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DISK-LIKE RECORDING KEDIUM,
DISK RECORDING APPARATUS AND.DISK RECORDING METHOD,

AND DISK PLAYBACK APPARATUS AND DISK PLAYBACK METHOD

BACKGRCUND OF THE INVENTION

The present invention reia;es to a disk-liké
recor&ing medium, a disk'récording'éppératﬁs and a disk
recording méthbd,.and a disk pléyback apparatus and a i
disk playback'méthod, ahd particﬁlarly'to a disk-like
recording medium, a.disk recordipg apparatus and a disk
fecofding methﬁd, and a disk piayback‘apparatus and a
disk playﬁéck'methbd that make it possible to reproduce
auxiliary inférmation of a disk réliably.

As_writé-once.or rewritable disks'aré spread, data
replication of whiéh is'prohibitéd (for example éontents
data such as music déta.and-vidéc data protected by
copyright or the like) may be illégaliy copied. On a DVD
{Digital Vérsatile Disk), for example,-a BCA (Burst
- Cutting Area) is provided to prevent illegal copying
-between disks.

The BCA provided.pn a DVh,Will be described with
refe;ence to Fig. 1. A BCA 2 of a DVD 1 (DVD-ROM (Read 
Only Memory) or DVD-RAM (Random Acceés Memory)) is |

irradiated with pulse laser light of a YAG (yttrium-
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aluminum-garnet) laser at a facféry prior to shipmént,
whéreby_stripes (bar code) is formed aloﬁg'the innermost
circumferencé by removing,.in a radial.direction,.narroﬁ
stiipes of refiecting film méde of.aluminum or the like
formed’bn an_iﬁner side of the disk. The_stripes'éhow
auxiliary information suéh for example és_an-ID number -
and ofher identification informatioﬁ énd an éhcryption
key. fhe BCA 2.is formed for abouﬁ 330° aloﬁg the
innérmost circumference of the DVD 1. |

Dat&_étrqctﬁré éf'data recorded in thg BCA 2 is
shqwn in Fig._2. |

The data recorded in the BCA 2 has a row of five
-bytes as one unit; A first ohe'byte of the row of five .
'bytes is.é sync byte (8B) or a ;esync (RS)} ‘A BCA-
Pfeamblelis recorded in four bytes of a first row. The
:BCA-freambIe is data inclﬁding only O0s. Four.bytes of
each row in a BCA data field is an infoimétioﬁ area or an
EDC (error deigction codé). Four 5ytes of eéch row in an
. ECC (errorlcorrection code) area is érror'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 apparétus 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
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'demodulatiéﬁ and error correction by a pfedetermined
methed on the basis §f the clock.tb ;hereby_reproduce the
data. |

.However, if the PLL_loses synchronism in
‘reproducing thegdata fecorded in the BCA due to some
defeét, for example, the data cannot.be.reproduced until
the PLL regains_Sthhroﬁism; .This meaﬁs'that.reproduced
data ié lost for a peribd when'theléynchronism of'the.fLL
is lost.’ |

Also, if g'syﬁchronization signai (sync) is ;ost
once due to a defect dr.the like, data ‘may be lost until
“a né#t synchroniiation signallis detected.

If.the amount of iosf.data'ié lérger than an error
_correction éapability'(thaf ié, if ﬁhere is a local major
" defect), data cannot be-reproduced. The information
fecorded in the BCA 2_ié.ID information ﬁnique to each
aisk aﬁd the like. It may be rélatédlto the entire data
on the disk.(for example deteimine.whether contents
recoxrded on tﬁe DVD 1 may be reproduced or not).
Therefore, high reliability is requi:ed for data
recording and'repfodﬁction.recorded.in.the BCA2. In order
to reduce fhe amount.of lost data, a method §f frequently
inserting a synchronization signal for resynchronization |

is conceivable; however, such insertion of the redundant
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synchronization signal reduces the amount of data

recordable in'the BCA.

SUMMARY OF THE INVENTIQﬁ

The present invention has been made_in viewlaf the
above, and it is,accordingly an object 6f the present
invention to.éhéble re;iablé feproduction of data in the
BCa. | | o

To achieﬁé'the above object, according to a firs;.
aspect of the p:ésent.ipvention, there is pfovided a
_ diék-like recordin§ medium including; n blocks arranéed
ih.a circle of.é second area and each having a lengthl
obtained by diﬁiding the secénd area into ﬁ equal parts
in a éircumferenﬁial'direction; and m frameé 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 ét
équal intérvalé_in the circumferential direction, and a
‘synchronization signal is disposed in each of the frames.

| In one-éf 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
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ﬁodulation method capable.of word synchronization or.bit
" synchronization: |
| The modulatioh.method-may be'a phase encoding
method or a 4-1 modulation method. |

| When a value of the m is two or more, the number of
" kinds of synchrohization signais_ma? be two or more and m
or less.. | |

An error correction code'canlbe.addea to thé
auxiliary information.‘ |
Idenﬁicai'data'can be disposgd'in.each qf the n -

blocks. |
| According to a secbnd aspect of the present
invention, there-is ﬁrovided a disk'recording apparatus
including: rotating means for rotating a disk;-generating
means for generaﬁing a channel clock corresponding.to an
'_iﬂterval obtained by dividing one frame into k equal
parts where n blocks each-haviﬁg a length obtained by
dividing a second areé'into n equai parts in a
circumferentiai direction are generated and m frames each.
having a length obtained by dividing one of the blocks
into m equal parts iﬁ the circumferential direction are
generated, the channel clock béing reqﬁired for recording
auxiliary information: control means for controlling

rotation of the disk so that one rotation of the disk is
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in synchronism with'a_cycle qf n X.m X k channel élocks;
modulatinglmeans for moduléting the auxiliary.informatipn_
on the bésis of the éhaﬁnéi clock generated bylthe 
generaﬁing means; and récording means for recordiﬁg the
auxiliary infofmafion moduléted by the modﬁlating means
on the disk.

Aééordihg to a third aspect of the present
invention, thefe.is pfovided a disk-récbrdiﬁé'méthod
including: a'rotating step for :otating a disk; a
generating step;for genéfating a channe1 clock
corresponding to an interval obtained by éividing one
'framé into k equal pérts where n blocks each havigg a’
length obtained by dividing.é second éréa into ﬁ équél
parts in a Circumfgrential.direction are generéted and'm'
ffames each having a length obtained by aividing §ne of
the blocks into m eqpal-parts in_thé circumferential
direction are.generated, the channelzciock.ﬁéiﬁg rééuired.'
for recording auxiliary information; a control step for
coﬁtrolling rotation of the .disk so that.oﬁe rotation of
the disk is in s&néhronism with a cycle of n X_m X k
channel clocks;.é modulating'step for modulating the
auxiliary'information on the basis of the channel clock
generated by prdcessing of the generating step; and a

recording step for recording the auxiliary informatiqn



modulated by prccessing of the.modulating step on the
disk.

According tc a fourth aspect of the preaent
_ invention, thare is ﬁrovidéd a.disk playback apparatus
includingzlrotating means fcr rotating a disk at a
constant ancular velocity;_niaYback means for playing
back the disk;'gencrating'méans1for'generatin§ a clcck
having a fraqnency twice n X.m X.k or higner; and
deﬁodulating means for sampling a signal outputted by thc
playback means on the tasisuof.the_clock generated by'the-
generating means and demoduiating channel bits, or wcrds
while correcting the channel bits, or the.nords.

The disk playback apparatus can further include
correcting means for’ making error correction on the ba51s
of an error correction code included in the auxiliary
information and datermining corrcct auxiliary information
by majority rule. . . |

The correcting means can make error:correction on
auxiliary information obtained by collecting pcrtions
determined by majority rule.

According to a fifth aspect of the present
invention, there is provided a disk playback methcd
including: a rotating step for rotating a aisk at a

constant angular.velocity; a playback step for playing



back the disk: a generating step for generating a clock
having a frequenéyttwicé n X m * k or.highef; aﬁd_a
demodulating:sfep for sampling-a_signal outbutted by
'processing of_the playback step on the basié of the clock
generated by processing of.;he generating sﬁep and |
demodulaﬁing channel bits, or wordé while cbrreéting the -
channel:bits, of the words.

The disk;like recording.ﬁeaium.according to'the-
preséﬁt_invention includes: n blocks arranged by dividing:
a circle of a sgcond area in£q ﬁ qual parts; and m
frames arranged in each of the blocks; wheréin auﬁiliary
ihformation is arrénged in the frames in sugh a maﬁner as
to be at equal intervais_in a circumferential directién,.
and a synchronization signél is disposed iﬁ each of ‘the
frames. |

The disk recording apparatus and disk recording
method according to the presept invénﬁion control
rotation of a disk so that one rotation of the disk is in
synchronism w;th acycle of n Xm X k ghanﬁel clocks;
modulate auxiliary information on the basis of ﬁhe |
channel clocks, and then record thg auxiliary information
on the disk.

The disk playback apparatus and the disk playback

method according to the present invention sample a



reproduced output signal fromla disk by a clock having a
frequency twiée.n'x m X k of higher, and demodulate
chénnel bifs, oflwords while correcting the éhannel bits,
or the words.: |
The above and other objects, features and
.advantages of_thé preéent inVeﬁtipn énd the:manner_of
realizing them will bécome more apparent, and ‘the
inventibn itsélf'will best be.undérStood from a study'bf
the following description and aépended claiﬁslwith
reference to the a;tgdhed drawings showiﬁg some préferred

embodiments of the invention.

BRIEF bESCRIPTION OF THE DRAWINGS

Fig. 1 is a.diaéram of assistance in. explaining a
bufst cutting afea on a related-art DVD; .

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

Fig. 3 shows structure of aniobtical disk to which
the present invention is applied;-. |

Fig. 4 éhows'alrecording 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



modulation;

Figs. 7A and 7B are.diagraﬁs of éssistance in
eiplainiﬁg sync patterns pf f;ame.sync.in.Fig. 4;

Fig. 8 is a block diagfam showing a configuration
of a disk ID recording épparatus for recording disk ID
information-oﬁ.the §ptica1'disk of Fig. 3;

Fig. 9 is a:block aiagram-showing a-configuration
6f a.disk recording:and playback appérétus for recordiﬁg
or repfoduéing data on the opticél disk having'disk ID
recorded by the disk ID recopding'apparatus of Fig.IB;

Figs. 10A through_lOE-are diagrams of assistance in
explaining operation of a demodulation umdit in Fig. 9;

Figf il is.a diagram of asSiStance in exbiaining
operation of the demodulation unit in FigT 9;

Fig. 12 shows. another format in the burst cuttiné
area of the opticél disk of Eig..3;

Fig. 13 is a diagrém of assistan§é in éxplaining 4-
1 moaulation;“

Figs. 14A'and:14B are diagrams of assisﬁance in
.gxpléinihé sync patterns of frame.sch_in Fig. 12;.

Fig. 15 is a block diagrah'shqwing a configuration
of a disk ID récording apparatué for recording disk ID in
the format of Fig. 12; |

Figs. 16A through 16G are diagrams of assistance in
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explaining opération'of piaying back an optical disk
recorded in the format of Fig; 12;

__Fig. 17 is a diagram of assistance_in.explaining
the operation.of playing bac# the optical disk recorded
in the format of Fig;_lz;

Fig: 18 is a diagram showing anothe; ECC format}

'Figs,-19A and 19B.are diagramg shéwing'othei sync
patterns of frame sync; and | | |

Fig. 20 is a diagram Showing anothef disk ID

recording format.

DETAILED DES'CR-IPTION OF PREFERRED EMBODIMENTS

Preferred embodiments_of.the.preéent invention will
hereinafter se described Qith référenqe'td'ﬁhe dfawings.

In the present invention; as showq in Fig. 3, ID
information'uhiQuelto an éptical”disk 26 is recorded in a
:burst cutting area (ﬁCA) 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 recdrded. As shown in Fig. 3, the burst cutting area
26A is created in_such a ﬁanﬁer.és to form a continuous
circle.

Fig. 4 shows én example of a\gisk ID redording

format recorded in the BCA 26A. As shown in Fig. 4, the
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circle is divided into n edual parts (in_this case, n =
6),.thereby forming n blocks.

| Each of the bléckslis'fﬁrther divided into m ffémés
(in the examble of Fig. 4, ﬁ = 2). Each.of-the frames is
divided into k parts (in this_case, k = 234). The ID
iﬁfo:métion is recorded with k channel.bits.

Ten channel bits ét the front of-éaéh of the frames
is frame syﬁc. The succéeding:224 channel.bits.formé_é
'dafa area. L

Here, it is assumed that disk ID'information is
modulated by a PE (Phase Encodef modulation method, fdr
éxample. The PE modulatioﬁ coﬁverts one-bit data into two
channellbits. and therefore ilz.data bité (224 channel
bits) can se recorded in a Singie fréme(-while 224
information bits (28 bytes) can be'recorded in a single
block. |

| In this exahplé, disk ID informatipn 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-Solomon code RS (32, 16, 13) of a Galois field GF
(2®) . Three blocks each havé thé_same_ECC format. Thus,
14 bytes of 16-byte ID iﬂformation ID, is'disposed as

information bits of 14 bytes in a first frame of each of
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the.blocks. lThe remaining two bytes of thé'ID_information
ID, and 12-byte parity are aisbosed as information bits of
14 bytes in the next framé:.-

This méané triple.w:iting.of the same disk ID
information in the circlé of the disk. This triple
writing is in effect equivalent to-forming a product'éode_
of distance 3 in a vertical direction. ° | |

Aé sﬁown in.Fig. 6; the PE modulation is a-cade
indicating a data bit by ﬁhe position of a mark (1) (bit
indicated in black in Fig. 6) and a space (0) (bit
indicated in whité in Fig. 6). .In the examplé of Fig..s;
a data bit of “O“Iis converted into channel bits (wo#d)
of *10" and a dSta bit of.“i; is convefted into chaﬁnel'
bits (word) of ”01“.-.In the PE modulation, the channel
bits-are.inverted at a center of'two channel bits (center
of a word) indicating a data bit. Thus, iﬁ the case of
data bits, marks or spaces do not occur continuously for
three channel bits or'more.

Accofdingly, a sync pattern indicating éyﬁc bits
{frame sYnc).can be formed by arranging marks or spaceé
continuously in three channel bits or more; Figs. 7A and
7B éach show a sync pattern of frame sync.

As shown in Figs. 5A and 7B, twolkinds of sync

patterns of six channel bits are provided as frame sync
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pattefné in which marks and spaces each occur
continuously in three chanﬁel bits. When cﬁénnel bits of
data immediately preceding a.ﬁramé sync.afe “61",
FOOOill“'is used és thé frame sync, and "Oi* is adaed as
a succeeding.éync patterﬁ. 'Oh éhe btﬁe: hand? when
channél bits of data immediateiy p£eceaing a.frame sync
are "10%, "111000" is used as the_frame'sync; and "10" is
addéd as a succéeding éync paftern.- Chénnél bits 6f “61"
or "10" are further added-as‘syng.ID after the.aboﬁe sync
body ("00011101"% or "11100010"). -Thus, a total of 10
,chénnel.bité form a frame sync. Hereinafter, a frame sync
when a sync ID péttern is ?0".(chaﬁne1 bits:='"10") (Fig.
7a) will belreferred to as SA, ahd a frame sync when a
sync iD pattern is "“1“ (chanﬁéllﬁits = nQ1l%) (Fig. 73)
will be referred to as SB.

 A frame sync SA is used to indicate ;hat its frame
is a first frame of a block,'whefeaé a fréme_;ync SB is
uéed ﬁo.indicate ﬁhat its frame is other than a first
frame of each'of the blocks. ﬁenée, the nﬁmber of frames 
having frame syncs SA is équa1 to the number of blocks.

Fig. 8 is é block diagram.showing a cénfiguratian
'6f a disk ID recording.apparétus 11 tq whiéh the present
invention is applied.

A register 21 stores the disk ID information that
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has beeﬁ subjeqted'to error correction ceding in'_
accordance with the'ECC.fdrmaﬁ shown in Eié. 5. A PE
modulation.unit 22:réads the disk ID information'stored
in the register 21, subjects ﬁhé disk ID informatioﬁ to
PE modulation, and.theh outputs the result to a laser 23.
The fE médulation unit 22 subiects the disk ID
informatidn read from the register.él to the PE
modulation accbrdiﬁg-tb a clock (channei cloék) ihputtéd
from a VvCO (voltagé_controlled oscillator) 33 andlthen
ninsérts sync pattérns to theréby gehérate data to be
- recorded iﬁ the BCA 26A of the optical disk 26. The PE
-moduiation unit 22 outpuﬁs the data to the laser 23.
Tﬁe.laser 23 is a YAG 1aser, for example, and
irradiateé the dptiCél disk 26.wi;h a high-power-iéser
beam via a mirror 24 and an objept.iens 25. The 65ject
lens 25 includes a cylindrical 1ens. for example, and
irradiates the BCA 26A:0f'the thibal diék.26.with-the'-
laser beam entéring the object lens 25. Thus, a
reflecting fiim of the opticél disk 26 is.changed
irrevefsibiy, whéreby the disk ID information is fecorded
as a bar code. That is, even if the optical disk is a
rewritable recording medium, the auxiliary data such as
disk ID recorded in the BCA 26A is recorded on the

optical disk 26 as unrewritable data.
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A spindle motor 27 rotates the optical disk 26
under control of a sﬁindle servo contr61 unit 28, and an
 FG (Frequency Generator) signal generator not shown in
the figuré provided within thé spindle motor 27 generates
an FG signal that formé one pulse:each time.the optical
disk 26 (spindle-mdtorlzf)'rotates by a predetermined
angle, and ﬁhen'outputs the FG signal to ;he spindle
servé éontrol unit 28. -Under control-of a controller 29,
the spindle servo control unit 28'con£rols the spindle
motor 27 on the basis oﬁ the FG signal inputted from the
spindlé motor 27 so that the_épindlé motor 27_rotates at
a predétermined rotatiOnallspeed.: Also, the spindle servo
control unit 28 outputs the fG signal inputted from the
spindle motor 27 to the cdntrqller 29 and a PC'(Phase
Comparator) 31.

Thé controllef 29 controls the“spindle servo
cqnirol unit 28 aécérdiﬁg to én_operéting sigﬁal inputted .
ffom an operating unit not shown in the figﬁré t§ the:eby
drive ﬁhe spindle motor 27.and thus rotate.the optical
,disk 26. Ig_additioh, the cdntro;lef 29 generétes a
control signal for controlling a frequency dividing ratio
of a frequency aiVider 30 on the basis 6f the FG signal
inpﬁtted from the spindie sexrvo control unit 28, and then

outputs the control signal to the frequency divider 30.
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The frequency divider 30, the PC 31, an LPF (Low

Pass Filter) 32,_and.the.VCO 33 form a PLL. |
: Thé frequencyAdiQider'30-diviaes the clock

_oﬁtﬁutted by the VCO 33 into a value 1/N (frequencf-
dividing ratio) set.on the basis of the controllsigﬁal
inputted from the con;roller'29,'and then 6utputs the
result to the PC.31.' Thé PC 51 combares the phase of a
CIock.inputted ffom.fhe fréqueﬁqy diviaér 30-with.the |
phase of'the FG sigﬁal inputted from the Spihdle'servo
control unit.zs_to thereby'genérate a phase difference
sigﬁéi; and then-outputs the phase difference sigﬁa; to
the LfF 32. fhe'LPF 32_r¢moves é high-frequency component
. from the signal inputtéd thereto, and then outputs the
result to the VCO-33, Tﬁe vco 33 ;h#nges the phaée
'(freéuency) of the clock that the VCO 33 ouﬁputs by
_oscil;ation on the bésisléf a-voltage applied to a
control te:minal of the'vcd 33.(£hat isf the output from
the LPF 32). | | |

The ciock outputted'by the vCo 33 ié inputted to
the PE modulation unit 22 and also to the frequency
divider 30. The VCO 33 is controlled so that a phase
differénce 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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VvCcO 33 is a signal oscillating in sync with'the FG signal
at a_frequenc§ N times that of the FG signal. The PE
modulatiqn unit:22 outputs the a;£a in the format
descriﬁed with'refereﬁcé to Fig. 4 according to the clock
inputted from tﬁe-VCO 33.tq the laser .23.

A drive 34.is.connected to the controller 29.. A
magnetic disk 41, an optiéal disk 42,:a magneto-opticél
disk 43, or a seﬁiqonductor mémory'44 is inserted intp'
the drive 34 a§ reduired._ Alnecesséry:cdmputer program,
for e#ample; is:read from the magngtic disk 41, the
optiéai disk 42, the magneto-dptigal disk 43, or the
semiconductor memory 44, aﬁd is supplied to the
controller 29. o

.Operatioh qf fhe disk ID'recofding appératus_ll
willlnext-be_desciiﬁed. When a command to-start recording
is issue@, the cont:oller_29 controls the spindle servo
Eontrol unit'28 to ;qtéte_the'spindle motor 27 at a
predetermined speed. The spindle mbtor 27.generates an FG
signal correspondi#g;to_its rotétipn, and then supplies
the FG signalltO'fhe spindle servolcontrol unit 28. The
spindle servo control unit 28 supplies the FG signai to
the PC 31.

The PC 31 compares.the phases of two input éignals

with each other, and then supplies'a signal of a phase
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error between thg two signals to the VCO 33 via the LPF
32. Thé VCO 33 generates a clock having a phase and a
ffequency correéponding to a signal (control voltage)
supplied from the hPF 32.

.-The clock outbu;ted by the VCO 33 is supplied to
the frequen¢y divider 30 to be divided by a'predetermined
~ frequency dividing.raﬁio set via the controllef 29, and
then sﬁpplied to ﬁhe PC 31.

Thus; fhe clock (channel cloék) outpﬁtted by'the
VCO 33 has a cy§1e”of i/(n-X m X k) of one rotation of
the optical disk 26 (spindlé motor 27). For example, when
Ian FG wave number'per.fotatiqn of £he FG signal is 36 and
. the vaiue of the frequency dividing fatio 1/N of'the
frequgncy_divider 30 is 1/39, thé'VCQ 33 generates a
channel clock héving a.éycle of 1/(3 X 2 X 234) of the
time peribd of one rotatiop of the spindle motor 27
(optical disk 26).

" The PE modulation unit 22 suﬁjects diék ID
infofmation supbiied from the rggister 21 to PE
modulation based on the channel clock supplied f:om the
VCO 33 and then oufputs the.disk ID information to the
laser 23. The laser 23 generates a laser.beam on the
basis of the daté Supplied from the PE modulation unit 22

to thereby irradiate the optical disk 26 with the laser
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" beam via the mirror 24 and.the §bject lens 25. Thus,'the
disk ID informatiqn islfecorded concentricaily over a
plurality of tracks in the BCA 26A of the optical disk 26
‘at a factory prior to sﬁipment. | .

Iﬁcidentally, depénding_pn output'intenéity
required ﬁy,the laser 23, the cycle of the channei clock
outputted by the §C6'33 may be multiplied by r:to be r/(n
X'm X k). In this.case, £-f#equency dividing:coefficient
N of the frequency divider 30.is also multiplied by r.

Fig. 9 is a block diagfam showing a configu;ation
of a.disk recording and'blayback apparatus 51 for
recording data and.reproducing data recorded in the data
area 26B of.the opfical disk 26 having the disk_ID
information recorded in.a'mannef_as described above in
its BCA 26A.

A CPU 61 coﬁtrols parts of the disk reqording and
playback apparatus 51 acpording to an operating signal.
inputted from an operating ﬁnit ﬁof shdwﬁ.in the figure
to thereby reco:d data ahd.;eproduce data.recorded iﬁ the’
data area 26B of the optical diék 26. In repréducing_data
or recording data, the. CPU Gi outputs the disk ID |
information of the optical disk 26 retained by a register
71 to a decryption proceésing_unit 74 or an encryption

processing unit 75. Also, the CPU 61 generates a control
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signal to rotate or stop the pptical disk 26, and 6utputs'
the control Signal to.a_servo control unit 63.

The serﬁo cqptrél unit 63 makes an dptical pickup
_ 64 seek to a specified position on the:opfical disk 26 oﬁ
“.the basis of the contiol signal inputted from the CPU 61,.i
and_als§ effects trackihg dontrol'aﬂd'chus conﬁrol of
the_optical“pickup 64 on.the basis of a tracking error
.signal (TK) and a focus errof éignal (F8S) suﬁplied froﬁ-a
_matfix amplifier (MA) 65. IA épindle motpr 62 rotate;.the
optical disk 26 at a predetermined rotational speed under
contfol of the ser?o'control unit 63.

In reproduéing-the:diék ID information, the optical
disk 26 is rotated by a CAV (Constant Angﬁlaf Velocity)
method. | n | |

The optical pickup 64 is held by a speéified sled
mechanism 56 as to be able to move in a radial direction
of the optical disk'zs. ﬁhen data iecorded on the optical
‘disk 26 is to be.read, the opticél'pickup 64 irradiates
the optical disk 26 with a laéer beam:éccordihg to a
control signal inputted from fhe servo control unit 63,
-receives the reflected beam, converts the réflected beam'
into an electric signal, and then outputs the electric
signal to the matrix amplifier 65. When thé optical

pickup 64 records new data on the 6pti¢a1 disk 26, the
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optical pickup 64 irradiafeS'the optical disk 26 with a
I#Ser beam on thg basis of data outputted from a

| modulétion unit 77 to thereby record the new data in Fhé
data area 26B of the optical disk 26.

The matfix.amplifiér'ss processes the signal
inputted from-the.optical pickup 64,-aﬂd theh.outputs a
reproduéed.éigna; of data porresponding to the_disk ID
" information recorded in the BCA 26A of the éptical disk
26 ﬁo.an LPF 66. Also, the.matrix amplifier 65 generates
a tracking efrb: signal whose signal level qhanges
according to an amount of tracking error and a tracking
error signal whose signai level chapges according to ‘an
amount éf focus errér, éhd then outputs the signals to
'thglsérvo control unit 63.  In addition,.the matrix
amplifie; 65 outputs. a reproduced signal of data fecorded'
in the data area 26B of the optical disk 26 to a
demodulation unit 72.

The LPF 66 femoves é high-ffequency component of
the signal inpufted theréto to thereby suppresé-va:iation
in the reproduced signai éaused by noise, and then
outputs the resﬁlt to a éomparatér 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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sampling'clock inputted from a quartz oscillator 69,
makes channel positibn_correction, performs demodulation
(in this case, PE demodulation), and then outputs the
result to an ECC (Errof Check and COrrectf unit 70. .A
sampling clock number ber rotation of the disk is se£.to
ben Xm X k.X.p (n, m, and k are numeribal'values based
on the disk ID recording format described-with reference
to Fig. 4, aﬁd p'is.an integer of Ewo.or ﬁoré). The Eéd
unit 70 supplies the.demodulated data (disk ID
information) inputted thefeto to the register 7; for.
storage.

In the meéntime, the demodulaﬁion-unit 72
demodulates data (contents data) supplied from ﬁhe matrix
amplifiér 65, and then:supplies the demodulated data to
an ECC unit 73. The Ecé unit 73 subjects the demodulated
data inputted thereto to error correction processing. and
theﬁ subplies'thé result to.the decryption processing
unit 74. The_decryption pfoceséing unit 74 decrypts the
contents_data sﬁpplied from the ECC unit 73 on the.basis
of the disk iD information supplied from the régister 71,
ahd then outputs the result to an apparatus ﬁot shown in -
the figure.

Thé encryption processing unit 75 encrypts contents

data inputted thereto on the basis of the disk ID
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information supplied from the register 71, and then
outputs thelresult to an ECC unit 76; The ECC unit 76
adds an efror.¢orrection code to the encrypted conténts
daté inpﬁtted therétb,'and then outputé the'result to the
modulation unit 77. |

A maghétic_disk 91, an optical disk 92, a magneto-
6ptical disk 93,for_a semiconductor mémo:y 94 is.insefted
into a drive 81.;s required. Thé-d£ive-81 supplies a
program read from the magnetic disk 91, the éptical disk
92, the magneto-optical disk 93, or the semiconductor
memory 94 t§ the CPU 61.

Operation éf.fhe_disk recéfding"and playback
apparatus 51 will_#ext be described.. Wheﬁ the optical
disk 26 is inserted]ipto the disk récording and playback
apparatus 51, the C?U 61 cpnfrols the servo control unit
63 to rotate the spindle motor:62 at a constant angular
velbcity {({by the CAV method). This velocity is the same
as the velocity.at which the spiﬂdie motor 27 of the diék
IDh recordingsapparatus 11 of Fig. 8 rotates the obtical
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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Reproduce@ data outpgtted froﬁ.the optical pickup
64 is inpu;ted-from the matrix amplifier 65 to the
éomparato: 67 via the LPF 65 to be binarized. Tﬁe
demodulation'unit 68 éamples-the binarized data inputted
from.thé cbmpafétof'67 on the basis of é sampling clock
supplied frém the quartz oscillator 65; and thereby
demodulates the data. Also, the deﬁodulation unit.68
performs'prdcessing for cpirecting chaﬁnel bits'and wofds.
The processing will be described latéf in detail.

The demodulated data outputtéd f;om the
demoduiation'unit 68 is supplied tb tﬁe ECC unit 70 to be
subjéctea t§ erfor correction processing baéed on aﬁ'
error correction code. The resul;'is gﬁpplied to tﬁe
register 71 to.be stored therein. Thus, thg.disk_ID
information recorded in'the BCA 2§A of the optical disk
26 is stored in the register 71.

‘When a command to rééord contents data is issued,
the CPU 61 controls the servo control unit 63 to rotate
the oﬁfical disk 26 by a CLV methpd-Qia ﬁhe spindle motor
2. _ _ .

The encryption processing uni£ 75.eﬁcryp£s contents
data inputted from an apparatus notléhéwn in the figure
on the basis of the disk ID informatioﬁ'stored in the

register 71, and then outputs the contents data to the
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- ECC unit 76._'The ECC ﬁnit'76 adds an error correction
code to the contents data inputted from the éncryption
processing unit 75, and then outputs the resﬁltiﬁg
contents data to the mOdﬁlatioﬁ unit 77. The modulation
unit 77 modulates ;he.conten;s data inputted froﬁ the ECC
unit-76 by thé;PE method'or'anothe; predetermined

'modulation method, and then outputs the resulting
conteﬁts daté to the opﬁic€1 pickup 64. The optical.f-
pickup.64 reéords.the contents -data inﬁutted froﬁ the
modulation unit 77 in-ﬁhe'data area 26B of the optical
disk 26. |

ﬁhen a command to'feproduce fhe contenté aafa thus
recordea ié_iésuéd.'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'zs, and
thén outputs the reprodﬁced'data to the matrix amplifier
65. The matrix amplifier 65 supplies ﬁhe_reproduéed data
to fhe demodulation unit 72. The demodulation uﬁit 72
demodulates the reproduced cohtehts data inpﬁtted thereto
by a demodulation method corresponding to the modulation
méthod'of the modulation unit 77, and then.outputs the.
resulting dat; to the ECC unit 73. The ECC unit 73

subjects the demodulated data inputted from the
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demodulation unit 72 to error correction processing, and
._then supplies the resulting.data to the decryﬁtion.
proceésing unit 74. The decryption_p:ocessing unit 74
.decrypts the dontenﬁs data (eﬁcrypted'contépts data)
.inputted from the ECC unit 73 on the.basiS‘of the disk ID

,information inputtéd from the register 71, and then

‘outputs the result td an apparatus not_shown in the
figﬁfe. | | |
As described above, encrypted COntenﬁs data is
: recordéd in the data area 26B of ;he'optical'disk 26...
Therefore, even if the encrypted contents déta is'éopied
‘onto other disks as it is by a compﬁter or thé like, it
is not poésible to coﬁ& the disk Iﬁ information, thereby- 
préﬁenting'decryption.df the contents data. Thus, it is
: possible to praéticélly control illegal cbpying-of
contents data in large quantitiesi
The channel'positionlcorrection made by the
demodulation unit 58 will next be described with
reference to Figs. 10A through 10E. in-this case, - i
description will be made assuming that p = 3.
A reproduced pit wavefqrﬁ'(Fig. 10a) outputted from
the LPF 66 is binarized by the.comparato; 67, and then
inputted to the demodulation unit 68 as a biﬁarized pit

signal (Fig. 10B). The demodulation unit 68 includes
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counters 1 to 3 (not shown). The counter 1 (Fig. 10C)
counts the number of clocks (O to p-1)'within a channel
bit. The.counter;z (Fig. 10D) counts.the ﬁumber of two
channel bits-ofuthe PE modulation. The'counter_B'(Fig.
10E) bounts the'ﬁumber of bits (words) of the PE
moduIAtion. |
The chahnei position correction is made by

‘utilizing the fact that in the PE ﬁoduiation; bits are.
invafiably inverted at.a.center.of a pit (that is, center
of a word “1d“_qr "01" shown in Eig; 6) . Specificaily, in
timing A in-Figs. 10B through 10E, even fhough the value
of tﬁe counter ‘3 is not Changed.(even'thﬁuéh'at a center
of a pit), level,éf the binarized pit signal is invérted,
“and théreforé the value of the counter 1 immeaiately-
after ﬁhe timing'A is corrected to be'"b“.- Aiso, the
-channel positibn_correction is made by utilizing the fact
that when the same data bits occur continﬁously, channel
bits are-invéiﬁed at a point betweén the daﬁa bits
(between the words). Specifically, in timing B in figs.
10B through 10E, when the value of theléounter 3.is
changed (at # point between.words}, the level of.the
binarized pit signal is inverted, and thus the values of
the counters.l and 2 are corrected to be "o".

A plurality of frame syncs are arranged at equal
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intervals for one :otation of the optical disk.26.
Therefore, frame syncs are endlessly generated in a
constant cycle as_the optical disk.2§.is fotated. .Hence,
even when a frame syné of a.framelis not detected, it is
possible to reproduce data succeeding'the frame sync
without loss 6f the Aata on the basis af interéolating

- timing of a frame sync previously detéctedf'

aAs shown-in Fig. 11, when a.frame éync
("00011101XX" or "11100010XX") (Figs. 7A and 7B) is
detected, the values of the counters 1 to 3 arelall'
initialized to “0”;

The ECC ﬁnit 70 is suﬁplied.witﬁ the-demodulated
data (that is;.the diék‘Iﬁ inforﬁation.inéluding parity
written triply as described with.réference to Fig. 4),
and then subjects the data to error correction processing.
Eéch piepe bf_ﬁhe ﬁriply written disk_ID information is
subjected to error correction. When a result of error
correction of a third 5lock is different from results of
error correction of the other two blocks (a first and a
‘second block), for example, the reéﬁlts of error
correction of the first block and thelsecond block afe
used as the disk ID information under a majoritylrule.
_The BECC unit 70 oﬁtputs the grror-corrected disk ID

information to the register 71 for storage.
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The ECC unit 70 can also determine cerrect words in.
- each of the blecks by majorityland then perform error
correction precessihg on a code generafed by collecting
cerrect words.-

. For example, Qhen a fifsf word in the'first block
coincides with a firSt.word in the secona block and.a.
first-word in fhe third block is different from the first
words in the fifst.block.and the seceﬁd block, the firet
Qord in the fifst block (or the second block)'is.used as
a correct word. When a eecond word in the second biock
coincides with a second word in the third block and a
second word in ﬁhe'first'block-is different from the
eecond'wordsninlthe secoed block and the fhird block, the
second word in the second bloek'(or the third-block) is
used as e correct word. Other eofrect words.are collected
in a sim;lar manﬁer on the basis of the majority rule to
reconstruet'a single piece of diek ID information. Then
the diSk-ID iﬁformatien is subjected fo 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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obtained because 6f a slightly shifted radial tracking
position or the like. Accqrdingly, the reproducing
opera;ion or correcting opér#tion één bé performed over a
plurality of rdtations of the'ﬁpticél disk 26.

As a second embodiment, mod#laﬁion of disk ID.
informafion usiﬁg a 4-1 modulation for recording will
next be descfibed;

Fig. 12 shows a disk ID reéording format in this

- case..

Also in this_case,-as in the first embodiment, the
circle of the BCA 26A of the optical disk 26 is divided
into three equal parts, thereby fbrming three blocks. |
. E;ch of the:blocks is formed_by twd.frames each having a
sync block SA of SB at the.front. Each of the frameé'has
a frame sync of 14 chénnel bits, aﬁd its informatiéﬁ bits
are 112 data bits; The 4-1 modulation converts daté of
112 bits into 392 channel bits, and therefore the number
of cﬁannel bits of é_single'frame is 406 (hence,ln =3, m
= 2, and k = 406). .ﬁisk.ID informatibn of 224 bits, that
is, 28 bytes can be recqrded in a single block. .

As shown in Fig. 13, the.4-1 mddulation is a
modulation method that modulétes_two déta bits into sevén
channel bits. First three channel bits form a sync

pattern denoted by "010", and .succeeding four channel

31



bits form a data portion, which indicates data by a
~ position of "1" within.the four channel bits. When two
-data bits before the modulation are “Ob", the data
portion is "1000"; when two data bits before the
modulation are "“01", thé'daté portion is "0100"; when two .
data bits béfore.the modulation are "10", the data
portion is "0010"; when two data bits before the
modulation aré "11“, ﬁhe data poftion is “0001". One.Qord
is formed by the combined seven éhannel Bits of the sync
pattern and.the data portion. |

In the PE modulation method used in the first
embbdiment,.equal numbers of.logical "0s" and logical
"1s”'appear. .Accordingly, in that case,'substantially
half of the reflectinélfilm.in Ehé BCA 26A is removed. Oﬁ
the other hand, in the 4-1 modulation, a ratio of logical
“Os".to ;ogical *1s" is 5:2. Agcordingly, the amount of.
reflected light is larger than when disk ID information
is recorded by the PE modulation. Thus,_the 4-1
modulation ha§ an advantage of making it easier to effect
servo'contfollsuch as focus coﬁtrol during the reading of
data, for exaﬁple. | |

Aiso 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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16, 13) code of.GF (23),-and lz-byte périty is added to
form one bloék;' The same bléék is writteﬁ-triply around
the disk. ‘ |

Figs. 14A and:14B eacﬁ show a éync patterh of a
ffame-syﬁc in the second émbodimenﬁ;

In the 4-1.modulation;:tﬁeﬂpbsition of a logical
win jis fixed in a'syﬁc'patfern of threé channel bité.

Therefore, when attention is directed to the logicél wign

of sync pattefns-occurring after every other logical *1",.

the logical *“is" of syhc-patterns invariably have an

interval of "7".

Thué, a sync p?ttern can be formed by breaking the

regu;arity of the_intervél at which e?é:y,bther logical
“1“.oc¢urs. A #ync pattern 01000010010100" where the
intervals.at which eyefy.other logica1 “1" occufs are "8,
5; and 6" as shown in Fig. '14A is set as 'a first s&né
pattern SA. ”Afsync.paﬁtefn ”61000101061000"-where the
intérvals'at'which evéfy othef ibgicai_“l" occgfs aré "e,
5, and 8" as showﬁ_in'Fig. 14B.is_set]as a second sync

pattern SB. Thus, in the second embodiment, a frame sync

of 14 channel bité 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 recordinQ the
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disk ID according td thé second embodiment. Parﬁs
_cor;eséonding'to those of the disk ID recording apparatus
11.describéd with féferénce ;o Fig. 8Iare identified_by
the same refefénce'numerals, and their description will
be omitted ﬁhere appropriate (the.same-ﬁili apply
hereinaf;er). Speéifically, the disk'ID recording
apparatus 11 of.?ig.-ls has the same cpnfiguration as'
that of the disk ID recording.apparatus'll of Fig;.é'..
except-that fhé disk ID recordiné.apparatus 11 of Fig. 15
is provided with-au4-1 ﬁodulatioﬁ unif_lll in place qf
the PE modulation unit 22 in Fig. 8. Therefore, operatién '
of the disk ID recofding“apﬁarétué 11 of Fig. 15 is thé
same as that éf the disk ID-recofaing apparatﬁs-ll qf'Fig;
8 except the modulation-method. | |

Wheg_the disk Iﬂfrecording apparatus 11 of Fig. 15
'récords the disk ID rédording format as desgribed with
reference to Fig. 12,6n the circle of the BCA 26A of an
_}optical disk 26, a PLL may bé_bpefated such that one
rotation of the optical diék 26 is in synchronism-with n
X m X k of Fig. 12. For examble, 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 405)-
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of one rotation 6f-the optical disk 26.

The configuraﬁio# of é disk recording and playback
appafatué'Sl for racording data and rep;oducing data
recorded in é data afea 26B of the opticél disk 26 havin§
the disk ID inf§rmation recorded by the disk ID recording_ 
apparatué 11 by the 4§;.modulation method_is basiéélly
the same as shbwﬁ in Fig. 9. However, processing of_a'
demodulaﬁion unit 68 of?the disk reéording and plafbaci
apparatﬁs 51 is different frdm that of the demodulation-_
unit 68 shown-in Fig. 9..

Channel position_cqrrection made by the
demodulation gnit 68 will be described with reference to
Figs. 16A fhrough 16G.: Also iﬁ this case, as iq the first
embodimeht, description'will'bé made assuming that p % 3.

A reﬁroducedfpit ﬁavefof@ {Fig. 16A) outputted from
an LPF 66 is.binarizeé by a c§mparator 67,:and then
inputted to_thé'demodﬁlﬁtion.unit 68 as a binarized pit
signal (Fig. 16B). The demodulation unit Ss-delays_the
binarized-pit_signél inbu;ted thereto by a certain time_
and generates a pit cenﬁer sigﬁal (Fig. 16D) that rises
precisely'at a cénter éf a period in thch the binarized
pit signal is a iogical “1".- The demodulation unit 68
includes a window generator for generaﬁiﬁg a windoﬁ for

counters 1 to 3 and sync pattern detection (that is, a
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window for réading.a binarized signal of a reproduced éit
wheﬁ_tﬁe value of;the counter 2 is "0”_t6 "2"). (Fig. 160C).
The counter 1 (Fig. 16E) counts the nqmber of c10cks (0

to p-1) within a channel bit. The counter 2 (Fig. 16F)
counts the Seven;chéﬁnel bits of thel4-1 modulation. .The
counfer 3 (Fig. 16G) counts the number of words of fhe 4-
1'modu1ation;'

ihe changei poéition corfection'is ﬁade so that-the
value of the coﬁnter i becomes "1" whén a pit center (Fig.
16D) is.détecteq. - For example, the vélue of the counter 1
is cqrrected.to.be wiw in timing C_in Fig. 16D in which a
pit center is detected.l ih addition, word position
.correcfion is.made so thaf:a pit ceﬁtef (Figf 16D) of ;
syhclpétte:n is located at fhe center of a window (Fig..
16C) . For example, the val#es of the éounter 1 and the
counter 2 areicbr:ected to be "1" in tiﬁing.D..

A pluraiity of frame syncs are arranged at equal
intervals.for one fofationiéf tﬁe optical_disk 26.
Therefore, even ﬁheh a_frame sync of a'frame.islnot_
-detected, it is possiﬁle-t§ reproduce data succeeding the
frame sync without loss of the data on the basis of
interpolating timing of a frame syné previously detected,

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

(*01000010010100" or "01000101001000“) described with' - |
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referencé to Figé. 14A:ahd 1éB.is detected, the values of
the counters 1 to-3,aré initialized to "0".

Description will next be made of a'case, as a third
embodimént, fn which the ECC format of disk ID
infofmation.ﬁecordéd in thé.register 21 is encoded by an
RS (32, 16, 17) code of GF (2°) as shown in Fig. 18, 16-
byte.parity.isiadded.to form one block, and the same
block is-subjecfed-t6'4-1 modulation énd then written
triply-aroﬁnd the disk.

Ih this case, as shown in Figs. 19A and 19B, a sync
- pattern of a.framg sync is formed by adding qne'word as
sync ID to each of the sync patterns SA and SE described
with.reference-to_Figs; 14A and 145. A sync patﬁern.of a
fréme sync thus has a total éf 21 channel bits. Hence,
the sync IDTmakeS'i; possible to represent four kinds of
sync patterns by using each of the.sync'patterns SA and
" 8B andzthus form a total of eight sync patterns.

Acco:dingly; as shown in Fig. 20, it is possible to
divide onmne bloék 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 biﬁs'by 4-1 modulation, and therefore the'vaiue
of k is 133 channel bits_(='21 +112) .

The optical disk 26 is for example a CD (Compact
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Disk), an MD.(Miﬁi-Disk), a DVD (DigitaIIVersatile Disk)
or the like. |

The series of processing steps described abeve'may.
aleo be carried our'by software. The eoftware*is
installed from a recerding medium onto a computer where
programs forﬁing:the.software are incorporated in
dedicated hardwere; or a genera;-burpose personal
computer, for'example. which cah ﬁerform varioue
functions by iﬁsealling various programs'thereon.

Examples of the recording medium include program-
recorded_package'media distributed to users to provide a’
. program separatelf from computers, such as the magnetie
disks 41 and 91 [iﬁcluding floépy disks), ﬁhe optical
disks 42 and 92 (iﬁeluding CD-ROM (Compact Disk-Read only
Memory) and DVD (Digital Vereatile_Disk)), the magﬁero-
optical disks 43 and 93 (inéluding MD'(Mini-Disk)), or
the semiconductor memories 44 and 94, as shown in Fig. 8,
Fig. 9, or Fig; 15.- |

As described abo#e; the diek-like recording medium
.according te the-presentziﬁvention comprises: n blocks
erranged by dividing a circle of a seeond area inte 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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to be at equal intervals in a circumferential direction,
and a s?nchronization signal is disposed in each of the
frames.l Therefore, it is possible to realize a aisk
allowing the auxiliary information.to be read easily and
reliably without'uéing a PLL.

Thé disk recording apparatﬁé'anq the disk recordiné
method according to the present inveption form n b;ocké_'
by difiding a second area of é.aisk-ihto n eqﬁal'parts'iﬂ
a circquérentiai direction, form ﬁ.frames by dividing
each of the blocks into m equal parts in the.
circumferential direction, generate channel clocké by
dividing each.of the frames into k équal parts, coﬁtrol
rotation of the disk so that one rotation of the,diék is
in synchronism Qith a cycle of n X m X k channel clocké,
modulate auxiliary information on the basis of'the. |
channel clocks, and thgn record the auxiliary infofmation
on the disk. -iherefore. it is possible to realize % disk
allowing the_éﬁxiiiary informatioﬁ to be reproduced
easily énd reliably'without using_a fLL.

The disk playback apparatus and the disk playback
_method according to the preseﬁt invention éample a
reprdduced signal from a disk by a cléck havipg 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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or the words. Thérefore. it is possible to reproduce
auxiliary information éasiiy_and reliably without'using a
PLL.

In each of-ﬁhe.above cases,.when a plurality of
blocks are,prOVided and auxiliary information is written
mﬁltiply, it is possible.to eqﬁivaientiy form a prodﬁcﬁ
code and thus realize a high correction capability.

Since the cifcle.ofthe.diék-is in a substanﬁiaily |
physically uniform state, it is péssible to reduce
‘effects on a focﬁs servo ‘and the like and to control
deterioration.of the disk. |

Even if a defect is éaused 6n the.disk, it is
possible to éorrect chanﬁel bits, or words. 1t is
theréfbre possible to achieve'high reliability in
‘reproducing auxiliary information._ Also, the.redunaancy
of a synchronization signal.may bé at.a low level.

The_present’invéntioh is not limited to the details
of tﬁe above described préferred embodimeﬁts. ?hé sdopé_
of éhe inventién is definéd by the appended claims and
all changes and modifications as fall within the
equivalence of the.scope.of the élaims are therefore to

be embraced by the invention.
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CLAIMS

1. A disk-like recording medium for concentrically
recording auxiliary information.of a disk in d second
area other than a first area for recording contents data
of said disk by a predetermined code comprising:

n blocks each'obtained b& dividing said second area
into n -equal parts in a circumferential diréction; and

‘m frames éach 6btained by dividing said block iﬁto
m equal parts in the circﬁmfereniial 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 syncﬂronization
signal is disposed in each of said frames.

2.5 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
intp k equal parts.

3. A diék;like recording medium as claimed in
éléim 1 or 2, wherein said auxiliary information is modulated
by a modulation method capable of word synchronizétion 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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5. A disk-like recording medium as claimed in

any one of the preceding claims, wherein, when a value of
said m is two or more, the number of kinds of said

synchronization signals is two or more and m or less.

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

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

8. A aisk recoxding apparatus for recording
anxiliary information of a disk concentfically over a
plurality of traéks.in a second area other than a first
area for recording contents data of.said disk by é
predetermined code comprising:

rotating means.for-ropating said disk;

generating means for generating a channel clock
corresponding tb an intef§é1 obtained by dividing one
frame into k equal parts ﬁhere'n bloéks each having a
length obtained by dividing said second area into n equal
parts in a circumferentia1 direction are generated and m
'ffames 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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for recording said auxiliary information;

control. means fqr.controiling rotation of said disk
so that oneirotation of said disk.is in-synchronism with
a cycle'of n X mX k channel ploéks;

modulating means for_modulating said aﬁxiliary
information on the basis of said channel clock generated
by said generating means; and

'recording means for recording éaid au#iliary
information modulated by said modulating ﬁéans on'said
~disk. |

9. A disk recording method_forfa Aisk recording
apparatus for recording aukiliary iﬁformation of a disk
éoncehtricallj over a pluralityzof_tfacks in a second
‘area other than a first area tor'recordiﬁgHCOnﬁénts data
of said disk by a predgtermined code comprising:

a rotating step for rotating said disk;

a generating step for generatingla channel_clbck
corresponding to an interval obtéined by dividing one
frame into k equal parté where n-blocké éach héviné a
length-obtained by'dividing said second aréa.into n equal
parts iﬁ a circumferenfial direction are generated and m
frames each'having a 1ength'obtained b&-dividing one of
the blocks into m equal parts in the.cirCuﬁferential

direction are generated, the channel clock being required
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for reco;ding said auxiliary information;

a control step for controlling rotation of said
disk so that.one rotation pf.said disk is in'synchronism
with a cycle of n X m X k_qhanhel clocks;

a modulating step. for modulating said auxiliary

‘information on the basis of said channel clock generated .

by procgssing of-said generating step; and

a feéording §tep'for recordiné-said éuxiliary
information modulé;ed b} processing of-said mddulating
'step on said disk.

10. A disk playback apparatus for playing back a
disk on which auxiliary'information of said disk is
regorded by a'prédetérmined;code conéentrically over a
plurality of tracks in a seéondfarea.other than a first
area, in which contents data'is recorded, on the basis of
channel.ﬁits ﬁaving intervalé obtained'by dividing'one
fraﬁe into k eqpal parts where n blocks each having a
iength 6btained by_dividing said second area into n equal
parts in a Circumferéntial direction are generéted and m
frames each having.a léngth obtained by dividing one of
the'blocks.into m equal barts in the circumferential
direction are generated} said disk playﬁack apparatus

characterized by comprising:

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

playback meané fo: playing back said disk;

genefating.means.for'generating a olock'having a B
frequency twice n X mlx k or higher; and |

-demodulating meohs'for SQmpling a signal outputted
by said playback means oo'the basié of said clock
‘generated by soid genefating means and_demodulating said
channel bits, or words while correcﬁing'said.chahnel oité,
or-the_words.

11. A digk playback aoparatus os claiﬁed in claim
io0, further'comprising correctiné means for making error
correction on the basis of ao:error correc;ion code
included in saiﬁloﬁxiliary.information_and determining
correct auxiliary informétion by majOriﬁy rule.

.12. A disk playbaok apparatus as claimed in claim
11 whereiﬁ said correcting means mgkes error correction
on auxiliary information obtained by collecting portions
dotérmined by.majority'ruie{ |

13. A Aisk playback méthod for a diék playback
apparatus for p;aying back'a disk.on which auxiliary
'information'of-said oisk_iS'recordéd by a predetermined
code concentrically over é 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 1en§th obtained byidividing one of the'blocks
into m eéual pérts_in the circumferential direction are _ i' §
genérated cdmprising:
a rotéting sﬁep for rétatiné said disk at.a
-constant angﬁiar 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 ﬁigher; and
.a_demodulating step for sampling a signai 6utput£ed
by processing of'said playback step on the basis of said
clock generated by processing of said generating step and
demodulating said cﬁannel bits, or words while cofrecting

said channel bits, or the words.
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