types known as MD,

CD- R, CD RBACBGBORND DYDIRW IRVERRWONDVD- RAM and the |ike.

The recordabl e

types allow data to be recorded thereon by using a 1 magneto-opti cal
recordi ng nethod, The ppaseeshan@ention relates to a recording medium

such as an optical disk or the like, and particularly to

a data format of a reproduction-only recording medium,

and also relates to a reproducing apparatus and a

reproducing method for the reproduction-only recording

medium, and a disk menufacturing method.

As technology for recording and reproducing digital

data, there is data recording technology using optical

disks (including magneto-optical disks) such for example

as CDs (Compact Disks), MDs (Mini-Disks), and DVDs

(Digital Versatile Disks) as recording media. The optical

disk is a generic name for recording media that allow a

signal to be read by irradiating a disk formed by a

metallic thin plate protected with plastic with laser

light and detecting change in the reflected light.

Optical disks include for example reproduction-only

types known as CD, CD-ROM, DVD-ROM and the like and user

data recordable types known as MD, CD-R, CD-RW, DVD-R,

DVD-RW, DVD+RW, DVD-REM and the like. The recordable

types allow data to be recorded thereon by using a

di sk or

to



|
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recording nethod, a dye fil mchange recording nmethod and the |ike. The dye
fil mchange recording nethod is also referred to as a wite-once recording
nmet hod, which allows data recording only once and does not all ow
rewiting. The dye filmchange recording nethod is therefore suitable for
data storing purposes and the like. On the other hand, the nagneto-optical
recordi ng nmethod and the phase change recordi ng nethod al |l ow data
rewiting, and are used for various purposes including recording of
vari ous contents data such as nusic, video, ganes, application prograns
and the like. In addition, high-density optical disks referred to as DVR
(Data & Vi deddreterdphgFadr refardaygdiskotiave rhesenthyndpeen devel oped to
increase the capacity significantly. In a disk structure of such a
hi gh- densi tyedpsiiing meuReod; ta dye. 41 coyege | ayesrding mktiend i o of
t hi ckness of the disk, phase change marks are recorded and reproduced
under condithensilbé. a Thenrkdywatfiidm afhandeaaseico{Eorg aldteddlive alaer) havi ng
a wavelength-of 405 nmand an objective I ens having an NA of 0.85.
Supposi ng thafedredraskapi & Cliri sebodde gfeddedand i MeBkodenshionis 0.12 u
nmbit with a data block of 64 KB (kilobytes) as one 2 recording and
reproduci NngalNdws @dtea SHEPOSE NGy that v O EBtand does not allow

rewriting. The dye film change recording method is

therefore suitable for data storing purposes and the like.

On the other hand, the magneto-optical recording method

and the phase change recording method allow data

rewriting, and are used for various purpcses including

recording of various contents data such as music, video,

games, application programs and the like.

In addition, high-density optical disks referred to

_és DVR (Data & Video Recording) or Blu-ray disks have

recently'been developed to increase the capacity

significantly.

In a disk structure of such a high-density disk as

DVR with a 0.1 mm cover layer in a direction of thickness

of the disk, phase‘change marks are recorded and

reproduced under conditions of a combination of a laser

(so-called blue laser) having a wavelehgth of 405 nm and

an objective lens having an NA of 0.85. Supposing that a

- track pitch is 0.32 gm and a linear density is 0.12 p

m/bit with a data block of 64 KB (kilobytes) as one
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efficiency is about 82% a volunme of about 23.3 GB (gigabytes) can be
recorded and reproduced on a disk 12 cmin dianmeter. Supposing that the

| i near density is 0.112 gmbit in the same format, a volunme of about 25 GB
can be recorded and reproduced. Further, a nultilayer structure of a
recording layer can dramatically increase the capacity. For exanple, by
maki ng the recording |ayer of two |ayers, the capacity can be double the
above capacity, that is, 46.6 GB or 50. GB. On a reproduction-only disk,

for exanple a DVD-ROM of the above-nentioned various optical di sks, data

is record S_pit reated in advance enbo sed |ts or t I|k

basi cal | y %ecﬁbnf? Clﬂts)f ea(raréoerp cocfur ecntq r‘fﬁubq( oca}& a?scfﬂ’rﬂ/ Ei_*>)<nown
dat a fornat t.he repro uct.i dISk t r correctlng

bl ocks are )Ie]c %ﬂ]’otug}xf e tPri!eeFi) %5' that an error
correcting |§E§ blocﬁggf one recordlng and re rodu0|ng uni t, and
that no lin %&f ¥ LHEeHIs S st s anst GcliSkadZni th t he

repr oducti on- onIy di sk, data is recorded and reproduced on recordabl e
di sks (recd™®iy ¥?Wﬂﬁ?§eprodUC|ng di sks) basically in units of error

Supposing that the linear density is 0.112 um/bit

in the same format, a volume of about 25 GB can be
recorded and reprbduced.

Further, a multilayer structure of a recording
layer can dramatically increase the capacity. For example,
by making the recording layer of two layers, the capacity
céﬁ be double the above.capacity} that is, 46.6 GB or 50
GB.

On a reproduction—onlf disk, for example a DVD-ROM
of the above—mentidned various optical disks, data is
recorded as pits created in advance (embossed pits or the
like) basically in units of error correcting blocks.

Inea conventionally known data format of the
reproduction-only disk, units of error correcting blocks
are recorded continuously wifhout a break.

Tﬁis meaﬁs that an error correcting block is a block of
cone recording and reproducing unit, and that no linking
area (buffer area) is formed between blocks.

As with the reproduction~only disk, data is

recorded and reproduced on recordable disks {recording



correcting bl ocks. However, a linking area may be formed between blocks in
consi deration of random access recording characteristics. Using |inking
has an advantage in that when a recording and reproduci ng appar at us

reali zes block random access, the bl ock random access can be realized by
sinpler and | ess expensive hardware than in a data format w thout [|inking.
Di sk format techniques with linking are disclosed in the follow ng
literature, for exanple. [First Patent Literature] U S.Patent No.
5,528,569 [Second Patent Literature] U S Patent No. 5,552, 896

Consi deration will now be given to a reproduction- only disk and a
recordi ng arddr eppoddeciggdiskkas bhendadent ahl ynthe sgnertype of di sk. For
exanple, the reproduction-only disk is a DVD-ROM and the recordi ng and
reproduci ngcdicgkcting PVYBPcRAM or the like. Aternatively, the
reproduction-only disk and the recording and reproducing disk are the

above-nentioned himgheshens) ty 1 thisknd MRa Az R oglliehd@nocopdat i bility
bet ween di sks of the
blocks in consideration of random access recording
characteristics.

Using linking has an advantage in that when a
recording and reproducing apparatus realizes block random
access, the block random access can be realized by
‘simpler and less expensive hardware than in a data format
without linking.

Disk format techniques with linking are disclosed
in”the following litefature, for example.

[ First fatent Literature]

U.S.Patent No. 5,528,569

[ Second Patent Literature]

U.S.Patent No. 5,552,896

Consideration will now be given to a reproduction-
.only disk and a recording and reproducing disk as
fundamentally the same type of disk. For example, the
reproductionfonly disk is a DVD—ROM and the recording and
reproducing disk is a DVD-RAM or the like. Alternatively,
the-reproduction—only disk and the recording and
reproducing disk are the above-mentioned high—density

diSk {DVR) .



sanme type is required. The conpatibility is decreased when a data
arrangenent system (data format) differs between the reproduction-only

di sk without linking and the recording and reproducing disk with Iinking,
for exanple. Specifically, a reproducing apparatus supporting both di sks
in such a case needs to have two simlar pieces of hardware or software as
reproduction timng generating circuits, synchronizing circuits, firmare
and the like for the reproduction-only disk and the recording and
reproduci ng di sk, and switch between the two simlar pieces of hardware or
software according to a disk to be reproduced. That is, burdens on
configuration of Rbprodppaiahusompetihtiéagsedetecani diakn dhethe
conpatibility. Accordingly, there is a proposition that the format of the
above- ment saned thipgh-idensiduyd réidsk Nhvecbinpktnpilatgassabisoreaséle
reproduction-only disk, for exanple. However, when linking is provided for

the reprodusknon- el @irslenyReles tdal@ tiet reeexded Margnagseds pits as the
above-nentioned high-density disk, for exanple, the follow ng problens

occur. A rguiiybabl endi SR diuke iRindRndensiitayk disthhas 13nxkgheouadf or ned
thereon in a spiral shape, and has phase 5 change marks recorded and

reprOducedtﬁEOQ%cEQ%iﬁbo%ﬁﬂ-reproducing disk with linking, for
example.

Specifically, a reproducing apparatus supporting
both disks in such a case needs to have two similar
pieces of hardware or software as reproduction timing
generating circuits, synchronizihg circuits, firmware and
the like for the reproduction-only disk and the recording
and reproducing disk, and switch between the two similar
.pieces.of haraware or software according to a disk to be
reproduced. That is, burdens on configuration of the
apparatus aré increased to maintain the compatibility;

Accordingly, there is a proposition that the format

- of the above-mentioned high-density disk have linking
areas also on the reproduction-only disk, for example.

However, when linking is provided for the
réproduction—only disk where data is recorded by embossed
pits as the above-mentioned high-density disk, for

| example, the following‘problems occur.
A rewritable disk as the high-density'disk has a

groove formed thereon in a Spiral shape, and has phase
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For a tracking servo to apply laser light along the groove, a tracking
error signal formed by a push-pull signal is used. Consideration wll be
given to a reproduction-only disk (hereinafter referred to as a ROM di sk)
havi ng enbossed pits formed with the sane density and the sane data
format as those of the rewitable disk. The rewitable disk has a shall ow
groove of about a/10 (;. = |l aser wavel ength) formed thereon to reduce
medi a noise. On the other hand, for a high level of a reproduced RF
signal, it is desirable to formpits about X/ 4 deep on the ROM di sk
However, froma viewpoint of the tracking servo, it is desirable to form

pits about chéﬁgdeﬁprkgrr@cbkghdlanalregioaﬁ@eaugmoﬁglth§iﬁﬁ@bvelt i's
therefore difficult to determ ne conditions for form ng the ROM di sk when

the tracking servorassi g rdde mysePrd | cSi Hhaly | SadePr 41ty dHE
addition to the nethod using fﬁg push- pul | si%nal, a:%égﬁ?uféigentia

Phase Det ecti@hyelrethedakginkn S ckj rLQr 4 Sj L ection
nmet hod. A DPD s?gnal bgcoﬁgé ﬁ?gﬁﬁiﬁ§?gég|kggﬂ%?t§90? %Q%gp?ﬁf%f Al4, 6
which is the;sape ¢gndiktion as for the reproduced RF

Consideration will be given to a reproduction-only
disk (hereinafte# referred to as a ROM disk) having
‘embossed pits formed with the same density and the same
daté format as those of the rewritable disk.

The rewritable disk has a shallow groove of about
A/10 (A = laser wavelength) formed thereon to reduce-

- media noise. |

On the other hand, for a high level of a reproduced
RF signal, it is desirable to form pits about A /4 deep on
.the ROM disk.

However, from a viewp§int of the tracking servo, it

~is desirable to form,pits'about A /8 deep for a high level
of the pﬁsh—puli signal. |

It is therefore difficult to determine conditions
for forming the ROM disk when the tracking servo using
the push-pull signal is a precondition.

' In addition to the method using the push-pull
signal, a DPD (Differential Phasé Detection) method is
known as a tracking error signal detection method. A DPD

signal becomes high in level by pits of a depth of A/4,

6



signal. The DPD signal

using the

| i nking areas on the ROM di sk which areas are set

conpati bi

is therefore desirable for the ROM disk. Thus,

DPD signal as a tracking error signal for the ROM di sk has been
consi dered. However, the DPD signal does not have a sufficient signal
| evel when pit patterns of adjacent tracks are the sane. In this case,

ity with the rewitable disk as described above becone a

probl em Linking areas at front ends and rear ends of blocks on the

rewitable disk where recording and reproduction

units are
data. The

processing or the |ike.

in considerati on of

intended for PLL synchronization and protection of recorded

Wh ik nigs arleassamse daidexospl £s afdi xatk praprdde-qatgern

or

are perforned in bl ock

PLL.

In the case of the ROM disk provided with |inking

areas in cofisgrier at itee ofprsyeynalcampaliddidridnt Welsh aRee rew ichabkewmdi sk,

when i nki

ng areas are aligned wth each other on adjacent tracks,

pit

patterns ofqfdie, adhaegniusihigaehs DPY RalgrRar bhsake thhekiageoFoerefore, a
| evel of a DPD Signal is not” obtained at such a part, which

ST agdet NG, S GIP- g1l 1I0WMARL LE Jds A MVENTI ON I'n vi ew of such

sufficient
may affect
probl ens,

exdanpl e enbodi ments may
However, the DPD signal does not have a sufficient

signal level when pit patterns of adjacent tracks are the
same.

In this case, linking areas on the ROM disk which
areas are set in considerétion of compatibility with the
rewritable disk as described above become a problem.

Linking areas at front ends and rear ends of blocks
on the rewritable disk where recording and reproduction
are performed in bleck units are inteéended for PLL
synchronization and proﬁection of recorded data. ‘The

linking areas use for example a fixed preamble pattern

for PLL processing or the like.

In the case of the ROM disk provided with linking

areas in consideration of such a compatibility with the

rewritable disk, when linking areas are aligned with each

other on adjacent tracks, pit patterns of the adjacent
tracks in that part are the éame. Therefore, a sufficient
level of a DPPD signal is not obtained at such a part,

which may affect the tracking servo.



:
:

realize a reproduction-only recording nediumthat has a data format
excellent in conpatibility wwith a rewitable disk and is al so advant ageous
froma viewoint of a tracking servo. In accordance with a first aspect of
the present invention, there is provided a reproduction-only recording

- medi um wherein bl ocks having a main data area and a linking area are

continuous with each other to forma data track with enbossed pits; and
main data recorded in the main data area and |inking data recorded in the
linking area in each of the bl ocks are scranbled by scranbling data

gener at ed byuraizsysicgmrukn rgxanpiey enbodi nents, the scranbling data is
generated by a random sequence using address information of the block as

an initial value. thnveagho ofsddie dploeakss, t 8fahd NKiddb RlGRHLS f@hed on a
front end side and a rear end side of the main data area. Alternatively,

in each of ide ibleoekseptbaubt nkhngh1 @readrsiiher m@elleﬁ ERLY Bad rpnt end side
of the main data area. Alternatively, in each of the block's, the Iinking
8 area is foroPedRRaentycari&H BIEsigde10f 1106 PBRIR ot r A8

disk and is also advantageous from a viewpoint of a

tracking servo.

In accordance with a first aspect of the present
invention, there is provided a reproduction-only recording
medium wherein blocks having a main data area and a
linking area are continuous with each other to form a data
track with embossed pits; and main data recorded in the
main data area and linking data recorded in the linking
area in each of the blocks are scrambled by scrambling
data generated by a system.

In example embodiments, the scrambling data is
generated by a random sequence using address information
of the block as an initial wvalue.

In each of the blocks, the linking area is formed
on a front end side and a rear end side of the main data
area.

Alternatively, in each of the blocks, the linking
area 1is formed on only a front end side of the main data
area.

Alternatively, in each of the blocks, the linking




In accordance with a second aspect of the present invention, there is
provided a reproducing apparatus for performng data reproduction in .
correspondence with at |east a reproduction-only recording nediumin which
medi um bl ocks having a main data area, and a linking area are continuous
with each other to forma data track by enbossed pits, and main data
recorded in the main data area and |inking data recorded in the Iinking
area in eanteafist ferhkdcks @il scraabl eddbyi&eramihengadat aatgenerated by
a system said reproduci ng apparatus conprising: reading neans for reading
i nformati omdfeeom a recordi ng nmedium | oaded into the reproduci ng appar at us;
and decodi ng neans for subjecting the information read by the reading

neans to data decodi ageqrdrssivighand sedesar aspdding Proeepsieagntor said
scranble, and reproducing the main data and the |linking data. In exanple

enbodi ment $pveheidecodiag: neapsovidbpeat sephedid oy radentugadoby t he
reading nmeans to the descranbling processing using scranbling data
gener at ed pbyfarmangodatsequgneeludsing afddeessedgdraldirid ontef akhe bl ock as
an initial value. In accordance with a third aspect of the present
i nventi on, lehet eai sefrpiuartiidedonl i eps st meet hadi fi ogh I @pmeducing dat a
froma blocks having a main data area, and a linking area are

continuous with each other to form a data track by

embossed pits, and main data recorded in the main data

area and linking data recorded in the linking area in

-each of the blocks are scrambled by scrambling data

generated by a system, said reproducing apparatus

comprising: reading means for reading information from a

recording medium loaded into the reproducing apparatus;

and decoding means for subjecting the information read by

the reading means to data decoding processing and

descrambling processing for said scramble, and

reproducing the main data and the linking data.

In example embodiments, the decoding means

subjects the information read by the reading means to the

descrambling processing using scrambling data generated

by a random sequence using address information of the

block as an initial value.

In accordance with a third aspect of the present

invention, there is



reproduction-only recording medium in which nmedium blocks having a main
data area and a linking area are continuous with each other to forma data
track by enbossed pits, and main data recorded in the main data area and
i nking data recorded in the linking area in each of the blocks are
scranbl ed by scranbling data generated by a random sequence using address
information of the block as an initial value, the reproducing nethod
conpri si ng pirbeisktaps oéprodadimg raethednibiropebfrodhéind erded meaokdi Ng

medi umy and subjecting the read information to data decodi ng processing
and descr anebirngucpt ogessi Ngrasinad nsic hadabl:inngi fladiei genedatad by a random
sequence using the address information of the block as an initial value,
and reprodutiongst hevimd na datim andat heecal bAKi 801 dat Bag ldrcaceerdance with a
fourth aspect of the present invention, there is provided a disk

manuf act ur icegtirtbod with dmimfaticur kBgfarkepr@suctdirionly di sk recordi ng
medi um i n which nmedi um bl ocks having a main data area and a linking area
are conti neabsswtdihpeash aidedaias datdakacotaagkid orHechdiyn eabassed pits,

t he di sk manufacturing nethod conprising the steps of: scranbling nain
data recomnded hndthinkdid diadaa raceadandihi fké ngidatiy reeerdad in the

| i nking area by using scranbling data generated by a random sequence usi ng
each of the blocks are scrambled by scrambling data
generated by a random sequence using address information
of the block as an initial value, the reproducing method
comprising the steps of: reading information from a
loaded recording medium; and subjecting the read
information to data decoding processing and descrambling
processing using scrambling data generated by a random
sequence using the address information of the block as an
initial value, and reproducing the main data and the
linking data.

In accordance with a fourth aspect of the present
invention, there is provided a disk manufacturing method
for manufacturing a reproduction-only disk recording
medium, in which medium blocks having a main data area and
a linking area are continuous with each other as a data
track forméd by embossed pits, the disk manufacturing
nmethod comprising the steps of: scrambling main data
recorded in the main data area and linking data recorded
in the linking area by using scrambling data generated by
a random sequence using

10



10 address information of the block as an initial value; and perform ng

di sk mastering using the scranbled data. In exanple enbodi nents, the
reproduction-only recording nediumhas a data format in which bl ocks
having a main data area and a |inking area are continuous with each
other. Therefore the reproduction-only recording nediumis suitable for
conpatibility with a rewitable disk. Further, since scranbling processing
is perforned also in the linking area, even when |linking areas are

al i gned wi EldEgsh onhernanicajcdcehe blacksasfaor igxdnpllevalaki gangént of the
sane pit patterns does not occur. BRI EF DESCRI PTI ON OF THE DRAW NGS FI GS.

1A, 1B, 1Cpeanermpngr éigk avpsiryr iofd asdingt sheescramieked alaiiang RUB struct ures
of a ROMdisk and a rewitable disk according to an enbodi ment of the
present inventiohh $&@plE iegbaddinagtam ie asgpirstiantéonrorekpl ai ni ng a
scrambling system according to the enbodinent; FIGS. 3A and 3B are di agrans
of assi st aheecr@ingxyidiium hgsaaddabaf Homet dfn e chewilbtibl kadisk; FlI GS.
4A and 4B are diagrans of assistance in explaining a first data format
exanpl e of at ielROM th skreal Braceoldnkgnoathe emdodhmeiniyous with

each other. Therefore the reproduction-only recording

medium is suitable for compatibility with a rewritable

disk. Further, since scrambling processing is performed

also in the linking area, even when linking areas are

aligned with each other in adjacent tracks, for example,

alignment of the same pit patterns does not occur.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A, IB, 1C, and ID are diagrams of assistance
" in explaining RUB structures of a ROM disk and a
rewritable disk according to an embodiment of the present
invention;
FIG. 2 is a diagram of assistance in explaining a
scrambling system according to the embodiment;
FIGS. 3A and 3B are diagrams of assistance in
explaining a data format of the rewritable disk;
FIGS. 4A and 4B are diagrams of assistance in

explaining a first data format example of the ROM disk
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FI GS. 5A and 5B are diagrans of assistance in explaining a second data
format exanple of the ROM disk according to the enbodinent; FIGS. 6A and
6B are diagrans of assistance in explaining a third data format exanple of
the ROM di sk according to the enbodi ment; FIGS. 7A, 7B, 7C, and 7D are,

di agranms of assistance in explaining an ECC bl ock of the ROM di sk
according to the enbodinent; FIG 8 is a diagram of assistance in
explaining a frame structure of the ROM di sk according to the enbodinent;
FIG 9 is a diagram of assistance i'n explaining address units of the ROM
di sk according to the enbodinent; FIG 10 is a diagram of assistance in

expl ai ni ng accstdicg ute e tdrebadgldfiess; units of the ROM di sk according to
t he enmbodi nent; FIGS. 11A and 11B are di agranms of assistance in explaining

frame sync patter Fcand 5 ame S¥EN&ref @Q%Tngamst be BOMidigkcacgqrding to the
enbodi nent;. FIG 12 is a bl ock diagramof a disk drive apparatus according

to an embodédErdin iy d2%dddad It s folhACk HRAADON A Y 510
appar at us
according to the embodiment;
FIGS. 6A and 6B are diagrams of éésistance in
“explaining a third data format example of the ROM disk
- according to the embodiment;

FIéS. 1A, 7B, 7C, and 7D are diagrams of assistance
in explaining an ECC block of the ROM disk according to
the embodiment;

FIG. 8 is a diagram of assistance in exﬁlaining a
frame structure of the ROM disk according to the |

- embodiment;
FIG. 9 is a diagram of assistance in explaining
 address units of the ROM disk according to the
- embodiment; |

FIG. 107is a diagram of assistance in explaining a
"structure of the addreés units of the ROM disk according
to the embodiment:

FIGS. 11A and 11B are diagrams of aséistance in
explaining frame sync patterns and frame sync order of
the ROM disk according to the embodiment:;

FIG. 12 is a block diagram of a disk drive

apparatus according to an embodiment; and

12



according to an enbodi ment. DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS
Description will hereinafter be made of a reproduction-only optical disk
as an enbodinent of a reproduction-only recording nediumaccording to the
present invention. Description will also be made of a reproducing
apparatus capabl e of reproducing the reproduction-only optical disk and a
recording and reproducing optical disk capable of recording data, and a
mastering apparatus for manufacturing the reproduction- only optical disk.
Incidentally, the reproduction-only optical disk according to the

enbodi nent will be referred to as a "ROM di sk, " and t he recordi ng and
reproduci ng opti cBIGdi 3k iwi &lbbeckefibagedmt ofas mastewihyabppaghsks” The
description will be made in the following order. 1. RUB Structure, 2.

Scr anbl i ngaSystradng3toDahaembodinenal. Rewritable Disk, 4. First Exanple of
Data Format of ROM Di sk, 5. Second Exanple of Data Format of ROM Disk, 6.
Third Exanple of Data Format of ROM Disk, 7.. ECC Block and Address, 8.
Sync Patterns and Order, 9. Disk Drive Apparatus, and 10. D sk

Manuf act ur brgaMBEROBESER b 1BMBOS! brEFERREINRMBOM Rl saccording to the
present enbodi nent

Description will hereinafter be made of a
reproduction-only optical disk as an embodiment of a
reproduction-only recording_médiuﬁ accofding to the
présent invention. Description will also be made of a
reproducing apparatus capable of reproducing the
reproduction-only optical disk and a recording and
reproducing optical disk capable of recording data, and a

mastering apparatus fér manufacturing the reproduction-
- only optical disk.

Incidentally, the reproduction—only optiqal disk
acéording to the embodiment will be referred to as a “ROM
disk,” and the tecording and reproducing optical disk
will be referréd to as a “rewritable disk.” The
des¢ription will be made in the following order.

1. RUB Structure, 2. Scrambling System, 3. Data
Format of Rewritable Disk, 4. First Example of Data
Format of ROM Disk, 5. Second Examplelof Data Format of
ROM Disk, 6. Third Example of Data Format of ROM Disk, 7.

.- ECC Block and Address, 8. Sync Patterns and 6rder, 5.

Disk Drive Apparatus, and 10. Disk Manufacturing Method.
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has as one object a data format suitable for conpatibility with the
rewwitable disk in the same category. Description wll first be nmade of
structure of an RUB (Recording Unit Bl ock), which is a recording and
reproduci ng bl ock on the ROM di sk and the rewitable disk. Suppose that the
ROM di sk and the rewitable disk according to the present enbodi nent
belong to the category of high-density disks described above as DVR disks
(Blu-ray disks). The rewitable disk is an optical disk 12 cmin dianeter,
having a-disk structure with a 0.1 nmcover layer in a direction of

t hi ckness of the disk. Phase change marks are recorded and reproduced
under conditions of a conbination of a | aser (so-called blue |aser) having
a wavel ength of 405 nm and an objective lens.. having an NA of 0.85. The

recordi ng and RuFpraaducidae is perforned at a track pitch of 0.32 amand a
|l i near densi-ty of 0.12 u nibit with a data bl ock of 64 KB (kil obytes) as

one recording angheepoRddesRIaBBbEdRYBLo The B%Qh%kefnﬁog'e@éﬂt' ar di sk

12 cmin diameter, 14 and has reproducCtion-only data recor ereon by

enbossed piHss %@lbtne (ot Jct %e@ar%a RRGad %%J_%@ﬁi)ler gproduction of the ROM

disk is simlarly perforned at a
' compatlblllty with the rewritable disk in the same

category.

'Description will first be made of structure of an
RUB (Recording Unit Block), which is a recording and
reproducing block on the ROM disk and the rewritable disk.

Suppose that the ROM disk and the rewritable disk
according to the present embodiment beibng to the

. category of‘high—denSity disks described above as DVR
disks (Blu-ray disks).

The rewritable disk is an optical disk 12 cm in
~diameter, having a disk structure with a 0.1 mm cover
layer in a direction of thickness of the disk. Phase
change marks are recorded and reproduced under conditions

- of a combination of a laser (so-called blue laser) having
é wavelength of 405 nm and an objective lens having an NA
6f 0.85. The recording and reproduction is performed at a

“track pitch of 0.32 gm and é linear density of 0.12 u
m/bit with a.data block of 64 KB (kilobytes) as one
recording and reproducing unit (RUB).

The ROM disk is a similar disk 12 cm in diameter,
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track pitch of 0.32 gmand a linear density of 0.12 u mbit with a data

bl ock of 64 KB (kil obytes) as one recording and reproducing unit (RUB). In
reproduction of the ROMdisk, a DPD signal is used as a servo error signal
in a tracking servo. An RUB, which is a recording and reproducing unit of
the ROM di sk and the rewitable disk as high-density disks, has a total of
498 frames forned by adding to an ECC block (cluster) of 156 synbols X 496
frames a link area of one frane for PLL synchronization or the like in
front of and in the rear of the ECC bl ock, for exanple. The rewitabl e disk
has a wobbling groove formed thereon, and the wobbling groove is a

recordi ng a?rfdig Iragp resfucs chir tiracien Ifhedateb btd awgrddd tittee grao ey i ncl udes
so-called ADIP data. That is, an address on the disk can be obtained by
det ecting waidsgwgl ipifty nadduan b/ 4t he depeave. RdBsrdaengi 138l e di sk has
recording marks formed by phase change narks recorded on the track formed
by the woblHpmghgridare.ofTheeplrane cihanges NEimdsl 118, GGk Rtatd o | | near
density of 0.12 gmbit or 0.08 u mich bit by an 15 RLL (1, 7) PP nodul ation

met hod (RLLrRun dsanat b igndedim £Fa Eaﬂhé!ai?r&éﬁé%ﬁrp&@hbbié pntr
(repeated mninmum transition runlength)) or
m/bit with a data block of 64 KB (kilobytes) as one
recording and reproducing.unit (RUB) .
In reproduction of the ROM disk, a DPD.signal is
used as a servo error signal in a tracking servo.
An RUB, which is a recording and reproducing unit
_of the ROM disk and the rewritable disk as high-density
disks, has a total of 498 frames formed by adding to an
ECC block (cluster} of 156 symbols X 496 frames a link
area‘of one frame for PLL synchronization or the like in
front of and in the rear of the ECC block, for example.
The rewritable disk has a wobbling groove formed
thereon, and the wobbling groove ié a recording and
reproducing track. The wobbling of the groove includes
so-called ADIP data. That is, an address on the disk can
be obtained by detecting wobbling information of the
groove.
The rewritable disk has recording marks formed by
ﬁhase change marks recorded on the track fofmed by the

" wobbling groove. The phase change mafks are recorded at a

linear density of 0.12 gm/bit or 0.08 mm/ch bit by an
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Letting 1 T be 1 ch bit, length of a mark is 2 Tto 8 T, and the shortest
mark length is 2 T. The ROM di sk does not have the groove forned thereon,
but has data nmodulated simlarly by the RLL (1, 7) PP nodul ati on net hod
recorded thereon as an enbossed pit train. FIGS. 1A, 1B, 1C, and 1D show
structures of RUBs as wunits (recording and reproducing units) of
reproduci ng channel data. As shown in FIG 1A, RUBs are recorded in order
as a continuous sequence froma data recording start position on the disk
at predeterm ned positions specified by addresses on the disk. In this
case, RUBs at cluster addresses CN(n - 1), OCN(n), and CN(n + 1) are shown.

A cluster RsIa (Ui 17)0fPr6hckE.]l 2&AGNC AtGSRIONES.11;0 Ran Mengtéatdmaked,of the
RUB. A unit obtained by adding a linking area to the cluster of 64 KB is

referred t @p:hepgiityapriche rRdBrroheraforatad qhupkartaddhasmugan al so be
said to be an address of an RUB unit. 16 As shown in FIG 1B, an RUB

conpri ses 438nfHiaMR% fHTENGeHH MY/ cnkn 1kk@. | A each RUB i s shown divided
into franme .

Letting 1 T be 1 ch bit, length of a mark is 2 T to
-8 T, and the shortest mark length is 2 T.

The ROM disk deces not have the groove formed
thereon, but has data modulatéd similarly by the RLL (1,
7) PP modulation method recorded thereon as an embossed
pit train.

FIGS. 1A, 1B, 1C, and 1D show structures of RUBs as
units (recerding and reproducing units) of reproducing
channel data.

As shown in FIG. 1A, RUES are recorded in order as
a continuous sequence from a data recording start
Iposition on the disk at predetermined positions specified
by addresses on the disk.

| In this case, RUBs at cluéter addresseé CN(n - 1),
CN{n), and CN(n + 1) are shown.

A cluster is a unit of 64 KB, and corresponds to a
main data area of the RUB. A unit obtained by adding a
linking area . to the cluster of 64 KB is referred to
herein as the RUB. |

Therefore a cluster address can alse be said to be

. an address of an RUB unit. .
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units. Hatched franmes formlinking areas, whereas unhatched franes form
main data areas. As shown in FIGS. 1A and 1B, in the case of the

rewitable disk, a start frane FrnO and an end frame Frnd97 of each RUB
are frames as a linking area, and franes Frml to Frmi96 are franmes as a
mai n data area. Each of 496 franmes (Frm to Frnd96 in the case of FIGS 1A
and 1B) formng a main data area has a frame sync FS disposed at a start

of the franme, and has frane data FD disposed so as to succeed the frane
sync FS. The frame sync FS is 30 channel bits. Miin data (user data) is
recorded as the frame data FD. Each frane is 1932 channel bits including

the frame sync F@sofsh3@nchanmet . biiks. ahnﬁUﬁeebﬁ{oHseé hbame LiREO or
Frmd97 in the case of FIGS. 1A and 1B) forming a linking area is also 1932

channel bi t@:mA &8 rasgiage within the frame will be described later. Three
exanples of the RUB structure of the ROM disk according to the present

enbodi nent, that i, F@Gf'ﬁﬁt’Tﬁchsﬁﬁgng ?Wﬁ &?bEQeEK%%£8fE§% gxanpl e

will be descrlbed 17 later e firs ormat exa rs"shown i n FI GS.

A and 1B.yReci figabh¥y DahRE 2X2Phenih LM EBS Lo M Ng, 8as

unhatched frames form main-data areas.

| As shown in FIGS. 1A and 1B, in the case of the
fewritable disk, a start frame Frm0 and an end frame
Frm4 97 of‘eaéh RUB are frames as a linking area, and
frames Frml to Frm496 are frames as a main data area.

Each of 4856 framés (Ffml to Frm496 in the case of
FIGS. 1A and 1B) forming a main data area has a frame
sync FS disposed at a start of the frame, and has frame
.data FD disposed s0 as to succeed the frame sync FS. The
frame sync FS is 30 channel bits. Main data (user data)
is recorded as the frame data FD.

Each frame is 1932 channel bits including fhe frame
.sync FS of 30 channel bits.

Incidentally, a frame (Frm0 or Frm497 in the case
of FIGS. 1A and 1B) fbrming a linking area is alsoc 1932
channel bits. A structure within the frame will be
described later.

Three'eXampleé of the RUB structure of the ROM disk
according to the present embodimenf, that is, a first, a

second, and a third ROM format example will be described
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l'i nking area are added with one frane on each of a front end side and a
rear end side of a main data area. As shown in FIG 1C, in the second ROM
format exanple, first two franes of an RUB forma linking area. That is,
in this case, frames FrmO and Frml forma linking area, and franes Frn2 to
Frmd97 forma main data area. As shown in FIG 1D, in the third ROM for mat
exanple, two franes at an end of an RUB forma linking area. That is, in
this case, frames Frmi96 and Frmi97 forma linking area, and frames FrnO
to Frm95 forma mmin data area. Incidentally, in the follow ng
description, frames formng a linking area will also be referred to as
"linking frlahes,." @hd flamesRONr fbngaa eReApdat asacBawnWihl rFakso bg
referred to as "data franes." 2. Scranbling System A scranbling system used
in the present I&bodi mrent wll next be described. Scranbling processing to
be described belowis 18 perforned on not only frane data FD (nain dat a:

user dat a) recordﬁéciﬂiééimg§ a8 ﬁhgaéﬂaﬂﬁlé aE%ﬁmé% @S§ﬁ£h§ ~above but

also data in franes as a |linking area on t according to the

present emha@iki®Rt area are added with one frame on each of a front
end side and a rear eﬁd side of a main data area.

As shown in FIG. 1C, in the second ROM format

| examﬁle, first two frames of an RUB form a linking area.
-Thatlis, in this case, frames Frm0 and Frml form a
linking area, and frames Frm2 to Frm497 form a main data
area.

As shown in FIG. 1D, in the third ROM format
example, two frames at an end of an RUB form a linking
area. That is, in this case, frames Frm496 and Frm497

- form a linking area, and frames Frm0 to Frm495 form a
main data area.

Incidentally, in the following description, frames
forming a linking area will alsoc be referred to asr
“linking frames,” and frames forming a main data area

will also be referred to as “data frames.”

2. Scrambling System
A scrambling system used in the present embodiment
will next be described.

Scrambling processing to be described below is

18



FIG 2 schematically shows a scranbling circuit. Thirty-two bits PSOto
PS31 represent a physical sector nunber. The physical sector nunber is a
physi cal address for a sector of 2-KB data, and is 4 bytes (32 bits) Wen
recording and reproduction is perfornmed in units of one <cluster of 64 KB
form ng one RUB, 32 physical sector nunbers are assigned to one cluster.
Fifteen bits PS5 to PS1.9 of the 32-bit physical sector nunber represent a
cluster nunber (a cluster address CN of an RUB unit). The scranbling
circuit conprises a 16-bit shift register 1 based on a polynom al 4(x) =
X16 + X15 + X13 + X4 + 1, and exclusive-OR circuits (EX-OR circuits) 2, 3,

and 4. SO tper$thrmdenerenodaton lvetraianed dakat #® Jhiafih Jdeegi:stiekrl. The shift
register 1 shifts a value of data Sn to S(n + 1) for each clock of a shift

clock CKs @ata)0rie@orbé il filawRvelhs a walive sabtakned wkagbherEXe8R
circuits 2, 3, and 4 is inputted as data SO That is, supposing that "$"

gePOtgé eX%b@%bV%uQraﬂ%%F@at@sk%)f§aﬁ§%4hs$a(§%%k1ﬁg(§§éa'§n'EHHtted as
at a .

ROM disk according to the‘present embodiment.

FIG. 2 Schematically shows a scrambling circuit.
Thi;tywtwo.bits PSO to PS31 represent a physical sector
nunber.

The physical sector number is a physical address
for a sector of 2-KB data, and is 4 bytes (32 bits). When
recording and reproduction is performed in units of one
cluster of 64 KB forming one RUB, 32 phy51cal sector
numbers are a551gned to one cluster.

Fifteen bits P35 to PS319 of the 32-bit physical
sector number represent a cluster number (a cluster
address CN of an RUB unit). |

The scrambling circuit comprises a 16-bit shift
register 1 based on a polynomial @ (x) = X16 + X15 + X13 +
X4 + 1, and exclusive-OR circuits (EX-Oﬁ circuits) 2, 3,
and 4.

S0 to S15 denotes data retained in the shift
register 1.

The shift register 1 shifts a value of data Sn to
S{n + 1) for each clock of a shift clock CKs (n = 0 to

14).
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In the scranbling nethod, at a start of a data block (RUB) to be
scranbl ed, the data SOto S15 is loaded into.the shift register 1 on the
basis of a parallel load signal PL. In this case, the values of PS5 to
PS19 in the physical sector nunber are |oaded as the data SO to S14.
Incidentally, the thus preset physical sector nunber is a first physical
sector nunber in the cluster. A fixed value "1" is | oaded as the data 515.
The cluster nunber in the physical sector nunber is thus preset as initial
values as the data SOto S15 in the shift register 1. The first data SO to
S7 at this tine becones a first scranmbling byte SCB. Then, data SOto S7

after an 8-bit shHblkebegomesvaluaesbirathadbkingthyt exSOB. cAscahewn2in FI GS.
1A to 1D, there are two frames formng a linking area in one RUB. Data in

one frame exclagd ng ithe AR SHRC datal B . byhes, iandsaphbweihhaggasection
is 310 bytes. Suppose that the data of 310 bytes recorded in a 20 l|inking

area is datg ’D@etn%t@%o%xdl%stﬁ'e&o%a§ itdhe (FeHambl NG \Cig Cuy1lr epeats an
8-bit shift 309 tinmes. That s, ata SO to S7 at the time of | oading

and.data S@ (%%)Slsaﬁan%t@dU%so%a%%P@dqf the 309 8-bit shifts after

In the scrambling method, at.a start of a data
block (RUB) to be scrambled, the data S50 to S15 is loaded
into the shift register 1 on the basis of a parallel load
signal PL.

In this case, the wvalues of PS5 to PS19 in the
physical sector number are loaded as the data S0 to S14.
Incidentally, the thus preset physical sector number is a
first physical sector number in the cluster.

A fixed value “1” is loaded as the data S15.

The cluster number.in the physical sectdr number is
thus preset as initial wvalues as the data S0 to S15 in

- the shift register 1. The first data SO0 to S7‘at this
time becomes a first scramblingrbyte-SCB.

Then, data SO to 87 after an 8-bit shift becomes a
next écrambling byte SCB.

As shown in FIGS. 1A to 1D, there are two frames
forming a linking area in one RUB.

Data in one frame.excluding the frame sync is 155
‘bytes, and a two-frame section is 310 bytes.

Suppose that the data of 310 bytes recorded in a
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the | oading form scranbling bytes (SCBO to SCB309) for the data DO to
D309. Then, the data DOto D309 in the linking area is scranbled by the
scranbling bytes (SCBO to SCB309). Specifically, supposing that original
data (data before being scranbled) of the data DO to D309 recorded in the
linking area is LDO to LD309, the data DOto D309 is scranbled as D(k) =
(LD(K)) $ (SCB(k)) where $ denotes exclusive-or logic, and "k" is a val ue
of O to 309. In practice, supposing that the original data LDO to LD309
to be.recorded in the linking area is all zero .data, the 310 scranbling
bytes (SCBO to SCB309) obtained as described above are set as-.they are as
the data DG imkirBBOOrea isheldtiakithgark30 by tlme thieveadescitihbed scranbling
processi ng. Wen the original data LDOto LD309 to be recorded in the

| i nki ng ar excianisiigny fdicanti tdateqedior ax By datirt Bed fietescontrnak or
managenent, the data LDO to LD309 is 21 scranbled by the respective
scranbl i ng iyt eshe SERQ ta0 t3CBBOYt tehdecione dhea dtatimd Qi dB30 sof the

linking area. Incidentally, while in this case, the scranbling bytes SCBO
to SCB309 are btal natk it BQhdy kit & fI® s-bit shifts after

the loading form scrambling bytes (SCBO to SCB309) for

the data DO to D3009.

Then, the data DO to D309 in the linking area is
scrambled by the scrambling bytes (SCBO to SCB309).

Specifically, supposing that original data (data
before being scrambled) of the data DO to D309 recorded
in the linking area is LDO to LD309, the data DO to D309
is scrambled as

D(k) = (LD(k})) § (SCB(k))

_.where $ denotes exclusive-~or logic, and “k” is a value of
0 to 3089.

In practice, supposing that the driginal data LDO
to LD30%9 to be recorded in the linking area is all zero
data, the 310 scrambling bytes {SCB0O to SCB309) obtained
és described above are set as they are as the data DO to
D309 in the linking area by the above-described
scrambling processing. |

When the origihal data LDO to LD309 to be recorded
in the linking area is significant data, for example data

" used for control or management, the data LD0 to LD309 is
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after initial value presetting, presetting nmay be perforned for frane
units (units of 155 bytes) (154 8-bit shifts) to obtain scranbling bytes
(SCBO to SCB154) in correspondence with data of each of the two |inking
franes. In this case, "k" in the above expression D(k) _ (LD(k)) $
(SCB(k)) is a value of 0 to 154. Supposing that the original data LDOto
LD309 to be recorded in the linking area is all zero data, each of the
data DO to D154 and the data D155 to D309 is, in the result, values of the
scranbling bytes (SCBO to SCB154). On the other hand, the scranbling
circuit repeats the 8-bit shift 2051 tinmes for a 2-KB unit in a main data

area of a caist®yleef K4 B rApicanid e hwta ;G3CBOHe (5EB20%L) as data SO

to S7 is obtained as a result of each 8-bit shift. InC|dentaIIy, there are

32 2-KB segamsnd)o shirtftdhe PGS 6o 596106 DyPYCesel Bnasianed wathn one
cluster. Since the initial value |oaded into the shift register is the

sanme cl uster nunb@ﬁc1a@ﬁt§§19nbhh99eb%£e§h£§cggéé0 gﬁeséﬁ¥gééil e the same

for the 32 sector units of - eac Suppose that mai n hat is,

scrambl ed qaka s 1R 48d SR 38R0 2 KBLIGELY b tBChiEY! 8hilit RRPAR

after initiai value presetting, presetting may be
performed for frame units (uﬁits of 155 bytes) (154 B-~bit
shifts} to obtain scrambling bytes (SCB0 to SCB154) in
correspondence with data of each of the two linking_
frames.

In this case, “k” in the above expression D(k) =
(LD(k)) & (SCB(k)) is a wvalue of 0 to 154.

Supposing that the original data LDO to LD309 to be
recorded in the linking area is all zero data, each.of
the data D0 to D154 and the data D155 to D309 is, in the
result, values of the scrambling bytes (SCBO to SCB154).

On the other hand, the scrambling circuit repeéts
the 8-bit shift 2051 times for a 2-KB unit in a main data
area of a cluster of 64 KB. A scrambling byte (SCBQ to
SCB2051) as data S0 to S7 is obtained as a result of each
§-bit shift.

Incidentally, there are 32 2-KB sectors to which a
physical sector number is assigned within one cluster.
Since the iﬁitial value loéded into the shift registef 1

is the same cluster number, the scrambling bytes (SCBO to
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RD2051. Then supposing that original data before being scranbled is UDO to
UD2051, the data is scranbled as RD(k) _ (UD(k)) $ (SCB(k)) where $
denotes exclusive-or logic, and "k" is a value of 0 to 2051. A
synchroni zing signal (frame sync FS) is added to a frane unit of the thus
scranbl ed data RDO to RD2051, and then the data RDO to RD2051 is recorded
on the disk. 3. Data Format of Rewitable D sk The ROM di sk according to
t he present enbodi nent has as one object a, data format suitable for
conpatibility with the rewitable disk. Therefore, prior to description of
the ROM di sk according to the present enbodinent, a data format of the
rew it abl e SHIEI0SA)| |arze thee samiebdabr ENES.3Z23Acare r3BnshewodetZakBs of a
portion including a boundary portion between an RUB and a next RUB, that
is, a linkiazp.area. 23 The portion shown in the figures includes RUBs
havi ng cluster nunbers CN(n - 1), CN(n), and CN(n + 1), respectively, as
PS5 to PS19 of theuppoue-draerinberd dpbysi eRhtsest oschumbeed Astshown in
FIG 1A one RUB has a start franme FrnD
recorded in each 2-¥B sector in a cluster is RDO to
RD2051.
Then supposing that original data before being
scrambled is UDO to UD2051, the data is scrambled as
RD{k} = (UD(k)) % (SCB(k))
where § denotes exclusive-or logic, and “k” is a value of
0 to 2051.
A synchronizing signal (frame sync FS) is added to
a ffame unit of the thus scrambled data RD0O to RD2051,

and then the data RDO to RD2051 is recorded on the disk.

3. Data Format of Rewritable Disk
The ROM disk according to the present embodiment
has as one objéct a- data format suitable for
- compatibility with the rewritable disk. Therefore? prior
to description of the ROM disk according to the present
- embodiment, a data férmat of the rewritable disk will be
described.
FIGS. 3A and 3B show details of.a portion including
a boundary portion between an RUB and a next RUB, thaf is,

a linking area.
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and an end frame Frmd97 as |inking area frames. Thus, a |inking area of
two frames is forned between a main data area of an RUB and a main data
area of a next RUB. The linking area of two franes can be nade to have
various functions as an RUB buffet. For exanple, the linking area is used
for PLL clock pull-in in data recording and reproduction. Al so, the

| inking area can be used for autonmatic adjustnent of |aser power (APC
Automatic Power Control) in data recording. The linking area can al so
serve as a buffer area to deal with recording position variations due to
recording start position accuracy. The linking area can al so be a.buffer

for enabling protgespogtichesnefint onasha 1ghtepOsShtiQBeShkfiks The start
position shift refers to a position shift when a start position of each

recor ding waivtinkl @Qksie Shikibeds LM @ Ipecichi(@g ,Skakt cRqsi ti @y, by random
channel bits to avoid excessive.wear of the disk. 24 Further, the |inking

area can becupedrasedyl aRORAl (BUELGL BFERHEOLPLIMRAEEANLERA Pr OCESSI Ng

such-as waveform equali zi ng processing an terbi coding processing at

?Oﬁirgsgi LeRLedust isan. Jfor exagpl e. Further, the linking area can be used

As shown in FIG. 1A, one RUB has a starf frame FrmO
and an end frame Frm497 as linking area frames. Thus, a
linking area of two frameé is formed between a main data
area of an RUB and a main data area of a next RUB.
| The linking area of two frames can be made to have
various functions as an RUB buffer.

For example, the linking area is used for PLL clock
pull-in in data recording and reproduction. Also, the
linking area can be used for automatic adjustment of
laser power {(APC: Automatic Power Control) in data
recording,

The linking area can also serve as a buffer area. to
deal with recording position variations due to recording
start position accuracy. B

The linking area can also be a buffer for enabling
‘processing referred to as a start position shift. The
start position shift refers to a position shift when a
start position of each recording unit block is shifted
from a specified start position by random channel bits to

avoid excessive. wear of the disk.
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power APC at a tinme of ending recording of a block. As shown in FIG 3B, a
frame FrnD as a linking frame at a start of an RUB has a sync S2 recorded
at a position 20 channel bits before a frane sync FSO of a data frane
Frml at a start of a cluster, and has a sync Si recorded at a position 40
channel bits before the sync S2. The sync Si and the sync S2 are

synchroni zing signals for indicating a start (= frame Frm ) of data
frames. In a.portion other than the sync SI and the sync S2 in the |inking
frame FrnO, a pattern of 3T, 3T, 2T, 2T, 5T, and 5T (T is channel bit

| ength) is recorded repeatedly. A frame Frm497 as a linking frame at an
end of an RUB. h&srihtranthsyhitnB3ngesvoededaat ba stadt aef at hempoaa®, and
subsequently has a 9T pattern recorded six tines as information for

i ndi cat i ng barf ferd agfead o, frriamesegud rilmey patdrers giord isaieh aspattern of 3T,
3T, 2T, 2T, 5T, and 5T is recorded repeatedly. Data franes formng a main
data area amecfficameequdl ikrifly peddemdltg Arfd e esWiC deSddEnecor ded at a
head of each data frane. Though frame sync patterns will be described

later, a bregessyng et a e P kephbldivn, edddeddmpiihe data frame

~Frm, and a frame sync of a sync pattern FS2

Further, the linking area can be used for laser
power APC at a time of endingrrecording of a block.

As shown in FIG. 3B, a frame Frm0 as é linking
framé ét & start of an RUB has a sync 52 reccorded at a
position 20 channel bits before a frame sync FSO of a
data frame Frml at a start of a cluster, and has a sync
S1 recorded at a position 40 channel bits before the sync
S2. The sync S1 and the sync 82 are synchronizing signals

- for indicating a start (= frame Frml) of data frames.

In a portion other than the sync S1 and the sync S2
in the linking frame FrmO, a pattern of 3T, 3T, 2T, 2T,
5T, and 5T (T is channel bit length) is recorded
repeatedly.

A frame Frm497 as a linking frame at an end of an

" RUB, has a frame sync S3 recorded at a start of the frame,
” _and subsequéntly ﬁas a 9T pattern recorded six times as
information for indicating an end of data frames. 1In the
other portioﬁ, a pattefn of 3T, 3T, 2T, 2T, 5T, and 5T is
recorded repeatedly.-

bata frames forming a main data area are frames
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is recorded in the data frane Frmi96, as shown in FIG 3B. The nmain data
area of the frames Frml to Frm96 has 32 2-KB sectors recorded therein,
the 32 2-KB sectors being scranbled by the above-described scranbling
circuit by scranmbling bytes SCBO to SCB2051 obt ai ned when the cluster
nunber is set as a preset value (shift register initial value). Each of
the frames FrmOto Frmd97 formng the RUB is fornmed by 1932 channel bits
i ncluding 30 channel bits of the frame sync FS after nodul ation. The
scranbl e as described above is perfornmed to prevent a worst pattern
difficult to detect from continuing in nodul ated patterns on the
rewitabl eFadmgk to #xrmBi96st Exanple of Data Format of ROM Di sk FIGS. 4A and
4B show a first exanple of a ROM format. As in FIGS. 3A and 3B, a portion
shown in FIGS. 4An angndBsincl bdess RUBsohasdngt chuséed sfinbecls &Na - 1),
26 CN(n), and CN(n + 1) (PS5 to PS19 of physical sector nunbers),

respectiveltyamds i3halge shemB tPnEl fattérnknwibhe beratsEeipal 1@&@!515! e,
one RUB has a start frane FrnmO and an end frane Frm97 as |inking franes.
Frames Frnb eahemi98cave dakgnct pateerhomaong sa ragbRadat anakga.
data frame Frml, and a frame sync of a syﬁc pattern FS52
is recorded in the data fraﬁe Frm4%6, as- shown in FIG. 3B.
The maih data area of the frames Frml to Frm496 has
32 2-KB éectors recorded.therein, the 32 2-XB sgctors
being scrambléd-by the above-described scrambling circuit
by scrambling bytes SCBO0 to SCB2051 cbtained when the
cluster number is set as a preset value (shift-register
initial wvalue).
Each of the frames Frm0 to Frm497 forming the.RUB
. is formed by 1932 channel bits including 30 channel bits
‘of the frame sync ES after modulation.
The scramble as described above is performed to

prevent a worst pattern difficult to detect from

continuing in modulated patterns on the rewritable disk.

4. First Example of bata Formét of ROM Disk

FIGé. 4A and 4B show a firét example of a ROM
format.

As in FIGS. 3A and 3B, a portion shown in FIGS. 4A

and 4B includes RUBs having cluster numbers CN{(n - 1},
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Thus, the linking area of, the two franes is fornmed between a main data
area of an RUB and a main data area of a next RUB. As shown in FIG 4B,
the frame FrnO as the linking frane at a start of the RUB has a sync $4
recorded at a head position of the frane. The frame Frmi97 as the |[|inking
franme at an end of the RUB has a sync S3 recorded at a head position of
the frame. In addition to the sync S4 and the sync S3, linking data DO to
D309 is recorded in the linking franes FrmO and Frm497. In this case, the
linking data DOto D154 is recorded in the linking frame FrnO, and the

| i nking data D155 to D309 is recorded in the linking frame Frmi97. As
descri bed ioN(he, sen@ntil (mg+ syst &35 the PShki of) plagsicdO dea-tfdB09 1S

scranbl ed by the scranbling circuit in FIG 2 by scranbling bytes SCBO to

SCB309 obt ahueite when tdepectisdey. nunber is set as a preset value (shift
register 27 initial value). Supposing that original data to be converted

into the |inkingzdatia a3 s Isheeiho idatrac.t he Sarmamdld F9 riyt €3rmaeBO t o
SCB154 are recorded as they are as the data DOto D154 in the |inki ng

frame FrnO ¢ @e Sicd a1 ks bavt@tsar§cﬂa‘i§etprm A edecorged as the
data D155 to 09 in

Frm497 as linking frames. Frames Frml to Frm496 are data
frames forming-armain data area.

Thus, the linking area of‘thertwo frames is formed
between a main daté area of an RUB and'é main data area
of a next RUB.

As shown in FIG. 4B, the frame Frm0 as the iiﬁking
frame at a start of the RUBR has a sync S4 recorded at a

~head position of the frame. The frame Frm497 as the
linking frame at an end of the RUB has a sync S$3 recdrded
at a head position of the frame.

In addition to the sync S4 and the sync 83, linking
data DO to D309 is recorded in the linking frames Frm0
and Frmd497. |

In this case, the linking data DO to D154 ié
recorded in the linking frame Frm0, and the linking data
D155.to D309 is recorded in the linking frame Frm497.

As described in the scrambling system, the linking data
DO to D309 is scrambled by the scrambling circuit in FIG.
2 by scrambling bytes SCBO to SCB309 obtéined when the

cluster number is set as a preset value (shift register
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the linking frame Frmi97. Incidentally, when the preset value is updated
for frame units in the scranbling processing as described above, the

| inking data DO to D154 and the linking data D155 to D309 are each
scranbl ed by the scranbling bytes SCBO to SCB154. Data franmes formng a
main data area are franes Frm to Frm96. A frame sync FS is recorded at a
head of each data frame. As shown in FIG 4B, a frame sync of a sync
pattern FSOis recorded in the data frame Frm, and a frane sync of a sync
pattern FS2 is recorded in the data frame Frnmi96. The main data area of
the frames Frml to Frmi96 has 32 2-KB sectors recorded therein, the 32

2- KB sect orisiithi@ilngadaeranbl ed by the scranbling circuit in FIG 2 by
scranbling bytes SCBO to SCB2051 obtai ned when the cluster nunber is set -
as a preset val uesgshobingeghsteor28ihaltdatavad uey . cdeaedriodd tiecd r anes
FrmOto Frm97 formng the RUB is fornmed by 1932 channel bits including 30

channel bitthe Qfiniied Hake SynellS zafedafadulaki eBradbthng BEveEor mat
havi ng | i nki ng ar eas is advantageous in ternms of conpatibility with the
SCB0 to SCB154 are recorded as they are as the data DO to
D154 in the linking frame Frm0, and the scrambling bytes
SCB155 to SCB309 are recorded as the data D155 to D309 in
the linking frame Frm497.
| Incidentally, when the presetrvalue is updated for

frame units in the scrambling processing as described
above, the linking data DO to D154 and the linking data
D155 to D309 are each scrambled by the scrambling bytes_
SCBO to SCB154.

Data frames forming a main data area are frames

 Frml to Frm496.
A frame sync FS'is recerded at a head of each data
- frame. As shown in FIG. 4B, a frame sync of a sync

pattern FSO is recorded in the data frame Frml, and a
frame sync of a sync pattern FS2 is recorded in the data
frame Frm496L

The main data area of the frames Frml to Frm496 has
‘32 2-KB sectors recorded therein, the 32 2-KB sectors
being scrambled by the scrambling circuit in FIG. 2 by
scrambling bytes SCBO to SCB2051 obtained when the

cluster number is set as a preset value (shift register
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rewitable disk. Specifically, the ROMformat is advantageous for
desi gning a reproduci ng apparatus supporting both the rewitable disk and
the ROM di sk, and is suitable for sinplifying the apparatus and reducing
cost of the apparatus. In addition, frames within RUBs including |inking
areas are scranbled by scranbling bytes generated by a random sequence
wi th each physical sector nunber (cluster nunber) as an initial value.
Therefore the scranbled franmes do not formthe sane data streamas in an
adj acent track, so that a highly accurate DPD signal can be obtained. The
ROM format is thus suitable for a tracking servo using the_DPD signal.
Further, 1ikki®wip¥rewkseland data franes within an RUB are scranbl ed by
scranbling data generated by the sane system that is, scranbling bytes
SCB generated usifaght o thestfermegntfemOagocafrmdOfli dbrmahgethasRUBescri bed
-wWith reference to FIG 2. This elimnates the 29 need for providing
separ at e scianbbimgd drodes3d nthamigk biiss dmalepdmt & dedeimdll iig s
processing circuits for |inking areas and main data areas, and thus nakes
it possiblef tithsifydnd sywia AS ta o inguhelldtdion Furt her, because of the
sync S3 and the sync S4, a sync pattern occurs regularly in each frane
section o Such a ROM format having linking areas is

advantageous in terms of compatibility with the

rewritable disk. Specifically, the ROM format is

advantageous for designing a reproducing apparatus

supporting both the rewritable disk and the ROM disk, and

is suitable for simplifying the apparatus and reducing

cost of the apparatus.

In addition, frames within RUBs including linking

areas are scrambled by scrambling bytes generated by a

random sequence with each physical sector number (cluster

number) as an initial value. Therefore the scrambled

frames do not form the same data stream as in an adjacent

track, so that a highly accurate DPD signal can be

obtained. The ROM format is thus suitable for a tracking

servo using the DPD signal.

Further, linking frames and data frames within an
RUB are scrambled by scrambling data generated by the
same system, that is, scrambling bytes SCB generated

using the cluster number as an initial value, as-

described with reference to FIG. 2. This eliminates the
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regardl ess of whether the frame section includes a I|inking area. The ROM
format is therefore advantageous for frane synchronization protection and
frame synchronization pull-in. In the case of the ROM disk, in particular,
since there is no wobbling groove on the ROM di sk, spindle rotational
speed information is obtained on the basis of sync detection. This can be
performed properly because a sync pattern occurs regularly in each franme
section. That 1is, the ROMformat is advantageous for generating a spindle
PLL phase error signal using the sync pattern. Even in a PLL

non-synchroni zation state, in particular, intervals at which the sync
pattern ocowesl darr lperovsed ras sapatratticonalraspddhd pirogwstsion 5. Second
Exanpl e of Data Format of ROM Di sk FIGS. 5A and SB show a second exanpl e of
a ROM for rEtrcudd sAsr BefdaGht A Mt 2481 iag Pridce sshome iz uik@S.fo2A  and
5B i ncludes RUBs having cluster nunbers CN(n - 1), OCN(n), and CN(n + 1)

(PS5 to PShY rofirhsieed a3RChRfin MaHehTeas), eSPRCHINR Yalkds 1% al so shown
in FIG 1C, in the second fornmat exanple, first two frames FrnO and Frm
_of one RUB@;S%iﬂlienlgon%iHﬂr{@ HhaNBS @o@&%itg%r%ﬁ:%%z are data frames
‘ Further, because c¢f the sync 83 and the sync S4, a
sync pattern occurs regularly in each frame section
regardless‘of whether the frame section includes a
linking area. The ROM format is therefore advantageous
for frame synchronization protection and frame
synchronization pull-in.
In the case of the ROM disk, in particular, since
. there is no wobbling groove on the ROM disk, spindle
rotationél speed information is obtained on the basis of
sync detection. This can be performed properly because a
sync pattern occurs regularly in each frame sécfion.' That
is, the ROM_formét is advantageous for generating a
spindle PLL phase error signal using the sync pattern.
~Even in a PLL non-synchronization state, in particular,
intervals at which the sync pattern occurs can be used as

\
rotational speed information.

5. Second Example of Data Format of ROM Disk
. FIGS. LA and 5B show a second example of a ROM

format.
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formng a main data area. Thus, the linking area of the two franmes is
formed between a nmain data area of an RUB and a nmain data area of a next
RUB. As shown in FIG 5B, the frane FrnOD as the linking frane at a start
of the RUB has a sync S3 recorded at a head position of the frame. The
next linking frame Frml has a sync 34 recorded at a head position of the
frame. In addition to the sync S3 and the sync S4, linking data DO to D309
is. recorded in the linking franes FrmO and Frm . In this case, the
linking data DO to D154 is recorded in the linking frame FrnO, and the

i nking data D155 to D309 is recorded in the linking frame Frm . As
described in the gor dnblEIEP syt emd t4% |3 mamg ordatteowdO itro FOREO. 58
scranbl ed by the scranbling circuit in FIG 2 by scranbling bytes SCBO to
SCB309 obt aamedSBhiemc BidéeRGRsishayingnbeistsr setmibsra o eset Vg ue (shift
register initial value). Supposing that original data to be converted into
the |inkingCdatp, isnaldNuere dat apss heosesaabbf nghhyies: KB +0 SCB154 are
recorded as they are as the data DOto D154 in the linking frame FrnO, and
the scranmblawgbdydes rS5HIE6i+919CB309 are recorded as the data D155 to

D309 in

As is also shown in FIG. 1C, in the second format

example, first two frames Frm0 and Frml of one RUB are
- linking frames. Frames Frm2 to Frm4397 are data frames
" forming a main data area.

Thus, the linking area of the two frames is formed
between a main data area of an RUB and a main data areé
of a ﬁext‘RUB.

As shown in FIG. 5B, the frame Frm0O as the linking
frame at a start of thé RUB has a sync 83 recorded at a
head position of the frame. The neét linking frame Frml

"has a sync S84 recorded at a head position of the frame.

In addition to the sync S3 and the sync s4, linking
data DO to D309 is recorded in the linking frames Frm0
and Frml,

In this case, the linking data D0 to D154 is
recorded in the linking frame Frm0, and the linking déta
D155 to D309 ié recorded in the linking frame Frml.

As described in the scrambling system, the linking
'data DO to D309 is scrambléd by the scrambling circuit in

FIG. 2 by scrambling bytes SCBO to SCB309 obtained when
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the linking frame Frm . Incidentally, when the preset value is updated for
frame units in the scranbling processing as described above, the |inking
data DO to D154 and the linking data D155 to D309 are each scranbled by
the scranbling bytes SCBOto SCB154. Data franmes formng a main data area
are frames FrnR2 to Frm97. A frame sync FS is recorded at a head of each
data frane. As shown in FIG 5B, a franme sync of a sync pattern FSOis
recorded in the data frane Frn2, and a frame. sync of a sync pattern FS2
is recorded in the data frame Frmd97. The nmain data area of the frames
Frm2 to Frmd97 has 32 2-KB sectors recorded therein, the 32 2- KB sectors
bei ng scranthedhystde monssbl ingset resid preddiG vy (Seranbl ing bytes
SCBO t o SCB2051 obt ai ned when the 32 cluster nunber is set as a preset

val ue (shiftegegiest etnitivl iwdiwval ue). Each of the frames FrnO to Frmi97
formng the RUB is formed by 1932 channel bits including 30 channel bits

of the frame syncsEBoaien maddl abiiginaineasecend BOVLOCTRL (xaRpl e can
provide the sane effects as the first ROMformat exanple described above.
the linking data is all zero data, the scrambling bytes
SCBO to SCB154 are recorded as they arelas the data DO to
D154 in the linking frame Frm0, and the scrambling bytes
SCB155 poféCB309 are recorded as the data D155 to D309 in
the linking frame Frmil.
- incidentally, when the preset wvalue ié updated for
 frame units in the scrambling processing as described
above, the linking data DO to D154 and the linking data
D155 to D309 are each scrambled by thg scrambling bytes
'SCBO to SCB154. |
Data frames forming a main data area are frames
Frm2 to Frmd97. |
A frame sync FS is recorded at a head of each data
frame. As shown in FIG. 5B, a frame sync of a sync
pattern FS0 is recorded in the data frame Frm2, and a
frame‘SYnc of a sync pattern FS82 is recorded in the data
frame Frm497.
The main data area of the frames Frm2 fo Frm497 has
32 2-KB sectors recordéd therein, the 32 2-KB sectors
being scrambled by the scrambling circuit in_FIGﬂ 2 by

scrambling bytes SCBO to SCB2051 obtained when the
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6. Third Exanple of Data Format of ROM Di sk FIGS. 6A and 6B show a third
exanple of a ROM format. As in FIGS. 5A and 5B, a portion shown in FIGS.
6A and 6B includes RUBs having cluster nunbers CN(n - 1), CN(n), and CN(n
+ 1) (PS5 to PS19 of physical sector nunbers), respectively. As is also
shown in FIG 1D, in the third format exanple, two end franmes Frn496 and
Frmi97 of one RUB are |linking frames. Franes FrnO to Frmi95 are data
frames formng a main data area. Thus, the linking area of the two frames
is formed between a main data area of an RUB and a nain data area of a
next RUB. As shown in FIG 6B, the second |last frame Frmd96 as the |inking
frane in t helRgBehrasuabeynd sS3erteasr degratset3Faduregdhpdsi reghisebrt he
frame. The next linking frame Frmi97 has a sync S4 recorded at a head
posi ti on of inhéiaflr ga@uel)n addition to the sync S3 and the sync S4, |inking
data DO to D309 is recorded in the linking franes Frmd96 and Frmi97. In

this case, the |inkasy daten®Orieméd5Aris téeepnded Forhheg! dnkimes frane
Frmd96, and the |inking ,

is formed by 1932 channel bits including 30 channel bits

of the frame sync FS after modulation.

The second ROM format example can provide the same

effects as the first ROM format example described above.

6. Third Example of Data Format of ROM Disk =
FIGS. 6A and 6B show a third example of a ROM
‘format.‘ | | V |
As in FIGS. 5A and 5B, a portion shown in FIGS. 6A
and:6B includes RUBs having cluster numbers CN{(n -~ 1},
CN(n), and CN(n + 1) (PS5 to‘PSI9 of physical sector
ﬁumbers), respectively. |
As i$ also shéwn in FIG. 1D, in the third format
_example, two end frames Frm496 and Frmd497 of one RUB are
- linking frames. Frames Frm0 to Frm495 are data fraﬁes
forming a main data area.
| Thus, the linking area of the ﬁwo frames is formed
between a main data area of an RUB and a main data area |
of a next RUB.
As shown in FIG. 6B, the second last frame Frmd96

as the linking frame in the RUB has a sync 83 recerded at
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data D155 to D309 is recorded in the linking frame Frmi97. As described in
the scranbling system the linking data DO to D309 is scranbled by the
scranbling circuit in FIG 2 by scranbling bytes SCBO to SCB309 obt ai ned
when the cluster nunber is set as a preset value (shift register initial
val ue). Supposing that original data to be converted into the linking data
is all zero data, the scranbling bytes SCBO to SCB154 are recorded as they
are as the data DOto D154 in the linking frame Frmi96, and the scranbling
byt es SCB155 to SCB309 are recorded as the data D155 to D309 in the
l'inking frame Frmd97. Incidentally, when the preset value is updated for

frame units inteddesoraing 0l HORSHIAY asedassti bedriagoyeambhe |inking
data DO to D154 and the linking data D155 to D309 are each scranbl ed by

the scranblemg dyties 34 SERO S0 [EBLRLY Bat & HAEHIQRTIRY & FRien dat a
area are franes FrnOD to Frmi95. A frame sync FS iS recorded at a head of

each data #yafe. As shown in FIG 6B, a frame sync of a sync pattern FSO
is recorded in the data frane FrnD, and a frame sync of a sync pattern FS2

i's recorded in the,dgha: +iEAMFERR98yne S3 and the sync S4, linking
data DO to D309 is recorded in the linking frames Frmd96
and Frm497.

In this case, the linking data DO to D154 is
recorded in the iinking frame Frmd496, and the linking
data D135 to D309 is recorded in the linking frame Frm497.

As described in the scrambling system, the linking
data DO to D309 is scrambled by the scrambling circuit in
FIG. 2 by scrambling bytes SCBO to SCB309 obtained when
the cluster number is set as a preset value (shift
register initial ﬁalue).

Supposing that original data to be converted into
the linking data is all zero data, the scrambling bytes
SCBO to SCB1l54 are recorded as they are as the data DO to
D154 in the linking frame Frm496, and the scrambling
bytes SCB155 to SCB309 are recorded as the data D155 to
D309 in the linking frame Frm497. |

Incidentally, when the preset value is updated for
frame units in the scrambling processing as describéd
above, the linking data D0 to D154 and the linking data

D155 to D309 are each scrambled by the scrambling bytes
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The main data area of the franes FrmO to Frnm49.5 has 32 2-KB sectors
recorded therein, the 32 2-KB sectors being scranbled by the scranbling
circuit in FIG 2 by scranbling bytes SCBO to SCB2051 obtai ned when the
cluster nunber is set as a preset value (shift register initial value).
Each of the frames FrnOto Frm497 formng the RUB is formed by 1932
channel bits including 30 channel bits of the frane sync FS after
nodul ati on. The third ROM format exanple can provide the sane effects as
the first ROM format exanpl e described above. 7. ECC Bl ock and Address As
descri bed above, the present exanple uses an address value of a physical
sector numBsaB( dlausgeE@isynunber) as an initial value for obtaining a
scranbling 35 byte. Accordingly, a structure of an ECC bl ock and addresses

wi Il be describedpgiat igafek! @vkningFhRaifAda¥B, a¥6a apd FEhmbew an ECC
format for main data (user data). As ECC, (error correction code), there
are two codasyg ddatrdsens LDC (1 ong di stance code) for main data of 64 KB
(= 2048 bytes per sector X 32 sectors) formng one-cluster and BI'S (burst

i ndi cator subcodeh. frame sync FS is recorded at a head of each data
frame. As shown in FIG. 6B, a frame sync of a sync
pattern FS0 is recorded in the data frame FrmO, and a
frame sync of a sync pattern FS2 1s recorded in the data
frame Frm495.

The main data area of the frames FrmO to Frm495 has
32 2-KB sectors recorded therein, the 32 2-KB sectors
‘béing scrambled by the scrambling circuit in FIG. 2 by
scrambling bytes SCB0 to SCB2051 obtained when the
cluster number is set as a preset value (shift register
.initial value) .

Each of the frames Frm0 to Frm497 forming the RUB
is formed by 1932 channel bits including 30 channel bits
‘bf the frame sync FS after modulation.

The third ROM format example can proﬁi&e the same

effects as the first ROM format example described above.

7. ECC Block -and Address
Ls described above, the present example uses an
- address value of a physical sector number (cluster

number) as an initial value for obtaining a scrambling
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The main data of 64 KB shown in FIG 7A is ECC- encoded as shown in FIG

7B. That is, an EDC (error detection code) of 4 Bis added to one sector
of 2048 B of the main data, and LDC is encoded for the 32 sectors. The
LDC is an RS (reed sol onbn) (248, 216, 33) code with a code length of 248
synbol s, data of 216 synbols, and a distance of 33 synbols. There are 304
code words. On the other hand, BIS is ECC-encoded as shown in FIG 7D for
data of 720 B shown in FIG 7C. Specifically, the BISis an RS (reed

sol onon) (62, 30, 33) code with a code length of 62 synmbols, data of
30_synbol s, and a distance of 33 synbols. There are 24 code words. FIG 8
shows a frametst r detanmstiofolhe amgitrwdthare ofherd BCAatlm@ndiriche Bl S form
the frame structure shown in the figure. Specifically, data (38 B), BIS (1
B), data (38IB)s3s8 Svill B)e detar{38iB)n Bt&S f4lB)wimpd data 36 (38 B) are
arranged per frame to forma structure of 155 B. That is, one frane is
formed by data of FI&B X4, 7@, 7152 aBd amd Blow efn BB |fra§;@({atte¢ot_:¢et ween each
38 B. A frame sync FS (frane synchron|2|ng signal) is disposed at the head
of one frameaii d&ba Biusde ditack has 496 franes. The LDC data has a Oth, a
2nd, .. even-nunbered code word placed in a Oth, a 2nd, even-nunbered

frame ., As ECC (error correction code), there are two codes,

that is, LDC {(long distance code) for main data of 64 KB
(= 2048 bytes per sector X 32 sectors) forming one
cluster and BIS (burst 1nd1cator subcode).

The main data of 64 KB shown in FIG. 7A is ECC-
gncoded as shown in FIG. 7B. That is, an EDC {(error
detection code) of 4 B is addedAto one sector of 2048 B
of the main data, and LDC is encoded for the 32 sectors.
The LDC is an RS (reed solomon) (248, 216, 33) code with
a codé.length of 248 symbols, data of 216 symbols, and a
distance of 33 symbols. There are 304 code words.

On the othei hand, BIS is ECC-encoded as shown in
FIG. 7D for data of 720 B shown in FIG. 7C. Specifically,

" the BIS is aﬁ RS {(reed solomon) (62, 30, 33) code with a
code length of 62 symbols, data of 30 symbols, and a
distance of 33 symbols. There are 24 code words.

FIG. 8 shows a frame structure of the main data.

The LDC data and the BIS form the frame structure

“shown in.the figure. Specifically, data (38 B), BIS (1 B),

data (38 B), BIS (1 B), data (38 B), BIS (1 B), and data
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and a 1st, a 3rd, ... odd-nunmbered code word placed in a 1st, a 3rd,

odd- nunbered franme. BIS uses a code nuch superior to the code of LDC in
correction capability. Alnost all errors are corrected. That is, a code
with a distance of 33 synbols for a code |ength of 62 synbols is used.
Thus, BIS synbols when errors are detected can be wused as follows. In ECC
decoding, BIS is decoded first. Wien two adjacent to each other of BISs
and a frame sync FS in the frame structure of FIG 8 have an error, data
of 38 B sandw ched between the two is considered to have a burst error.
An error pointer is added.to the data of 38 B. In LDC, this error pointer

is used to WBEEBPOhREECArEEAGHACPcEOELERET 0B rTRRT §0Y: £QLEGELI QP f?@ab' ity
can be enhanced as 37 conpared with correction using only LDC

i ncl udes adgresg,iinfaL rreéﬂé)r\_c&{}ﬁe Jfk%rﬁr%ﬁ?ed% dress,d s, us yvhlen there

is no address information in ing groove, "i% t he case

with the RO dbskaha btk SofXRMBl en0LribE bLEGechoLlE 5B data bl ock

structure of FIG 8, address units are orned as s in FIG 9.

Specifically, in bb%ﬁgﬂé1éyﬂéiﬁg(¥%%ame S nchronlzlng signal) is

disposed at the head of one frame of 155 B. One block has

496 frames.

The LDC data has a 0, a 2™ . even-numbered
code word placed in a O#ﬂ a 2nd,-... even-nunmbered frame
and a 1°%, a 3™, ... odd-numbered code word placed in a
i“, a 3™, ... odd-numbered frame.

BIS uses a code much superior to the code of LDC in
correction capability. Almost all errors are‘corrected.

- That is, a code with a distance of 33 symbols for a code
length of 62 symbols is used.
| Thus, BIS symbols when errors are detected can be
used as follows.

In ECC decoding, BIS is decoded first. When two
adjacent to each other of BISs and a frame sync FS in the
frame structure of FIG. 8 have an error, data of 38 B
sandwiched between the two is considered to have a burst
error. An error pointer is added to the data of 38 B. In
LDC, this error pointer is used to make pointer erasure

- correction.

Thereby correction capability can be enhanced as
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units "0" to "15" are forned. One address unit conprises 31 franes.
Address fields including a physical sector nunber as address information
and error correcting information are recorded in BlISs in each address
unit. The address fields are fornmed by 9 bytes. As shown in FIG 9, each
frame has a BIS of 1 byte at three positions. BISs in three consecutive
frames at a head of each address unit, that is, BISs of 9 bytes are
address fields 0 to 8. In FIG 9, address fields of each address wunit are
indicated sinply by nunerals O to 8,, A cluster nunber in a first physical
sector nunmber in the main data block of 64 KB, that is, the cluster is

used as an compaadd viad tie d:dih::téwtﬁ@rﬁaﬁ‘@im@gm@lj?%(t of FIG 2. Thus, in
reproduction, descranbling processing is perforned using the cluster

nunber in the phygcalinegeides @draERen i mRRHedUesd keembijkedat gne FI G 10
shows address units and address fields of physical sector nunbers included

in Bl Ss as glegesidets @hayendd fiierdai b datadhlock ﬂaffc%d@or} Physi cal

sector nunbers are set by the 16 address units "0" to "15." Eac address

uni t compriese foli'sp LuGHHER oldSlES A Hle (G dFhudledghere S s

ROM disk in this example or the like.

In the main data block structure of FIG. 8, address
units are formed as shown in FIG. 9.

Specifically, in the main data block, 16 address
units “0” to “15” are formed. One address unit comprises
31 frames.

| Address fields including a phyéicél sector number
as addreSslinformation and error correcting informaticn
are recorded in BiSs in each address unit.

The address fields are formed by 9 bytes. As shown

" in FIG. 9, each frame has a BIS of 1 byte at three -
positibns. BISs in three consecutive frames at a head.of
each address unit, that is, BISs of 9 bytes are address
fields 0 to 8. 1In FIG. 9, address fields of eachladdress
unit are indicated simﬁly by numerais 0 to 8.,

A cluster number in a first physical sector number
in the main data block of 64 KB, that is, the cluster is
gsed as an initial wvalue in tﬁe scrambling circuit of FIG.
2. Thus, in reproduction, descrambling processing is

~performed using the cluster number in the prhysical sector
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The 4 bytes of address fields (AFQ, S) to (AF3, S) represent a 4-byte
physi cal sector nunber as described above. (AFQ, S) is on an MSB side, and
(AF3, S) is on an LSB side. The address field (AF4, S) is flag bits. The
address fields (AF5, S) to (AF3, S) are RS (9, 5, 5) parity. The address
fields (AFO S) to (AF4, S) are RS (9, 5, 5) data. 8. Sync Patterns and
Order As-described in each ROM di sk format exanple, a franme sync FSis
recorded at a head of each of 496 data frames. A sync S3 and a sync S4 are
recorded in linking frames. For addressing within the main data bl ock, the
496 franmes of the RUB are divided into 16 address units 39 (physical
sectors) ofn@bdr aresraganiducas tdesadibedladlsove. By detecting a pattern of
a franme sync FS, a frame nunber (0 to 30) of each of 31 frames within a
physi cal sector @ag.béldehewsedddThss, vadtisessdsadfirésamfiandescfcan be
detected. That is, an address of a frame unit wthin data can be obtained
as an RUB/ sgotstircaiunzest canchunfberse ingihigted Ay HIosn aisn delsGribkd, seven sync
patterns FSOto FS7 are defined as sync patterns used as frame syncs FS
above.
In the main data block of 64 KB, 16 physical sector
numbers are set by the 16 address units “0” to “15.”
Each address unit comprises 9 bytes of address
fields (AF0, S) to (AF8, S) (where S is 0 to 15).
The 4 bytes of address fields (AF0, S) to (AF3, S)
represent a 4-byte physical sector number as described
above. (AF0, S) is on an MSB side, and (AF3, S) is on an
LSB side.
The address field (AF4, 8) is flag bits.
The address fields (AFS5, 8) to (AF3, 8) are RS (9,
5, 5) parity. The address fields (AF0, S) to (AF4, S) are

RS (9, 5, b)) data.

8. SYnc Patterns and Order

Ashdescribéd in each ROM disk format example, a
frame sync FS is‘recorded at a head of each of 496 data
fraﬁés. A sync S3 and a sync S4 are recorded in linking"
frames.

For addressing within the main data block, the 496

frames of the RUB are divided into 16 address units
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and syncs S3 and S4. Each of the sync patterns FSOto FS7 conprises a nain
body (sync body) of a 24-bit pattern out of rules of RLL (1, 7) PP

nodul ation and a sync ID of 6 bits as identifying information. The sync
patterns are defined by nodulation bits. "1" shown in the bit exanpl es of
FI G 11A denotes signal inversion. Before recording onto a disk, such a
frame sync code is converted into an NRZI channel bit stream That is,
the sync body is "01010000000010000000010," a pattern in which 9T inverted
at "1" is repeated twice continuously, as shown in FIG 11A. Zero or one
is inserted in # at a head of the sync body so that a pattern preceding #
sati sfies thbysikbed ebctBtk) (&f 7] PPamesutathonas 4@eShellsguhcalpete er ns FSO
to FS7, having the sane sync body, are distinguished fromeach other by.
sync ID. A physi By secdiorims = patitternf &l 4 rfares igyrac R8H,n a dataaebl ock of
an RUB has sync patterns FSOto FS6 mapped as shown in FIG 11B so that
the 31 frapembean (betoi dentbfi edechyofranes symnes REitimce sieyehcai nds of
sync patterns are not sufficient to identify the 31 franes, the seven

kinds of LeaEBrs¥BASbESIEESELES. FShudr e RiFanaad Jm miedeterinsned
can be detected. That is, an address of a frame unit
within data can be obfained as an RUB/sector number aﬁd
frame number. |
As shown in FIG. 11A, seven sync patterns FS0 to
FS7 are defined as sync patterns used as frame syncs FS
and syncs S3 and S4.
Each of the sync patterns FS0 to FS7 comprises a
- main body fsync body)‘of a 24-bit pattern out of rules of
RLL (1, 7) PP modulation and a sync ID of & bits as
identifying information.
The sync patterns are defined by modulation bits.
“l; shown in.the bit examples of FIG. 11A denotes signal
inversion. Before recording onto a disk, such a frame
.rsync code 1is converted into an NRZI channel bit stream.
That is, the sync body is “01010000000010000000010," a
pattern in which 9T inverted at “1” is repeated twice
continuously, as éhown in FIG. 11A.
Zero or one is inserted in # at a head of the sync
body so that a pattern préceding # satisfies the rules of

RLL (1, .7) PP modulation.
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order, so that a frame is identified by a conbination of a preceding frame
sync and a succeeding frane sync. As shown in FIG 11B, a first frane
(frame nunber 0) of each physical sector has a sync pattern FSO. The sync
pattern FSO is unique within the physical sector, thereby nmaking it easy
to detect a head of the physical sector, that is, the address unit. That
is, the sync pattern FSOis used to detect the position of a physical
sector nunber. The other.. franes (frame nunbers 1 to 30) are assigned
sync patterns FS1 to FS6 as shown in FIG 11B. 1In this case, a sequence of
sync patterns of any five consecutive frame syncs is unique. Wien two of

five consecutiverhearpnsypestatgsdesectedrs?} hsvpRgsthiesime gghect the
position of the frames within the address unit. 41 Specifically, a frame

nunber n capdig idendifdrachqulile@a reemicRahl ornhel aysyacpaptern of the
frame nunber n and a sync pattern of one of frame nunbérs n - 1, n - 2, n

- 3, and n - 4. Fﬁrpﬁ§§?95§ séHQQQSEQQatBﬁitaofrﬁﬂEfB&H@§rlﬂfaamaPﬁesent
frane is 5 (fifth frane even n frame syncs FS (FS1, FS2, and FS3) of

o e e PRE Mo R, R st e Ly B Lo
as shown in FIG. 11B so that the 31 frames can be
identified By frame syﬁc Fs.

Since éeven kinds of sync patterns are not
sufficient to identify the 31 frames, the seven kinds of
frame syncs FS (FSQ0 to FS6) are arranged in predetermined
order, so that a frame is identified by a combihation of
.a preceding frame sync and a succeeding frame sync.

As shown in PFPIG. 11B, a first frame (frame numbér
0) of each physicél sector has a sync pattern ES0. The
sync pattern FS0 is unique within the physical sector,
thereby making it easy to detect a head of the physical
sector, that is, the address unit. Thét is, the sync
pattern FS0 is used tordetect the position df.a physical
sector nuﬁber.

The other frames ({(frame numbers 1 to 30) are
assigned sync patterns FS1 td FS6 as shown in FIG. 11B.

In this case, a sequence of sync patterns of any

- five cdnsecutive frame syncs is unique. When two of five
consecutive frame syncs are detected, it is possible to

detect the poéition of the frames within the address unit.
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a frame sync FS (FS3) of a fourth frame immediately preceding the fifth
frame and a frame sync FS (FS1) of the present frame (fifth frame). This

i s because the sync pattern FS1 comes next to the sync pattern FS3 only in
a specific positionin FIG 11B, that is, the frame nunbers 4 and 5. As
shown in the first, second, and third ROM format exanples in FIGS. 4A and
4B, FIGS. 5A and 5B, and FIGS. 6A and 6B, syncs S3 and S4 are recorded in
i nking frames. The sync pattern FS-7 is used for. the sync S3, and the
sync pattern FS2 is used for the sync S4. Incidentally, for the syncs Sli,
52, and S3 shown in FIGS. 3A and 3B in the case of the rewitabl e disk,

the sync patternspES4ricg8lyand ESQmar aunbed, nf espedll Yelent ilfiethe first,
second, and third ROM fornmat exanples 42 in FIGS. 4A and 4B, FIGS. 5A and

5B, and Fl GxobA aitibBatdddl seaenass @frddMe Lonsecutiyg figiksyncs are
not uni que when the linking area is |ncluded However, by wusing the sync

patterns F57 gnd &y pde SHACSs Bnénde Bam V\%eﬁeﬁsmehy q,Sgquence of

any four consecutive rane syncs is unique. f our "conseclti ve
frame syngs .arge q1 ed, it is possible to detect the position of the
franes within tHe Tinking drea and the address wunit.

For example, supposing that a frame number of a
present frame is 5 (fifth frame}, even when frame syncs
FS (FS1, FS2, and FS3) of a first, a second, and a'thira'
frame preceding the fifth frame are lost, the present
frame can be identified as having the frame number 5 from
a frame sync FS (F33) of a fourth frame immediately
préceding the fifth frame and a frame sync FS (FS1) of
the present frame (fifth frame). This is becéuse the sync
pattern FS81 comes next to the sync pattern FS3 only in a
specific position in FIG. 11B, that is, the frame numbers

4 and 5. -

As shown in the first, second, and third ROM format
examples in FIGS. 4A and 4B, FIGS. 5A and 5B, and FIGS.
6A and 6B, syncs S3 and S4 are recorded in linking frames.
The sync pattern FS7 is_used for the sync 83, and the
sync pattern FS2 is used for the éync S4.

Incidentally, for the syncs 81, 82, and S3 shown in
FIGS. 32 and 3B in the case of the rewritéble disk, the

- sync patterns F54, FS36, and FSO are uéed, respectivély.

In the first, second, and third ROM format examples
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9. Disk Drive Apparatus A disk drive apparatus capable of perform ng
recordi ng/ reproduction of a disk 1 as a ROMdisk or a rewitable disk as
descri bed above will next be described. FIG 12 shows a configuration of
the disk drive apparatus. The disk 1 is |oaded onto a turntable not shown
in the figure, and is driven by a spindle notor 52 to be rotated at a
constant linear velocity (CLV) at the time of recording/reproducing
operation. Then an optical pickup (optical head) 51 reads data on the disk
1, that is, data in the formof enbossed pits in the case of the ROM di sk
or data in the formof phase change marks in the case of the rewitable

di sk. 43 Iny Bh?1@§394§faBHe4Ee“@té§b|§Adhﬁ& ShheaHHttféé PE&KIRy Sdp, T eads
ADI P |nfornat|on and di sk infornation enbedded”as wobbling of a groove

track. At thejty Qﬁu%céﬁc%dﬂgeOBoLQQC{Jﬁ%ét?Péﬁedégﬁﬁs € gptical pickup

records data as ase change marks on e groove t orned wi thin the

opt i cal p'CkHEq5% a@g{negyeai%kﬁ OfEaseLY! Pcfalyl a6, JJht spurce: a

photodetecto 'ng ret Ilg an o ive éns at an
out putend 8§1£SS€ﬁe S nc paggeggsogéﬁCands¥§£eg%(gge syncs S3 and

.S4,rrespectively, a sequence of any four consecutive
frame syncs is unigue. When twe of four consecutive frame
syncs are detected, it ié pcssible‘to detect the position
of the frames within the linking area and the address

unit.

'9; Disk Drive Apparatus

A disk drive apparatus capable of performing
recording/reproduction of a disk 1 as a ROM disk or a
:ewritable disk as described above will next be described.

- FIG. 12 shows a configuration of the disk drive
‘apparatus.

The disk 1 is loaded onto a turntable not shown in
thé figure, and is driven by a spindle moto; 52 to be
rotated at a constant linear velocity (CLV) at the time
of recording/reproducing operation.

Then an optical pickuﬁ (optical head) 51 reads data
on the disk 1, that is, data in the form of‘embossed pits
in the case of the ROM disk or data in the form of phase

. change marks in the case of the rewritable,disk.
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shown) for irradiating a recording surface of the disk wth the |aser
light via the objective lens and guiding the reflected light to the

phot odet ector. The | aser diode outputs a so-called blue laser with a

wavel ength of 405 nm An NA of the optical systemis 0.85. The objective
|l ens within the pickup 51 is held by a two-axis nechanismso as to be.
novable in a tracking direction and a focus direction. The pickup 51 as a
whole is novable in a direction of the radius of the disk by a sled
mechani sm 53. The | aser diode in the pickup 51 is driven by a drive signal
(drive current) froma laser driver 63 to emt laser light. 44 The

phot odet ectigr de! 3 IJH QHIALIQR 123 H1RE dilght thieldegiad Lremuphesdi sk 1,
converts the information into an electric signal corresponding to the

amount of 1Jghfs A I8 -and 4h %@Lds'lﬁg lth 8% fN621 85! b efiignaksto a

matrix circuit 54 he matrix circuit as a current-voltage conversion

circuit, adg%tbrfi;hgc%gtél agt]:iO ryeargglaicf' cation circuit and the like for
output currents Troma plfurality  of 'light receiving el enents as the

photodetector. The, WRLr{x,gi [euiL 54 generat g3 necessary, g gngys by, matrix

the optical pickup records data as phase change marks on
the groove track.

Formed within the optical pickup 51 are: a laser
diode serving as a laser light source; a photodetector
for detecting reflected light; an objective lens at an
output end of laser light; and an optical system (not
shownj for irradiating a recording surface of the disk
with the laser light via the objéctive lens and guiding
the reflected light to the photodetector;

| The laser diode outputs a so-called blue laser with
é wavelength of 405 nm. An NA of the optical system is
0.85.

The objective lens within the pickup 51 is held by
a two-axis mechanism so as to be movéble in a tracking

direction and a focus direction.

The pickup 51 as a whole is movable in a direction
éf the radius of the disk by a sled mechanism 53.

The laser diode in the pickup 517is driven by a
drive signal (drive current).from a lase;.driver 63 to

emit laser light.
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cal cul ati on processing. For exanple, the matrix circuit 54 generates a

hi gh-frequency signal (reproduced data signal) corresponding to reproduced
data, a focus error signal and a tracking error signal for servo control
and the Ilike. The matrix circuit 54 generates a push-pull signal, for
exanple, as the tracking error signal in the case where the disk 1 is a
rewitable disk, whereas the matrix circuit 54 generates a DPD signal, for
exanple, as the tracking error signal in the case where the disk 1 is a
ROM di sk. Further, the matrix circuit 54 generates a push- pull signal as a
signal related to groove wobbling, that 45 is, a signal for detecting

wobbl i ng. I nci dentehd Yohdteadmd i e Chd€dtd s Sth e SP B LM il the
pi ckup 51. The reproduced data signal outputted fromthe matrix circuit 54

i's SUPP'iedrb@l@gf@édgiéﬁwEB@rd§ERCEitco§§ér£§etﬂgcf§f5%ﬁ§%i§ﬁgﬂﬁéoand the
tracking error signal are supplied fo a servo circuif 61; and the

DUTLBNL o FAOBRbCERLICLELATS BbeOuEolRiee o) LILOHLACTLY ny el o0 o
received, and then supplies the electric signal to a
matrix circuit 54.

The matrix circuif 54 has a current—voltage
conversion circuilt, a matrix calculation/amplification
circuit and the like for output currents from a plurality
of light receiving .elements as the photodetector. The
matrix circuit 54 generates necessary signals by matrix
éalcuiation processing.

For example, the matrix circuit 54 generates a
high-frequency signal (reproduced data signal)
corresponding to reproduced data, a focus error signal
and a tracking error éignal for sérvo control, and the
like.

The matrix circuit 54 generates a push-pull signal,
for example, as the tracking error signal in the case
where the disk 1 is a rewritable disk, whereas the matrix
circuit 54 generates a BPD Signal, for example, as the
tracking error signal in the case where the disk 1 is a
RCM disk.

Fu:ther, the matriﬁ'circuit 54 generates a push-

pull signal as a signal related to groove wobbling, that
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reproduced data signal to binarization processing, reproduced clock

generation processing by a PLL and the |ike, thereby reproduces data read
from phase change narks or enbossed pits, and then supplies the data to a
nodul ati ng and denodul ating circuit 56. The nodul ati ng and denodul ati ng

circuit 56 has a functional part as a decoder at the tinme of reproduction

and a functional part as an encoder at the tinme of recording. As decode
processing at the tine of reproduction, the nodulating and denodul ati ng
circuit 56 denodulates a run length limted code on the basis of a

reproduced clock. An ECC/scranble circuit 57 perfornms ECC encode 46 _
processi ng jthaty addsar o eRiketlihgnwe8883ngnd the scramble processing as :
described with reference to FIG 2 "at the ti'ne of recording. The )
ECC/ scranbl e ci rcyit; r | i i ,
scranbling pr ocesgill%éé%ggggg? :Tglégeﬁ%?ﬂ?r%?g?%%?fgﬁ%z gGDé gf,o%&rfll%d per forns

ECC decodewiquge%%jg%iE%h erhor correction at the time of reproduction.

At the tinme o reprg ctloﬁ, the ECC scranble circuit 57 captures the data

denmodul ated by th’?he reproduced data signal outputted from the

matrix circuit 54 is supplied to.a reader/writer circuit
55; the focus error signal and the tracking error signal
are supplied to a servo circuit 61; and the push-pull
signal as wobbling groove detecting information is
supplied to a wobble circuit 58.

The reader/writer circuit 55 subjects the
reproduced data signal to binarization processing,
reprdduced clock generation processing by a PLL and the
like, thereby reproduces data read from phase change

-marks or emboséed pits, and then supplies the data to a
modulating and demodulating circuit 56.
The modulating and demodulating circuit 56 has a
" functional part as a decoder at the time of reproduction
and a functional part as_an‘encoder at the time of
recording.

As decode processing at the time of reproduction,
the modulating and demodulating circuit 56 demodulates a
run length limited code on the basis of a reproduced
clock.

An ECC/scramble circuit 57 performé ECC encode
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nodul ati ng and denodul ating circuit 56 into an internal nenory, then
perfornms the descranbling processing and error detection/correction
processi ng, and thereby obtains reproduced data. In the descranbling
processing, as described with reference to FIG 2, the ECC scranbl e
circuit 57 generates scranbling bytes for data of linking franes and data
frames of each RUB on the basis of a cluster nunber of a physical sector
address obtained by an address decoder 59. Using the scranbling bytes,

the. ECC scranble circuit 57 performs the descranbl i ng processing for the
above-descri bed scranbl e processing. The ECC encode processing and the ECC

decode progeselrgial thatECEasCEambleceiri-ebkt oR/c6aEEEaRANELEO0 47 the ECC
format using the RS (reed sol onon) (248, 216, 33) code with a code length

of 248 Sy”b%E§amQ§EapQEcg§§1n§ygg0h§sc§ﬁgeé gishaneee0bnd3d symeeks. oThe
data decoded to the reproduced data by the ECC/ scranble circuit 57 is read

and transfergkedptoran AYe sual ) system 120 on the basis of an
instruction froma s?s¥én&§ggF§8¥.er 60. In the case where the disk 1 is

the rewitable di s,i( / %Flge)f cfr(g@ﬁtegpm%%ﬁggmgr&sépem d‘géx

circuit 54 as-the S|gn to groov INg 1S processe

processing for the_scrambling processing as described
with reference to FIG. 2, and performs ECC decode
processing for error correction at the timé of

- reproduction.

At the time of reproduction,.the ECC/scramble
circuit 57 captures the data demodulated by the
modulating and demodulating circuit 56 into an internal
memory, then performs the descrambling processing and
error detectioﬁ/correction‘processing, and thereby
obtains reproduced data.

In the descrambling processing, as described with
reference to FIG. 2, the ECC/scramble circuit 57
generates scrambling bytes for data of linking frames and
data frames of each RURB on the basis of a cluster number _
of a physical sectoi address obtained by an address

| decoder 59. Using the scfaﬁbling bytes, the ECC/scramble
circuit 57 performs the descrambling proceséing for the
above-described scramble processing.

The ECC encode processing and the ECC decode

processing of the ECC/scramble circuit 57 correspond to
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the wobble circuit 58. The push-pull signal as ADIP information is

subj ected to MSK denodul ati on and HWV denodul ation in the wobble circuit
58, thereby denodulated into a data stream constituting an ADI P address,
and then supplied to the address decoder 59. The address decoder 59
decodes the data supplied thereto, thereby obtains an address val ue, and
then supplies the address value to the systemcontroller 60. Also, the
address decoder 59 generates a clock by PLL processing using a wobbl e
signal supplied fromthe wobble circuit 58, and supplies the clock to
various parts as an encode clock at the tine of recording, for exanple.

In the casgruhece textliskstrics thae ROV Utk sclibfrordS (add e93 degager 59

perfornms frame sync synchroni Zzati on processing on the basis of

reproduced data . Sitgnal «oqang Jf g§c%Q%@%§%yg@%§%£§E%&%i ghgh6is, a physica

sector nunber by obtaining information o included in the

Bl Ss descriy o ggvgngFedggQ%%%% an% rg@%&g@sobtained is supplied to the
. I'n 0oC

syst em control I ér hi's 'case, the rreproduced by the PLL in the
SR T AT S e R
ECC/scramble ciréuit 57 is read and transferred to an AV
(Audio~Visual) system 120 on.the basis of an instruction
from a system controller 60.
Iﬁ.the case where the disk 1 is the rewritable disk,
the push-pull signal outputted from the matrix circuit 54
as- the signal related to groove wobbling is processed in
~the wobble circuit 58. The push-pull signal as ADIP
information is subjected to MSK demodulation and HMW
-demodulation in the wobble circuit 58, thereby
demodulated into a data stream cqnsfituting an ADIP
address, and then supplied to the_address decoder 589.
The address decoder 59 decodes the data supplied
rthéretor‘thereby obtains an address value, and then
suppiies the address value to the system controller 60.
Also, the éddress decoder 59 generateé a clock by
PLL p;oCessing using a‘wqbble signal sﬁpplied from the
wobble circuit 58, and supplies the clock to various
parts as an encode clcock at the time of recording, for

example.

'In the case where the disk 1 is the ROM disk, the
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recording data is transferred fromthe AV system 120. The recording data
is supplied to the nenory in the ECC/ scranble circuit 57 to be buffered.
In this case, as processing for encoding the buffered recording data, the
ECC/ scranmble circuit 57 perforns addition of error correction codes,
scranbl e processing, and addition of subcodes and the like. The

ECC- encoded and scranbled data is subjected to RLL_.(1-7) PP nodul ation in
t he nmodul ati ng, and denodulating circuit 56, and then supplied to the
reader/writer circuit 55. As described above, the clock generated fromthe
wobbl e signal is used as the encode clock serving as a reference clock for

the above eng@HEsPrPLESEENISAtptheordd £idke OfyhecoydingonThe 1&cording
data generated by the encode ©processing Is supplied as a |aser drive pul se

to the |assiodisyery 6 alternas: £ eopr Moo COMRRISali lka PLAGRSSI NG, Lhe

reader/writer circuit 55 adjusts the wave Ve pul se and

finel dj | I f | e, [.Sti
of 'a Tecor diy Taye Hapbre SR ni it il MRS o R R e,

vel oci ty ang, e, 1 ke, d0e | A5°1n FLLYSL1 63 BF YhSes,d ey ager drive pulse

includéd in the BISs described above. The address
information obtained is supplied to the system controller
60. Inlthis case, the clock reproduced by the PLL in the
reader/writer circuit 55 is used as a clock for address
detection.

At the time of recording én the rewritable disk,
recdrding data is transferred from the AV system 120. The

- recording data is supplied to the memory in the
ECC/scramble circuit 57 to be buffered. |

In this case, as processing for encoding the
buffered recgrding data, the ECC/scramble circuit 57
,performs addition of error correction codes, scramble
processing, and addition of subcodes and the like.

The ECC-encoded and scrambled data is subjécted to
RLL_(1-7) PP modulation in the modulating and
demodulating circuit 56, and then supplied to the
reader/writer circuit 55.

As described above, the clock generated from the
rwobble signal is used as the encode clock serving as a

reference clock for the above encode processing at the
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supplied thereto to the laser diode within the pickup 51 and thereby
drives the |laser diode to emt laser |ight. Thereby pits (phase change

mar ks) corresponding to the recording data are formed on the disk 1. The

| aser driver 63 has a so-called APC (Autormatic Power Control) circuit to
control |aser output at a constant |evel w thout depending on the
tenperature and the like while nonitoring | aser output power through
output of a | aser power nonitoring detector provided wthin the pickup 51.
Target values of the |aser output at the tinme of recording and at the tine
of reproduction are supplied fromthe systemcontroller 60, and the | aser

out put levetiths epntsObt®thgo be at the target values at the tine of
recording and at the tinme of reproduction, 50 respectively. The servo

circuit 61 generatgs UAJAUE rRfld® gt rHtdelss, fole fReksie tracking, and
the sled fromthe focus error signal and the tracking error signal

supplied from-doe; MRt{d X ehp LUy D4 5 10, L DLT ePY, PELE LN SETMAQ Oper ati on.

Specifically, the servo circuit 61 generates a focus drive signal and a

tracking driye.signaleAceording. 40 Lhefonys eutommslongl and the tracking
error signal, to drive a focus coll and a ttacki'ng coil of the two-axis
mechani sm Vﬁ%f@é@séﬂ?g,piﬁ}féjpré dex;r v%ﬁb T ac{'rréi&:ll_(‘é 13 Saeéjvuosts the
waveform of the laser drive pulse and finely adjusts
optimum recording power, for example, to characteristics
of a recording layer, spot-shabé of the laser light,
recording linear velocity and the like.
| The laser driver 63 provides the laser drive pulse
éupplied thereto to the laser diode within the pickup 51
and thereby drives the laser diode to emit laser light,
' Thereby pits (phase change marks) corresponding to the
recording data are formed on the disk 1.
The laser driver 63 has a so-called APC (Rutomatic
. Eower Control) circuit to control laser output at a
constant lével without depending on the temperature and
the like while monitoring laser output power ﬁhrough'_
output of a laser power monitoring detector provided
within the pickup 51. Target values of the léser output
at the time of recording and at the time of reproduction
are supplied.from the system controller 60, and the laser

output level is controlled to be at the.target values at

the time of recording and at the time of reproduction,
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| oop and a focus servo |loop are forned by the pickup 51, the matrix
circuit 54, the servo circuit 61, and the two- axis nechanism |n response
to a track junp instruction fromthe systemcontroller 60, the servo
circuit 61 turns off the tracking servo |oop and outputs a junp drive
signal to thereby performtrack junp operation. The servo circuit 61
further generates a sled drive signal on the basis of a sled error signal
obtained as a |owfrequency conponent of the tracking error signal,
accessing control fromthe systemcontroller 60 and the 1like, to drive the
sl ed nmechani sm 53. Though not shown, the sled nechanism 53 has a nechani sm
formed by admidrcishaft, for holding the pickup 51, a sled notor, 51

transm ssion gear and the like. By driving the sled notor accordlng to the

sled drive signal yha seaybredrelii€i BY gERYeARRE PhribEsPESKHD &Aivs
effected. A spindle servo circuit 62 effects control for CLV rotation of a

spindl e moloiepAs e RRI a3enMOL! Lol frd2 RkAIBSL hfeckBeks

generated by PLL processing on the wobble signal as information on current

rotational speed fgnt&HV %gi'f A4l ¢ IRBQT, 35 nd GQRar %Ephﬁ‘ie!d”%%fﬁat' on

W th predeterm ne erence spee rnatlon to ereby generate a

the matrix circuit 54, to thereby perform servo operation.
Specifically, the servo circuit 61 generates a
focus drive signal and a tracking drive sigﬁal according
to the focus error signal and the tracking error signal,
‘to drive a focus coil and a tracking coil of the two;axis
mechanism within the pickup 51. Thereby a tracking servo
loop and a focus servo loop are formed by the pickup 51,
- the matrix circuit 54, the servo circuit 61, and the two-
axis mechanism, |
In response to a track jump instruction from the
cystem controller 60, the servo circuit 61 turns off the
tracking‘servo loop and outputs‘a jump drive signal to
thereby perform track jump operation.
.The servo circuit 61 further generates a sled drive
signal on the basis of a sled error signal obtained as a
low-frequency component of the tracking error signal,
accessing control from the system controller 60 and the
like, to drive the sled ﬁechanism 53. Though not shown,
the sled mechanism 53 has a mechanism formed by a main

shaft for holding the pickup 51, a sled motor,
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spindle error signal. At the tinme of data reproduction, the reproduced
clock (clock as a reference for decode processing) generated by the PLL
within the reader/witer circuit 55 serves as the information on the
current rotational speed of the spindle notor 52. Hence, the spindle servo
circuit 62 can also generate the spindle error signal by conparing this
information with the predeterm ned CLV reference speed infornmation. The
spindl e servo circuit 62 then outputs a spindle drive signal generated
according to the spindle error signal to thereby performthe CLV rotation
of the spindle notor 52. Further, the spindle servo circuit 62 generates a

52 spindl e drhvemskgnah §8at€8RANERet D3 Re SPIgAIE KiiGl Riake ) LPMIQ)r Signal
fromthe systemcontroller 60 to thereby perform opéerations such as ‘

starting, Sh@eekaghgaﬁsekﬁéaéi@91déﬂ@ed§§§ﬁ§19té”Eb&@ffé@h@ﬂi&i tor 52.
The various operations of the servo systemand the “recording an

r epr oduci ngnsyshemt a5 derer h PeduaboYe; ar grecopLgol | ed by the 'system

controller 60 forned Ey a %1croconputer. %%e system control |l er 60 perforns

various processing ddx [SSPAUSKd L GATANE, WATINE MNP $04 0w
rotation of a spindle motor 52.

AThe.spindle servo ciréuit 62 obtains the clock
generétéd by PLL processing on thé'wbbblersignal as
information on current rotational speed of the spindle
motor 52, and compares the information with predetermined
CLV reference speed information to thereby.generate a
spindle error sighal.

At the time of data reproduction, the reproduced_

- clock (clock as a reference for decode processing)
generated by the PLL within the reader/writer circuit 55
serves as the information on the current rotational speed
of the Spindle motor 52. Hence, the spindle servo circuit
62 can also generate the spindle error signal by
comparing this information with the predetermihed CLV
reference speed information.

The spindle servo circuit 62 then outputs a spindle
drive signal generated according to the spindle.error

'_signal to therebyrperform the CLV rotation of the épindle
motor 52. |

Further, the spindle servo circuit 62 genérates a
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For exanple, when a wite command is issued fromthe AV system 120, the
systemcontroller 60 first noves the pickup 51 to an address where witing
is to be perforned. Then the systemcontroller 60 nakes the ECC scranble
circuit 57 and the nodul ating and denodulating circuit 56 subject data
(such as audio data and video data of various systens such for exanple as
MPER2) transferred fromthe AV system 120 to the encode processing as
descri bed above. The | aser drive pulse-.is .then supplied fromthe
reader/witer circuit 55 to the |aser driver 63 as descri bed above,
whereby recording is perforned. Wen a read command requesting transfer of
some . dat asiVREQ@ QHiideo dafra 101 i he dddmk recarded mnd ha i/ akare3 1 is
supplied fromthe AV system 120, for exanple, the system controller 60
first effecishiSRAK AREIAL I MM Ay st RiRG 313k Ay 655 $RAGHy ed.
Specifically, the system controller 60 issues a conmand to the Servo
circuit 61 t f it pi . targeting the |
addr ess spé%%%?gﬁigékgéﬁggﬁé%gﬁﬁ%ﬁé#p%ﬁ%ﬁflt é éﬁ%#@ﬁi ontroller 10 effects |
operation _contr ssar t-r f.er ta _of: t ifi dat a
section to at%lﬁastnglt%gmsa%f%.ée ﬁéglaf%sc&gﬁ %,%et ﬁg)lsllys%er%n[%etg)c#\tsfzgl | er 60
effects reading.o&hthe dat a fron1tge.disk 1

& various operations of the servo system and the-
recording and reproducing system as described above are
controlled by the system controller 60 formed by a
microcomputer. |

The system controller 60 performs various
processing in response to commands from the AV system 120.
For example, when a write command is issued from
the AV system 120, the system controller 60 first moves
the pickup 51 to an address where writing is to be
performed. Then the system controller 60 mékes the
- ECC/scramble circuit 57 and the modulating and
demodﬁlating circﬁit 56 subject data (such as audioc data
-and video data of various systems such for example as
MPEG2) transferred from the AV system 120 to the encode
processing as degcribed above. The laser drive pulse is
.then supplied from the reader/writer circuit 55 to the
laser driver 63 as described above, whereby recording is
performed;
When a read command requesting transfer of some

data (MPEGZ video data dr the like) recorded on the disk
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effects decoding/buffering and the like in the reader/witer circuit 55,

t he nodul ati ng and denodul ating circuit 56, and the ECC/ scranble circuit
57, and then transfers the requested data. At the tinmes of recording and
reproduction of data, the systemcontroller 60 controls access and
recording and reproduci ng operation using ADI P addresses or addresses
included in BISs detected by the address decoder 59. While the disk drive
apparatus in the exanple of FIG 12 is connected to the AV system 120, the
di sk drive apparatus according to the present invention may be connected
to for exanple a personal conputer or the |like. Further, there can be an
enbodi ment 1 B MYEHIRG Bhm 1diS kArd Wa APPBIAL US, i 001 enned ed to
anot her apparatus. In such a case, an operation unit and a I splay unit
are provid i e onfd oW atd 00, of i tse%% C . for ta i nput
and out put %ﬁﬂss di fferent romthalt of elzfla%celé;. ]gt&}egl,%%ﬁonsu ﬁ:c%sl to
perform regaldi r tJ 14} _respanse.tQ _an.opecation a user
and forma ?g{lg{lgnn%lta%glr ta%r%éfléﬁ%%lr%egﬁd ggﬁfﬁgtltcfa%&y\’/artlg u§Y8§¥3. O

course, Varlaus Ghiler cPnfd ALl on eXanples e s GNPl ARl dof examl e,

an exanpl e as a reproduction-

effect access operation of the pickup 51 targeting the
address specified by a seek command.

Then, the system controller 10 effects operation
control necessary to transfer data of the specified data
section to the AV system 120. Specifically, the system
controller 60 effects reading of the data from the disk 1,
éffects decoding/buffering and the like in the
reader/writer circuit 55, the modulating and demodulating
circuit 56, and the ECC/scramble circuit 57, and then
transfers the requested daté.

At the times of recording and reproduction of data,
the system controller 60 controls acceSS and recording

'and reproducing operation using ADIP addresses or
addresses included in BISs detected by the address
- decoder 59.

While the disk drive apparatus in the example of
FIG. 12 is connected to the AV system 120, the disk drive
apparatus according to the present invention may be
connected to for example a personal computer or the like.

Further, there can be an embodiment in which the
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only apparatus is conceivable. 10. D sk Manufacturing Method A nethod of
manuf acturing the ROM di sk according to the present enbodi nent descri bed
above will next be described. A disk nmanufacturing process is roughly
divided into a so-called mastering process and a replication process. The
mastering process covers steps up to conpletion of a netallic master
(stanper) used in the replication process. The replication process nass-
produces duplicate optical disks using the stanmper. Specifically, the
mastering process' perforns so- called mastering in which a photoresist is
coated on a 55 polished glass substrate, and pits and grooves are forned

by exposi ngitdle HHOKOSEASI A8 Fid MO ddc1Qfa ad askfendieam In the case

of the present enbodinent, a pit train having an RUB structure as in the

for egoi NG fyfislng9aeondy, <aasl Lhibd RN grust roxamihes Lagfgrmed on the

ROM di sk. ore mastering is pefforme ormthe pit trainin the

i sk, -t formthe pi n the
[0 necessary aeune T ocae o et ARG SR IRl o 3oy o™ ©

encode) an%ll%ir aééeﬁgf¥m¥§¥'g%ta input and output is different

from that of FIG. 12. That is, it suffices to perform
recording and reproduction in response to an operation by
a user and form a terminal part for inputting and
outputting various data.

Of course, various othér configuration examples are
conceivable; for example, an examplé as a reproduction-

only apparatus is conceivable.

10. Disk Manufacturing Method

A method of manufacturing the ROM disk according to
the present embodiment described above will ﬁext be
described. |

A disk ﬁanufacturing process is roughly divided
into a so-called mastering process and a replication
process. The mastering proceSs covers steps up to
completion of a metallic master (stamper) used in the
"replication process. The replication.process mass-—
produces duplicate optical disks usiﬁglthe stamper.

Specifically, the mastering process'performs so-

called mastering in which a photoresist is coated on a
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as described with reference to FIG 2. On the basis of the thus forned
data train, parts exposed to light as the pit train are fornmed on the

gl ass substrate. Incidentally, the main data to be recorded is prepared in
a preparatory process referred to as premastering. After the mastering is
conpl eted, predeterm ned processing such as devel opnent and the like is
performed, and then information is transferred onto a netallic surface by
el ectroform ng, for exanple, to create a stanper required when replicating
the disk. Then, the information is transferred onto a resin substrate by
an injection nethod, for exanple, using the 56 stanper, a reflective film

is forned tharietind adisd heiraidele PSSt Hid RUWRING deNtre raeiequi r ed
di sk shape and the l'ike is perforned, whereby a final product is

conpl et ed. Hc\gﬁ%t;?délgad THREFHITRE NS tSUeh & 9P aGlyH RE aPHAGESS. AS
shown in FI 13, for exanple, a nmastering apparatus conprises a
controll er ,fQ,, an ECC scranble processing unit 71, a sync processing unit

72, a switch unit 73, a nmastering unit 74, a linking data generating unit

75, an address gepgrahing,uni br/PheaPleBent" BABLG i mBARCCSSLPE HPLY 77
having an RUB structure as in the foregoing first, second,
and third ROM format examples is formed on the ROM disk.
Therefore mastering is pérformed to form the pit train in
‘the mastering process.:

- In mastering, main data and linking data are
subjected to‘necessaty encdde processingr(such as ECC
encode and RLL (1, 7) PP encode) and scramble'processing
as described with reference to FIG. 2. On the basis of
the thus formed data train, parts exposed to light as the
pit train are formed on ﬁhe glass substrate.

Incidentally, the main data to be recorded is
preparéd in a preparatory process referred to as
premastering.

After the mastering is completed, predétermined
processing such as development and the like is performed,

"and then information is transferred onto a metallic
éurface by electroforming, for example, to create a
stamper required when replicating the disk.

Ther, the information is transferred onto a resin

substrate by an injection method, for example, using the
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The ECC/ scranbl e processing unit 71 subjects the main data prepared in the
premastering process to ECC error correction encode processing and
scranbl e processing as described with reference to FIG 2. The |inking
data generating unit 75 generates original data LDO to LD309 of data DO to
D309 to be recorded in linking franes. The data LDO to LD309 is subjected
to the scranbl e processing as described with reference to FIG 2 by the
scranbl e processing unit 77 to becone the data DO to D309. The address
generating unit generates address information as physical sector nunbers.
This address information is supplied to the ECC/ scranbl e processing 57

unit 71 andsthepsel agbrerpeoeessi APLMNis Fdrméd €NEHESH PrOLLssi ng, the
ECC/ scranbl e processing unit 71 sets a physical sector nunber supplied

thereto as thBkeafREFOProte399ngssringblsning! uded 4 nr&:Ssreduiider, in
scranbl e processing, the ECC scranmbl e processing unit 1 uses a cluster

nunmber of asphysi gal SRE! 9f kBUNREEe 880 Ane§Cl RTDLELY Nk L Aha VEb My dthe
scranbl e processing unit 77 also uses a cluster nunber of a physical

sector numbeg é#ﬁghgggdfron1phe address generating unit 76 as a scranble
initial value. switch unit 73 selects output of the.

Mastering is performed in such a manﬁfacturing
process. As gshown in FIG. 13, for example, a mastering
apparatus cémprises a controller TD,'anfECC/scramble
processing unit 71, a sync proéessing ﬁnit 72, a switch
unit 73, a mastering unit 74, a linking.data generating
unit 75, an address generating unit 76, and a scramble
pfocessing unit 77.

The ECC/scramble processing unit 71 subjects the
main data prepared in the premastering process to ECC

- error correction encode processing and scramble
processing as described with reference to FIG.AZ.

The linking data generating unit 75 generates
original data LD0 to LDP309 of data DO to D309 to be
recorded in linking frames. The data LD0O to LD309 is
subjected to the scramble processing as described with
reference to FIG. 2 by the scramble processing unit 77 to
become the data DO to D3009.

The address generating unit generates address
information as physical sector numbers. This address

information is supplied to the ECC/scramble processing
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ECC/ scranbl e processing unit 71 during a period when franme data
corresponding to a nain data area is outputted fromthe ECC scranble
processing unit 71, and selects output of the scranble processing unit 77
during a period when frane data corresponding to a linking area is
outputted fromthe scranble processing unit 77. Consequently, a data
stream of the above-described RUB structure is supplied to the sync
processing unit 72. The sync processing unit 72 adds a frane sync FS of a
predeterm ned sync pattern as described above, or a sync S3 or S4 to each
frane. Data output timng of the ECC/scranble processing unit 71, the

| i nki ng dataigenar ahidn@neniscrdbblangrbhessi8gaddiessrgenerating unit 76 and
switching timng of the switch unit 73 are controlled by the controller

70. The nasteringrfnihcddei Pebieesing opti ot/ $8Hink B2, pr&esangly 84) for
irradiating a photoresist-coated glass substrate 101 with a | aser beamto

thereby perfqrms; 1@3&@ NG A1 8HRSLERES %ﬁbb@g/sﬁpgﬁ&bagtueketﬁagor
rotation driving and slide shifting of the glass substrate 101; and a

Signal Pr ogessnd ULl o1l co8OBYEALLNG AL dshapkesl eopilg: data and

supplying the "recor ata to the optical unit e optical unit

I ncl udes: 3 las%%mhﬁ%h r%%% %ﬁné% the ECC/scramble proce581ng unit

71 uses a cluster number of a physical sector number as a
scramble initial.valﬁe;
The scramblé process#ng unit 77 also uses a cluster
number of a phy81cal sector number supplled from the
 address gene;ating unit 76 as a scramble initial value.
The switch_unit 73 selects output of the.
ECC/scramble'processing unit 71 during a period when
frame data corresponding to a main data area is outputted -
_from the ECC/scramble processing unit 71, and selects
6utput of the scramble processing unit 77 during a period
when frame data corresponding to a linking area is
outputted from the scramble processing ﬁnit T7.
VConsequently,ra data stream of the above-described RUB
_structure is supplied to the sync processing unit 72.
The sync processing unit 72 adds a frame sync FS of
a predetermined sync pattern as described above, or a
sync 53 or S4 to each frame.
Data output timing of the ECC/scramble processing

unit 71, the linking data generating unit 75, and the
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formed by an He-Cd | aser, for exanple; a nodulating unit 83 for nodul ating
light emtted fromthe laser light source 82 on the basis of the recording
data; and a nmastering head unit 84 for condensing the nodul ated beam from
the nodulating unit 83 and irradiating a photoresist surface of the glass
substrate 101 with the nodul ated beam The nodul ating unit 83 includes: an
acoustooptic type optical nodulator (AOM for turning on/off the Iight
emtted fromthe laser |ight source 82; and an acoustooptic type optical
defl ector (AOD) for deflecting the light emtted fromthe |aser |ight
source 82 on the basis of a wobble generating signal. 59 The substrate
rotating/ shiddddrs Wirte B jaanpiiises’é and ofvat § otgi mptoimifray obtidte on- dri vi ng
the glass substrate 101; a detecting unit (FG for detecting rotational

speed of tdhe d@f alding Tl corsdidle teF o Sdithidlgldhero gl ass
substrate 101 in a direction of the radius of the glass substrate 101; and

a servo control | eﬁ‘hfeohas%%&tlh@ hing the iretialdenalarspread of1 the sl jgdg not or
and the rotating notor, tracking of the mastering head unit 84 and the

e e A BRSO MG R e S Jr the Sy
substrate 101 with a laser.beam to thereby perform
mastering; a substrate rotéting/shifting unit 85 for
rotation driving and silide shifting of the glasé
substrate 101; and a signal processing unit 81 for
converting input data to recording data and supplying the
.recording data to the optical unit.

The optical unit includes: a laser light source 82
_férmed by an He-Cd laser, for example; a modulating unit
83 for modulating light emitted frém the iaser light
source 82 on the basis of the recording data; and a
mastering head unit 84 for condensing the modulated beam
from'the modulating unit 83 and irradiating a photoresist
surface of the glass substrate 101 with the modulated
beam.

The modulating unit 83 includes: an acoustooptic
tybe opticél.modulator (éOM) for turning on/off the light
emitted from the laser light source 82; and an
acoustooptic type optical deflectér (A0D) for deflecting

the light emitted from the laser light source 82 on the

basis of a wobble generating signal.
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RLL (1, 7) PP nodul ation processing and further nodul ation processing for
obtaining a drive signal to be supplied to the nodulating unit 83 for
mastering. At the tine of nastering, the substrate rotating/shifting unit
85 in the mastering unit 74 rotation-drives the glass substrate 101 at a
constant linear velocity and slides the glass substrate 101 while
rotating the glass substrate 101 so that a spiral track is forned at a
predeterm ned track pitch. At the sane tinme, the light emtted fromthe

| aser |ight source 82 is converted via the nodulating unit 83 into a
nodul at ed beam on the basis of the nodulating signal fromthe signa

processing unit Sﬁhea@@bé@ﬁ@t@0r§99£iﬁ&/éﬁ?ﬂ%iﬁ& RSt e85 NGofigadsdi t 84 to
the photoresist surface of the glass Substrate 101. As a result, the

phot or esi st, kétﬁggﬁ efot8 lfggtfeﬁakqgnba iS$in fthge data EBQSQEQQ¥6 The

controller 70 a ontro S performance o op ration at the time of such

[ h -t . f
F?Shfréﬂgogﬁétp§r?%ﬁggééﬁgsﬁéﬁé-Aéﬂ?o@?ﬁidsﬁ?gkéa eSPOREA PR e as
in the abgyerdescrtbed, BOMERLTRL eXaup! 63.a%e cLor 10Nt bR, O ass

glass substrate 101 in a direction of the radius of the

glass substrate 101; and a servo controller for

controlling the rotational speed of the slide motor and:
the rotating motor, tracking of the mastering head unit
84 and the like.

The signal processing unit 81 subjects data
supplied from the sync proceséing unit 72 to for example
RLL (1, 7)‘PP modulation proceséing and further
modulation processing for obtaining-a.drive signal to be
supplied to the modulating unit 83 for mastering.

At the time of mastering, thé substrate
rotating/shifting unit 85 in the mastering unit 74
rotation-drives the glass substrate 101 at a cdnstant
linear velocity and slides the glass substrate 101 while
rotating the glass substrafe 101 so that a spiral track
is formed at a predetermined track pitch.

At the same time, the light emitted from the laser
light source 82 is converted via the modulating unit 83
into a modulated beam on the basis of the modulating

signal from the signal processing unit 81, and then

60



Thereafter, devel opnent, electroformng and the 1like are perforned to
create a stanper, and the ROM disk is produced using the stanper. As
descri bed above, the produced ROM di sk has |inking areas, and data of al
frames in main data areas and the linking areas is scranbled by scranbling
bytes SCB obtained by using a cluster nunber as an initial value. Wile
the di sk according to the present enbodinent, the disk drive apparatus
conpatible with the disk, and the disk manufacturing nethod have been
descri bed above, the present inventionis not limted to these exanples;
various nodifications are conceivable w thout departing 61 fromthe spirit
of the pressplieyeftdnortheAsnd st anidey Heoall drriamahecahmese description, the
present invention has the follow ng effects. The reproduction-only

recordi ng rEthtoRd RO dHiskjacacoordidginsd haigyasant lgwenhson has bl ocks
formed by main data areas and |linking areas, that is, has a data fornmat

provi ded wgdsditkiTie diRao@s Wit i d hed@wd tablig ot dn tHRebasis

reproduction-only recordi ng medium according to the present invention is

t hus suitable f &gﬂp@Hdﬁdﬁéd@eywth the rewitable disk. Miin data
recorded in a main data area and |inking -

The contrcecller 70 also controls performance of_
operation at the time of such mastering by the mastering
unit 74.

As a resulit of such operation, lightmexpésed parts

" corresponding to the pit train of an RUB structure as in
the above-described ROM format examples are formed on the
Qlass substrate 101.

Thereafter, development, electroforming and"thé
iiké are performed to create a stamper, aﬁd the ROM disk
is produced using the stamper. |

As described above, the produced ROM disk has

" linking areas, and data of all frames in main data areas
and the linking areas ié scrambled by scrambling bytes
SCB obtained by using a cluster number as an initial
value.

While the disk according to the present embodiment,
the-disk drive apparatus compatible with the disk, and
the disk maﬁufacturing method have been described aboﬁe,
the.present invention is not limited to these examples;-

' various modifications are conceivable without departing
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data recorded in a linking area in each block are scranbled by scranbling
data generated by the sane system The |linking data being scranbl ed neans
that even when linking areas are aligned with each other in tracks

adj acent to each other, the pit patterns are not the same. This solves the
probl em di sadvant ageous to the tracking servo systemusing a DPD signal as
an error signal, that 1is, the problemof being unable to obtain a
satisfactory DPD signal because of the same pit patterns. In other words,
it is possible to effect stable tracking control. on the reproduction-only
recording nmediumw th enbossed pits by the tracking servo system using the
DPD si gnal , fr&fdché it npf oses reps sshuetigrerperdror mance of the 62
reproduci-ng apparatus. In addition, the scranble processing prevents a

worst pattern fromsa i eweRiricld @Q@ptﬂh@ﬂ aboRd geektlipwing,i Rheri n dat a,
thus facilitating data detection. Further, for main data areas and |inking

areas, the ﬁé%éﬂ%”fh%&ﬁ%f@ﬁ'ﬂ&hfﬂﬂb(k%iiéﬁﬁﬂéféﬁfgéﬁ§'ng can be perforned
by t he sane scranbling system That is, the Teproducing apparatus can use

TN S TR S L LT (B B, e
the apparaléghordlng to the present invention has blocks formed by
main data areas and linking areas, that is, has a data
format provided with linking areas as with the rewritable
disk. The reproduction-only récording medium according to
the present invention is thus suitable for compatibility
with the rewritable disk.
| Main data recorded inla_main data area and linking
daté recorded in a linking area in each block are
‘scrambled by scrambling data generated by the same system.
The linking data being sérambled means that even
when linking areas are aligned with each other in tracks
adjacent to each other, the pit patterns are not the sane.
This solves the problem disadvantageous to the tracking
serve system using a DPb signal as an error signal, that
,is, the.problem of being unable to obtain a satisfactory
DPD signal because of the same pit patterns. In other
words, it is possible ﬁo effect stable tracking control
on the reproduction-only recording medium with embossed
"pits by the tracking serve system using the DPD signal,

and in turn improve reproduction performance of the
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The descranbling processing on the linking data is indispensable at the
time of reproduction especially when sone data is recorded as the I|inking
data. In this case, it is not necessary to have a plurality of
descranbling processing circuit systens. Further, the scranbling data is
generated by a random sequence using address information of a block as an
initial value. This neans that the initial value differs for different

bl ocks. That is, the pit pattern is scranbled and fornmed in a different
state in each block. Therefore cases in which the pit pattern is the sane
bet ween adj acent linking areas, including for exanple cases where the

| 'i nki ng datapirsdaklingeappdatauer 63 identical pattern data, do not occur.
Thus a desirable state for servo control using the DPD signal can be

realized. Furtherin tdwd o Sdn reghed asd Lo Rtdias Sieep phd@gite o he present
invention makes it possible to manufacture a reproduction-only recording

”EdiU”]pro%bﬁbﬁgphhﬁéﬁnefigﬁiﬁ-v@éwﬁ%fﬁﬁﬁﬁf_éet@bfﬁ@ﬁoﬂﬁéﬁiOn'0U|Y_
recordi ng nedi um wherein bl ocks having a nain data area and a |linking area
are continugWs iWiiAg in main data, thus facilitating data detection.

Further, for main data areas ahd linking areas, the
scramble processing and descramble processing can be
performed by the same scrambling system. That is, the
'reproducing apparatus can use a common hardware
configuration for berforming scramble-related processing
pn‘main_data and linking data. This simplifies circuit

- configuration of the apparatus.

The descrambling processing on thé linking data is
indispensable at the time of reproduction especially when
some data is recorded as the linking data. In this case,
it is not necessary to have a plurality of descrambling
processing circuit systems.

further, the sérambling data is generéted by a
random sequence using address information of a block as
an initial value. This means that the initial value
differs for different blocks. That is, the pit pattern is
scrambled and formed in a different state in each blbck.
Therefore cases in which the pit pattern 1s the same
between adjacent linking areas, including for example

cases where the linking data is all zero data or
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each other to forma data track by enbossed pits; and main data recorded in
said main data area and linking data recorded in said linking area in each
of said blocks are scranbled by scranbling data generated by a system 2.
A reproduction-only recording mediumas clainmed in claim1, wherein said
scranbling data is generated by a random sequence using address
information of said block as an initial value. 3. A reproduction-only
recording mediumas clained in claim1l or 2, wherein in each of said

bl ocks, said linking area is forned on a front end side and a rear end
side of said main data area. 4. A reproduction-only recording nmedi um as

cl ai ned i n idé¢mitedl grai2;emhed®ta, i do eacth efcwal d Thhueclks desdirdbllienki ng ar ea
is formed on only a front end side of said nain data area. 5. A

reproduct i oSt ot YE ¢ CHs £ 0 O ek I @i rd Al hpm s Td M daOrp?, wherein in
each of said blocks, said linking area 1s forned on only a rear end side
of said mairegiptic@rea. 6. A reproducing apparatus for performng data 65
reproduction in correspondence with at |east a reproduction- only recording

medi um i n whi ch megimd, 06k AWK R UFRLR urdAkAnAkERARL A iRk BY ar ea

are continuous with each other to
the present invention makes it possible to manufacture a

reproduction-only recording medium providing these

effects.
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forma data track by enbossed pits, and main data recorded in said main
data area and linking data recorded in said linking area in each of said
bl ocks are scranbl ed by scranbling data generated by a system said
reproduci ng apparatus conprising: reading neans for reading information
froma recording nediumloaded into the reproduci ng apparatus; and
decodi ng neans for subjecting the information read by said readi ng neans
to data decodi ng processing and descranbling processing for said scranble,
and reproducing said main data and said |inking data. 7. A reproducing
apparatus as clainmed in claim®6, wherein said decoding nmeans subjects the
i nf or matGlghiMsead by said reading neans to said descranbling processing
using scranbling data generated by a random sequence usi ng address
information of said block as an initial 66 value. 8. A reproducing nethod

for reproduciing dat adgrauc ilcapPbadycticnrenhy macuned neghdmdiing i b i ch
medi um bl ocks having a nmain data area and a l'inking area are continuous
with eadif\dtfer fi@ifodata d&ea epscr By nkéRBo3s8A PresCORRENRREH Wath

recordedddh saindrmebnrdahas area andl inking data pe¢ardgdqin said |inking

area in each of said blocks are scranmbl'ed by scranbling data generated by
a random seqiende dxingraddrded iimf osqedi opin data area and linking

data recorded in said linking area in each of said blocks are

scrambled by scrambling data generated by a systemn.

2. A reproduction-only recording medium as claimed in
claim 1,
wherein said scrambling data is generated by a random sequence

using address information of said block as an initial wvalue.

3. A reproduction-only recording medium as claimed in
claim 1 or 2,
wherein in each of said blocks, said linking area is formed on

a front end side and a rear end side of said main data area.

4. A reproduction-only recording medium as claimed in
claim 1 or 2,
wherein in each of said blocks, said linking area is formed on

only a front end side of szid main data area.

5. A reproduction-only recording medium as claimed in
claim 1 or 2,
wherein in each of said blocks, said linking area is formed on

only a rear end side of said main data area.

6. A reproducing apparatus for performing data

65




of said block as an initial value, said reproducing nethod conprising the
steps of: reading information froma | oaded recordi ng nedium and

subj ecting the read information to data decoding processing and
descranbl i ng processing using scranbling data generated by a random
sequence using the address information of said block as an initial value,
and reproducing said nmain data and.said |inking data. 9. A disk

manuf acturi ng met hod for manufacturing a reproduction-only disk. recording
medi um in which nmedium blocks having a main data area and a |inking area
are continuous with each other as a data track fornmed by enbossed pits,
sai d di stepmanufcadtounr | hy oethesbaodpidsi Agtht he Steps of | rspragbttngnhai n
data recorded in said nain.data 67 area and linking data recorded jn said
[ nki ng Gea BYCOTAITG BEPARBI 11y Bat S gaeraTe RS « ARUBRT s Squbmte

usi ng adthtessriddf eiriBtd Aindingaiadell aek asnafnbpibi Akthvahde; cidr to
per for mfnog:tsmdlaS kdantastgrréglg lclJJ§,§l Qm éshgecfcgftnsb,l egncgarga?‘in c?asta recorded in
said main data area and linking data recorded in said linking
area in each of said blocks are scrambled by scrambling data
generated by a system, said reproducing apparatus comprising:
reading means for reading information from a recording
medium loaded into the reproducing apparatus; and
decoding means for subjecting the information read by
said reading means to data decoding processing and

descrambling processing for said scramble, and reproducing

said main data and said linking data.

7. A reproducing apparatus as claimed in claim 6,
wherein said decoding means subjects the information read by

| said reading means to said descrambling processing using
scrambling data generated by a random sequence using address

information of said block as an initial
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value.

| 8. A reproducing method for reproducing data from
a reprdduction—only recording medium{ in which medium
blocks having a main data area and a linking area are
continuous with each other to form a data tréck by
emboésed pits, and main daté recorded in said main data
area and llnklng data recorded in said 11nk1ng area in
each of sald blocks are scrambled by scrambllng data
' generatéd by a random sequence qsing add;ess information
of said block as an initial wvalue, said réﬁroducing
rmethod comprising the éteps of: |
readihg information from a loaded recording medium;
A.and subjecting the read information to data decoding
_processinganq descrambling processing using scrambling
data generated by a random sequence using the address
information of said block as an initial value, and
- reproducing said main data and .said linking data.

9. A disk manufacturing method for manufacturing a
"reproduction-only disk,fecording medium, in which medium
.blocks having a main data area and a linking area are
 cbntinuous with each other as a data track formed by
embossed pits, said disk manufacturing method éomprising
'thé steps of: |

scrambling main data recorded in said main data
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area and linking data recorded in said linking area by
using scrambling data generated by a randem sequence

using address information of said block as an initial

value; and

performing disk mastering using the scrambled data.

68




