DISK-LIKE RECORDING MEDIUM, DISK RECORDING APPARATUS AND DISK RECORDING
METHOD, AND DISK PLAYBACK APPARATUS AND DISK PLAYBACK METHOD BACKGROUND
OF THE INVENTION The present invention relates to a disk-like recording medium, a disk recording
- apparatus and a disk recording method, and a disk playback apparatus and a - disk playback method,
~and particularly to a disk-like recording. medium, a disk recording apparatus and a disk recording
method, and a disk playback apparatus and a disk playback method that make it possible to
reproduce auxiliary information of a disk reliably. As write-once or rewritable disks are spread, data
- replication of which is prohibited (for example contents data such as music data and video data
protected by copyright or the like ied. On a DVD (Digital Versatile Disk), for

)Pma% be._illegally co _
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Only Memory) or g%%é%&%&r?(?gmm&%%égg ﬁ%&%ﬁ %&I}ﬁg‘d% ecclO V%ﬁﬁ%)%ls%%gs P lfght of a YAG

(yttrl_um 1 alumingmsoginel) 18savaba lCiYY DU SIRTCRY s pravsack METHOD

BACKGROUND Of‘ THE INVENTION

The present invention relates to a disk-like
reCérding medium, a disk recording apparatﬁs and a disk
recording méthdd,.and a disk playback apparatﬁs and a |
disk playback method, and particularly to a disk-like
recording_medium, a disk recording apparatus an& a disk
recording method, and a disk playback apparatus and a
disk playback.method that make it possible to reproduce
auxiliary information of a disk reliabiy.

As write-once or rewritable disks are spread, data
replication of which is prohibited {(for example contents
data such as music data and vided data protected by_
copyright or the like) may be illegally copied. On a DVD
(Digital Versatile Disk), for example,.a BCA (Burst

- Cutting Area) is provided to prevent iilegal copying
between disks.

The BCA provided on a DVD will be described with
reference to Fig. 1. A BCA 2 of a DVD 1 (DVD-ROM (Read
Only Memory) or DVD-RAM (Random Access Memory)) is

i;radiated with pulse laser light of a YAG {(yttrium-
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whereby stripes (bar code) is formed along the innermost circumference by removing, in a radial
direction, narrow stripes of reflecting film made of aluminum or the like formed on an inner side of the
disk. The stripes show auxiliary information such for example as an ID number and other ~
identification information and an encryption key. The BCA 2 is formed for about 330 along the

- innermost circumference of the DVD 1. Data structure of data recorded in the BCA 2 is shown in Fig.
2. The data recorded in the BCA 2 has a row of five bytes as one unit. A first one byte of the row of
five bytes is a sync byte (SB) or a resync (RS) . A BCA- Preamble is recorded in four bytes of a first
row. The BCA-Preamble is data including only Os. Four bytes of each row in a BCA data field is an
information area or-an EDC g_error detection code). Four bytes of each row in an ECC (error

correction cod®) AR s RSN ettioR B6de 2 A BCAFSERAVbRYS Pecdrled i B&Strow. When the

data recorded“irgg}t-:égc,é\s% isito l:ée {ggroduc%d, arepr ducin%ap aratus %enerates a clock on the
basis of a reproduced Sighal oF the BCAPreatitle part T5F MEdng bPAP LA PHARITRREH Loop), and

e
performs 2 demagighiel AL YSHPRY, 2 RPN diveccion, marrow
.stripes 0of reflecting ﬁilm hade of aiuminum or the like
formed on an inner side of the disk. Thé stripes show
auxiliary iﬁformation suéh for example aé an ID number
and other identification information and an encryption
'key. The BCA.Z is formed for about 330" along the
innermost éircumference'of-the DVD 1.

Data structure of data recorded in the BCA 2 is
shown in Fig. 2.

The.data recorded in the BCA 2 has a row of five
bytes as one unit. A first one.byte of the row of five
bytes is a synec byte (SB) or a resync (RS). A BCA-
Preamble is recorded in four bytes of a first row. The
BCA»Preamble is data including only 0s. Four bytes of
each row in a BCA data field is an informétion area or an
EDC (error detection code). Four bytes of each fow in an

. ECC {error correction code) area is error correction code.
A BCA-Postamble is recorded in a last row.

When the data recordéd in the BCA 2 is to be
reproduced, a reproducing apparatus generates a clock on
the basis of a reproduced signal of the BCA-Preamble part

by means of a PLL {Phase Locked Loop), and performs



method on the basis of the clock to thereby reproduce the data. However, if the PLL loses
synchronism in reproducing the data recorded in the BCA due to some defect, for example, the data
cannot be reproduced until the PLL regains synchronism. This means that reproduced data is lost for
a period when the synchronism of the PLL is lost. Also, if a synchronization signal (sync) is lost once
- due to a defect or the like, data may be lost until a next synchronization signal is detected. If the
amount of lost data is larger than an error correction capability (that is, if there is a local major o
defect), data cannot be reproduced. The information recorded in the BCA 2 is ID information unique to -
each disk and the like. It may be related to the entire data on the disk (for example determine
whether contents recorded on the DVD 1 may be reproduced or not). Therefore, high reliability is
required-for datS PEOHIMG AT ARTPoRICHBRA réCorHEd i fife BEAR. RFGERE 35 Tédesk the amount of
lost data, a methoqlof frequently inserting a synchronization signal for resynchronization is

method ﬁg% g

_conceivable; however: stithifgertidi oP e Bﬁd%@@ﬂr&ﬁ?&iﬁﬂ’si@ﬁ&?@é@@@s t‘h%?arﬁount of

- data

data.

However, if the PLL loses synchronism in
'reproducing the data recorded in the BCA due to some
defect, for example, the data cannot be reproduced until
the PLL regains synchronism. This means that reproduced
data is lost for a period when'thé synchronism of the PLL
is lost.~

Also, ifKa syﬁchronization signal {sync} is lost
once due to a defect or the like, data may be lost until

" a next synchzénization signal is detected.
If the amount of lost data is larger than an error
correction capability (thaﬁ ig, if there is a local major
‘defect), data cannot be reproauced. The information
recorded in the BCA 2 is ID information unigue to each
disk and the like. It may be relatéd to the entire data
on the disk (fbr example determine whether contents
recorded on the DVD 1 may be reproduced or not).
Therefore, high reliability is reqﬁireé for data
recording and reproduction recorded in the BCA2.. In order
to reduce the amount of lost data, a method of fregquently
inserting a synchrenization signal for resynchronization

is conceivable; however, such insertion of the redundant



recordable in the BCA. SUMMARY OF THE INVENTION Example embodiments may enable reliable
reproduction of data in the BOA. In accordance with a first aspect of the present invention, there is
provided a recording apparatus for recording data onto a recording medium having a first area for
recording contents data and a second area, said apparatus comprising: a driver operable to rotate
said recording medium; a memory operable to store identification information that is unique to said
recording medium, wherein at least twelve bytes of parity information are added to said identification
-information; and a recording unit operable to record said identification information and said parity
information oftdF$Ald SeeAd hréa Bt Said re&6reitig metiin AABE the ffofmation recorded into
said second area of said_recording medium is formatted into blocks of frames, each frame including
synchronizatiorr G450 that sRidBi5cks-of frames include a plurality of frame syncs, and wherein the
frame syncs of said plurality of frame syncs are 4 arranged at equal intervals for one rotation of said
recording meditbEith that When 2iframelsyRc of a frame is not detected, it is still possible to
reproduce data

Example embodiments may enable reliable

reproduction of data in the BCA,

In accordance with a f£irst aspect of the present

invention, there is provided a recording apparatus for

Y

recording data onto a recording medium having a first ars
for recording contents data and a second area, =zaid
apparatus comprising: a driver operable to rotate said
recording medium; a memory coperable to store
icdentification information that is unigus to saild
recording medium, wherein at least twelve bytes of parity
information are added to szid identification information:
and a recording unit operable to record said
identification informaticn anad said parity information
onto said second area of said recording medium, wherein
the information recorded into said second area of said
recording medium is formatted into blocks of IZrames, each
frame including synchronization data so that saild blocks
of frames include a plurality of frame svncs, and wheresin

The frame syncs of sald plurality ¢f frame syncs are



succeeding the frame sync without loss of the data on the basis of interpolating timing of a frame sync
previously detected, and wherein said identification information is modulated by a 4-1 modulation
method. in accordance with a second aspect of the present invention, there is provided a reproduction
apparatus for reproducing data from a recording medium having a first area for storing user data and
a second area for storing identification information and at least twelve bytes of parity information, said
apparatus comprising: a driver operable to rotate said recording medium; a reproduction unit
operable to repregtige saig-identificationtdeformation -andsaid pariptinfermationfiem said recording
medium; and a processor operable to correct at least one error in said identification information
reproduced byessaid déproduetionunit basedontsaitt parity informatisnnreprdducetirbynsaits
reproduction unit, wherein the information recorded into said second area of said recording medium
is formatted intothlgeksof-feames feach fraimd ineluding syndhvorizatior data s@ that said blocks of
frames include a plurality of frame syncs, and wherein the frame syncs of said plurality of frame syncs
are 4a arrangedcasilial ihtsRals ol BheTotutiol of 3aid- recoaingmebringlatén Bat Wien a frame

sync of a frame is
basis of interpcolating Timing of a frame sync previously

detected, and wherein saild identification information is

modulated by a 4-1 medulation method.

In acccrdance with a second aspect of the present
invention, there is provided a reproduction apparatus for
reproducing data from a recording medium having a first
area for storing user data and a second area for storing
identification information and at least twelve bytes of
parity information, saild apparatus comprising: a driver
operable to rotate said recording medium; a reproduction
unit operable to reproduce said identificaticn information
and said parity informaticon from sald recording medium;
and a processor operable to correct at least one error in
said identificaticn information reproduced by said
reproduction unit based on said parity information
reproduced by saild reproduction unit, wherein the
informetion recorded into saild second area of said
recording medium is formatted into blocks of frames, each
frame including synchronization data so that said blocks
of frames include a plurality of frame syncs, and wherein

the frame syncs of sald plurality of frame syncs are
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not detected, it is still possible to reproduce data succeeding the frame sync without loss of the data
on the basis of interpolating timing of a frame sync previously detected, and wherein said
identification information is modulated by a 4-1 modulation method. in accordance with a third aspect
of the present invention, there is provided a recording medium, comprising: a first area for storing
contents data; and a second area for storing identification information and at least twelve bytes of
parity information, wherein said identification information is unique to said recording medium, wherein
the information recorded into said second area of said recording medium is formatted into blocks of
frames, eachare #rdudifig 8§HeRronratibitata 56 that” Sail BIecks of ffdmeés iritlude a plurality of
frame syncs, and wherein the frame syncs of said plurality of frame syncs are arranged at equal

intervals for o rotatiotof €8 eIty Mtium Etiththat\iRén a4Famé Syfic oF & ffam@ is not

detected, it is still possible to rep(r)$duce daﬁ fucceedlng the frame sync WlthOéJt Loass of the data on

the basis of irl?t%Fpo gt?negcﬁr%?irfg, of a'frame syncpﬁrsé\s/i%uéﬁy atecfe(%:[@é:@,‘an(L:i1 Wheréinsaid identification

nformation fe odulated by 21 podulaton mefhed4h n agerdancawih afouglh aspectof the

basis of interpclating timing of a frame sync previously

detected, and wherein said identification information is

modulated by a 4-1 medulation method.

In accordance with a third aspect of the present
inventicn, there i1s provided a recording medium,
comprising: a first area for storing contents data; and a
second area for storing identification information and at
least twelve bytes of parity information, wherein saild
identification information is unigue to said reccrding
medium, wherein the information recorded into said second
area of saild recording medium is formatted into blocks of

frames, each frame including synchronizaticn data so that

F

said blocks of frames include & plurality of frame syncs,
and wherein the frame syncs of said plurality of frame
syncs are arranged at egual intervals for one rotation of
said recording medium such that when a frame sync of a
frame is not detected, it is stiil possible to reproduce
cdata succeeding the frame sync without loss of the data on
the kasis of interpcolating timing, of a frame sync

previously detected, and wherein said identification

information is modulated by a 4-1 modulation method.
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invention, there is provided a method for recording data onto a recording medium having a first area
for recording contents data and a second area, said method comprising the steps of: rotating said
recording medium; generating identification information that is unique to said recording medium,
wherein at least twelve bytes of parity information are added to said identification information; and
recording said identification information and said parity information onto said second area of said
recording medium, wherein the information recorded into said second area of said recording medium
is formatted into blocks of frames, each frame includin% synchronization data so that said blocks of

frames include a plUrAlity S Framie' Sincs: Tand whekéin thé fiaRfe-syics ot salit pitifality of frame

syncs are arranged at equal_intervals for one r%fggon oIfn g%dog?c (gdring én%dri%rfnsucé]a@at when a
frame sync of & "frafme<is not detected, ifi5Slill poasiblé foreprodice data succeeding the frame sync

without loss ol ibe cera o e P obiPRANNGIMIng £f alvame syae revioypiysggiected and
nformation is ated

wherein said identificafion n iS modu y a 4-1 modulation method. In accordance with a

fifth aspect of the present, invention, thete is;provided.a method forreprpducing.-datay ffom a recording

medium having a first area for storing 4c
the steps of: rotating said recording medium; generating
identification information that is unigue to said
recording medium, wherein at least twelve bytes of parity
information are added to saild identification information;
and recording said identificatiorn information and said
parity information onte said second area of sald recording
medium, wherein the information recorded into said second
area of said recording medium is formatted into blocks of
frames, each frame including synchronization data so that
said blocks of frames include a plurality of frame syncs,
and wherein the frame syncs of sald plurality of frame
syncs are arranged at egual intervals for one rotation of
said recording medium such that when a frame sync of a

7

frame is not detected, it i1s still possible te reproduce
data succeeding the frame sync without loss of the data on
the basis of interpolating timing of a frame sync

previously detected, and wherein said identification

information is modulated by a 4-1 modulation method.

In accordance with a fifth aspect of the present
invention, there is provided a method for reproducing data

from a recording medium having a first area for storing
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user data and a second area for storing identification information and at least twelve bytes of parity
information, said method comprising the steps of: rotating said recording medium; reproducing said
identification information and said parity information from said recording medium; and correcting at
least one error in said identification information reproduced in said step of reproducing based on said
parity information reproduced in said step of reproducing, wherein the information recorded into said
second area of said recording medium is formatted into blocks of frames, each frame including
synchronization data so that said blocks of frames include a plurality of frame syncs, and wherein the

frame syncs Bf Shid'BitfalRy Of ffame SicsHré arranged St eyldl tER/als- for dneFotation of said

recording megiu §ucp ,thgt ngnaq; frrilrggs%/nﬁgwo&avféargle i% QOE (geteactegl it is still possible to
reproduce data 8één§e“cﬁﬁ)g‘tﬁe rame sync™ withoutloss of tie d&ta or the basis of interpolating timing

of a rame syng preyiously detacier g whercin,said denifieaton infynafion s padulled by a 4.

modulation method. Also didclosed’i ke re edium including: n blocks arranged in a
circle of a secondiarea- apd @achddis un; reproducing said identification

information and said parity information from saild
recording medium; and correcting at least one error in
said identification informaticn reproduced in said step of
reproducing based on said parity information reproduced in
said step of reproducing, wherein the information recorded
into said second area 0f said recording medium is
formatted into blocks of frames, each frame including
synchronization data so that said blocks of frames include
a plurality of frame syncs, and wherein the Iframe syncs of
said plurality of frame syncs are arranged at equal
intervals for one rotation of said recording medium such
that when a frame sync of a frame 1s not detected, 1t 1is
still possible to reproduce data succeeding the frame sync
witheout loss of the data on the basis of interpolating
timing of a frame svnc previously detected, and wherein
gsaid identificaticon information 1s modulated by a 4-1

modulation method.

Alsc disclosed is a disk-like recording medium
including: n blocks arranged in a circle of a second area

and each
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having a length obtained by dividing the second area into n equal parts in a circumferential direction;
and m frames arranged in one of the blocks and each having a length obtained by dividing the block
into m equal parts in the circumferential direction; wherein auxiliary information is arranged in the
frames in such a manner as to be at equal intervals in the circumferential direction, and a
synchronization signal is disposed in each of the frames. In one of the frames, k channel bits may be
arranged at intervals obtained by dividing the frame into k equal parts. The auxiliary information may
be modulated by a 4e modulation method capable of word synchronization or bit synchronization.
The modulatibf Méthodl m&y Bea s &b ding MEthdd'sf a-49 mEGGAELoR higthod When a value

- of the m is two or more, the number of kinds of Q/pcrbgoniiatl?n s(ijgnqlgr{na)éb% two or more and m or
less. An errof cotretiion“éode can bé addéd ' he Huxitiary information. ldeftical data San be

disposed in each of the,n, blogks. Also disclosed s a digk recording appaIatus | . ;e n
obtained by dividing the block intce m equal parts in the
circumferential direction; wherein auxiliary information
is arranged in the frames in such a manner as to be at
egual intervals in the circumferential direction, and a

synchronization signal is disposed in each of the frames.

In one of the frames, k channel bits may be arranged
at intervals cbtained by dividing the frame into k equal
parts.

The auxiliarv information may be modulated by a



including: rotating means for rotating a disk; generating means for generating a channel clock
corresponding to an interval obtained by dividing one frame into k equal parts where n blocks each
having a length obtained by dividing a second area into n equal parts in a circumferential direction
are generated and m frames each having a length obtained by dividing one of the blocks into m equal
parts in the circumferential direction are generated, the channel clock being required for recording
auxiliary info%%{h%%gontrol means for_controlling rotation of the, disk so that one rotatign of the disk

N IO me o ord Syvnghionlizatlon o T
is in synchronism with a cycle of n X m % channel crécﬁs; n¥ocfufat|ng means for Mo ulating the

auxiliary inforglﬁtjggrg@lg}ealgg%iﬁ of the channel clock generated by the generating means; and
recording means for recording the auxiliary information modulated by the modulating means on the
disk. Also disclosed is a disk recarding method including: a rotating step for rotating a disk; a
generating step for ger%lr%tiﬂﬁ Actannel cfbek "EStréSpbriding oAl fitervRFGHTaitEd by dividing one
frame into k engéj%ggrt% _:y“vhgr% QTbIo%lgﬁ%%hi%%vi%% a Ioe gth obtained by dividing.a second area into
n equal parts in a circumferential direction are genera?e and m frames each having a length

obtained by dividing one of
When a value ¢f the m is two or more, the number of

kinds of synchronization signals may be two or more and m

or less.

An error correction code can be added to the

auxilizry infeormation.

Identical data can be disposed in each of the n

blocks.

Also disclosed 1s a disk recording apparatus
including: rotating means for rotating a disk; generating
means fcr generating a channel clock corresponding to an
interval obtained by dividing one frame into k equal parts
where n blocks each having & length obtained by dividing a
second area into n egual parts in a circumferential
directicon are generated and m frames each having a length
obtained by dividing one c¢f the blocks into m egual parts
in the circumferential directiocon are gensrated, the
channel clock being regquired for recording auxiliary
information; control means for controlling rotation of the

disk s¢ that one rotation of the disk is

5t



the blocks into m equal parts in the circumferential direction are generated, the channel clock being
required for recording auxiliary information; a control step for controlling rotation of the disk so that
one rotation of the disk is in synchronism with a cycle of n X m X k channel clocks; a modulating step
for modulating the auxiliary information on the basis of the channel clock generated by processing of
the generating step; and a recording step for recording the auxiliary information 6 modulated by
processing of the modulating step on the disk. Also disclosed is a disk playback apparatus including:
rotating meanis-for ratating aidisk atia rconstant angularvelodity xplayback-means forplaying back the
disk; generating means for generating a clock having a frequency twice n X m X k or higher; and

demodulatingmméans forrsamplingsa Signakoutplitted by the eplaybackimeans ondhebasisrof the clock
generated by the generating means and demodulating channel bits, or words while correcting the
channel bits, 8Fthe oS Thedisk priybackagparatus-daroferthies inetudey cbirecting means for
making error correction on the basis of an error correction code included in the auxiliary information
and determinfigféorfect AuxiisAfinforfiatiorecording means for recording the

auxiliary information modulated by the modulating means

on the disk.

Also disclosed is a disk recording methed
including: a rotating step for rotating a disk; a
generating step for generating a channel clock
corresponding to an interval obtained by dividing cone
frame into k equal parts where n blocks each having a
length obtained by dividing a second area into n egual
parts in a clrcumferential direction are generated and m
frames each having a length obtained by dividing one of
the blocks into m egual parts in the circumferential
direction are generated, the channel clock being reguired
for recording auxiliary information; a control step for
controlling rotation of the disk so that one rotation of
the disk is in synchronism with a cycle of n ¥ m X k
channel clocks; a meodulating step for modulating the
auxiliary information on the basis of the channel clock
generated by processing of the generating step; and a

recording step for recording the auxiliary information



by majority rule. The correcting means can make error correction on auxiliary information obtained by
collecting portions determined by majority rule. Also disclosed is a disk playback method including: a
rotating step for rotating a disk at a constant angular velocity; a playback step for playing 7 back the
disk; a generating step for generating a clock Having a frequency twice n X m X k or higher; and a
demodulating step for sampling a signal outputted by processing of the playback step on the basis of

the clock geq&ga@gabﬂyegroggsggg of ;@%ggn%@\tigg (ﬁéﬁpﬁgﬁq adcelrg%d%l%téi%g %ar%@]eg: bits, or words

while correcting the channel bits, or the words. The ke recordihg medium in example
embodimentsiinglddes: n blocks arranged by dividing a circle of a second area into n equal parts; and
m frames arranged in each of the blocks; wherein auxiliary information is arranged in the frames in
such a manner as to 91(:16“ e%ualjntervegs ina circumﬁerg:ntia direction, and a synchronization signal
is disposed in each of t ¢ framés. The isﬁsregor%f“nsg aﬁ'pLaarg U ndaﬁf%ﬁzfsé&raing method in

exanuﬂeenﬂ%%@@ga@%%yﬂg%g§%@%&O&%Qﬁ% for rotating a disk at a
constant angular velocity; playback means for plaving
back the disk; generating means for generating a clock
having a frequency twice n X m X k or higher; and
demodulating means for sampling a signal outputted by the
playback means on the basis ¢f the clock generated by the
generating means and demodulating channel bits, or words

while correcting the channel bits, or the words.

The disk playback apparatus can further incliude

correcting means for making error correction on the basis

]

of an error correction cocde included in the auxiliary
information and determining correct auxiliary information

by majority rule.

The correcting means can make error correcticn on
auxliliary information obtained by collecting portions
determined by majority rule.

Also disclosed is a disk playback method
including: a rotating step for rotating a disk at a

constant angular velocity; a playback step for plaving



so that one rotation of the disk is in synchronism with a cycle of n X m X k channel clocks, modulate
auxiliary information on the basis of the channel clocks, and then record the auxiliary information on
the disk. The disk playback apparatus and the disk playback method in example embodiments sample
a 8 reproduced output signal from a disk by a clock having a frequency twice n X m X k or higher, and
demodulate channel bits, or words while correcting the channel bits, or the words. The above and
other advantages of the example embodiments and the manner of realizing them will become more

apparent, and i bestbe.understooriiam.a stugy afdhe fallojng description.and apgended claims

with reference to the attached drawings showing some preferred em ments of the invention.

BRIEF DESGRIPTIQN-OF THE DRAWINGS:Fig. # is,a;diagram of; assistange,in explaining a burst
cutting area on a related-art DVD; Fla. 2 shows a recording format of the burst cutting area in Fig. 1;

Fig. 3 shows struetuie ot an pticakdisicto whigh: theypresentinyention is.appliedrkig. 4 shows a
recording format of the burst
processing of the playback step on the basis of the clock
generated by processing of the generating step and

demodulating channel bits, or words while correcting ths

channel bits, or the words.

The disk-like recording medium in example
embodiments includes: n blocks arranged by dividing a
circle of a second area into n equal parts; and m frames
arranged in each of the blocks; wherein auxiliary
information is arranged in the frames in such a manner as

to be at

0]

qual intervals in a circumferential dirsction,
and a synchronization signal 1s disposed in each of the

frames.

The disk recording apparatus and disk recording
method in example embodiments control rotation of a disk
so that cone rotation of the disk is in synchronism with a
cycle of n X m X k channel clocks, modulate auxiliary
information on the basis of the channel clocks, and then

record the auxiliary information on the disk.

The disk playback apparatus and the disk plavback

method in example embodiments sample a



cutting area in Fig. 3; Fig. 5 is a diagram of assistance in explaining an ECC format in the burst cutting
area in Fig. 3; Fig. 6 is a diagram of assistance in explaining PE 9 modulation; Figs. 7A and 7B are
diagrams of assistance in explaining sync patterns of frame sync in Fig. 4; Fig. 8 is a block diagram
showing a configuration of a disk ID recording apparatus for recording disk ID information on the
optical disk of Fig. 3; Fig. 9 is a block diagram showing a configuration of a disk recording and
playback apparatus for recording or reproducing data on the optical disk having disk ID recorded by
the disk ID recording apparatus of Fig. 8; Figs. 10A through 10E are diagrams of assistance in
explaining opeR&tforrora deiotldtion uiitin Fig & Fig‘g&‘fﬁ]’fs Blidgrant 6f‘assistanée i explaining
operation of tgf demodulation, unit in Fig. 9; Fig. 12 shows another format in the burst cutting area of

the optical disk 6FFIG-3Y Fig” 139 & dfadtain 6f SSsiStaHCE it exPidinitig 4 niddflation: Figs. 14A

and 148 are diagraims of asgistance,in explaining syng,natterns, of frame syng i Fig 12;.
or the words.

The above and other advantages of the example
embodiments and the manner of realizing them will become
more apparent, and will best be understood from a study
of the fecllowing description and appended claims with
reference to the attached drawings showing some preferred

embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram of assistance in explaining a

burst cutting area on a related-art DVD;

ey

'lg. 2 shows a recording format of the burst

cutting area in Fig. 1;

Flg. 3 shows structure of an optical disk to which

the present invention is applied;

Fig. 4 shows a recording format of the burst

cutting area in Fig. 3;

Fig. 5 is a diagram of assistance in explaining an

ECC format in the burst cutting area in Fig. 3;

Fig. 6 1s a diagram of assistance in explaining PE



Fig. 15 is a block diagram showing a configuration of a disk ID recording apparatus for recording disk
ID in the format of Fig. 12; Figs. 16A through 16G are diagrams of assistance in 10 explaining '
.operation of playing back an optical disk recorded in the format of Fig. 12; Fig. 17 is a diagram. of
assistance in explaining the operation of playing back the optical disk recorded in the format of Fig.
12; Fig. 18 is a diagram showing another ECC format; Figs. 19A and 19B are diagrams showing other
sync patterns of frame sync; and Fig. 20 is a diagram showing another disk ID recording format.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS Preferred embodiments of the present
invention will hereinafter be described with reference to the drawings. In the present invention, as
shown in Fig. 3, ID information unique to an optical disk 26 is recorded in a burst cutting area (BCA)
26A on the oUtI88 ¥ thRGase, on the innermost side) of a data area 26B within an inner radius of
the optical disk 26.in which area contents data is recorded. As shown in Fig. 3, the burst cutting area

26A is created in such TB8nndfadidForft Sdohthudggams of assistance in

eXplaining sync patterns.of frame sync in Fig. 4;

Fig. 8 is a biock diagrah showing a configuration
of a disk ID recording apparatus for recording disk ID
information on the optical disk of Fig. 3:

Fig. 9 is a block diagram showing a configuration
of a disk recording and élayback apparatusg for recording
‘or reproducing data on the optical disk having'disk iDp
recorded by the disk iD recording apparatus.of Fig. 8;

Figs. 10A through 10EFE are diaﬁrams of assistance in
explaining operation of a demodulation unit in Fig. 9;

Fig. 11 is a diagram of assistance in explaining
operation of the demodulation unit in Fig. 9;

Fig. 12 shows another format in the burst cutting
area of the optical disk of Fig. 3;

Fig. 13 is a diagram of assistance in explaining 4-
1 modulation;

Figs. l4aA and‘14B.aré diagrams of assistance in
explaininé sync patterns of‘frame 2YNC iﬁ Fig. 12;

Fig. 15 is a block diagraﬁ'showing a configuration
of a disk ID fecording apparatué fof recording disk ID in
the format of Fig. 12;

Figs. 16A through 16G are diagrams of assistance in
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. circle. Fig. 4 shows an example of a disk ID recording format recorded in the BCA 26A. As shown in
Fig. 4, the 11 circle is divided into n equal. parts (in this case, n = 6), thereby forming n blocks. Each
of the blocks is further divided into m frames (in the example of Fig. 4, m = 2). Each of the frames is
divided into k parts (in this case, k = 234) The ID information is recorded with k channel bits. Ten
channel bits at the front of each of the frames is frame sync. The succeeding 224 channel bits forms a
data area. Here, it is assumed that disk ID information is modulated by a PE (Phase Encode)
modulation method, for example. The PE modulation converts one-bit data into.two channel bits, and
therefore 112 data bits (224 channel -bits) can be recorded in a single frame, while 224 information
bits (28 bytes) can be recorded in a single block. In this example, disk ID information in an ECC
format as shoﬁﬁﬁ%ﬁ&@% RREFR R Rk oF 1 BRcKRE e RRtpiIe 212 By fkparity is added to
é&;-kt))i;slttfeieollgtg %rg:dogct\ge%slixlp Mgm%%t%olglalg eggog%% pyla2 ’Reed-SoIomon code RS (32, 16, 13) Qf a

Eig. 1? is a diagram of assistance in explaining
the operation of playing.back the.optical disk recorded
in the formét of.Fig. 12;

Fig; 18 is a diagram showing another ECC format;

Figs..19A and 198 are.diagrams showiﬁg'other sYnc
pattgrns of frame sync; and | |

Fig. 20 is a diagram showing anothef disk ID

recording format.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments of the present,invention will
hereinafter be described with reférence to the drawings.

In the present invention, as shown in Fig. 3, ID
information.uhique to an optical'diskfzﬁ is recorded gn a
burst cutting area ({BCA) 26A on the.outside {in this case,
on the inhermoét side} of a data area 26B within an inner
radius of the optical disk 26 in which area contents data
is recorded. As shown in Fig. 3, the burst cutting area
26A is created in such a maﬁner as to form a continuous

ccircle.
Fig. 4 shows an example of a disk ID recording

format recorded in the BCA 26A. As shown in Fig. 4, the

11



(28). Three blocks each have the same ECC format. Thus, 14'bytes of 16-byte ID information ID, is
disposed as information bits of 14 bytes in a first frame of each of 12 the blocks. The remaining two
bytes of the ID information 1D, and 12-byte parity are disposed as information bits of 14 bytes in the
next frame. This means triple writing of the same disk ID information in the circle of the disk. This
triple writing is in effect equivalent to forming a product code of distance 3 in a vertical direction. As
shown in Fig. 6, the PE modulation is a code indicating a data bit by the position:of a mark (1) (bit
indicated in black in Fig. 6) and a space (0) (bit indicated in white in Fig. 6). In the example of Fig. 6,
a data bit of "0" is converted into channel bits (word) of "10" and a data bit of "1" is converted into
channel bits (word) of "01". In the PE modulation, the channel bits are inverted at a center of two
channel bits (€&riter of bowardy dicatigte datassit Thuszin tise ¢ase bh data bits, . marks or spaces
do not occur continuously for three channel bits or more. Accordingly, a sync pattern indicating sync
bits (frame syhc) chRAESOrmEa By deariyirl Mak& or spaces continuously in three channel bits or

more. Figs. 7A and : o o
Each of the bleocks is further divided into m frames

. {in the examﬁle of Fig. 4, m = 2). Each of the frames is
divided into'k rarts f{in this_case, k = 234). The ID
information is recorded with k channel bits.

Ten channel bits at the front of each of the frames
is frame sync. The éucceeding 224 channel bits forms é
data area.

Here, it is assumed that disk ID information is
modulated by a PE (Phase Encode) modulation method, for
example. The PE modulation converts one-bit data inteo two
channel bits, and therefore 112 data bits (224 channel
bits) can be recorded in a single frame, while 224
infeormation bits (28 bytes) can be recorded in a single
block.

In this exampie, disk ID information in an ECC
formaﬁ as shown in Fig. 5 is recorded in each of the
biocks. 1In this examﬁle, iz-byte parity is added to 16-
byte data, and the disk ID information is encoded by a
Reed~SolomonICdde_RS (32, 16, 13) of a Galois field GF
(2%) . Three blocké each have the same ECC format. Thus,
14 bytes of 16-byte ID information_IDm is'disposed as

information bits of 14 bytes in a first frame of each of
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7B each show a sync pattern of frame sync. As shown in Figs. 7A and 7B, two kinds of sync patterns
of six channel bits are provided as frame sync 13 patterns in which marks and spaces each occur
continuously in three channel bits. When channel bits of data immediately preceding a frame sync are
"01", "000111" is used as the frame sync, and "01" is added as a succeeding sync pattern. On the
other hand, when channel bits of data immediately preceding a frame sync are "10", "111000" is used
as the frame sync, and "10" is added as a succeeding sync pattern. Channel-bits of "01" or "10" are
further added as sync 1D after the above sync body ("00011101" or "11100010") Thus, a total of 10
channel bits form a frame sync. Hereinafter, a frame sync when a sync ID pattern is "0" (channel bits
="10") (Fig. 7A) will be referred to as SA, and a frame sync when a sync ID pattern is "1" (channel
bits = "01") (FighéB) muitt be refetied tens SBi Agframe ype SA isfiseddo indicatedhatisifsame is a
first frame of a block, whereas a frame sync SB is used to indicate that its frame.is other than a first
frame of each Dbithe bibcks - Hehee tthe number of famess hdviag frinfe syrosiSA ibequal 4@ the
-number of blocks. Fig. 8 is a block diagram. showing a conflguratlon

14 bytes in the next frame.

This means triple writing of the same disk ID
information in the circle of the disk. This triple
writing is in effect equivalent to forming a product code
of distance 3 in a vertical direction.

A8 shown in Fig. 6, the PE modulation is a code
indicating a data bit by the position of a mark (1) (bit
indicated in black in Fig. 6) and a space (0) (bit
indicated in white in Fig. 6). In the example of Fig. &,

a data bit of "0" is converted into channel bits (word)
of *10" and a data bit of *1" is converted into channel
bits {word) of "01". In the PE modulation, the channel
bits'are inverted at a center of two channel bits (center
of a word) indicating a data bit. Thus, in the case of
data bits, marks or spaces do not occur continuously for
three channel bits or more.

Accordingly, a sync pattern indicating sync bits
(frame sync} can be formed.by arranging marks or spaces
‘continuously in three channel bits or more. Figs. 7A and
7B each show a sync pattern of frame sync.

As shown in Figs. 7A and 7B, two kinds of sync

patterns of six channel bits are provided as frame sync

13



of a disk ID recording apparatus 11 to which the present invention is applied. A register 21 stores the
~disk ID information that 14 has been subjected to error correction coding.in accordance with the ECC
format shown in Fig. 5. A PE modulation unit 22 reads the disk ID information stored in the register
21, subjects the disk ID information to PE modulation, and then outputs the result to a laser 23. The
PE modulation unit 22 subjects the disk ID information read from the register 21 to the PE modulation
according to a clock (channel clock) inputted from a VCO (voltage controlled oscillator) 33 and then
inserts sync patterns to thereby generate data to be recorded in the BCA 26A of the optical disk 26.
The PE modulation unit 22 outputs the data to the laser 23. The laser 23 is a YAG laser, for example,
and irradiates the ogtiCaI disk 2t§.w'th a higch-powgr laser beam v'ga a mirror 24 and an object lens 25.
The object 1eRE 255RATdas a“{:yf‘lr(f riéna?fenss, for exsa}?ha‘pﬁ(ee,sane firadidtes the BCA 26A of the optical

k28t 0 ST GBS el 25 T SURIEoun il e ppicy ok 2o
OpﬂcaldBkiQféta'immediately_preceding a frame sync are "01", '

"00011l" is used as.the frame syﬁc, and "Oi“ ig added as

a succeeding sync pattern. On the other hand, when

channél biis of data immediately preceding a frame sync

are "io", *111000" is used as the frame sync, and *"10" is

added as a succeeding sync pattern. Channel bits of "01v

ocr "10" are further added as sync ID after the abo#e sync

body ("00011101" or *11100010"). Thus, a total of 10

channel bits fo:m a frame sync. Hereinafter, a frame sync

when a sync ID pattern is "0" (channel bits = "10"} (Fig.

7A) will be referred to as 8A, and a frame sync when a

synce ID pattern is *1% (channel'bits_= "g1*} (Fig. 7B)

will be referred fo as SB.

A frame sync SA is used to indicate that its frame
is a first frame of a block, whereas a framé sync SB is
uéed to indicate that its frame is other than a first
frame of each of the blocks. Hence, the number of frames
having frame syncs SA is equal.to the number of blocks.

Fig. 8 is a block diagram showing a cdnfiguration

-.bf a disk ID recording apparatus 11.tq which the present
invention is applied.

A register 21 stores the disk ID information that
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rewritable recording medium, the auxiliary data such as disk ID recorded in the BCA 26A is recorded
on the optical disk 26 as unrewritable data. 15 A spindle motor 27 rotates the optical disk 26 under
control of a spindle servo control unit 28, and an FG (Frequency Generator) signal generator not
shown in the figure provided within the spindle motor 27 generates an FG signal that forms one pulse
each time the optical disk 26 (spindle motor 27) rotates by a predetermined angle, and then outputs
the FG signal to the spindle servo control unit 28. Under control of a controller 29, the spindle servo
control unit 28 controls the spindle ‘motor 27 on the basis of the FG signal inputted from the spindle
motor 27 so that the spindle motor 27 rotates at a predetermined rotational speed. Also, the spindle
servo control unit 28 outputs the FG signal inputted from the spindle motor 27 to the controller 29 and
a PC (Phase Tompararr3b iR eshtfcliet 2ITHnEBBIRE Shiti|€ 86ABI cdrtrol unit 28 according
to an operating signal inputted from an operating unit not shown in the figure to thereby drive the

spindle motor 27HPRUS Fothtd the dRticaf Widez8ah atfumtivh, #fe Edrdrollér 29%gdiferates a control

signal for controlling a frequency dividing ratio ) ) )
modulation unit 22 Teads the disk ID information stored

in the register 21, subjects the disk ID information to
PE modulation, and then outputs the ;esult to & laser 23.
The PE modulation unit 22 subjects the disk ID
information read from the register 21 to the PE-
ﬁodulation accdrding to a clock (channei clbék) inputtéd
from a VCO (voltage controlled oscillator) 33 and then
inserts sync patterns te theréby geﬁerate data to be

- recorded in the BCA 26A of the optical disk 26. The PE
modulation unit 22 ocutputs the data to the laser 23.

The laser 23 is a YAG laser, for example, and
irradiateé the optical disk 26 with a high-power laser
beam via a mirror 24 and an object lens 25. The object
lens 25 includes a cylindrical lens,.for'example, and
irradiates the BCA 26A of the optical disk 26 with the
laser beam entering the object lens 25. Thus; a
reflecting £ilm of the optical disk 26 is'changed
irreversibly, where%y the disk ID information is fecorded
as a bar code. That is, even if the optical disk is a
rewritable recording medium, the auxiliary data such as
disk ID recorded in the BCA 26A is recbrded on the

"optical disk 26 as unrewritable data.

15



of a frequency divider 30 on the basis of the FG signal inputted from the spindle servo control unit 28,
and then outputs the control signal to the frequency divider 30. 16 The frequency divider 30, the PC
31, an LPF (Low Pass Filter) 32, and the VCO 33 form a PLL. The frequency divider 30 divides the
clock outputted by the VCO 33 into a value 1/N (frequency dividing ratio) set on the basis of the
control signal inputted from the controller 29, and then outputs the result to the PC 31. The PC 31
compares the phase of a clock inputted from the frequency divider 30 with the phase of the FG signal
inputted from the spindle servo control unit 28 to thereby generate a phase difference signal, and
then outputs the phase difference signal to the LPF 32. The LPF 32 removes a high-frequency
component from the signal inputted thereto, and then outputs the result to the VCO 33. The VCO 33
changes the phase (fréq@iai b tHRPGBEK &iat T YETF 35 BaRAS b 2dslatlonadh the basis of a
voltage applied to a control terminal of the VCO 33 (that is, the output from the LPF 32). The clock
outputted by #RFECEIHRputtdd b TR BRI RoAGEHGN ﬁﬁl’f“éf%d”&%& tctthe f8Guetty divider

30. The VCO 33 |% controlled so that alphase

Frequency Generator} signal generator not shown in
the figure provlded within the spindle motor 27 generatés_
an FG signal that formé one pulse each time the optical
disk 26 (spindle-métor 27) rotates by a predetermined
angle, and then outputs the FG signal to the spindle
servo control unit 28. .Under control of a controllef 29,
the spindle serve control unit 28 controls the spindle
motor 27 on the basis of the FG signal inputted from the
spindle motor 27 so that the spindle motor 27 rotates at
a predetermined rotational speed; Also, the spindle servo
control unit 28 cutputs the FG signal inputted from the
spindle matér 27 to the controller 29 and a PC {Phase
Compa:ator) 31.

The contrgller 2% controls the spindle servo
conﬁrol unit 28 according to an operating signél inputted_
from an operating unit not shown in the figure to thereby
drive the spindle motor 27 and_thus rotate the optical
disk 26. In addition, the controller 29 generates a
control signal for controlliné a frequéncy dividing ratio
of a freqﬁency divider 30 on the basis of the FG signal
inputted from the spindle servo control unit 28, and then

outputs the control signal to the frequency divider 30.
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difference between the output of the frequency divider 30 and the FG signal outputted by the spindle
servo control unit 28 becomes constant. Therefore, the output of the 17 VCO 33 is a signal oscillating
in sync with the FG signal at a frequency N times that of the FG signal. The PE modulation unit 22 -
outputs the data in the format described with reference to Fig. 4 according to the clock inputted from
the VCO 33 to the laser 23. A drive 34 is connected to the controller 29. A magnetic disk 41, an
optical disk 42, a magneto-optical disk 43, or a semiconductor memory 44 is inserted into the drive 34
- as required. A necessary computer program, for example, is read from the magnetic disk 41, the
optical disk 42, the magneto-optical disk 43, or the semiconductor memory 44, and is supplied to the -
controller 29. Operation of the disk ID recording apparatus 11 will next be described. When-a
command to start recordifig fi% fSE@RCthedortdfer 28 coftdls Tite SPindRisdrfE cdr@®l unit 28 to
rotate the spindle motor 27 at a_predetermined speed. The spindle motor 27 generates an FG signal

corresponding & fis Tothli6h amtPhePRdppiss TRE FE3sifREMo #he &pindle servo control unit 28. The

spindle servo control unjt 28.supplies the EG sjgnal to
P %%e fré)uency_dgbi%er 30 divides the c¢lock

outputted by the VCO 33 into a value 1/N (freguency
dividing ratio) set on the basis of the control signal
inputted from the controller 23, and then outputs the
result to the PC 31. The PC 31 comﬁares the phase of a
clock inputted.ffom the freguency divider 30 with the |
phase of the FG sigﬂal inputted from ﬁhe spindle sexrvo
control unit 28 to thereby generate a phase difference
signal, and then outputs the phase difference signal to
the LPF 32. The LPF 32 removes a high-frequency component
from the signal inputted thereto, and then outputs the
result to the VCo- 33. The vCo 33_§hanges the phase
{f:eéuency) of the'clqck that the.VCO 33 outputs by
aoscillation on the bésis of a voltage applied to a
control terminal of the VCO 33 (that is, the §utput from
the LPF 32).

The clock outputted'by the VCO 33 is inputted to
the PE modulation unit 22 and also.to the frequency
divider 30...The VCOo 33 is controlléd so that a phase
‘difference between the output of the frequency divider 30

and. the FG signal outputted by the spindle serve control

unit 28 becomes constant. Therefore, the output of the
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the PC 31. The PC 31 compares the phases of two input signals with each other, and then supplies a
signal of a phase 18 error between the two signals to the VCO 33 via the LPF 32. The VCO 33
generates a clock having a phase and a frequency corresponding to a signal (control voltage) :
supplied from the LPF 32. The clock outputted by the VCO 33 is supplied to the frequency divider 30
to be divided by a predetermined frequency dividing ratio set via the controller 29, and then supplied
to the PC 31. Thus, the clock (channel clock) outputted by the VCO 33 has a cycle of 1/(nX m X k) of
one rotation of the optical disk 26 (spindle motor 27) Fo_r'example, when an FG wave number per
rotation of the FG signal is 36 and the value of the frequency dividing ratio 1/N of the frequency
divider 30 is 1/39, the VCO 33 generates a channel clock having a cycle of 1/(3 X 2 X 234) of the
time period of wne rotativa of thd spiatleomotor P ¢ (opficahdisk 26). WwhenP E meodwdaticiyrait 22
subjects disk ID information supplied from the register 21 to PE modulation based on the channel
clock supplieddtora the ¥@G88warid themeutmits theodisk i@ informatgoraid.therhe PE

modulation unit 22 outputs the data in the format
described witﬁ reference to Fig. 4 according tq the clock
inputted from the VCO 33 to the laser 23.

A drive 34.is connected to the controller 29. A
magnetic disk 41, an optical disk 42, a magneto-opticai
disk 43, or a semiconductor memory 44 is inserted into 
the drive 34 as required. A necessary computer progran,
for example, is read from the magnetic disk 41; the
optical disk 42, the magneto-optical disk 43, or the
semiconductor memory 44, and is supplied to the
controller 29.

Operaticen of the disk ID recording apparatus 11
will next be described. When a command to-start recording
is issue@, the controller 29 controls the spindle servo
control unit 28 to rqtate the spindle motor 27 at a
predetermined speed. The spindle motor 27 generateé an FG
signal correspondiﬁg'to its rotationm, and then supplies
the FG signal to ﬁhe spindle servo contfcl unit 28. The
spindle servo control unit 28 supplies the FG signal to

-the PC 31.

The PC 31 compares the phases of two input signais

with each other, and then supplies a signal of a phase
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laser 23. The laser 23 generates a laser beam on the basis of the data supplied from the PE
modulation unit 22 to thereby irradiate the optical disk 26 with the laser 19 beam via the mirror 24 and
the object lens 25. Thus, the disk ID information is recorded concentrically over a plurality of tracks-in
the BCA 26A of the optical disk 26 at a factory prior to shipment. Incidentally, depending on output
intensity required by the laser 23, the cycle of the channel clock outputted by the VCO 33 may be
multiplied by r to be r/(n X m X k) In this case, a frequency dividing coefficient N of the frequency
~divider 30 is also multiplied by r. Fig. 9 is a block diagram showing a configuration of a disk recording
and playback apparatus 51 for recording data and reproducing data recorded in the data area 26B of
the optical disk 26 having the disk ID information recorded in a manner as described above in its BCA
' 26A. A CPU 63 "CoRtroRE SRS Br thESiSk FecdidifgG LRd tRlayBsck abhatatusisn &&cordiRE to an
operating signﬂ inp% ted ,ffrcqzm gn'?geratin% unit not shown in the figure to thereby record data and .
St e daAHEE 2BB e dpfical MSKiSE 1A réfidabciABdata or recording

reproduce data‘récorded in
data, the CPU_61 oug)uts the disk ID . .
ncy correspondlng to a signal {control voltage)

fregu
supplied from the LPF 32.

The éioék ouﬁputted by the VCO 33 is supplied to
the freduency divider 30 to be divided by a predetermined
frequency dividing.raﬁio set via the controller 2%, and
then supplieé to the PC 31,

Thus; the clock (channel clock) cutputted by thé
VCO 33 has a cycle of 1/{n X m X k) of one rotation-of
the opﬁical disk 26 (spindle motor 27). For example, when
an FG wave number perlrotation of the FG signal is 36 and
the value of the frequency dividing ratio 1/N of the
frequency divider 30 is 1/39, the VCO 33 generates a
channel clock héving a cycle of 1/(3 X 2 X 234) of the
time period of one rotation of the spindle motor 27
{optical disk 26).

The PE modulation unit 22 subjects‘disk ID
information supplied from the register 21 to PE

‘modulation based on the channel clock supplied from the
VCO 33 and then outputs the disk ID information to the
laser 23. The laser 23_géneratés a laser beém on tﬁe
basis of the data supplied from the PE modulation unit.zz

to thereby irradiate the optical disk 26 with the laser
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information of the optical disk 26 retained by a register 71 to a decryption processing unit 74 or an
encryption processing unit 75. Also, the CPU 61 generates a control 20 signal to rotate or stop the
optical disk 26, and outputs the control signal to a servo control unit 63. The servo control unit 63 -
makes an optical pickup 64 seek to a specified position on the optical disk 26 on the basis of the
control signal inputted from the CPU 61, and also effects tracking control and focus control of the
optical pickup 64 on the basis of a tracking error signal (TK) and a focus error signal (FS) supplied
from a matrix amplifier (MA) 65. A spindle motor 62 rotates the optical disk 26 at a predetermined- -
* rotational speed under control of the servo control unit 63. In reproducing the disk ID information, the
optical disk 26 is rotated by a CAV (Constant Angular Velocity) method. The optical pickup 64 is held
by a specified’§ié8 MéehdMsmSorast Bé aBRYo EVeR radidiirechion ofthesoptithrdisk 26.

When data recorded on the optical disk 26 is to be read, the optical pickup 64 irradiates the optical
disk 26 with a348&r ﬁé’anﬁ%@%%ﬁf‘a lc%nﬁ%Fﬁﬁﬁﬁlqnﬁlﬁ’rfébeﬁ&Wtﬁ@ SEVEEERG unit 63,

receives the reflected beam, converts the, reflected beam
plurality of tracks in the BCA 26A of the optlcal disk 26

‘at a faetory prior to shipment.

Incidenpally, depending on output intensity
required By‘the laser 23, Ehe cycle of the channei ciock
outputted by the VCO 33 may.be ﬁultiplied by r.to be f/{n
Xm X ky. In this case, a frequency dividing coefficient
N of the fregquency divider 30 is also multiplied by r.

Fig. 9 is a block diagram showing a configuration
of a disk recording end playback apparatus 51 for
recording data_and reproducing data recorded in the data
area 26B of the optical disk 26 having the disk Iﬂ
information recorded in a manner as described above in
its BCA 26A.

A CPU 61 controls parts of the disk recording and
playback apparatus'51 eceording to an operating signal
inputted from an operating unit not Shown.in the figure
to thereby.reco:d data and reproduce data‘recerded in the
data area 26B of the optical disk 26. In reproducing data
or recording data, the CPU 61 outputs the disk ID
information of the eptical disk 26 retained by a register
71 to a decryption proceesing unit 74 or an encryption

processing unit 75. Also, the CPU 61 generates a control
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into an electric signal, and then outputs the electric signal to the matrix amplifier 65. When the optical
pickup 64 records new data on the optical disk 26, the 21 optical pickup 64 irradiates the optical disk
26 with a laser beam on the basis of data outputted from a modulation unit 77 to thereby record the
new data in the data area 26B of the optical disk 26. The matrix amplifier 65 processes the signal
inputted from the optical pickup 64, and then outputs a reproduced signal of data corresponding to the
disk ID information recorded in the BCA 26A of the optical disk 26 to an LPF 66. Also, the matrix
amplifier 65 generates a tracking error signal whose signal level changes according to an amount of
tracking error and a tracking error signal whose signal level changes according to an amount of focus
error, and then outputs the signals to the servo control unjt 63. In addition, the matrix amplifier 65
outputs a repfotlitad sighaf B ata reEortfedPinthe dds afcai26H i thictoptitaf dRR b
demodulation unit 72. The LPF 66 removes a high-frequency component of the signal inputted thereto

to thereby sufpresS V&Aoo Tt #Hrepr8deetfdigital SaASEP by MBS, &Ad then outputs the result to |

a comparator 67. The comparator 67 \
P %%epservo control unit 63 makes an optical pickup

64 seek to a.specified position on the optical disk 26 on
the basis of the control éignal inputted from tﬁe CPU 61,
and also effects tracking.control and focus control of
the optical pickup 64 on the basis of a tracking error
gignal (TK) and a focus error signal (FS) supplied froﬁ a
matrix amplifier {(MA)} 65. A spindle motor 62 rotates the
optical disk 26 at a predetermined rotational speed under
. control of the servo control unit 63.

In reproducing the disk ID information, the optical
disk 26 is rotated by a CAV {(Constant Angulaf Velocity)
method.

The optical pickup 64 is held by a specified sled
mechanism so as to be able to move in a radial direction
of the optical disk 26. When data recorded on the optical
disk 26 is to be read, the optical pickup 64 irradiates
the optical disk 26 with a laser beam accdrdiﬁg to a
control signal inputted from the servo control unit 63,
receives the reflected beam, converté the réfleeted-beam.
into an electric signal, and then outputs ;he electric
signal to the matrix amplifier 65. Wﬁen the optical

pickup 64 records new data on the optical disk 25} the
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binarizes the signal inputted thereto by comparing the signal with a predetermined level. A
demodulation unit 68 samples the signal inputted thereto on the basis of a 22 sampling clock inputted
from a quartz oscillator 69, makes channel position correction, performs demodulation (in this case;
PE demodulation), and then outputs the result to an ECC (Error Check and Correct) unit 70. A

- sampling clock number per rotation of the disk is setto be n X m X k X p (n, m, and k are numerical
values based on the disk ID recording format described with reference to Fig. 4, and p is an integer of
two or more) The ECC unit 70 supplies the demodulated data (disk ID information) inputted thereto to
the register 71 for storage. In the meantime, the demodulation unit 72 demodulates data (contents
data) supplied from the matrix amplifier 65, and then supplies the demodulated data to an ECC unit
73. The ECC QRiF 733UbREE He deémodmarttr Baf iRpated thetatb 18 &ftor 2oriélidn processing,
and then supplies the result to the decryption processing unit 74_ The decryption processing unit 74

decrypts the ¢GriBhtsHRRT sBPpIdtPirBitthe EREC Ik Lot REERds BF ¥k Blisk ID information

-supplied from the reg;ster 71, and then outputs the result to an apparatus not shown in
modulation unit 77 to thereby record the new data in the

data area 268 of the optical disk 26.

The matrix amplifier 65 proceésés the signal
inputted from the optical pickup 64, and then outputs a
reproduced signal of data corIESponding to the disk ID
information recérded in the BCA 26A of the optical dis%
26 to an LPF 66. Also, the matrix amplifier 65 generates
a tracking-érror signal whose signal level changes
according to an amount of tracking error and a tracking
error signal whose signai level changes according to an
amount of focus error, aﬁd then outputs the signals to
the servo control unit 63. In addition, the matrix
amplifier 65 outputs a reproduced signal of data recorded’
in the data area 26B of the optical disk 26 to a
demodulation unit 72.

The LPF 66 femoves a high—frequency component of
the signal inputted thereto to thereby suppress vaxiatioh
in the reproduced signal ﬁaused by_noise, and then
outputs therresult to a comparatér 67. The comparator 67
binarizes the'signal inputted thereto by comparing the.

signal with a predetermined level. A demodulation unit 68

samples the signal inputted thereto on the basis of a
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the figure. The encryption processing unit 75 encrypts contents data inputted thereto on the basis of
the disk ID 23 information. supplied from the register 71, and then outputs the result to anECC unit 76.
The ECC unit 76 adds an error correction code to the encrypted contents data inputted thereto, and
then outputs the result to the modulation unit 77. A magnetic disk 91, an optical disk 92, a magneto-
“optical disk 93, or a semiconductor memory 94 is inserted into a drive 81 as required. The drive 81
supplies a program read from the magnetic disk 91, the optical disk 92, the magneto-optical disk 93,
or the semiconductor memory 94 to the CPU 61. Operation of the disk recording and playback
apparatus 51 will next be described. When the optical disk 26 is inserted into the disk recording and
playback apparatus 51, the CPU 61 controls the servo control unit 63 to rotate the spindle motor 62
at a constant aeguidri welocity ¢y theoGAVemethodnThisaetocity is thielddmeoas #te, velocity at which
the spindle motor 27 of. the disk 1D recording apparatus 11 of Fig. 8 rotates the optical disk 26. At thIS
pmntmt"ne1mgkgwyg@@@m@hﬂmQ§§tlon correction, performs demodulation

{in this case, PE demodulation), and then outputs the
result to an ECC (Error Check and Correct) unit 70. A
sampling clock number per rotation of the disk is set to
ben Xm Xk X p (n, m, and k are numerical values based
on the disk ID reéording format described with reference
to Fig. 4, and p is an integer of two or more). The ECC
unit 70 supplies the.demodulated data (diék ID
information) inputted_theretO‘to the register 71 for
storage.

In the meéntime, the demodulation unit 72
demodulates data ({contents data) supplied from the matrix
amplifier 65, and then supplies the demodulated data to
an ECC unit 73. The ECC unit 73 subjects the demodulated
data inputted thereto tc error correction processing, and
then supplies the result to the decryptiom processing
unit 74. The decryption p?ocessing unit 74 decrypts the
contents data supplied from the ECC unit.73 on the basis
of the disk ID information supplied from the régister 71,
and then outpuﬁs the result to an apparatus ﬁot shown in
the figure.

.Thé encryption proceésing unit 75 encrypts contents

data inputted thereto on the basis of the disk ID
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moves the optical pickup 64 in a radial direction of the optical disk 26 to play back the BCA 26A of the
optical disk 26. 24 Reproduced data outputted from the optical pickup 64 is inputted from the matrix
amplifier 65 to the comparator 67 via the LPF 66 to be'binarized. The demodulation unit 68 samples
the binarized data inputted from the comparator 67 on the basis of a sampling clock supplied from the
quartz oscillator 69, and thereby demodulates the data. Also, the demodulation unit 68 performs
processing for correcting channel bits'and words. The processing will be described later in detail. The
~ demodulated data outputted from the demodulation unit 68 is supplied to the ECC unit 70 to be
subjected to error correction processing based on an error correction code. The result is supplied to
the register 71 to be stored therein. Thus, the disk ID information recorded in the BCA 26A of the
‘optical disk 28%< SicRed iPthesiegRicrerL. TWIRen Akoniharid teerecdid ceméntshdata is issued, the
CPU 61 controls the servo control unit 63 to rotate the optical disk 26 by a CLV method via the spindle

motor 62. Th@‘éﬁE%ﬁoﬁ}tﬁQE@s‘éﬁgturﬁP??En&?fStélé’drﬁeﬁté- The ECC unit 76 |

adds an error correction ccde_to the encrypted contents
data inputted theretb, and then outputs the result-to'the
modulation unit 77.
A magﬁetic_disk 91, an 6ptica1 disk 92, a magneto-
- optical disk 93, or a semiconductor memory 94 is inserted
into a drive 81 as required. The drive 81 supplieé a
program read from the magnetic disk 91, the optical disk
92, the magneto-optical disk 93, or the semiconductor
memoxry 94 to the CPU 61.

Operation of the disk recofding and plavback
apparatus 51 will next be éescfibed. When the optical
disk 26 is inserted into the disk recording and playback
apparatus 51, the CPU 61 controls the servo control unit
63 to rotate the spindle motor 62 at a constant angular

-.velbcity (by'the CAV method). This velocity is the same
as the ve}ocity at which the'spindle motor 27 of the disk
;D recording'apparatus 11 ¢of Fig. 8 rptates the optical
disk.265

At-this point'in time, the servo control unit 63
‘moves the optical pickup 64 in a radial direction of the
optical disk 26 to play back the BCA 26A of the'opticél

disk 26.
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data inputted from an apparatus not shown in the figure on the basis of the disk ID information stored
in the register 71, and then outputs the contents data to the 25 ECC unit 76. The ECC unit 76 adds an
error correction code to the contents data inputted from the encryption processing unit 75, and then
outputs the resulting contents data to the modulation unit 77. The modulation unit 77 modulates the
contents data inputted from the ECC unit 76 by the PE method or another predetermined modulation
method, and then outputs the resulting contents data to the optical pickup 64. The optical pickup 64
records the contents data inputted from the modulation unit 77 in the data area 26B of the optical disk
26. When a command to reproduce the contents data thus recorded is issued, the CPU 61 controls
the servo control unit 63 to rotate the optical disk 26 by the CLV method as in the case as described
above. The optical pickigres Prayechabkithe elatratcbeZo B vbthedpticabdisk 26, aad kthen outputs
~the reproduced data to the matrix amplifier 65. The matrix amplifier 65 supplies the reproduced data
to the demod§l4tid’ uhR T2t TRE dERRSHUldt®NTFITZAX deRsodLfdies tereodliced contents data

inputted thereto by a demodulation method corresponding to. the modulation
comparator 67 via the LPF 66 to be binarized. The

demodulation unit 68 samples the binarized data inputted
from the compafator 67 on the basis of a sampling clock
‘supplied from the quartz oscillatbr 69, and thereby
demodulates the data. Also, the demodulation unit 68
performs processing for correcting channel bits and WOrds .
The processing will be described later in detail.

| The demodplated data outputtéd from the
demodulation.uniﬁ 68 is supplied to the ECC unit 70 to bhe
éubjeeted to erior correction processing based on aﬁ
error correction code. The result is supplied to the
register 51 to.be stored therein. Thus, the disk ID
inﬁormation_recorded in the BCA 26A of the optical disk
26 is stored in the register 71.

When a command to record conténts'data is issued,
the CPU 61 controls the.sérvo control unit 63 to rﬁtate
the optical disk 26 by a CLV method via the spindle motor
62, |

" The encryption processing unit 75 encfypts conténté
data inpﬁtted ffom-an_apparatus not shown in the figure
on the basis of the disk ID information stored in.the

register 71, and then outputs the contents data to the
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method of the modulation unit 77, and then outputs the resulting data to the ECC unit 73. The ECC
unit 73 subjects the demodulated data inputted from the 26 demodulation unit 72 to error correction
processing, and then supplies the resulting data to the decryption processing unit 74. The decryption.
processing unit 74 decrypts the contents data (encrypted contents data) inputted from the ECC unit
73 on the basis of the disk ID information inputted from the register 71, and then outputs the result to
an apparatus not shown in the figure. As described above, encrypted contents data is recorded in the
data area 26B of the optical disk 26. Therefore, even if the encrypted contents data is copied onto
other disks as it is by a computer or the like, it is not possible to copy the disk ID information, thereby
preventing_decrxption of the contents data. Thus, it is possible to practically control illegal copying of
contents data farg& qhadtties. e &annePpdsitddn 28AEctHh REIE by e Thfhdd®Ration unit 68
will next be descﬂbed with_ reference to Figs. 10A,throu6c£\1 10E. In this case, description will be made

assuming that "2 3. 2CrepPSa RUTSIPWEVERR (FRP1DAS SufbtiftBd Fofn sncryption

processing unit 75, and.then outputs the resulting
contents data to the modulation unit.77. The modulation
unit 77 modulates the contents data inputted from the ECC
unit 76 by the PE method or another prédetermined
modulation method, and then outputs the resulting
céntents data to the opﬁicél pickup 64. The optical .
pickup 64 reéords the contents data inputted from the
'modulation unit 77 in the data area 26B of the optical
disk 26. |
When a command to feproduce the contents data thus
recorded is issued, the CPU 61 controls the servo control
unit 63 to rotate the optical disk 26 by the CLV method
as in the case as described above. The optical pickup 64
/ - plays back the data area 26B of the optical disk 26, and
'thén outputs the_re?roduced data to the matrix amplifier
65. The matrix amplifier 65 supplies the reproduced data
to Ehe_demodulation unit 72. The demodulation unit 72
~demodulates the reproduced contents data inputted théreto
by a demodulation method corresponding to the modulation
method of the moduiation unit 77, and then outputs the
resulting data to the ECC unit 73. The ECC unit 73

subjects the demodulated data inputted from the
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the LPF 66 is binarized by the comparator 67, and then inputted to the demodulation unit 68 as a
binarized pit signal (Fig. 10B) The demodulation unit 68 includes 27 counters 1 to 3 (not shown). The
counter 1 (Fig. 10C) counts the number of clocks (0 to p-1) within a channel bit. The counter 2 (Fig:
10D) counts the number of two channel bits of the PE modulation. The counter 3 (Fig. 10E) counts
the number of bits (words) of the PE modulation. The channel position correction is made by utilizing
the fact that in the PE modulation, bits are invariably inverted at a center of a pit (that is, center of a
word "10" or "01" shown in Fig. 6) Specifically, in timing A in Figs. IOB through 10E, even though the
value of the counter 3 is not changed (even though at a center of a pit), level of the binarized pit
signal is inverted, and therefore the value of the counter 1 immediately after the timing A is corrected
to be "0". Alsai¢he dhaahékbpositidrtcdriedtmnas madedprutidizingotherfact ¢sativieen tedsame data
‘bits occur continuously, channel bits are inverted at a point between the data bits (between the
words) . Specifieaily ShEPfAG 8 intFRigs e $0B through0E, Whefilite @alﬁaé}ﬁﬂth@@ounter 3is changed

(at a point between words), the level of the -
_ processing unit 74. The decryptlon processing unit 74

decrypts the contents data (encrypted contents data)
inputted from ﬁhe ECC unit 73 on the basis of the disk ID
infofmation inputted freoem the register 71, and then
outputs the result to an apparatus not shown in the
figufe. | |

As described above, encrypted contents datg is
recorded in the data area 26B of the optical disk 26.
Therefore, even if the encrypted contents déta is copied
onto other disks as it is by'é computer or the like, it
is not possible to copy the disk ID information. thereby
preventing decryption of the contents data. Thus, it is

' possible to practically contrel illegal cépying‘of

ccntents_data in large quantitiesi

Thg channel position correction made by the
demodulation unit 68 will next be described witﬁ
reference to Figs. 104 through iOE. In this case,
descfiption will be made assuming that p = 3.

A reproduced pit wavefofm (Fig. 10A) outputted from
the LPF 66 is binarized by the comparator 67, and then
inputted to the demodulation“unit 68 as a binarized pit

signal {Fig. 10B). The demodulation unit 68 includeég
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binarized pit signal is inverted, and thus the values of the counters 1 and 2 are corrected to be "0". A
plurality of frame syncs are arranged at equal 28 intervals for one rotation of the optical disk 26.
Therefore, frame syncs are endlessly generated in a constant cycle as the optical disk 26 is rotated.:
Hence, even when a frame sync of a frame is not detected, it is possible to reproduce data
succeeding the frame sync without loss of the data on the basis of interpolating timing of a frame
sync previously detected. As shown in Fig. 11, when a frame sync ("00011101XX" or "11100010XX") -
(Figs. 7A and 7B) is detected, the values of the counters 1 to 3 are all initialized to "0". The ECC unit
70 is supplied with the demodulated data (that is, the disk ID information including parity written triply
as described with reference to Fig. 42, and then subjects the data to error correction processing. Each
piece of the tripRPRFARES d?sk‘ﬂB_i%fo Riafiof 1S Suibjectdd fo EFBREGFectiohF Weheritd Edsult of error
correction of a third block is different from results of error correction of the other two blocks (a first and

‘a second blo&§ bt exhrpIEHRE fesufts of kProf BortBetich & the fitdtBiddk and e dedbnd block are

bit. The counter 2 (Fig. 10D) counts the number of two
channel bhits of the PE modulation. The counter 3 (Fig.
10E) counts the number of bits (words) of the PE
modulation.

The channel position correction is made by
Qtilizing the fact that in the PE modulation, bits are-
invariably inverted at a .center of a pit {(that is, center
of a word "10" or "01" shown in Fig. 6). Specifically, in
timing A in Figs. 10B through 10E, even though the value
of the counter 3 is not changed (even though at a center
of a pit), level of the binarized pit signal is inverted,
and therefore the value of the counter 1 immediately
after the timing A is corrected to be "0". Also, the

) channel positién correction is made by utilizing the fact
that when the same data bits occur continuously, channel
bits are inverted at a point betweén the.daﬁa bits
(between the words). Specifically, in timing E in Figs.
10B through 10E, when the value of the counter 3 is
changed (at a point between words), the level of the
binarized pit signal is inverted, and thus the values of
the counters 1 and 2 are corrected to be ngn,

A plurality of frame syncs are arranged at equal
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used as the disk ID information under a majority rule. The ECC unit 70 outputs the error-corrected
disk ID information to the register 71 for storage. 29 The ECC unit 70 can also determine correct.
words in each of the blocks by majority and then perform error correction processing on a code
generated by collecting correct words. For example, when a first word in the first block coincides with
a first word in the second block and a first word in the third block is different from the first words in the.
first block and the second block, the first word in the first block (or the second block) is used as a
correct word. when a second word in the second block - coincides with a second word in the third block
and a second word in the first block is different from the second words in the second block and the
third block, the second word in the second block (or the third block) is used as a correct word. Other . -
correct wordsigréeoeded finra sinfilar pridinier bnafie basisadt e mkjctitgkuléfe reconstruct a

single piece of disk ID information. Then the disk ID information is subjected to error correction
processing. It1$a58dMEa thfrdisie | reprédic eBRMiTE 1sitPa Baeking sebvat as described

above. Therefore, _ i o )
constant cycle as the optical disk 26 is rotated.. Hence,

éven when a frame syhc of a frame is not detected, it is
possible to reproduce data succeeding the frame sync
without loss of the data on the basis of interpolating
- timing of.a frame sync previously detected.

As shown in Fig. 11, when a framé sSync
{*"00011101XX"* or "“11100010XX*) (Figs. 7A and 7B} is
.detected, the values of the counters 1 to 3 are all
initialized to "0O".

The ECC unit 70 is supplied with the demodulated
data (that ig, the disk ID information including parity
written triply as described with reference to Fig. 4},
and then subjects the data to error correction processing.
Each piege of the triply written disk ID information is
subiected to errér correction. When a result of error
correction_of a third block is different from results of
error correction of the other two blocks (a first and a
‘second block), for example, the resﬁlts of error
‘correction of the first block.and the second block are
used as the disk ID information under & majority rule.
Tﬁe ECC unit 70.0ﬁtputs the error-corrected disk ID

infopmatidn to the register 71 for storage.
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when the reproducing operation is repeatedly performed over a plurality of rotations of the optical disk
26, a different reproduction result (reproduced data) may be 30 obtained because of a slightly shifted
radial tracking position or the like. Accordingly, the reproducing operation or correcting operation can
be performed over a plurality of rotations of the optical disk 26. As a second embodiment, modulation
of disk ID information using a 4-1 modulation for recording will next be described. Fig. 12 shows a
disk 1D recording format in this case. Also in this case, as in the first: embodiment, the circle of the
BCA 26A of the optical disk 26 is divided into three equal parts, thereby forming three blocks. Each of
the blocks is formed by two frames each having a ‘'sync block SA or SB at the front- Each of the
frames has a frame sync of 14 channel bits, and its information bits are 112 data bits. The 4-1
modulation converts d&BDfEL Bits'iktd 892 BRakfid bitd&/T tHetefof® hesfimBer &F channel bits
of a single frame is 406 (hence, n = 3, m 2, and-k = 406) Disk ID information of 224 bits, that is, 28
bytes can be REBIGFint& &inglePBIbEk Ds BRAVAT Fiig?2 S, thesh 1 Mg e e

correction processing on a code generated by collecting
correct words.

For example, when a firét word in the first block
cqincides with a first word }n.the sécona block and a
first word in the third block is different from the first
.words in the fiist block.and the second block, the firéﬁ
word in the first block (of the-sécond block) is.uéed'as
a corréct word. When a §econd word in the second block
coincides with a second word in the third block and a
second word in the first block is different from the
second words in the second block and the third block, the
second word in the second block {(or the third block} is
used as a correct word. Other.éorrect words are collected
in a sim@lar manner on the_basis of the majority rule to
reconstruct a single piece of disk ID information. TheﬁA
the disk ID information is subjected to error correction
processing.

It is assumed that disk ID is reprocduced without
using a tracking servo, as deséribed above. Therefore,
_when_the reproducing opera;ion-is repeatedly performed
over a plurality bf rotagipns of the optical disk 26, a

different reproduction result (reproduced data) may be
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modulation method that modulates two data bits into seven channel bits. First three channel bits form
a sync pattern denoted by "010", and succeeding four channel 31 bits form a data portion, which
indicates data by a position of "1" within the four channel bits. When two - data bits before the
modulation are "00 the data portion is "1000"; when two data bits before the modulationare 1101", the
data portion is 110100"; when two data bits before the modulation are "10", the data portion is "0010";
when two data bits before the modulation are "11", the data portion is "0001'. one word is formed by
the combined seven channel bits of the sync pattern and the data portion. In the PE modulation
method used in the first embodiment, equal numbers of logical "Os" and logical llis" appear.
Accordingly, in that case, substantially half of the reflecting film in the BCA 26A is removed. On the
other.hand, indh& i L pro &S @ rafio df Poblcl t'Ds" 18 iddied "Badis:d. Aeestlingdy, the amount
of reflected light is larger than when disk ID information is recorded by the PE modulation. Thus, the
4-1 modulatidtPRasARAdvANtay8 of WdkingHeELTe B EHect Sefvd ESHRA$EER s focus control

during the reading of data, for example. . ) : -
: operation or correcting operation can be performed over a

plurality of rotations of the optical disk 26.

As a second embediment, modulation of disk ID
information usiﬁg a 4-1 modulation for recording will
next be described.

Fig. 12 shows a disk ID recording format in thié
case.

Also ‘in this.case, as in the first embodiment, the
circle of the BCA 26A of the optical disk 26 is divided
into three equal parts, thereby forming three blocks.
Each of the blocks is formed by two frames each having a
sync block SA or SB at the front. Each of the frames has
a frame sync of 14 chénnel bits, and its information bits
are 112 data bits; The 4-1 modulation converts data of
112 bits into 392 channel bits, and therefore tﬁé number
of channel bits of a single frame ig 406 {hence, n = 3, m
= 2, and k = 406}. Disk ID information of 224 bits, that
is, 28 bytes can be recorded_in a single block.

As shown iﬁ Fig. 13, tﬁe 4-1 modulafion is a
modulation method that modulates two data bits into seven
channel bits. First three channel bits form a syne¢

pattern denoted by "0107, and . succeeding four channel
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Also in this example, the ECC format of the disk ID information is the same as described with
reference to Fig. 5. The disk ID information is encoded by an RS (32, 32 16, 13) code of GF (28), and
12-byte parity is added to form one block. The same block is written triply around -the disk. Figs.. 14A
and 14B each show a sync pattern of a frame sync in the second embodiment. In the 4-1 modulation,
the position of a logical ."1" is fixed in a sync pattern of three channel bits. Therefore, when attention
is directed to the logical "Is" of sync patterns occurring after every other logical "1", the logical "is" of
sync patterns invariably have an interval of "7". Thus, a sync pattern can be formed by breaking the
regularity of the interval at which every other logical "1" occurs. A sync pattern "01000010010100"
“where the intervals at which every other logical "1" occurs are "8, 5, and 6" as shown in Fig. 14A is
set as a first ShESp&ETA SA IA& s§n@ pattd 01806 FIL R B0gaRAsr<lthea irErnals at which every
other logical "1" occurs are "6, -5, and 8" as shown in Fig. 14B is set as a second sync pattern SB.
Thus, in the SBEEAd effbodiment, a'itdiiid Byid of 124 hafRérsislis idetted e hetdikk ID

recording. '
9 data bits before the modulation are "00", the data

portion is "1000%"; when two data bité before the

modulation are "01"%, the data peortion is "0100%; when two
data bits before the modulation are "10", the data

portion is "0010"; when two data bits before the
modulation are "11", the data poftion is "g001" . One word.

is formed by the combined seveh channel bits of the sync
rattern and the data peortion.

In the PE modulation method used in the first
embodiment,.equal numbers of.logical "0s* and logical
*1ls" appear. Accordingly, in that case, substantially
half of the reflecting film in ﬁhe BCA 26A is removed. Oﬁ
the other hand, in the 4»1 modulation, a ratio of logical
*O0s®* to logical *1s" is 5:2. Accordingly, the amount of
reflected light is larger than Whén disk ID information

. is feéorded by the PE modulation. Thus, the 4-1
modulation has an advantage of making it easier to effect
servo contrcl such as focus coﬁtrol during the reading of
data, fqr example.

Also in this example, the ECC format of the disk ID
information is the same as described with reference to

 Fig. 5. The disk ID information is encoded. by an RS (32,
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- format. Fig. 15 is a block diagram showing a configuration of a disk ID recording apparatus 11 for
recording the 33 disk ID according to the second embodiment. Parts. corresponding to those of the
disk ID recording apparatus 11 described with reference to Fig. 8 are identified by the same
reference numerals, and their description will be omitted where appropriate (the same will apply
hereinafter) Specifically, the disk ID recording apparatus 11 of Fig. 15 has the same configuration as -
that of the diskID recording apparatus 11 of Fig. 8 except that the disk ID recording apparatus 11 of
- Fig. 15 is provided with a 4-1 modulation unit 111 in place of the PE modulation unit 22 in Fig. 8.
Therefore, operation of the disk ID recording apparatus 11 of Fig. 15 is the same as that of the disk
ID recording apparatus 11 of Fig. 8 except the modulation method. When the disk ID recording
~ apparatus 11 bfFigt 15 fedrdefhedisk IDrecarthgifriuitas describedisite dékderiee to Fig. 12 on
the circle of the BCA 26A of an optical disk 26, a PLL may be operated such that one rotation of the
optical disk 26" R4 s§REnrORRMF withf R eX $F Rk 8RFIGK12 o ekhffle, MW theakav@Aumber of
an FG signal outputted from a spindle motor 27 is 42 and
the disk. : _ S
Figsw 143 énd 148 each show a sync pattern of a
ffame sync in the second émbodiment.
In the 4-1 modulation, the position of a.logiéal
*1" is fixed in a sync pattern of three channel bits.
Therefore, when attention is directed to the logical "lsg"
of sync patterns occurring after.every other logical miw,
the logical "1s" of sync patterns invariably have an
interval of “7".
Thus, a sync pattern can be formed by breaking the
regularity of the interval at which e?ery other logical
"i* occurs. A sync pattern *01000010010100" where the
intervals at which every other leogical "1" occurs are "8,
5, and 6% as shown in Fig. 14A is set as a first sync
pattern SA. A sync pattern "01000101001000" where the
intervals at which every other logical *1" occurs are "6,
5, and 8" as shown in Fig. 14B is seﬁ as a second'sync
pattern SB.- Thus, in the segond embodiment, a framé.sync

of 14 channel bits is inserted into the disk ID recording.

format.
Fig. 15 is a block diagram showing a configuration

of a disk ID recording apparatus 11 for recording the
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then a frequency dividing coefficient N of a frequency divider 30 is set at 58, the cycle of a channel
clock outputted from a VCO 33 becomes equal to 1/(3 X 2 X 406) 34 of one rotation of the optical dISk
26. The configuration of a disk recording and playback apparatus 51 for recording data and
reproducing data recorded in a data area 26B of the optical disk 26 having the disk ID information
recorded by the disk ID recording apparatus 11 by the 4-1 modulation method is basically the same
as shown in Fig. 9. However, processing of a demodulation unit 68 of the disk recording and playback
apparatus 51 is different from that of the demodulation. unit 68 shown in Fig. 9. Channel position

~ correction made by the demodulation unit 68 will be described with reference to Figs. I6A through
16G. Also inthis case, as in the first embodiment, description will be made assuming thatp = 3. A
reproduced pl‘fE\}\/%]@erPma(‘ﬁé’ﬁ%%@%u?&tf@befr(ﬁﬁcé?ﬁﬁPﬁ“%olgm&ed B§&cdmparator 67, and
then inputted to the demo éiulatlon unit 68 as a blnarlze% pit s nal (Fig. 16B). The demodulation unit
68 delays the “BihafFZ&Sp %fg%aF%pE&tga?hé?gtotWa &ithin Rnéreé??oraér?@ra?éépé‘ﬁﬁ‘iégﬁter signal

(Fig. 16D) tha£ 1s%se ggglgeelg av;fat%enter of a gerlod in vghlch trbe blnarlz

refere are 1 EHtlfled by

the same reference numerals, and their description will
be omitted where apﬁropriéte {the same will appiy
hereinafter). 'Specifically,.the'disk-ID recordihg
.apparatus 11 of Fig. 15 has the,saﬁe coniiguration as
that of the disk ID recording apparatus 11 of Fig. 8
except that the disk ID recording aﬁparatus 11 of Fig,., 15
ig provided with a 4-1 modulation unit 111 in plaée of
the PE modulation unit 22 in Fig. 8. Therefore, operation
of the disk ID recording apparétus 11 of Fig. 15 is the
same as that of the disk ID recording apparatué 11 Qf Fig.
8 except the modulation method. |

When_the disk ID. recording apparétus 11 of Fig. 15
records the disk ID recording format as described with
reference to Fig. 12 6n the circle of the BCA 26A of an
optical disk 26, a PLL may be bperated such.that_one
rotation of the optical disk 26 is in synchronism with n
X m X kX of Fig. 12. For example, when the wave number of
an FG signal outputted from a spindle motor 27 is 42_and:
then.a f:eQuency dividing coefficient N of a frequency
divider 30 is set at'SQ, the cycle of a éhannél clock

outputted from a VCO 33 becomes equal to 1/(3 X 2 X 406)
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pit signal is a logical "I'. The demodulation unit 68 includes a window generator for generating a
window for counters'1 to 3 and sync pattern detection (that is, a 35 window for reading a binarized
signal of a reproduced pit when the value of the counter 2 is "0" to "2") (Fig. 16C). The counter 1 (Fig.
16E) counts the number of clocks (0 to p-1) within a channel bit. The counter 2 (Fig. 16F) counts the
seven channel bits of the 4-1 modulation. The counter 3 (Fig. 16G) counts the number of words of the -
4- 1 modulation. The channel position correction is made so that the value of the counter 1 becomes
"1" when a pit center (Fig. 16D) is detected. For example, the value of the counter 1 is corrected to

be "1" in timing C in Fig. 16D in which a pit center is detected. In addition, word position correction is
made so that agit center (Fig. 16D) of a sync pattern is located at the center of a window (Fig. 16C).

For example, fiie Vdifed SRAG TRuNRT 1°85d BR- 158hte? 2re Torrected to be "1" in timing D. A

plurality of frame syncs_ gre aér(%gged at equal ir(l}t§rvals for one rotation of the gptical disk 26.

Therefore, even when a framé Synt ot & frante Enét détektet® i€ POBEbRS rBpRYies Hata

succeeding the, frame;syno mthpytloss of the et 10 RS O s aucing data

recorded in a data aréa 26B of the optical disk 26 having
the disk ID inférmation recorded by the disk ID recprding
apparatus 11 by the 43; modulation method is basiéally
the same as showﬁ in Fig. 9. ‘However, proceséing of a
demddulation-unit 68 of the disk recording and.playback
apparatus 51 is different from that of the demodulation
unit 68 shown in Fig. 9.

Channel position correction_made by the
demodulation unit 68 will be described with reference to
Figs. 162 through 16G. Also ih this case, as in the first
embodiment, description will bé.made assuming that p = 3.

A reproduced pit waveform {Fig. 164) outputted from

y. an LPF 66 is bingrizea by a cﬁmparator 67, and then
inputted to the demodulati@n unit 68 as a binarized pit
signal (Fig. 16B). The demodﬁlatién”uﬁit Ge.delays_the
binarized.pit signal inputted thereto by a certain time
and generates a pit centef éignai (Fig. lsﬁ} that rises
precisely at a center of a period in ﬁhich the binarizad
pit signal is a logical "1". fThe demodulation unit 68
includes a window generator fo; generating a windoﬁ for

counters 1 to 3 and sync pattern detection (that is, .a
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interpolating timing of a frame sync previously detected. As shown in Fig. 17, when a frame sync
("01000010010100" or "01000101001000") described with 36 reference to Figs. 14A and 14B is
detected, the values of the counters 1 to 3 are initialized to "0". Description will next be made of a
case, as a third embodiment, in which the ECC format of disk ID information recorded in the register
21 is encoded by an RS (32, 16, 17) code of GF (28) as shown in Fig. 18, 16- byte. parity is added to
form one block, and the same block is subjected to 4-1 modulation and then written triply around the
disk. In this case, as shown in Figs. 19A and 19B, a sync pattern of a frame sync is formed by adding
one word as sync ID to each of the sync patterns SA and SB described with reference to Figs. 14A
and 14B. A sync pattern of a frame sync thus has a total of 21 channel bits. Hence, the sync ID

makes it possTh& 6 fepreSertTBr KifdS of ‘SRt PatrisiBiading Bakh BERFCSHReFaticis SA and

SB and thus form a total of eight sync patterns. Accordingly, as shown in Fig. 20, it is possible to

divide one blo‘%ﬁ?ﬁ‘tot&&htvflaaﬁi(?s.cl’rfr thiS BaSE L% artd m= 8 “Dathf 32 Bits (& 1dispd<eelin one

ﬂame.The(kgggsggg§¥g¥ﬂgkﬁ¥%%. 16E) counts the number of clocks (0 |
to p~i) within a.channel bit. The counter 2 (Fig. 16F)
counts. the seven channel bits of the 4-1 modulation. . The
counter 3 (Fig. 16G) counts the number of words of.the 4-
1 modulation.

fhe channel positicn correction is made so thét the

value of the counter 1 becomes "1" when a pit center (Fig.
16D} is détecteq. For example, the value of the counter 1
is corrected to be "1* in timing ¢ in FPig. 16D in which_a
?it center is detected. In addition, word position
correction is made so that a pit center (Fig. 16D} of a
sync pattern is located at fhe center of a window (Fig.
16C). For example, the values of the counter 1 and the

) counter ? are éorrected to be *1" in timing D.

A plurality of frame syncs are arranged at equal

intervalslfor ohe rotation.ofithe optical disk 26.
Therefore, even when a fréme sync of: a frame is not
-detected, it 1is possible ta reprodu¢e data succeeding the
frame sync without loss of the daﬁa on the basis of
interpolating timing of a framg sync previously detected.

As shown in Fig. 17, when a frame sync.

(*01000010010100" or "01000101001000") described with.
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channel bits by 4-1 modulation, and therefore the value of k is 133 channel bits (= 21 + 112). The
optical disk 26 is for example a CD (Compact 37 Disk), an MD (Mini-Disk), a DVD (Digital Versatile
Disk) or the like. The series of processing steps described-above may also be carried out by
software. The software is installed from a recording medium onto a computer where programs
forming the software are incorporated in - dedicated hardware, or a general-purpose personal
computer, for example, which can perform various functions by installing various programs thereon.
Examples of the recording medium include program recorded package media distributed to users to
provide a program separately from computers, such as the magnetic disks 41 and 91 (including
floppy disks), the optical disks 42 and 92 (including CD-ROM (Compact Disk-Read Only Memory)
and DVD (Digh&f¢érsatie BRKJ)1 R -majhed Bptidd disks ASREIFES (inShBINEMBEMIAEDIsK)), or
the semiconductor memories 44 and 94, as shown in Fig. 8, Fig. 9, or Fig. 15. As described above,

the disk-like réd8tdmgREET ]acESrd?n@ibeth%ﬁﬂéééﬂtﬁﬁ\?é?lti R cofhprises: n blocks arranged by

dividing a circle of a second area inton . _ ,
R Description will next be made of a case, as a third

embodiﬁent, in which the ECC format of disk ID
informaﬁion recordéd in the register 21 is encoded by an
RS (32, 16, 17) code of GF (2°) as shown in Fig. 18, 16-
byte‘parity is.added to form.one block, and the same
block is subjected to 4-1 modulation and then written
triply around the disk.

In this case, as shown in Figs. 19%A and 19%B, a sync
pattern of a framg sync is formed by adding one word as
sync ID to each of the sync patterns SA and SB described
with reference to Figs;'l4A and 14B. A svnc patternlof a

'__fréwé sync thus has.a total of 21 channel bits. Hence,
the sync ID makes it possible to represent four kinds of
.J sync patterns by using each of the sync patterns SA and
SB and thus form a tétal of eight sync patterns. .

Accordingly;'as éhown in Fig. 20, it is possible to
divide one block into eight framés-

In this case, n = 3 and m = 8. Data of 32 bits is
disposed in.one'frame. ‘The data is converted into 112
channel bits'by 4-1 modulation, and therefore the value
of k is 133 channel bits (= 21 + 112).

The optical'disk 26 is for example a.CD (Compact
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equal parts; and m frames arranged by dividing each of the blocks into m equal parts; wherein
auxiliary information is arranged in the frames in such a manner. as 38 to be at equal intervals in a
circumferential direction, and a synchronization signal is disposed in each of the frames. Therefore, it
is possible to realize a disk allowing the auxiliary information to be read easily and reliably without
using a PLL. The disk recording apparatus and the disk recording method according to the present
invention form n blocks by dividing a second area of a disk into n equal parts in a circumferential
_direction, form m frames by dividing each of the blocks into m equal parts in the circumferential
~ direction, generate channel clocks by dividing each of the frames into k equal parts, control rotation of
- the disk so that one rotation of the disk is in synchronism with a cycle of n X m X k channel clocks,
modulate auxifidrgknforavati¥ oliMha baBisTf the eharriel ¢Btks,taid thensetdethd aixiliary
information on the disk. Therefore, it is possible to realize a disk allowing the auxiliary information to
‘be reproduced eashy ahd ¥é€liably without using a PLL. The disk playback apparatus and the dISk

playback method according to the present invention sample a
The serles of processing steps described above may

also be carried out by software. The software'is-
installed ffom a racdrding medium onto a computer whére
programs fdrming the software are incorporated in
-'dedicated hardware, or a general-purpose personal
compﬁter, fof_example, which can perform wvarious
functions by insfalling various programs”thereon.

Examples of the recording medium include program-
recorded package'media distributed to users to provide a
program separately from computers, such as the magnetic
disks 41 and 91 {including floépy disks), the optical
disks 42 and 92 (iﬁcluding CH-ROM (Compact Disk-Read Only
Memory) and DVD (Digital Vergatile Disk))., the magneto-

optical disks 43 and 93 (including MD (Mini-Disk)), or
the1semiconductor memories.44 and 94, as shown in Fig. 8,
Fig. 9,.oriFig; 15.

As described above, the disk-like recording me&iuﬁ
according to ﬁhe present'invention comprises: n blocks
'arranged by dividing a circle of a seqond area into m
equal parts; and m frames arranged by diviﬁing each of
the blocks into m equal parté; whefein auxiliary

information is arranged in the frames in such a manner as
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reproduced signal from a disk by a clock having a frequency twice n X m X k or higher, and
demodulate channel bits, or words while correcting the channel bits, 39 or the words. Therefore, it is
possible to reproduce auxiliary information easily and reliably without using a PLL. In each of the
above cases, when a plurality of "blocks are provided and auxiliary information is written multiply, itis-
possible to equivalently form a product code and thus realize a high correction capability. Since the
circle of the disk is in a substantially physically uniform state, it is possible to reduce effects on a

- focus servo and the like and to control deterioration of the disk. Even if a defect is caused on the disk,
itis possible to correct channel bits, or words. It is therefore possible to achieve high reliability in
reproducing a%il_i%rg informatigg. Alsog, the redundancy of agégchronization ignal may be at a low

level. The preséntinvéntion s not fimited 16 the d&taffs ot e S66VEESdG hed Trefetea™

embodiments. Fe sco of {he iventign isdefined by.he appended claims and gl ghanges and
modifications as fall within the equivalence of the scope o tﬁe c?alms are tﬁere ore 1o

_frames.' Therefore, it is possible to realize a disk
allowing the auxiliary information to be read easily and
reliably without using a PLL.

The disk recﬁrding ap?aratus and the disk recording
method according to the present invention form n blocks_
by dividing a second area of a disk inté n equal parts‘in
a circumferentiai direction, fofm.m frames by dividing
each.of the blocks into m equal parts in the
circumferential direction, generate channel c¢locks by
dividing each of the frames inte k equal parts, control
rotation of the disk so that one rotation of the disk is

' in synchronism with a cycle of n X m X k éhannel_clocké,
modulate auxiliary information on the basis of the
,ﬁ channel clocks, and then record the auxiliary information
on the disk. Therefore, it is possible to reaiize a disk
.allowing the_auxiliary information to be reproduced
easily and reliably without using a PLL.

The.disk playback apparatus and thé disk playback

Vméthod according to the present invention sample a
repréduced.signal from a disk by a clock having a
frequency twice n X m X k or higher, and demoduiate.

channel bits, or words while correcting the channel bits,
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be embraced by the invention. 40 1 A recording apparatus for recording data onto a recording medium
having a first area for recording contents data and a second area, said apparatus comprising: a driver
operable to rotate said recording medium; a memory operable to store identification information that is
unique to said recording medium, wherein at least twelve bytes of parity information are added to said
identification information; and a recording unit operable to record said identification information and
said parity information onto said second area of said recording medium, wherein the information
recorded into said second area of said recording medium is formatted into blocks of frames, each
frame including synchronization data so that said blocks of frames include a plurality of frame syncs,
and wherein the frame syncs of said plurality of frame syncs are arranged at equal intervals for one
rotation of saift FeddtBingREdium SHER St Whent& frafP iR idt e fratne RoFtdEgscted, it is still

- possible to reproduce data succeeding the frame sync without loss of the data on the basis of
“interpolating tAifig bt Af¥ame SPAd plevidushy Hetectdd SaftPhhéRhy sdid iiemificafidR thidrmation is
modulated byPa %—1 modulation method. 2. A recording apparatus according to claim 1, wherein
sixteen bytes o{"parity information are added to said identification information. 3. A recording

apparatus according to. (%1Iaitg“na %hWQ reé%gagbrgggrdéré%%git re&gr%s sai ifligngfication 'nfo_rmation'(_)nto
said second area at least twice. 4. A recording apparatus a’ccord?ng fo Saii % W recifi said recording
unit records  gaql ldentificatiqn iniarmation,pntq sgidhsecond area atleast threq times,
mﬁltiply, it is possible to equivalently form a prodﬁct
code and thus realize a high correction capability,
Since the circle of.the disk is in a substénﬁiaily
physically uniform state, it is possible to reduce
effects oﬁ a focus servo and the like and to control
deterioration of the disk. |
Even if a defect is caused on the disk, it is
possible to correct channel bits, or words. It is
therefore possible to achieve high reliability in
reproducing auxiliary information. Also, the redundancy
of a synchronization signal may be at a low level.
The present invention is not limited to the details
- of the above described preferred embodiméﬁts. 'The scope
of the inventicn is defined by the appended claims and
ail-changes and modifications as fall within the

equivalence of the scope of the claims are therefore to

be embraced by the inventicn.
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5, A reproduction apparatus for reproducing data from a recording medium having a first area for
storing user data and a second area for storing identification information and at least twelve bytes of
parity information, said apparatus comprising: 41 a driver operable to rotate said recording medium; a
reproduction unit operable to reproduce said identification information and said parity information from
said recording medium; and a processor operable to correct at least one error in said identification
information reproduced by said reproduction unit based on said parity information reproduced by saiq
reproduction. unit, Whea&e%ﬂiﬂ@edﬁﬁalia‘rtiaﬁqarf%&l@g@ iBE?aSQLrﬂ&%.C@tier@fﬁ% 1%8%1511 :ﬁ&ﬂg@i&gfﬁl%?di?m IS
formatted i es frame including synchronization data so that said blocks o
frames inclrllﬁ]td%e%% &ﬁ‘ﬁ%@n r%%geggsy%%g , %Q]ddawsﬁé:?’% afri%cgas%?c@qg? §8f8$|ﬁ'ﬂﬂity of frame syncs
are arranged at equal intervals for one rotation of said recording medium such that when a frame sync
of a frame is not detdvRIcPRETsaIIpTHsBIeaid reprutingenddiarsucceeding the frame sync without loss
of the data on the basis of interpolating timing of a frame sync previously detected, and wherein said

identification informagiamis-megiiaing By adrd mgﬁmég%hma%aﬂﬂaﬁéﬁﬁspr@:gggga 3pPaLpus

according to claim 5, wherein there are sixteen bytes of parity information. 7 oduction

apparatus AZESNE TS A WhGTRI&h'east SHelGrREes Pfimaik dniaTratiopssn Addsrliisaifo said
second are@ent|icatianictarSiatiommodiuction apparatus according to claim 7, wherein said
identification information has been recorded onto said second area at least three times.

a recording unit operable to record said identification information and said parity
information onto said second area of said recording medium,

wherein the information recorded into said second area of said recording medium
is formatted into blocks of frames, each frame including synchronization data so that said
blocks of frames include a plurality of frame syncs, and

wherein the frame syncs of said piurality of frame syncs are arranged at equal
intervals for one rotation of said recording medium such that when a frame sync of a
frame is not detected, it is still possible to reproduce data succeeding the frame sync
without loss of the data on the basis of interpolating timing of a frame sync previously
detected, and

wherein said identification information is modulated by a 4-1 modulation method.

2, A recording apparatus according to claim 1, wherein sixteen bytes of parity
information are added to said identification information.

3. A recording apparatus according to claim 1, wherein said recording unit records
said identification information onto said second area at least twice.

4, A recording apparatus according to claim 3, wherein said recording unit records
said identification information onto said second area at least three times.

5. A reproduction apparatus for reproducing data from a recording medium having a

first area for storing user data and a second area for storing identification information and
at least twelve bytes of parity information, said apparatus comprising:
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9, A recording medium, comprising: a first area for storing contents data; and a second area for storing
identification information and at least twelve bytes of parity information, 42 wherein said identification
information is unique to said recording medium, wherein the information recorded into said second
area of said recording medium is formatted into blocks of frames, each frame including
synchronization data so that said blocks of frames include a plurality of frame syncs, and wherein the
frame syncs of said plurality of frame syncs are arranged at equal intervals for one rotation of said

recording medium sdechehapevhbie tofrotate syiaceiadiigmreuRgt detected, it is still possible to
reproduce data succeeding the frame sync Without loss of the data on the basis of interpolating timing,

of a frame sync prev. tecte and rein sa| identifica |or1 information is modulated by a 4-1
iy g

modulation metho O HTRAYcRH e IRaYeM Heraetitnand sAitytes of

recor um acc
parity |nforﬁ%fﬂ&iﬁi"fmmﬂtlpébfﬁm‘irﬁfmé%ﬁgfﬂlmmdiwg tterglaim 9, wherein said identification
information has been recorded onto said second area at least twice. 12. A recording medium

according to clalméém&b&s&mge@s@%&&%&%ﬂ%ﬁeHefbrFﬁ%HP@SF& {85 ﬂgﬁzé?mﬂféﬂl%ﬁ ond

area at Ieast thre s. 13. A method for recording data onto a recording medium having a fi rst area
for recordingv cSﬂe‘t' r&%ya?gigﬁﬁpéogé’%ﬂa Yt basg "rﬁéﬁ‘l&?%%ﬁif@fﬁbﬂt’ﬁé EB[Rsurerbbx RIS aid

recording niegraducienerting identification information that is unique to said recording medium,

wherein the information recorded into said second area of said recording medium
is formatted into blocks of frames, each frame including synchronization data so that said
blocks of frames include a plurality of frame syncs, and

wherein the frame syncs of said plurality of frame syncs are arranged at equal
intervals for one rotation of said recording medium such that when a frame sync of a
frame is not detected, it is still possible to reproduce data succeeding the frame sync
without loss of the data on the basis of interpolating timing of a frame sync previously
detected, and

wherein said identification information is modulated by a 4-1 modulation method.

8. A reproduction apparatus according to claim 5, wherein there are sixteen bytes of
parity information.

7. A reproduction apparatus according to claim 5, wherein said identification
information has been recorded onto said second area at least twice.

8. A reproduction apparatus according to claim 7, wherein said identification
information has been recorded onto said second area at least three times.

8. A recording medium, comprising:
a first area for storing contents data; and

a second area for storing identification information and at least twelve bytes of
parity information,
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wherein at least twelve bytes of parity information are added to said identification information; and
recording said identification information and said parity information onto said second area of said
recording medium, 43 wherein the information recorded into said second area of said recording
medium is formatted into blocks of frames, each frame including synchronization data so that said
blocks of frames include a plurality of frame syncs, and wherein the frame syncs of said plurality of
frame syncs are arranged at equal intervals for one rotation of said recording medium such that when

a frame sync of a fdng S ARtGEIRRLEToH IrSHARRTSIDIGIQUE RS HF R AR RYRRERGINT the frame

sync without loss of the data on the basis of interpolating timing of a frame sync previdusly detected,
and wherein said identification information is modulated by a 4-1 modulation method. 14. A method

for reproducing dat"f&iH HecRRanRIARCERRTARIIMNG saif Sesrnd rRiea@fraridesrming rfiSecond
area for stoiinigrdenttidationidoferidtoneandaiHashawelvdibyomonhpanbtisfadmationnsaichmethod

comprising %@e&%rgfﬁégt%téﬂ%g%i mg%?jdgrﬂgrgﬁggi éger%aducing said identification information

and said parity information from said recofding medium; and correcting at least one error in said
identification information reproduced in said step of reproducing based on said parity information
reproduced in said*@i§ibf the framecmgionséreaictmiunality ek tierme songsdait agaibsdcantaaa of

said recordipgerageiven dedfaonaidadointaiblesksraiiiomasurpsidiama MRkKiIBawICRRIZatign data
so that said . e . .
frame is not detected, it is still possible to reproduce data succeeding the frame sync
without loss of the data on the basis of interpolating timing, of a frame sync previously

detected, and
wherein said identification information is modulated by a 4-1 modulation method.

10. A recording medium according to claim 9, wherein there are sixteen bytes of parity
information.

11. A recording medium according to claim 9, wherein said identification information
has been recorded onto said second area at least twice.

12. A recording medium according to claim 11, wherein said identification information
has been recorded onto said second area at least three times.

13. A method for recording data onto a recording medium having a first area for
recording contents data and a second area, said method comprising the steps of:

rotating said recording medium;

generating identification information that is unique to said recording medium,
wherein at least twelve bytes of parity information are added to said identification
information; and

recording said identification information and said parity information onto said
second area of said recording medium,
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blocks of frames include a plurality of frame syncs, and wherein the frame syncs of said plurality of
frame syncs are arranged at equal intervals for one rotation of said recording medium such that when
a frame sync of a frame is not detected, it is still possible to reproduce data succeeding the frame
sync without loss of the data on the basis of interpolating timing of a frame sync previously detected,
and wherein said identification information is modulated by a 4-1 modulation method. 44

wherein the information recorded into said second area of said recording medium
is formatted into blocks of frames, each frame including synchronization data so that said
blocks of frames include a plurality of frame syncs, and

wherein the frame syncs of said plurality of frame syncs are arranged at equal
intervals for one rotation of said recording medium such that when a frame sync of a
frame is not detected, it is still possible to reproduce data succeeding the frame sync
without loss of the data on the basis of interpolating timing of a frame sync previously
detected, and

wherein said identification information is modulated by a 4-1 modulation method.

14, A method for reproducing data from a recording medium having a first area for
storing user data and a second area for storing identification information and at least
twelve bytes of parity information, said method comprising the steps of:

rotating said recording medium;

reproducing said identification information and said parity information from said
recording medium; and

correcting at least one error in said identification information reprcduced in said
step of reproducing based on said parity information reproduced in said step of
reproducing,

wherein the information recorded into said second area of said recording medium
is formatted into blocks of frames, each frame including synchronization data so that said
blocks of frames include a plurality of frame syncs, and

wherein the frame syncs of said plurality of frame syncs are arranged at equal
intervals for one rotation of said recording medium such that when a frame sync of a
frame is not detected, it is still possible to reproduce data succeeding the frame sync
without loss of the data on the basis of interpolating timing of a frame sync previously
detected, and

wherein said identification information is modulated by a 4-1 moduiation method.

44



