;e3e|d 60T& DI SK-LIKE RECORDI NG MEDI UM DI SK RECORDI NG APPARATUS AND DI SK
RECORDI NG METHOD, AND DI SK PLAYBmmm AND DI SK PLAYBACK METHOD
BACKGROUND OF THE | NVENTI ON The NMWWWMEtion relates to a disk-1like
recordi ng medium a di sk recording aggﬁ%atus and a di sk recordi ng nethod,
and a di sk playback apparatus and a di sk playback nethod, and particularly
to a disk-like recording nmedium a disk recording apparatus and a di sk

recordi ng met hod, and a di sk pl ayback apparatus and a diiMm t hod

that make it possible to reproduce auxiliary information ‘m mm IH

reliably. As wite-once or rewitable disks are spread, data,gﬁg Ication of
a

L
whi ch is prohibited (forpexgiph&eC *HDRE RMEEUAN as nusic ’

a and video
data protected by copyright or the like) may be illegally copied. On a DVD

prov BI% gﬁr%?ﬂé‘fe%tﬁ%@w s ik ik bt Sfﬁég‘?é%ﬁfe‘*"%égﬂ%*?%ﬁf‘éehson a
DVD wi j ' g 1 (DVD- ROM
(Roat oty RTOHA o TG CEENGTY ActE YRR PP YoReR WIS, oo’ i 0

pul se laser light of a YAG (yttrium1l al um num garnet) laser at a factory
prior to shipment, whereby stripes (bar code) is forned al ong the innernost

circunference §¥ rennving in a radial direction, narrow stripes of
refl ecti nBAEKERPHMROBT TREUMNENTEP Y he |ike formed on an inner side of the
di sk. The stripes show auxiliary information such for exgqﬁle as an ID

ﬂ.

nunber and ot herThaidteFetativrerhiof nael dheantcan €hekypikdn a key. The
BCA 2 is formed for about 330 al ong the innernost circunference of the DVD
1, Data steeerdiedonedivd racBifkdreROFHENBCAPRArE taisoimd @ Migk 2. The
‘data recorded in the BCA 2 has a row of five bytes as one unit. A first one
byte of theceoding hevkodytendi g disknelbybeckSBprerakusesyudc 3 RS). A BCA
Preanble is recorded in four bytes of a first row The BCA-Preanble is data
i ncl udi ngdbsk yp Csybé&okirmbyhed, ohnd 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) may be illegally copied. On a DVD

(Digital Versatile Disk), for example, a BCA (Burst

Cutting Area) is 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-



each rowin a BCA data field is an information area or an EDC (error
detection code). Four bytes of each rowin an ECC (error correction code)
area is error correction code. A BCA-Postanble is recorded in a |ast row.
When the data recorded in the BCA 2 is to be reproduced, a reproducing
apparatus generates a clock on the basis of a reproduced signal of the
BCA- Preanbl e part by neans of a PLL (Phase Locked Loop)) and perforns 2
denodul ati on and error correction by a predeterm ned nethod on the basis of
the clock to thereby reproduce the data. However, if the PLL | oses
synchronismin reproducing the data recorded in the BCA due to sone defect,
for exanple,. 1. ; not repr til.the PL WS
synchroni Saﬁlqu%ﬁgrg agrnl{s:eattrshgtaéroe:rpr%gu%e gg?gpigifégttgo%hgﬁg%?bd when t he
synchroni sm of .the PLL is J,ost. sO,.lf.a synchronization signal_ (sync) is
| ost once wg}ueeretb&' & ‘Fst %braﬁ hceoA%?)kefsd%?lém%/r(gya%%n?o “u li“i“la’g'gosf"l‘éxt
synchroni zati on signal i.s detected. If the anpu t.of lost data is |arger
than an erfdr® SR FHENTIY (Ahad 1’%,1‘?? HEFREIRN 5 FHEEPY naj or
defect), data cannot be reproduced. The_infornation recorded in the BCA 2
i s 1D inf&Rseh dhitfifd e @t i dir ety thearperuptofaihgel tefated to
the entire data on the disk (for exanple determ ne whether contents
recorded dwnmedl pyDan dgnafe Sids cfucere ofisot ) Thehévtatigres shiogh
reliability is required for data recording and reproduction recorded in the
BCA2. | n enudad itagyr ddifcerntadte eamonnh ofof ostanat e, as et Fddnwibéy equent | y
inserting a synchronization signal for resynchroni zation is conceivabl e;
however) sunch otiser tiidem twiff itdee: ircad uindaort maBt i ors yaredhraomi erad 1yt semgnal reduces
t he ambunt of data recordable in the BCA. SUMVARY OF THE | NVENTI ON The
present i megnti oRehasabeensmgdemed foewadloutha 3alovelongdethé i s accordingly
an object of the present

innermost circumference of the DVD 1.

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

The data recorded in the BCA 2 has a row of five
bytes as one unit. A first one byte of the row of five
bytes is a sync byte (SB) or a resync (RS). A BCA-
Preamble is recorded in four bytes of a first row. The

| BCA-Preamble is data including only 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 reproduced signal of the BCA-Preamble part

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



invention to enable reliable reproduction of data in the BCA. To achieve
t he above object) according to a first aspect of the present invention,
there is provided a disk-like recording medi umincluding: n blocks arranged
in acircle of a second area and each having a | ength obtained by dividing
the second area into n equal parts in a circunferential direction; and m
frames arranged in one of the blocks and each having a | ength obtained by
dividing the block into mequal parts in the circunferential direction;
wherein auxiliary information is arranged in the franmes in such a manner as
to be at equal intervals in the circunferential direction, and a
synchroni I j j | SRS ) t ne of the
frames, k%ﬂe%%@s drrnw?y e ar %}%%%@gf&ll ﬁ%)ér%:?éé%gtggfﬂégegy di vi di ng
the frane nto equal  part.s. The .auxiliary, inf.ormation e ul ated by
a4 nodmear}{rfood(n °r?et{:hoed caasplasoloepﬁ?h%cr o c?@n% r%}}ﬁ%)(oﬁeg?g%??e@ge
synchroni zati on. The nodul ati on nethod may be a phase encodi ng nethod or a
4-1 modul &#3%h et hod. When a value of the mis two or nore) the nunber of
ki nds of synchroni zation signals may _be two or _nore and mor |ess. An error
correction code BSWeBETaddédt§ FRY AQKES &Yy SRS idh. |dentical data
can be di sposed in each of the n blocks., According to a second aspect of
t he presemeNuARRLNGh thenhdadd FefrAfedm e IBTe it Fy aPpar at us
including: rotating neans for rotating a disk; generating neans for
gener at i ndef estfanf@r @x@eawR lcor ridspotrtinFamah hateeReeIobedi wetd by
dividing one franme into k equal parts where n bl.ocks each having a | ength
obt ai ned hediPLildimey ad nse comat haragel st 0 Thiggmekhnparthati repmiduned erenti al
direction are generated and mfranmes each having a | ength obtai ned by
di vi di ng @a¢aofist Hesd doks a mexr imdequan pdrd synchim icsm cohf eenkiil
direction are generated, the channel clock being required for recording

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 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. 1In order
to reduce the amount of lost data, a method of frequently
inserting a synchronization signal for resynchronization

is conceivable; however, such insertion of the redundant



auxiliary information; control neans for controlling rotation of the disk
so that one rotation of the disk is 5 in synchronismwith a cycle of n X
m X k channel cl ocks; nodul ating neans for nodul ating the auxiliary
informati on on the basis of the channel clock generated by the generating
means; and recording nmeans for recording the auxiliary information
nodul at ed by the nodul ati ng neans on the disk. According to a third aspect
of the present invention, there is provided a disk recording nmethod
including: a rotating step for rotating a disk; a generating step for
generating a channel clock corresponding to an interval obtained by

CLyLh g olnlkade: L0 Pok Ak, PRLRGCRCERenafbRRKSoRAGD.0AYI 10 2 | ength
obtained by dividing a second area Into n equal partsin a circunferenti al
direction are ated and rames each having a | ength obtained by
dividing(ﬁﬁf%ﬁﬁgﬁifb}%cggei%%%'n1equal parts in the circunferenti al
direction axe 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 synchronismwth a cycle of n X mX
k channel SYMEAEY QF P& SHYFTE?®p for nodul ating the auxiliary
informati on on the basis of the channel clock generated by processing of

t he generating stT&s Paedenty deoredi s thys frren atastali iy tiaw ki theary
information 6 nodul at ed by processing of the nodulating step on the disk.
Accor di ng alwoee f and hi ashecicodrdiea by esenebiegenefonhet heeeens provi ded a
di sk pl ayback apparatus including: rotating neans for rotating a disk at a
const ant airguerariarel tozi éngb Y aydbikb heanspfodupt agnngf bdekat he dhsk;
generating nmeans for generating a clock having a frequency twice n X m X k
or higher;B@nd denodul ati ng neans for sanpling a signal outputted by the
pl ayback nmeans on the basis of the clock generated by the generating neans
and denodul at i ngToharmealevizi tthle @boma dject, according to a first

aspect of the present invention, there is provided a
disk-like recording medium including: n blocks arranged
in a circle of a second area and 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 disposed in each of the frames.

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

The auxiliary information may be modulated by a



while correcting the channel bits, or the words. The di sk playback
apparatus can further include correcting neans for making error correction
on the basis of an error correction code included in the auxiliary
information and determ ning correct auxiliary information by majority rule.
The correcting neans can make error correction on auxiliary information
obt ai ned by collecting portions determned by majority rule. According to a
fifth aspect of the present invention, there is provided a disk playback
met hod including: a rotating step for rotating a disk at a constant angul ar
vel ocity; a playback step for playing 7 back the disk; a generating step
for generati cl ock havjing a frequenc w ce X mX k or higher; and a
derodul at MHECEH gD Mg | TRpaP LF GhE) OEe phY BehTB) BR5eeBPRGBOE ¢ ho

pl ayback step on the basis of the clock generated by processing of the

gener at i nG ¥R UhEafeiffiul ati ng channel bits, or words while correcting
the channel bits, or the words. The disk-like recording nedium according to
the present invedtPoRodndrides me sk leataarydthdie gReBHg a circle of a
second area into n equal parts; and mfranes arranged in each of the

bl ocks; wRatial auxid i4rly Befdwrasionmeshedranged in the frames in such a
manner as to be at equal intervals in a circunferential direction, and a
synchroni zati on ¥hgnak veldiespdsédhe m dachwef dthendreanethe niiwmbeadt ki
recordi ng apparatus and di sk recordi ng nmethod according to the present

i nventi on kdords @f rsgtrath am iofa tai gh ski e Ihatapnee r ovat oenmotfet irddinsk is in
synchronismwith a cycle of n X m X k channel clocks, nodulate auxiliary

i nformat i @ @edshe basis of the channel clocks, and then record the
auxiliary information on the disk. The disk playback apparatus and the disk
pl ayback method agcer@brycberehe iphesede icaveMd uEaME thd

auxiliary information.

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

According to a second aspect of the present
invention, there is provided 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 obtained by dividing one of the blocks
into m equal parts in the circumferential direction are
generated, the channel clock being required for recording
auxiliary information; control means for controlling

rotation of the disk so that one rotation of the disk is



reproduced out put signal froma disk by a clock having a frequency twice n
X mX k or higher, and denodul ate channel bits, or words while correcting
the channel bits, or the words. The above and ot her objects, features and
advant ages of the present invention and the manner of realizing themw |
beconme nore apparent, and the invention itself will best be understood from
a study of the follow ng description and appended clains wwth reference to
the attached draw ngs showi ng sone preferred enbodi nents of the invention.
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a diagram of assistance in
expl aining a burst cutting area on a related-art DVD, Fig. 2 shows a
recording formt .of the burst cutti area kn Fi\g., 1;, Fig.,3 sho
structure of s%n%rﬁ Tai™ di skt D \%FQ% ?Fﬁenp?ﬂg‘eﬁ? ]fnc\tllé%rtl?%%l ?go lgfs')fied;
Fig. 4 shows a]rrecordin format o i{hg.burﬁ;1 cutti.?%ﬁarea i.n Fiq. 3; Fig. 5
is a di agriH B A 19° TR AFARIah BBV OFARE Y] ﬁntfﬁémﬁgll&n cutting
area in Fig. 3; Fig., 6 is a diagramof assjstance in_explaining PE 9
modul at i orP™ Filtfs Pasd s Rf 78 e eDARRGH aftOo6F 9SBPERLREPYN BRI ai ni ng sync
patterns of frame sync in Fig. 4; Fig. 8 is a block diagramshow ng a
confi gur atd FITFAL L HIRGRND r&edr HEAYT ApPaAr ALB/BST 5PTr EEGPHRARIALER I D
information on the optical disk of Fig. 3; Fig. 9 is a block diagram
showi ng a awHiflifuratiniroia bl on skodetared nhy akbie phagBdekiagparands for
recording or reproducing data on the optical disk having disk ID recorded
by the di sin Ithe ebigkli ng apparatus of Fig. 8; Figs. 10A through 10E are
di agrans of assistance in explaining operation of a denodulation unit in
Fig. 9; Fig. 11 hscardiagr &w of tdsisiGtemmpet mexfiaipregeoper ati on of the
denodul ation unit in Fig. 9; Fig. 12 shows another format in the burst
cutting ariesreaftitdie odaligdiskowidédga 3iski gecdBdisgamdthgdam of
assi stance in explaining 4

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 obtained by dividing a second area into n equal
parts in a circumferential direction are generated and m
frames each having a length obtained by dividing one of
the blocks into m equal parts in the circumferential
direction are generated, the channel clock being required
for recording auxiliary information; a control step for
controlling rotation of the disk so that one rotation of
the disk is in synchronism with a cycle of n X m X k
channel clocks; a modulating step for modulating the
auxiliary information on the basis of the channel clock
generated by processing of the generating step; and a

recording step for recording the auxiliary information



1 nodul ation; Figs. 14A and 14B are di agrans of assistance in explaining
sync patterns of frame sync in Fig. 12; Fig. 1S is a block di agram show ng
a configuration of a disk ID recording apparatus for recording disk IDin
the format of Fig. 12; Figs. 16A through 16G are di agrans of assistance in
10 expl ai ni ng 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 show ng another ECC format; Figs. 19A and 19B are
di agranms showi ng ot her sync patterns of franme sync; and Fig. 20 is a

n
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hereinaftqihgg described with reference to the drawings. In the present

invention, as shown in Fig. 3, IDinformation unique to an optical disk 26

is recorded in a burst,cuttin%tgrea (BCA) 26A on the outside (in this case,
ST iary

on the inner nost 2§°88Fi88 £ SFt R She iRFRTeRBdi us of the
optical disk 26 in which area contents data is recorded. As shown in Fig.
3) the burdtVeithiqthg Wt 26 PEovided et dhskurha¥baghngPrazatssform a
continuous circle. Fig. 4 shows an exanple of a disk ID recording fornat
recorded iipadipon 2ertatingHesan$ nfe¥ groating aidiskiptle is divi ded
into n equal parts (in this case, n = 6), thereby formng n bl ocks. Each of
t he bl ocks-dress famrtt learguwlian degll 9ot oy m b ¥anleacki meahe ExanplaybhgFig. 4, m =
2). Each of the franes is divided into k parts (in this case, k = 234). The
| D i nf or metadin titee réicde dexenetdt ing heeares Dot sgefdenathagnel cbotk at the
front of each of the franes
having a frequency twice n X m X k or higher; and
demodulating means for sampling a signal outputted by the
playback means on the basis of 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 correction 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.
According to a fifth aspect of the present
invention, there is provided a disk playback method

including: a rotating step for rotating a disk at a

constant angular velocity; a playback step for playing



is frame sync. The succeedi ng 224 channel bits forns a data area. Here, it
is assuned that disk IDinformation is nodul ated by a PE (Phase Encode)
nodul ati on net hod, for exanple. The PE nodul ati on 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 exanple, disk IDinformation in an ECC
format as shown in Fig. 5 is recorded in each of the blocks. In this
exanpl e, 12-byte parity is added to 16 byte data, and the disk ID
information is encoded by a Reed-Sol onon code RS (32, 16) 13) of a Galois
field G- ( Thr ee: bl ocks S naL. o T 14 bytes
of 16- byt e&?%(irh or%ﬁ%bngl gﬁ'iggag%go%ggpagg?ng(%ﬁ%%gﬁ&b?tgygfkm byt es
inafirst frane of _.each of 12 . the Qlocks., The .remai nin wo bytes of the
| D i nf or melt3 69 [?n%ﬁ%q‘i%‘b%t'éwb‘é?i’E‘ygaf“el%i%p%%elbll S8 inf (i‘rfﬂi on bits of
14 bytes ip the next frane. This neaps triple witing of the sane disk ID
it of et GRS 7% CF ESt L Ohes BBREnG1R o5 EPRpF eOREPRFRGEL &Y 1 ef T oot
equivalent to form ng a product code of distance 3 in a vertical direction.
As shown iRFIFRESHIT 1Pk Bre RYREFHNSFEPaCRobRe| RaFtat PhgtBedstachit by
the position of a mark (1) (bit indicated in black in Fig. 6) and a space
(0) (bit iFRATERERE iRy RIS HITY °f 6¥he| gerpEakkAgpFkeBfardg. 6, a data
bit of "0" is converted into channel bits (V\org;l_of "10" and a data bit of
"1" is corfemqdwlaming chkamesl Bits (veF dyobds"Witle| gorhec Pimgotbkati on)
the channel bits are inverted at a center of two channel bits (center of a
word) indicesnml ddesa o tthdmsrdsn the case of data bits, nmarks or
spaces do not occur continuously for three channel bits or nore.
Accordi ngly, a syhe @ddtstkennikendiezatrdigngs yrexd inint s dam@animgs e )tioean be f or ned
by arrangi ng marks or spaces continuously in three channel bits or nore.
Fi gs. 7A anksdheantvahtven Sydicudesd t et o Dbck & anersyfed ¥g showaina Fi gs.
7A and 7B, two kinds of sync

a circle of a second area into n equal parts; and m

frames arranged in each of the blocks; wherein auxiliary
information is arranged in the frames in such a manner as
to be at equal intervals in a circumferential direction,
and a synchronization signal is disposed in each of the
frames.

The disk recording apparatus and disk recording
method according to the present invention control
rotation of a 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 information
on the disk.

The disk playback apparatus and the disk playback

method according to the present invention sample a



patterns of six channel bits are provided as frame sync 13 patterns in
whi ch mar ks and spaces each occur continuously in three channel bits. Wen
channel bits of data i mediately preceding a frame sync are "OL", "000111"
is used as the frane sync, and "Ol" is added as a succeedi ng sync pattern.
On the other hand, when channel bits of data i mediately preceding a frane
sync are "10", "111000" is used as the franme sync, and "10" is added as a
succeedi ng sync pattern. Channel bits of "OL" or "10" are further added as
sync ID after the above sync body ("000111D1" or "1110Q010"). Thus, a total
of 10 channel bits forma frame sync. Hereinafter, a franme sync when a sync
| D pattern-iSyad bj =1" 20 Fi 7 i ed to as
5 and a Troreras e opaeet eiona Fooh &rndpk B ¥ Gl Eire S 101
(Fig. 7B) wll be referred tg as . A frame sync SA.is used to indicate
that its fﬁ%ﬁﬁy?ﬂf%i?Y+%? ?rg 3$q%'%ﬁdﬁk§§356r%% %?T?%. 3%nc SB is used
to indicate that. its frame is other.than a first frame of each of the

bl ocks.  HEEBRE h Rbet® ¥ T PanEal hayFRETEFkkRTs T RES CBATRE LeRAXE (o ¢ he
nunber of blocks. Fig. 8 is a block diagram showi ng a configuration of a

di sk | D r oridihg ratus 11 to which the present invention is applied. A
regi ster 21 stores the disk IDinformation that 14 has been subjected to
error correctionT&&didRPVien 2k Atdaic R e FE 3 hef ERU¥F mRd shown in Fig. 5.
A PE nodul ation unit 22 reads the disk ID information stored in the

regi ster ZAvaiiert of hehelikesent nioyaation epdpPEhaodanaeronf and then
outputs the result to a laser 23. The PE nodul ation unit 22 subjects the

di sk |1 D i rfes¥ieinn tleern ¥ibnhéeomeghererapparentheaPg hbdul ation
according to a clock (channel clock) inputted froma VCO (voltage

control | edirosmiticat art)sSBE anidl 1 hees € Nsertsdsystopdt feomsat sttdier elfy
generate data to be recorded in the BCA 26A of the optical disk 26. The PE
nodul at i orchenifio b witt pUdess ¢ dicp ttlibdra 410d t depéaded 2Baims with

reference to the attached drawings showing some preferred

embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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 of assistance in explaining an
ECC format in the burst cutting area in Fig. 3;

Fig. 6 is a diagram of assistance in explaining PE



The laser 23 is a YAG Laser) for exanple, and irradiates the optical disk
26 with a high-power |aser beamvia a mrror 24 and an object |lens 25. The
object lens 25 includes a cylindrical lens, for exanple, and irradi ates the
BCA 26A of the optical disk 26 with the | aser beamentering the object |ens
25. Thus, a reflecting filmof the optical disk 26 is changed irreversibly,
whereby the disk IDinformation is recorded as a bar code. That is, even if
the optical disk is a rewitable recording nedium the auxiliary data such
as disk ID recorded in the BCA 26A is recorded on the optical disk 26 as
unrewitable data. 15 A spindle notor 27 rotates the optical disk 26
under contro uloc,f iaoﬁs,pi ndl e servo control unit 28, and an FG (Frequency
Generator) si gnaﬁ generator not shown in the figure provided within the

spi ndl e notor 27 generqées an 7FG siqgg({exl t hat forns one ‘{)ul se, each tinme the
optical disk 26 {28°ndI’é @St RAT G SSPRALLH U HEH B held angl e, and
then outputs the FG signal to the spindle servo control unit 28. Under
control ofeXPIMiS IO R2tHRF LS| Hol BY2BE vEYROntPof 1€ni ¢/ 28 controls the
spindl e notor 27 on the basis of the FG signal inputted fromthe spindle
notor 27 so that Fife $pilfidiRe PAocd NRITE RTINS Hrefdtied HiHeP? ot at i onal
speed. Also) the spindle servo control unit 28 outputs the FG signal

i nputted fafora tdesks Fithdt ec ot iorg 2pbnara ties chHrr rop¢erdPgg adtlsla PC ( Phase
Conmparator) 31. The controller 29 controls the spindle servo control unit
28 accor diingf dmnadni copemattihey optgihed l i dipskt telfl Fiom 3in operating unit not
shown in the figure to thereby drive the spindle notor 27 and thus rotate
the optical diskfF26. Bbniaddi bilork tdiegoant rsdldwimg? % genefighes tai@ont r ol
signal for controlling a frequency dividing ratio of a frequency divider 30
on the basifs aofditshe deding drmpudXeebd ¢lonapder sk nNdf €r Seeyorddngrol uni t
28, and then outputs the control signal to the frequency divider 30. 16
The frequenCyedindddryini,dddie J2C tHe vrid¥r (ddwk 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
area of the optical disk of Fig. 3;

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

Figs. 14A 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
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Pass Filter) 32, and the VCO 33 forma PLL. The frequency divider 30

di vides the clock outputted by the VCO 33 into a value 1/ N (frequency
dividing ratio) set on the basis of the Control signal inputted fromthe
controller 29, and then outputs the result to the PC 31. The PC 31 conpares
t he phase of a clock inputted fromthe frequency divider 30 with the phase
of the FG signal inputted fromthe 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 renpves a hi gh-frequency conponent from
the signal inputted thereto, and then outputs the result to the VCO 33. The

VOO 33 changas, dfte, PIASE i F AU Mo Plnd Natk Ok LBRL LieaYED 33 out putss

by oscillation on asl s vol ttage™ app to a control term nal of

t he VCO 3 h | S, t.he tput. fr i he F 32). The cl ock outputted by
t he VCO 3 elsorlaéneﬁjut]tneag}leo chlg"y oné[))(rlgt.ﬂ%tiic_)ﬁr?' unit 22 and also to the

frequency divider,,30. }he VCO 33 is controll.ed so that a Qase,difference
bet ween the out plitdof 1¥hé St PeGdBHEFI i&@ﬁ?ﬁf%ﬂﬁft%ﬂa?¥§ 3 YHET9 out put t ed
by the spindle servo control unjit 28 beconmes copstant, Therefore, the

out put of Hife oPEratyed #f iKlayidighachshit I RFhgrt ndsshcr@FPRIeRe FG
signal at a frequency N tinmes that of the FG signal. The PE nodul ation unit
22 out put ¢t Hbeddoxmat tdfe Higrndt2 described with reference to Fig. 4
according to the clock inputted fromthe VCO 33 to the |laser 23. A drive 34
is connected to Fhe.cdftisl rediagram ghgwdmidc agicdther] ECh fopmmatal di sk 42)
a magnet o-optical disk 43, or a sem conductor nenory 44 is inserted into
the drive 34 as Fégai.r28A AndedéBsarg ddmgueers shogriayg dtdreexanpte, is
read fromthe magnetic disk 41, the optical disk 42, the nagneto-optica

di sk 43, o titlee nsemifc dnduet arymeenamd 44, and is supplied to the controller
29. Qperation of the disk ID recording apparatus 11 will next be descri bed.
When a comand tpigtapt iecardiagram ishouwddg bhe tther rddldkerii?9 controls the
spindle servo control unit 28 to rotate the spindle notor 27 at a

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 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 manner as to form a 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



predet erm ned speed. The spindle notor 27 generates an FG signal
Corresponding to its rotation, and then supplies the FG signal to the
spindl e servo control unit 28. The spindle servo control unit 28 supplies
the FG signal to the PC 31. The PC 31 conpares the phases of two input
signals with each other, and then supplies a signal of a phase 18 error
between the two signals to the VCO 33 via the LPF 32. The VCO 33 generates
a clock having a phase and a frequency corresponding to a signal (control
vol tage) supplied fromthe LPF 32. The clock outputted by the VCO 33 is
supplied to the frequency divider 30 to be divided by a predeterm ned

f | V10l ' ts Vi h t , Ak lied t
the pe o1, T " P AR (S A SRS e F Ry FREROE S has o

cycl e of (n mX k).of one raotation of the optical disk 26 (spindle
not or 27) .]g)Porg%e?%gg efoﬁ%lerhgarhotl}%‘g(\:/\]/g?/é nunber per rotation of the FG

signal is 36 and_the value of the frequency dividing rafio 1/ N of the
frequency divi derEaé’g‘ i© fﬁ@g,b]t%g‘s\/d(‘j %"b’éﬁ‘eﬁ aé’e‘él et kR ™ cFRRehavi ng a
cycle of 1/ (3 X 2 X 234) of the tinme period of one rotation of the spindle
notor 27 (Optiths WrawRLH)of Thid PEL noliuT afl on BAfR 20 thej Eeamesisk | D
information supplied fromthe register 21 to PE nodul ati on based on the
channel cldﬂdkugflﬁ)pllﬂ@j ¥ o the(MCO138s agrise hel ou2péits tHee ik ID
information to the |aser 23. The |aser 23 generates a |aser beamon the
basi s of tinef dmat isuppl 9 ecedonied hel BE hodpereébnbubst 22 to thereby
irradiate the optical disk 26 wwth the |aser 19 beamvia the mrror 24
and t he object | &es 2banfieds pittlse adi sihe Draftorafatéaoth isf ridoorithetnes
concentrically over a plurality of tracks in the BCA 26A of the optical
di sk 26 atisa firaoteorsyrpri orhieo ssiticereling 122¢ déntraldly b idepefwkinng 0N out put
intensity required by the Laser 23, the cycle of the channel clock

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 each of the
blocks. In this example, 12-byte parity is added to 16-
byte data, and the disk ID information is encoded by a
Reed-Sclomon code RS (32, 16, 13) of a Galois field GF
(2%) . Three blocks each have the same ECC format. Thus,

14 bytes of 1€6-byte ID information ID, is disposed as

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

12



outputted by the VCO 33 may be multiplied by r to be r/(n XmX 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 showi ng a configuration of
a di sk recording and pl ayback apparatus 51 for recordi ng data and
reproduci ng data recorded in the data area 26B of the optical disk 26
having the disk ID information recorded in a nmanner as descri bed above in
its BCA 26A. A CPU 61 controls parts of the disk recording and pl ayback
apparatus 51 according to an operating signal inputted froman operating
unit not shown in the figure to thereby record data and reproduce data

recorded i 23 ar, %%%\af h i gi %) oduci ng data
or recordiﬁ%é gjfgc?ﬁ?ahe'%%u alolur%lprt| saﬁwﬁ)gl&% (? ?ﬁ?o%ﬁa%?gélr% t 13
optical di 26 retained by a reqgister. 71 to.a decryption, processing unit
7 or “an cibr 98 A e FATHCHEE At e ide S he kiR P Bh R S 08
control 20 signal,to rotate og stop the optical disk 26, and outputs the
control sithd®Yte 22eFho RohErbFa0Rit 63. The servo control unit 63 nmakes
an optical pickup 64 seek to a specifjed position on the optical disk 26 on
the basis of the Tédm MH2Rs drrPisipiRtePd rom i Te ediskhntPal so effects
tracking control and focus control of the optical pickup 64 on the basis of
a tracki nginfewatsigmaln (Tkg ahtchefofusher fdpksi ghals (FSpkeipplied from a
matrix anmplifier (MA) 65. A spindle notor 62 rotates the optical disk 26 at
a predet ervieihg ot st imnaf f speeelquidal esbntpokoominfeaspreducontpde unit
63. In reproducing the disk IDinformation, the optical disk 26 is rotated
by a CAV (€Gonststrindndil iar d/eveoctigadl mdihedtidhe optical pickup 64 is held
by a specified sled nechanismso as to be able to nove in a radi al
direction of theaepishoain dinskizf. lhethaatm mebaraeidoon ¢ e opde cal di sk 26
is to be read, the optical pickup 64 irradiates the optical disk 26 with a
| aser beanmmiicerding 4 cdacLand € aby Stig@apos Dpubhedf f somatke (serypieontro
unit 63, receives the reflected beam converts the reflected beaminto an
electric sifgidateandid eIt Pputsidhespl £68racspace (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". 1In the PE modulation, the channel

bits are inverted at a center of two channel bits (center

of a word) indicating a data bit. Thus, in the case of

data bits, marks or spaces do not occur continuously for

three channel bits or more.

Accordingly, a sync pattern indicating sync bits

(frame sync) can be formed by arranging marks or spaces

continuously in three channel bits or more. Figs. 7A and

7B each show a sync pattern of frame sync.

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

patterns of six channel bits are provided as frame sync

13



signal to the matrix anplifier 65. When the optical pickup 64 records new
data on the optical disk 26, the 21 optical pickup 64 irradiates the
optical disk 26 with a | aser beamon the basis of data outputted froma
nodul ation unit 77 to thereby record the new data in the data area 26H of
the optical disk 26. The matrix anplifier 65 processes the signal inputted
fromthe 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 anplifier 65 generates a
tracking error signal whose signal |evel changes according to an anmount of

tracking Sidlednl £ WiREk) NGBk Oknd! 0pRLeuhoaenshoRgl | evel changes

according to an anDun of focus error) and then outputs the signals to t he
servo cont AddLLi éﬁ? 1he PRELI X Apml | é% $§ uf pu
reproduceéyéﬁﬁﬁﬂ déVg Fecorded T fhe data area {¥ ﬁeE%p |caI di sk
26 to a d dulatlo nit 72 g renoves a hlgn Egequency conponent
of the sig%§1 <¥% %%%N%ﬁ%F?% ?%e?e ﬁa?ﬁpﬁ¥%§s Y&ri dti'on in the
reproduced S|qpal caused by noise, _and then out ﬁne res .t .to a
conpar at or %P1 1he HiRshtF e bf e z%%n?he 3 i hpuf Qﬂdt f&reto by
conparing the signal with a predeterm ned |evel. A denodul ati on unit 68
sanpl es t e S¥CHFA N ARG BHeFerD- o Hlip e Hhandy whamnpl i ng cl ock
inputted froma quartz oscillator 69, nmakes channel position correction,
perforns ddapdflatiids fh danx kﬂﬁﬁﬂl¢¥?5%d®6%¢%@+6ﬂ)a RAMEh8XMNBUt puts t he
result to an ECC (Error Check and Correct) unit 70. A sanpling clock nunber
per rot atiage dfl'he "dilsk0&" siet ugedean then fram pyya) apdahdok ase
nunerical val ues based on the disk ID recording format described with
referenceaddeld ;s 4 santgedinarsynt ayertefnt wEhemner @itsThef BQ ‘Unit 70
supplies the denodul ated data (disk ID information) inputted thereto to the
regi ster ok ffan'stadteagfmrther 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.

74) will be referred to as SA, and a frame sync when a

sync 1D 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 frame sync SB is

used to indicate that its frame is other than a first

frame of each of the blocks. Hence, the number of frames

having frame syncs SA is equal to the number of blocks.

Fig. 8 is a block diagram showing a 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



In the neantine, the denodul ation unit 72 denodul ates data (contents data)
supplied fromthe matrix anplifier 65) and then supplies the denodul ated
data to an ECC unit 73. The ECC unit 73 subjects the denodul ated 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 fromthe ECC unit 73 on the basis of
the disk ID information supplied fromthe register 7Z) and then outputs the
result to an apparatus not shown in the figure. The encryption processing
unit 75 encrypts contents data inputted thereto on the basis of the disk ID
23 i nformation supplied fromthe register 71, and_then, outputs the result
Lo an EOC UAf (55D SHRI EEEefinFp 98TQHASORRCEF1BR EBRTEE ABn code o the
encrypted contents data inputted thereto, and then outputs the result to

t he modul @#TGIFdARGe 7Lt FRGnBEFcfarsrtoshoun 6pt Fégl i skR9BE a nmgneto
optical disk 93, or a sem conductor nenory 94 is inserted into a drive 81
as requirgerduiatpn \eny 3ppeaés BheréyrliniPebnfporoatine Augredi ¢ di sk
91, the optical disk 92, the nmagneto-optical disk 93, or the sem conductor
menory 94 i the GRS Htder Cper asbheotst bkeddskkr EBoidiEngmandopl apback
apparatus 51 will next be described. Wien the optical disk 26 is inserted
into the dskodcoridicg, and ptlaghacktpppar ahesrddultheoCkUlbdeconBrol s the
servo control unit 63 to rotate the spindle notor 62 at a constant angul ar

velocity (1he tBe o Tethed)unihi 32 vehvgetysi shéheisrnmepas the velocity at
whi ch the spindle notor 27 of the disk ID recording apparatus 11 of Fig. 8

rotates t hig Qi ofli Ska @6t rdth EReSro@iditein2ii 88, thbepgervo control unit
63 noves the optical pickup 64 in a radial direction of the optical disk 26
to play bagdadine BEA 280 fdiddecOpsi €8bcKli skndbneP4clock) 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 cylindrical lens, for example, and

irradiates the BCA 26A of the optical disk 26 with the

laser beam entering the object lens 25. Thus, a

reflecting film of the optical disk 26 is changed

irreversibly, whereby 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 recorded on the

optical disk 26 as unrewritable data.
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Reproduced data outputted fromthe optical pickup 64 is inputted fromthe
matrix anplifier 65 to the conparator 67 via the LPF 66 to be binarized.
The denodul ation unit 68 sanples the binarized data inputted fromthe
conparator 67 on the basis of a sanpling clock supplied fromthe quartz
oscillator 69, and thereby denodul ates the data. Al so, the denodul ation
unit 68 perfornms processing for correcting channel bits and words. The
processing will be described later in detail. The denodul ated data
outputted fromthe denodulation 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 e_reqister .71 tq .be stored therein. Thus,
the disk ID inf of*nﬁP%BﬁRFeE‘SF%dE?nrPﬁgtﬁéA%A"&ot‘tGr?el o“;p]‘ﬁq‘c%éqdi sk 26 is
stored in the register. 71. Wen a _conmand to record contents data is

i ssued) t REAEBUBE TG A & (3R WS GO r ot BBt 02F 0t2Re #Re optica
disk 26 by a CLV nethod via the spindle notor 62. The encryption processing
unit 75 ed& yiFtre EmnCeneia I Mp RYBHR ¥ (IR 2R BDP Ak ugheBt Shown in the
figure on the basis of the disk IDinformation stored in the register 71,
and then d&dtepdigune reicads wdidt dhehesNAL €O YRF t2769eTRBa EEE unit 76
adds an error correction code to the contents data inputted fromthe
encrypti ormpFscesging what Eormndnehenladg mach tthiome eslg tomigi coht ent s dat a
to the nodul ation unit 77. The nodul ation unit 77 nodul ates the contents
dat a i npuidiek f2reonmspliedBE@Cmutdr 26 )by dtee €2E byeta qulr @d e aemot irexd
predet er m ned nodul ati on nethod, and then outputs the resulting contents

data to thaqapti cald phetupuiputrBheheptricai quaakun 6dhd egpintsl d he contents
data inputted fromthe nodulation unit 77 in the data area 26B of the

optical disekvdb.coWtaniave@rmaerd t ongepr edHeeotihe rcantcmitsyodated tays
recorded is issued) the CPU 61 controls the servo control unit 63 to rotate

the opti calhedisphndf b elrh® CloW trRliNeG ias g ddif £ase @se dfsGIdhed above.
The optical pickup 64 plays back the data area 26H of the optical disk 26)
and 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 spindle servo
control unit 28 according to an operating signal inputted
from an operating unit not shown in the figure to thereby
drive the spindle motor 27 and thus rotate the optical
disk 26. 1In 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 to the frequency divider 30.
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then outputs the reproduced data to the matrix anplifier 65. The matrix
anplifier 65 supplies the reproduced data to the denodul ation unit 72. The
denodul ati on unit 72 denodul ates the reproduced contents data inputted
thereto by a denodul ati on net hod corresponding to the nodul ati on net hod of
t he nodul ation unit 77, and then outputs the resulting data to the ECC unit
73. The ECC unit 73 subjects the denodul ated data inputted fromthe 26
denodul ation 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 fromthg, ECC unit 73 an_t. basis qf t i sk I QJn0farmation
inputted fromt hghregglrse er 7t %alr‘l’&rafeﬁe%%lduttg]uet S h3gl r easmﬁfﬂﬁo%%w appar at us
not shown in the figyre. As described above, encrypted contents data is
recor ded ipﬁstshgl&ét% area 2963160‘%“? hE“Qpt cg?r‘ﬂli %kgg%: Therefore, even if
the encrypted contents data is copied onto other disks as it is by a
computer or the FPRefrpguiescyodiydsdsithi3d 93 vddiRF tHhe HAA¢K D i nf or mati on)

t hereby preventing decryption of the contents data. Thus, it is possible to
practi cal loptessties] by 18walVE&DRA nigitel 2 vohment AN defreqwenray ge quantities.
The channel position correction nade by the denodul ation unit 68 wll next
be descri ldéariviiimly meftdrodnceett oFiygs WA ¢ hebughe 19 tial thignahse,
description will be made assuming that p = 3. A reproduced pit waveform
(Fig. 10AZnputtpeidt &d o drhet horiRfo 186 2 Di reard zgtebyod tgu conpiae at or 67) and
then inputted to the denodul ation unit 68 as a binarized pit signal (Fig.
10B). The rédemadultat ithie WU t3168 Thel rdes 12 ¢ompaaient ahe bHase3 ofnet shown).
The counter 1 (Fig. 10C) counts the nunber of clocks (0 to p-1) within a

channel bictockhe ngutedy f3-dnfitthe g} A ivdswinderwoth tvwe channel bits
of the PE nodul ation. The counter 3 (Fig. 10E) counts the nunber of bits
(words) obnbkRe BE WdUlFdf isG¥nal 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 basis of a voltage applied to a

control terminal of the VvCO 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 also to the frequency

divider 30. The VCO 33 is controlled so that a phase

difference between the output of the frequency divider 30

and the FG signal outputted by the spindle servo control

unit 28 becomes constant. Therefore, the output of the
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The channel position correction is made by utilizing the fact that in the
PE nodul ation, bits are invariably inverted at a center of a pit (that is,
center of a word "10" or "OLl" shown in Fig. 6). Specifically, intimng A
in Figs. 10B through 10E, even though the value of the counter 3 is not
changed (even though at a center of a pit), level of the binarized pit
signal is inverted, and therefore the value of the counter 1 inmmediately
after the timing Ais corrected to be "0". Also, the channel position
correction is nade by utilizing the fact that when the same data bits occur
conti nuously) channel bits are inverted at a point between the data bits
(between the words). Specifically, in timng Bin Figs. 10B through 10E,
when the Ve bt e Tt erosctil_rbRgedn ( §¥0S HbF%t thet REefi@BRds), the
| evel of the binarized pit signal is inverted, and thus the values of the
counters Btardl treguenes rieckdees othrt "of phe| GFafigpadt fFeePByncs are
arranged at equal 28 intervals for one rotation of the optical disk 26.
Ther ef or e)nddwreet isymomn ity 2 2l ety gemedatadinnthecbosmaht cycle as the
optical disk 26 is rotated. Hence, even when a franme sync of a frame is not
det ect ed, ddsasiipotstitite taf epnoeluce Higa $usceeddinnggt he thanmeleykc

w thout | oss of the data on the basis of interpolating timng of a frane
sync previiqisistgptdredhdAsvahon to the. 1dderwhen a franme sync
("O00L1101XX" or "11100010XX") (Figs. 7A and 7B) is detected, the val ues of
the counters | t@a 3rane 3kl iisniddndldaed i@ "the Ui HIG dide 70 s supplied
with the denodul ated data (that is, the disk ID information including
parity W igdfidifd Ridsias desad idodiodt hafgkeigncg hQqhL8s-4priagd then
subjects the data to error correction processing. Each piece of the triply
witten digkd Q3 nfr MR d Sh AN SRS Py 44 Of s COREEFEL@N nVYEN a result
of error correction of a third block is different fromresults of error

correct i onpaf 4] HUICTad Wl Gake. (3 Tdctls A ERGRANE BlORHOy f Or

exanple, the results of error correction of the fi and t'he second

bl ock are used as, e dissk dR A "Bid O SRIET < 2 Ik Of L VeRdl &

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 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 signal 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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The ECC unit 70 outputs the error-corrected disk IDinformation to the
register 71 for storage. 29 The ECC unit 70 can al so determ ne correct
words in each of the blocks by majority and then performerror correction
processi ng on a code generated by collecting correct words. For exanple,
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 fromthe
first words in the first block and the second bl ock, the first word in the
first block (or the second block) is used as a correct word. Wen a second
word in the second bl ock coincides with a second word in the third bl ock

and 2 second yorgl i ihec i roblogkais L1 LRpepbof sam/ibe pecond vords in

t he secon ock an ird Db e second word in the sécond bl ock
(or the thjsyd bpc i s.used as a correct rd.. X her_correct . words are
Col 1 ected 1 a otoiies Snmenetarhad ot v imitls g o1 o
reconstrug%:a single piece of _disk IDinformation. Then the disk ID
i nf or mat i ?qy%ﬂﬁ%(ﬁAQﬁfﬁQP¥9¥Qﬁ tor? eB19BAL pl6eREEPhgVOFE2F8) assuned t hat
disk IDis reproduced wi thout using a tracking servo) as described above.
Ther ef or e, SYRARI &hef 1ADrgtRIcHER) dberation is repeatedly performed over a
plurality of rotations of the optical disk 26, a different reproduction
result (reproduc&®@edglerkneptipaiticd bayhttdindtFbelhuse Birrlitdgirly shifted
radial tracking position or the like. Accordingly, the reproducing
oper at i on tdre doreaniqyy dipeirday oid cen e ¢eyidedelly ovepradprarmfineg of
rotations of the optical disk 26. As a second enbodi nent, nodul ati on of
di sk | D i fhwequetnian disiinting 4edt ke atvon tbe cecordlhgrwe | asdt be
described. Fig. 12 shows a disk ID recording format in this case. Also in
this case,cham isuddia dd risd wandaei ment, the circle of the BCA 26A of the
optical disk 26 is divided
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 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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into three equal parts, thereby form ng three bl ocks. Each of the blocks is
formed by two franes each having a sync block SA or SH at the front. Each
of the franes has a frane sync of 14 channel bits, and its information bits
" are 122 data bits. The 4-1 nodul ation converts data of 112 bits into 392
channel bits, and therefore the nunber of channel bits of a single frane is
406 (hence, n =3, m= 2, and k = 406). Disk IDinformation of 224 bits,
that is, 28 bytes can be recorded in a single block. As shown in Fig. 13,
the 4-1 nodulation is a nodul ation nmethod that nodul ates two data bits into
seven channel bits. First three channel bits forma sync pattern denoted by
"010", C di f.Q b r o] whi ch
i ndi cat es%(f%t%aqlgt?/i éﬁl%om Hr(?%h?%qéﬁﬂ%% &Bf%'l:éefi(;%l?s anne ]{)‘Ji t srthi/\hen t wo
dat a bltsﬁPefor Iatlon are "00", th go;ilon is "1000"; when
two data BV B8 &7 Cﬁﬁ‘? rﬁ?&hl‘astu o A e oi"“c?’h‘érh ta po?PYFbnis "0100";
when two data hiits before the nodulation are "10", the data aortlon i's

t

"0010": wRdnredd tdacd s Ksefidy etll%ea%d%ﬁ%lt?%nt%?e‘m'i’iﬂﬁl &58at& portion

is "0001". One word is formed by the conbi ned seven channel bits of the
sync patt@ﬂnaaﬁ@CFWéYdéﬁéqanqq(ﬁhlpﬁﬁﬂ%e PE nodul ation nethod used in the
first enbodi nent, equal nunbers of |ogical "Gs" and | ogical "Is" appear.
Accordingly, in tha@deaSé}lxub§Eaﬁnﬂém9yOmmquuﬂuql#?qaﬂskﬂxing filmin the
HCA 26A is renobved. On the other hand, in the 4-1 nodulation, a ratio of

| ogi cal " @hutigedodivcdhe’ Istsers 238 .2 . thecayali gy ) thdeclramuel ofoclef| ect ed
light is larger than when disk ID information is recorded by the PE

nodul at i oputbutsed by 4ht vaduldm iray Hes ranl vt ddey of tekbegr/ {neasi er
to effect servo control such as focus control during the reading of data,
for exanpl>e.mAKs@)i.n thi shexaspke, hherEgGeheymat vatiihge cdieFiikRent

information is the sanme as described with reference to Fig. 5. The disk ID
i nformati @n oifS t@RC FdRGuRn 3N RTi(dd 32 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 apparatus 51 according to an operating signal
inputted from an operating unit not shown in the figure
to thereby record data and reproduce data recorded in the
data area 26B of the optical disk 26. 1In reproducing data
or recording data, the CPU 61 outputs the disk 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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16, 13) code of GF (28), and 12-byte parity is added to form one bl ock. The
sane block is witten triply around the disk. Figs. 14A and 14B each show a
sync pattern of a frane sync in the second enbodinent. In the 4-1

nodul ation, the position of a logical "1" is fixed in a sync pattern of

t hree channel bits. Therefore, when attention is directed to the |ogical
"I s" of sync patterns occurring after every other logical "1", the | ogi cal
"I s" of sync patterns invariably have an interval of "7". Thus, a sync
pattern can be forned by breaking the regularity of the interval at which
every other logical "1" occurs. A sync pattern "01000010010100" where the
interval s _at i gh. every, ot her i "1, uys..are. "8 ) and 6" as
shown in lgilé'.n\gflhiol grogte t:easot}a Efélospgttctg%/n%&%ﬁﬁclgr%”ég. ﬁ?ﬁ( s“’%(g %%1 ¥R
"01000101001000" where the intervals at which every other logical "1"
occurs ar ?“e6,°°§’,tré’ﬁd FIndd difovh S5 E O T surb%tt ég a second sync
pattern SB. Thus, in the second enbodinent, a frane sync of 14 channel bits
is inserted intoTPReSEF¥R FBNEELSr BPAG. SRoMAkES BRgoPtdcRd RLGKIEK di agram
showi ng a configuration of a disk ID recording apparatus 11 for recording
the 33  @idsieeled & ARRY itfd ah@Fdomn é?fbd%?%ré?ﬂ?lqﬂa]rt%l%r?%s%bndi ng to
those of the disk ID recording apparatus 11 described with reference to

Fi g. 8 ar ¢heddatsiifs ef hyhe mondared rsdfagrasih denmunieadal fsomartdhe BT @lescri ption
will be omtted where appropriate (the sane will apply hereinafter).

Speci fi cabhny, afllse diffledds rtemarkdimy apparal nd fofud-igpntifohast t he sane
configuration as that of the disk ID recording apparatus 11 of Fig. 8
except thahet o@tdicsld [Pk dkegoredi ooy apparketaiss kif ¢f tdagrk iy iexrysovi ded with
a 4-1 nodulation unit 111 in place of the PE nodulation unit 22 in Fig. 8.
Ther ef or esigpanat(ita) cind ke fdicls |d2racoridinygg aEsr alupp Llile Dff Fdng.a 15 1S
the sanme as that of the disk ID recording apparatus 11 of Fig. 8 excegt the
nmodul at i opafetiRodmpWien dhemiiysksl.D neeprididne appatakusrdta@ksFicge 15

records the disk ID recording format as described with
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 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 servo control unit 63,
receives 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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reference to Fig. 12 on the circle of the BCA 26A of an optical disk 26) a
PLL may be operated such that one rotation of the optical disk 26 is in
synchronismwith n X mX k of Fig. 12. For exanple, when the wave nunber of
an FG signal outputted froma spindle notor 27 is 42 and then a frequency
di viding coefficient N of a frequency divider 30 is set at 58, the cycle of
a channel clock outputted froma VCO 33 becones equal to 1/(3 X 2 X 406) 34
of one rotation of the optical disk 26. The configuration of a disk
recordi ng and pl ayback apparatus S1 for recordi ng data and reproduci ng data
recorded in a data area 26B of the optical disk 26 having the disk ID

i nformatiqn . r.ecqrded.by the .disk.. D recqrding a ral us by the 4-1

nodul at i or?prﬁaltcﬁod%ils(:kbué)siGE(}alﬁljyrat%leaQseasnet%aes E: ol\/\cﬁ”lpan]?ngﬁ g.}%.w 1\1/\/e er,
processi ng of a denodul ation unit 68 of the disk recording and pl ayback
Dpar at Us 155 552 KRAT SPe i R eh At o1 toh e HoUR A o (i ¢ 68 Shovin | n
Fig. 9. Channel positiagn correction nade by the denodul ation unit 68 wll

be descri Bedudiatd gefidridndd tt® HifE et A edpsdhea oY Aalkr it e case, as
in the first enbodi nent, description will be made assumng that p = 3. A

r epr oducedagiat ax@def2dBmofritde PeAL ek plitdke®&rom an LPF 66 is binarized by
a conparator 67, and then inputted to the denodul ation unit 68 as a

bi nari zed pit si@hal m¢Frgx aBB}ifThe dénpdakcasses Ghiet sdgnddl ays t he

bi nari zed pit signal inputted thereto by a certain tinme and generates a pit
cent er si dmah ttlidg.£ rb@D)t hieh aip triicsds goreduirs dl4y, anda et eyutgfutes period in
whi ch the binarized pit signal is a logical "1". The denodul ation unit 68

i ncl udes & epirodawege Bagaadr offordagenercatriaspamdiinydow ftdre chikk s 1 to 3 and
sync pattern detection (that is, a 35 w ndow for reading a binarized

si gnal of iafoemaedvaed eRicrdsdennt ttevdare 26a tdfe BINEIichl di'dk to "2")
(Fig. 16C). The counter 1 (Fig. 16E) counts the nunber of clocks (0 to p-1)

within a gharRelanbiter Flhe CRUBLET tRe(hb8ri%6EhpCoRks ERegeavea telannel
bits of the 4-1 nodul ation. The
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 26B of the optical disk 26 to a
demodulation unit 72.

The LPF 66 removes a high-frequency component of
the signal inputted thereto to thereby suppress variation
in the reproduced signal caused by noise, and then
outputs 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 basis of a
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counter 3 (Fig. 16G counts the nunber of words of the 4 1 nodul ation. The
channel position correction is nade so that the value of the counter 1
beconmes "1" when a pit center (Fig. 16D) is detected. For exanple, the
value of the counter 1 is corrected to be "1" intimng Cin 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 exanple, the values of the counter 1 and
the counter 2 are corrected to be "1" intimng D. Aplurality of frame
syncs are arranged at equal intervals for one rotation of the optical disk

26. Therefore,, .even wh nc_of frame is t detected, it is
possi bl e 58 FEpFSH ke atlé’péifcce%d{ﬁcﬁ“t%eq‘f?ﬁ% %?/‘Fl’cfﬁﬁ‘tf‘ﬁﬁuggl oss of the
data on the basis of |nterpola|n timng of a frane s reviously
det ect ed. TAX e SRRANFIFPYS 1A £ heR s%%f?mbslo ‘B‘B‘i whBEden or
"01000101001000") described with 36 reference to Figs. 14A and 14B is

det ect ed, {ifle WdisuER s e degptierat Rk 3ara<ﬂet1it¢m<?‘a\tw*eﬁ the o' ~
Description will next be made of a case, as a third enbodinent, in which

t he ECC f aesatl toft odiagk ECS |(r$frcrr0rmtqftﬁﬂl¢em¢mmﬁheumeg|%@ er 01 is
encoded by an RS (32, 16, 17) code of G- (28) as shown in Fig. 18, 16 byte
parity i s saggddrigo flock owmberoger antd ticosan®e thookisls subjected to 4-1
nodul ation and then witten triply around the disk. In this case, as shown

in Figs. BAnand 9B, kaXsynqmpald,erdhdfk aafd aEnsyiwal svd Didebdyeaddi ng
one word as sync ID to each of the sync patterns SA and SB described with

r ef er ence oo thiegsi sk4Apare chidind fuendatdesdrifed 1 cer Sd€eidels has a
total of 21 channel bits. Hence, the sync ID nakes it possible to represent

four ki ndgoofrigyna,panidepns shxnusintee gach Oftddias msrdal t enas g% and SB
and thus forma total of eight sync patterns. Accordingly, as shown in Fig.

20, it isypegsi7hl eup1diew dReORRMIRCK ddY LiHhtafnamgs. In this case, n =
3 and m= 8. Data of 32 bits is disposed in one frane. The data is
converted;iin#Qmhtdon) 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 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
of the disk ID information supplied from the register 71,
and then outputs the result to an apparatus not shown in
the figure.

The encryption processing unit 75 encrypts contents

data inputted thereto on the basis of the disk ID
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channel bits by 4-1 nodul ation, and therefore the value of k is 133 channel
bits (= 21 + 112). The optical disk 26 is for exanple a CD (Conpact 37
Disk), an MD (Mni-Disk), a DVD (Digital Versatile Disk) or the like. The
series of processing steps described above nay al so be carried out by
software, The software is installed froma recording mediumonto a conputer
where prograns formng the software are incorporated in dedi cated hardware,
or a general - purpose personal conputer, for exanple, which can perform
various functions by installing various prograns thereon. Exanples of the
recordi ng nmedi um i ncl ude programrecorded package nmedia distributed to
users to praqvide a programse ately fromconputers, _such as the nmagnetic
i oke 41 IRFUT SRR D e 594 REEBh: TEai 28 cRadE, and 09

(i ncluding CD Rm%%r;pact Di sk- Read Owlrg_ I\/brrér y)._.and DVD (D g7| tal

Versati| e TitHRYS FEGHt FORT EFC ditks 13- afd9FEG & iddify v
(Mni-Disk)), or the sem conductor nmenories 44 and 94, as shown in Fig. 8,
Fig. 9, olddsyamBrigr GEIHePetPhitRE hetlf sKRFTXRERRCOPRF ALt fredi um
according to the present invention conprises: n blocks arranged by dividing
a circle dRrta dopytdesr dd9uftte n aflathgrarestpuh?l wieraaesl brvanted by

di vidi ng each of the blocks into mequal parts; wherein auxiliary

i nf or mat i owwdud adriranged t ¥ 2.he frames in such a manner as 38 to be at
equal intervals in a circunferential direction, and a synchroni zation
signal is disposadmapneadh afiskheif,r amesp tikearlefddrsd) 92, ias n@ps=Etle t O
realize a disk allowing the auxiliary information to be read easily and
reliably wptieul wbiskg 93 ,Pldr alheetli sdadects i mgnappas at s dngle t bed di sk
recordi ng nmethod according to the present invention formn bl ocks by

di vi di ng antecendiranea saf aa diedauirdd. nTaQualripas t83 igupp1Gidscnt erenti al

direction, formmfranmes by dividing each of the blocks into mequal parts
in the 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 angular
velocity (by the CAV method). This velocity is the same
as the velocity 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, the servo control unit 63
moves the optical pickup 64 in a radial direction of the

optical disk 26 to play back the BCA 26A of the optical

disk 26.
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circunferential 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 synchronismwith a cycle of n X m X k channel

cl ocks, nodul ate auxiliary information 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 auxiliary information to be
reproduced easily and reliably wi thout using a PLL. The di sk pl ayback
apparatus and the di sk playback nethod according to the present invention
sanpl e a reproduced signal froma disk by a clock having a frequency tw ce

nXm X K or o dheproaldedomaty ale ochanele A tneloaids Ay Lg gorr ecting

t he channel bits, or the wor herefore i'S possi repr oduce
auxi liary i nf.ormati i dreliably without using a PLL. In each of
the above “adds “NRIGTF S P NS "Bt B AP Lt B EF ot e ShE auxi 1§ ary
information is witten nmultiply, it | ossi hl e to, equivalently forma
product cGPEPATE %HuL™r &3 ztg“% LrﬁngﬁsioﬁPcf g iblb’rf’?:%b%l%éji i t\R€ Since the
circle of the disk is in a substantially physically uniformstate, it is

possi bl e A¢ModRdEd 1o ddtiE Hf SFWIRS S P HRF 3R | dker ahepebtednt r ol

deterioration of the disk. Even if a defect is caused on the disk) it is
possi bl e tf@oforthec lcoftPaTadioh&7s ororthgorkisig tof 2 t$anefne pbeskble to
achieve high reliability in reproducing auxiliary information. Al so, the
r edundanc g ue 14 esly faiomo ileatduay toi greed i et doe &R, aandvehexaddy The present
invention is not limted to the details of the above described preferred
enbodi nendemofingd azeepehef dahe .| nkérbi othes dédebidudad thynt e iapmended cl ai s
and all changes and nodifications as fall within the equival ence of the
scope of plee folraismy raraeddisrefive ¢orbec eig ackdnhylt be tisnwerd ivwird=10
CLAI M5
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 Fhe register 71.
When a command to record contents data is issued,
the CPU 61 controls the servo control unit 63 to rotate
the optical disk 26 by a CLV method via the spindle motor
62.
The encryption processing unit 75 encrypts contents
data inputted from an apparatus not shown in the figure

on the basis of the disk ID information stored in the

register 71, and then outputs the contents data to the
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1. A disk-like recording nmediumfor concentrically recording auxiliary
information of a disk in a second area other than a first area for
recordi ng contents data of said disk by a predeterm ned code conprising: n
bl ocks each obtained by dividing said second area into n~equal parts in a
circunferential direction; and mfranes each obtai ned by dividing said

bl ock into mequal parts in the circunferential direction; wherein said
auxiliary information is arranged in said franes in such a manner as to be
at equal intervals in the circunferential direction) and a synchronization
signal is disposed in each of said franmes. 2. A disk-Like recording nedium
as claimed in claim.1l wherein in one 2f id frames, k channel bits are
arranged atS HPéFvgks oEﬁSihgg 891&i3|d?ﬁgssgpdeFF&ﬁéﬁ%ﬁﬁﬁc%léﬁhal parts.

3. Adisk-like recording nediumas clainmed in claim1 or 2, wherein said
auxi | i ary CPRotRattiEn Co& YesdH fadd by R ol BRIt Mt SRIF R e of word
synchroni zation or bit synchronization. 4. A disk-1ike recording medium as
cl ai med i RTOC&SHIBIWNERST T Ssaidd hrod ATt WP Wit Hote | 58 Phiek®e encodi ng
method or a 4-1 nodul ation nmethod. 41 5. A disk-like recording nmedium as
cl ai ned i woampnsse doftat ke hec @idyd adligimyinithetei n Thehawda legligae of said m
is two or nore, the nunber of kinds of said synchronization signals is two
or nore amdim G7 meds.latesA tdieslcdnten treeclartdi nigipwdi e faone | t@ieeRCE N any
one of the preceding clains, wherein an error correction code is added to
sai d auxi undry 7Enber Ratel CE methddicek dAndtthearegaraigrgereidiadn as cl ai ned in
any one of the preceding clains, wherein identical data is disposed in each
of said NmbBluatktiod mdtlhiodK ERGOMHINY ARRAIAL Ushd oOfedEC0IMH Ng auxiliary
information of a disk concentrically over a plurality of tracks in a second
area ot hegohkantd Gakst tar edd Pprieaar PikGkugorgent andabatekagai d disk by a
predeterm ned code conprising: rotating neans for rotating said disk
generati ng ; BRABS 640k cGBRAAHYI B nthRaReld O Gk LTS Y Nthd 0 an

interval obtained by dividing one frame into k equal parts where n bl ocks

each havi pgadi1hedghh uahtaiAed Pl WallNG %A & EPPNG i &pdidp n equal
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, and
then outputs the reproduced data to the matrix amplifier
65. 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 demodulation 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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parts in a circunferential direction are generated and m franes each havi ng
a |l ength obtained by dividing one of the blocks into mequal parts in the
circunferential direction are generated) the channel clock being required
42 for recording said auxiliary information; control neans for
controlling rotation of said disk so that one rotation of said disk is in
synchronismwith a cycle of n X mX k channel clocks ; nodul ati ng neans for
nodul ating said auxiliary information on the basis of said channel clock
generated by said generating nmeans; and recording neans for recording said
auxiliary information nodul ated by said nodul ati ng means on said disk. 9. A
di sk recordi faor..a.d r i recordin
auxiliarden %Pgékﬁﬁﬁ 3%J§:Jﬁ%ﬁkhéﬁﬁgﬁgfﬁ%%ﬁ%@é%ééggggg%%?%.?tyé% tracks

in a second area other than a first ar for recordi ng contents data of
sai d di sk nasbllpé’éé‘tegr rﬁhr?edfecsd’det’t,rtﬁrpcfﬁ 3 B0 %T&%t‘s?lép for rotating

said disk; a generating step for generating a channel clock correspondi ng
to an i nt @FPEESEENSG Ned Yy 4 vIFBPnge6RY PriLRe HERCE S€ idguainifarts where n
bl ocks each having a | ength obtained by dividing said second area into n
equal par 8€cry P4 scitheufoart@ntsaldadiar e@N TV RED gerrter et e )n franes each
having a | ength obtained by dividing one of the blocks into mequal parts
in the ciiophtsedntfirgm dhee@dComndrte Tfermy atlerl, basies chfanted & DekIBei ng
required 43 for recording said auxiliary information; a control step for
control | i ngfoomattiiom dhpsditeeddifsioms chchatewimetentati andftlsmi d disk is in
synchronismwith a cycle of n X mX k channel clocks; a nodulating step for
nodul at i ngusaud sattkiel ir@rmsy lithfrar rmt iagpaora thhe hasishofn sia dlohannel cl ock
generated by processing of said generating step; and a recording step for
recordi ngfsgugteauxiliary information nodul ated by processing of said
nodul ati ng
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, it is
possible to practically control illegal copying of
contents data in large quantities.
The channel position correction made by the
demodulation unit 68 will next be described with
reference to Figs. 10A through 10E. 1In this case,
description will be made assuming that p = 3.
A reproduced pit waveform {(Fig. 10A) outputted from
the LPF 66 is binarized by the comparator 67, and then

inputted to the demodulation unit 68 as a binarized pit

signal (Fig. 10B). The demodulation unit 68 includes
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step on said disk. 10. A disk playback apparatus for playing back a disk on
which auxiliary information of said disk is recorded by a predeterm ned
code concentrically over a plurality of tracks in a second area other than
a first area, in which contents data is recorded) on the basis of channe
bits having intervals obtained by dividing one frane into k equal parts
where n bl ocks each having a I ength obtained by dividing said second area
into n equal parts in a circunferential direction are generated and m
frames each having a | ength obtained by dividing one of the blocks into m
equal parts in the circunferential direction are generated, said disk

pl ayback apparatus_characterize Qy conggisin%: rotatin% means for rotating
sai d di skCRPREeESndt &Ft 44RO FHAYEY velF8E £PUNS ey Badk ieatd®For pl ayi ng
back said disk; generating neans for generating a clock having a frequency
Lvi ce n XCRRRER BRERPUMBET Htd Ot ch | fy Ardenr ¥igh s Amhai el si gnal
outputted by said playback neans on the basis of said clock generated by
sai d genebati ngTh@apeuaherdembBipat 1AF) sgrentRanhel nhmber of woods whil e
correcting said channel bits) or the words. 11. A disk playback apparatus
as cl ai nredhannelabat$0poff whteh@E codwliadiivg cofheccongterads (Fdg .nmaki ng
error correction on the basis of an error correction code included in said
auxi | i ar y1oBj ocpahten tahed ndedexiriof g teor (weatdsAwdafl itdrey BEf or mati on by
majority rule. 12. A disk playback apparatus as clainmed in claim 1l wherein
sai d corrpegumngti®ans makes error correction on auxiliary information
obt ai ned by collecting portions determned by majority rule. 13. A disk

pl ayback nethod 49¢ enshskipbaybacknapparatusohol sphayengyback a di sk on
whi ch auxiliary information of said disk is recorded by a predeterm ned

code concgpifiigahby tA¥ekad tPltthadl iihy tole IHEAGCAUIA A AECHIL ArHA Ot her than
a first area, in which contents data is recorded) on the basis of channe
bits haVi@Qvé?iably inverted at a center of a pit (that is, center

of a word "10" or "01" shown in Fig. 6). 8Specifically, in

timing A in Figs. 10B through 10E, even though the wvalue

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 fact

that when the same data bits occur continuously, channel

bits are inverted at a point between the data bits

{between 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 equal
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I nterval s obtained by dividing one frame into k equal parts where n bl ocks
each having a | ength obtained by dividing said second area into n equal
parts in a circunferential direction are generated and m franes each havi ng
a length obtained by dividing one of the blocks into mequal parts in the
circunferential direction are generated conprising: a rotating step for
rotating said disk at a constant angular velocity; a playback step for

pl ayi ng back said disk; a generating step for generating a clock having a
frequency twice n X m X k or higher; and a denodul ating step for sanpling a
signal outputted by processing of said playback step on the basis of said

| ock ated b ocessing of said generating step.and_denodul ati ng sai d
Chamnel biTeStr e Yorbet vt otalr v Edh [ nh BB BorhErAb BaERS 285 e wor ds. 4s

.A@Aa .AY .ASI .A.A.A.AY . Al _A.AN.A .Au. Al AT AI.A.AY A A
A A . A Therefore, frame syncs are endlessly generated in a

constant cycle as the optical disk 26 is rotated. Hence,
even when a frame sync of a frame is not detected, it is
possible to reproduce data succeeding the frame sync
without loss of the data on the basis of interpolating
timing of a frame sync previously detected.

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

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 correction. When a result of error
correction of a third block is different from results of
error correction of the other two blocks (a first and a
second block), for example, the results of error
correction of the first block and 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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used as a correct word. Other correct words are collected

in a similar manner on the basis of the majority rule to

reconstruct a single piece of disk ID information. Then

the disk ID information is subjected to error correction

processing.

It is assumed that disk ID is reproduced without
using a tracking servo, as described above. Therefore,
when the reproducing operation is repeatedly performed

over a plurality of rotations of the optical disk 26, a

different reproduction result (reproduced data) may be
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pattern and the data portion.

In the PE modulation method used in the first
embodiment, equal numbers of logical "0s" 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
"0s" to logical "1s" is 5:2. Accordingly, the amount of
reflected light is larger than when disk ID information
is recorded by the PE modulation. Thus, the 4-1
modulation has an advantage of making it easier to effect
servo control such as focus control during the reading of
data, for example.

Also in this example, the ECC format of the disk ID

information is the same as described with reference to

Fig. 5. The disk ID information is encoded by an RS (32,
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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
"i" is fixed in a sync pattern of three channel bits.
Therefore, when atgention is directed to the logical "i1s*®
of sync patterns occurring after every other logical "1,
the logical "1s" of sync patterns invariably have an
interval of "7,

Thus, a sync pattern can be formed by breaking the
regularity of the interval at which 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" where the
intervals at which every other logical "1" occurs are "6,
5, and 8" as shown in Fig. 14B is set as a second sync
pattern SB. Thus, in the second embodiment, a frame sync
of 14 channel bits is inserted into the disk ID recording.
format.

Fig. 15 is a block diagram showing a configuration

of a disk ID recording apparatus 11 for recording the
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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 format as described with
reference to Fig. 12 on the circle of the BCA 26A of an
optical disk 26, a PLL may be operated such that one
rotation of the optical disk 26 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 frequency dividing coefficient N of a frequency

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

outputted from a VCO 33 becomes equal to 1/(3 X 2 X 406)
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Ne 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, 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 generates a pit center signal (Fig. 16D) that rises

precisely at a center of a period in which the binarized

pit signal is a logical "1". The demodulation unit 68

includes a window generator for generating a window for

counters 1 to 3 and sync pattern detection (that is, a
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counts the seven channel bits of the 4-1 modulation. The
counter 3 (Fig. 16G) counts the number of words of the 4-
1 modulation.
The channel position correction is made so that the
value of the counter 1 becomes "“1" when a pit center (Fig.
16D) is detected. For example, the value of the counter 1
is corrected to be "1" in timing C in Fig. 16D in which a
pit center is detected. In addition, word position
correction is made so that 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 be "1" in timing D.
A plurality of frame syncs are arranged 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 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. 17, when a frame sync

{"01000010010100" or "01000101001000") described with
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information 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 4-1 modulation and then written
triply around the disk.
In this case, as shown in Figs. 19A and 19B, a sync
pattern of a frame sync is formed by adding one word as
sync ID to each of the sync patterns SA and SB described
with reference to Figs. 14A and 14B. A sync pattern of a
frame sync thus has a total of 21 channel bits. Hence,
the sync ID makes it possible to represent four kinds of
sync patterns by using each of the sync patterns SA and
8B 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.
In this case, n = 3 and m = 8. Data of 32 bits is
disposed in one frame. The data is converted into 112
channel bits by 4-1 modulation, and therefore the value

of k is 133 channel bits (= 21 + 112).

The optical disk 26 is for example a CD (Compact
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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 (including MD (Mini-Disk)), or
the semiconductor memories 44 and 94, as shown in Fig. 8,
Fig. 9, or Fig. 15.
As 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
equal parts; and m frames arranged by dividing each of

the blocks into m equal parts; wherein auxiliary

information is arranged in the frames in such a manner as
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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 information
on the disk. Therefore, it is possible to realize a disk
allowing the auxiliary information to be reproduced
easily and reliably without using a PLL.

The disk playback apparatus and the disk playback
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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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 may be at a low level.

The present invention is not limited to the details
of the above described preferred embodiments. The scope
of the 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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of said disk by a predetermined code comprising:

n blocks each obtained by dividing said second area
into n ‘equal parts in a circumferential direction; and

m frames each obtained by dividing said block into
m eqgual parts in the circumferential direction;

wherein said auxiliary information is arranged in
said frames in such a manner as to be at equal intervals
in the circumferential direction, and a synchronization
signal is disposed in each of said frames.

2. A disk-like recording medium as claimed in
claim 1 wherein in one of said frames, k channel bits are
arranged at intervals obtained by dividing said frame
into k eqgual parts.

3. A disk-like recording medium as claimed in
claim 1 or 2, wherein said auxiliary information is modulated
by a modulation method capable of word synchronization or
bit synchronization.

4. A disk-like recording medium as claimed in
claim 3 wherein said modulation method is a phase

encoding method or a 4-1 modulation method.
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synchronization signals is two or more and m or less.

6. A disk-like recording medium as claimed in
any one of the preceding claims, wherein an error
correction code is added to said auxiliary information.

7. A disk-like recording medium as claimed in
any one of the preceding claims, wherein identical data is
disposed in each of said n blocks.

8. A disk recording apparatus for recording
auxiliary information of a disk concentrically over a
plurality of tracks in a second area other than a first
area for recording contents data of said disk by a
predetermined code comprising:

rotating means for rotating said 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 said second area into n equal
parts in a circumferential direction are generated and m
frames each having a length obtained by dividing one of
the blocks into m equal parts in the circumferential

direction are generated, the channel clock being required
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so that one rotation of said disk is in synchronism with
a cycle of n X m X k channel clocks;

modulating means for modulating said auxiliary
information on the basis of said channel clock generated
by said generating means; and

recording means for recording said auxiliary
information modulated by said modulating means on said
disk.

9. A disk recording method for a disk recording
apparatus for recording auxiliary information of a disk
concentrically over a plurality of tracks in a second
area other than a first area for recording contents data
of said disk by a predetermined code comprising:

a rotating step for rotating said 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 obtained by dividing said second area into n equal
parts in a circumferential direction are generated and m
frames each having a length obtained by dividing one of
the blocks into m equal parts in the circumferential

direction are generated, the channel clock being required
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with a cycle of n X m X k channel clocks;

a modulating step for modulating said auxiliary
information on the basis of said channel clock generated
by processing of said generating step; and

a recording step for recording said auxiliary
information modulated by processing of said modulating
step on said disk.

10. A disk playback apparatus for playing back a
disk on which auxiliary information of said disk is
recorded by a predetermined code concentrically over a
plurality of tracks in a second area other than a first
area, in which contents data is recorded, on the basis of
channel bits having intervals obtained by dividing one
frame into k equal parts where n blocks each having a
length obtained by dividing said second area into n equal
parts in a circumferential direction are generated and m
frames each having a length obtained by dividing one of
the blocks into m equal parts in the circumferential
direction are generated, said disk playback apparatus

characterized by comprising:

rotating means for rotating said disk at a constant
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by said playback means on the basis of said clock
generated by said generating means and demodulating said
channel bits, or words while correcting said channel bits,
or the words.

11. A disk playback apparatus as claimed in claim
10, further comprising correcting means for making error
correction on the basis of an error correction code
included in said auxiliary information and determining
correct auxiliary information by majority rule.

12. A disk playback apparatus as claimed in claim
11 wherein said correcting means makes error correction
on auxiliary information obtained by collecting portions
determined by majority rule.

13. A disk playback method for a disk playback
apparatus for playing back a disk on which auxiliary
information of said disk is recorded by a predetermined
code concentrically over a plurality of tracks in a

second area other than a first area, in which contents

data is recorded, on the basis of channel bits having
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intervals obtained by dividing one frame into k equal
parts where n blocks each having a length obtained by
dividing said second area into n equal parts in a
circumferential direction are generated and m frames each
having a length obtained by dividing one of the blocks
into m equal parts in the circumferential direction are
generated comprising:

a rotating step for rotating said disk at a
constant angular velocity;

a playback step for playing back said 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 said playback step on the basis of said
clock generated by processing of said generating step and
demodulating said channel bits, or words while correcting

said channel bits, or the words.
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