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)Hhay beifkey il €8pRENO N PVEY (Digital Versatile Disk), for
example, a BCA (Burst Cutting Area) is provided to prevent illegal copying between disks. The BCA
provided on a DVB ¥ bBHcSRRBEF WiRE fdtéretige 40 RiP 15 A BEARBLADWMFTIHPR/D-ROM (Read

- Only Memory) or DVD-RAM (Random Access Memory)) is_irradiated with gulse laser light of a YAG
(yttrium 1 aluminﬁrﬁ@g%fifjl %@%%cfo‘ﬁ%ﬁ%ﬁbssgﬁﬂeRESK PLAYBACK METHOD

BACKGROUND OF THE INVENTION

The present invention relates to a disk-iike
recording medium, a disk recording appératﬁs and a disk
recording method, and a disk plavback apparatus and a
disk playback'méthod, 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 infﬁrmation of a disk reliably.

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

_ Cutting hrea) 1is provided to prevent illegal 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

irradiated with pulse laser light of a YAG {yttrium-



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 bytesis 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 aréa bR aRUEDTR EEteot detection cotled. Faurtsyas ofrdach row ifhaPIEGC. (error

- correction code) area is error correction code. A BCA-Postamble is recorded in a last row. When the
data recorded iR HHEBC A S 1S RPBe YeprodiRed) a +prbateing apparstus yenératesaxdéek on the
basis of a reproduced signal of the BCA-Preamble part by means of a PLL (Phase Locked Loop), and

performs 2 deﬁbﬁﬂ?ﬁlgﬁrﬁbcgrrBVCSI'?éﬁ%hnﬁl a predetériiihéd cdirection, narrow

stripes of reflecting f£ilm made of aluminum or the like
formed on an innexr side of the diskp The stripes show
auxiliary information such for example as an ID number
and oiher identification information and_an encryption
key. The BCA 2 is formed for about 3306° along the
innermost éircumference of the DVD 1.

Data structure of dafa recorded in the BCA 2 1is
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 ($B) or a resync (RS). A BCA-
Preamble is recorded in fdur bvtes of a first row:. The
BCA-ﬁreamble is data including only 0s. Four bytes of
each row in a BCA data field is an information area or an
EDC {error detection code}. Four bytes of each row in an
ECC (error correction code} area is error correction code.
A BCA-Postamble is recorded in a last row.

When the data recorded in the BCA 2 is to be
reproduced, a reproducing apparatus generates a clock on
the basis of a reprdduced 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
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 conteRfd"¢8edledTh thad D romay bereprddueeeoranaty; €Tisdreforénkigh reliability is
required for data recording and reproduction recorded in the BCA2. In order to reduce the amount of
lost data, a méthbHUt fRYuehfly iAgerting & syMehrorEdtioRSsighia f6bresyrerefiration his
conceivable; hgg/g:%ver, such insertion of the redundant 3 synchronization, signal reduces the amount of
data ' :

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

Also, if‘a syﬁchronization signal (synea) 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

" defect), data cannot be repraduced. The information
recorded in the BCA 2 is ID information unigue to each
disk and the like. It may be related to the entire data
on the disk {(for example deteimine whether contents
recorded on the DVD 1 may be reproduced or not).
Therefore, high reliability is required for data
recording and reproduction recorded in the BCA2. In order
to reduce the amount of lost data, a method of freqguently
inserting a syanchronization signal for resynchronization

ig conceivable; however, such insertion of the redundant



recordable in the BCA. SUMMARY OF THE INVENTION Example embodiments of the present
invention may enable reliable reproduction of data in the BCA. According to a first aspect of the
present invention, there is provided a recording apparatus for recording data on a recording medium,
comprising: driving means for driving said recording medium; modulating means for modulating two
data bits into seven channel bits in a 4-'modulation techniqéJﬁ(?é1 enerating means for generating a

r

synchronizatioﬁyﬁé"'t%r?{”lﬁélﬁjd?ﬁg At s tﬁFedeuBﬁé, Sad 5‘ ¢

Lting'me&rs generating said
synchronization epatt%{aﬂf?,% that ftq{eech logical "1" in said synchronization pattern, a bit distance to a
I

second foIIowirrlg Cfgfjalca slurbse‘quen 0 said each logical "1" is predetermined, and no two bit

distances are equal in value; and recording means for recording said channel bits and said
synchronization pattern to form a sequence of recorded bits. According to a second aspect of the

present inventign,,there s providsd a repraduction apparatus for reproducing data from a recording
medium, said data including channel bits and a synchronization pattern forming a sequence of

recorded bits, said ap%%wl%og%@g}g@gggoq}lfctm r@%@ {ﬂ%qggi%nglaﬂ:@i@g%qgrom said
recording medium; demodulating

reliable reprocuction of data in the BCA.

"According to a first aspect of the present invention,
there is provided a recording apparatus for recording data on
a recording medium, comprising: driving means for driving said
recording medium; nmodulating means for modulating two data
bits into seven channel bits in a 4-‘modulation technigqus;
generating means for generating a synchronization pattern
including at least three bits, =sald generating means
generating'said synchronization pattern so that for each
logical ™17 in said synchronization pattern, a bit distance to
a second following logical. ™17 subsequent to said each logical
"1 is predetermined, and no two bit distances are equal in
vaiue; and reccrding means for recording sald channel bits and
said synchronization pattern to form a seqguence of recorded
bits.

Acceording to a second aspect of the present invention,
there is provided a reproduction apparatus for reproducing
data from a recording medium, said data including channel bits

and a synchronization pattern forming a sequence of recorded

bits, sald apparatus comprising: reproduction means for



means for demodulating seven channel bits into two data bits in a 4-1 demodulation technique;
generating means for generating said synchronization pattern so that for each logical "1" in said
synchronization pattern, a bit distance to a second following logical ™ _" subsequent to said each

logical "1"is predetermined, and no two bit distances are equal in value; and control means for
controlling said reproduction me n§ acc0£dinrg to sadid s(_tynchronization,patte@. Ac rdingnto a third
r%% oducIng. sal ata Ero %Fl T %?rdlng med%um- 210 éﬁatl %] L
aspect of the present invention, there iS provided a recording medium for storing data, comprising: a
flrs_t area for strgé%JTatfloefalsg51 %1%%’8@5%?&”:@5' . @%hs%lg S8ven %q%réngilnt%l(t)s {gpreggggln}git%q data bits,
said seven channel bits modulated from’said two data bits using a 4-1 modulation technique; and a

second area farstpring;a sypehrenization patigen.including gt least thres its; yyherein said

synchronization pattern is generated so that for each logical "1" in Said synchronization pattern, a bit

distance to a secend fellewing logical c1r skbseguent ta said-each legical £y is predetermined, and
no two bit distances are equal in value, and wherein said channel bits and said synchronization

pattern form a seguence qfregordedDitsyMecosdingto: a-fourhaspectathere isprovigded acmethod for
recording data on a recording medium, comprising 4a the steps of driving said recording medium;
modulating twa second following logical “17 subsequent to sald each logical

"1 1s predetermined, and no two bit distances are egual in

value; and control means for controlling said reproduction

means according to said synchronization pattern.

Acoording to a third aspect of the present invention,

there i1s provided a recording medium for storing data,

comprising: a first area for storing at least seven channel

bits, said seven channel blts representing twe data bits, said

seven channel bits modulated from said two data bits using a

4~-1 modulation technigue; and z second area for storing a

synchronization pattern including at least three bits, wherein

said synchronizat;on pattern is generated so that for each

logical ™17 in saild synchronization pattern, a bit distance to

a second following logical “1” subsequent to said each logical

“17 is predetermined, and no two bit distances are egqual in

value, and wherein said channel bits and said synchronization

pattern form a seguence of recorded bits.

According to a fourth aspect, there is provided a

method for recording data on a recording medium, comprising

da



data bits into seven channel bits in a 4-1 modulation technique; generating a synchronization pattern
including at least three bits, said synchronization pattern generated so that for each logical "1" in said
synchronization pattern, a bit distance to a second following logical "1" subsequent to said each
logical "1" is predetermined, and no two bit distances are equal in value; and recording said channel
bits and said st)mchronization pattern to form a sequence of recorded bits; According to a fifth aspect
of the present invertion: “thete 1& provilietfa méthod-for tpfsiticig daa e a Srectiding medium,
said channel bgg Qanqoa tsgm&@goniza\'gjgfq dgaétern Iorijmiing a sequ _nlcemof recorded bits, said method

© : T i
comprising the stéps of: reproducing sai QatA from said “Fecor ing m%%?ur%?ﬁ%?r]odulatmg seven of

sald channel bits 7(0; data bt g3 4-1, demosalion fespiaus: generaling saig sypchronization

pattern so that for each logical "1" in said synchronization pattern, a bit distance 1o a’second following
logical "1" subsequent.te.saidigach lagical ‘s -prasetermined, and ng twg,bit distanges are equal in

value; and controlling said reproducing according to said synchronization pattern. Also disclosed is a
disk-like recordingimeditinincluding: mblocks arranged in,agikcle of a-second area,and, 4b

bit distance to a second following logical “1” subseguent to
said each logical “1” is predetermined, and no two bit
distances are equal in value; and recording said channel bits
and said synchronization pattern to form a seguence of
recorded bits;

hccording to a fifth aspect of the present invention,
there is provided a method for reproducing data from a
recording medium, said channel bits and a synchronization
pattern forming a sequence of recorded bits, said method
comprising the steps of: reproducing said data from said
recording medium; demodulating seven of said channel bits into
data bits using a 4-1 demodulation technique; generating said
synchronization pattern so that for each legical “17 in said
synchronization pattern, a bit distance to a sscond following
logical “1” subseguent to said each logical “17 is
predetermined, and no two bit distances are egual in value;
and controlling said reproducing according toc said
synchronization pattern.

Also disclosed is a disk-~like recording medium

including: n blocks arranged in a circle of a second area and

4ib



each 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 dlzoseldem each of the frames. In one of the frames, k channel bits may be

Stairied by dididing Thé e Tt K St drts. TRE Akl Anfdthiation may

arranged at intérvals obtal

be modulated Qy aacm ggl%io&magthgd cap ble of wqrd ncl rgniz_ation,or bit synchronization.
The modulation me%hod r%ay ea phasce g%%og?nrgenrﬁé%o or a 4-1"Modtiatioh %ﬁ:e 0d. When a value

of the m is two or smore, dhe,nusber of inds of synchranization sighals may.be fwo or more and m or
less. An error correction code can be added to the auxiliary information. Identical data can be
disposed in eaghokthe.a blocks, Alsadisclosgdds a diskJegordingiapparatus inglyding:

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, kX channel bits may be arranged
at intervals obtained by dividing the frame into k equal

parts.

The auxiliary information may be modulated by a

ac



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 dgeftign are{fgeer;ler ted, the channel clock being required for recording auxiliary
information; cORtroT Means Tor ControTiRg Fotation BF the HEKSS tHar'6he CFotafioR df the disk is 5 in
synchronism V\éit@lgl%(): Ocrll(:e.LZof ni)énm X k channel clocks; modulating means for modulating the auxiliary
information on the basis o?%he channel clock generated by the generating means; and recording

means for recording the auxfligty, infarnation medplated by the modulating means on the disk. Also
disclosed is a disk recording method including: a rotating step for rotating a c?%k; a generating step for

generating a channel clock carresponding to,an.jpteryal 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 directionaée generatedand - frames eachhaving & length obtained by dividing one
of the blocks into m equal parts in the

kinds of synchronization signals may be two or more and m or

less.

An error correction code can be added te the auxiliary
information.

Identical data can be disposed in each of the n
blocks.

Also disclosed is a disk recording apparatus 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 cbtained by
dividing one of the blocks intc m egual parts in the
circumferential direction are generated, the channel clock
being reguired for recording auxiliary information: control
means for controlling rotation of the disk so that one

rotation of the disk is



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 rece rding. the auxiliary info matlgnHG)Eno

d%laﬁedlﬂb

rocessing of the modulating

step on the disk® A5 disdiosad 154 igk piayback appardtus incﬁjéi%/ﬁg:e fottifig fhiéans for rotating a
disk at a consta(pc%(g%géji%rg v%%%ltsy;ﬂcg%y%%%%%ns f rhglaglllr;]g P?Qiéih?nd%%gi%%qe@t@zg means for
m demodulatfi

generating a cloc aving’a frequency twice n or higher; an

or
ng means for

sampling a signal eutputted by the playbagk means gn,the hasis of the clogk, generated by the

generating means and demodulating channel bits, of words while Correcting the channel bits, or the

words. The disk-playbagk apparatus can-fusther include- gorectingHmeans;for

on the basis of an error correction code included in the auxiliary information an

ing error correction
determining correct

auxiliary information-hy: majosityitule: Jhe-corestingdneans Caninake @Ok Eerrection on

Also disclosed is a disk recording method including: a

rotating step for rotating a disk; a generating step 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 obtazined by dividing a second area

inte n equal parts in a circumferential direction are

generatec and m frames each having a length obtained by

dividing cne of the blocks into m eqgual parts in the

circumferential direction are generated, the channel clock

being required for recording auxiliary information; a

step for controlling rotation of the disk so that one

control

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 kasis of the channel clock generated by

processing of the generating step; and a recording step for

recording the auxiliary information



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 stggloq:lthcg gasis of the clock O%er]tenrated lerglcgssingeof t(pne tg_:jneenec{a_g g step and
e

demoduIatingﬂ’lc%anr?1 eblts,yorpv%/grccfss\?vﬁﬁ% correcﬁnzélot ec anr?elinltsz,)or the words. The disk-like

recording medium in exaplg; ebogiimens pan nplude: s blosks aranoed by,diding.a circl of a

second area into n equal parts; and m frames arranged in each he blocks; wherein auxiliary

information is arranged, in theframes.in:such.a manner astobe gt egual intervalgdn a circumferential
direction, and a synchronization signal is disposed in each of the frames. The disk recording

apparatus and gisk-recording. prethedn ik example gnbedimeats.cam soatrok rotption-af-adisk so that
one rotation of the disk is in synchronism with a cycle of n X m X k channel clocks, modulate auxiliary
information omthe: hasis afdhe channel €lacks; landthen recarddhe-auxiliary: iaforn¥atiorkon the disk.
k¥ or higher; and demodulating means fcr sampling a signal
outputted by the playback means on the bkasis cof 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 include
correcting means for making error correcticon on the basis of
an error correction code included in the auxiliary
information and determining correct auxiliary information by
majority rule.
The correcting means can make error correction on
auxiliary information obtained by collecting portions
determined by majority rule.
BAlsoc discleosed 1s a disk playback method including: a
rotating step for rotating a disk at a constant angular

velcecoity; a playback step for playing



The disk playback apparatus and the disk playback method in example embodiments can 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, an%gvélll( b,((;ag,(te bgiur}l(dersto%% ér}gaqg lanstusolé/eof tpgr folé%vgingtd%scrépté n ggd%%%nded claims
with reference 1o the attached dra ings showing some pre rred embodiments of the invention.

BRIEF DESCRIPTIQN OF, THE DRAWINGS Fig, 1 is g.diagram of assistance.inexplaining a burst

cutting area on a related-art DUD; Fig. 2 shows a recording format of the burst cutting area in Fig. 1,

Fig. 3 shows structure-of;an optical disk to which the yresentinvention s applied; Kig.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 igrthe bursiicuitting asea in fig. 3:619: §isa diagram of gssistancadn explaining PE
generating step and demodulating channel bits, or words while
correcting the channel bits, or the words.
The disk-like recording medium in example embodiments
can include: n blocks arranged by dividing a circle of a
second area into n egual 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 egual intervals in a
circumferential direction, and a synchronization signal is
disposed in each of the frames.
The disk recording apparatus and disk recording method
in example embodiments can control rotation of a disk so that
one rotation of the disk is in synchronism with a cycle of n
X m ¥ k channel clocks, modulate auxiliary information on the
pasis 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 can sample a



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 recprdgg b H&%g(ifkohl% r%ct;oroyg app ga}rysao&f%% 8; Figst]@%ﬁhrog\glhnl_og are diagra_ms of
assistance in exB aining operatf%n of ademodufation unit in %Yg. 9;" Fig. ﬁl isa glagram of assistance

in explaining gperation of the.demodulatign unitin 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.+14Aand,14B.arg diagrams. of assistance in, gxplaining syng.patigrns of frame sync
in Fig. 12; Fig. 15 is a block diagram showing a configuration of a disk ID recording apparatus for

recording diskJR+nsthe format of Fig. 12; Figs. 16A through 16G are diagrams of assistance in
The akove and other advantages of the example
embodiments and the manner of reallizing them will become more
apparent, and will best be understood from a study of the
following description and appended claims with reference to

the attached drawings showing some preferred embodiments of

the inventlion.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram of assistance in explaining a
burst cutting area on a related-art DVD:

Fig. 2 shows a recording format of the burst
cutting area in Fig. 1;

Fig. 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 o¢f assistance in explaining an ECC
format in the burst cuitting area in Fig. 3;

Fig. © is a diagram cf assistance in explaining PE



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 1D
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 outside (in this case, on the innermost side) of a data area 26B
within an innef?48#itid ot #e 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 manner as to form a continuous circle. Fig. 4 shows
an example of a disk IDFPetdrding fofthat FecdFfedindfie BUA 26A2 ASIShbWCiA Fig. 4, the 11

explaining sync patterns of frame sync in Fig. 4;

| Fig. 8 is a block diagram showing a confiéuration
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 apparétus for recording
0or 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 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
érea of the optical disk of Fig. 3;

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

Figs. 142 and 14B are diagrams of assistance in
explaining sync patterns of frame sync in Fig. 12;

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



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 shown in Fig. 5 is
recorded in eaRRIf e Plgcle § &S examble UDvByre patiskisarided té 461 bytesdata, and the disk
ID information is encoded by a Reed-Solomon code RS (32,16, 13) of a Galois field GF (28). Three
blocks each h&fE telssndEGE forrra Fhusf 15 b§teslafi16-byte ID information IDm is disposed as

information bits of 14 bytes in a first frame of each of 12 .
: 1g. 17 1s a diagram of assistance in explaining

the operation of playing back the optical disk recoraed
in the format of Fig. 12;

Fig. 18 is a diagram showing another ECC format;

Pigs. 192 and 19B are diagrams shdwing other sync
patterns of frame sync;:; and

Fig. 20 ig a diagram showing another digk ID

recording format.

DETATILED 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 c¢utting area (BCA) 26A on the outside (in this case,
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 a mannef.as to form & continuous
circle.

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

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

11



the blocks. The remaining two bytes of the ID information ID, 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 (center of-a word) indicating a data bit. Thus, in the case of
data bits, marké 6f spadés 84 nef6ccurtbntifu6Gaty forPthFee cHarmnel bits of#iGre. Accordingly, a
sync pattern indicating sync bits (frame sync) can be formed by arranging marks or spaces
continuously if three"Eaiel bits Br-fHord. Ibiég.dﬁ? 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 Each of the blocdks 1s further divided into m frames

{in the example of Fig. 4, m = 2). Each of the frames is
divided intolk parts {in this case, k = 234). The Ib
iﬁformation 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 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 intoc 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
biock.

In this example, disk ID information in an ECC
format as shown in Fig. 5 is recorded in each of the
blocks. In this example, 12-byte parity is added to 167
byte data, and the disk ID information is encoded by a
Reed-Solomon code RS {32, 16, 13) of a Galois field GF
(2°). fThree blocks each have the same ECC format. Thus,
14 bytes of 16-byrte ID infermation ID, is disposed as

information bits of 14 bytes in a first frame of each of

12



patterns in which marks and spaces each occur continuously in three channel bits. When channel bits
of data immediately preceding a frame sync are "0111, "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 "O1" or "10" are further added as sync ID 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") (Fig. 7B) will be
referred to as 58S APRHERESYnER i$ B8&d o iHdlicate thxy ks frafife 8@ 18t fidrheTrabieek,
whereas a frame sync SB is _used to indicate that its frame is other than a first frame of each of the

blocks. Hencer te Aifhioet of frame¥ halihgramé STRESSA i€ 8qdaiBthe hiffber bf bidtks. Fig. 8

is a block dia ? showinq[a C nfi_guration}{f of a disk ID recording apparatus 11 to which the present
invention is applie .y,&reesgis 8r 21 %tdteE the H%T%?D information that 14

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. €, the PE modulaticn is a code
indicating a data bit by the position of a mark (1) {(bit
indicated in black in Fig. &) and a space (0) (bit
indicated in white in Fig. 6). 1In the example of Fig. &,
é 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". 1In the FE 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
.ﬁata 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
continuousiy in_three channel bits or more. Figs. 7A and
7B each show a sync pattern of frame sync.

As shown in Figs. 7& and 73, two kinds of sync

patterns of six channel bits are provided as frame sync
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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
optical disk 26 with a high-power laser beam via a mirror 24 and an object lens 25. The object lens 25
includes a cyRftricaf nsi for examipI &3NS irfdtiatte ah& B SBA VF tHF optical disk 26 with the
laser beam entering the object lens 25. Thus, a reflecting film of the optical disk 26 is changed
irreversibly, whetety tHe disk IB b &for R tBREHER 5§ a bA U HRAPR! ebert i thé optical disk

is a rewritabl r%gordir;[g glediuni, theggéili ry data sgjchmag giskCID recor,qoe'gnin the BCA 26A is
recorded on tA& Optllc%. Ak VT A uRfewrtable Hata. 15" yne. are ' _

"000111" is used as the frame synce, and "01" 1s 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 ag the frame sgync, and "10% is
added as a succeeding sync pattern. Channéi bits of "61"
or "10" are further added as Sync ID after the above sync
body (*00011:101" or "11100010%). Thus, a total of 190
channel bits fo:m a frame sync. Hereinafter, a frame sync
when a sync ID pattern is *0" {(channel bits = "10") ({(Fig.
73) will be referred to as S&, and a frame sync when a
svne ID pattern is "1'" {(channel bits = "01%) (Fig. 7B)
will be referred to as SB.

A frame sync SA is used to indicate that its frame
is a first frame of a block, whereas a framé sync S§B 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 $8& is egual to the number of blocks.

Fig. 8 is a block diagram showing a configuration
of a disk ID recording apparatus 11 to which the present
invention is applied.

A register 21 stores the disk ID information that

14



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 Comparator) 31. The controller 29
controls the spiadietssruo scomfrettirit 28 @aceonding tooam eperating sighat ¢npiutted 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, thexcontrdlier29 gergratesa Eofitrébsigaal fehcontrolling'a freqiienci didding ratio of a
frequency divider 30 on the basis of the FG signal inputted from the spindle servo control unit 28, and
then outputs thedohtrol signahtbtthé FrefaeAsy disdet 30k 16D information stored

in the reglster 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 (channei clock} inputtéd
from a VCO (voltage controlled oscillator) 33 and then
inserts sync patterns to theréby 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 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 cbject lens 25. Thus, a
reflecting film of the optical disk 26 is changed
irreversibly, where%y the disk ID information is recorded
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 recﬁrded on the

optical disk 26 as unrewritable data.
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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 (frequency) of the clock that the VCO 33 outputs by
oscillation on the basisf 3R/dkabe diphied t6 a ESRSItEMTRS ¢fhé SA20 BB hatfs, the output
from the LPF 32). The clock outputted by the VCO 33 is inputted to the PE modulation unit 22 and
also to the fre§ ARAdEr30. ThetvED 38 iediftrolied $61haca phade differei@ bbiveen the

output of the frequ?ncy divider 30 and the FG signal outputted by the spindle servo control unit 28
becomes constant' Thefetdrs ¥hs Bufifit ot fHe 179721 generator hot 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 spindile
servo control unit 28. Under control of a ceontroller 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 ouﬁputs the FG signal inputted from the
spindle motor 27 to the controller 29 and a PC (Phase
Comparator) 31.

The controliler 29.controls the spindle servo
conﬁrol unit 28 according to an operéting signal inputted
ﬁfom 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 controlling a frequency dividing ratio
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 toe the frequency divider 30.
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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 recording is issued, the controller 29 controls the spindle servo
control unit 28 to rotateTihe dpisdie sRctBr 97 bt d predeieriifedPSpekt. The dpifdlé etor 27
generates an FG signal corresponding to its rotation, and then supplies the FG signal to the spindle
servo control &rit 28F Thé edpindié seidicdritfol YRRk 28°supphils thePE& signal to 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 The fregquency divider 30 divides the clock

outputted by the VCO 33 into a value 1/N {freguency.
dividing ratio) set on the basis of the control signal
inputted from the contreoller 29, and then outputs the
result to the PL 31. The PC 31 compares the phase of a
clock inputted from the freguency divider 30 with the
phase of the FG signal inputted from the spindle serve
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-freguency component
from the signal inputted thereto, and then outputs the
result to the VCO 33. The VCO 33 éhanges the phase
{(Eregquency) of the clock that the VCO 33 outputs by
oscillation on the basis of a voitage applied to a
control terminal of the VCO 33 {that is, the output from
the LPF 32).

The clock outputted by the VCO 33 is inputted to
the PE modulation unit 22 and alsc to the frequency
divider 30. The VCO 33 is controlled so that a phase
difference between the output of the frequency divider 390
and the FG signal outputted by the spindle servo control

unit 28 becomes constant. Therefore, the output of the
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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/(n X m X k) of one rotation
of the optical disk 26 (spindle motor 27) For 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 one
rotation of thewspindie moior2¢ i(@pticaldkisk 26z The P E mogutationiunit 22hsuljectsidisle kD
information supplied from the register 21 to PE modulation based on the channel clock supplied from
the VCO 33 and thentoutputs:itve disk: Bradorohationdd theée daser 23, dihwellaseT 28 gemerates a laser
beam on the basis of the data supplied from the PE modulation unit 22 to thereby irradiate the optical
disk 26 with thedgsértdocn 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 necessafy 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 ig supplied to the

controller 29.

Operation of the disk ID recording apparatus 11

will next be described. When a command to start recording

is issued, the controller 29 contrels the spindle servo

control unit 28 to rotate the spindle motor 27 at a

predetermined speed. The spindle motor 27 generates an FG

signal corresponding to its rotation, and then supplies

the FG =ignal to the spindle servo control 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 signals

with each other, and then supplies a signal of a phase
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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 61 controls parts of the disk recording and
playback appagattis b 1bgdcording t antojseratag sihaalt thpuited ¥fm 2h opieratiigeuiiPAot shown in
the figure to thereby record data and reproduce data recorded in the data area 26B of the optical disk
26. In reproduéing datiol fetording efats, the TRU 61 vttpUts e disk IBR ffernaatibnaof the optical
disk 26 retained by a register 71 to a decryption processing unit 74 or an encryption processing un|t
75. Also, the CPF 81 GknieraRE e Esitfol 2ee to @ signal (control voltage)

supplied from the LPF 32.

. The c¢lock cutputted by the.VCO 33 is supplied to
the frequency divider 30 to be divided by a predeﬁermihed
frequency dividing ratio set via the controller 29, and
then supplied to the PC 31.

Thus, the clock {(channel clock) ocutputted by the
VCO 33 has a cycle of 1/{n X m X k) of one rotation of
the optical disk 26 {spindle motor 27} . For example, when
an FG wave number per‘rotation of the FG signal is 36.and
the wvalue of the freguency dividing ratio 1/N of the
fregquency 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 periocd 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 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
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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 sled mechanism so as to be able to move in a radial direction of the
optical disk 267 ¥dhery data-tecorded-om thiet optichl tdisk 28 jsetothel mad, e oplibalgpickuxE64
irradiates the optical disk 26 with a laser beam according to a control signal inputted from the servo
control unit 633 irelseiv@s ihd paflectéd bedm, tenvaridate coffactad béaml Into@nealeetric signal, and
then outputs the electric signal to the matrix amplifier 65. when the optical pickup 64 records new

: da&aonthecmﬁkarﬁ%kgﬁ,ﬂﬁaEIaCks in the BCA 2624 of the optical disk 26

at a factory prior.to shipment.

Incidentally, depénding on output intensity
regquired 5y the laser 23, ihe cycle of the channel clock
outputted by the VCO 33 may be multiplied by r to be r/{n
X m X kY. In this case, a frequency dividing coefficient
N of the freguency divider 30 is also multiplied by r.

Fig. 9 ‘is a block diagram schowing a configuration
of a disk recording and plavback 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 61 contrels parts of the disk recording and
playback apparatus 51 according to an operating signal
inputted from an operating unit ﬁot shown in the figure
to thereby record data and reproduce_daﬁa'recorded in the
data area 268 of the optical disk 26. In reproducing data
or recording data, the CPU 61 outputs thesdisk ID
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
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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 unit 63. In addition, the matrix amplifier 65 outputs a reproduced signal of data recorded in the.
data area 265 éFtheloptitaF @SR 26 t87a HefiodtlftiotFUntcr. THeEEPE %6 @tost® Righ-frequency
component of the signal inputted thereto to thereby suppress variation in_the reproduced signal
caused by noisBeaR@TeiP bufd g e Fesuit 18 S FaRAId 87 ¥k cdinparator 67 binarizes the

signal inputted thereto by comparing the signal with a 3redet}(zrmined level. A dlemodl]J{Iation unit 68
samples the signal inp fetdd GiPtheBasigiBf & 25° 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 &4 on the basis.of a tracking error
signal {T¥)} and a focus eiror signal (F§) suppiiéd 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 &3.

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 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 according to a
control signal inputted from the serve control unit 63,
recelives the reflected beam, converts the reflected beam
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
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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 ben Xm 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 1D
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 unit 73 subjects the demodulated data inputted
thereto to erroPebirédtio® pFocERsig, Axrdathen SPphés tfeirestr o thesded§plicrtPratessing unit
74. The decryption processing unit 74 decrypts the _contents data supplied from the ECC unit 73 on
the basis of tHEARK IBSATOrRALIOA SUPPFed B M 1BgRErEME L thefutputs the result to an

apparatus not shown in  the figure. The encryption processing_unit 75 encrypts contents_data inputted
theﬁﬂoonthe%ﬁﬂﬁ&Sﬁ&@ﬂﬂﬂ?ﬁ§2§7 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 ocutputs a
reproduced signal of data porresponding te the disk ID
information recorded in the BCA 262 of the optical disk
26 to an LPF 66> aAlsa, the.matrix amplifier 65 generates
a tracking error signal whose signal level changes
according to an amount of trackiﬁg arrcr 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 unit 3. 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
aemodulation unit 72.

The LPF 66 removes a high»frequency component of
the signal inputted thereto to thereby suppress variation
in the reproduced signal éauéad by noise, and then
ouiputs the result to a comparator 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 bagis of a
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information supplied from the register 71, and then outputs the result to an'ECC 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 angui@mueéloeiy TRy fe CARMRERTOAS. TS Feldiity isithe sakld ascthedlocity at which the
spindle motor 27 of the disk ID recording apparatus 11 of Fig. 8 rotates the optical disk 26. At this
point in time, RISETVG LBRTELUMPES ThBYe ShETGiftiEAPFick BiF 64 AT & Tadiahafiectonicithe optical

disk 26 to play back the ECA 26A.of the optical disk26. 24
{in this case, PE demodulation), and then outputs the

result to an ECC (Error Check and Correct) unit 70. A
gsampling c¢lock number per rotation of the disk 1s set to
bpen Xm X k 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 fhe demodulated data (disk 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 ECé unit 73 subjects the demodulated
data inputted thereto to error correction processing, and
then supplies the result to the decryption processing
unit 74. The decryption processing unit 74 decrypts the
contents data supplied from the ECC unit 73 on the basis
cf the disk ID inforﬁation supplied from the register 71,
and then outputs the result to an apparatus not shown in
the figure.

The enéryption processing unit 75 encryphts contents

data inputted thereto on the basis of the disk ID
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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 26 is
stored in the régisBrALt Whes AREOMAENE ¥0Tedotd coR@hi-Gata’is isstied, tHETPU 61 controls the
servo control unit 63 to rotate the optical disk 26 by a CLV method via the spindle motor 62. The
“encryption prdtBESMGUnit 5 BREKpls EShtéits® éta‘iﬁﬁd:tte%lﬁfron%F 8f appardtis hot §hown in the

figure on the bg%is of the disk ID information stored in the register 71, and then outputs the contents
dmatothezsa S an error correctlon code to the encrypied contents

data inpﬁtted thereto, and then outputs the result ro the
modulation ﬁnit 77 .

A magnetic disk 91, an coptical disk 92, a magneto-
optical disk 923, or a semiconductor memory 54 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.

Operaﬁion of the disk recﬁrding 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 &6l controls the serve control unit
63 to rotate the spindle motor 62 at a constant angular
velocity {by the CAV method). This wvelocity is the same
as the velocity at which_the spindie motor 27 of the disk
ID recording apparatus 11 of Fig. 8 rotates the optical
disk 26.

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 262 of the optical

disgsk 26,
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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 pickup 64 plays back the data area 26B
of the optical disk 26, aRd ptheduoutgutddhe reprogucdn: datartorthé meatrix amplifie 65k The matrix
amplifier 65 supplies the reproduced data to the demodulation unit 72. The demodulation unit 72
demodulates thé réprotuped teatdritsdatahinputdd theretor by idemaoédulatiort irethod corresponding
to the modulation method of the modulation unit 77, and then outputs the resulting data to the ECC
unit 73. The ECENg&it 305ulfjécts the demdetifatéd data pukéd fitafe-26The

.demodulation unit 68 samples the binarized data inputted
from the cbmparator €7 on the basis of a samﬁling clock
supplied from the guartz 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 latér in detail.

The demodulated data cutputtéd ﬁrom the
demodulation unit 68 is supplied to the ECC unit 70 to he
subjected to erfor correction processing based on aﬁ
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
26 is stored in the register 71.

When a command to record contents data is issued,
the CPU 61 controls the servo control unit &3 to rotate
the optical disk 26 by a CLV method via the spind}e motor
6£2.

The encryption processing unit 75 encrypts contents
data inpﬁtted from an apparatus nct éhown in the figure
on the basis of the disk ID information stored in thé

register 71, and then outputs the contents data to the
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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 decryption of the contents
data. Thus, itis possible to practically control illegal copying of contents data in large quantities. The
channel positifccdtfectionfmadé sy the Cdembdulafios B 68Twift hEREDE ABSETSePRith reference to
Figs. I0A through 10E. Inthis case, description will be made assuming that p = 3. A reproduced pit
waveform (Fi§ °HFA) Sutplifed RBAERTE LPE S isBidriZed dythe C'b%?pa‘?ﬁfdf%:?t, HAd then inputted

to the demodulation unit 68 a binarized pit signal (Fig. IOB). The demodulation unit 68 includes 27
%rogessing J%?t 75, aég-ggkn gu%putg tge rgku?éﬁﬁg 8

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
ﬁoduiation method, and then outputs the resulting
contehts data to the optical pickup 64. The coptical
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 desﬁribed above. The optical pickup 64
plays back the data area 26B of the optical disk 26, and
thén outputs the reproduced data to the matrix amplifier
£5. The matrix amplifier 65 supplies the reproduced data
to the demodulation unit 72. The demodulation unit 72
demodulates the reproduced contents data inputted thereto
by a demoéulation method corresponding to the modulation
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
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counters 1 to 3 (not shown). The counter 1 (Fig. IOC) counts the number of clocks (0 to p-i) 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". Also, the channel position correction is made by
utilizing the faCETRAAH tHe $ahé dafa bits BEEH contindGifsly, BhaRh8F Hits Hté inihdd at a point
between the data bits (between the wordsel. Specificgll\t/, in timing B ig Figs. 10B through 10E, when
the value of tHe"€3urit8P? 1s- thahdéd T2 pSint Befieeh V\‘fé}rdgﬁ?he fsVel B " binarized pit signal

is inverted, and thus the values of t};g co%ersdl and 2 are corrected to.be "0". A tplu,,rglity of frame
I‘O%ESSln %t . e eCryption procegsing uni
syncs are arré:’nge at equ%l

decrypts the contents data (encrypted contents data)

inputted from the ECC unit 73 on the basis of the disk ID
infotmatien inputted from the register 71, and then
outputs the result to an apparatus not shown in the
figﬁré.

As described above, encrypted contents data is
recorded in the data area 268 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 1like, it
is not possible to copy the disk ID information, thereby
preventing decryption of the contents data. Thus, it is
possible to practically control illegal cbpying.of
contents data in large gquantities.

The channel position correction made by the
demodulation unit 68 will next be described with
reference to Figs. 10A through 10E. In this case,
description will be made assuming that p = 3.

A reproduced pit waveform {(Fig. 10&) outputted from
the LPF 66 is binarized by the comparatocr 67, and then
inputted to the demodulation unit 68 as a binarized pilt

signal {(Fig. 10B). The demodulation unit 68 includes
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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 "111000I0XX") (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. 4), and then subjects the
data to error correction processing. Each piece of the triply written disk ID information is subjected to
error correctic® WRerR & résiitt oferf®° Bofeeldn of athifd BRILR i€ Bifferditiffom ¥8&Ults of error
correction of the other two blocks (a first and a second block), for example, the results of error
correction of the¥Rsthl6Ee aRd TR Se 16K Brel Used 2B the diskiBi AfGinfthiitder a majority

rule. The ECC unit-70 outputs the error-corrected disk ID information to the register 71 for storage. 29
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 "i0Q*" 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 changéd {even though at a center
cf a pit}, level of the binarized pit signal is inverted,
apd therefore the value of the counter 1 immediately
after the timing A is corrected to be "0". Also, the
channel position correction is made by utilizing the fact
that when the same data bits occur continucusly, channel
bits are inverted.at a point betweén the data bits
{hetween the words). Specifically, in timing B 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 "0".

A plurality of frame syncs are arranged at egual
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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 words are collected in a similar manner on
the basis of theTHi&jBYiRAfuld & reBenstfict histigle biddeeof sk 3 ifGrhfation® Then the disk ID
information is subjected to error correction processing. It is assumed that disk ID is reproduced
without using BPEAERG Servor A8 edERbEd éBSv@“IgHﬁéﬁ}é’ HFRA RS FrdBuling operation is

repeatedly performed over a plurality of rotations of the optlcal disk 26, a different reproduction result
Uem@duceddﬁﬁﬁ?ﬁ&?ﬁecgﬁle ag the optical disk 26 is rYotated. Hence,

even when a frame sync of a frame is not detected, it is
possible to reproduce data succeeding the £f£rame svync
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 1 are all
initialized to "“O".

The ECC unit 70 is supplied with the demcdulated
data {that is, the disk ID information including parity
written triply as described with reference to Fig. 4),
and then subjects the data to error correction processing.
Fach piece of the triply written disk ID information is
subjected to error correction. When a result of error
correctionrof a third ﬁlock is different from results of
error correction of the other two blocks (a first and a
‘gecgnd block), for example, the results of error
correction of the first block énd the second block are
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.
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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 ID 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 data of 112 bits into 392 channel bits, and therefore
the number of channeFbits 84 single-frdhedsa08 YEenck: nex B 2 SHerie €4 08) FBRskiD
information of 224 bits, that is, 28 bytes can be recorded in a single block. As shown in Fig. 13, the
~4-1 modulatiof3s & RibdtRRioh YRERBARKAFROAHRISS fTFdEtiBits Hifth ' <2vBn e&R&rnel bits. First

three channel bits form a sync pattern denoted by "010", and succeedlng four channel 31
correction processing on a code generated by ccllecting

correct words.

For example, when a first word in the first block
coincides with a first word ;n the secona biock and a
first word in ihe 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 corréct word. When a éecond word in the second block

- ceincides with a second word in the third block and a
second word in the first block is different from the
second word§ 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 words are collected
in a sim@lar manner on the basis of the majority rule to
reconstruct a singie piece of disk ID information. Theﬁ
the disk ID information is subjected to error correction
processing.

It is assumed that disk ID is reproduced without
ising a tracking servo, as described above. Therefore,
when_the reproducing operation is repeatedly performed
over a plurality of rotaéions of the optical disk 26, &

different reproduction result (reproduced data) may be
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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
modulation are "01", the data portion 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 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
"Is" appear. Accordingly, in that case, substantially half of the reflecting film in the BCA 26A is
removed. On the other hand, in the 4-1 modulation, a ratio of logical "Os" to logical "Is" is 5:2.
Accordingly, tioambuntiob eeffated fi§htds targanthhl WwHehdisk IDIsffhatisit G5 f#écdrded by the
PE modulation. Thus, the 4-1 modulation has an advantage of making it easier to effect servo control
such as focus RORESHATIMFtheeadingfof dARE PeTE&FTe. ARS iff FRE XEMPIE the ECC format of

the disk ID information is the same as described with reference to_Fig. 5. The disk ID information is
encodedbyéﬂ?R@H%?igz or correcting operation can be performed over a

plurality of rotations of thé optical disk 26.

As a second embodiment, modulaﬁion of disk ID
information using a 4-1 modulation for recording will
next be descfibed.

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

2lso in this case, as in the first embodiment, the
cirele of the BCA 263 of the optical disk 28 is divided
into three egual parts, thereby forming three blocks.
fach 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 data of
112 bits into 392 channel bits, and therefore the number
of channel bits of afsingle frame 1s 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, the 4-1 modulation 1is a
modulation method that medulates two data bits into seven
channel bits. first three channel bits form a sync

pattern denoted by "01C", and succeeding four channel
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16, 13) code of GF (2B), 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 "i", 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 sync pattern SA. A sync pattern
"01000101001000¢ vitsere the dintervalkt ivhich eVergbtididégieara decdrsife®6, 5, and 8" as
shown in Fig. 14B is set as a second sync pattern SB. Thus, in the second embodiment, a frame sync
of 14 channel®ft§ i iearted into thB ik feedrdifd ™ feThiREy. P5 IsSa bidéiediabidm showing a

configuration of a disk ID recording apparatus 11 for recording the 33
data bits before the modulation are "00", the data

portion is "1000"; when two data bits before the
mbdula:ion-are “*01", the data portion is "0100"%; when two
data bits befofe 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 éombined 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 "0s" and logical
*1g" appear. Accordingly, in that c¢ase, substantially
half of the refiecting.film in the BCA 262 is removed. On
the other hand, in the 4-1 modulation, a ratio of logical
"O0s" to 1ogical "ig® is 5:2. BAccordingly, the amount of
reflected light is larger than Whén disk ID information
is recorded by the PE modulation. Thus, the 4-1
modulation has an advantage of méking it easier to effect
servo control such as focus control during the reading of
data, for examplie.

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

Fig. 5. The disk ID information is encoded by an RS {32,
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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 disk ID 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 of Fig- 15 records the disk
ID recording farmatias desckbed i réference s Figg 12 wetheaitkyvofithe BE&P6R0f an optical
disk 26, a PLL may be operated such that one rotation of the optical disk 26 is in synchronism with n
X m X k of Figf 2pnFerexahpids whdi theSigige RbMbEr 6F afitPG SRihal Bfpkifted ot & spindle
motor 27 is 42 and then a frequency dividing coefficient N of a frequency divider 30 is set at 58, the
cycle of a chaRRél déd outputted from a VCO 33 becomes equal to 1/(3 X 2 X 406) 34

Figs. 142 and 14B each show a sync pattern of a
frame sync in the sécbnd embodiment.

In the 4-1 modulation, the position of a logiéal
"1" is fixed in a sync pétteru of three channel bits,
Theréfore, when atéention is directed teo the logical "1s®
of sync pattefns occurring after every other logical "iv,
the logical "1s" of sync patterns invariably have an
interval of "7".

Thus, & sync pattern can be iormed by breaking the
regularity of the interval at which e&ery other logical”
"1" gccurs. A sync pattern "01000010010100" where the
intervals at which every other logical "1" occurs are "8,
5, and 6" as shown in Fig. 1432 is set as a first sync
pattern SA. A sync pattern "01000101001000" where the
intervals at which every other logical *1" pccurs are "6,
5, and 8“ as shown in Fig. 14B is set as a second syhc
pattern SB. fThus, in the second embo&iment, a frame sync
of 14 channel bite is inserted into the disk ID recgrdingA
format.

Fig. 15 is a block diagram showing a configuration

‘of a disk ID recording apparatus 11 for recording the
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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. 16A through 16G. Also in this case, as in the first embodiment, description will be made
assuming that p = 3. A reproduced pit waveform (Fig. 16A) outputted from an LPF 66 is binarized by a
comparator 67 igd fHen2 pRRedad the déRpdbiftion Unt8Bods BBitariz&d phtSsignal (Fig. 16B). The
demodulation unit 68 delays the binarized pit signal inputted thereto by a certain time and generates
a pit center siGRANERP ABD) MRat TSt prstitly at'& cBntel of A PetdhR \WHicR RS binaHZed pit
signal is a logical "1 The demodulation unit 68 includes a window generator for generating a window

for counters -fo S&REEYREPattePdERChionHhat a3k & dre identified by

the same referenée numerals, and their description will
be omitted where appropriate (the same will apply
hereinafter).  Specificall§, the disk ID recording
apparatus 11 of Fig. 15 has the same configuration as

that of the disk ID recording apparatus 11 of Fig;.a
except that the disk ID recording apparatus 11 of Fig. 15
is provided &ith 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 asg that of the disk ID recording apparatus 11 qf Fig.
8 except the modulation method.

When the disk ID. recording apparatus 11 of Fig. 15
records the disk.ID recording format as described with
reference to Fig. 12 on the circle of the BCA 26A of an
éptical disk 26, a PLL may be bperated suéh that one
rotation éf the optical disk 26 is in synchronism with n
X m X k of Fig. 12. For example, when the wave_number of
an FG signal outputted from a spindle motor 27 is 42 and
then a freguency dividing coefficient N of a frequency'

divider 30 igs set at 58, the cycle of a channel clock

outputted from a VCO 33 becomes equal to 1/{3 X 2 X 408§)
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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 "i" in timing C in Fig. 16D in which a pit center is detected. In
addition, word position correction is made so that a pit center (Fig. 16D) of a sync pattern is located at
the center of a window (Fig. 16C) For example, the values of the counter 1 and the counter 2 are
corrected to b® F1'9AgindiAg T- 1@ plurality b frakiel Sincshré farrdhged at equal intervals for one
rotation of the optical disk 26. Therefore, even when a frame sync of a frame is not detected, it is
possible to reproduce daffsGEEetit the! RN syihcWitfout 6T GFRE 3R oF tRe Basik of
interpolating timing of a frame sync previously detected. As shown in Fig. 17, when a frame sync

("01000010018 PG 561006106 50 T ettinda Witf3s 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 showﬁ in Fig. 9. However, processing of &
demodulation unit 68 of the disk recording and plavback
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 in this case, as in the first
embodiment, description will be made assuming that p = 3.

A reﬁroduced pit waveform (Fig. 16A) outputted from
an LPF 66 is binafized by a comparator &7, and then
inputted to the demodulation unit 68 as a binarized pit
signal (Fig. 16B). The demodulation unit 68 delays the
binarized pit signal inputted thereto by a certain time
and genefates a pit center signal {Fig. 16D) that rises
precisely at a center of a period in which the binarized
plt signal is a logical “1". The demodulatiqn unit 68
includes a window generator for generating a window for

counteéers 1 to 3 and sync pattern detection {that is, a
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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 1D
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 148. A sync pattern of a frame sync thus has a total of 21
channel bits. Hence, the sync ID makes it possible to represent four kinds of sync patterns by using
each of the syReT RIS SAEE S afd i formes totaiBtelgift syAc parsats aeéoifiigly, as
shown in Fig. 20, it is possible to divide one block into eight frames. in this case, n =3 and m = 8.
Data of 32 bit¥' s Hishd&ed i Bhie Frame ThEUHRE fFconvefted Tnto G322 EhannkT bits by &< -

modulation, arr}‘d therefore the i/alkjg_ of k &ngg%g channel bitls1 (=21 +b112)' fTheloptical disk 26 is for
example a CD"(EorfiP4&* 37 19 counts the number 'of clocks (0

to p-1} within a c¢hannel 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 détected. For example, the wvalue 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 s0 thai a pit center (Fig. 16D) of a
sync pattern is located at the center of a window (Fig.
16C). For example, the wvalues of the counter 1 and the
counter 2 are'corrected to be "1" in timing D.

A plurality of frame syncs are arranged at egual
intervals for one rotation of the optical disk 26.
Therefore, even wheh a frame sync of a {rame is not
detected, it is possibkble to reproduce data succeeding the
frame sync without loss of the data on the basis of
interpolating timing ¢f a frame sgync previously detected.

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

{(*01000010010100" or "01000101001000") described with
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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 (Digital Versatile Disk)), the magneto- optical disks 43
and 93 (includiifd M pAfmiEIsE)} S5 - thetder@ROndddor meffories ¥and 88, ¥& $HEwWn 9 Fig. 8,

Fig. 9, or Fig. 15. As described above, the disk-like recording medium according to the present
invention comph&e§ T BIoRKS drrdityett By Bividing &ht @Gt aSecohd-area into n equal parts; and m
frames arranged by dividing each of the blocks into m equal_parts; wherein auxiliary ipnformation is
arranged in the framesHf SGERA TN as 38* " N

embodiment, in which the ECC format of disk ID
informaticn recorded 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£4-1 modulation and then written
triply around the disk.

In thig case, as shown in Figs. 194 and 19B, a sync
pattern of a frame sync is formed by adding one word as
sync ID to each of the sync patterns A and SB described
with reference to Figs: 142 and 14B. A sync pattern'of a
frame sync thus has a total of 21 channel bits. Hence,
the sync ID makes it possible to represent four kinds of
sync pattérns by using each of the sync patterns SA and
SB and thus form a total of eight sync patterns.

accordingly, as shown in Fig. 20, it is possible to
divide one block into eight frames.

8. Data of 32 bits 1is

#

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

The optical disk 26 is for example a CD (Compact
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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 auxiliary information on the basis of the channel clocks, and then record
the auxiliary irféghatiort forthe HSR ITHErefbte, ifisPHRsible tolrealize a1t Blswhigsthe auxiliary
information to be reproduced easily and reliably without using a PLL. The disk playback apparatus
and the disk p‘P&S/b%*éR meftfod according to the present invention sample a 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
mmﬂec0wedkgthech&ﬂﬁﬂ%ﬁ§l§§ of processing steps described above may

also be carried out by socftware. The éoftware is
installed from a recording medium onto a& computer where
programs forming the software are incofporated in
dedicated hardware, or & general-purpose personal
computer, for example, which can ﬁerform 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 {iﬁcluding CD-ROM (Compact Disk-Read only
Memory) and DVD (Digital Versatile Disk)), the magneto-
optical disks 43 and 93 {including MD (Mini-Disk)}, or
the semiconductor memories 44 and 94, as shown in Fig. §,
Fig. 9, or fig. 15.

Az described above, the disk-like recording medium
according to the present invention comprises: n blocks
arranged by dividing a circle of a second area into n
egqual parts; and m frames arranged by dividing each of
the blocks inte m equal parts; wherein auxiliary

information ig arranged in the frames in such a manner as
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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, it is 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, 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 rg?]g be %t a I&N Ilgaye![ Thelprgsentéréventtion is Qot 'mged é%the details of the
above described pr%fearre mbodiments. Thé s&ope of the"invention 1s'defined y't leOan|dpended

claims and alldgtéan es %”%@OIQEE%‘EOQ% as falkw'ghig Sth gguglsa!aeéwcclanof ég% scope o the claims are
therefore to be'em .rac%d%y the'ifvention. 40 Arecor Ing Iaatpparatus for recor(c)ilng 4ta on a
recording mediym, cOMprsing: . drying @%ar§sf°£9@‘éi9% saidrecording mediun; oy
allowing the auxiliary information to be read eésily and
reliably without using a PLL.
Thé disk recording apparatus and the disk recording
method according to the present invention form n blocks
by dividing & second area of a disk into n egual parts in
a circumferential direction, form m frames by dividing
each of the blocks into m equal parts in the.
circumferential directign, generate channel clocks by
dividing each of the frames into k egual parts, control
rotation of the disk so that one rotation of the disk is
in synchronism with a cycle e¢f n X m X k channel clocks,
modulate auxiliary infeormation on the basis of the
channel clocks, and then record the auxiliary information
on the disk. Therefore, it is possible to realize a disk
allowing the aﬁxiliary infoermation to be reproduced
easily and reliably without using a PLL.
The disk plavback apparatus and thé disk playvback

method according to the present invention sample a

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,
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modulating means for modulating two data bits into seven channel bits in a 4- 'modulation technique;
generating means for generating a synchronization pattern including at least three bits, said ‘
generating means generating said synchronization pattern so that for each logical "1" in said
synchronization pattern, a bit distance to a second following logical "1" subsequent to said each
logical "1" is predetermined, and no two bit distances are equal in value; and recording means for
recording said channel bits and said synchronization pattern to form a sequence of recorded bits. 2. A
recording apparatus according to claim 1, wherein there are four logical ones in said synchronization
pattern and said bit-distances are respectively 8, 5 and 6. 3. A recording apparatus according to claim
1, wherein thepe atdfourdegieal offé<ire SamEsynthronization eiten hAd Baky Bitdistances are
respectively 6, 5 and S. 4. A reproduction apparatus for reproducing data from a recording medium,
said data inclaﬁﬁﬁéjc%%ﬁheﬁ-ﬁié’éﬁ@é@ﬁcﬁ%ﬁ?ﬂaﬂoﬁ‘ﬁéﬂ’éﬁ‘ﬂ%ﬁﬁ’g ¥sbhOsrca 8t Zofded bits,
said apparatus comprising: reproduction means for reproducing said data from said recording medium;
demodulating féans for demodulating seven channel bits into two data bits in a 4- 1 demodulation
technique; generating means far generating said synchronization pattern so that for each logical "1" in
said synchronization patferfi 24 Bit AstaRce ﬁ?&‘é%c&r?f%%w}qr}belgg%a?lf'rgﬁﬁstéﬁu%ﬁt to said each
logical "1" is pé%doeé?{rsmiged, ar}d 0o twa bEilt cgstance arerequal fin Q’:&ah{eﬁf and.convgrzc_)jIL means for

. . = Q uXizia 1NnLo &l o] 18
controlling said Téprodudtion fieans according fo said *Syrchronization pattern.

multiply, 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 substanﬁially
Iphysically uniferm state, it is possible to reduce
_effects on a focus servo and the like and to control
deterioration of the disk. |

BEven if a defect is caused on the disk, it is
possible to correct channel bits, or words. It is
therefore possible te 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 embodiments. The scope
of ihe invention is defined by the appended claims and
all changes and modifications as fall within the
equivalence of the scope of the claims are therefore to

be embraced by the invention.
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5. A reproduction apparatus according to claim 4, wherein there are four logical ones in said
synchronization pattern and said bit-distances are respectively 8, 5 and 6. 41 6. A reproduction
apparatus according to claim 4, wherein there are four logical ones in said synchronization pattern
and said bit-distances are respectively 6, 5 and 8. 7. A recording medium for storing data, comprising:
a first area for storing at least seven channel bits, said seven channel bits representing two data bits,

said seven oftannehtganady aies: agsald b AR, U3t A mafhilon lpepique; and a

second area for storing a synchronization pattern including at least thtree bits, wherein Sid
synchronization patteYReiRaNs SRed Ve foreeiHNS GRS in said synchronization pattern, a bit
distance to a seconmiciblietiipgtegitaliél hauhsstuentdodsaicbrachiogisah’ thimpeedatermingd, and no
two bit distaqﬁggu@ggogqgaj%vg!ue, and wherein said channel bits and said synchronization pattern
form a sequence of recorde %lt‘s. 8. A recording medium according to claim 7, wherein there are four
logical ones in sai@¥FICHRSTRERh Patieraraiits sy bl theiasiivs patteraspautivel\aBleBdriurs: 9. A

recording rgmed#gm@g@ﬂém@t@dﬁ@@h&g\éﬁ@fa{g@gga%a?q%}%gﬁh ; i §§(ij%§ygghrgégﬁation
pattern and sajd bit-distances are respectively 6, 5 and 8, 10. A method for recording data on a
recording mg%icaq ¢ i c%rgpe%%]g? %%?\Tffﬁrb &4 @ﬁ%ﬁd%ﬁ?ﬁﬁﬂ%@@&%@%@'déw bits

iim, comprising t
into seven cRRREIUSIS in spifl Basbdedatidr feishiepissergemstating sosyrchitodiaticss patiessucluding
at least threg kjig;$aidg Synchronization pattern generated so that for each logical "1" in said

synchronization pattern, a bit distance to a second following logical "1" subsequent to said each
logical "1" recording means for recording said channel bits’ and said synchronization pattern

to form a sequence of recorded bits.

2. A recording apparatus according to claim 1, wherein there are four iogical ones in

said synchronization pattern and said bit-distances are respectivaly 8, 5 and 6.

3. A recording apparatus according to claim 1, wherein there are four logical ones in
said synchronization pattern and said bit-distances are respectively 6, 5 and 8.

4, A reproduction apparatus for reproducing data from a recording medium, said
data including channe! bits and a synchronization pattern forming a sequence of recorded
bits, said apparatus comprising:

reproduction means for reproducing said data from said recording madium;

demoduiating means for demoduiating seven channel bits into two data bits in a 4-
1 demodulation technigue;

generating means for generating said synchronization pattern so that for each
iogical “1” in said synchronization pattern, a bit distance to a second following logical “1”
subsequent to said each logical “1” is predetermined, and no two bit distances are equal

in value; and

control means for controlling said reproduction means according to said
synchronization pattern.

B, A reproduction apparatus according to claim 4, wherein there are four logical ones

in said synchronization pattern and said bit-distances are respectively 8, 5 and 6.
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is predetermined, and no two bit distances are equal in value; and recording said channel bits and said
synchronization pattern to form a sequence of recorded bits, 11, A method for reproducing data from
a recording medium, said channel bits and a synchronization pattern forming a sequence of recorded
bits, said method comprising the steps of: reproducing said data from said recording medium; 42
demodulating seven of said channel bits into data bits using a 4-1 demodulation technique; generating

said synchrgnizatignrepiteiiceentappipsieacideaic) d cimaidwarnahreRizasiRnatissiadit distance
toa second.follo\éyinyc‘l‘lggical "1" SUbtie uent to.i%| lg_ each logical "1" is predetermined, and no two bit
distances aré &guar FUAILEPUAY REIRFO ARG Bt eI a0ER R S ERRTY s2id &)fdhronization
pattern. 43 DISK-LIKE RECORDING MEDIUM, DISK RECORDING APPARATUS AND DISK

RECORDING METHOR#ANRDISK Pdré%ﬁ»ﬁgqgé’l:’f AJHLS AND DISK PLAYBACK METHOD
ABSTRACT OF THE _DISCLOSURE Disclosed is a disk-like recording medium, a disk recording

apparatus and a dik' &L ER g hetiSitant 22alsREYE LRI AP AitEtLS A FBVEISICHRISh K Fnethod.
Disk ID is reepretecidveteocitaie bfis, kafstsaviingaeacobitamepiicakdistort haigingle igtviged into n
blocks, eachgidheLlqgks imabided R rames. and ID
a second area for storing a synchronization pattern including at least three bits,
wherein said synchronization pattern is generated so that for each iogical “1” in
said synchronization pattern, a bit distance to a second following logical “1” subsequent to
said each logical “1” is predetermined, and no two bit distances are equal in value, and

wherein said channe! bits and said synchronization pattern form a sequence of
recorded bits.

8. A recording madium according to claim 7, wherein there are four logical ones in
said synchronization pattern and said bit-distances are respectively 8, 5 and 6.

9. A recording medium according to claim 7, wherein there are four logical ones in
said synchronization pattern and said bit-distances are respectively 8, 5 and 8.

10. A method for recording data on a recording medium, comprising the steps of
driving said recording medium;
modulating two data bits into seven channel bits in a 4-1 modulation technique;
generating a synchronization pattern including at least three bits, said
synchronization pattern generated so that for sach logical “1” in said synchronization
pattern, a bit distance to a second following logical “1” subsequent to said each logical “1”
is predetermined, and no two bit distances are equal in value; and

recording said channel bits and said synchronization pattern to form a sequence
of recorded hits;

1. A method for reproducing data from a recording medium, said channel bits and a
synchronization pattern forming a sequence of recorded bits, said method comprising the
steps of:

reproducing said data from said recording medium;
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information is recorded in each of the frames with k channel bits. Figure 3

demodulating seven of said channel bits into data bits using a 4-1 demoduiation
fechnigue;

generating said synchronization pattern so that for each logical “1* in said
synchronization pattern, a bit distance to 2 second following logical “1” subsequent to said
each logical “1” is predetermined, and no two bit distances are equal in value: and

controliing said reproducing according to said synchronization pattern.
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DISK-LIKE RECORDING MEDIUM,
DISK RECORDING APPARATUS AND DISK RECORDING METHQD,

AND DISK PLAYBACK APPARATUS AND DISK PLAYBACK METHOD

ABSTRACT OF THE DISCLOSURE

Disclosed is a disk-like recording medium, a disk
recording apparatus and a disk recording method, and a.
disk playback apparatus and a disk playback method. Disk
ID is recorded over a circle of a burst cutting area on
an optical disk. The circle is divided into n blocks,
each of the blocks is divided into m frames, and ID
information is recorded in each of the frames with k

channel bits.

Figure 3
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