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 disk or
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
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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- RRACHUYBORND BYDTRE IBVBNRAPNDVD- RAM and the like. The recordabl e

types allow data to be recorded thereon b{ using a 1 magnet o-opti cal
recordi ng met hod, Theppueecehahgeention 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 manufacturing 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-RAM and the like. The recordable

types allow data to be recorded thereon by using a



recording nethod, a dye fil mchange recording nmethod and the |ike. The dye
filmchange 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 nethod 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, games, application prograns

d the like | i tion, high-densi i cal, di sks, referred DVR
(Data & Vi JE9 Rt F lor SRt PRy it ethago retett Py SBeen devel oped to

i ncrease the capacit ignificantly. In a disk structure such a
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t hi ckness f the disk, phase_change marks are recorded and reproduced
under condi Ebh§iﬁf aTEBnaYﬁangﬂ %?a%g?ag%?orﬁéBgc%??%ﬂdb+ﬁeaf%§er) havi ng
a wavel ength of 405 nm and an objective | ens having an NA of 0. 85.
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mbit with a_data bl ock of 64 KB (kilobytes) as one 2 recording and

repr oduci n§Lld9e, datad Seseesiing oRdy Pocsaend 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 purposes including
recording of varilous contents data such as music, video,
games, application programs and the like.

In addition, high-density optical disks referred to
as 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 wavelength of 405 nm and
an objective lens having an NA of 0.85. Supposing that a
track pitch is 0.32 um and a linear density is 0.12 pn

m/bit with a data block of 64 KB (kilobytes}) as one



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 Ambit 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
exanpl e a DVD-ROM of the above-nentioned various optical disks, data is
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of the reproduction-aonly disk, units of error_correcting blocks are
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bl ock is a block of one recording and reproducing unit, and that no
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reproduction-only disk, data is recorded and reproduced on recordabl e

di sks (rec&fdiimg B ameterepr oduci ng di sks) basically in units of error

Supposing that the linear density is 0.112 pm/bit
in the same format, a volume of about 25 GB can be
recorded and reproduced.

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

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

In a conventionally known data format of the
reproduction-only disk, units of error correcting blocks
are recorded continuously without a break.

This means that an error correcting block is a block of
one 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 fornmed between

consi deration of random access recording characteristics.

Usi ng

bl ocks in
i nki ng

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

simpler and | ess expensive hardware than in a data fornmat

Wi t hout

| i nki ng.

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,
Consi deration will now.,be given to a.reprodyction- only disk and a
gﬁ& Rg %F?Esésg LafE™P¥pe of disk. For
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recordi ng
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exanple, the reproduction-only disk is a DVD-ROM and the recordi ng and

r epr oduci nFOHrEE i8I PHIBKRAM or the like. Alternatively,

t he

reproduction-only disk and the recording and reproducing disk are the
above- ment i oned hiighctehsi @ yligkERY (DG . may Repr bATREd oRCEvRPAti 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 literature, for example.
[ First Patent Literature]
U.S.Patent No. 5,528,569
[ Second Patent Literature]

U.S5.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

reproduction~only disk is a DVD-ROM and the recording and

repreducing 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
disk without linking and the recording and reproducing disk with Iinking,
for exanple. Specifically, a reproducing apparatus supporting both disks
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 .js, burdens on
configuration of FFerodppateR L%OI%EP%t¥}?£JrJeta%é%e1iV6e%i‘?&%f% ‘i’%et%e
conmpatibility. Accordingly, there is a proposition that the format of the
above- ment F8R€dtHPEhideAsA} r8Fsk TRf CPRRAY Hyl L b eass Aerasete
reproduction-only disk, for exanple. However, when |inking is provided for
t he reprodiibenod- 6aty arsRngRBeatdayatrs (debrdéarBypténBdsseds pits as the
above-nentioned high-density disk, for exanple, the follow ng problens
occur. A rbwtiweabl shedi skpasduhéihhnghndendisy ditkonhslankgneoardf or med
thereon in a spiral shape, and has phase 5 change marks recorded and
r epr oducedtakomgebhleiggoend. 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, synchronizing circuits, firmware and
the like for the repreoduction-only disk and the recording
and reproducing disk, and switch between the two similar
pieces of hardware or software according to a disk to be
reproduced. That is, burdens on configuration of the
apparatus are 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
reproduction-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



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 1 /10 ( 26 = |l aser wavel ength) fornmed thereon to reduce
medi a noi se. 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, from a viewpoint of the tracking servo, it is desirable to form
pi ts about CRPBIGeBFTKSr TECRTER 806l TeBFOHHESHuShOPEl FPSi gRAPYSLt s
therefore difficult to determne conditions _for formng the ROM di sk when
the tracki ng servBPlis®nfra¢khEnpushr il 1O stphY +358r pkedithddterm. the
addition to the nmethod using the push-pull signal, a DPD (Differential
Phase Det eSEPONE,mat fg@cksnakgswRrasianataéricngdebor BrgRaPLdet ection
nmet hod. A DPD signal becones high in level by pits of a depth of ~ /4, 6
whi ch is tBégsade isongedi.on as for the reproduced RF
Consideration will be given to a reproduction-only

disk (hereinafter referred to as a ROM disk) having

embossed pits formed with the same density and the same

data format as those of the rewritable disk.

The rewritable disk has a shallow groove of about
A/10 (X2 = 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 41/4 deep on
the ROM disk.

However, from a viewpoint of the tracking servo, it
is desirable to form pits about A /8 deep for a high level
cf the push-pull 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 tc the method using the push-pull
signal, a DPD (Differential Phase 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,



signal. The DPD signal is therefore desirable for the ROM disk. Thu

using the

conpati bi

S,

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 sign
| evel when pit patterns of adjacent tracks are the sane. In this case,
i nking areas on the ROM di sk which areas are set in consideration

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

i nptended for PLL synchroni zatiqn angaprotection of _record
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are perforned in bl ock

PLL

processing or the like. In the case of the ROM di sk provided wth_linking
areas in c8adn@ératThn BFDsut®nal chipbhebefrry dpthrapke FotrFhankMdi sk,
when linking areas are aligned with each other on adjacent tracks,
patterns ofiisfe aBlBeendsingathke PRDt RbINPhrasS ap et¥ MRk LRGeS T TRErefore, a
| evel of a DPD signal is not obtained at such a part, which
may af f ect stthsatr doki fres &PMo dipkStRmARYeOF CPHELIARVENTI ON | n vi ew of such

suffici ent

probl ens,

it is an object of the
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 consideration 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 block units are intended for PLL
synchronization and protection 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 same. Therefore, a sufficient
level of a DPD signal is not obtained at such a part,

which may affect the tracking servo.

pit



present invention to realize a reproduction-only recording nediumthat has
a data format excellent in conpatibility wwth a rewitable disk and is
al so advantageous froma viewpoint of a tracking servo. In order to
achieve this object, there is provided a reproduction-only recording
medi um wherein blocks having a main data area and a linking area are
continuous wth each other to forma data track with enbossed pits; and
main data recorded in the nain data area and linking data recorded in the
| inking area in each of the blocks are scranbled by scranbling data
generated by an__identical gﬁsten1 In this case, the scranbling data is
gener at ed §§MgAR¥a9§bﬁﬁ§e&N 8 1GY ng address information of the block as
an initial value. _In each of the blocks, the linking area is fornmed on a
front end side anfnaviedrobngushderdbleme: nhf nigada chyeat 2f tEhRati vely,
in each of the blocks, the linking area is forned on only a front end side
of the nui Préseat dnggntApnetratiepdliye inreéRERSYEtira-BRétks, the linking 8
area is formed on only a rear end side of the main data area.
recording medium that has a data format excellent in
compatibility with a rewritable disk and is also
advantageous from a viewpoint of a tracking servo.
In order to achieve this object, 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 an
identical system.
In this case, the scrambling data is generated by a
random sequence using address information of the block as
an initial value.
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 is formed on only a front end side of the main data

area.

Alternatively, in each of the blocks, the linking



According to the present invention, there is provided a reproducing
apparatus for performng data reproduction in correspondence with at | east
a reproduction-only recording mediumin which nedium bl ocks having a nain
data area and a linking area are continuous wth each other to forma data
track with enbossed pits, and main data recorded in the main data area and
linking data recorded in the |linking area in each of the blocks are
scranbl ed by scranbling data generated by an identical system The
reproduci ng apparatus conprises: reading neans for reading information

froma recordin dium | oaded into the reprqduci ng apparatus; and
decodi ng mEER& g&r%EEHFQCPPnQnﬁﬁéaiﬁﬁéFﬁﬁPﬁoﬁlﬁgaSfb§hﬁh@alpe§8Fﬁg neans to
dat a decodi ng processing and descranbling processing, and reproducing the
mai n data ®&f&-the |inking data. Further, the decodi ng neans subjects the
information read by the reading nmeans to the descranbling processing using
scranbl i ng data glfepaténgbycathanabaferbgieieet l8Rngtiagdeess i nformati on
of the block as an initial value. According to the present invention,
there is 9ppoFd@ed aa regyostgdingg appered usofore peosdochiggddasaf rom a
reproduction-only recording nmedium in which nedium

reproduction in correspondence with at least a

reproduction-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 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 an
identical system. The reproducing apparatus comprises:
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, and reproducing the main data
and the linking data.

Further, 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 wvalue.

According to the present invention, there is



bl ocks having a main data area and a |inking area are continuous wth each
other to forma data track with enbossed pits, and nmain data recorded in
the main data area and linking data recorded in the linking area in each
of the blocks are scranbled by scranbling data generated by a random
sequence using address information of the block as an initial value, the
reproduci ng nethod including the steps of: reading information froma

| oaded recording nedium and subjecting the read infornmation to data
decodi ng processing and descranbling processing using scranbling data
generated by a, random sequence using the address informgtion_of the bl ock

as an ini t PAPVig&Pue, TaRACHEEABEURPAGCPhECRRIFAPISHECARE PRSI THRING dat a.
According to the present invention, there is provided a disk manufacturing
net hod for TREREGERELEPPNGRAY repPrsddedi BRISHTY dnsKhieBoPEFAE™nedi um in
whi ch nmedi um bl ocks having a main data area and a linking area are
cont i nuousPdrlkseheripghar magngdgspaatreacRNfopmedNKiinE 28RBo3%Bd pits, the
di sk manufacturing nethod including: scranmbling main data recorded in the
mai n dat a epse&iandus| wikhngadht athesoktdedoirm ehdaltinkiragkawashby using
scranbling data generated by a random sequence using 10 address information
of the bl oekbassad phicsi,abkndalhaen dada pecbodeidngndiibke masterdabg using the
scranbl ed dat a.

area and linking data recorded in the linking area in

each of the blocks are scrambled by scrambling data

generated by a random segquence using address information

of the block as an initial wvalue, the reproducing method

including 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 segquence

using the address information of the block as an initial

value, and reproducing the main data and the linking data.

According to 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 formed with

embossed pits, the disk manufacturing method including:

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



The reproduction-only recording nmedium according to the present invention
as descri bed above has a data format in which blocks 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 perfornmed also in
the linking area, even when |inking areas are aligned with each other in
adj acent tracks, for exanple, alignnment of the same pit patterns does not
occur. BRI EF DESCRI PTION OF THE DRAWNGS FIGS. 1A, 1B, IC, and 1D are

di agranms of assistance in _explaining RUB structures of a ROM di sk and a

remﬁltablea@ﬁ§FS§cé@ﬁ&Fﬁﬁt98naﬁfeﬁﬁ@dp%ﬁﬁﬁ 6f EReipiédidht VailHGéndPEn; FIG
2 is a diagram of assistance in explaining a scranbling %sten1according
to the enbé@Fﬁ@ﬁ@lnBIQSSkBNaéﬁGrBBgaﬁélﬂﬂa@h&nﬁcéﬁm§§§ﬁs@§ ée in
explaining a data format of the rewitable disk; FIGS 4A and 4B are
di agrams of assi sThAceeproewpt beniagly ¥$¢@¥dﬁ%1@aln¢‘é¥Mtafé§tfah%i@go’¢0t he ROM
di sk 11 according to the enbodi ment; FIGS. 5A and 5B are di agrans of
assi st ancetihe pexsleaitniingeatievond dasarﬁbedaabexanpae ef dehe ROM di sk
format in which blocks having a main data area and a
linking area are continuous with each other. Therefore
the reproduction-only recording medium is suiltable 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, 1B, 1C, and 1b 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

11



according to the enbodi nent; FIGS. 6A and 6B are diagrans of assistance in
explaining a third data format exanple of the ROM disk according to the
enbodi ment; FIGS. 7A, 7B, 7C, and 7D are diagrans of assistance in

expl ai ning 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 in
expl aining address units of the ROM di sk according to the enbodi nent;

FIG 10 is a diagramof assistance in explaining a structure of the
address units of the ROM di sk according to the enbodinent; FIGS. 11A and
11B are di &FCOREIO0 &8st @@ ™eE! ai ni ng frame sync patterns and franme
sync order of the ROM disk according to the enbodinent; FIG 12 is a bl ock
di agram of a di skFdFfve Rappar aBudracebraragst of apSesbbamaRnt® and 12 FI G
13 is a block diagramof a nmastering apparatus according to an enbodi nment.
DETAI LED DESERIZFTIOY 6F SPREFERRED 8E VEREgmple of the ROM disk

according to the embodiment;

FIGS. 6A and 6B are diagrams of assistance in
explaining a third data format example of the ROM disk
according to the embodiment;

FIéS. 78, 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 explaining 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. 10 is 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 assistance 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



Description will hereinafter be made of a reproduction-only optical disk as

an enbodi nent of a reproduction-only recording nmedi umaccording to the

present invention. Description will also be nade 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

mast eri ng 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 disk,"” and the recording and

r eproduci ng opti cal diﬁé J,rwill e referred to_as a "rewitable disk." The
e

description will BbES P FHRIPOF | SR HADr Aerd MASTRUDBIFRRATFES 2.

Scranbling System 3. Data Fornmat of Rewritable Disk, 4. First Exanple of
Data For mBECEFORPM BPsRD §MP8ddBRATExanpl e of Data Format of ROM Disk, 6.
Third Exanple of Data Format of ROM Disk, 7. ECC Bl ock and Address, 8.
Sync Patterns and Order, 9. Disk Drive Apparatus, and 10. Disk

Manuf acturi ng Method. 13 1. RUB Structure The ROM di sk according to the
present enbaddPdbhD DRESRASTIAN O6B) EREFERABDaEMBPRAMENTFt abl e f or

conpatibility with the rewitable disk in the sane
Description will hereinafter be made of a

reproduction~only optical disk as an embodiment of a
reproduction-only recording medium according to the
present 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 for manufacturing the reproduction-
only optical disk.

Incidentally, the reproduction-only optical disk
according to the embodiment will be referred to as a “ROM
disk,” and the recording and reproducing optical disk
will be referred to as a “rewritable disk.” The
description 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 RCM Disk, 5. Second Example of Data Format of
ROM Disk, 6. Third Example of Data Format of ROM Disk, 7.
ECC Block and Address, 8. Sync Patterns and drder, 9.

Disk Drive Apparatus, and 10. Disk Manufacturing Method.

13



cat egory.

accordi ng

an opti cal

Description will first be nmade of structure of an RUB (Recording
Unit Block), which is a recording and reproducing block on the ROM di sk

and the rewitable disk. Suppose that the ROM di sk and the rewitable disk
to the present enbodi nent belong to the category of high-density
di sks described above as DVR disks (Blu-ray disks).

(RUB). The ROMdisk is a simlar disk 12 cmin dianeter, 14 and has

repr oduct i on- onl yTlaat BOM edbt betcetred ton By thermpsseenpiembedywentd /4 in
reproduction of the ROM disk is simlarly perforned
at a trackapi eshoot Ob32chnraddta fommar duasibyeofod. 12

dept h. Recordi ng and

data bl ock of 64 KB (kil obytes) as one

compatibility 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 belong tc 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 cocver
layer in a direction of thickness of the disk. Phase
changé marks are recorded and reproduced under conditions
of a combination of a laser (so-called blue laser) having
a wavelength of 405 nm and an objective lens having an NA
of 0.85. The recording and reproduction is performed at a
track pitch of 0.32 um and a linear density of 0.12 wu
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,

14

The rewritable disk is
disk 12 cmin dianeter, having a disk structure with a 0.1 mm
cover layer in a direction of thickness of the disk. Phase
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

l ens.. having an NA of 0.85. The recording and reproduction is perforned
at a track pitch of 0.32 gmand a linear density of 0.12 mbit with a
dat a bl ock lef RE2 RBrEkitP&Byt es) as one

change marks

recordi ng and reproducing unit

mbit with a



recordi ng and reproducing unit (RUB). In reproduction of the ROMdisk, a
DPD signal is wused as a servo error signal in a tracking servo. An RUB
which is a recording and reproducing unit of the ROM disk and the
rewitable disk as high-density disks, has a total of 498 franes forned by
adding to an ECC block (cluster) of 156 synbols X 496 franes a link area
of one frame for PLL synchronization or the like in front of and in the
rear of the ECC bl ock, for exanple. The rewritable disk has a wobbling
groove forned thereon, and the wobbling groove is a recording and
reproduci ng _track. The bbl.i ng of the, groove incluydes so-called ADI P

dat a. That%P§{%§ﬁ &&&F@goc rEhET Vsaaégnreﬁgrgﬁ a%ﬂ@ﬁeﬁﬁ 8%t ecti ng

wobbl ing information of. the roove. The rewitable disk has recording
nar ks f or mEE SeshRE Sc BRAGE %a{ﬁsmefé%aa*aléd SrarEinhdad or med by the
wobbl i ng groove. The phase change marks are recorded at a |inear density
of 0.12 ni BiEPreUstdermedh thier RpY gA sksip pipdlay)vppexsaamsei 8% Aet hod
(RLL; Run Length Limted, PP. Parity preserve/Prohibit rmr (repeated

m ni mum t taasik ot churifefgdR) K mrandea | 1 kecat edensigbl af bk U2 ch bit,

| ength of a mark is 2 Tto 8 T, and the shortest mark length is 2 T.
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 is a recording and
reproducing track. The wobbling of the groove includes
so-called ADIP data. That 1s, an address on the disk can
be obtained by detecting wobbling information of the
groove.

The rewritable disk has recording marks formed by
phase change marks recorded on the track formed by the
wobbling groove. The phase change marks are recorded at a

linear density of 0.12 ugm/bit or 0.08 um/ch bit by an
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The ROM di sk does not have the groove forned thereon, but has data

nodul ated simlarly by the RLL (1, 7) PP nodul ati on nmethod recorded

t hereon as an enbossed pit train. FIGS. 1A 1B, 1C, and 1D show structures
of RUBs as units (recording and reproducing units) of reproducing 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), CN(n), and CN(n + 1) are shown. A cluster is

a unit of K carres s to ta_are he ,RUB. .A unit

obt ai ned bgi&dglng PP|WQ#ﬁg gﬂ@& Pﬁtpng QﬁggfeBuBfié RE i%mFgﬁgrred to
herein as the RUB. Therefore % cluster address can also be said to be an
address of P&n RBEiGyi PreserXe/SRORAPLG EPEr iEepgﬁtQGBméaﬁﬁPmses 498 franes
FrmD to FronM97. In FIG 1A each RUB is shown divided into frame units.

Hat ched fr &#%88SisAen CHRLEGIENEAs OrwlBPedd Keunhat ched frames form main data

ar eas.
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 does not have the groove formed
thereon, but has data modulated similarly by the RLL (1,
7) PP modulation method recorded thereon as an embossed
pit train.

FIGS. 1A, 1B, lC, and 1D show structures of RUBs as
units {(recording and reproducing units) of reproducing
channel data.

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

In this case, RUBs at cluster addresses 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 fo the cluster of 64 KB is referred to
herein as the RUB.

Therefore a cluster address can also be said to be

an address of an RUB unit.

io



As shown in FIGS. 1A and 1B, in the case of the rewitable disk, a start
frame FrnD and an end frame Frmi97 of each RUB are frames as a |inking
area, and frames Frnl to Frmi96 are frames as a main data area. Each of
496 frames (Frnml to Frnmd96 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
frame data FD disposed so as to succeed the frane sync FS. The franme sync
FS is 30 channel bits. Main data (user data) is recorded as the frane data
FD. Each franme is 1932 channel bits including the frane sync FS of 30
channel bits. Incidentally, a franme (FrnD_or Frnmd97 in the case of FIGS
1A and 1,B) form Ag & PYRkIRgFaFealPs af sRUR 9ZCBPIERBANEPE bFFRMEA structure
within the frame will be described |ater. Three exanples of the RUB
structure SFMOh&ECREWMdiPIk according to the present enbodinent, that is, a
first, a second, and a third ROM format exanple will be described 17
later. The first ROMFIGF ndd, exa@pl BUB sishopwi ndFreded 1napdindne
Specifically, in the exanple, frames formng a linking area are added with

one frame omigach Batehédoframendfeinel Bndiagreacasndwhédeasf a main data
ares unhatched frames form main data areas.
As shown in FIGS. 1A and 1B, in the case of the
rewritable disk, a start frame Frm0 and an end frame
Frm497 of each RUB are frames as a linking area, and
frames Frml to Frm49%6 are frames as a main data area.
Fach of 496 frames (Frml to Frmd496 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 so 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 the frame
sync FS of 30 channel bits.
Incidentally, a frame (Frm0 or Frmd497 in the case
of FIGS. 1A and 1B) forming a linking area is also 1932
channel bits. A structure within the frame will be
described later.
Three examples of the RUB structure of the ROM disk

according to the present embodiment, that is, a first, a

second, and a third ROM format example will be described

17



As shown in FIG 1C, in the second ROM format exanple, first two frames of
an RUB forma linking area. That is, in this case, franes FrnD and Frnl
forma |inking area, and frames FrnR2 to Frmd97 forma main data area. As
shown in FIG 1D, in the third ROMfornmat exanple, two frames at an end of
an RUB forma linking area. That is, in this case, franes Frm496 and
Frmi97 forma linking area, and franes FrnD to Frm495 forma nmain data
area. Incidentally, in the follow ng description, frames formng a |linking
area will also be referred to as "linking frames,"” and franmes fornmng a

i n dat i f d t ‘data f " i
System A sQPRABIT ngPSyStEnt CBUA THrThe DFeleht tapuont SIFF ikt be
descri bed. Scrﬁgbling processing to be described belowis 18 performed on

a

not only f PRfe ta FD (main data: user data) recorded in franes as a nain

data area as described_ above but also data in frames as a, linking area on
the ROM di sk accoPBFhiitadlthe PR et c2MPOLF nehtamet dovnkedhetatical |y

shows a scranbling circuit. Thirty-two bits PSO to PS31 represent a
physi cal sedifiging area are added with one frame 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
example, first two frames of an RUB form a linking area.
‘That is, in this case, frames Frm0 and Frml form a
linking area, and frames FrmZ to Frm49%7 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 Frm4%6 and Frmd97
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 also be referred to as
“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



nunber. The physical sector nunber is a physical address for a sector of
2-KB data, and is 4 bytes (32 bits). Wien recording and reproduction is
performed in units of one cluster of 64 KB form ng one RUB, 32 physi cal
sector nunbers are assigned to one cluster. Fifteen bits PS5 to PS19 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
regi ster 1 based on a polynomal (D (x) = X16 + X15 + X13 + X4 + 1, and
exclusive-OR circuits (EX-OR circuits) 2, 3, and 4. SO to S15 denotes data
retained in the shift register 1. The shift register 1 shifts a value of
data Sn t oPesfprmed) opopogafRlyl ERME dgtanfPt (BpéBkIEka: (HSET0 to 14). 19
However, a value obtained via the EX-OR circuits 2, 3, and 4 is_inputted
as data SOdatRat rescrdgppési fgampat as" ¢ MdénotlasacRErPAsATedBFCrdgRE, (S15)
$ (S14) $ (S12) $ (S3) is inputted as data SO In the scranbling nethod, at
a start of akogat hutbkdsk ERUB) inofemesr agbbedinkhegdargasont 6hels is
| oaded

ROM disk according to the present embodiment.

FIG. 2 schematically shows a scrambling circuit.
Thirty-two bits PS0 to PS31 represent a physical sector
number.

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 physical sector
numbers are assigned to cone cluster.

Fifteen bits PS5 to PS19 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 +
¥4 + 1, and exclusive-0OR circuits (EX-OR 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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into the shift register I on the basis of a parallel load signal PL. In
this case, the values of PS5 to PS19 in the physical sector nunber axe

| oaded as the data SOto S14. Incidentally, the thus preset physical
sector nunmber is a first physical sector nunber in the cluster. A fixed
value "1" is | oaded as the data S15. 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 SOto S7 at this tinme beconmes a first
scranbling byte SCB. Then, data SOto S7 after an 8-bit shift becones a
next scranbling byte SCB. As shown in FIGS. 1A to 1D, there are t franmes
forming a |inki ng%%‘f’%‘ée?n PNEERUB. O % iR FRanX SR S Ryt thet £ r ane
sync is 155 bytes, and a two-frane section is 310 bytes. Suppose that the
data of 318:bpPés 4r é6ofabdtigdadsodptakisly afedl i S datWPRXFIE 030V In this
case, the scranbling circuit repeats an 8-bit shift 309 tinmes. That is,
the data SO$f'odsnoaest Beciiugd vef oFod@oag,andlat & $614¢05StSa€)the tine of
each of the 309 8-bit shifts after the |oading form scranbling bytes (SCBO
t o SCB309) $f dE3)t he dapatpedt esDgega SO.

In the scrambling method, at a start of a data
block (RUB) to be scrambled, the data 80 to S15 is loaded
inte 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 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” 1s loaded as the data S15.

The cluster number in the physical sector number is
thus preset as initial values as the data S0 to S15 in
the shift register 1. The first data S0 to S7 at this
time becomes a first scrambling byte SCB.

Then, data S0 to S7 after an 8-~bit shift becomes a
next scrambling 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

20



Then, the data DO to 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 0 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

t he data D3Q9 in.the_Linking a above-descpribed scranbling
proceSS|nggLﬂ%&ﬁgtﬁéegrﬁalﬁSFadépa%EDégﬁg E%%Qt?% S pe?Fecor’fed in the
linking area is ni fi,cant, _data, for e dat d for control or
mnageyent SCEREDITE CHOTTGt BEBEAFS 25 "Béﬁbrsga%ﬁygﬁﬁ tiBEFect 1He"
scranbling bytes (SCBO tg SCB309) to beconme the data DO to D309 of the

li nking ar &8s IR& déhkearPy towﬁﬁlétlﬁh?h tdmeasé, LPREIBEr 8RBI PAGE BYtes SCBO
to SCB309 are obtained by the 309 8-bit shifts after initial value

presettingtopfdsétt ithg frapepet gachopednros0Pr Embitinshd ftanpLsesf 155

bytes) (154 B-bit
the loading form scrambling bytes (SCBO to SCB309) for

the data DO to D308.

Then, the data D0 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 D0 to D309
1s 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 original data LDO
to LD309 to be recorded in the linking area is all zero
data, the 310 scrambling bytes (SCBO to SCB309) obtained
as 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 original data LDO to LD3092 to be recorded
in the linking area is significant data, for example data

used for control or management, the data LDC to LD309 is
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shifts) to obtain scranbling bytes (SCBO 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 value of 0 to 154. Supposing that
the original data LDO to LD309 to be recorded in the linking area is al
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 cluster of 64 KB. A scranbling byte (SCBO to
SCB2051) as data_ SO to S7 is obtained as a result of each s-bit shift.

| nci dent al IBFTafhdes Yo the FERBCSEAVEr SCEE™RRIRA RYCERYSPERP &Bctor nunber
is assigned wiithin one cluster. Since the initial value |oaded into the
shift regi SC&30P) ite reccgmmthg witter DunberP3¢hecSctadbl iRELBYt 8ESR@SCBO t o
22 SCB2051) are the sanme for the 32 sector units of 2 KB each. Suppose that
mai n data, that isncséenndléd, debaleréroblded ¢aseackhe-xBramelibidin a

cluster is RDO to RD2051. Then supposing that original data before being
bytes SCBO to SCB302 are obtained by the 309 8-bit shifts

after initial value presetting, presetting may be
performed for frame units (units of 155 bytes) (154 8-bit
shifts) to obtain scrambling bytes (SCBO 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 1LD30% to be
recorded in the linking area is all zerxo data, each of
the data DO to D154 and the data D155 to D308 is, in the
result, values of the scrambling bytes (SCBO to SCB154).

On the other hand, the scrambling circult repeats
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 (SCBO to
S5CR2051) as data SO to 87 is obtained as a result of each
8-bit shift.

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

is the same cluster number, the scrambling bytes (SCBO to
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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 0O to
2051. A synchroni zing signal (franme sync FS) is added to a franme unit of
the thus scranbled data RDO to RD2051, and then the data RDO to RD2051 is
recorded on the disk. 3. Data Format of Rewritable D sk The ROM di sk
according to the 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 r itable disk will b described. FIGS. 3 ng_3B show

ot arl s of SeBA05) o P RARHTS BBURHS 5 SpSFCEBh BBCREeR an KB and a next
RUB, that is, | i nki ng area. 23 The portion shown in the figures includes
RUBs havi f§-uster nunbers CN(n - 1), CN(n), and CN(n + 1),

respectively, as PS5 to PS19 of the above-described physical sector
nunber. As shown PRPRPES §RatoRelRUB Ras BPatat®: fFare™kla® 92k an end
frame Frmi97 as linking area frames. Thus, a _linking area of two frames is
for med bet weeprdegaiinh @ach 2-KB 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 frame unit of the thus scrambled data RDO 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 object 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 format of the rewritable disk will be
described.

FIGS. 3A and 3B show details of a pertion including
a boundary portion between an RUB and a next RUB, that is,

a linking area.
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area of an RUB and a main data area of a next RUB. The l|linking area of two
frames can be made to have various functions as an RUB buffer. For
exanple, the linking area is used for PLL clock pull-in in data recording
and reproduction. Also, the linking area can be used for automatic
adj ustment of |aser power (APC. Automatic Power Control) in data
recording. The linking area can al so serve as a buffer area to deal wth
recordi ng position variations due to recording start position accuracy.
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® RRTtiYh JrowWacH ridorif T shitPoinras i &hifted from
a specified start position by random channel bits to avoid excessive wear
of the di sRaveagrglupeer PHBPEFAKFNGNared) cahlbe) useddaSNant &npdral  buffer
area for time-requiring processing such as waveform equalizing processing
and Viterbredpecdinglypr ageBEPngoaPSaot Phetbe pbpreddesrbhbefior exanpl e.
Further, the linking area can be used for |aser power APC at  a tine of
endi ng r ecphdsngadf sacbbockumbgs.shown in FIG 3B, a frane FrnD as a
| i nki ng
As shown in FIG. 1A, one RUB has a start frame Frm0
and an end frame Frm497 as linking area frames. Thus, a
linking area of two frames 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.
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

avolid excessive wear of the disk.
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franme at a start of an RUB has a sync S2 recorded at a position 20 channel
bits before a frame 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 S1 and the sync S2 are synchronizing signals for indicating a
start (= franme Frm) of data franes. In a portion other than the sync Sl
and the sync S2 in the linking franme FrnO, a pattern of 3T, 3T, 2T, 2T,
5T, and 5T (T is channel bit length) is recorded repeatedly. A frane
Frmi97 as a linking frane at an end of an RUB has a frane sync S3 recordeéed
at a start of the_franme, and subsequently has a 9T pattern recorded Si X
times as infornefRERNEHr ThE LRRKHRD aRF @RHICHE lﬂ%tlés?ﬁiafh%sa PR PER L ot her
portion, a pattern of 3T, 3T, 2T, 2T, 5T, and 5T is recorded repeatedly.
Data framedufdes GG €& #8In taAREa TREBATANE PrafresSA6IFFHENt 8SFr mi96. A frane
sync FS is recorded at a head of each data frane. Though franme sync
patt er ns wiwaveferde sciiaBdd ingt procegsiingnengyNétetrba dygaedpadtern FSO i s
recorded in the data frane Frnl, and a frane sync of a sync pattern FS2 is
recorded i prooesgdng hmaaetﬁmﬁngﬁ,raprguuwmibn,FEGE 8BamPhe.nmi n data area
of the frames FrmlL to Frm96 has
Further, the linking area can be used for laser
power APC at a time of ending recording of a block.
As shown in FIG. 3B, a frame Frm0O as a linking
frame at a start of an RUB has a sync S2 recorded at a
position 20 channel bits before a frame sync FS0 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
82. The sync S1 and the sync S2 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 ¥Frm0, 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 83 recorded at a start of the frame,
and subsequently has a 9T pattern recorded six times as
information for indicating an end of data frames. In the
other portion, a pattern of 3T, 3T, 2T, 2T, 5T, and 5T is

recorded repeatedly.

Data frames forming a main data area are frames
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32 2-KB sectors recorded therein, the 32 2-KB sectors being scranbled by

t he above-described scranbling circuit by scranbling 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 FrnD to Frmd97 formng the RUB 1is

formed by 1932 channel bits including 30 channel bits of the frame sync FS

after nodul ati on. The scranble as descri bed above is perforned to prevent
a worst pattern difficult to detect from continuing in nodul ated patterns
on the rewitable disk. 4. First Exanple of Data Format of ROM Di sk FI GS.
4A and 4B Ehowﬁ f%rst‘lggxarrple of a ROMformat. As in FIGS. 3A and 3B, a
portion sh i i°FFE8*”2A and 4B includes RUBs havi ng cluster nunbers CN(n
- 1), 26 CN(n), and_CN(n + 1) (PS5 to PS19 of physical sector nunbers),
respectively. As 4 stEREg § i FIescandeqd pt e 153310F Fart daba@npl e,
one RUB has a start frane FrnD and an end frane. Frmi97 as_linking franes.
Frames FrnfreBerr nisugl ef 1R SYRAnRAL FRFRF ngl bl nfa® ndestalaeeal2thlis, the

linking area of. the two frames is formed between a main data area of an
RUB and a BafBzfat avaFegaf a sync pattern FS0 is recorded in the

data frame Frml, and a frame sync cf a syﬁc pattern FS2
is recorded in the data frame Frmd496, as shown in FIG. 3B.

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 above-described scrambling circuit
by scrambling bytes SCB0O to SCB2051 cbtained when the
cluster number is set as a preset value (shift register
initial value).

Each of the frames Frm0 to Frmd97 forming the RUB
is formed by 1932 channel bits including 30 channel bits
of the frame sync ¥S 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 Data Format of ROM Disk

FIGS. 4A and 4B show a first 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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of a next RUB. As shown in FIG 4B, the frane 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 Ilinking frame at an end of the RUB has a sync S3
recorded at a head position of the frane. In addition to the sync S4 and
the sync S3, linking data DOto D309 is recorded in the linking franes
FrmO and Frnmd97. In this case, the linking data DO to D154 is recorded in
the linking franme FrmO and the linking data D155 to D309 is recorded in
the linking frame Frm97. As described in the scranbling system the

| i nki ng data to D309 is r | ed b e scranbling circuit in FIG 2

by scranblFde5§;€§dS€§éPt6 g%ngg5ogPa¥ﬁg§ eﬁﬁyﬁécaglﬁgngrnunber is set
as a preset value (shift register 27 initial value). Supposing that

original d3HPEFSde CEAPEFEedSlito the linking data is all zero data, the

scranbling bytes SCBO to SCB154 are recorded as they are as the data DO to
D154 in the Iinkif§ ipapbsEr fPWAnEnt hECsctAnblPngPBytESt SERIBAL t 0 SCB309

are recorded as the data D155 to D309 in the linking frame Frnd97.
| nci dent al Iegamsien e FUEsbesyval §éars dpgaecedri@r and an end frame

Frmd497 as linking frames. Frames Frml to Frm4%6é are data
frames forming a main data area.

Thus, the linking area of the two frames 1s formed
between a main data area of an RUB and a main data area
of a next RUB.

As shown in FIG. 4B, the frame Frm0 as the linking
frame at a start of the RUB has a sync S84 recorded at a
head position of the frame. The frame Frm497 as the
linking frame at an end of the RUB has a sync 83 recorded
at a head position of the frame.

In addition to the sync S84 and the sync S3, linking
data DO to D309 is recorded in the linking frames Frm0
and Frm497.

In this case, the linking data DO to D154 is
recorded in the linking frame Frm0O, and the linking data
D155 to D309 is recorded in the linking frame Frm4S7.

As described in the scrambling system, the linking data
D0 to D309 is scrambled by the scrambling circuit in FIG.
2 by scrambling bytes SCB0O to SCB309 obtained when the

cluster number is set as a preset value (shift register
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frame units in the scranbling processing as descri bed above, the |inking
data DO to D154 and the linking data D155 to D309 are each scranbl ed by
the scranbling bytes SCBOto SCB154. Data frames formng a main data area
are frames Frml 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 frane Frml, and a frame sync of a sync pattern FS2 is
recorded in the data frame Frmi96.. The nain data area of the frames Frml
to Frmi96 has 32 2-KB sectors recorded therein, the 32 2-KB sectors being
scranbl ed hy .the.scr nbllng circuit in FIG 2 by scranbling bytes SCBO to
SCB2051 obt%‘ijﬁé‘&lvﬂ cl uster nunber is set as a preset value (shift
regi ster 28 |n|t|§ vaI ue gach the frames FrnD to Frrm(g formng the
RUB is formed by°18B95{RAnhRATLPTSIFART ud?hy 30 %ﬁaﬁ?@’eﬁ: 116‘f°the franme
sync FS after nodul,ation. Such a ROMformat having linking areas is

advant ageo(rds i ifdimg G éoﬁ‘ﬁatallﬁl Zery WeER t HEC PERAIPaBPE BYSRS

Speci fi cal Isy, the ROM format is advantageous for desi %nl ng a reprodu0| ng
appar at us BO to SCB1l54 are recorded as they are as the data

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 preset wvalue is updated for
frame units in the scrambling processing as described
above, the linking data D0 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 recorded at a head of each data
frame. As shown in FIG. 4B, a frame sync of a sync
pattern FSO0 is recorded in the data frame Frml, and a
frame sync of a sync pattern FS2 is recorded in the data
frame Frm496.

The main data area of the frames Frml to Frmd496 has
32 2-KB sectors recorded therein, the 32 2-KB sectors
being 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
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supporting both the rewitable disk and the ROM disk, and is suitable for
sinplifying the apparatus and reducing cost of the apparatus. In addition,
frames within RUBs including linking areas are scranbled by scranbling
byt es generated by a random sequence with each physical sector nunber
(cluster nunber) as an initial value. Therefore the scranbled franes do
not formthe sane data streamas in an adjacent track, so that a highly
accurate DPD signal can be obtained. The ROMformat is thus suitable for a
tracking servo using the DPD signal. Further, linking frames and data
frames w thi re scranbled by scranbling data generated by the
sane syste%quﬁgg ﬁggugefanbling bytes SCB generated wusing the cluster
nunber as an initgal ence to FIG 2. This

valLu a described with e
elimnates the 29 ﬁ%@dokofh%rgg?ﬁ?ﬁg KB a?%t%r%égg PIRYDr oRe s g
circuits or, separate.descranmblin rogessing.circuits for linking areas
and main d&ﬁa%ﬁFggg,b§n3592u§hﬁ€%@g gﬁtspéggﬂﬁgénﬂo39iﬁBPPF?lCPFEgit
configuratiaon. Further, because of the sync S3 and the sync S4, a sync

pattern oc®dr $PeeddPBE $YPR é5chRItPENBOSBAELAAN I egar dl ess of whet her the

frame section includes a linking area, The ROMformat is therefore
advant ageous 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 sgrambling 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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for frame synchroni zation protection and frame synchronization pull-in. In
the case of the ROMdisk, 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 perfornmed properly because a sync
pattern occurs regularly in each frame section. That is, the ROMformat is
advant ageous 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 occurs can be used as rotational speed
information. 5. Second Exanple of Data Format .of ROM D sk FIGS. 5A and 5B
show a sec®f§%eXefpPe oy ddnRORPPEFREE. SSOREILRIFPESCEFALRAD 4B, a portion
shown in FIGS. 5A and 5B includes RUBS _having cluster nunbers CN(n - 1),
CN(n), andCENCHRiFs1Pr( PSpargtpSigseraphyingaProeee6inngabersys for
respectively. As is also shown in FIG 1C in the second format exanple,
first tw fliarasgrayeagn@ncr melof defe RUBagreand fkuggmpkgsest Franes FrnR
to Frmi97 are data frames forming a main data area. Thus, the |inking area
of the twopbssmbde ¢of eimpdify circuit configuration.
Further, because of the sync S3 and the sync 54, 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

rotational speed information is obtained on the basis of

sync detection. This can be performed properly because a

sync pattern occurs regularly in each frame section. That

is, the ROM format is advantagecus 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. 5A and 5B show a second example of a ROM

format.
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between a nmain data area of an RUB and a main data area of a next RUB. As
shown in FIG 5B, the frane FrnD as the linking frane at a start of the
RUB has a sync S3 recorded at a head position of the frane. The next
linking frane FrmlL has a sync S4 recorded at a head position of the frane.
In addition to the sync S3 and the sync S4, linking data DOto D309 is
recorded in the linking franes FrnO and Frnil. In this case, the |inking
data DOto D154 is recorded in the linking frane FrnD, and the |inking
data D155 to D309 is recorded in the |inking frane Frml. As described in

h bl I DO to ' d th
Scranbl g ci roudei e Bres: o06,A0 Aol @owfgg 4 (4 SRS Bt ai ned
wh 31 th t t t hi ft t
"nitial varBe) SPSIBROLRRG Bh%ﬁsﬁ vaPRaPLUaE e, BUBBeEBnOMPed KAto 1 he

| i nki ng data | Z al | ero dat a e _scranbling bytes, SCBO to SCB154 are
recorded aSMNiRdy &rd 58 (Pnd &gtéPﬁé t8 P§1§4°ﬁnPPH§1FPﬁkFﬁStPFane FrnD, and
the scranbling bytes SCB155 to SCB309 are recorded as the data D155 to

D309 in tRETPRAERI) mg TEERAETENALY -1 nci dental |y, when the preset value is

updat ed for .
As is alsc shown in FIG. 1C, in the second format

example, first two frames Frm0 and Frml of one RUB are
linking frames. Frames Frm2 to Frm497 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 area
of a next RUB.

As shown in FIG. 5B, the frame Frm0 as the linking
frame 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 S4 recorded at a head position of the frame.

In addition to the sync S3 and the sync 54, linking
data DO to D309 is recorded in the linking frames Frm0
and Frml.

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

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

FIG. 2 by scrambling bytes SCB0O to SCB309 obtained when
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frame units in the scranbling processing as descri bed 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 frames formng a main data area
are frames FrnR2 to Frm97. 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 FSO is
recorded in the data frane Frn2, and a franme sync of a sync pattern FS2 is
recorded in the data frame Frmi97. The nmain data area of the frames FrnR
to Frmi97 has 32 2- KB sectors recorded therein the 32 2-KB sectors being

scranbl ed ranblrn ci.rcui t bytes SCBO to

S0E2081 obt e T PalEs” A i Erore B aRIRe 4 Bpieket val o (Shi f
regi ster |n|t| va ch of the franmes FrnD to Frn497 form ng the RUB
is forned gﬂé%? Héﬁﬁéilbrﬁg Scl udi ng 30 channel bits of the frame sync
FS after nDduIatron The second ROM f ormat exanpl e can provi de the sane

effects as the fi PSPPROMBoFREF EﬁéﬁﬁpéldggEﬁlE@dbﬁbSQ%VeBte#hF?HoExanple

of Data Format of ROM Di sk FIGS.. 6A and 6B show a third exanple of a ROM
the linking data is all zero data, the scrambling bytes

SCBO to SCB154 are recorded as they are as the data DO to
D154 in the linking frame FrmO, and the scrambling bytes
SCB155 to SCB30% are recorded as the data D155 to D309 in
the linking frame Frml.

Incidentally, when the preset value 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
FrmZ to Frm487.

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 FS2 1is recorded in the data
frame Frm497.

The main data area of the frames Frm2 to Frm4%7 has
32 2-KB sectors recorded therein, the 32 2-KB sectors
being scrambled by the scrambling circuit in FIG. 2 by

scrambling bytes SCB0O to SCB2051 obtained when the
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format. As in FIGS. 5A and 5B, a portion shown in FIGS. 6A and 6B includes
RUBs having cluster nunmbers CN(n - 1), OCN(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 frames Frmi96 and Frmi97 of one RUB are
i nking frames. Franmes FrnD to Frnd95 are data frames formng a nmain data
area. Thus, the linking area of the two franmes is forned 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 Frmi96 as the linking franme in the RUB has a
sync S3 regg&dgd at %g a head position_of %he %ran?. ng next Linking franme
Frmi97 has fyﬁg BPetorded®at 23 ﬁeBEeSS i YFoh®o Spﬁ FrEME™Sn addition
to the syng Sﬁ.a&d tge ync S4, linking data DOto D309 is recorded in the
li nking frafeStBrmié ueind Frmi97. In this case, the linking data DO to

D154 is recorded_in the linking frane Frmi96, and the |inking data D155 to
D309 i s recorded %ge h%g Wﬁ%i%@grﬁ?%n%r rm?’-*?rm%£7 deRErMMRI R R

scranbl i ng system the Iinkin% ) _ _ )
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 sane

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.

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 PS19 of physical sector
numbers), respectively.

As 1s also shown in FIG. 1D, in the third format
example, two end frames Frm496 and Frm497 of one RUB are
linking frames. Frames Frm0 to Frm495 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 area
of a next RUB.

As shown in FIG. 6B, the second last frame Frm4%6

as the linking frame in the RUB has a sync 83 recorded at
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data DO to D309 is scranbled by the scranmbling circuit in FIG 2 by
scranbl i ng bytes SCBO to SCB309 obtai ned when the cluster nunber is set as
a preset value (shift register initial value). 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 DO to
D154 in the linking frame Frmi96, and the scranbling bytes SCB155 to
SCB309 are recorded as the data D155 to D309 in the |inking frane Frnm97.

I ncidental |y, when the preset vaI ue is updated for frame units in the
scranbl i ng pé ssing,as d%% g above, the Ilnﬁv_‘n]? data DO to D154 and
the 1inkind PBEEE1PH §Dgr LTEREN sErANDBFEY HE scréfdl i ng bytes
34 SCBO to SC8154 Data frames formng a main data area, are frapmes FrnD to
Frmi95. A FrEfe’ sf}ﬁé‘ BRSSYECY ééoF&@Hréﬁd ake&dn6RdeREA1HAPR Ofr &fB. As shown
in FIG 6B a frame sync of a sync pattern FSOis recorded in the data
frane FrnOfraR&-a frame sync of a sync pattern FS2 is recorded in the data
frame Frnd95. The main data area of the franmes FrmO to Frn49.5 has 32 2-KB
sectors recorded fher@dhtiemeta2tize kByRecEdrand the sync 84, linking

data DO to D308 is recorded in the linking frames Frm496
and Frm497.

In this case,.the linking data DO to D154 is
recorded in the linking frame Frm496, 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 SCB0O to SCB309 obtained when
the cluster number is set as a preset value (shift
register initial wvalue).

Supposing that original data to be converted into
the linking data is all zero data, the scrambling bytes
SCBO to SCB1l534 are recorded as they are as the data DO to
D154 in the linking frame Frmd496, and the scrambling
bytes SCB155 to SCB308 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 described
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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bei ng 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 val ue
(shift register initial value). Each of the frames FrnD to Frnd97 form ng
the RUB is forned by 1932 channel bits including 30 channel bits of the
frame sync FS after nodul ation. The third ROM format exanpl e can provide
the same effects as the first ROMformat exanpl e descri bed above. 7. ECC
Bl ock and Address As described above, the present exanple uses an address
val ue of a physical sector nunber (cluster nunber) as an initial value for
obtaining a _scranbli ng 35 byte. Accordingly, a structure of an ECC bl ock
and addres§88 &Pl FCBd>described in the following. FIGS. 7A, 7B, 7C, and 7D
show an ECC format for_ main data (user data %ﬁ. As ECC (error correction
code), there are Pabachawges foEning a |Gy | e Beames coaleF or main
data of 64 KB (= 2048 bytes per sector X 32 sectors) formng one cluster
and BI S (bdrs0 itedFeatt8b.subcode). The mamin 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 B is atldédane symcseStos véc@dd8d Bt a head of each data

frame. As shown in FIG. 6B, a frame sync of a sync

pattern FSO is recorded in the data frame Frm0O, and a

frame sync of a sync pattern FS2 is recorded in the data

frame Frmd95.

The main data area of the frames Frm0 to Frmé495 has

32 2-KB sectors recorded therein, the 32 2-KB sectors

being scrambled by the scrambling circuit in FIG. 2 by

scrambling bytes SCB0O to SCB2051 obtained when the

cluster number is set as a preset value (shift register

initial wvalue).

Each of the frames Frm0 to Frm4%7 forming the RUB
is formed by 1932 channel bits including 30 channel bits
of the frame sync FS after modulation.

The third ROM format example can provide the same

effects as the first RCM format example described above.

7. ECC Block and Address
As 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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of the main data, and LDC is encoded for the 32 sectors. The LDCis an RS
(reed solonon) (248, 216, 33) code with a code length of 248 synbols, data
of 216 synmbols, 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 synbols, data of 30-,synbols, and a

di stance of 33 synbols. There are 24 code words. FIG 8 shows a frane
structure of the main data. The LDC data and the BIS formthe frame

t t h re, ec cally, _d BLS (1 B dat a
?3gu%)?rgl ig% hgag 81 gyB) Ey%ﬁhfﬁ gn%nagﬁg( g ?%Sa aﬁe a%ranged
per frane to forn1a strgp of 1 one frame is formed by

t
data of 383RIKEFSSS Vids) ﬁ&r%%§doﬁnllga ﬁQiPPgdnﬁetmeen each 36 B. A

frame sync FS (fr Sy chr ni z Si osed at the head of one
frame of 155 B. O%gsﬁro‘ﬁ‘ hg@ Z ??grrzg SlT‘F\‘éi %t%‘ﬂ’f&% a*®ofh, a 2 -d'
... even-nunhered code mord placed inaOth, a2d ... even- nunber ed
frame and™@ifs@atz Jpger datagddd- nunbered code word placed in a 1st, a

3rd, ... odd-nunbered frane. _
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 indicator subcode).

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 B is 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 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 other hand, BIS is ECC-encoded as shown in
FIG. /D for data of 720 B shown in FIG. 7C. Specifically,
the BIS is an 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. B 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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BI' S uses a code nuch superior to the code of LDCin correction capability.
Alnost all errors are corrected. That is, a code with a distance of 33
synbols for a code Ilength of 62 synbols is used. Thus, BIS synbols when
errors are detected can be wused as follows. In ECC decoding, BISis
decoded first. Wien two adjacent to each other of BISs and a franme 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 nake

poi nt er er;gére correction. There correction capabilité ca ES enhanced
as 37 conparéd Bli e & GHreReEsh PaSi Ad a8 oL BEITBPSSIERECHYES Rbdrass
information and the like. The address is used when there is no address

i nf or mati ol -i nThekelfor anef faampbbei AHrYLEobE, dataielt BB Bafedwi OF the ROM
disk in this exanple or the like. In the main data block structure of FIG
8, address 13¢niBs a@e Bl wéd 1aB dmewstied begvegn sg&di £i8cBlly, in the main
data bl ock, 16 address wunits "0" to "15" are formed. One address unit
conprises 31 frafesrame sync FS (frame synchronizing signal} is

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

The LDC data has a 0™, a 27, ... even-numbered
code word placed in a Oﬂﬂ a 2“% ... even-numbered frame
and a 1°%, a 3™, ... odd-numbered code word placed in a
15%, 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. 1In
LDC, this error pointer is used to make pointer erasure
correction.

Thereby correction capability can be enhanced as
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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 formed 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 O 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 initial value in the scranbhling circuit of FIG 2. Thus, in
reproduct | GOMPEEEEr ¥AHD FRGrpREELSEI H§LNg Opdif &PRed using the cluster
nunber in the physical sector 38 nunber to reproduce the nmain data. FIG 10
shows address uni BESahachddeesaddresssinforpaysee atndeklidrlhkdbersd ncl uded
in Bl Ss as described above. In the main data block of 64 KB, 16 physical
sector numideiresgr dssasely whiss theggdiessoundrisesg” ingoTrstiogadh addr ess
unit conprises 9 bytes of address fields (AFO, S) to (AF8, S) (where Sis
0 to 15). The £ount ef of vattbiesny Birelde, ( AB01sSEheocgaR3wish thepresent a
4- byt e physical sector nunmber as descri bed
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 physical sector number
as address information and error correcting information
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
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
unit are indicated simply by numerals 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
used as an initial value in the scrambling circult of FIG.

2. Thus, in reproduction, descrambling processing is

performed using the cluster number in the physical sectoxr
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above. (AFO, 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 frame sync FS is recorded at a head of each of 496 data
frames. A sync S3 and a sync S4 are recorded in linking franmes. For
addressing within the main data bl ock, the 496 franes of the RUB are
divided into 16 address units 39 (physical sectors) of 31 franmes each, as

descri bed abgég. tBy detegﬁingﬁ% patterg ﬁf a frame sync FS, a frame nunber
(0 to 30) OFTE&ENGF TSPTPPHMES MRt APAPaCBhifsi cal  sector can be detected.
Thus, addresses of _fra units an be defected. That is, _an address of a
frame unit withi hlat ggcﬁlﬁo‘ﬁé FBLEF PR AR AP U 4RER DT AR Shd frane
nunber. As shown in FIG 11A _seven Sﬁnc patterns FSO to FS7 are defined
as sync paPtesisalssgciers pymbespndgacidedndnsPhes 83 drgcsabedach of the

sync patterns FSOto FS7 conprises a
above.

In the main data block of 64 KB, 16 physical sector
numbers are set by the 16 address units “0” to “15.7

Each address unit comprises 9 bytes of address
fieilds (AF0, S) to (AF8, S) (where 8 is 0 to 15).

The 4 bytes of address fields {(AF0, 8) to (AF3, 8)
represent a 4—byte physical sector number as described
above. (AF0, 8) is on an MSB side, and (AF3, S) is on an
LSB side.

The address field (AF4, 8) is flag bits.

The address fields (AF5, 8) to {(AF3, S) are RS (9,
5, 5) parity. The address fields (AF0, S) to (AF4, 8) are

RS (9, 5, 5) data.

8. Sync Patterns and Order

As described in each ROM disk format example, a
frame sync FS is 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 block, the 496

frames cof the RUB are divided into 16 address units
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mai n 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,

t he-.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 the rule RLL (1, 7) PP mdul atjon. 40 The sync
ot erno FoBTES 1Pat SREVORG t A ShnE-SYRE S3Ghy. 28 GoMFLtPROUFLHER 1 om
each other by sync ID. A physical sector as a_unit of 31 franes in a nain
data bl ock of an RUBIRERCEHE paRRrHe FEh 7 of B e S asd st in FI G
11B so that the 31 frames can be identified by framne sync FS. Since seven
kinds of sPHBEDBaEt t8r §8 aPe RSt eashf PEcBénfraBesdeathiy) BhBh3$iFRANes, the
seven kinds of franme syncs FS (FSO to FS6) are arranged in predeterm ned

order, so BR&tod tranbe getgenerti cthby, 2ddRdsHRE i ©h Brame Wirkleedi ng frame

sync and a succeeding franme sync.
can be detected. That is, an address of a frame unit

within data can be obtained as an RUB/sector number and
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 S54.

Each of the sync patterns FS0 to FS7 comprises a
main body (sync bedy) of a 24-bit pattern out of rules of
RLL (1, 7) PP modulation and a sync ID of 6 bits as
identifying information.

The sync patterns are defined by modulation bits.
“*1” shown in the bit examples of FIG. 11A denotes signal
inversion. Before recording onto a disk, such a frame
sync code 1s 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 # satisfies the rules of

RLL (1, 7) PP modulation.
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As shown in FIG 11B, a first frame (frame nunber 0) of each physica
sector has a sync pattern FSO. The sync pattern FSO is unique wthin the
physi cal sector, thereby making it easy to detect a head of the physical
sector, that is, the address unit. That is, the sync pattern FSO is 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 consecutive frane
syncs are detected it is possible to detec# osition of the frames
within the addresSP@nfynec alherrfiEaf 1o BS ta%%y ehe nSTRH HEC
identified, froma conbination of a sync pattern of the frame nunber n and
a sync pat tbe:da{roerenelettleeaﬁehﬁanﬁépgl gachiother by sync 3D.and n - 4. For
exanpl e, supposing that a frame nunber of a present franme is 5 (fifth
frane), even whenfPRAyeigghcsecrsr (£512 bt aRd3FSByames alpja ghainy second,
and a third franme preceding the fifth frame are lost, the present frane
can be identeitki &dogk kdviang RUBe hBsagyneupbéitesnsr HF0 éofféﬁemeyﬁ@dFS (FS3)
of a fourth frame imrediately preceding the fifth frame and a frame sync
FS (FS1) ofs shown in FIG. 11B so that the 31 frames can be

identified by frame syﬁc Fs.

Since seven kinds of sync patterns are not
sufficient to identify the 31 frames, the seven kinds of
frame syncs FS (FS0 to FS6) are arranged in predetermined
order, so that a frame is identified by a combination of
a preceding frame sync and a succeeding frame sync.

As shown in FIG. 11B, a first frame (frame number
0) of each physical sector has a sync pattern FS0. The
sync pattern FSO0 is unique within the physical sector,
thereby making it easy to detect a head of the physical
sector, that is, the address unit. That is, the sync
pattern FSO is used to detect the position of a physical
sector number.

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

In this case, a sequence of sync patterns of any
five consecutive frame syncs is unique. When two of five
consecutive frame syncs are detected, it is possible to

detect the position of the frames within the address unit.
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the present frame (fifth frane). This is because the sync pattern FS1
cones next to the sync pattern FS3 only in a specific position in FIG

11B, that is, the frane 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

FI GS. 6A and 6B, syncs S3 and S4 are recorded in linking frames. The sync
pattern FS7 is used for the sync S3, and the sync pattern FS2 is used for
the sync S4. Incidentally, for the syncs Si, S2, and S3 shown in FIGS. 3A
and 3B in the case of the rewitable disk, the sync patterns FS4, FS6, and

FSO are used, respectivel In the first, second, and third f or mat
Examal os a5 n £ oBebhATRAE S et SRR Oh eaf Or ) teE TR ARA 6D, al|

sequences five consecytive frame syncs are not ni que when the |inking
oy T i g, GORBTEE Loty O 8 R AN GSTRET A & TESPERRITESS as 't he
syncs S3 and S4, respectively, a sequence_of any four consecutive _frane
syncs is uf Gi¢ QAR?Qﬁe%hnﬁfdﬁﬁ%éﬁ%tf@%@?r WEPeEy s ate Befeéted, it

is possible to detect the position of the frames within the linking area
and the addyess’r @4 1 9. 4Bi sk Drive Apparatus A disk drive apparatus

capabl e of performng
For example, supposing that a frame number of a

present frame is 5 (fifth frame), even when frame syncs
FS (FS1l, F52, and F383) of a first, a second, and a third
frame preceding the fifth frame are lost, the present
frame can be identified as having the frame number 5 from
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 is because the sync
pattern FS1 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 sync S4.

Incidentally, for the syncs S1, S2, and S3 shown in
FIGS. 3A and 3B in the case of the rewritable disk, the
sync patterns FS4, FS6, and FSO are used, respectively.

In the first, second, and third ROM format examples
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recording/reproduction of a disk 1| as a ROMdisk or a rewitable disk as
descri bed above wil|l 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 tinme 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

disk. 43 In the case of the rew.itable disk, the aptical picku reads
ADI P i nf or &t iFdF5and?dicde 486 o HESi- onPe ABEd A8 dipkéggriﬁ BFga%éroove

track. At the time of recording on the rewitable disk, the optical pickup
records datdlasesescech&igd ik KENSRCUtRTSEEETE SYRER. 2ESr ABE within the
optical pickup 51 are: a laser diode serving as a |laser |ight source; a
phot odet ectigd aueomwhea: &g Agnkdfdedred Pisghnclydeghj eBpVoEeTenkYat an
output end of |aser light; and an optical system (not shown) for
i rradi at i ngisd nde ddvedisnygos peftacenet FiSHe agids [E'S 2wiash thige slyasér SI3i ghd vi a t he
obj ective |l ens and gui ding

S4, respectively, a sequence of any four consecutive

frame syncs is unique. When two of four consecutive frame

syncs are detected, it is possible 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
rewritable 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
the figure, and is driven by a spindle motor 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 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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the reflected Iight to the photodetector. The | aser diode outputs a
so-called blue laser wwth a wavelength of 405 nm An NA of the optical
systemis 0.85. The objective lens within the pickup 51 is held by a

t wo-axi s mechanismso 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
radi us of the disk by a sled nmechanism 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 photodetector detects information as the |ight
reflected fromthe disk 1, converts the infﬁrnagion into. an IecE iC
si gnal corF@sﬁBﬁdFﬁéetSftﬁ@eaﬁﬁﬂﬁﬂtéplﬁiGHF rr &88i QBEChdPLRERPS gplies
the electric signal to a matrix circuit 54. The matrix circuit 54 has a
current - voreage AP3Rvanspsnatipaupnd dimkt AnkCERRrELPEL PBRAEABR £Bcati on
circuit and the like for output currents froma plurality of |ight

recei ving &¥Pbheang af eherphgeoderéétor. The matrix circuit 54 generates

necessary signals by matrix calculation processing. For exanple, the
matrix circuit 54Ageheeatimeacf recording on the rewritable disk,

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
shown) for irradiating a recording surface of the disk
with the laser light via the objective lens and guiding
the reflected light to the photodetector.

The laser diode outputs a so-called blue laser with
a 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 movable in a tracking
direction and a focus direction.

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

The laser diode in the pickup 51 is driven by a
drive signal (drive current) from a laser driver 63 to

emit laser light.

44



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

N Rub 21, '?ﬁLdreQ%ﬁ"%%aéhﬁa ot drt et T eomatiot ™ %?%ﬂ?fe?riﬂ.et 54

is supplied ﬁ a_rea er/mﬁ te # uit 55; the focus error nal and the
tracking erdi e§F&ﬁa TORy & §u6&? edt GORVEEESo LREr &N Pr@ftlaﬂd Phe
push- pul | S|gnal as wohbling groove detecting information is supplled to

a wobbl e c@PcﬁlPC§§1CTﬁégPéédéPF%PPPQPdéPHCGPtt§§ 8npPeét 8t RdIhEfepr oduced
data signal to binarization processing, reproduced clock generation
proceSSIHQIEFeéVPQL and then supplies the electric signal To a

matrix circuit 54.

The matrix circuit 54 has a current-voltage
conversion circuit, 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
calculation 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 signal for servo 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 DPD signal, for example, as the
tracking error signal in the case where the disk 1 is a
ROM disk.

Further, the matrix circuit 54 generates a push-

pull signal as a signal related to groove wobbling, that
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| i ke, thereby reproduces data read from phase change marks or enbossed
pits, and then supplies the data to a nodul ating and denodul ating circuit
56. The nodul ating and denodul ating circuit 56 has a functional part as a
decoder at the tinme of reproduction and a functional part as an encoder at
the tine of recording. As decode processing at the tinme of reproduction,

t he nodul ati ng and denodul ating circuit 56 denodulates a run |ength
limted code on the basis of a reproduced clock. An ECC/scranble circuit 57
perfornms ECC encode 46 processing that adds error correction codes and the
scranbl e pr.ocessing as described with reg rence to FIG 2 at the tine of
recording.lfheaEéﬁggéﬁa FedEFFERIPISYOR EFB?HB descranbl ing processing
for the scranmbling processing as described with reference to FIG 2, and
per f orms ECC decog“%c“ﬁ?%%%%%ffngtrf%rm%ti'lﬂo* CorFett i vh DAY the 19eDf
reproduction. At the tinme of reproduction, the ECC/ scranble circuit 57
captures tWet@apratBenddGkaPediby the nodul ating and denodul ating circuit

56 into an internal nenory, then perfornms the descranbling processing and
The reproduced data signal ocutputted 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,
reproduced clock generation processing by a PLL and the
like, thereby reproduces data read from phase change
marks or embossed pits, and then supplies the data to a
medulating and demcdulating circuit 56.

The meodulating 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 performs ECC encode
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error detection/correction processing, and thereby obtains reproduced
data. In the descranbling processing, as described with reference to FIG
2, the ECC scranmble circuit 57 generates scranbling bytes for data of
linking frames and data franes of each RUB on the basis of a cluster
nunber of a physical sector address obtained by an address decoder 59.
Usi ng the scranbling bytes, the ECC/ scranble circuit 57 perforns the
descranbl i ng processing for the above-described scranble processing. The
ECC encode processing and the ECC decode processing of the ECC scranbl e
circuit 57 correspond&%g 47 the ECC fornmat gsing hge RS rggd sol onon)
(248, 216, PESFeSEHEE WAl 3908dE FaAgFR*6FC2A8TsFRBE s 2 dat 8%0f 216
synbol s, and a distance of 33 synbols. The data decoded to the_reproduced
data by th&CTEBELAECPERERS SePPcart 957 CriPrealilaRd TEESRSNERTr £ £6Can2AV
(Audi o-Visual ) system 120 on the basis of an instruction froma system
control | er 30thpntife eds&em&rdnthe disk 1 is the rewitable disk, the
push-pul | signal outputted fromthe matrix circuit 54 as the signa

rel ated to groovel®bBfThAgcrambtecesseditnd’ t her iwbbs edespeamplE8I The

push-pull signal as ADIP information is subjected to MSK denodul ati on and
HWV 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 demcdulating circuit 56 into an internal
memory, then performs the descrambling processing and
error detection/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 RUB on the basis of a cluster number
of a physical sector address obtained by an address
decoder 5%. Using the scrambling bytes, the ECC/scramble
circuit 57 performs the descrambling processing 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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denodul ation in the wobble circuit 58, thereby denpdul ated into a data
streamconstituting an ADIP address, and then supplied to the address
decoder 59. The address decoder 59 decodes the data supplied thereto,

t her eby obtains an address val ue, and then supplies the address value to
the systemcontroller 60. Also, the address decoder 59 generates a cl ock
by PLL processing using a wobble 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 case where the disk 1 is the ROM di sk

on the bast SiﬁgﬁﬁEg‘ﬁéa?fiagiéé‘”aEéaﬁéﬁgﬁséén‘%aié%géﬁ2%ﬁti 326 MR8 mat 1 on,

that is, a physical sector _nunber obtalnlng |nfornat|on of address
fields inEPEGediith ?h€°§ﬁ8%965§5rPﬁea4§b§V@b° ﬁe d88Re8E ZiAf or mat i on
obtained is supplied to the systemcontroller In this case, the clock

r epr oduced SBYLPRE  PERG & @hétaﬁéad@ﬁ/ﬁﬁlﬁémbéﬂECU|t 55 is used as a cl ock
for address detection. At the tinme of recording on the rewitable disk,
recordi ng data i sTheafisterdedodednte hehawepsednraodatiedy rigedr di ng dat a

is supplied to the menory in the
ECC/scramble circuit 57 is read and transferred to an AV

(Audio-Visual) system 120 on the basis of an instruction
from a system controller 60.

In 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 constituting an ADIP
address, and then supplied to the address decocder 59.

The address decoder 59 decodes the data supplied
thereto, thereby obtains an address value, and then
supplies the address wvalue to the system controller 60.

Also, the address decoder 59 generates a clock by
PLL processing using a wobble signal supplied from the
wobble circuit 58, and supplies the clock to various
parts as an encode clock at the time of recording, for
example.

in the case where the disk 1 is the ROM disk, the
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ECC/ scranble circuit 57 to be buffered. In this case, as processing for
encodi ng the buffered recording data, the ECC/ scranble circuit 57
perfornms addition of error correction codes, scranble processing, and
addition of subcodes and the |ike. The ECC-encoded and scranbled data is
subjected to RLL (1-7) PP nodulation in the nodul ating and denodul ating
circuit 56, and then supplied to the reader/witer circuit 55. As
descri bed above, the clock generated fromthe wobble signal is used as the
encode clock serving as a reference clock for the above encode processing
at the 49 ti of recording. The recorgina dat a generﬁted.bg t he encode
processi ng 3PS TEGSpALEGIEE 221 REEF OGPV ETBliIFsEYPE EHBCPFaREF2H-PPer 63 after
as recordi ng conpensation_ processing, the reader/witer circuit 55 adjusts
the wavef BERCEFSLRE PRsERedPRYeSpaEsEngndePrRERGeddfiasesS1gpenum
recordi ng power, for exanple, to characteristics of a recording |ayer,
spot shape@df tRedsagdfrppghinforsasianngthprfieaf vel BEYEFCEAdSERECE! ke. The
| aser driver 63 provides the laser drive pulse supplied thereto to the
| aser di oda@uEPEHi Ryt Rotpiiokng Snfozmatiker ebyaddirees fhelBaser diode to
emt laser light.

included in the BISs described above. The address

information obtained is supplied to the system controller
60. In this 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 on the rewritable disk,
recording 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 recording data, the ECC/scramble circuit 57
performs addition of error correction codes, scrambile
processing, and addition of subcodes and the like.

The ECC-encoded and scrambled data is subjected to
RLL _{1-7) PP modulation in the modulating and
demodulating circult 56, and then supplied to the
reader/writer circuit 55.

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

reference clock for the above encode processing at the
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Thereby pits (phase change marks) corresponding to the recording data are
formed on the disk 1. The |aser driver 63 has a so-called APC (Automatic
Power Control) circuit to control l|laser output at a constant |evel wthout
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 laser output at the tine of recording
and at the tinme of reproduction are supplied fromthe systemcontroller
60, and the |aser output level is controlled to be at the target val ues at
the time of recording and at the tinme of reproduction, 50 respectively.
The servo &iFEuidf FESQEREN Ses various servo drive signals for focus,
tracking, and the _sled fromthe focus error signal and the tracking error
si gnal supplied fFBf TERETAARFI d2ERr BBRETEESAtL BY t FRE eBYCPERf or m servo
operation. Specifically, the servo circuit 61 generates a focus drive
si gnal and PFaceseikingg 18 isierdiignala sa@c drgierg driget Releecte &heor signal and
the tracking error signal, to drive a focus coil and a tracking coil of
t he two- axil@sarecirdivieamos efiten ke pieckwdiss. cheeaisptdory acki ng servo
| oop and a focus servo |loop are forned by the pickup 51, the matrix
circuit 54prvessdmngo ¢hecuigadel,/waridetrheitrwoit 55 adjusts the

waveform of the laser drive pulse and finely adjusts

optimum recording power, for example, to characteristics

of a recording layer, spotléhape of the laser light,

recording linear velocity and the like.

The laser driver 63 provides the laser drive pulse

supplied 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 (Automatic

Power Control) circuit to control laser output at a

constant level without depending on the temperature and

the like while monitoring laser output power through

output of a laser power monitoring detector provided

within the pickup 51. Target wvalues of the laser output

at the time of recording and at the time of reproductiocn

are supplied from the system controller 60, and the laser

cutput level is controlled to be at the target values at

the time of recording and at the time of reproducticn,
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axis mechanism 1In response to a track junp instruction fromthe system
controller 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
like, to drive the sled nechanism 53. Though not shown, the sled nechanism
53 has a nechanismforned by a main shaft for holding the pickup 51, a
sled notor, 51 transmission gear and the |like. By driving the sled notor
accordi ng t&°PRETSYEGYdrive signal, a required siiding novement of the

pi ckup 51 is effected. A spindle,seg ocircuit 62 effects contro|] for CLV
rotation of a spi hdfeSHBYBrC55UThe ﬁp@%‘a?’éag%?v‘éa’&’r?‘&%i?e%‘éoo%’fja‘f%s t he
cl ock generated by PLL processing ,on the wobble_signal as information on
current rofatnéhsl toFed@THE 1t hE2EHLRAN e 2PRDLER 52 89akdOBoRPSEr E8CURe
information with predetermined CLV reference speed_information to thereby
gener ate a®IEPitnglenédr gRdsithRalt ramkinge SEFRE 6 J98ataSHEPLegacErem, the

r epr oduced
the matrix circuit 54, to thereby perform servo operation.

Specifically, the servo circuit 61 generates a
focus drive signal and a tracking drive signal according
to the focus error signal and the tracking error signal,
to drive a focus ceoil 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
system 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 mechanism 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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clock (clock as a reference for decode processing) generated by the PLL
wWithin 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 predetermned CLV reference speed information. The
spindle servo circuit 62 then outputs a spindle drive signal generated
according to the spindle error signal to thereby performthe CLV rotation
of the spindle nDtor 52 Further, the spindle servo circuit 62 generates a
52 spindle drive .si in_response to.a spindle, ki ck/prake ont signal
fromthe sy<SfEMY 5’1 %&F 6§ t?‘ﬁela‘éﬂﬁ? %#lf%ﬁﬁ’%%%rg?? o‘?\Jse
starting, stopping, accelera | and decel erating the spindle nDtor 52.
The vari ous"‘cc?ﬁeﬁdd-?'igor?? 56t 7 o8 ¥ d Y&y SEERPANd 3t EeHr § &ilng add
reproduci ng system as descri bed abgve are controlled by the system
control | er Y EAte@hyFhe PHICTECortpdte BLTPFESEy st em control ler 60 perforns
vari ous processiag in response to commands fromthe AV system 120. For
exanpl e, when a whi EBiBSHARABTIYS Fé§9eatf5%n¢ffﬁe’c%\ﬁ§9§¥@h §90, Ct¥e system
controller 60 first noves

rotation of a spindle motor 52.

- The spindle servo circuit 62 obtains the clock
generated by PLL processing on the wobble signal 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 signal.

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 rotaticnal 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 predetermined CLV
reference speed information.

The spindle servo circuit 62 then outputs a spindle
drive signal generated according to the spindle error
signal to thereby perform the CLV rotation of the spindle
motor 52.

Further, the spindle servo circuit 62 generates a
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the pickup 51 to an address where witing is to be perforned. Then the
systemcontroller 60 makes the ECC/ scranmble circuit 57 and the nodul ati ng
and denodul ating 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 described above, whereby recording is perforned. Wen a read
command requesting transfer of some data (MPE&Q video data or the |ike)

recorded on the_disk.53 1,is supplied fromthe AV s em 120,, for exanpl e,
Lhe oyt ofPiBALPoRE&rSeBiERRL; TBt FESPENSBekO cBer BN GHE CEhEFEPTSES m ag” at

an address specified. Specifically, the system _controller 60 issues a
command t 0SPRETSr F6IRPLCEFPMeERESYEFPBCECREERSLCEpBP at PohBFSPNKe pi ckup
51 targeting the address specified by a seek conmand. Then, the system
control | er PEoferMepPsrapérafi BHChcBAt PERThEREssBREGPPENTr ansfer data of the
specified data_section to the AV system 120. Specifically, the system
control | er 2a6gedpiratings eadBngesrlehatdagathrofPindla BREQT S@ffects
decodi ng/ buffering and the like in the reader/witer circuit 55, the
nmodul ati ng and dehpelutatioys 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 contreller 60 makes the

ECC/scramble circuit 57 and the modulating and

demodulating circuit 56 subject data (such as audio data

and video data of various systems such for example as

MPEGZ) transferred from the AV system 120 to the encode

processing as described 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 videc data or the like) recorded on the disk
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circuit 56, and the ECC/scranble circuit 57, and then transfers the
requested data. At the tinmes of recording and reproduction of data, the
system controller 60 controls access and recording and reproducing
operation using ADI P addresses or addresses included in Bl Ss detected by
the address decoder 59. Wiile the disk drive apparatus in the exanple of
FIG 12 is connected to the AV system 120, the disk 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 nent in which
the 54 disk drive apparatus is_not_connected to another apparatus. In such
a case, anlobéréPPBﬁlﬁﬁiFrﬁﬁdtge &Vsprayetini-€ ar £°pr BFPBRBAS ahB®t he
configuration of an interface part for data input and output is different
from that SVSEP® ceptrepaeri 0 firstf pféestEospeKs BPAL2EEEBr BPRETAAd
reproduction in response to an operation by a user and forma term nal

part for iAplEibEngtans 28drpast prgCIAirpdus Hatalf Trakbyr she vaysee, ot her
configuration exanples are conceivable; for exanple, an exanple as a

repr oduct i eantgplyezpplr asasess aconmmiapdble. the. sBiryk Mamghact GLi kg Met hod

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,
effects 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 data.

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 58.

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 perscnal computer or the like.

Further, there can be an embodiment in which the
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A nmet hod of manufacturing the ROM di sk according to the present enbodi nent
descri bed above wil|l next be described. A disk manufacturing 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
mass- produces duplicate optical disks using the stanper. 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 exposing,t?e hotosensitive filmto light of a |laser. beam In the case
of the pre8éfk ErbE8i ABREI2LYBI £S5t PAFnCORAGFR§YahORABC P Flict ure as in the
foregoing first, second, and third ROMfornmat exanples is_formed on the
ROM di sk. 2PRéréfyfe n%%t%#?@mﬁi@@?ﬁwf%ﬂrﬁﬁ?%%ﬁ%QﬂrHQ%ﬁa%ﬁq frain in the
mastering process. In mastering, nmain data and |inking data are subjected
t 0 necessafySpheddenpitoeEssPrgVisaeh asdEte efpbdgusAgiRLLOf12n7) PP
encode) and scranbl e processing as described with reference to FIG 2. On
the basis éhterfecenhpsrtofpeddabeainpatnangapusprekpdseditéereyht as the

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

Of course, various other configuration examples are
concelvable; for example, an example 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 next be
described.

A disk manufacturing 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 preccess. The replication process mass-
produces duplicate optical disks using the stamper.

Specifically, the mastering process performs so-

called mastering in which a photoresist 1s coated on a
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pit train are formed on the glass substrate. Incidentally, the main data to
be recorded is prepared in a preparatory process referred to as
prenmastering. After the mastering is conpleted, predeterm ned processing
such as devel opnment and the like is performed, and then information is
transferred onto a netallic surface by electroformng, 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 filn1is forned t hereon, and thereafter

processing o chi ni.ng int uired di, ape and the li ke i

e for med- FRttdRCny! BLASsaPugedaaee, PodBisrerdl. CRRCTER AGSI COBBRRor med i n
such a nan facturln rocess. As shown in FIG 13, for example, a

mast eri ng pﬁ%P&F&ggbgﬁﬁrP§€§°ée@8ﬁFP8FIéﬂlﬁotoaﬁlgéflgéré Péerprocessing
unit 71, a _sync processing unit 72, a swtch wunit 73, a mastering unit 74,
a |inking ‘generating unit 75, an address generating unit 76, and a
scranbl e processing unit 77. The ECC/ scranbl e processing unit 71 subjects
the nmin data prépakbd fFasehefprepaBreseny proedsmenh, it train

having an RUB structure as in the foregoing first, second,
and third ROM format examples is formed on the ROM disk.
Therefore mastering is performed to form the pit train in
the mastering process.

In mastering, main data and linking data are
subjected to necessary encode processing (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 the glass substrate.

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

After the mastering is completed, predetermined
processing such as development and the like is performed,
and then information is transferred onto a metallic
surface by electroforming, for example, to create a
stamper required when replicating the disk.

Then, the information is transferred onto a resin

substrate by an injection method, for example, using the
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error correction encode processing and scranble processing as described
with reference to FIG 2. The linking data generating unit 75 generates
original data LDO to LD309 of data DOto D309 to be recorded in |inking
frames. The data LDO to LD309 is subjected to the scranble processing as
described with reference to FIG 2 by the scranble processing unit 77 to
becone the data DO to D309. The address generating unit generates address

i nformation as physical sector nunbers. This address information is
supplied to the ECC/ scranbl e processing 57 unit 71 and the scranble
processing unit 77. In cg%ﬁﬂpr cggsLng, t he ECC/ scranbl e processing unit
71 sets a [y Ealr Sedtor < & T3dBplSe dOrRE et e4E M nPBPmat i on of
address fields included in BlI.Ss. Further, , in,scranbl e processing, the

ECC/ scr anblt&e5e6LEedi Ry OGRisS NP1 Ofs 88 CR 1AL RSt dPtRuRbELINE TR pAY SFcal sect or
nunber as a_ scranmble _initial value. The scranmble processing unit 77 also
uses a cl ustepe gadodheofl ikephyps PeRfosBECor WRGFSEY SuppFiredPrPIRCENe
address generating unit 76 as a scranble initial value. The switch unit 73
sel ect s outyFutcosP d.ECC/ scranbl e processing unit 71 during a period when

frame data corresponding to a nmain data area is outputted
Mastering is performed in such a manufacturing

process. As shown in FIG. 13, for example, a mastering
apparatus comprises a controller 70, an ECC/scramble
processing unit 71, a sync proéessing unit 72, a switch
unit 73, a mastering unit 74, a linking data generating
unit 75, an address generating unit 76, and a scramble
processing 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. 2.

The 1linking data generating unit 75 generates
original data LDO to LD309 of data DO to D309 to be
recorded in linking frames. The data LDO teo 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 D309.

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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fromthe ECC/ scranble processing unit 71, and selects output of the
scranbl e processing unit 77 during a period when frane data correspondi ng
toalinking 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
frame sync FS of a predeterm ned sync pattern as descri bed above, or a
sync S3 or S4 to each frane. Data output timng of the ECC scranbl e
processing wunit 71, the Iinking data generating unit 75, and the 58

addr ess gener.at | it. 76 and itching timng o e swtch unit 73 are
control | ed¥By &t é @BHIFBPIéFr?@gmghgrﬁﬁg?gFPﬁggﬁﬁ£t5?4 i ncl udes: an opti cal
unit (82, 83, and 84) for irradiating hot or esi st -coat ed gl ass
substrate 101 w th'aePeRe? %%?ﬁ?%“?%er@b‘g %%‘F’f%??ﬁmlﬁ]a%t%?‘?% S d'Substrate
rotating/shifting unit 85 for  rotation driving and slide shlftln of the
gl ass subsPP&Fe7%0fet§né RhysgRal §?6§@§spﬁﬂb8ﬁ|§u8E1F6g tE%ﬁ@EPtgﬁg i nput
data to recording data and supplying the recording data to the optical
unit. The épfpcaptdent ofnepdaess éleégér inrgueedoancBIBS - fHIFEREBY an
He-Cd | aser, for exanple; a nodulating unit 83 for nodulating |ight
emtted frgm1Bneamggerptp93531ng, the ECC/scramble processing unit

71 uses a cluster number of a physical sector number as a
scramble initial value.

The scramble processing unit 77 also uses a cluster
number of a physical sector number supplied from the
address generating 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 ocutputted
from the ECC/scramble processing unit 71, and selects
output of the scramble processing unit 77 during a period
when frame data corresponding to a linking area is
outputted from the scramble processing unit 77.
Consequently, a data stream of the above-described RUB
structure is supplied to the sync processing unit 72.

The sync processing uvnit 72 adds a frame sync FS of
a predetermined sync pattern as described above, or a
sync S3 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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source 82 on the basis of the recording data; and a nastering head unit 84
for condensing the nodul ated beam fromthe 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 light emtted fromthe

| aser |ight source 82; and an acoustooptic type optical deflector (AQD)
for deflecting the light emtted fromthe |aser |ight source 82 on the
basis of a wobble generating signal. 59 The substrate rotating/shifting

unit 85 conprises: a rotating nptor for rotatjon-driving the _glass
substrate 2P§¥esg @@P@EﬁFﬁBgungg(gé)aFgrSHégghfPHg FB?H&iBEaFﬂgpeed of
the rotating nmotor; .a slide notor for sliding the glass substrate 101 in a
direction &MitRE maditud ofrehEOngFsdedubyt ¢ ?eCTB%Foéﬁﬁra7 ervo controller
for controlling the rotational speed of the slide notor and the rotating
not or, tracking oFnenB2HB8YERY ngnkkadd uhneludas anant pRLLFRE. UThe éPéna
processing unit 81 subjects data supplied fromthe sync processing unit 72

to for exafpleaniLB4(1fo7) ippagbatiag enrpréesssing-aaatedr ghadfs nodul ation

processing for obtaining a drive signal to be
substrate 101 with a laser beam to thereby perform

mastering; a substrate rotating/shifting unit 85 for
rotation driving and slide shifting of the glass
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
formed by an He-Cd laser, for example; a medulating unit
83 for modulating light emitted from the laser light
source 82 on the basis of the recording data; and a
mastering head unit 84 for condensing the medulated 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
type optical modulator (AOM) for turning on/off the light
emitted from the laser light source 82; and an
acoustooptic type optical deflector (AOD) for deflecting
the light emitted from the laser light source 82 on the

basis of a wobble generating signal.
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supplied to the nodul ating unit 83 for mastering. At the tinme of mastering,
the substrate rotating/shifting unit 85 in the mastering unit 74
rotation-drives the glass substrate 101 at a constant |inear velocity and
slides the glass substrate 101 while rotating the glass substrate 101 so
that a spiral track is fornmed at a predetermned track pitch. At the sane
time, the light emtted fromthe laser |ight source 82 is converted via
the nodulating unit 83 into a nodul ated beam on the basis of the

nodul ating signal fromthe signal processing unit 81, and then 60 applied
fromthe mastering head unit 84 to the éggo oresist,s%%gace of, the gl ass

substrate 101. AsT3® FeReF¥ate neclhbted LIRT dibs etf tPTHRGHIEDN t he
basis of the data and groove. The controller 70 also_controls perfornance
of operat PoRCi2tERE PPEETrofosuERtARICBIARG VATt RBenESRERI APSLARES74. As a
result of such operation, |ight-exposed parts corresponding to the pit
train of aAOR¢Baseetiectiagaynif (Fhe é@évée§@§éﬁpﬁeéogﬁﬁﬁPBﬁﬁaﬁpéﬁﬁnples
are formed on the glass substrate 101. Thereafter, devel opnent,
el ect r of or mifnghendothsinbi ketare pestérmedotorcfeat eladsnanpse, and the ROM
i sk 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
B4 and the like.
The signal processing unit 81 subjects data
supplied from the sync processing unit 72 to for example
RLL (1, 7) PP modulation proceésing and further
modulation processing for obtaining a drive signal to be
supplied to the modulating unit 83 for mastering.
At the time of mastering, 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 formed at a predetermined track pitch.
At the same time, the light emitted from the laser
light source 82 is converted wvia the modulating unit 83

into a modulated beam on the basis of the modulating

signal from the signal processing unit 81, and then
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i s produced using the stanper. As described above, the produced ROM di sk
has |inking areas, and data of all franes in main data areas and the

|l i nking areas is scranbled by scranbling bytes SCB obtained by using a
cluster nunmber as an initial value. Wile the disk according to the
present enbodi nent, the disk drive apparatus conpatible with the di sk, and
t he di sk manufacturing nethod have been descri bed above, the present
invention is not limted to these exanples; various nodifications are
concei vabl e w t hout departing 61 fromthe spirit of the present i nvention.
As i s understqaqd frontt B above descr| ptro % S gﬁ i nvention has the
fol | owi ng EPPEES THRB FB5r BAGEEFIRIoRPH S HBGFIFAG e m (ROM di sk)
according to the present i nventi on has_bl ocks_formed b mai n data areas
and | i nki n§hREEZEsisfhasurdackasta tB&tSlaﬁérﬁﬁpspFSW?deélmrt%ﬁl?nking ar eas
as with the rewitable _disk. The reproduction-only recording nedium
accor di ng #§SUlfe phes@hOtCREEAET0AS §XPRESs Pt &Blgétf 8P EBRPREEBEI ity
with the rewitable disk. Main data recorded in a main data area and
linking d&tfathecdededanfd groeiki-ng area in each block are scranbl ed by

scranbling data generated by the sanme system
The controller 70 also controls performance of

operation at the time of such mastering by the mastering
unit 74.

As a result of such operation, light-exposed parts
corresponding to the pit train of an RUB structure as in
the above-described ROM format examples are formed on the
glass substrate 101.

Thereafter, development, electroforming and the
like are performed to create a stamper, and the ROM disk
is preoduced 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 is scrambled by scrambling bytes
SCB cbtained 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 manufacturing method have been described above,
the present invention is not limited to these examples;

various modifications are conceivable without departing
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The |inking data being scranbled neans that even when |Iinking areas are
aligned with each other in tracks adjacent to each other, the pit patterns
are not the sane. This solves the probl em di sadvant ageous to the tracking
servo systemusing a DPD signal as an error signal, that is, the problem
of being unable to obtain a satisfactory DPD signal because of the sane
pit patterns. In other words, it is possible to effect stable tracking
control on the reproduction-only recording nediumw th enbossed pits by
the tracking servo systemusing the DPD signal, and in turn inprove

reproducti erformance of .the 62 reproducing, apparatus. In addition, the
scranbl e p&%@ &Sy SH&HEN LS §%em5?§FeB§t98Fﬁ%FP§ "a vi ewpoi nt of detection

from continuing in main data, thus facjJitatin ata detection. Further,
for main data areg éﬁduP?ﬁEFFBOQréﬁg? F%@ g@%V%n&?%°5+B%é%%in @nd

descranbl e processing can be perforned t he sane scranbling system That

is, the ré%ﬁ%ﬁﬁﬁﬁ|%§V§E§&P§t@§Scéﬁeu§€lé2%gﬁﬁbﬁfﬁ§F&®are configuration for
perform ng scranbl e-rel ated processing on main data and |inking data. This
sinplifies circui Thecsaprgdration-onlyhecappaiagudcdine RN rd#bki ng
processing on the linking data is indispensable at the tine of
r epr oduct i @tcegpEgicaltoy bhisegpresent 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 recording medium according to

the present invention is thus suitable for compatibility

with the rewritable disk.

Main data recorded in a main data area and linking
data recorded in a linking area in each block are
scrambled by scrambling data generated by the same system.

The linking data being scrambled means that even
when linking areas are aligned with each other in tracks
adjacent to each other, the pit patterns are not the same.
This solves the problem disadvantageous to the tracking
servo system using a DPD 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 to effect stable tracking control
on the reproduction-only recording medium with embossed

pits by the tracking servo system using the DPD signal,

and in turn improve reproduction performance of the
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sone data is recorded as the linking 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 nmeans that the
initial value differs for different blocks. That is, the pit pattern is
scranbled and forned in a different state in each block. Therefore cases
in which the pit pattern is the same between adjacent |inking areas,
including for exanple cases where the linking data is all zero data or 63
i denti cal ?attern data, do ngt occur. Thus a desirable state for servo
contr ol RETPHECHPD SPHRARFATESEN be real i zed. Further, the disk
nanufacturlng nethod according to he present |nvent|on makes it possible
to manufacture a Qe?)q%%??ont%%li/cF i P TR IR PRy 3 hese
effects. 64 CLAIMS: 1. A reproduction-only recordi ng nmedi um wherein bl ocks
havi ng a n¥PHS8aPathpen §ﬁ8maalVhﬁWH@laFeafaﬁétGEBhPPnﬁBB@ with each ot her

to forma data track by enbossed pits; and
continuing in main data, thus facilitating data detection.

Further, for main data areas and 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 performing scramble-related processing
on main data and linking data. This simplifies circuit
configuraticn of the apparatus.

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

cases where the linking data is all zero data or
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main data recorded in said nain data area and |inking data recorded in
said linking area in each of said blocks are scranbled by scranbling data
generated by an identical system 2. A reproduction-only recording nmedium
as claimed in claiml, wherein said scranbling data is generated by a
random sequence using address information of said block as an initial

val ue. 3. A reproduction-only recording nediumas clainmed in claiml or 2,
wherein in each of said blocks, said linking area is forned on a front end
side and a rear end side of said main data area. 4. A reproduction-only
recordi ng diumas clained .in claiml or 2, whegein in ,each.of said

bl ocks, saft ePiﬁEFigpﬁgéﬁrPsdagarnéa BREORFGUE ¢ ¢ Sé%dj%?%ﬁ§%%esaid mai n
data area. 5. A reproduction-only recordi g nedi um as claingd 65 inclaiml
or 2, whor SFAtEn L83CREENOs SPATEPCKS 1R gaF | PARi ig98P&aCRB °Formed on only
a rear end side of said main data area. 6. A reproducing apparatus for

per f or ni ng*&&t&ZeFeproduction in correspondence with at |east a

Further, the disk manufacturing method according to
the present invention makes it possible to manufacture a
reproduction-only recording medium providing these

effects.
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reproduction-only recordi ng nmedi umin which nmedi um bl ocks having a main
data area and a linking area are continuous wth each other to forma data
track by enbossed pits, and main data recorded in said nain data area and
linking data recorded in said |linking area in each of said blocks are
scranbl ed by scranbling data generated by an identical system said

r epr oduci ng apparatus conprising: reading neans for reading information
froma recording nmediuml oaded into the reproduci ng apparatus; and
decodi ng nmeans for subjecting the information read by said readi ng neans
to data deggg&ﬁg:processing and descranbling processing for said scranble,
~and reproducing said main data and said |inking data. 7. A reproducing
apparatus as cl aijred jn cl ai .. __Wherein said, decoding means subjects the
i nformation read {rgy ps£e(§’rr°éi£tﬁ RO F&%d&n@eg@fj&g‘m "RGIStbcessi ng

usi ng scraﬁgliﬂg ata gener at ed bg a random sequence usi ng address

i nf or mat i oR~8F<SalgVBPEcR RE1ANOPRPt FEP26BNFaPuslinBing #ERF08LRI ng met hod
for reproducing data from a reproduction-only recording nedium in which
nmedi um bl 6ERELRAPHAgVATthaPACRaPANGF ehCafi8TR Ri ARTAgt&EREK B¥e conti nuous

with each other to forma data track by
embossed pits; and

main data fecorded in said main data area and
linking data recorded in said linking area in each of
séid blocks are scrambled by scrambling data generated by
an identical system.
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 value.
3. A reproduction-only recording medium as claimed
in ¢laim 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 said main data area.

5. A reproduction-only recording medium as claimed
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enbossed pits, and nain data recorded in said main data area and |inking
data recorded in said linking area in each of said blocks are scranbl ed by
scranbling data generated by a random sequence using address infornmation
of said block as an initial value, said reproducing nethod conprising the
steps of: reading information froma | oaded recording nedium and
subjecting 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 reprogdycing;gaid,papn data and said linking data. 9. A disk

manuf acturing nethod for manufacturing a reproduction-only disk. recording

medium in .Gk i bl acks.haying,a nain . data,area_and a_linking area
ire cont i aloEE TR Bk e ER AR T Rk T B RRE 50 M ePBosced i s,

id disk facturi t hod i Si the, st f: bl | i
data recorBed T Shi Bk T HSTA 670aPedcaR PRARI NG HatdCreabPaed in sai d

i nking area by using scranb)ing data generated b random sequence usi ng
address i nformati %f§§ﬁ§?4H9ﬁa@'&?9§%%§W%igﬂr ﬁ%ﬁ & TIER orm ng di sk

mast eri ng using t he scranbl ed dat a. )
reprdduction in correspondence with at least a

reproduction-only recording medium in which medium blocks
having a main data area and a linking areé are continuous
~with each other to form a data track by embossed pits,
and main data 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 an
identical 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
usingrscrambling data generated by a random seguence

using address information of said block as an initial
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value.

8. A reproducing method for reprcducing data from
a reprbduction—only recording medium, in which medium
blocks having a main data area and a linking area are
continuous with each other tc form a data track by
embossed pits, and main data recorded in said main data
area and linking data recorded in said linking area in
each of said bloéks are scrambled by scrambling data
generated by a random sequence using address information
of said block as an initial value, said reproducing
method comprising the steps of:

reading information from a lcaded 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 saild block as an initial wvalue, and
reproducing said main data and said linking data.

9. 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 formed by
embossed pits, said disk manufacturing method comprising
the 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 random segquence
using address information of said block as an initial

value; and

performing disk mastering using the scrambled data.
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