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| NVENTION Field of the Invention The invention relates to data
recordi ng/ reproduci ng apparatus and nethod 5 corresponding to a

pl urali-#y 'of data formats and a data rékording medi um Description of the.
Prior Art As an external nenory apparatus of a conputer, attention is paid
to an optical di BATArRECORDING/REPRORUCENG\VAHBRRATUSa dANINMEFEODOf a | ar ge
capacity and a hCQRRESPENDING €BEG.A TRIURMCITY QF CATROVIRMATS- | (CD
Interactive)] drANP DATA aRECURDING MERLWDti cal di sc serving as one of

erasabl e discs) drive has alreggdy. rapidhYoPeengbeidgnsphRad. In addition to
t hose discs, 15 an MD (m ni ; e disc aving a disc dianeter
of 2.5 inches haﬁi@iéoofwﬁggpm@@ﬁeﬁon Further, a DVD (digital video disc)
i s being devel oped as a Vvideo nenory nedium The DVDis a read only disc
having the sane The invention relates to data
recording/reproducing apparatus and method
5 corresponding to a plurality of data formats and a data
recording medium.
Description of the Prior Art
As an external memory apparatus of a
computer, attention is paid to an optical disc drive
10 from a viewpoint of advantages of a large capacity and
a high-speed access. The use of a CD-ROM [or CD-I (CD
Interactive)] drive and an MO (magneto-optical disc
serving as one of erasable discs) drive has already
rapidly been being spread. °'In addition to those discshwﬁ;

15 an MD (mini disc; erasable disc) having a disc diameter ﬁg L

N .

of 2.5 inches has also been proposed. Further, a DVD | ‘Rﬁ?:
(digital video disc) is being developed as a video
memory medium. .
The DVD is a read only disc having the same
20 diameter as that of the CD or a recordable/reproducible
optical disc such as MO disc or phase-change type disc.
The DVD is a disc in which video information compressed
by an MPEG or the like can be reproduced or can be
recorded and reproduced. In the DVD, by the |
25 improvement of processes such as digital_modulétion.ana
error correction encoding in'éssociation with thg

progress of the realization of a short wavelenygth of a



20 di aneter as that of the CD or a recordabl e/ reproducible optical disc
such as MO di sc or phase-change type disc. The DVDis a disc in which video
i nf or.mati on conpressed by an MPEG or the |ike can be reproduced or can be
recor-ded® and reproduced. In the DVD, by_the 25 | mprovenent of processes
such as digital nodul ation and error cor fecti on encodi ng in association
with the progress of the realization of a short wavel ength of a 2 | aser
beam and an i ncr e8SEY PEATENT AN dRGRATE NA JFUBET i1 le @RS Yh NA o f
recording density is.further raised. Even ip case of, a single-layer disc, a

data menmory capacit fk:'ljse%"f | 5 t% g St & BENGR 4 manner
simlar to the CQaﬁL’%%dVD \@;}é}b 1PV dd rsd abgsengr%flg%/-ﬁlgqoxp%gﬁ@g,'negéditcgé%?am' 0

di scs and, after that, they are als0 used a
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formats haves beenn a manner similar to the CD and MD which have first
been developed as digital audio discs and, after that,
they are also used as external memory media of
computers, it is expected that the DVD having a larger
capacity is used as an external memory medium of the
10 computer.

Hitherto, since different formats have been
specified for every medium such as magnetic tape,
magnetic disc, flexible disc, above-mentioned optical
discs, and the like, respectively, a consideration

15 about a compatibility is not made. Therefore, in case
of obtaining a compatibility between a new medium -and
the existing medium, such a compatibility can
correspond in only a logical region, so that it is not
efficient. For example, in case of an external memory

20 medium of a computer, a sector size of (128 bytes x
2%) (512 bytes, 2 kbytes, or the like) is a main stream.
In the CD-ROM, 2352 bytes (in case of excluding a synch
signal, 2340 bytes; in case of excluding the synch
signal and a header, 2336 bytes) is set to one block.

25  Thus, there is a problem such that it is difficult for
both of.them to physically correspond to each other.

Further, as a sector size according to the CD format



specified for every medi um such as magnetic tape, magnetic disc, flexible
di sc, above-nentioned optical discs, and the like, respectively, a

consi deration 15 about a conpatibility is not made. Therefore, in case
of ©obt-aihing a conpatibility between a gﬁM/nediunland t he existing nmedi um
such a conpatibility can correspond I n ly a | ogical region so that it is
not efficient. For exaqP I n case of an external nenor é dium of a

conputer, a sect otPSHYEiRg ?ﬁ?Sc%y%@% kwﬁﬁ%r?T??SQQerQe s%bR%? ®s?5or the
like) is a main str BEMé 352 bytes |n case of excluding a
synch signal, 234ﬁe§€tegbef% %EgepB xc?ﬁﬂ?ﬂ% ?hé 3ynch signal and a
header, 2336 bytes) is set %Re QE%%t ned %@Hs +h8éeré§l§zQ&OQ$§H1

such that it is difficult for mto | y correspond to each
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sizes. The aBove-grati eReHe DVD §3NaBCari€2ddZ8dcRVEAat when comparing

with a cabacity of any one of the other existing
optical discs, a capacity of the DVD is remarkably
large. 1In case of newly using such a DVD as an
external memory medium, it is indispensable to consider

10 the compatibility with the existing optical disc media,
especially, the CD-ROM which has been widespread and
has almost the same disc size and uses the same reading
method in order to simplify the mutual transmission and
reception of data between the CD-ROM and the DVD, to

15 enable the drive to be shared, and further, to
effectively use the resources of the CD-ROM.

In JP-A-7-73593, the inventors et al. of the

present invention have proposed the method of setting a
memory capacity per one recording block unit of the MO

20 . disc to 2352 bytes in order to simplify the data |
transmission and reception between the CD-ROM and the
MO disc. According to the method, the memory capacity
per one recording block of the MO disc is matched with
that of the CD-ROM. There is a problem such that

25  although such a method can be applied to a case where a
data structure of the disc is newly decided, it cannot

be applied to a case where the data structure of the



by a recordabl e
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MO di sc or a phase-change type disc, so 5 that there is
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reproduction are made independent every format.
According to such a method, there is a problem that a
scale of a hardware for recording and reproduction
increases. As another method, there is a method
whereby data having different sector sizes is
fundamentally recorded and reproduced in the same
format, an identification (ID) signal is inserted to a
directory area or a header area as additional
information, and the sector size is recognized by the
ID signal.

The method of inserting the ID information of
a sector size into the additional information has an
advantage such that a hardware can be partially shared.
However, there is a problem with respect to a point of
an accessing performance. Generally, in case of
recording and reproducing digital data, a digital
modulation such as an EFM or the like is generally
performed to data in order to improve an error rate and
to enable a clock to be easily extracted. The
additional information as mentioned above has been also

modulated. Therefore, the ID information cannot be



be applied to a case where the data structure of the 4 di sc has been
standardi zed to a certain degree. As nentioned above, in the data
recordi ng/ reproduci ng apparatus in which a plurality of sector sizes are
perftted, ordinarily, a different 5 format is specified every data
having a different sector size and signal” processes for recording and
reproduction are made i ndependent every format. According to such a nethod,
there is a probl EMRENRCH YR e P RAYEF RN e DTS r 2 RF A HYS akrelr
reproduction 10 i ncreases. . As_anot her nethod, there is a nethod whereby
data having diff dERIGRL RN 15 SR EShehdantnt e F9F retot RE &R rébkeRiuced
in the sane format, an identification (ID) signal.is inserted to a
directory area or"&° h’é%%%‘?&é?% W %dﬁiﬁ%h%‘f gki% knoymnyg o??raﬁ%‘f‘n,t}é%d t he
sector size is re | ' T hod of inserting the ID
LR e e WGt

informati on of a se 0 Tonal Thformati on has an
5

OBJECTS AND SUMMARY QF THE INVENTION
It is, therefore, an object of the invention
to provide data recording/reproducing apparatus and
method and data recording medium which can smoothly
10 perform a data compatibility between two or more
different data structures, more particularly, two or
more data structures having different sector sizes.
Another object of the invention is to provide
data recording/reproducing apparatus and method and
15 data recording medium which enables a sector of a size
according to a CD format to be easily packed to a
predetermined block, thereby enabling data according to
the CD format to be easily transferred.
Further another object of the invention is to
20 provide data recording/reproducing apparatus and method
and disc medium in which when two or more data
structures having different predetermined units of data
such as a sector size or the like are enabled to be
processed, a scale of a hardware is small and a good
25  accessing performance can be obtained.
To accomplish the above objects, according to

the invention, there is provided a data recording



advant age such that a hardware can be partially shared. 20 However,
there is a problemw th respect to a point of an accessing perfornmance.
Cenerally, in case of recording and reproducing digital data, a digital
nmodul ati on such as an EFM or the like is generally perforned to data in
order to inprove an error rate and 25 6t0 enable a clock to be easily
extracted. The additional information as nmentioned above has been al so
modul at ed. Ther efaRRBraties | o1 nferandinnh dbehbalbdata Boopt Bpaesdabda
reproduction unless a process for denodulation is finished. A sector size
of data whi ch waLREFDUEIF s FIBRT kbt bRPRhoWA2NS ot PRat e FRAVAREEESI Ng

Pﬁrformance dete.rf'eorsa%ets. C@JEC%’%{ A(lgl SU{VI\/A Y. THE L[\NE%I’I’%O\I It is .
erefore, an objett>of The’1Hveht i Gh-3 o' prigut e datd-+8cof V&g r 85F588ci ng
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more particubar! Yoa 304 Qata mB (n and m are integers of 2 or more and n
# m) into a block of a predetermined size when it is
assumed that a sector size of first data is set to A
and a sector size of second data is set to B, thereby
forming data of a block structure; reco;ding processing
10 means for executing an error correction encoding and a
digital modulation for the data of the block structure:;
and recording means for recording the recording data
from the recording processing means to the optical
disc. According to the invention, there is also
15 provided a recording method of recording data as
mentioned above.
According to the invention, there is provided
a data reproducing apparatus for reproducing an optical
disc in which digital data of a block structure of
20 sizes in which a ratio between a sector size A of first
data and a sector size B of second data is not an
integer ratio and data nA and mB (n and m are integers
of two or more and n # m) can be inserted has been
recorded, comprising: means for reproducing the digital
25 _ data; reproduction processing means for performing a
digital demodulation and an error correction to the

data of the block structure; means for dividing the



nore data structures having different sector sizes. Another object of the
I nvention is to provide data recordi ng/reproduci ng apparatus and net hod and
15 data recordi ng nedi um whi ch enabl es a sector of a size according to a
CD format to be easily packed to a predetfrnined bl ock, thereby enabling
data according to the CD format to be easily transferred. Further another

ata accor ding e CD STy _ i
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apparatus and nethod and disc mediumin I C nor e

structures havi ngoxbddes By msfdet 8l nedotpi§SaRh g8t 2o S 8sng SgSt or
size or the |like are enabled to be processed, a scale of a hardware Is

smal | and a good @Hta oficTessttyr RS FEIRACE £§38 WEaRbt BbPetradonpeeop!l i sh
t he above objects, according to the invention, there is provided a data
recordi ng 6 appwe addata faf theeosaitngr dgrtatudat a Accardesgr tabtige opti cal
di sc, conprising: input nmeans for receiving at least tw digital data in
which a rati® betiwegntsievt.orthere is also provided a reproducing method

of reproducing data as mentioned above.

According to the invention, further, there is
provided a disc medium in which'digital data of é block
structure in which when it is assumed that a sector

10 size of first data is set to A and a sector size of
second data is set to B in which a ratio of sizes is
not an integer ratio, at least two data of nA and mB (n
and m are integers of two or more and n # m) can be
inserted has been recorded.

15 According to the invention; two formats in -
which sector sizes are different and a ratio of the
sector sizes is not an infeger ratio can be united to a
block structure having the same size. For example, the
data read out from the existing CD-ROM can be simply

20 recorded to a DVD.

The above and other objects and features of
the present invention will become apparent from the
folloWing detailed description and the appended claims
with reference to the accompanying drawings.

25

BRIEF DESCRIPTION QOF THE DRAWINGS

Fig. 1 is a block diagram of the first



Sizes is not an integer ‘ratio; neans for inserting data 5 nA and data nB
(n and mare integers of 2 or nore and n [err] m into a block of a
predeterned size when it is assuned that a sector size of first data is
setsto A and a sector size of second data is set to B, thereby formi ng data

of "a bl ock structure; recording processi%g 10 means for executing an
t d.a digital | at f t d
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t he recording pr the optical disc. According to the
i nvention, thereq%§§§} ﬁi?ﬂ§l $OV|ded a recordi ng nethod of recording

data as mentioned above A@ﬁp&dlfgléo t@fobEVQQB?PQm geéﬁ b§a 9¥|g§|g|tal

data reproduci ng apparatus for reproducing an opfical disc In I ch

data of a block stédstdi®g Obr@fessidyze€srénivhighragragio between a sector
size A of first data and a sector size B of second 3ata is not an integer

ratio and data nA and nB (nFagd 3 Bs eailblegRr 8iagrh0o@r affbeRamrplenofesr]
m can be inserted has been recorded, conprising: means for reproducing the
digital 25 dalegprq¢m©duam|pnopessesglogruaan31hoF1gerﬂorn1ng adigita
denodul ation and an error correction to the

Fig. 4 is a block diagram showing an example
of a process for error correction encoding in the
recording processing circuit;

10 Fig. 5 is a block diagram showing an example
of a process for decoding of an error correction code
in the reproduction processing circuit;

Fig. 6 is a schematic diagram for explaining
a data structure of a conventional CD;

15 Fig. 7 is a schematic diagram for explaining
a data structure of a conventional CD-ROM;

Fig. 8 is a schematic diagram for explaining
a data structure of mode 2 of a conventional CD-ROM;

Figs. 9A and 9B are schematic diagrams each

20 showing an example of a data structﬁre of a sector of 2
kbytes in an embodiment of the invention;

Figs. 10A and 10B are schematié diagrams each
showing an example of a data structure of a CD sector
in an embodiment of the invention;

25 _ Fig. 11 is a schematic diagram showing an
example of a data structure of a block in an embodiment

of the invention;



data of the block structure; means for dividing the =~ 7 data of the bl ock
structure fromthe reproduction processing neans into sectors and for
outputting the data of a sector structure; and neans for transmtting the
data of *the sector structure. According to the 5 invention, there is

al so provided a reproduci ng nethod of reproduci ng data as nenti oned above.

According to the invention_ further, there_is provided g disc nediumin
which digital data of a bl BeRSst Hébt aPe ilﬁgvﬁiréhs\ﬁh@ﬁ‘aitth SIS A a

sector 10 size, of .fir data |s se o A and a sector Si of ,second
data is set to Bspﬁwﬁﬂﬁcﬁkﬁ Fﬁ??hl8F é?%ggepst &t S&fT Oﬁiéﬁ%f%ﬁﬁjdioég

| east two data of _n n 4 d mare integers of two or nore and n
err can be insérte as béen’'recorded. 15 According to
Do a bn éh% gmﬁﬁdiﬂeﬁﬁ, e n

the invention, two formatsgip WRhChsSECHOL Rl 285300 U fRlAHe,and a ratio
of the sector sizes is not an integer ratio can be unlteg'to a bl ock
structure havi ngetnB8dSABBtSbECthEOkcX2ARNG/ P oducing circuit
according to the invention;
Fig. 14 is a block diagram showing an example
of a recording processing circuit in Fig. 13;
Fig. 15 is a block diagram of an example of a
10 reproduction processing circuit in Fig 13;
Figs. 16A to 16C are schematic diagrams for
explaining a transmission frame of recording data and a
sync to be added;
Fig. 17 is a schematic diagram showing a data
15 structure of a block in another embodiment of the
recording/reproducing circuit according to the
invention;
Figs. 18A to 18C are schematic diagrams for
explaining modifications of the sync to be added to the
20 transmission frame;
Fig. 19 is a schematic diagram showing a
specific example of the sync to be added;
Fig. 20 is a schematic diagram showing an
example of a conversion table of an (8 - 16) modulation
25 ~ as one of digital modulating methods which can be used
in the invention;

Fig. 21 is a flowchart shoWing an ekample of



data read out fromthe existing CD-ROM can be sinply 20 recorded to a
DVD. The above and ot her objects and features of the present invention wll
beconme apparent fromthe foll owi ng detail ed description and the appended
claknms with reference to the acconpanyi ng draw ngs. 25 BRI EF DESCRI PTI ON OF
"THE DRAWNGS Fig. 1 is a block diagram the first enbodi nent of a
recordi ng/ reproducing circuit according to the invention; Eig 2 %s g bl ock
di agram of an exzihl & HFE Lk GRS WP Dr B sERRgCRRYREPLOPnCEP e ] Khe

Fig. 3 is a block, diagram of exanpl e of a reproduction processing
circuit in Fig. 18F .A4W%?éﬁ%ﬁ%ﬁiydiagran1shomﬁng an exanple of a

process for error correctian. encoding in rdi o] k jrcuit;
10 _ Fig. 5is gﬂb bd%gd}ad?a%%gﬁ%é?%g g%g §§ﬁp%gég¥ﬂg %?ocess
for decoding of a@&ﬁﬁﬂf@ gprgegﬁientggpg when a status value is set to
5 lll";
Fig. 23 is a schematic diagram showing an

example of the unit table when the status value is set

to "2";
Fig. 24 is a schematic diagram showing an
10 example of the unit table when the status value is set
to "3";

Fig. 25 is a schematic diagram showing an
example of the unit table when the status value is set
to "4";
15 Fig. 26 is a flowchart for explaining an (8 -
16) modulating process;
Fig. 27 is a schematic diagram showing the
second embodiment in a data structure of a block;
Figs. 28A and 28B are schematic diagrams
20 showing examples of two data structures of sectors in
the block of Fig. 27;
Fig. 29 is a schematic diagram showing the
third embodiment in a data structure of a block;
Figs. 30A and 30B are schematic diagrams
25  showing examples of two data structures of sectors in
the block of Fig. 29;

Fig. 31 is a schematic diaéram showing the



in the reproduction processing circuit; Fig. 6 is'a schematic diagram for
explaining a data structure of a conventional CD;, 15 Fig. 7 1s
- a schematic diagramfor explaining a data structure of a conventi onal
CD-ROM:Fig. 8 is a schematic diagramfor explaining a data structure of
node 2 of a conventional CD-ROM Figs. 94 and 9B are schenatic diagrans
each 20 show exa e of a.data _stru a_sge r..gf K S
in an enbodinent?%?gpﬂeeTﬁgéﬁ FBE;l&iasdaﬁaAgg%gg£8%eaPZ g%%e%%ﬁf%’d?é%fans
each showing an exanple of pggdagg stryctungngtid GRa8eakOLLHN iRy @Heodi ment
of the invention; 25 Fig. 11 is a schematic diagram show ng
an exanpl e of a dakansthyeliynenef ia bheckath sfreckodendit tdle heck.

i nventi on; 9 Figs. 12A and 12B are schematic di agrans each show ng the
rel ati on between the sector and the block in the enbodi nent;

5 DETAILED DESCRIPTICON OF THE PREFERRED EMBODIMENTS
The first embodiment of the invention will
now be described hereinbelow with reference to the
drawings. Fig. 1 shows a recording/reproducing system
for an optical disc according to the invention.

10 According to the first embodiment, the system has: a
host computer 1; a CD-ROM drive (optical disc drive) 2
connected to the host computer 1; and a drive of a
high-density optical disc 3. The high-density optical
disc 3 denotes a recordable/reproducible optical disc

15 of a large capacity in which a recording density is
higher than that of a CD or a CD-ROM which has already
been put into practical use. A DVD {(disc of the
magneto-optical type or phase-change type) which has
been proposed at present is one of_such discs. The

20 realization of a high density can be accomplished by a
short wavelength of a laser, an increase in numerical
aperture NA of an objective lens, an improvement of a '’
digital modulation (for example, a digital modulation
which can omit a connecting bit in ah EFM), or the

25 _ like. The optical disc drive has a construction after

an interface 4.

The invention is not limitéd to the.



Fig. 13 is a block diagram of another 5 enbodi nent of the
recordi ng/ reproducing circuit according to the invention; Fig. 14 is a

bl ock di.agram show ng an exanple of a recording processing circuit in Fig.
13;s Fig. 15 is a block diagram of an exanple of a 10 reproducti on
processing circuit in Fig 13; Figs. 16A 1% 16C are schematic diagrams for

laining at f f d d d to.be added;
FG. 17 19 a schBRAPFE ar 0P antCRoRP R GPBACR 6% SearPud) fRd BASE-bI ock i n

anot her enbodineg%EQﬁth§§E$§gid Qgé;égrgg aSQSCIr%orB a c%5%|ng to the

I nvention; Figs expl ai ni ng

modi 11 catl ons of qt beesune b raaaﬂggegstghwﬁ 20 che EABRESSLAN dATY, Fi o

19 is a schematic di a ran1s a specific exanple o he sync t°o be
added; Fig. 20 igpna §§Q§”BBhEr9laQﬁ§H‘§BQH‘QQ %Bt%%%@ﬁ'%fOEh% GQRYer si on

table of an (8 - 16) nodul ation 25 as one of digital nodul ating nethods
whi ch can be& usedpthchheplBkapli @Aread mechanism of the optical pickup,
servo system, etc. and the like can be shared and a
drive as a hardware can be also commonly used.
According to the embodiment, the recording
data from the host'computer 1 is recorded onto the
10 optical disc 3 via the interface 4. The data read out
from the optical disc 3 is supplied to the host
computer 1 through the interface 4. The recording data
is video data which was compressed, audio data which
was compressed, data for a computer, or the like. A
15 recordable type (magneto-optical type or phase-change
type disc) of the DVD which has béen proposed at
present is an example of the optical disc 3. The
recording system in Fig. 1 can be applied to not only
the recordable optical disc 3 but also a mastering
20 system of a read only disc.
| The data structure of the optical disc 3 to
which the invention can be applied, in particular, a
data unit for accessing (recording or reproduction)
will now be described. First, a sector structure of
25 CD-ROM data will now be explained. The CD-ROM is a
disc developed from the well-known CD. In the CD, as

shown in Fig. 6, a sub-code of one byte, data of 24



Fig. 21 is a flowhart showi ng an exanpl e of 10 an al gorithm
constructing the conversion table of the (8 - 16) nodulation; Fig. 22 is a
schemati.c di agram showi ng an exanple of a unit table when a status value is

set*to 5 "1"; Fig. 23 is a schematic,giagram showi ng an exanple of the
unit table when the status value is set™1To "2"; Fig. 24 is a schematic
di agram showi ng an 10 exanple of the unit table when the status value is

set to "3"; Fi gbﬁ?ﬁ's AE Herditd CHUIRAT Bt 8RN AY aprekahphe of M unit
tabl e when the 331 us value is set to "4"; 26 is a

fl owchart for Hifg fr(Fr9e 6¥1d%dﬁ?%??%bsﬁ+%%e§5am%|539§9 is a

schemat i ¢ df agr 4y sOW 094 % S5 Wl CEDQEL BN el "ead] 2 L5 VERYT &Y' @

each byte is converted to a code word of 14 channel

5 bits by an EFM modulation and is recorded through
connection bits (three channel bits). Further, a sync
which denotes a synchronous signal of total 24 channel
bits in which an inversion interval of 11T (T denotes a
period of a channel bit) continues and two channel bits

10 are added after that is added to the head of the
transmission frame.

The sub-code is constructed so that one unit
is composed of 98 transmission frames as a period.
Therefore, in the CD, user data of

15 24 bytes x 98 = 2,352 bytes
is included in the 98 transmission frames. A sector
constructing by using 98 transmission frames as a unit
is called a CD sector. When up to the sub-code is
included, the CD sector is composed of

20 25 bytes x 98 = 2,450 bytes
Since the sub-codes of the first and second frames are
sync patterns, when such two bytes are excluded, the CD
sector is composed of 2,448 bytes. Further, the sub-
codes exist in eight channels P, Q, R, S, T, U, V, and

25 W. 1In the case where only the sub-code of one channel,
for example, the Q channel among those channels is

included in the sector, (2,352 + 12 ¥) 2,352 bytes are



Figs. 28A and 28B are schematic di agranms 20 show ng exanpl es of two data
structures of sectors in the block of Fig. 27; Fig. 29 is a schematic
di agram showi ng the third enbodinent in a data structure of a block; Figs.

30A and: 30B are schematic diagrans 25 show ng exanpl es of two data
stfuctures of sectors in the block of F#@. 29; Fig. 31 is a schematic
di agram showi ng t he fourth enbodinent in a data structure of the block

and Fig. 32 is aSSkhkfnti 8eAFagr art8howrAgmERE1PPEEN2BABBdI FBRESI ATEhe dat a
t t f the_bl . DETAI LED DES P THE . PREEERRED
ENBODI MENTS The FPPE: KERESPReRECEPEt RCZFAVERt o *ai PFERGw BesddsEFFBSe
here|nbeIOM/mAthzrgﬁgrgggggto t?e%dggwﬁggngF&g.tﬁesgg Y PS FHS cD.

recordi ng/ reproduting s m 78 A~ opt di'sc "according

i nvention. 10 AccordingT%g HQ@afEé§ECEg??SE?EEBE EBQRéﬁsﬁgngpﬁgiﬁgngSt

conputer 1; a CD-ROMdrive (optical disc connected to
conputer 1; sand éndﬁh¥eb9E%§ of the transmission format of the CD.

Namely, in the CD~ROM, 2;352 bytes as data included in
98 frames of a period of the sub-code are set to an
access unit. Although such an access unit is also
referred to as a block, it will be called a sector in

10 the following description. Fig. 7 shows a data
structure of one sector of the CD-ROM.

In the CD-ROM, mode. 0, mode 1, and mode 2
have been specified. In those modes, a sync (12 bytes)
indicative of a delimiter of the sectors and a header

15 (4 bytes) are commonly added. The mode 0 relates to
the data in which all of the data other than the sync
and header is equal to "O0" and is used as dummy data.
Fig. 7 shows the data structures of one sector of the
mode 1 and mode 2. The header is composed of address

20 information 6f three bytes and mode information of one
bytes similar to those in the sub-code of the CD.

In the data structure of mode 1, the user
data is composed of 2,048 bytes (2 kbytes) and
redundancy data of 288 bytes is added to the user data

25 in order to raise an error correcting ability. That
is, an error detection code (4 bytes), a space

(corresponding to 8 bytes), a P parity (172 bytes), and



hi gh-density optical disc 3. The high-density optical disc 3 denotes a
recordabl e/ reproduci bl e optical disc 15 of a large capacity in which a
recordi ng density is higher than that of a CD or a CD-ROM whi ch has al ready
been put into practical use. A DVD (disc-of the magneto-optical type or
phase- change type) which has been proposé® at present I's one of such discs.

The 20 real i zat iy0 en |ty can b conplls ed b short
wavel ength of a ? ??%aﬁ@lgéggag Yo% ) n Gt | [ﬁﬁtQH¥;¥$?%¥ Fbj ecti ve
l'ens, an inprovemgil qf ;@ digihgh My gt 'c%r]:c( r(r{ éﬁ&)aanpslucl'f a, i Iatraaltq t6x,

modul ation which can onit a connecti ng bit

The opti cal dlSCc@ﬁbvecB@@u%eQOG%E%UCB&OQﬁgtf¥kéﬂhd'N*?éi: gghe
invention is not limted to the {2 construction suc at t e CD- ROM

drive 2 and hi ghredéa®illy tgptiisCaleqhiiseddri vieh nctiee £, 0rd1Bek Dyat hegLh £ for ent
har dwar es as shown in the exanple in Fig. 1. The disc control unit such as
rotation of 3he @B88cbytes is not added, so that the user data of 2,336
bytes can be recorded. Mode 2 is suitable for
recording data such as video data or audio data in
which errors can be interpolated.
Further, as a modification of the mode 2 of
10 the CD-ROM, form 1 and form 2 as shown in-Fig. 8 are
specifiea. A CD-I, a CD-ROM, an XA, a video CD, and
the like have data structures of form 1 and form 2. 1In
form 1 and form 2, in a manner similar to the CD-ROM, a
sync of 12 bytes and a header of 4 bytes are added and
15 mode information in the header is set to mode 2. After
the header, a sub-header of 8 bytes is added. The sub-
header is constructed by a file number, a channel
number, a sub-mode, and a data type each consisting of
2 bytes.
20 In form 1, further, the error detection code
of 4 bytes, a P parity of 172 bytes, and a Q parity of
104 bytes are added. A space in mode 1 of the CD-ROM
does not exist. A region of the user data is composed
of 2,048 bytes. 1In form 2, a reserve region (4 bytes)
25 ' is provided and the region of the user data is composed

of 2,324 bytes.

As mentioned above, as a sector size



5 optical pickup, thread nechani smof the optical pickup, servo system
etc. and the like can be shared and a drive as a hardware can be al so
comonl y.used. According to the enbodinent, the recording data fromthe
host corputer 1 is recorded onto the 10 ;. optical disc 3 via the interface
4. The data read out fromthe optical disc 3 is supplied to the host

comput er 1 thr ough L bl g age 4o Fierecording dafa ) s 4ep data whi ch

was conpressed, au was conpréssed, ta fdr mput er, or

the like. A 15 cql.dab ( t Q- optical : - nge
type disc) of th@sﬁgogﬁh?c%%ﬁgzgggegﬁgggbgggﬂtgﬁgd?gﬁgﬁ?9#%9§%§§&§§§|e of

the optical discsdctbhesioed dep@ndysle®n B Hahalli i D& RERiRG 1t At
only the recordable optical disc 3 but also a mastering 20 system of a

read only disc. Theadata stubucidee ahd Rieoptiieal. dige Fdoy daibgy
invention can be applied, in particular, a data unit for accessing
(recordi ng dr rephogectiectprwislilzesowriee cddderd . sdetreats. a sect or
structure of 25 CD-ROM data will now be explained. The CD-ROMis a disc
devel oped fromthe well-kndwe EDrsitnseledoDsize stehatdm thi glatky, of $hle code
of one byte, data _of 24
CD/CD-ROM and there are the following sector sizes.
2,352 bytes (= 24 bytes x 98)
2,340 bytes (remaining data excluding the sync of
10 the CD-ROM)

2,336 bytes (user data of mode 2)

2,324 bytes (user data of mode 2 and form 2)

The second sector size relates to the data

obtained by adding the sub-code to the data of the
15 CD/CD-ROM and there are the following seetor sizes.
2,450 bytes (all data including the sub-code or the
like, 98 x 25)
2,448 bytes (remaining data excluding two bytes of
the sync pattern)
20 2,364 bytes (in case of using only one channel of
the sub-code)

Another example of the sector structure will
now be described. According to the example, a data
sync and a header are added to the structure having the

25 _ sector size (2 kbytes) which is handled in case of the

exXternal memory apparatus of the computer, so that the

sector structure has a size of 2,072'bytes. That is,



13 bytes, and Cl and C2 parities each consisting of four bytes are arranged
in atransmssion frane (also referred to as an EFMfrane or Cl franme). On
the CD, .each byte is converted to a code word of 14 channel 5 bits by an
EFM nodul ati on and i s recorded through connection bits (three channel
bits). Further, a sync which denotes algynchronous signal of total 24

channel 1L 11 401 Saf Liovel 510! WeLval B oIAT (T dpaLse aapephod of @

channel bit) co nues and” t wo’ cthanhe Rat is

added 10 the hedgefied NeLd TAPRIL S 00 {4Q08 . cJhEnsURsEPIEL R GONDLDUG! od SO

that one unit is conposed J?y transm ssion franes as a perio Therefore,

in the CD, user wigtds Of= 15 kbytesRP4oPYSRS Xe@Bor 2nd53anbytesri getBekudad in
the 98 transm ssion franes. A sector constructing by using 98 transni ssion

frames as a uni tcdde CEDE edd ao @ seCEOF . inPESVURGL BhtheeSibbEOdeYi S
I ncl uded, the CD sector is conposed of
5 further added. Therefore, a length of one sector is
equal to 2,072 bytes. The sector shown in Fig. 9A is
referred to as a 2-byte sector.

Fig. 9B shows the details of the data of the
header. Namely, the header is constructed by: 2 bytes

10 of the error detection code (specifically speaking,
CRC) for the header; one byte of management information
CGMS for managing the permission or inhibition of the
copy; one byte of a layer which is used to discriminate
a single-layer disc or a multi-layer disc and which

15 indicates the number of layers included in the disc or
a number of a layer in which data has been recorded; 4
bytes of an address; and 8 bytes of the auxiliary data.
According to the embodiment, a sector ID signal for
identifying a sector structure is inserted into the

20 auxiliary data.

As mentioned above, various wvalues can exist
as data according to the CD format. Among them, there
is a value which can be integrated to a block (for
example, 16 kbytes) which is common to the foregoing 2-

25 kbyte sector. For example,'the value of 2,352 bytes is
one example among them. 1In case of CD-DA, the user

data of 2,352 bytes is included in 98 transmission



20 25 bytes x 98 = 2,450 bytes Since the sub-codes of the first and
second frames are sync patterns, when such two bytes are excluded, the CD
sector is conposed of 2,448 bytes. Further, the sub- codes exist in eight
channels P, Q R S, T, U, V, and 25 gV In t he case where only the
sub-code of one channel, for exanple, e Q channel anong those channels is

included in the s9GhQSs. (%s3§%otm1%n:)b”ié’ﬁgl%AQyt{,iSBn S%&tessééroseftuéeod s

sector size. As nentioned above, there are four sl zes of

2,352 bytes, 2, 4%dyyiRta AndtEhyesa %%8;(?45%3}%5(4&5 drd e d&y ngtp of the
CD. The data structure of the CD-ROMis specified 5 on the basis of the

transnissi on forimttes) thre GAdedamel ¥hel niskhe dARROMTHA RS Ayt 85 1@hdtat a
included in 98 franes of a period of the sub-code are set to an access
unit. Al though sugchome sectéss Ui equalalteo 2, S6d tatdn ansa dllekgedty wil |
be called a sector in 10 the follow ng description. Fig. 7 shows a data
structure of2 one S§eodnoffighe 10BsROive header is constructed by CRC (2

bytes), copy management information CGMS, a layer, an
address, and auxiliary data (4 bytes). The header in
Fig. 10B has the same information as that of the header
shown in Fig. 9B except that a length of auxiliary data

10 is set to be shorter. The sector according to the CD
format is referred to as a CD sector.

As mentioned above, a length of one sector of
the 2-kbyte sector is different from that of the CD
sector. 1In addition, although a ratio of the sizes of

15 those sectors doesn't have a relation of an integer
ratio, those sectors can be integrated to a block
structure of a predetermined size. According to the
embodiment, when it is assumed that two different
sector sizes are set to A and B, blocks are specified

20 so that the data of nA and mB (n and m are integers and
n # m‘and n > m) can be inserted into a data unit
(referred to as a block) of a predetermined size,
respectively. The data is recorded and reproduced
(namely, accessed) on a block unit basis. As a method

25 of defining n and m, n and m are selected so as to be
relatively prime. Particularly, when the sizes of A

and B are close, there are a method of considering so



In the CD-ROM nopde 0, node 1, and node 2 have been specified. In those

nodes,
header
i n-~whi

a sync (

15 (4 bytes) are conmonly added.

ch all of

t he node 1 and

the data other than thg,sync and header is equal to "O"

is used as dummy data. Fig. 7 shows the data structures of one sector of
nndg 2. The header is _CQnpo ed o addr i nformati
ARd ﬁDﬁ@nfﬁF ﬁaEVoW of "one bﬁ?ﬁi stﬁq those in the

of thr

ee bytes

sub-code of the
conposed of 2,0

added
That i
byt es),

code,

12 bytes) indicative of a delimter of the sectors and a

ﬁé:‘?%t%ﬁck?ﬁgkégf‘eiﬁEgé“ﬁia% Aaney o3 2“%@%@& byPes s

The node O relates to the data

and

on

to the us a,¢5 i r abilit
REtHBhas 2 spechgg?%g Ely raj 8 al ecor Ye G é)enq, Yy

S, an err

or detectioh co a space (corresponding to 8

a P parpkyméli2 Q¥k8Skn 8Bde of1§11@11Q1F¥irrigt ¥l @4 JB3K es)zaar e added
as auxiliary data. Mbde 1 is suitable for recording data such as character

conput er

10

15

dntame@hotihe fl skecifyhigCbya hi=gipi is used in case of
considering an amicability with the computer systeﬁ.
Further, m and n can be also selected to values which
are integer times (for exampie,‘in case of two times,
2m and 2n) as large as both of them.
In the above example, when only the user data

is considered, assuming that n = 8 and m = 7,

2,048 bytes x 8 = 16,384 bytes

2,336 bytes x 7

i

16,352 bytes
They are.enciosed in the block of 16 kbytes (16,384
bytes).

As shown in Figs. 9 and 10 mentioned above,

when a size in which a data sync and a header are added

. 1s considered as a sector size, since A' = 2,072 and B'

20

25

= 2,368, n = 8 and m = 7 are selected. The block size
is set to

2,072 x 8 = 2,368 x 7 = 16,576 bytes
The common same block size can be specified.

As shown in Fig. 11, as a data structure of
one block in this case, a 2-dimensional arrangement of
(148 x 112 = 16,576 bytes) is specified. By applying
an error correction code to the 2-dimensional |

arrangement, an error correcting ability can be raised.



reliability is required. In node 2, auxiliary data of 5 288 bytes is not
added, so that the user data of 2,336 bytes can be recorded. Mdde 2 is
suitabl e for recording data such as video data or audio data in which
errors tan be interpolated. Further, as, nodi fication of the node 2 of 10
the CO-ROM form1l and form2 as shown i'n Fig. 8 are specified. ACDI, a

CD-ROM an XA, ap¥i daoeblPorakdririetlibke bawe @atdr cuctCiddrs sefcHf ahatl and
form2. In form1l and form2, in a manner simlar to the CO-ROM a sync of

12 bytes and a heaadehcebifgbyifes #hiestgddedcandckrectimpdeddrf orgaEliliedn a n
the header is set to node 2. After the header, a sub-header of 8 bytes is
added. The sub- Réadedeis isopeirfocied Hypra 1f4id dyhedemn thechanralcaiunber, a
sub-node, and a data type each consisting of 2 bytes. 20 In
form1, further, difecéipor (¢eicheiciodumpode tdfe ebyy tformingP apéili top roft vl of
bytes, and a Q parity of 104 bytes are added. A space in node 1 of the

CD- ROM does hot &xPyitesa pagi ¢ encoldngs&f datsedNdt GRFeTeFBTreL I

bytes. In form 2, reserve region (4 bytes) 25 S providﬁg and t he
region of the us&P9at&3ldeCofpbLeFose)2 i pHRAYded for 112 bytes in

the lateral direction (each row), thereby adding a C2
parity of 14 bytes can be used. -
As an error correction code of every block,

10 in addition to the product code, a double encoding of a
convolution type, an LDC (Long Distance Code), or the
like similar to the case of a CD can be also used. A
simple encoding by an error detection code can be also
performed.

15 A case of integrating the sectors of two
different sizes to a block of the same size will now be
more specifically explained with reference to Figs. 12A
and 12B. Fig. 12A shows a process of the sector size
in case of 2,072 bytes shown in Figs. 9A and 9B. One

20 sector is divided every 148 bytes in the R/W direction,
thereby forming a 2-dimensional arrangement of (148 x
14 = 2,072 bytes). Therefore, eight sectors of such an
arrangement are included in one block and a data
structure such that one block is constructed by eight

25 sectors is formed.

Fig. 12B shows a process of the sector size

in case of 2,368 bytes shown in Figs. 10A and 10B. One



As mentioned above, as a sector size 16 according to the CD format, a
size of 2,352 bytes is used as a base and there are the follow ng kinds of
sector sizes depending on a handling of additional data (header, sub-code,
and- the' like). The sectors having 5 t hose sector sizes are called CD-
seCtors. The first sector size relates 2b data of the CD/CD-ROM and there

e e ol Low g sectol, oy Fgea 2 252 D158 52! BN eI i tiBBh s
2,990 Dyies LusctySousy oo MRy 2 2 080a UL a0k bR PE RO 3020 Torm
sub-code to the ggt@ P13688%d0es) C%%@E%’ké?dﬁw%es@ego&%eoffO'sth;W ol

sector sizes. 2,450 bytes (all data I uding the sub-code or the |ike, 98
X 25) 2,448 byt egrfic5Bhah N0 dat BneXGhedi DY bKR Bybex @hd a data

5 structure in which one block is constructed by seven
sectors is formed. Upon recording/reproducing, a
counter for counting 2,072 bytes or 2,368 bytes of the
data is provided and seven or eight sector syncs are
detected, thereby deciding a delimiter of the blocks.

10 The invention is not limited to such a method but a
block sync different from the sector sync can be also
added.

Referring again to Fig. 1, a
recording/reproducing circuit of the first embodiment

15 of the invention will now be described. The digital
data from the host computer 1 or Cb-ROM drive 2 1is
supplied to formatting circuits 5a and 5b through the
interface 4 such as an SCSI. The formatting circuits
5a and 5b divide the received digital data every

20 sector, add a sector sync and a header, and execute an
error detection encoding. Namely, the formatting
circuit 5a converts the received data into a sector
structure of a size of 2,072 bytes as shown in Figs. 9A
and 9B. The formatting circuit 5b converts the

25 received data into a sector structure of a size of

| 2,368 bytes as shown in Figs. 10A and 10B.

Output data of the formatting circuits 5a and



the sync pattern) 20 2,364 bytes (in case of using only one channel’
of the sub-code) Another exanple of the sector structure wll now be
described. According to the exanple, a data sync and a header are added to
t he: strwucture having the 25 sector size (2 kbytes) which is handled in
case of the external nenory apparatus of2Z he conputer, so that the sector

structure has a shzgrofs&10F2elYb§Sa dWREching citéud® shawa isp Ehged9A1
the data sync (4 bytes) and the header (16 by?es) are added to F e user

data of 2,048 bytesa(slackbyégseneingneisegier 7andrae ewfiechdabeetireni¢ode
EDC (4 bytes) for inproving the reliability is 5 further added.

Therefore, a | engthsotonheosketiobyis eomatolos2gAd2 Byt ehichhéssect or shown
in Fig. 9Ais referred to as a 2-byte sector. Fig. 9B shows the details of
the data of the tebpettedafivdy, thheiheadfaces4confheuswédichyng2chytredtl0
of the errog detgcg;nggggﬁeéSE§CL£L§2L£gn§gggéigg,the data received by
the interface 4. When the interface 4 receives
computer data which is outputted from the host computer
1 and should be recorded to the-disc 3, the switching
circuit 6 selects the output of the formatting circuit
10 5a. When the interface 4 receives the data from the
CD-ROM drive 2, the switching circuit 6 selects the
output of the formatting circuit 5b. When the
interface 4 receives data according to a CD format as
shown in Figs. 7 and 8 from the host computer 1, the
15 interface 4 identifies the sync signal and header which
are specified by the CD format, cohtrols the switching
circuit 6, and selects the output of the formatting
circuit 5b. Further, a control signal for selection is
supplied to the formatting circuits 5a and 5b as
20 necessary. The control signal is inserted as, for
example, a part of auxiliary data to the header of each
sector. Upon recording, the host computer 1 can also
directly control the selection of the format.
The block segmenting circuit 7 con§tructs the
25 block (16,576 bytes) comprising 7 or 8 sectors in

correspondence to the format of the inputted data and

performs an encoding of the error correction code of



CRC) for the header; one byte of nmanagenent information CGVS for nanagi ng
the perm ssion or inhibition of the copy; one byte of a [ayer which is used
to discrimnate a single-layer disc or a nulti-layer disc and which 15

i ndi cat'es the nunber of layers included_n the disc or a nunber of a |ayer

i n" which data has been recorded; 4 byt of an address; and 8 bytes of the

il ay SeLa, shecy Shbaio Ui el el o son Sy (o

identifying a sector structure 1's I nser I lTary data.

As mentioned abeyecuMadr iU AIPHAS LA £ StedSr Il PEEI$H Ny 1oL F A8 €D
format. Anong them there is a value which can be integrated to a bl ock

(for exanple, 16.kbyses)ilwhiteh d:5leaman Hexd hel fiseg0ing Rec@ding kbyt e
sector. For exanple, the value of 2,352 bytes is one exanple anong them
In case of CD Darodessisey datcauidf 8,38ty esprecessdsidacch ned8&rror
transm ssi on 18 frames. As shown in Fig. 10A, 2,352 bytes are used as
user data and t lemtsckiomenebdiyigs)digiddkbateduldlion, and the like.
Recording (writing) data is generated from the
recording processing circuit 8.
The recording data is-supplied to an optical
pickup 10 through a driving circuit 9 and is recorded
10 to the high-density optical disc 3. The data is
recorded by a magneto-optic recording or a phase
change. The optical disc 3 is rotated at a CLV
(constant linear velocity) or a CAV (constant angular
velocity) by a spindle motor 11. The minimum unit of
15 the data to be recordgd or reproduced by the optical
pickup 10 is set to one block mentioned above. The
recorded data is immediately reproduced by a read-
after-write function and the presence or absence of an
error of the reproduction data is judged. When there
20 is an error, the writing operation is retried. Even in
a reading mode, when the read-out data has an error,
the reading operation is again performed. 1In the case
where the correct data cannot be read even by
performing the reading operation a predetermined number
25 of times, this fact is informed to the user and the

reading operation is interrupted.

The reproduction data read out by the optical



bytes) are added to the user data. Therefore, a length in one sector is
equal to 2,368 bytes. As enlargedly 5 shown in Fig. 10B, the header

constructed by CRC (2 bytes), copy managenent information CGVS, a |ayer,

address, and auxiliary data (4 bytes). The header in Fig. 10B has the s

information as that of the header shown?#n Fig. 9B except that a length

auxiliary data 10 is set to be shorter. The sector acconﬁ to the
Hﬁgt

format is referFRW 40 & THFRRYIGEL R IR TSHRE abbovidiChl

sector of the 2-
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H o
kb diff f h
o DT SHT o B ol A SRS A1

| at f bl
Structure of aa&e%ﬁegfiﬁf%? A S S B I P e 1t

assuned that t
specified 20
[err] mandgn >

wos disfd &F 6¥“E§¥c {1265 &l §§tré§%éﬁ@E¥H£% POLkSs A&

So t (ﬁﬂ%e data o nA and nB (n"and mare integers and
d'ﬁ)réi?s.rt bes i nsgid eéjef\FB Cnad B e du{f S BréLeclfefisa @
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reproduced (nametontAslassedl)fadusity aodr v ta besaskimg $eifed hodh@5a
defining n and m n and mare selected so as to be

10

15

20

25

feeding operation (seek) of the optical pickup 10, a
control of a laser power upon recording, and the like.
As will be explained hereinlater, the reproduction
processing circuit 23 executes processes such as
digital demodulation, error correction, and the like.

A block desegmenting circuit 24 is connected
to the reproduction processing circuit 23. 1In the
block desegmenting circuit 24, the reproduction data is
desegmented every block as shown in Fig. 11 and the
error correction code of the block is decoded. The
block desegmenting circuit 24 executes a process
opposite to the process of the block segmenting circuit
7 on the recording side and outputs the data of a
sector structure. Deformatting circuits 25a and 25b
and a header detecting circuit 26 are connected to the
block desegmenting circuit 24. Although not shown, a
timing signal synchronized with the block sync detected
by the reproduction processing circuit 23 is supplied
to the block desegmenting circuit 24.

The deformatting circuit 25a executes a

process opposite to the process of the formatting
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"relatively prinme. Particularly, when the sizes of A and B are close, there
are a nethod of considering so 19 as to construct by m=n - 1 and a

met hod of constructing by n = 2[err] (j i's a natural nunber). A method of
specifying mand n so as to be relatively prinme is used in case of
n1n|n12|ng the bl ock size. 5 The netd®»d of specifying by n = 2[err] is
used in case of considering an amcability with the conputer system
Further, m and rFicawife 58 S5 Jddlee gt ndi nval siede whi Bive adef ¢ rmageingi nes
(for exanple in case of two tinmes, 2mand 2n) as large as both of them 10
In the above exé?%ﬁlcé“tvw%’r? @ﬁ‘l ”tth?é @sé?r%?%ts|%P1%%%?%Ie?%dth%sgﬁﬂ?ﬁ§sthat

n=8and m=17 16, 384 tes_2, 336 /.= 16, 352
bytes They are éﬂ%tg§%J£¥ qg(ﬁﬂ??ﬂlﬁ. byt%% 48, %%éoﬁ%attlﬁgtes) As
anmg Lgagggsarg:gg%gépzﬂ?”tHﬁﬂﬁgcQHPVG preg4g gs'Ps“@kEract gt?r ¥nc
5 the sector of 2 kbytes of the high density optical disc
3 shown in Figl 9A and an error detection is performed.
By the deformatting circuit 25b, user data of 2,336
bytes is extracted from the CD sector shown in Figs.
10A and 10B and an error detection is performed. The
10 header detecting circuit 26 detects the header added
every sectof and decides a format of the sector on the
basis of the information of the header. Although not
shown, the timing signal from the reproduction
processing circuit 23 is supplied to the deformatting
15 circuits 25a and 25b.

One of the user data extracted by the
deformatting circuits 25a and 25b is suppliéd to the
interface 4 selected by a switching circuit 27. The
switching circuit 27 is controlled by the header

20 information from the header detecting circuit 26 and
selects the output of the deformatting circuit 25a or
25b which executes the process corresponding to the
sector structure of the data which was actually
reproduced. The reproduction data selected by the

25 switching circuit 27 is supplied to the interface 4.

| As mentioned above, the data reproduced from the

optical disc 3 can be transmitted to the host computer



“is considered as a sector size, since Alerr] = 2,072 and B = 2,368, n = 8
and m= 7 are selected. The bl ock size 20 Is set to 2,072 x 8 = 2,368 x
7 = 16,576 bytes The conmon sane bl ock size can be specified. As shown in
Fig: 11, as a data structure of one block in this case, a 2-dinensional
arrangenment of 25 (148 x 112 = 16,576¢ytes) is specified. By applying
an error correction code to the 2-di nensional arrangenent, an error
correcting abilityteapuge Fapséaterfage As an error correction code, a
product code such that an encoding of a first error_caorrection code (called
a Cl code) is performed foPc32BdpheetOi RRehEivslt RERRPIAMEEE Pdn théach

coLumm), Lher eby, gLt nge 2 EaBa iXed! eBovs, s AL B MR 30050, 0L °
b oL EREEh, Ohe SRR FOMhe LHEGEDRETEY SRl O blaoby énlyt s
5 CD-ROM drive 2. 1In addition to it, the data comprising
the CD sector read out by the CD-ROM drive 2 or the
data comprising the sector of 2 kbytes can be récorded
(written) to the high density optical disc 3. The hosf
computer 1 can fetch the data reproduced from the
10 optical disc 3 or the data of the CD-ROM.

As mentidned above, the data from the host
computer 1 and the data read out from the CD-ROM can be
recorded or reproduced to/from the same optical disc 3.
However, the invention can be also applied to a hybrid

15 disc such that a data region of the same optical disc
is divided into two regions and one of them is
allocated to a region (RAM region) for data for the
.high density optical disc and the other is allocated to
a region (ROM region) for data of the CD-ROM. In this

20 case as well, there is an advantage such that the data
recorded into two regions has the same block structure
and the recording and reproducing processes can be
simplified.

An example of the recording processing

25 circuit 8 in Fig. 1 will now be described with

| reference to Fig. 2. The data from the block

segmenting circuit 7 is written into a semiconductor



10 In addition to the product code, a double encoding of a convolution
type, an LDC (Long Di stance Code), or the like simlar to the case of a CD
can be al so used. A sinple encoding by an error detection code can be al so
perforned. 15 A case of integrating the sectors of two
different sizes to a block of the sanme s?%Ze will now be nore specifically

explained with rﬁéﬁgg %%ﬁbF%gZ by%g;agﬁc%gglon glt%2€2§ 8m8§ gcess of

the sector size in own i n FIgs

sector is divi deﬂa?)!@{/yqéﬁgfg’%'iﬁg £l @ftRigV?ghgest in?ﬂo;]—_kh% wo&@r ng a

2-di mensi onal arrangenent fes erefore,

sectors of such apcapyangengpt grevisehussd anpgeﬁtgle@ktﬁede%r@§ta
structure such that one block is constructed by eight sectors is

formed. Fig. 12Bcohpustfofreceessoththe segbOblsi z8dkNotagechvd1888obyt es
shown in Figs. 10A and 10B. One 21 sector is divided every 148 bytes in
the RRWdiréctiohype, which will be explained hereinlater, is formed.
The data added with the parity is supplied to a digital
modulating circuit 18.
The digital modulating circuit 18 maps, for
example, a data symbol of one byte (8 bits) to a code
10 word of 16 bits in accordance with a predetermined
table, thereby generating a modulatioﬁ output with a
little DC component. An EFM in a CD, an 8-15
modulation for converting the data symbol of 8 bits
into a code word of 15 bits, or the like can be also
15 obviously used as a digital modulation. An output of
the digital modulating circuit 18 is supplied to a sync
adding circuit 19. A block sync is added to the head
of each block. An output of the sync adding circuit 19
is supplied to the driving circuit 9 in Fig. 1 and is
20 recorded to the optical disc 3 by the optical pickup
10. A unique bit pattern such that it doesn't appear
in the modulated data is used as a block sync. The
sector structure can be identified by using the bit
pattern.
25 Fig. 3 shows an example of the reproduction
| processing circuit 23. The reproduction data from the

detector 21 is supplied to a sync separating circuit 31



thereby form ng a 2-di nensional arrangenent of (148 x 16 = 2,368 bytes).
Therefore, seven sectors of such an arrangenent are included in one bl ock

and a data 5

sectors is formed. Upon recording/reproducing,

S

tructure in which one block is constructed by seven

bytes or 2,368 bytes of the data is prov?ﬂed and seven or eight sector

detected,, theteby deci di delimter of the blocks, 10 _ Th
“nvention i's not PPt BAOC6 SYER 4°nEPRBBABEE-a BRSER SUnESH FPEFBt HFom

: . . a
I nvention IS not PI

the sector sync caBaber@us8188edynEel ETLLRGIAYR! Ro! @ Flitkinly fnerating

recordi ng/ repr oduc

ng circuit of rrs ment

nvention will newbe;deschibede aThendhgl balndat e LOmILRS BRst seomut er

or CD-ROM dri ve
interface 4 such
recei ved digital

and execute san eprdigdetectienbdansedhggcibaaihy 32t e tonimridtedy to el t 5a

2
s

I's supplie ormattrng Circuits 5a and

gﬁca@o%‘%bd Thenf erBBEEpREdGICESBIt S22 AR olhediatiede t he
ata every 20 sector, add a sector sync and a header,

b through the

a counter for counting 2,072

1

converts the received data into a sector structure of a size of 2,072 bytes
as shown in FigssydA aega®Brifbheciocmitt Bhg ciTheuidatbb imomhdrcdhs cnlee

10

15

20

25

S

ymbol was returned to one byte is generated from the

demodulating circuit 32 by the proéess opposite to that

of the digital modulating circuit 16.

Output data of the digital demodulating

circuit 32 is written into a semiconductor memory (RAM)

3

3. An error correcting encoder 34 and a memory

controlling circuit 35 are connected to the memory 33.

An error correction of the reproduction data is

performed by the error correcting encoder 34. The

error corrected data is read out from the memory 33 and

i

i

s supplied to the block desegmenting circuit 24 shown
n Fig. 1.

In the case where the sector of 2 kbytes and

the CD sector mentioned above have a sector size of

2

,072 bytes and a sector size of 2,368 bytes,

respectively, eight or seven sectors are included in

the (112 x 148) blocks. However, in case of the CD

S

ector which includes a Q channel of a sub-code as user

data and in which a sector size is set to (2,352 + 12 =

2

a

» 364 bytes), the data cannot be just inserted into the

bove block. According to the invention, therefore,



25 received data into a sector structure of a size of 2,368 bytes as
shown in Figs. 10A and 10B. Qutput data of the formatting circuits 5a and
22 5b are selected by a switching circuit 6 and supplied to a bl ock
segnenting circuit 7. The switching circuit 6 is controlled by a control
si‘gnal Sc which is outputted fromthe i2oerface 4. The switching circuit 5
6 is swtched in correspondence to the data received by the interface 4.
When the interfase blpskeilvesrstprcdeddta sdiiath G saatos éhd rfom t he
host conputer 1 and should be recorded to the disc 3, the switching circuit

6 selects the otlpgk drades fodr il ¥i@sci rcuit 10 5a. \Wen the

I nterface 4 receives the data fron1th CD-ROM drive 2, the sw In
circuit 6 selects the out PROeIHY t (PR g’rlr?eﬁ]i i Yy QRI?R:Qﬁetd 5%6 éﬁre%é:{] T
interface 4 rec gigves t rdi,ng t for [ and
8 fromthe host gorrpd‘[%grsa;fa%yﬁ:e €35 n do ac”én PTder?t h:l‘ci'l\llg;sé é:@foclz

signal and headey; which qre spegifd eqa&y g;hoef cp )Ik%ﬁ@st %r‘g{gjétﬁf'@ of

swi t chi ng
28 bytes of the block header comprises a block sync (8

bytes), a block address (4 bytes), and auxiliary data

AUX (16 bytes). The block header is added so as to be

located at the head of the data of each block in the
10 recording/reproducing direction.

An example of the error correction code which
is used in the recording processing circuit 8 and
reproduction processing circuit 23 will now be
described. Fig. 4 is a block diagram showing a process

15 for encoding the error correction code which is
executed by the memory 15, parity generating circuit
16, and memory controlling circuit 17 of the recording
processing circuit 8. The error correction code is
similar to a cross-interleaved Reed Solomon code

20 (example of the double encoding of the convolution
type) which is used in the CD.

An input symbol of 148 bytes is supplied td a
Cl encoder 41. An output (148 bytes of a data symbol
.and 8 bytes of a Cl parity P) of the Cl encoder 41 is

25 supplied to a C2 encoder 43 through a group of delay
| circuits 42 for interleaving. The C2 encoder 43 forms

a C2 parity Q of 14 bytes by the encoding of the [170,



circuit 6, and selects the output of the formatting circuit 5b. Further, a
control signal for selection is supplied to the formatting circuits 5a and
5b as 20 necessary. The control signal is inserted as, for exanple, a
part of* auxiliary data to the header of ch sector. Upon recording, the

host conputer 1 can also directly control the selection of the format. The

bl ock segmenting 1gig/, Cyisl) Ree@NSLIBRELY RS 1n BHRCK1( Tocede HYES)
conprising 7 or 8 sectors in correspondence to the format of the |nputted

data and per f or ngiakeeme@diong yoft hieh@la®ar ®utC AIsRCtdhen cxodandfty @ 33 every
bl ock. The data fromthe bl ock segnenting circuit 7 is supplied to a

recordi ng processnugded,cuine 82 Aanditlyl (hd sexfadaibaed Ifefom rdhat €2 the
recordi ng processing circuit 8 executes processes such as error 5
correction encodﬁ@god@mgﬂﬁawonﬁa@l@ﬂl@mpqﬂﬁrt&kaﬂhﬂqugh%axgnmuu;qEW|t|ng)
data is generated fromthe recording processing circuit 8 The recording
data i s supptieddedaan cdpgiduddls 42a. Therefore, the Cl encoder 41

performs the encoding of [170, 162, 9] Reed Solomon
code.

170 bytes (comprising the data of 148 bytes,
Cl parity of 8 bytes, and C2 parity of 14 bytes) from

10 the C1 encoder.4l are extracted as an output symbol
through an arrangement changing circuit 44 including
delay circuits. The output symbol is supplied to the
digital modulating circuit 18. An interleave length
(also called a restriction length of the interleave or

15 a depth of the interleave) of the double encoding of
the convolution type is equal to 170 frames ("frame"
here denotes a length of Cl code sequence and is equal
to a length of two frames of the foregoing transmission
frame) in correspondence to the maximum delay amount

20 due to the delay circuits.

Processes of a decoder corresponding to the
encoder shown in Fig. 4 will how be described with
reference to Fig. 5. The input symbol (170 bytes) from
the digital demodulating circuit 32 is supplied to a Cl

25 decoder 52 through an arrangement changing circuit 51.

| The arrangement changing circuit 51 executes a process

opposite to that of the arrangement éhanging circuit 44



pi ckup 10 through a driving circuit 9 and is recorded 10 to the-

hi gh-density optical disc 3. The data is recorded by a magneto-optic
recording or a phase change. The optical disc 3 is rotated at a CLV
(constant linear velocity) or a CAV (constant angul ar velocity) by a
spindle notor 11. The mnimumunit of B the data to be recorded or
reproduced by the optical pickup 10 is set to one bl ock nentioned above.
The recorded datef ithed mredhddrel y Treprad ubecbdyr a52 el fafmnera wieétedfoact i on
and the presence or absence of an error of the reproduction data is judged.
Wien there 20 ofi sllalP.erk®t, YhReawd tSopropereeden is retried. Even in a
readi ng node, when the read-out data has an error, the reading operation is
again perforned. In the cdﬁb‘%ﬁkﬁ%ﬁtQﬁaQhﬁr@%ﬂd%@@®ﬁ€a§%o%sb@uPEgHe@vEﬁ by

perform ng the readi ng operation a predeterm ned nunber 25, of tiLnes,
this fact is i nf%r%d%ﬁfpcf% %%e?h‘éﬁbg}% e FEAWR ngt opetayi ohr FelFft é?rupt ed.

The reprodugtl(ﬂ&ﬁguébr ég% é% é%/5£¥¥é)£écgjdeco§fhg of [170, 156, 15]

Reed Solomon code. Further, a decoding output of the
C2 decoder 54 is supplied to a Cl decoder 56 through a
group of delay circuits 55 for deinterleaving. As
mentioned above, by the processes of the Cl decoding,

10 C2 decoding, and Cl decoding, an error corrected output
symbol of 148 bytes is extracted.

Another example of the foregoing
recording/reproducing circuit will now be described
with reference to Fig. 13. The circuits having the

15 same functions as those of the circuits shown in Fig. 1
are designated by the same reference numerals and their
descriptions are omitted.

The output -data of the formatting circuits 5a
and 5b is selected by the switching circuit 6 and

20 supplied to the block segmenting circuit 7. The
switching circuit 6 is controlled by an ID signal which
is outputted from an interface 54. The switching
circuit 6 is switched in correspondence to the data
received by the interface 54. When the inte;face 54

25 receives the user data of 2,048 bytes from the host

' computer 1, the switching circuit 6 selects the output

of the formatting circuit 5a by an ID signal. When the



pi ckup 10 is supplied to a detector 21 including an RF anplifier, a PLL
circuit, and the like for extracting a clock. An output of the detector 21
is suppl.ied to a servo control circuit 22 and a reproduction processing 5
circuit’ 23. The servo control circuit 22 executes a control of a focusing
servo, a tracking servo, and a feeding operation (seek) of the optical

pi ckup 10, a control of a |l aser power on recording, and the like. As w |
be expl ai ned her éphRaLBFEE Pﬂerﬁéﬂﬁﬁﬁﬁctﬁéndfﬁa acsPEEdas g dihec G oF3
execut es process§§ ﬁ§ch as digital denodul ation, error correction, and the
like. A block . deSBgREN: fRgmats nPR Shej §ossnreRPYFero 1t RE [CBHROM Ariiys

Ln, the bl 24,
epr oduct i on dat &1 §es RCCHERBEE: 85 SEIARy) "BOG THe Sl Thivelg anfy ana
the error Co”ecb'ez%e%o% qf ¢ EhESREQEEO'PS f%%%‘%e%f e fbﬂno%‘ﬁ S"i%”e’%

circuit 24 execu process Opposi pr ocess o the

segnenting qucubkaéggg t@ggreqogglggaﬁad %%q g%%g%%% gh% of a 20

sector structure formatti ng circul ts a an b an detecti ng
circuit 26 are ceﬂee@bgdatmotqfiﬁgbltﬁ@ksd@%%rﬁ@t IG Rl tto24yel/é|ctth%h§zh not

shown, a timng signal synchronized with the bl ock sync detected

output of the formatting circuit 5b. Further, as will
be explained hereinlater, the ID signal is supplied to
a recording processing circuit 58, so that a sync

10 signal (a sector sync, an additional sync S1, a Cl sync.
S2, a sector sync S3 or $S4, and a block sync S5) to
identify the received data is generated.

One of. the user data extracted by the

deformatting circuits 25a and 25b is selected by the

15 switching circuit 27 and supplied to the interface 54.
The switching circuit 27 is controlled by an ID signal
from a reproduction processing circuit 53 and selects
an output of the deformatting circuit 25a or 25b which
executes the process corresponding to the sector

20 structure of the data which was actually reproduced.
The ID signal is formed by judging the pattern of the
sector sync. The reproduction data selected by the
switching circuit 27 is supplied to the interface 54.
As mentioned above, the data reproduced from the

25 optical disc 3 can be transmitted to the host computer
1 through the interface 54.

An example of the recordiné processing



by the reproduction processing circuit 23 is supplied 25 to the bl ock
desegnenting circuit 24. The deformatting circuit 25a executes a process
opposite-to the process of the formatting 25 circuit 5a on the recording
side. The deformatting circuit 25b executes a process opposite to the
process of the formatting circuit 5b. By 33e deformatting circuit 25a, user
data of 2,048 bytes is extracted from5 the sector of 2 kbytes of the

hi gh density optcéatudicsé683ishdug.i i3Fivd.l19A@nbanieydrdbatetueatt on i s
performed. By the deformatting circuit 25b, user data of 2,336 bytes is
extracted from t Kefepeseet bp Shownlidn Ffge de0A dnubrl 0B eard.cark error
detection is perforned. The 10 = header detecting circuit 26 detects the
header added evePf§I8EBtaPJaRdrgEditddsis waritdternfintiee ass@mircantiudi®wbasi s
of the information of tpgéggaggr. Al t hough not, shown, the timng signal
fromthe reprodulff8hYp sPrg cilPca@stos3 §id aduppi e d o meme e fOnet ti ng

15 circuh;s 2§%r§@9 %ggérating circuit 66 and a memory controlling
circuit 67 are provided and a parity of an error
correction code such as a double code of a convolution
type, which will be explained hereinlater, is
generated. The data added with the parity is supplied

10 to a digital modulating circuit 68.

As will be explained in detail hereinbelow,
the digital modulating circuit 68 maps a data symbol
of, for example, one byte (eight bits) to a code word
of 16 bits in accordance with a predetermined table,

15 thereby generating a modulation output with a little DC
component. An EFM in the CD, an 8-15 modulation for
converting the data symbol of 8 bits into the code word
of 15 bits, or the like can be also obviously used as a
digital modulation. An output of the digital

20 modulating circuit 68 is supplied to a sync adding
circuit 69. |

The additional sync S1, Cl sync S2, sector
sync S3 or S4, and block sync S5 generated by a sync
pattern generating circuit 70 are suppliéd to the sync

25 . adding circuit 69. An ID signal and a timing signal
such as a clock or the like (not shown) are supplied to

the sync pattern generating circuit 70. One of the



One of the user data extracted by the deformatting circuits 25a and 25b is
supplied to the interface 4 selected by a swwtching circuit 27. The
switching circuit 27 is controlled by the header 20 i nformati on fromthe
header detecting circuit 26 and sel ects 44he output of the deformatting
circuit 25a or 25b which executes the process corresponding to the sector

structure of thedatg, whighovas aghuallysr epidyseds Thencenkadusli opedat a

sel ected by the 3 ing Circuit 27 1S su pI| e I nt ace 4.

As mentioned aboys, s&Eﬁa@ataTh@p5869E§QnB&0§theSthtqa%yﬂb3%23 Gapthe
transmtted to the hoSt conputer hr dugh fhe intérface 4. Accordi ng

to the first enmbggheent et th¢ hHMeBlb@R Q nﬁEBBIQ@%da@@@Hebythﬁeh@§hc
conputer 1 can fetch the data conprising t CD sector read out by the 5

CD-ROM drive 2. abdaiaddttirenitosent, Aheodapatcaﬁpth&iBgnthedeﬁngector read
out by the CD-ROM drive 2 or the data conprising the sector of 2 kbytes can
be recorded5 circuit 69 is supplied to the driving circuit 9 in Fig.
13 and is recorded to the optical disc 3 by the optical
pickup 10. As will be explained hereinlater, as those
syncs, a unique bit pattern such that it doesn't appear
in the modulated data is used.
10 According to an embodiment of the invention,
the sector structure is identified by the sector syncs
S3 and S4 of different bit patterns. Namely, as sector
sizes including the data sync and header, a sector of 2
kbytes having a size of 2,072 bytes (Figs. %A and 12A)
15 for a high density disc and a CD sector having a size
of 2,368 bytes (Figs. 10B and 12B) for the CD-ROM are
specified. To identify the two sector sizes, the sync
adding circuit 69 adds the sector sync 83 to the sector
of 2 kbytes for the high density disc and adds the
20 sector sync S4 to the CD sector for the CD-ROM.

Fig. 15 shows an example of thé reproduction
processing ciréuit 53. The reproduction data from the
detector 21 is supplied to a sync separating circuit
71. Sync detection signals S1', S$2', S3' or S4', and

25 - S3' corresponding to the additional sync S1, Cl sync
S2, sector sync S3 or S4, and block sync S5 are

generated from the sync separating circuit 71,



(witten) to the high density optical disc 3. The host conputer 1 can
fetch the data reproduced fromthe 10 optical disc 3 or the data of the
CD-ROM As nentioned above, the data fromthe host conputer 1 and the data
read out fromthe CD-ROM can be recorded g reproduced to/fromthe same
optical disc 3. However, the invention can be also applied to a hybrid 15
di sc such that aréapadtdgiedy.of Hittictae rd i adwrli Sthdse dwHal etk i e toi dmo
regions and one of themis allocated to a region (RAMregion) for data for
the hi gh density sigmiadal adies suapd itelte tat feert dinsireg |gereeed itrgy & iregiicdn {rROM
region) for data of the CO-ROM In this 20 case as well, there is an
advant age such t vatriows ddtminecdaded S mush v reagttons geast adhe sl bl ock
structure and the recordi ng and reproduci ng processes can be sinplified. An

exampl e of the r @&&Fi@Pdhg Pbddssildigosynchgenized ¢ith Bk meRFIIUHoPHe

described with reference to Fig.. 2. The data fromthe bl ock segnenting
circuit 7 i mmif%&ﬁi4ﬁ93§¥3ﬁ§%Q%$MUctor

The sync detection signal S3' or S4'
corresponding to the sector sync is supplied to an Ib
signal generating circuit 76. The ID signal generating
circuit 76 generates an ID signal in correspondence to

10 the detected sector sync (S3 or S4). As mentioned
above, the switching circuit 27 in Fig. 13 is
controlled by the ID signal and one of the output
signals of the deformatting circuits 25a and 25b is
selected.

15 A digital demodulating circuit 72 is
connected to the sync separating circuit 71. By the
process opposite to that of the digital modulating
circuit 68, the data in which the-code word was
returned to the data symbol is generated from the

20 demodulating circuit 72. Output data from the digital
demodulating circuit 72 is written into a semiconductor
memory (RAM) 73. An error correcting circuit 74 and a
memory controlling circuit 75 are connected to the
memory 73. The reproduction data is error corrected by

25 the error correcting circuit 74. The data which had
been read out from the memory 73 and was error

corrected is supplied to the block désegmenting circuit



27 menory (RAM 15. In association with the nenory 15, a parity generating
circuit 16 and a nenory controlling circuit 17 are provided and a parity of
the error correction code such as a double code of a convolution 5 type,
whi ch wi'lll be explained hereinlater, is formed. The data added with the
parity is supplied to a digital nodulatinggcircuit 18. The digital

nmodul ating circuit, 18 maps, for exanple, a data synbol of one byte (8 bits)
to a code 10 ?CFQRWHI?QME%91rﬂ%mcordance with a predeternined table,

t hereby generating a nodul out put tle DC conponent An EFM
ina CD an 8-15 nodul atlo?\’h?eo r&ﬂfﬁ‘é} aﬁb‘i qill%c%fi’t%g ole 3 hits into a
code word of 15 bj t €. | i ke .ca be al obV|ousI used as a
digital m)dula.tloérf;lsr ég%ﬁj d¢ of e |%%ﬁdrﬁﬂhﬁQﬁl?l ?ﬁQ%&ﬁt 18 is

o e gl g o B T o
e ot S B el B T A SO Rt 0
t he nodul at ed datigaves a@.eéh&g,s pedl s ®ied W using Figs. 4 and 5.

The recording data which is outputted from-
the recording processing circuit 58 will now be
described with reference to Figs. 16A, 16B and 16C.

10 As a data structure of one block in this
case, as shown in Fig. 17, a 2-dimensional arrangement
of (148 x 112 = 16,576 bytes) is specified and by
applying the error correction code to the 2-dimensional
arrangement, an error correcting ability can be raised.

15 As an error correction code, an encoding of a first
erroxr correction code (referred to as a Cl code) is
executed for 162 bytes in the vertical direction (each
column) and a Cl parity of 8 bytes is formed. An
encoding of a second error correction code (referred to

20 as a C2 code) is executed for 156 bytes in the oblique'
direction and a double encoding of the convolution type
;uch that a C2 parity of 14 bytes is added is used.

Fig. 16A shows recording data for the high
density disc. As shown in Fig. 12A, one sector (2,072

25 _ bytes) is divided every 148 data. The memory
controlling circuit 67 confrols the memory 65 and

parity generating circuit 66 so as to execute the



sector structure can be identified by using the bit pattern. 25

Fig. 3 shows an exanple of the reproduction processing circuit 23. The
reproduction data fromthe detector 21 is supplied to a sync separating
circuit' 31 28 and a bl ock sync is separated. Although not shown, the
separated bl ock sync is supplied to a tidfng generating circuit, so that a
timng signal of a ggock gerLod sgncHronized wi th the reﬁroduc iontdata IS .
generated. 5 AoYPyFt SPCRERBIUPAL FRE CPRVQLLtEPn LYPSNAE U (e sync
separating circuit ;3 The tasin ich,one s | was .return t,0 one
byte is generateangréﬁ$tRgrgg¥nguP£??n ygﬁﬁbﬁ?¥p3%mb€afﬁgyb 8§S§Aopposite
to that of the djgital d 1,Ng &l.Lcui 6. 10 : : t put,cdat a
of the digital dgggggl3??néhg%?éui?hgg%ﬂgﬁ%ﬂtééﬂfqﬂﬂﬂ)ﬁg g& 'c&ﬁguggéﬁ

mermory (RAM 33. ;AReLr 9f o§OlLeG! sHALBASO%8 e b alh A TRy he@r@ﬁfy @d.i ng

circuit 35 are connected to the nenory 33. An error correction of the

reproductiomn dat @hkeSdata symbols are equally divided into 85 data
symbols. The 85 data symbols are inputted to the
digital modulating circuit 68 and converted into (85 x
16 = 1,360) channel bits by a digital modulation (8-16
modulation).

10 In the sync adding circuit 69, the sector
sync S3 of 32 channel bits or Cl sync S2 from the sync
pattern generating circuit 70 is added to the "former
half modulated data symbols. Thus, data of one
transmission frame of (1,360 + 32 = 1,392 channel bits)

15 is constructed. The additional sync S1 of 32 channel
bits is added to the latter half modulated data
symbols. One transmission frame is similarly
constructed. As shown in Fig. 24A, (14 x 2 = 28)
transmission frames construct the recording data of one

20 sector for the high density diéc. In place of the Cl
sync S2, the sector sync SB is added to the head
transmission frame of the 28 transmission frames.

Fig. 16B shows the recording data of one
sector for the CD-ROM. The recording data of one

25 sector is constructed by (16 x 2 = 32) transmission
frames of the same format as that of the recording data

for the high density disc mentioned ébove. In the sync



15 performed by the error correcting encoder 34. The error corrected
data is read out fromthe nenory 33 and is supplied to the bl ock
desegnenting circuit 24 shown in Fig. 1. In the case where the sector of 2
kbyt'es and 20 the CD sector nentioned gpove have a sector size of 2,072
bytes and a sector size of 2,368 bytes, respectively, eight or seven

sectors are incl udedihg EhecdidZey, 149)p Phockse HRURYETsyha spsecl the CD

sector which includes a Q channel of a 'sub-code as user ata and in

which a sector sigectsrs§indosd 2539 thd 2s ¢nd68abYELS)gehdLatlthg EaRRQIL be
just inserted into the above bl ock. According to the invention, therefore,

29 one bl ock is comsisusdesd byo Sevem&dd SEedNEsiaddor break. header of 28
byt es. Nanely, one block is conposed of (2,364 x 7 + 28 = 16,576 bytes) and
can be united to the sane bFbgk b6C slsowe asethathod foe sédimg Clhe?2
kbytes. A structure of 28 bytes of the bl ock header conprises a block sync
(8 5 block sync S5. As mentioned above, one block is
constructed by eight sectors for the high density disc
or seven sectors for the CD-ROM. Therefore, with
respect to the head transmission frame of the head
sector in one block, the sync adding circuit 69 adds
10 the block sync S5 in place of the sector sync S3 or S4.
The sync adding circuit 69 adds the sector sync S3 or
S4 with regard to the head transmission frame of the
other sector; The block sync S5 can be also added
independent of the sector sync. Further, it is not
15 always necessary to add the block sync S5. The block
desegmenting circuit 24 can also detect a delimiter of
the blocks by counting the number of sector syncs S3 or
s4. |
According to the above embodiment, further,
20 since the syncs S1 and S2 have been prepared as syncs
for the transmission frame, the sector structure can be
also discriminated by using them in the reproduction
processing circuit 53. Namely, as shown in Fig. 18A,
in the recording data for the high density Qisc, only
25 the additional sync S1 is used as a sync for the

transmission frame. On the other hand, in the

recording data for the CD-ROM, as shown in Fig. 18B,



bytes), a block address (4 bytes), and auxiliary data AUX (16 bytes). The
bl ock header is added so as to be |ocated at the head of the data of each
bl ock in the 10 recordi ng/ reproduci ng direction. An exanple of the error
correction code which is used in the recording processing circuit 8 and
reproduction processing circuit 23 will r3ew be described. Fig. 4 is a bl ock
di agram showi ng a process 15 for encoding the error correction code

whi ch is execut eenby Chesyeo$y 15, a¢dedtyogenchatragsoissipn f8amgnd
menory controlling circuit 17 of the recording processing circuit 8. The
error correcti onB¥odelng &hhe | methedaq %h@s%ngPérFéavbé %ééGIS@Paﬁﬁﬁdcode

20 (exanpl e of the doubl e encoding of the convolution type) which is
used in the CD. ARPTnbRe BIhbeID off 1482 pyead anguﬁﬁlF@Hhtggé%éTléﬁ&BBer

{L an output (A8BR eser Saget g auI0g (3008 BYLE5 85, RucliearnD) o
oS Eyrcaths MetrabnRg' SR At d0g, R ERILiphe' B 8168 P ©
18B and 18C, as a sector sync, it is not always
necessary to use both of the sector syncs S3 and S4.
For example, the sector sync S4 :‘in Fig. 18B can be
substituted by the sector sync S3.

10 Fig. 19 shows a specific bit pattern of the
sync which is generated by the sync pattern generating
circuit 70. The bit pattern of the sync in case of
using an (8-16) modulation, which will be explained
hereinlater, is shown as a digital modulating system.

15 Statuses 1, 2, 3, and 4, which will be explained
hereinlater, relate to the (8-16) modulating system! A
bit pattern of the sync in the statuses 1 and 2 and a
bit patfern of the sync in the statuseé 3 and 4 are
specified, respectively. The case where the most

20 significant bit (MSB)} is equal to "O0" relates to the
statuses 1 and 2. The case where the MSB is equal to
"l" relates to the statuses 3 and 4. The bits are
sequentially inserted into the transmission frame from
the MSB.

25 - The bit patterns of the additional sync S1,
Cl sync S2, sector sync S3 or S4, and block sync S5 are

different as shown in Fig. 19. Those bit patterns



30 156, 15] Reed Sol onpbn code. In the Cl1 encoder 41, since not only the
data but also the C2 parity Qis Cl encoded, the C2 parity Qis fed back
fromthe C2 encoder 43 to the Cl encoder 41 through a group of 5 del ay
circuits 42a. Therefore, the Cl encoder 4% perforns the encoding of [170,
162, 9] Reed Sol onon code. 170 bytes (conprising the data of 148 bytes, Cl
parity of 8 bytesjorand &g qrariiry tife bdwtes)d fsemdice idhen&h enigoder 41
are extracted as an out put synbol through an arrangenent changing circuit
44 includi ng del @atd raymkicls Hre odduita tsydbolMdise sspxpti idcd bl ¢ he digit al
nmodul ating circuit 18. An interleave length (also called a restriction

| ength of the intSt9aeng oylsinclugdideptthefratizeims ekt edvieyh ofwe he doubl e
encodi ng of the convolution type is %gﬁg! to 170 franes ("frane" here

denotes a | engt h OF S QU Hetfierce % Ehudit call et thofcharndl ames
arount 20 S due Tk TR o Tl B QU S e ol Gata 15 @
corresponding to 48 word. Those bit patterns have been stored in the
sync pattern generating circuit 70 and can be also
outputted to the sync adding circuit 69 in accordance
with the ID signal which is inputted and the timing
10 signal (not shown).

The (8-16) modulation that is executed by the
digital modulating circuit 68 shown in Fig. 22 will now
be described hereinbelow. According to the modulating
method, each of the data symbols of 8 bits which are

15 inputted is converted into the code word of 16 channel
bits, respectively. The code word is directly
connected to the next code word, namely, it is coupled
without intervening a coupling (or margin) bit in the
EFM. A part of a conversion table for converting the

20 data symbol to the code word has been doubled. In the
double portion, a set of corresponding codes has a
construction such that change amounts of digital sum
variations are opposite with respect to the positive
and negative signs and the absolute values are set to

25 close values. |

The digital modulating circuit 68 has such a

conversion table.



encoder shown in Fig. 4 will now be described with reference to Fig. 5. The
I nput synbol (170 bytes) fromthe digital denodulating circuit 32 is
supplied. to a C1 25 decoder 52 through an arrangenent changing circuit
51. ' The arrangenent changing circuit 51 executes a process opposite to that
of the arrangement changing circuit 44 4B1 of the encoder. The Cl1 decoder

52 perforns a decodi ng of 70, ,162, 9] Reed Sol qnon .cqde. An t_.of the
Cl decoder 52 is supplied %%ga &% 3888 ef 55 %R g&gﬁfasafguﬁ Sggkgﬁéf%n

circuits 53. 5 coffig C2adecodgh 34 BOGL 0L alecadiag Ghl 12816156, 15]

Reed Sol onon code. Further, a decodi ng”output 0 eco 54 is

supplied to a Cl-dppedses5t bﬁh@ﬂgﬁtg BEOUR SN Gl eG! FOMIrY S k3ROl £
dei nterl eaving. As nentioned above, by the processes of the Cl decoding, 10

C2 decodi ng, andugltdeaddieBgT13NTEL ' @3, CANEGLGRUEREh IR0t apflel4Bishyt es
IS extracted. Another exanple of the foregoing recording/reproducing
circuit willIs nowabeodeder ppetion. Namely, now assuming that a table of
one set of codg words for all of the data symbols in
one unit table is set to Ta, a part of Ta is doubled to
thereby form a table Tb. In the specific example of
Fig. 20, 88 portions of values 0 to 87 of the data
10 symbols are doubled. In the following description, the
table Ta is called a front table and the table Tb is
called a back table.
In the specific example of Fig. 20, a
conversion table is constructed by four kinds of tables
15 (front tables) Tla, T2a, T3a, and T4a of the 256 code
words corresponding to the data symbols 0 to 255 of 8
bits and tables (back tables) Tlb, T2b, T3b, and T4b in
which the portions of the data symbols 0 to 87 of the
tables Tla, T2a, T3a, and T4a were respectively
20 doubled. In the example, with respect to the code
words of the doubled portions in the conversion table,
namely, the portions of the data symbols 0 to 87 of
the tables Tla, T2a, T3a, and T4a and the code words of
the tables Tlb, T2b, T3b, and T4b, the set qf
25 corresponding code words has a construction such that
change amounts of digital sum variations are opposite

with regard to the positive and negative signs and



wi th reference to Fig. 13. The circuits having the 15 same functions as
those of the circuits shown in Fig. 1 are designated by the sane reference
nuneral s, and their descriptions are omtted. The output-data of the
fornatting circuits 5a and 5b is selected by the switching circuit 6 and 20
supplied to the block segmenting circuit 82 The switching circuit 6 is
controlled by an ID signal which is outputted froman interface 54. The
swi t chi ng ci r cui ebgoilatswnivied e BWEC@EKegpondeﬁ@evﬁduﬁhe data received by

the interface 54. When the interface 54 25 receives the user data of
2,048 bytes fromthe host é®msibedimenthe s F@Iﬂuﬁg‘ténﬂcmetth@dséllséﬂgs t he
output of the formatting circuit 5a by an |D signal. Wen_ the

interface 54 recéPfe§ @rﬁépﬁ-éééﬁﬁdpﬁg ﬂﬁ'tﬁ@ @Bl&rnéﬂ-ﬁﬁqu§9ﬁ%bq4(nn
Lo oSt COMPUL b ot e8GR M drlors e B Re SLIofr hl ep e
exanpl e, FiQS 7 %On%l%Q%ng%%%er%iT Q%le? %TQQ%E’EFM such that the
nunber of "0" between "1" and "1" is equal to 2 or more
and is equal to or less than 10. In the EFM, althouéh
there is one kind of table for converting the data
symbols into the code words, in the (8-16) modulating
10 system, a few kinds of tables for converting the data
symbols into the code words are provided. 1In the
example of Fig. 20, four kinds of unit tables T1, T2,
T3, and T4 are used. " "Status values" which are used to
classify the kinds of unit tables will now be
15 described.

The status value has a role as anlindex to
decide which conversion table should be used when
converting the data symbols into the code words. The -
number of status values, therefore, is equal to the

20 number of unit tables of the conversion table. Namely,
in the example, four status values ("1" to "4") exist
in correspondence to the four kinds of unit tables T1,
T2, T3, and T4, respectively.

The status value changes each timg one data

25 symbol is converted into the code word. When the code
word is finished as "1" or "10", the status value is

changed to "1". When the code word is finished as



thereby allowing the switching circuit 6 to select the output of the
formatting circuit 5b. Further, as will be explained hereinlater, the ID
signal is supplied to a recording processing circuit 58, so that a sync 10
sighal (a sector sync, an additional synd&3Sl, a Cl sync S2, a sector sync
S3 or S4, and a block sync S5) to identify the received data is generated.
One of the user @erbiryevacted 6y the dembematihiotgisi equipts t258rad@rasy | s

sel ected by the 15 switching circuit 27 _and supplied to the interface-
54. The switchi ngP@R rgudrd27Si €8kt EBI PEJIBFSatheD Sirghle Frehus value

reproduction processing cirgcuit..p3 angsgelects an. output of the

def or mat ti ng cir%ﬁi?hQ%%QQrEQszthEh éxecu%b?nt @epF85§s¥OEQrH§Sponding to
t he sector 20 structyre of the data inCh actual |y reprqoduced. .The
D st gnal i s for hRarEiellae rghERRCRhE, ePn” " e BLREF (iR Yhetar
reproducti o data. sele y L{chi.ng .¢J I.GUi i URRli.-ed t e
interface 5?. Aseﬁeﬁ%ig%ggegbgégﬁ ?ﬁ%hgaﬁg Féukgdé%ééﬁf}%ﬁ?tﬁga %' i
optical disc 3 capabgstyanadi tkednhhAgbRe tBostgrconputer 1 through the

interface 54. An exanple of the recordi ng processing
The table for converting the data symbols
into the code words has the following features.
Since the unit table Tl which is used when
10 the status value is equal to "1" satisfies the
condition (3T ~ 11T rule) such that the number of "O"
between "1" and "1" is equal to or larger than 2 and is
equal to or less than 10, the unit table T1 is
constructed by only the code words which start from at’
15 least two "0". This is because the code word modulated
before the status value is changed to "1" is finished
as "1" or "1i0".
The unit table T2 or T3 which is used when
the status value is equal to "2" or "3" is constructed
20 by only the code words which start from 0 to 5
continuous "0" because of a similar reason. However,
the unit table T2 which is used when the status value
is equal to "2" is constructed by the codes in which
both of the first and 13th bits are equal to "O0" in the
25 case where the MSB is set to the first bit.' The unit

table which is used when the status value is equal to

"3" is constructed by the codes such that either one or



33 circuit 58 in Fig. 13 will now be described with reference to Fig. 14.
The data fromthe block segnenting circuit 7 is witten into a

sem conductor nmenmory (RAM 65. In association with the nenory 65, a 5
pari'ty generating circuit 66 and a nennry4§gntrolling circuit 67 are

provi ded and a parity of an error correcti code such as a doubl e code of
a convol ution typesh vinf chhev firde axpl b3nedohbseaneaeenali sogehdrat®ee The
data added with the parity is supplied 10 to a digital nodul ating
circuit 68. As Wit peakel®| Bt ndei¢h Hetasedhehennbleofbathe Brbveals

modul ating circuit 68 maps a data synbol of, for exanple, qne byte (eight
bits) to a code B of° 124 f)li{% ?‘?P%‘&-‘&‘b?ﬁ%ﬂc}éyv@?hyagg?eﬂ‘é %r‘f’ﬁ’%éﬁ t abl e,

15 t her eby generatin nmodyl ation, output with a little DC conponent. An
EFMin the CD, é%‘%gﬁ %D%ﬂwgti n $or @ nverting the data synmbol of 8 bits

70, L e rn o, 15 A R LIS K EoR P kBRI AN Yo acors =
supplied to a syfg adtfAdrent status values exist. For example, the
code word which starts from three continuous "O" and in
which the first and 13th bits are equal to "0" or the
like can be also used when the status value is equal to
10 "1" and when the status wvalue is equal to "2". Such
codes need to construct the table so that the values of
the data symbols are certainly equal in consideration
of the case of decoding.
The code word of the type such that the
15 status value is subsequently changed to "2" or "3" can
be allocated to two exactly different kinds of values
of the data symbols. In such a case, the decoding
cannot be unconditionally performed from only such
codes. However, one of the status values that are
20 changed is certainly set to "2" and the other is set to
"3", so that the codes can be correctly decoded. This
method will be described hereinlater.
For the codes of all of the unit tables,
further, in the case where the data symbols were
25 converted into the codes, another table indicating to
| which one of "1" to "4" the next status value is

changed is provided. When the code word -is finished as



circuit 69. The additional sync S1, Cl,sync S2, sector sync S3 or $4, and
bl ock sync S5 generated by a sync pattern generating circuit 70 are
supplied to the sync 25 adding circuit 69. An ID signal and a timng
signal such as a clock or the like (not shown) are supplied to the sync
pattern generating circuit 70. One of thgg 34 sector syncs S3 and $4 is
sel ectively generated by the ID signal. The additional sync S1, Cl sync S2,
sector sync S3 oroB4inandsblo¢kofymnbeShuabe radted Hy th@madyno addilzgger
circuit 69. An output of the sync adding 5 circuit 69 is supplied to the
driving circuit @han Bi gndl3sarduasd tecorddestso thaa opt WwhalthdirsdE@ by t he
optical pickup 10. As will be explained hereinlater, as those syncs, a

uni que bit patteffasyéhvehie iis gubseareapgearchanasse teodd"atced "dHta is
used. 10 Accordin% to an enbodi nent of the invention,_ the
sector structureCP8PPiehfi frsddsy fhemseadyr Wt deadPren @ IsANGF RS er ent

bit patterns NaE%L%Ve%f %pgg%erring to such a table, the next status

value can be unconditionally determined. It is assumed
that after the sync pattern, the status value is
certainly set to "1". 1In the example of Fig. 20, the
next status value is shown by S and tables composed of

10 the status values S in the changing direction are
respectively formed.

The digital modulating circuit 68 converts
the data symbols of 8 bits into the code words by using
those tables. The present status value is stored in

15 the internal memory, the table to be referred to is
obtained from the status, and the signal of 8 bits is
converted into the code word by such a table, thereby
performing the modulation. At the same time, the next
status value is derived from the table and stored so

20 that the table to be referred to when the next
conversion is executed can be obtained.

A control of the DSV (digital sum variation
or digital sum value) will now be explained. How many
kinds of code words which can satisfy a limitation (3T

25 ~ 11T rule) of a run length and can be used without a

' problem exist is considered every status value

mentioned above. 1In this instance, in order to inhibit



sizes including the data sync and header, a sector of 2 kbytes having a
size of 2,072 bytes (Figs. 9A and 12A) 15 for a high density disc and a
CD sector having a size of 2,368 bytes (Figs. 10B and 12B) for the CD ROM
are-specified. To identify the two sector sizes, the sync adding circuit 69
adds the sector sync S3 to the sector of kbytes for the high density disc
and adds the 20 sector sync $4 to the sector for the CO-ROM Fig. 15
shows an exanpl e wfe tdweurepnedUeti @heplSRERS HWiIg tinadlitem i tinee pattern
reproduction data fromthe detector 21 is supplied to a sync separating
circuit 71. Sync ddetldt ison tiegmainge PHLte32,, SFodyr vW®Yd snch 2Hhat 1851
corresponding to the additional sync Sl1, ClL sync S2, sector sync S3 or $4,
and bl ock sync S5 &r @xgeparanaed aow tfhiaesyiit’ sepmranyanpged rangd tfimished 35
respectively. Although not shown, those sync detection sjgnals are supplied
to a timng generdtiSy SUAsEHEeMnd WariSodd &4 e ch gh A sl raced: seldtio

period, bl ch perilso%ec%rﬁdset Qv elnI kae cso)érécf‘]qroq:n ZSeL'(leI'\lM %Ipat:f hfeiv[eep'r(?'cmCt 'on

continuously start after such a code is connected, the
two-times repetitive pattern of 11T occurs. In the |
case where the status value is changed to "2" or "3"
after completion of the conversion into the code word,
10 since the code can be used by two kinds of methods,
those two kinds of codes are counted to two-times.

By calculating them, there are 344 kinds of
code words which can be used when the status value is
equal to "1", there are 345 kinds of code words which

15 can be used when the status value is equal to "2",
there are 344 kinds of code words which can be used
when the status value is equal to "3", and there are
411 kinds of code words which can be used when the
status value is equal to "4". Since the data symbol to

20 be inputted consists of 8 bits, it is sufficient that.
there are 256 kinds of codes. With respect to each
status value, at least 88 kinds of codes remain.
Therefore, the 88 residual codes are used for
controlling the DSV. Namely, by using the residual

25 codes, a table of an entry number 88, namely, what is
called a back table is separately provided. In this

example, with respect to the data symbols "0" to "87",



5 data are generated. The sync detection signal S3' or S4' corresponding
to the sector sync is supplied to an I D signal generating circuit 76. The

| D signal generating circuit 76 generates an ID signal in correspondence to
10 - the detected sector sync (S3 or $4),. As nmentioned above, the
switching circuit 27 in Fig. 13 is contr ot ed by the ID signal and one of

the output signasewfatdecsiedoru@tdd gy Chs Lyt Sudhaa apgdcRSbab e sel ected. 15
A digital denodulating circuit 72 is connected to the sync separating
circuit 71. By the processlmopposiDEVteconbadlobyshemdi gntardendub anosy
circuit 68, the data in which the-code word was returned to the data symbol
is generated fromiiplaucly ekeodut athagD8VreantrgR, couspoectane from the
digital denodulating circuit 72 is witten into a sem conductor nenory
(RAM 73. An eRoMeqkeet?hothe rément 7andnbagkntadl §s conreroeriag circuit
75 are conn cted to the nmenory 73, The reproduction data is error corrected
by 25 er rig! W?ecﬁ%g‘“‘%’??%‘lﬁ%d 78bOVeEneadgpPde WHPER WAHCReBARrBEd out

from the pﬁgvglyr o P95 88 £5 - OB ol § %L 2 r2YBRLT 81051 D1 BLYCK
exists. As for those codes, since it is necessary té
construct the table so that the-values of the data
symbols are certainly equal, when considering its
10 limitation, a method of constructing the table is
actually fairly complicated. Since it is an objéct to
show the constructing method of the table to
efficiently control the DSV, each status value is
independently considered for simplicity and an
15 explanation will be made on the assumption that the
code words which can be used in each status value can
be freely allocated to the values of the data symbols.
Fig. 21 is a flowchart for explaining the
constructing method of the conversion table as
20 mentioned above, more specifically, a constructing
method about an arbitrary one of the four kinds of unit
tables of the conversion table. 1In Fig. 21, in step
S101, all patterns of the code words are obtained. In
step S102, the bit patterns or codes which satisfy the
25 condition of the limitation (3T ~ 11T rule) of the run
length are selected. 1In step S103, they are classified

to the codes according to the condition of every status



36 24 shown in Fig. 13. The encodi ng and decodi ng of the error correction
code which is used in the recording processing circuit 58 and reproduction
processing 5 circuit 53 are realized by the circuit bl ocks which have
al ready’ been described by using Figs. 4 and 5. The recording data which is
out putted fromthe recording processing48ircuit 58 will now be descri bed

with reference tQ%]FlilgsmeIJr %AﬁglnégBaWe 16G, mentio%?%_a?ﬁveéAgl?%rgagge

structure of one ock I'n i S case, as shown I'n I Mensi ona

arrangenent of (348 ¥r142) =k 18aS75r bY3&S)wbSdsPRRLEL €8aANGe bYs@RPLYLPG the
error correction code to the 2-di nmensional arrangenent, an error correcting

ability can be ratseds d2lue.ASF@R &fdMPlEPr tREEE0Ar€0884 RIn@BCHL Bgaef a
first error correction code (referred to as a Cl code) is executed for 162

bytes in the vervords wWhiektcan Heacked obluem) thadstaBlspanity D 8gbytes is
formed. An encoding of a second error correction code (referred to
5 to "1v. '

In step S104, a change amount of the DSV in
the case where the level (= CWLL) just before is the
low level is calculated with respect to all of the
codes of each of the status values. When considering

10 that a length of code is equal to 16 bits and there is
the limitation (3T ~ 11T rule) of the run length, the
change amount of the DSV per one code is equal to -10
at minimum and +10 at maximum. In the case where the
status value is equal to, for example, "1", the change

15 amount is equal to -10 at minimum and +6 at maximum.

In step S105, for example, what is called a
sorting for sequentially arranging the 344 kinds of
code words in the case where the status value is equal
to "1" in accordance with the order from the change

20 amount of the DSV which is large in the positive
direction to the change amount which is large in the
negative direction is executed.

In step S106, 88 code words are sequentially
selected in accordance with the order from the change

25 amount of the DSV which is large in the positive

| direction and are sequentially allocated to the data

symbols "0" to "87" in the front table Tla shown in



20 as a C2 code) is executed for 156 bytes in the oblique direction and
a doubl e encoding of the convolution type such that a C parity of 14 bytes
is added is used. Fig. 16A shows recording data for the high density disc.
As shown in Fig. 12A, one sector (2,072 25 bytes) is divided every 148
data. The menory controlling circuit 674%ontrols the nenory 65 and parity

eneratin circu t 66,50, as,_to execute the oubl e _.encodi ng of
gonvolutign type {% s%ihl%aEgeaﬁﬁs?Hﬁhﬁﬁ?lE?ePngggsbyﬁégeaﬁa F%@a a |ty Q

of 14 Dytes are agded. 1 Thef el of fuc 83.800MahY Fhg: shpckitoss 22ds 170

data synbols are Torne e menor a synbol s ‘are equal ly

di vided into 85 gatas syrol SoadheoB5 %t@hgxmhé bSO IR 18910 e ne

di gi tal nodul ating CIrCUIt 68 and converted Into x 16 = 1, 360) channel
bits by a d'g'ta&hﬁ@@é'é&é@ﬁt(@f1@h€D§9VaibomhrgéQ is allocated tol Rnhkhe

sync adding circuit 69, the sector sync S3 of 32 channel bits or Cl sync S2
fromthe syBc smaller value of the data symbol. The 88 code words
are sequentially selected from the change amount of the
DSV that is large in the négative direction and, for
example, are allocated to "0" to "87" of the data
symbols in the back table Tlb in Fig. 22. 1In this
10 instance, among the selected 88 code words, the code
word in which the absolute value of the change amount
of the DSV is lérger is allocated to the smaller value
of the data symbol. Finally, the 168 code words are
sequentially selected from the code word in which the
15 absolute value of the change amount of the DSV is small
and, for example, are allocated to "88" to "255" of the.
data symbols in the front table Tla in Fig. 22.
Actually, when the status value is equal to
"1", as shown in Fig. 22, since there are 344 kinds of
20 code words which can be used, all of the codes which
can be used at this stage are selected. Figs. 23, 24,
and 25 show examples of the allocation of the data
symbols in the unit tables of the conversion table
which are used when the status values are equal to "2",
25 "3", and "4", respectively.
| With respect fo Figs. 22 to 25, when the

above sorting is performed, the order of the code words



pattern generating circuit 70 is added to the forner half nodul ated data
synbol s. Thus, data of one transm ssion frame of (1,360 + 32 = 1, 392
channel bits) 15 is constructed. The additional sync S1 of 32 channel
bits is added to the latter half nodul ated data synbols. One transm ssion
frame is simlarly constructed. As shownggn Fig. 24A (14 x 2 = 28)
transm ssion frames construct the recording data of one 20 sector for

the high density idi sthicH nthd atamfe the Gt SYOE S Bde SEStQfuSYNCs S3 i S
added to the head transm ssion frane of the 28 transm ssion franmes. Fig.
16B shows the recwdd i fifetreerdf foreen scttorid orhd hex &ip ROV £ Tisy r ex®r di ng
data of one 25 sector is constructed by (16 x 2 = 32) transm ssion
frames of the samernftgrangd @baveat efent Hef rapricinbe dies aused, tthers ghill
density disc nentioned above. In the sync 38 adding circuit 69, in place
of the Cl sync SPe the RE&RISMsync S4 fromthe sync pattern generating

circuit 70 i§ added to the head transm ssion frane.
By constructing the front table Ta and back

table Tb by the constructing principles as mentioned
above, in the case where the data symbols have the |
values within a range from "0" to "87", either one of
the two code words in which the'absolute values of the

10 change amounts of the DSV are relatively large and the
signs are opposite can be selected, so that the DSV
control can be efficiently performed. 1In the case
where the data symbols have the values within a range
from "88" to "255", the code words are unconditionally

15 determined and the DSV control cannot be performed.
However, since only the code words in which the
absolute values of the change amounts of the DSV are
relatively small are selected as those code words, the
absolute value of the accumulated DSV can be always

20 held small.

The back table Tb of the entry number 88
which was defined here has substantially the same
feature as the front table Ta of the entry number 256
except that the entry number is small. The DSV control

25 is performed by using the back table Tb together with
the front table Ta. Assuming that the data symbols lie

within a range from "0" to "87", when the data symbols



Fig. 16C shows one nethod for adding the 5 bl ock sync S5. As nentioned
above, one block is constructed by eight sectors for the high density disc
or seven sectors for the CO-ROM Therefore, with respect to the head
transm ssion frane of the head sector i ne bl ock, the sync adding circuit
69 adds 10 the bl ock sync S5 in place of the sector sync S3 or S4. The
sync addi ng circaré 69naddsetihensectpe syae S3ras, Séhichhohegaird the t he

head transm ssion frame of the other sector. The bl ock sync S5 can be al so
added i ndependenfrofitt hebsecTer asginthe Foatkektabile b net used caal Ways
necessary to add the block sync S5. The block desegnenting circuit 24 can
al so detect a deprapestyobethetbflockinbyhisurrianglehe thewedorel, $&ctior
syncs S3 or $4. According to_the above enbodinent, further, 20 since the
syncs S1 and S2 fa§e Béehlpr BpYr eanhsosyhBs ther coRFentirddils &fdn fhene, the
sector structure can be al so_discrim nated bi using themin the
repr oduct i oR pro€§§§WHgaEP?cB§Y 58, 2RHANPy CAASULROFR PRIFIEGE 18A, in the
recordi ng data fOE thg hkgg gﬁgsity gisc onh% 2% t he %gditigp%}s§ync Sl
is used as a syneCFBPULRESEr BRYniBsFBR FREfe "DEA S hBSoFREVSRSAS™: "R t he
performed by using the front table Ta and the
accumulated DSV in the case where the conversion was
performed by using the back table Tb are respectively
10 obtained, and the conversion is executed while
selecting the accumulated DSV whose absolute value is
closer to zero.
An algorithm of a signal modulating system
using the conversion table with such a construction
15 will now be described with reference to Fig. 26. 1In
step S1, when the data symbol is inputted, the present
status value is obtained in step S2. After that, in
step S3, a check is made to see if the value of the
data symbol of 8 bits is equal to or less than 87 or
20 not.
If YES in step S3, namely, when it is Jjudged
that the value of the data symbol is equal to or less
than 87, step S4 follows. The code word corresponding
to the data symbol is obtained with reference to the
25 front table Ta according to the present status value

and an accumulated DSV value xa is calculated. 1In step

S5, the code word corresponding to the data symbol is



recording data for the CO-ROM as shown in Fig. 18B, 39 only Cl sync S2
IS added to each transm ssion frane. By using this nethod, the sector can
be discrimnated fromthe pattern of the head sync of each transm ssion
frame. Fig. 26C shows a construction of the recording 5 data of the

whol e block. In the exanple of Figs. 184y, 18B and 18C, as a sector sync,
it Is not always necessary to use both of %he sector syncs S3 and S4. For

exanpl e, the sectoitaSiyHRel $A Hh fHfereh?R aan thee Vst iddabrd 1y ddeosecir

sync S3. 10 Fig. 19 shows a specific bit pattern of the sync
whi ch i s generat dob hhe Ipresemt Eatatersn vganer atridi@rci aatinu Vdted esWbi t
pattern of the sync in case of using an (8-16) nodul ati on, which will be

expl ai ned her ei nlvaétlale #bs isheowd adladedi.gi tlal strful i gheyse et ids of
Statuses 1, 2, 3, and 4, which will be explained hereinlater, relate to the

(8-16) nodul ati nghy RGN tAdes qfatther phso e SAdueh hetke at uses 1 and 2

and a bit pagtern of t@g S¥Pc I.n the statuses 3 and 4 are
accumulated DSV values xa and xb, namely, whether |xa|

< |xb| or not is judged.
If NO in step S3, namely, when it is judged

that the value of the data symbol is larger than 87,
step S7 follows. The code word corresponding to the

10 data symbol is obtained with'referénce to the front
table Ta according to the present status value and step
S10 follows. 1If YES in step S6, namely, when |xa| <
|xb| is judged, the code word is obtained with
reference to the front table Ta,aﬁd step S10 follows.

15 If NO in step S6, namely, when it is judged that the
absolute value of the accumulated DSV value xb of the
code of the back table Tb is smaller, the code word is
obtained with reference to the back table Tb and step
S10 follows.

20 In step S10, after the calculation and
updating of the accumulated DSV were performed, in step
S11, a table for the next status values, namely, a
table in which the next status values in Fig. 20 are
combined is referred to and the status values are

25 . updated. In step S12, the obtained code word is
outputted.

The (8-16) modulation is pérformed as



specified, respectively. The case where the nost 20 significant bit
(MsSB) is equal to "0" relates to the statuses 1 and 2. The case where the
MSB is equal to "1" relates to the statuses 3 and 4. The bits are
sequentially inserted into the transm ssion frane fromthe MSB. 25

The bit patterns of the additional sync , Cl sync S2, sector sync S3 or

4, d bl ock | ff 19. ' Th b

20 don t appear TEPTHAEE a%%?eée?%a%mnﬂntim. eKELAB2hiPA, ShRBol s are
dul ated. Mre spegifi h

Pﬁoulﬁvgr5|onr?ntervé§s ofi%lﬁngfi@9¥eg F%ngk kggéhgnﬂggugeEggB: ghre

continue, it wildabGdndesstagshibatedne dabachs fody G 08 dy Lyjlleg%sech can

patterns have been stored in e sync pattern genera

be al so out put t egs toF he(SYNS) afelnga €l b8Yi br68hin 12k ordance with the ID
si gnal mhlch I's inputted and the timng 10 signal (not shown).

The value of 16 kbytes of the size of block
as a set of a plurality of sectors mentioned above is
shown as an example. It will be obviously understood
that another block size such as .32 kbytes or the like
can be also used in consideration of the application or

10 the like. 1In the invention, there is no need to unite
the different sector size to the block of the same size
but the invention can be also applied to a case
corresponding to a plurality of kinds of block sizes.
Further, the invention is not limited to a disk-shaped

15 recording medium but. can be also applied to a case
where a semiconductor memory of a large capacity is
used as a data recording medium.

The second embodiment of a data structure in
a block will now be described. According to the second

20 embodiment of the invention, different from the above
first embodiment, in the formatting circuit 5a, 22
bytes of a sync, a header, an error detection code EDC,
and the like are added to user data of 2,048 bytes of
one sector. Therefore, a length of one sector is set

25 | to 2,070 bytes. 1In the formatting circuit 5b, on the
other hand, 34 bytes of a sync, a header, an error

detection code EDC, and the like are added to the user



The (8-16) nodul ation that is executed by the digital nodul ating circuit 68
shown in Fig. 22 will now be described herei nbel ow. According to the

nodul ati ng nmet hod, each of the data synmbols of 8 bits which are 15

i nputted is converted into the code word of 16 channel bits, respectively.
The code word is directly connected to t next code word, nanely, it is
coupl ed without ‘i ntervening a coupling ( margin) bit in the EFM A part
of a conversion @%k@e0f0318%%v@yt¢mg(dm@a2Dncludama 8y nbptes cof he saode word
‘has been doubled. . In the double portion, a set of correspondi ng codes has
a construction stREE tHat tRAFYeCarfRTR bfOHi @R afecter vaF i 46 britearef

opposite with respect, to the positive and neggtive signs,and the absol ute

val ues are set td %%Ftorc?%@%’Vﬁ“ﬂ@%.eﬁhea%i FQF AobefatPRgCede iR, 68 has
Conversi on ¢ abl ENATRRHS R (IOET Thelientarh  GRLEabf o2r F4B bytes
5 (remaining data excluding the sync pattern of 2 bytes
in the sub-code) of one sector. Thus, a length of one
sector is equal to 2,484 bytes.
As mentioned above, when a size to which the
sync and header were added is considered as a sector
10 size, since A' = 2,070 and B' = 2,484, n = 12 and m =
10 are selected and the block sizes are as follows.

2,070 x 12 = 24,840 bytes
2,484 x 10

24,840 bytes
The common same block size (24 kbytes) can be

"15 specified. A part in the channels of P to W of the
sub-code, for example, only the Q channel can be also
included in the sector. In this case, the sector size
is set to (2,352 bytes + 12 bytes = 2,364 bytes).

As a data structure of one block in this

20 case, as shown in Fig. 27, a 2-dimensional arrangemenf
of (207 x 120 = 24,840 bytes) is specified. As an
error correction code, a product code such that an
encoding of a first error correction code (called a C1l
code) is executed for 207 bytes in the lateral

25 | direction (each row), thereby generating a Cl parity of
8 bytes, and aq encoding of a second error correction

code (called a C2 code) is performed for 120 bytes in



conprises a plurality of (for exanple, four) kinds of unit tables T1, T2,
T3, and T4 and each unit table has 5 a doubl e portion. Nanely, now
assuming that a table of one set of code words for all of the data synbols

in.'one unit table is set to Ta, a part of55Ta is doubled to thereby forma
table Tb. In the specific exanple of Fig.”720, 88 portions of values 0 to 87

of the data 10 thewdalicar elidaidd 8sh (ddch h€of ahhpyi fBe deBor bpliag, at he
table Ta is called a front table and the table Tb is called a back table.
In the specific @G amdigwfofFilgl Besa canviee sisadt abl e is constructed by
four kinds of tables 15 (front tables) Tla, T2a, T3a, and T4a of the 256
code words correspondi ng th adre daf asitod sthet segEsrafo§ biwbs and tabl es
(back tables) Tib, T2b, T3b, and T4b in which the portions of the data
synbol s 0 to 87 bfffigrentartiszesTite thpy bIzek afdtiraasageesiaspeidiivepy 20
doubled. In the exanple, with res&gct to the code words of the doubled
portions in’the SiBPT e L hafgscrthedptthoretarepre 83t Eig§mbol s
O to 87 of the t Ie%jgﬁg, }%%5 T3a, an g4a and. t he code,words offthe
tabl es Tib, T2b,* T3H dntr T4b, TS e2iObtB8 SeCLBF 84pGndPn§2E6d8 wor ds
has a ConStrUCt'éUbfﬁnﬁyéggushown in Fig. 28A will now be described.

In the block segmenting circuit -7, one sector is

divided every 207 bytes in the R/W direction, thereby

10 forming a 2-dimensional arrangement of (207 x 10 =
2,070 bytes). Therefore, 12 sectors having such an
arrangement are included in one block shown in Fig. 27
and a data structure in which one block consists of 12
sectors is formed.

15 The process of the sector size in case of
2,484 bytes shown in Fig. 28B will now be described.

The block segmenting circuit 7 divides one sector every
207 bytes in the R/W direction, thereby forming a 2-
dimensional arrangement of (207 x 12 = 2,484 bytes).

20 Therefore, 10 sectors having such an arrangement are
included in one block shown in Fig. 27 and a data
structure in which one block consists of 10 sectors is
formed.

The third embodiment of the block data

25 structure of the invention will now be described.

According to the third embodiment of the invention, 24

bytes of a sync, a header, an error detection code EDC,



change.anmobunts of digital sumvariations are opposite with regard to the
positive and negative signs and 42 absol ute values are set to cl ose

val ues. An enbodi nent of a nodul ati ng nmethod using the conversion table of
Fig: 20'wi Il now be descri bed hereinbel ow. The (8-16) nodul ation al so
satisfies the 5 condition (3T ~ 11T rgke) of the EFM such that the
nunber of "0" between "1" and "1" is equ to 2 or nore and is equal to or
| ess than 10. | nahle theMl idet Reghddeer &d snaiddndiada tebl &, 48 bytes
converting the data synbols into the code words, in the (8-16) nodul ating
10 system a bdwokiendectiort &y ehel dorematveirig ngi tdei daba. syhietesfand,o
the code words are provided. In the exanple of Fig. 20, four kinds of unit
tables T1, T2, T3 lamdth ofr engsekctost dtuseatalies?, Wi dvkee. uskd the
classify the kinds of unit tables will now be 15 descri bed. The status
val ue has a rol e faymant tiimge c itrsuddciSe W dhegriviesikandabl @ YRS PhHe

used when .
5 sector sync, a header, an error detection code EDC, and

the like are added to the user data of 2,352 bytes of
one sector. Thus, a length of one sector is set to -
2,368 bytes.
As mentioned above, when a size to which the
10 sector sync and header were added is considered as a
sector size, since A' = 2,072 and B' = 2,368, n = 16

and m = 14 are selected and the block sizes are as

follows.
2,072 x 16 = 33,152 bytes
15 2,368 x 14 = 33,152 bytes

The common same block size (32 kbytes) can be
specified.
As a data structure of one block in this
case, as shown in Fig. 29, a 2-dimensional arrangement.
20 of (148 x 224 = 33,152 bytes) is specified. As an
error correction code, a product code such that an
encoding of the first error correction code (called a
Cl code) is executed to 148 bytes in the longitudinal
direction (eéch column), thereby forming the Cl parity
25 of 8 bytes, and an encoding of the second error
| correction code (called a C2 code) is performed in the

oblique direction (45° direction for the direction of



converting the data synbols into the code words. The nunber of status

val ues, therefore, is equal to the 20 nunber of unit tables of the
conversi.on table. Nanely, in the exanple, four status values ("1" to "4")
exist in correspondence to the four kinds of unit tables T1, T2, T3, and
T4, respectively. The status val ue changgg each tine one data 25 synbol
I's converted into the code word. When the code word is finished as "1" or

"10", the statusthalale dcsdehongashd®) ,' heVbiep sbeicgdenwocd paritpi sbed as

43 continuous "0" of the nunmber that is equal to or larger than 2 and is

equal to or |essl4Haytds c¢dre Is¢ atsesdval ue i s changed to "2" or "3". Wen

the code word is finished as continuous "0" of the nunber that is equal 5

to or larger than 6 and | P eepee b writrg thansectere afafve value is

~ changed to "4". The table for converting the data synmbols into the code
words has the fdliblgiRpt eattpesto Sihedtpekupft thabpamg1shRecHild DS¥d

when .
5 be more specifically described with reference to Figs.

29 and 30. The process of the sector size in case of
2,072 bytées shown in Fig. 30A will now be described..
In the block segmenting circuit -7, one sector is
divided every 148 bytes in the R/W direction, thereby

10 forming a 2-dimensional arrangement of (148 x 14 =
2,072 bytes). Therefore, 16 sectors with such an
arrangement are included in one block shown in Fig. 29
and a data structure in which one block consists of 16
sectors is formed.

15 The process of the sector size in case of
2,368 bytes shown in Fig. 30B will now be described.
The block segmenting circuit 7 divides one sector every
148 bytes in the R/W direction, thereby forming a 2-
dimensional arrangement of (148 x 16 = 2,368‘bytes).

20 Therefore, 14 sectors with such an arrangement are
included in one block shown in Fig. 29, thereby forming
a data structure in which one block consists of 14
sectors.

Further, the fourth embodiment of_the block

25 . data structure of the invention will now be described.

According to the fourth embodiment of the invention, 24

bytes of a sector sync, a header, an error detection



10 the status value is equal to "1" satisfies the condition (3T ~ 11T
rule) such that the nunber of "0" between "1" and "1" is equal to or |arger
than 2 and is equal to or less'than 10, the unit table Tl is constructed by
only the code words which start fromat 15 | east two "0". This is
because the code word rmodul ated before t P status value is changed to "1"

Is finished as "Lody EpE) anh&ndnit deablie Baddd T Whehudér Usseh Woien the
status value is equal to "2" or "3" is constructed 20 by only the code

wor ds which start2 fommdytes o CoMd BetDr' 0" Neosserof & bemgtlarof eason.
However, the unit table T2 which is used when the status value is equal to

"2" is construct ecbdiyort hes cattestd 12, Wi byamddh. ofOr hiehd i oslhemnuaddt h1®i t s
are equal to "0" in the 25 case where the M5B is set to the first bit.
The unit table whxited Dlusedadior St & deaddle I3 eHiRl dotegtion

constructed by the codes such that either one_or 44 both of the first
and 13th bit® ar é:q.giﬁjg]Dq,o angd' thpndike are added to the user data of

2,352 bytes of one sector. Thﬁs, a length of one
sector is set to 2,368 bytes.
When a size to which the sector sync and
header were added is considered as a sector size, since
10 A" = 2,072 and B' = 2,368, n = 8 and m = 7 are
selected. Further, when the block header of the same
bit length, for example, 64 bytes is added to each of
them, the block sizes are as follows.
64 + 2,072 x 8 = 16,640 bytes
15 64 + 2,368 x 7 = 16,640 bytes
The common same block size (16 kbytes) can be
specified.
As a data structure of one block in this
case, as shown in Fig. 31, a 2-dimensional arrangement
20 of (130 x 128 = 16,640 bytes) is specified. As an
' error correction code, a product'code such that an
encoding of the first error correction code (called a
Cl code) is executed to 130 bytes in the vertical
direction (each column), thereby forming thg Cl parity
25 of 8 bytes, and an encoding of the second error
correction code (called a C2 code) is performed to 128

bytes in the lateral direction (each'row), théreby



unit table T4 which is used when the status value is equal to "4" s
constructed by only the code words starting from"1" or "0l1". 5

The code words which can be commonly used for two different status val ues
exist. For exanple, the code word which starts fromthree continuous "0"
and in which the first and 13th bits are5gqual to "0" or the like can be
al so used when the stat val ue i s equal "1" and when the status

value i s equal t¢ding t éﬁtﬂﬁﬁ%F%é%% t% Eﬁﬁ%?rﬁé? PreusaPte 88 PREESt he

val ues of the dat | s .are certainly u onsi deration_of the,case
of decodi ng. Thé’ cO @%i%f&ﬁh? 5y3€3§ﬁ§ﬁe$h5 ’tﬁ%rlgxamp Bat BREVRFAR s
subsequently chqﬂg % gg or "3" can be allocated to two exactly

di fferent Kkinds val ues of " t he data synbols. In such a case, the decoding

cannot be unconditionally u S 50
t he status val ues that arépgghggn§ﬁ5%5€g1g g%?tggﬁfgggeézggﬁegﬁE Qﬁﬂ

other is set to J3es Iyt 5@33@9d§§f§éfeﬁ€ §9&é§Ctbytﬂscsﬂsek ofhtﬁe
method wi || be described hereinlater. For the codes of all of the unit
tabl es, further,sdne tdieze& asicl Whedwe Eélemdﬁéaspwb@haamyedescrlbed with
reference to Fig. 31. A process of a sector size in
case of 2,072 bytes will now be-described. 1In a manner
similar to the foregoing embodiment, the block
10 segmenting circuit 7 divides one sector every 130 bytes
in the R/W direction, thereby converting into a block
structure. As shown in the above equations, eight
sectors each composed of 2,072 bytes are included in
the area excluding 64 bytes of the block header of one
15 block.
The process of the sector size in case of
2,368 bytes will now be described. In a manner similar
to the foregoing embodiment, the block segmenting
circuit 7 divides one sector every 130 bytes in the R/W
20 .direction, thereby converting into a block structure.
As shown in the above equations, seven sectors each
composed of 2,368 bytes are included in the area
excluding 64 bytes of the block header of one block.
_ Fig. 32 shows the fifth embodiment with a
25 ; block data structure having the block header of the
same data length according to the invention. In the

fifth embodiment of the invention, 10 bytes of a sector



25 converted into the codes, another table indicating to which one of
"1" to "4" the next status value is changed is provided. Wien the code word
is finished as 45 conti nuous "0" of the number that is equal to or

| arger than 2 and is equal to or less than 5, whether the status value is
subsequently changed to "2" or "3" cann®0 be decided fromonly the feature
of the code. 5 However, by referring to such a table, the next status

val ue can be uncS¥8Ctri Gndrpgedet 8PnPRERr Aetiestdody mode FRC afaner thige sync

pattern, the status value is certainly set to "1". In the exanple of Fig.
20, the next staﬁd%evgfﬁeapée9h5ﬁnt8§ usghqdedy &F CoifSsbytes & onehe

oratue values s Lackhe changingdis o6l hanAre fEpECGLY LBy (e

digital nodul ating Circui conv _ (
code words by USQDQS%hQ§%eEQb|%§-t&@eoﬁbg§e@1rﬁfa&ﬂﬁlv%ky% | f§k9r%%nhq 15
the internal nmenory, the table to be referre td is obtaine rom the
status, anddghe gi gealde®, &nbkk$orSdetection code EDC, and the like is

added to the user data of 2,352 bytes of 6ne sector.

Thus, a length of one sector is set to 2,352 bytes.

When a size to which the sector sync and
header were added is considered as a sector size, since
10 A' = 2,058 and B' = 2,352, n = 16 and m = 14 are
selected. Further, when the block header of the same

bit length, for example, 96 bytes is added to each of

them; the block sizes are as follows.

96 + 2,058 x 16 33,024 bytes

15 96 + 2,352 x 14

33,024 bytes
The common same block size (32 kbytes) can be
specified.
As a data structure of one block in this
case, as shown in Fig. 32, a 2-dimensional arrangement
20 of (172 x 192 = 33,024 bytes) is specified. As an
error correction code, a product code such that an
encoding of the first error correction code (called a
Cl code) is executed to 172 bytes in the vertical
direction (each column), thereby forming the Cl parity
25 _ of 8 bytes, and an encoding of the second error
correction code (called a C2 code) is performed to 192

bytes in the lateral direction (each-row), théreby-



converted into the code word by such a table, thereby perform ng the

nodul ation. At the same tine, the next status value is derived fromthe
table and stored so 20 that the table to be referred to when the next
conversion is executed can be obtained. A control of the DSV (digital sum
variation or digital sumvalue) will nowédre explained. How many kinds of

code words which can satisfy a limtation (3T 25 11T rule) of a run
| ength and can hkeldised the lRupaa ipokifemediled ScarONsd desedl. eves Yot ed us
val ue nentioned above. In this instance, in order to inhibit 46 t he

occurrence of thkd ddwee Hwak iheasierepetd taddedatd,erfioofexddnp bes, tttee dyard
pattern, a code word such that ten "0" are arranged and five "0" are
arranged and fi wifsiHé@¢ ok .subsequent "1" is prelimnarily elimnated.
This 5 i s because when a code word such that five "0" continuously start
after such a code is conndd é&rapmen wdtlilms tegdrs tieee§Rir@rn of 11T

occurs. In the case where the status value is changed to "2" or "3"
embodiment, the block segmenting circuit 7 unites the

sectors (2,058 bytes and 2,352 bytes) of two different

sizes to the blocks of the same size. In this case,.as
shown in the above equations, 16 sectors each composed

of 2,058 bytes are included in the area excluding 96

10 bytes of the block header of one block. 1In case of
2,352 bytes, as shown in the above equations, 14
sectors each composed of 2,352 bytes are included in
the area excluding 96 bytes of the block header of one
block.

15 The foregoing block sizes of 16 kbytes, 24
kbytes, and 32 kbytes are shown as an example. It will
be obviously understood that other block sizes can be
used in consideration of an application or the like.
The invention is not limited to a disk-shaped recording

20 medium but can be also applied to the case of using a
semiconductor memory of a large capacity as a data
recording medium.

The invention is not limited to one block but
a plurality of blocks, for example, two blocks are set

25 to one unit and the sectors of a plurality of sector

sizes can be also united. For example, 21 CD sectors

each composed of (2,352 bytes + 6 bytes = 2,358 bytes)



after conpletion of the conversion into the code word, 10 since the .code
can be used by two kinds of nmethods, those two kinds of codes are counted
to two-times. By calculating them there are 344 kinds of code words which
can’'be used when the status value is equal to "1", there are 345 ki nds of

code words which 15 can be used when ®%e status value is equal to "2",
there are 344 kiade ohseodeanesde,shiab, cas brusgd e [ que
is equal to "3" , and there are 4?1 éinds of gbgﬁﬁmor S j%?%ﬁﬁkg%H%g%%gEd

when the status vél ¢ kbyegual(289764" byBeRge rch@ idalcdl SWHRA. t @hdQ, thke
I nputted consists of 8 bits, it is suf?icient that there are 256 kinds of

codes. Wth respedret dseaeh sbatBg3gal we2lat l4@asl 88 dagrds ofBycatesg
remai n. Therefore, the 88 residual codes are.used for controlling the DSV.
Nanely, by usinglBhbyitesi d8abyk8s pecodes, bdoikll @sofa &ioced headerherh88,
nanely, what is called a back table is separately provided. In this
exanpl e, wi th reSPe&ectert Randheausifvgl so" het samg7'block slze.

In the above embodiment, the CD sectors have
been inserted to the block in which an integer numbef
of sectors each composed of 2 kbytes.are included like
compu;er data. However, on the contrary, it is also

10 possible to construct the block of a size such that an
integer number of CD sectors are included.and to insert
the sectors each composed of 2 kbytes. In this case as
well, a fraction can be adjusted by the block header.

The block header is déta having a meaning

15 such as a block sync or the like and is ordinarily
added to the head of the block. According to the
invention, the invention is.not limited to the block
header but a space or a reserve region having a length
similar to that described as a block header can be also

20 provided after the block.

'Further, in order to realize a larger
capacity of the optical disc, a one-side multi-layer
disc or a two-side ﬁulti—layer disc has been proposed.
In case of a one-side double layer disc, the disc has

25 . two recording layers and data can be read from one

side. On the other hand, data of a CD sector structure

can be recorded to one recording layér and data of a



they are constructed by using such a back table. In the DSV control system
in order to nost efficiently execute the DSV control, constructing
principles of the front and back tables are set as 5  follows. As

menti oned above, a code word which can be commonly used for the two
different status values exists. As for tggse codes, since it is necessary
to construct the table so that the values of the data synbols are certainly
equal , when consstlenchgret 8£10 kbykesi tahi de recwetdeed tef thenstuhect i ng t he
table is actually fairly conplicated. Since it is an object to show the
constructing net hedoofiinheleyblre t 8vehf iici eatsley oforttheoltwohes 108V disath
status value is independently considered for sinplicity and an 15

expl anati on wi | | dBEanadedds fenenis seepoiron Bt unes «ode bRord$ahi ch can be
used in each status valuye can be freely allocated to the val ues of the data
synbol s. Fig. 21SF§léaFPBMEﬁ§PFa¢84Ye%&ﬁﬁﬁﬂ%ﬁf?%éjﬁbﬁ%¥¥ﬂ6¥¥ﬁb met hod of

t he conversi_on tabl% as 20 ment i oned above, nore specifically, a
constructing net RB4L3688 an arbitrary one of the four kinds of unit tables

of the conversion table. In.Eiqg.. 21..in en,.Sl | | tter of .t he, code
words are obtained. In alth%ug% the é%bd%lmé%%si%avéx%eé%'H%scrlg%d

above with respect to the optical disc as an example,

the invention can be also similarly applied to a hard

disk, a flexible disk (FD), further, a semiconductor
10 memory, and a tape-shaped recording medium.

According té the invention, another sector
size can be inserted to the block of a predetermined
size which is specified by a certain sector size. As
mentioned above, since two formats can be united to the

15 block of a predetermined size, a compatibility of data
between a new disc medium and the existing disc medium
can be improved. For example, data of the CD-ROM is
recorded to the DVD and a reproducing process or a

hardware can be simplified.



step S102, ' or codes which satisfy the 25 condition of
the I'im ta},'ﬂﬁl@atumuml e) of the run length are selected. -In step
S103, they arec Clu «t0 the codes according to the condition of every
st at us 48 val ue nentioned above. As nentioned above, there are 344 or
411 ki nds of code words which can be use@d4every status val ue. For exanple,
there are 344 Kki of .c whi ch can be used when the status val ue
is equal 5 Wﬁ%ﬁ I? 89 l (gqﬁﬁ a change anount of the DSV in the case

wher e the Ievel {= OWL) jNS& oefo éb'éi @e éﬁﬂ%é@&§'f6§ gg&gy&gﬁ gd with

respect to all of the codes o eac 0 atus val ues en consi dering

10 that a |enﬂi@l@ﬁlc&ﬂﬁa'@oeﬂuﬁétéOréébﬁwi§gaﬂgd1@ﬁfecb FDgihgmtation
(3T ~ 11T rule) of the run length, the change anount of the DSV per one

code is equal to -10 at m PN wewh s 1fbat ré@xivimy fr§bheag@ssevbrede t he
status value is equal to, for exanple, "1", the change 15 anount is
equal to -16 at digitaindada +tn athibelxianmmatio between sector sizes is
not an integer ratio;
block segmenting means for inserting first.
data nA and second data mB (n and m are integers of 2
or more and n *# m) into blocks of predetermined sizes
10 and forming data of a block structure when it is
- assumed that the sector size of said first data is set
to A and the sector size of said second data is set to
B:
recording processinq means for exécufing an
15 error correction encoding and a digital modulation for
the data of said block structure; and
recording means for recording the recording
data erm said recording processing means to said data

recording medium.

20
2. An apparatus according to claim 1, wherein
assuming that sizes obtained by respectively adding
additional information such as a header and the like to
said sector sizes A and B are set to A' andLB', said

25 ' biock segmenting means inserts the first data and the

second data in which nA' s mB' into the blocks of said

predetermined sizes.



In step , What is called a sorting for sequentially
arrangi nmﬁml"%!@mgmf code words in the case where-the status value is
equal to “1 c¢lne orsdamCe with the order fromthe change 20 anount of

the DSV which is large in the positive direction to the change anount which
is large in the negative direction is exB2uted. In step S106, 88 code words

are sequentialIm.selgctedp&pa%ggygyggx%aggfﬁigg Qéd@{aiﬁOﬂltﬁgegggﬂge 25
anount of the DSV which is large in the positive direction and are

sequential |y al lsagal ed dok tdaeyrdaita ry X $s "Onsépts Bifhel RikBe Habatnhabl e
Tla shown in 49 Fig. 22 in the case where the status value is equal to
"1". In this i nstrehdihe ammund hia teeIndx tregv Bi8g codee Wt ilsn shehcobbdetwond>i n
whi ch the absol ute val ue of the change anount of the DSV is larger is

al l ocated to thasand gnardem \valeue efatitee bint pr&yebonto The BBockdeohor ds
are sequentially selected fromthe change anount of the DSV that is large
in the nega?i ve hirkqyasietaianinfest sizes.

4. An apparatus according to claim 1, wherein
said block segmenting means inserts the first data nA

and the second data mB having a relation such that (n >

10 m) and n = m + 2 into the blocks of said predetermined
sizes.
5. An apparatus according to claim 1, wherein

said block segmenting means inserts the first data nA
15 and the second data mB having a relation such that (n >
m) and n is a power of 2 into the blocks of said

predetermined sizes.

6.- An apparatus according to claim 1, wherein
20 either one of said sector sizes A and B is a sector

size according to a CD format.

7. An apparatus according to claim 6, wherein
said sector sizes A and B are any two of 2,048 bytes,

25 2,336 bytes, 2,340 bytes, 2,352 bytes, 2,364 bytes,
2,448 bytes, and 2,450 bytes.



exanpl e, are all ocat'"e'd""'to "O0" to "87" of the data synbols in the back table
TIb in I nstance, anong the selected 88 code words,
the coJQW“ﬁﬂlmmﬂaml he absol ute val ue of the change anmount of the DSV
larger i¢s allecatedto the smaller value of the data synmbol. Finally,
the 168 code words are sequentially selegged fromthe code word in which
the 15 absolute val ue of the change anmpbunt of the DSV is snall.and, for

exanpl e, are al I%cat ed toAﬁ'B@PHac?at% aGFORHO YA CsVrﬂB‘bI]g iU ¥ r ont

table Tla in Fi Act ual | when the stat al ue, to "1", a
shown in F: g. IZ% léfr?c?é:ttolrjfersé‘yzfr@‘ $44 Ekl’T%? cFlfJeSCZt\(/?r usjc%%etei%) d< whi ch ca?l

be used, all of g‘t}%é] q:netslmvgrg ch %r}gr%et%uselgﬁatb {1 stage are sel ected.

Figs. 23, 24, an OM/exanp €s ion of the data synbol s in
the unit tables of the conversion table which are used when the status
val ues are equal to "2", 25 "3", and "4", respectively. Wth respect to

&?35 22 10525, gthen the gPQYR = YPdd ¥ SilEddd®shud h@ozorxdé‘ﬂrcﬁuéi*}ﬁ; code
a data recording medium in which digital data
constructed by blocks of sizes in which a ratio between
a first sector size A and a second sector size B is not
equal to an integer ratio and nA and mB (n and m are

10 integers ef 2 or more and n * m) can be inserted has
been recorded, comprising:
means for reproducing said digital data;
reproduction processing means for performing
a digital demodulation and an error correction to said
15 digital data every said block;
means for dividing the digital data with a
block structure which was error corrected and is
outputted from said reproduction processing means into
sectors and for outputting the data of a sector
20 structure; and
means for transhitting the data of said

sector structure.

10. An apparatus according to claim 9, wherein
25 when sizes obtained by respectively adding additional
information such as a header and the like to said first

and second sector sizes A and B are set to A' and B',



50 in which the change ampunts of the DSV are equal is made different from

that in ig. 20 nentioned above, even if any table is used,

t here V\”Imm“ﬂ“mmlaﬂm:\ 5 By constructing the front table Ta
and back*tabl & TH by the constructing priggiples as nentioned above, in the
case where the data synbols have the valu within a range from"0" to

187, el ther oneund $he 4 sofle s 10 D EDenRDSOE Ui Vahaes. of the

10 change anmobunts of the DSV are rel ati y large and the signs are
opposite can be jgelected, so that the DSV control can be efficiently
performed. |In the case where the data synbols have the values within a
range from"88" to "255", the code words are unconditionally 15

determ ned and the DSV control cannot be perforned. However, since only

t he code words ihlwhich tHen adpsmd tdtBuy adcesraing heo chhage Anownesedh t he
DSV are relatively snmall are selected as those code words, the absolute

val ue of thé accun®laizels DSV auh 1R of wagytd 20locksehadvenal Frelgheobaskchabl e

Tb of the entry nunber 88 which was defined here has substantially the sane
that (n > m) and n and m are relatively prime.

12. An apparatus according to claim 9, wherein
the sizes nA and mB of said blocks have a relation such

10 that (n >m) and n = m + 2.

13. An apparatus according to claim 9, wherein
the sizes nA and mB of said blocks have a relation such
that (n > m) and n is a power of 2.

15
14. An apparatus according to any one of claims 9
to 13, wherein either one of said sector sizes A and B

is a sector size according to a CD format.

20 15. : A data recording method for recording a
plurality of kinds of digital data having different
sector sizes to a recordable data recording medium,
comprising the steps of:

receiving the first and second digital data

25 in which a ratio between sector sizes is not equal to

an integer ratio;

when it is assumed that the sector size of



feature”ﬂﬂ M"’H | e Ta of the entry nunber 256 except that the entry
nunber ‘1§ Nl” control 25 I s perforned by using the back table
Tb together with"the front table Ta. Assum ng that the data synbols lie
within a range from"0" to "87", when the data synbols 51 are converted
into the code words, which one of the fro%& table Ta and the back table Tb
I's used can be properly selected. In this exanple, therefore, as in case of
the DSV control Falg¢h&ledhveata ohal sEFMot ReaBd thacesemtibat edzBSYLi saakdways
cal cul ated and the accunul ated DSV in the case where the conversion was
performed by usiﬁﬁc?ﬂé f2bht it abtl e Bndirperhéponiiassddese nA end case

where the convergégn ¥a$ gerf r med QX usi ng the back table Tb are
respectively 10 BB 2P AEY, MRNH 1 IR BIEF stBhePerExREuLe@TWHPEE 8BFeBt i ng

e e oo, PR 1S SIS A ReF AP Lab HEeRe A7 ROERL™ O
construction data of a block structure;
performing a recording process to execute an
error correction encoding and a digital modulation té
the data of said block structure every said block; and
recording the recording data obtained by said

10 recording process to said data recording medium on said

block unit basis.

l6. A data reproducing method of reproducing a
data recording medium in which digital data comprising
15 - blocks of sizes in which a ratio between a first sector
size A and a second sector size B is not equal to an
integer ratio and nA and mB (n and m are integers of 2
or more and n % m) can be inserted has been recorded,
comprising the steps of:
20 reproducing said digital data;
performing a reproducing process to execute a
digital demodulation and an error correction to the
digital data of said block structure every said block;
dividing the digital data of the block
25 | structure obtained by said reproducing process into

sectors and outputting the data of a sector structure;

and



15 Wm%mn ibed with reference to Fig. 26. In step SI, when
the dat'd ﬁ?ﬂfﬁ@&tted, the present status value is obtained in step
S2. After thdt, mnss S3, a check is made to see if the value of the data
synmbol of 8 bits is equal to or less than 87 or 20 not. If YES in step
S3, nanmely, when it is judged that the vag{qie of the data synbol is equal to

or less than 87, step $4 fpllows., The ng§5§8£g C rreggondlggrto the data

synbol is obtained with re 5?%%%%t¥6ngh fPont*tabreTa according to

the present status,yatygeand an accunul ated DSV value xa is calculated. In
step- S5, the code word corresponding to the data synbol is 52 obt ai ned
with reference to the back table Tb according to the present status val ue
and an accumrul ated DSV value xb is calculated. In step S6, the relation of
t he magni tudes of7the absohutgt¥alvesr@inghRedium aaCUAELAL edhPRVivaliges xa
and xb, nanely, whether |xa|l [err] |xb] or not is judged.

5 assumed that a first sector size is set to A and a

second sector size is set to B in which a ratio between
sizes 1is not equal to an integer ratio, digital data.
having a block structure in which blocks of a size nA
and a size mB (n and m are integers of 2 or more and n

10 +#+ m) can be inserted has been recorded.

18. A medium according to claim 17, wherein when

sizes obtained by respectively adding additional

information such as a header and the like to said first
15 and second sector sizes A and B are set to A' and B',

the sizes of said blocks are set to (nA' = mB').

19. A medium according to claim 17, wherein the
sizes nA and mB of said blocks have a relation such

20 that (n > m) and n and m are relatively prime.

20. A medium according to claim 17, wherein the
sizes nA and mB of said blocks have a relation such
that (n >m) and n = m + 2.

25
21. A medium according to claim 17, wherein the

sizes nA and mB of said blocks have a relation such



[f NO | 83 nanely, when it is judged that the value of the data
synbol '"ﬂiﬂ% U 'ﬁ step S7 follows. The code word corresponding to
I

t he 1 s obtained with reference to the front table Ta
according to the pfesent status value and step S10 follows. If YES in step
S6, nanely, when | xa| [err] |xb| is judgegp the code word is obtained with
reference to thetﬁ gnt Z a_.and, step S10 fo%l 15 If NOin step
S6, namely, when i d8 daPHaP tRe?aB8BFGt 8TvAlue of the accumul at ed
DSV val ue xb of the code of the back table Tb is smaller, the code word is
obtained with reference to the back table Th and step S10 follows. 20

n step S10, aftep the calgubghhpn aadovBdabi BY efatRe13¢CURBEBLRASREY vere

performed, in step S11, a table for the next status values, nanely, a table

in which the nexkestatusival HesriB FkJda 28cabe §Qﬁﬁlaééok81h§fﬁbrﬁdcbo and
the status values are 25 updated. In step S12, the obtained code word

is outputted. ThéoeRat6) nodul ation is perforned as

23. A medium according to claim 22, wherein said
sector sizes A and B are any two of 2,048 bytes, 2,336
bytes, 2,340 bytes, 2,352 bytes, 2,364 bytes, 2,448

10 bytes, and 2,450 bytes.

24, A medium according to claim 17, wherein said
sector size A or B is a sector size that is integer

times as large as 128 bytes.

15
25. A data recording apparatus for recording a
plurality of kinds of digital data having different
sector sizes to a data recording medium, comprising:
means for dividing the received digital data
20 into sectors so as to have a first sector size A;
means for forming the data of one bloek by
the n (n is an integer of 2 or more) sectors of said
first sector size A;
means for dividing said received digital data

25 into sectors so as to have a second sector size B;
block segmenting means for forming the data

of said block by m (m is an integer of 2 or more and m



53 mentioned above. Repeating the explanation, the | not Ilnlted
to the (8-16) nodul ation but can be also applied to g'm "H)ﬂmgﬂ t| ng
system such as EFM (8-15) nobdul ation, or the I|ike.

val ue of 16 kbytes of the size of block as a set of a plurallty of sectors'
mentioned above is shown as an exanple. Ikt wll be obviously understood

that another bl ock )sisetsich &5 ﬁl&ta/é@&n@rsééeoklgﬁzéa@ Beqal so used in
consi deration of the application or the like. In the invention,

there is no neamddlumuﬁéitdﬁtahfferent sector size to the bl ock of the
sanme size but the invention can be also applied to a case corresponding to
a plurality of kinds of bloskosdizes.pfanédeingt heahaveati parfsrmohgl am ted
to a di sk-shaped 15 recordi ng medi um but can be also applied to a case
where a seni coNCRIIYF FREMFGE in encoedngapadi eydigitsédmadubataon to
recordi ng nedium_The second enbodi ment of a data structure in a block wll
now be desc?i bedthaEdFalingy s34 Heledswndand enmbodi ment of the
invention, different fromthe above first enbodinment, in the formatting
circuit 5a, 22 recording means for recording the recordlng

data from said recording processing means to said data

recording medium.

10 26. An apparatus according to claim 25, wherein
said additional data is added to each block and
includes a block header including ID information to

identify the sector size.

15 27. An apparatus according to claim 25, wherein
said additional data is a reserve region that is

prepared in each block.

28. An apparatus according to claim 25, wherein
20 said n and m have 5 relation of (n > m) and n is a

power of 2.
29. An apparatus according to claim 25, wherein
said first sector size A or said second sector size B

25 is a sector size according to a CD format.

30. An apparatus according to claim 29, wherein



bytes of a sync, a header, an error detection code EZ#M ﬂw’m W are
added to user data of 2, 048 bytes of one sector. E
one sector is set 25 to 2,070 bytes. In the fornattlng i Mcuis

t he' ot her hand, 34 bytes of a sync, a he r, an error detection code EDC
and the |like are added to the user 54 data of 2,450 bytes (data

i ncl udi ng 98 byt esidf sactab- s¢ede RnatHeBCBrer aG)- ROW) odf 2019d 8sbgtters,or 36
bytes of a sector a header, an error detection code EDC, and the |ike
are added to the2u§éﬁ bﬁtasef223358bwyﬁés 2, 340(bw¢@5n|ﬂg3@ét@Yéﬁ§bud|ng
the sync pattern of 2 bytes in the sub-code) of one sector. Thus, a length
of one sector is eaééleSGE 48448§t Byteas @Bt odod BYGRS- when a size to

whi ch the sync and header were added is considered as a sector 10 si ze,
since A = 2,070 and B = 2,484, n = 12 and n1— 10 are selected and the

B;?gz 5|ze55are 33. f0||omsAn238£grét%% 3c%%r 1ng tesc':lal 8% w e}e%% 840

said first sector size A or said second sector size B
is a sector size that is integer times as large as 128

bytes.

10 32. An apparatus according to claim 25, wherein
in the case where either one of said first
sector size A and said second sector size B is a sector
size including user data composed of the bytes of a
number that is integer times as large as 128 bytes and
15 additional data such as address, sector header, and the
like of every sector and one block is constructed by an
integer number of sectors having said sector size,
said block segmenting means preserves said
additional data of every said sector in said block and
20 ° inserts the additional data of every blocks of a
predetermined number of bytes and a plurality of
sectors having the other one of the sector sizes A and

B into blocks in a region of said user data.

25 33. A data reproducing apparatus for reproducing
a data recording medium in which digital data

constructed by blocks having a size in which n sectors



The common sane bl ock size (24 kbytes) can be 15 S i | A part in
the channels of P to Wof the sub-code, for exanple, gﬂﬂ"m%"ﬂ ”'BI can
be al so.included in the sector. In this case, the secter s " 0

(2,352 bytes + 12 bytes = 2,364 bytes). As a data structure of one block in

this 20 case, as shown in Fig. 27, a 23dinensional arrangenent of (207 x
120 = 24,840 bytes) is specified. As an error correction code, a product
code such that é’rf@nctsd(ﬁsﬁg SHCRL 5 & (Yt "éofr? ¢ dh %B%el'(%%??gﬁ %P01

code) is execut for 207 s in,the lateral.25 di recti ( ow) ,
t her eby gener at %é)ra r[k?%epaarl %o*f Hg bsyetcetso,rsanodf ah THEO U nsgééo 5‘% ggfe%%n%

ti | ' '
error correction caode a(l'ﬁ:laal(cggctﬁioc 1C?T§n%9%a f(ﬁaer?:(gé of ned. {08 J20 hytgs in

55 the vertical direction ol'u y adding a C2 parity of 14
bytes can be usedcdrddfe Qngiididyy the sectors of two different sizes to

the bl ock of the sane size will now 5 be nore specifically described
with reference to Figs. means for reproducing said digital data of a
block structure;
reproduction processing means for performiﬁg
a digital demodulation and an error correction to the
data of said block structure for every block;

10 sector desegmenting means for dividing the
error-corrected digital data of the block structure
from said reproduction processing means into sectors
and for outputting the data of a sector structure; and

means for transmitting the data of said

15 sector structure.

34. An apparatus according to claim 33, wherein
said additional data is added to each block and
includes a block header including sector ID

20 information, and said sector desegmenting means divides
the digital data of the block structure into sectors on

the basis of said sector ID information.

35, An apparatus according to claim 33, wherein
25 said additional data includes a reserve region which is

prepared in each block.



27 and 28. A process of the sector size in case of 2,070 bytes shown in
Fig. 28A wll now be described. In the block segnenti

sector is divided every 207 bytes in the R/Wdl rectl onﬂlﬂmlﬂmwmmmm
fornlng a 2-di mensional arrangenent of (207 x syt es)® Ther*ef or e,

12 sectors having such an arrangenent ar84|ncluded |n one block shown in

formed. 15 36 oMU ppabd i e el I i s i S

bytes shown in Ej g4 %8I§n\ﬁ| L &gq,\g he 49565 Ol?le%/fv\'ll'(zg bl ack se ?ﬂqrelapg circuit

7 divides one sector every 2 tes in the rection, by form ng
a 2- dinmensi onalpcaerargenent of (207 X 12 = 2,484 bytes). 20 Ther ef or e,
10 sectors haV|ng such an arrangement are i ncluded i n one bl ock shown in
Fig. 27 and a data structure in which one bl ock consists of 10 sectors is
formed. The third enbodi nent of the bl ock data 25 structure of the

invention vl | 8w be desem behardeesr dice® ididded rddredmdiviiteiof the
i nvention, 24 bytes of a sync, a header, an error detection code EDC,
said first sector size A or said second sector size B

is a sector size according to a CD format.

38. An apparatus according to claim 37, wherein

10 said sector sizes A and B are any two of 2,048 bytes,
2,324 bytes, 2,336 bytes, 2,340 bytes, 2,352 bytes,
2,364 bytes, 2,448 bytes, and 2,450 bytes.

39. A data recording medium in which digital data
15 of a block structure having a plurality of blocks of
sizes in which n sectors of a first sector size A or m
(n and m are integers of 2 or more and n * m) sectors
of a second sector Size B (# A) and additional data can

be inserted has been recorded.

20
40. A medium according to claim 39, wherein said
additional data is added to each block and is a block
header including'ID information for identifying the
sector size.

25

41. A medium according to claim 39, wherein said

additional data is a reserve region Which is @repared



56 and the like are added to the user data of 2,048 b ar by
the formatting circuit 5a. Therefore, a length of onejﬁﬁﬂ&% "i # Hh’
2,072 bytes. In the formatting circuit 5b, on the others L of a

5 .+ sector sync, a header, an error detection code EDC, and the like are
added to the user data of 2,352 bytes of dPe sector. Thus, a length of one
sector is set toig,ggg byt gsy As mentioned above, when a size to which the
10 sector sync an Rea er were added is considered as a sector size,
since A = 2,072 and B = 2,368, n = 16 and m= 14 are selected and the

bl ock sizes are as follows. 2,072 x 16 = 33, 152 bytes 15 2,368 x 14 =

33,152 bytes Theggomon sapemblel Sice@ r(BhKBE aslataBde e fd abids a
data structure of one block in this case, as shown in Fig. 29, a

2-di nensi onal arnaagdmenha?@ a reflatiéd 22t > 33, 1oyl hyties)a ipwspeaf | ed.
As an
5 2.

43, A medium according to claim 39, wherein said
first sector size A or said second sector size B is a
sector size according to a CD format.
10 |
44. A medium according to claim 43, wherein said
sector sizes A and B are any two of 2,048 bytes, 2,324
bytes, 2,336 bytes, 2,340 bytes, 2,352 bytes, 2,364
bytes, 2,448 bytes, and 2,450 bytes. -
15
45. A medium according to claim 39, wherein said
first sector size A or said second sector size B is a

sector size that is integer times as large as 128
bytes.
20
46. A data recording apparatus for recording
digital data to a data recording medium, comprising
a recording processing circuit which can
process the digital data divided on the basis of
25 predetermined units having two or more different sizes,
wherein said recording processing circuit has

an encoder for performing an encoding for an error



error correction code, a product code such that an en i of the first
error correction code (called a C1 code) is executed m Hﬂlﬂ” he
| ongi tudi nal direction (each columm), thereby form ng

of .8 bytes, and an encodi ng of the second error correction code (éaITed a
C2 code) is performed in the oblique diretion (45[err] direction for the

direction of &rtder {dn Coslens@ouencey . c{ Pen ePyreadba8rb hri kg parity”of
14 bytes can be used. A case of uniting the sectors of two different sizes

to the block of digitalensdzbatidh tOWide dabg WRi€hspesi éiget!y described
with reference to Figs. 29 and 30. The process of the sector size in case
of 2,072 bytes stmmredtnidn gendOdeay |dndoav dendesigndbedadding heibtoitk to
segnenting circuit-7, one sector is divided every 148 bytes in the RW
direction, theredyidld an dwpiihgs bgali pensébdahodntahijegenirofit 148 x 14
2,072 bytes%. Therefore, 16 sectors with such an arrangenent are included
in one bl oc Sho@mpp¥g¢¢gan@gwhich adds a sync signal to said output

signal every said predetermined units, and
said sync signal adding circuit adds sync
signals corresponding to the siZes of said
predetermined units.
10
47. An apparatus according to claim 46, wherein

said predetermined unit is a sector.

48. An apparatus according to claim 46, wherein
15 said predetermined unit is a block comprising a

plurality of sectors.

49, An apparatus according to claim 46, wherein
said recording processing circuit further has

20 identifying means for identifying said size of the
digital data that is inputted, and said identifying
means outputs a control signal to select said sync

signals to be added.

25 - 50. An apparatus according to claim 49, wherein
said identifying means identifies whether an inputted

digital signal is a signal which has been CD formatted



and a data structure in which one block consists of 16

15

in Fig. .30B will

The process of the sector size in case/ﬂ'ﬂk?]ﬂﬁ”{&#@i&/}eg

now be described. The bl ock segnenting*ci¢cul

one sector every 148 bytes in the RRWdirection, thereby formng a 2-*
di mensi onal

arrangenment of (148 x 16 = 2,Bph8 bytes). 20 Therefore, 14

sectors with suc arrangenent are I ncl uded in one block shown in Fig.
29, thereby formng a data structure in which one bl ock consists of 14
sectors.. Further, the fourth enbodi ment of the block 25 data structur

of the invention will now be described. According to the fourth enbodi ne

of the inventions]24 bytesp@fagpsest@s SYASra@nheaderiadi @or olhdekeat i on
58 code EDC, and the |like are added to the user data of 2,048 bytes of one

sector.

ot her

hand,
5

10

15

20

25

Theref orsaid 1engt hfpingneeseet DiehBiBebst @hdLAéZ hyit eapudtethe
16 bytes of a sector sync, a header, an error detection

digital signal is an output signal from a CD-ROM drive

connected to said data recording apparatus or not.

52. A data reproducing apparatus for reproducing
a data recording medium in which data which was
obtained by performing an error correction encoding and
a digital modulation to digital data which had been
segmented on the basis of predetermined units having
two or more different sizes and by adding a sync signal
to said data has been recorded, having

a reproduction processing circuit to which
the reproduced data is Supplied,

wherein said reproduction processing circuit
comprises:

a sync signal separating circuit for
separating said sync signal from the reproduced data:;

a demodulating circuit for demodulating the
data which was subjected to the digital modulation;

a decoder fpr decoding the data which was
subjected to the encoding for the error correction; and

identifying means for identifying the size of
said predetermined unit of the reproduced data by the

sync signal separated by said sync signal sepérating

own
S

e
nt



5 code EDC, and the like are added to the user data 52 bytes of”
one sector. Thus, a length of one sector is set to 234@!@ "mm ize
to which-the sector sync and header were added is consi ﬂﬂuf

si ze, since 10 A =2,072 and B = 2,368, n =8 and m= 7 are” sel ect ed.

Further, when the block header of the sg bit Iength, for exanple, 64
bytes is added to_each. of them the block sizes are as follows. 64 + 2,072

x 8 = 16, 640 bytes 181t 64 + 2,368 x 7 = 16, 640 bytes The cormon same
bl ock size (16 kbytes) can be specified. As a data structure of one bl ock
in this case, as shown in Fig. 31, a 2-dinensional arrangenent 20 of

(130 x 128 = 16, bytes) 4 %ﬁﬁﬁ@ i.ed. reor regtion code, a

product code sucﬁﬁ$hat an é%io |rm)%%J%nﬁfégﬁﬁﬁngr#%rcg%¥$e§%1o% ot

(called a Cl codeaic oariiadhited hyes dnodbeovertical direction (each
[ of 8

colum), thereby formng the Cl1 parity 25 ytes, and an encodi ng of
the second esror correction code (called a C2 code) is perfornmed to 128
bytes in the lateral direction (each row), thereby

54, An apparatus according to claim 52, wherein

said predetermined unit is a block comprising a

plurality of sectors.

10 | 55. An apparatus according to claim 52, further
comprising:

a block segmenting circuit for dividing the
data which is supplied from said reproduction
processing circuit into predetermined blocks;

15 a first sector desegmenting circuit for
dividing said block into sectors having a first size;

a second sector desegmenting circuit for
dividing said block into sectors having a second size;
and

20 . - switching means for selectively switching the
data from said first and second sector desegmenting
circuits in accgrdance with an ID signal that is
outputted from said identifying means and for

outputting the switched data.
25

56. " An apparatus according to claim 55, wherein

said first sector desegmenting circuit divides said



59 adding the C2 parity of 16 bytes can be used. 64 bé*ﬂ of the block"

header are added to, for exanple, the head of the blo ﬁﬁ”ﬂﬁﬁgﬂl‘gmtl ng
t he

the sectors (2072 bytes and 5 2,368 bytes) of two ]
bl ock of the same size will now be noregspecifically described"w th *
reference to Fig. 31. A process of a seCtor size in case of 2,072 bytes

wi Il now be desgfjidgd.;pndd &quéd:gv%%ré& h@ofgr@lgof@gnggbglq%nent,

t he bl ock 10 segnenting circuit es one sector every 130 bytes in

the RFWdirecti adnid has@d convest | ik d dhdnh @i Ry 08K Sh I tICy W Ede dSsghawn i n
t he above equations, eight sectors each conposed of 2,072 bytes are

i ncl uded in the ek exetdlds g drds ydresi 9f i hdieo bl @ska headerkiofrese 15
bl ock. The process of the sector size in case of 2,368 bytes will now be
described. In a manner simlar to the foregoing enbodi ment, the block
segnenting circuit 7 divides one sector every 130 bytes in the RR'W
5 57. An apparatus according to claim 52, wherein
said identifying means identifies whether the digital

modulated data is data which was CD formatted or not.

58. A data recording method for recording digital
10 data to a data recording medium, having
a step of a recording process which can
process the digital data divided on the basis of
predetermined units having two or more different sizes,
wherein the step of said recording process
15 includes an encoding step of performing an error
correction encoding, a modulating step of digital
modulating the error correction encoded data, and a
step of adding a sync signal to said modulated signal,
and
20 in said step of adding said sync signal, in
order to idéntify a size of saia predetermined unit,
one of a plurality of kinds of sync signals is added to

said data in correspondence to said size.

25 59. A method according to claim 58, further
having a step of identifying a size of the inputted

digital data.



20 direction, thereby converting into a block str ,in the
above equations, seven sectors each conposed of 236[3@4“&“@&@@5“ ded in
the area excluding 64 bytes of the bl ock header of o hr+ . shows
the-fifth enbodiment with a 25 bl ock data structure having the bl ock

header of the sane data |ength accordis® to the invention. In the fifth

enbodi nent of thgoinventiOR,%ggﬁggfgécggggnéggégggSi?GQQSygﬁe6§g§eg er, an

error detection code EDC, an é a he~ s 2,048

bytes of one secfQtq IH@E€§?9§n%?saS§9tQhQEhgPetﬁgcﬁﬂﬁukﬁeaghiEQt%1058

bytes. On the other hand, none ector sync, a header, an error

detection code EBLgnandithg bikgalswhrddrdwhe therusfktdabiacef ndc3%2 bytes
of one sector. Thus, a length of one sector is set to 2,352 bytes. \Wen a

size to which thédsettibiedync and header were added is considered as a
sector size, since 10 A = 2,058 and B = 2,352, n =16 and m= 14 are
sel ected. Farther, when the bl ock header of the sane

61. A method according to claim 58, further

having a step of dividing the inputted digital data

into blocks in correspondence to said size.

10 62. A method according to claim 61, wherein the
digital data that is inputted includes first data which
was segmented into sectors on the basis of a CD format
and second data comprising sectors of 2 kbytes, and
said method further includes a step of dividing said

15 plurality of sectors into blocks every said first or

second data.

63. A data recording medium in which data
obtained by performing an error correction encoding and
20 a digital modulation to digital data which had been
divided on the basis of predetermined units having two
or more different sizes and by adding a sync signal has
been recorded, in which said sync signal is added to
data which was digital modulated so that said size can

25  be identified.

64. A medium according to claim 63, wherein said



bit length, for exanple, 96 bytes I s added to €ach of th
are as follows. 96 + 2,058 x 16 33,024 bytes 15 3“‘", ﬂ&ﬂ’ﬁgﬂl&sme
33,024 bytes The common same bIock size (32 kbytes) can be spectfiwe

dat-a structure of one block in this case, as shomn in Fig. 32, a

2-di mensi onal arrangenent 20 of (1723k 192 33,024 bytes) is specified.
As an error correction code, a product code such that an encodi ng of the
first error corr@ﬁ%@%ﬁ@%%ﬁ%e?cHPFEdlﬁ &1Se68€F i s executed to 172 bytes in
the vertical direction (each colum), thereby formng the Cl1 parity 25

of 8 bytes, and an encoding of the second error correction code (called a

c2 d f d to 192 £ tel I
theroby 61 adirhg the 3 BARIED BRoRboh)EeCoohA e feeo "BEaNh SR e

bl ock header afep@Q§§9e£ﬂln£8fuﬁ§€”EEe E@%cme%%mﬁrlgqﬁgbﬁoﬁﬁural1ty.of

5 sectors.

66. A medium according to claim 65, wherein said

sector comprises first data which was CD formatted or

secénd data comprising data of 2 kbytes, and said block
10 comprises a set of a plurality of said sectors

connected every said first or second data.

67. A medium according to claim 66, wherein a
sync signal corresponding to the kind of sectors

15 constructing said block is added to the head of said
block.

68. A medium according to claim 67, wherein said

sync signal is a sync signal for a transmission frame.

20
69. A medium according to claim 67, wherein said
sync signal is a signal which can be discriminated for
a sync signal for a transmission frame.

25 70. A medium according to claim 63, wherein as

for the recorded digital data, the data added with an

error correction code has been 8-16 modulated'and said



In a manner simlar to the foregoing 5 enbodi nent, k segnentlng
circuit 7 unites the sectors (2,058 bytes and 2, 352 b rent
sizes to.the blocks of the sane size. In this case, as sho

equdti ons, 16 sectors each conposed of 2,058 bytes are, |nclude

excl uding 96 10 bytes of the block hsmder of one block. In case of
2,352 bytes, as shown in the above equations, 14 sectors each conposed of
2,352 bytes are kpaktudednan bbgﬁaﬁggseéchygkg 1 96 hH2%0h L8 bl ock header
of one block. 15 e foregoing bl ock sizes of 16 kbytes, 24
kbytes, and 32 kbpkea'ar apphawn ias the examPhddullatwd ldalke .obvi ously
understood that other block sizes can be used in consideration of an
application or the like. The invention is not limted to a disk-shaped
recordi ng 20 medi um but can be also applied to the case of using a

sem conductor nenory of a large capacity as a data recordi ng nmedium The
invention is not limted to one block but a plurality of blocks, for
exanple, two bl ocks are set 25 to one unit and the sectors of a
plurality of sector sizes can be also united. For exanple, 21 CD sectors

ar ea



each conposed of (2,352 bytes + 6 bytes = 2,358 bhytes) 62 are inserted
to two (49,536 bytes) bl ocks each conposed of 24 kbytes (24, 768 bytes)
mentioned above. Thus, the size is set to (2,358 x 21 = 49,518 bytes). By
using 18 bytes (9 bytes per one block) as a bl ock header, the 5 CD
sector can be united to the same block & ze. In the above enbodi nent, the

CD sectors have B % 8 b t Eg bl ock in _which an integer nunber of

sectors each COWE% 94§§A § UCANG, EHAFPEgsgﬁﬁggggTﬂgata.&Powever
on the contrary, gebd gl éE &U p URBEETE o QBnBRTC Br UL GPALA ) ze
such that an integer nunpber ¥D sectors are included and to insert the

sectors each conposed of 2 kby¥%ﬁEEPQZ%D%E;%Eﬁfﬂiﬁ%ﬂgﬁﬁ%ﬁa fraction can be
adj usted by the bl ock header. e 0C eader 1s data having a neaning 15
such as a block sync or thg bhkg 28dok8;ifgdiapddrdacwadded dohddiaidiead wf: the

bl ock. According to the invention, the invention is not limted to the
bl ock header butam $ppoé onia feserveci®dngn fawthGn lsegidd digital

data in which a ratio of sector sizes is not equal to

5 an integer ratio; a block segmenting unit for inserting
first data nA and second data mB (n and m are integers
of 2 or more and n # m) when it is assumed that a |
sector size of first data is set to A and a sector size
of second data is'set to B and for forming data of a

10 block structure; a recording pfocessing unit for
performing an error correctiqn encoding and a digital
modulation to the data of the block structure; and a
recording unit for recording the recording data from

the recording processing unit to a data recording

15 medium.

FIGURE 1



simlar to that described as a bl ock header can be also 20 provi ded
after the block. Further, in order to realize a |larger capacity of the
optical disc, a one-side nulti-layer disc or a two-side nulti-layer disc
has *been proposed. In case of a one-side double |ayer disc, the disc has 25
two recording layers and data can be read fromone side. On the other hand,
data of a CD sector structure can be recwded to one recording |ayer and
data of a 63 structure of 2 kbytes can be recorded to the othery
recording layer. Even in case of the two-side disc, data of differdnt
sector structures can be also similarly separately recorded t8 thé& _
recording 5 surfaces. t keugh the enbodi nents have beersdescribéd above

with respect to the optidal d+-sc as an exanple, the inventi q;pgpgﬁqgalso
simlarly applied to achd{d o sk, i i (FD), furEher »®» a2 O
sem conductor 10  menor __agg a tppe-shaped recgrding nedifn1 t T
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According to the invention, another sector size can be inserted to the

bl ock of a predeterm ned size which is specified by a certain sector size.
As nent.i.oned above, since two formats can be united to the 15 bl ock of a
predeterm ned size, a conpatibility of data between a new di sc nmedi um and
the existing disc nmediumcan be inproved. For exanple, data of the CD ROM
is recorded to the DVD and a reproduci gf26r ocess or a hardware can be

sinplified. 64 What is clainmed is: 1. A data recordi ng appar at us
for recording digital data to a data recordi ng medi um conprising: input
means for receiving first and secon r~3di gi 2l data in which a ratio

bet ween sector sizes is not an int eEIgt-i o;&bl ock segnenting neans for

inserting first data nA and second data nB (n and mare integers of 2 or

nore and n [err] m) into blocks of predeterm ned sizes 10 and formng
data of a block structure when it is
PARITY
¥ 16~ GENERATING
8
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size of said first data is set to A and the sector

assuned that the sector

recordi ng processing neans for

error correction encoding and a digital

size of said second data is set to B

executing an 15

nodul ation for
and recordi ng neans for recording the

recording data fromsaid recordi ng processing neans to said data recording

the data of said bl ock structure;

&

t hat sizes obtained by respectively adding

sai d

ond data in
65 3
g neans
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and the second data nB having a relation such that (n >m and n and mare
relatively prime into the bl ocks of 5 sai d predeterm ned sizes. 4.

An appar.atus according to claim1l, wherein said block segnenting neans
inserts the first data nA and the second data nmB having a rel ation such
that (n > 10 m and n = m+ 2 into the bl ocks of said predeterm ned
sizes. 5. An ggparatus accordi igy2é0 claim 1, wherein said bl ock
segnenting means inséfts the first data nA 15 and the second data nB
having a relation sud that (n >nm and nis a powes of 2 into the bl ocks

of said predetern1ned—5|ze& @ < méﬁm paratus-accordlng to claim1l,
wherein 20 ei t her lr:_gne bft sz%d Bect of 5iEzes A ancEB IS a sector size
according to a CD fo gi? S I ARSHPLatus aceor di ng to claim®é,
wherein said sector sizesnk amsl Hnare Biymtao of 28048 bytes, 25 2,336
bytes, 2,340 bytes, ,3 Z’bylﬁf f“ Q4fﬁy‘ef%.2‘448tbytes and 2,450 bytes.
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66 8. An apparatus according to claim1, wherein said sector size A
or Bis a sector size that is integer tines as |large as 128 bytes. 5 9.

A data reproduci ng apparatus for reproducing a data recording nmedi umin
whi-¢h digital data constructed by bl ocks of sizes in which a ratio between
a first sector size A and a second sector size Bis not equal to an integer
ratio and nA and nB (n and mare 10 bpicégers of 2 or nore and n [err] m
can be inserted has been recorded, conprising: neans for reproducing said
digital data; reproduction proceSS| ns f performng a digital

denodul ati on and an error correctio lgal d digital data every said
bl ock; neans for dividing the digital ta with a block structure which was
error corrected and is outputted from said reproduction processi ng neans
into sectors and for outputting the data of a sector 20 structure; and
means for transmlgting the data of sqlq_—sf@gtmrE structure, 10 » AN
appar atus according to claim9, where

1 j&——12 BYTES——= 4 [«—12 BYTES— 4

4 ( 1., { ( { L
7 )

) : )]
FRAME SYNC DATA \) DATA C1 PARITY
SUB-CODE C2 PARITY



25 when sizes obtai ned by respectively adding additional information
such as a header and the like to said first and second sector sizes A and B

are set to A and B, 67 the size of said block is equal to nA' or nB
(nA- nB ). 11. An apparatus according to claim9, wherein 5 t he

si zes nA and nB of said blocks have a relation such that (n > m and n and
mare relatively prinme. 12. An apgpareat us according to claim9,
wherein the sizes nA of...said blocks have_—a-relation such 10 t hat
(n>m and n = m+ 2. An apparatus laccording to claim ¢ wherein

the sizes nA and nB of
Is a power of 2. 15 14.

d bl ocks havg|a rel gtion such that (n{>|m &nd n
Q PAR Bpparatlus acdording to any one]of|f cl ains 9

d
&3
&a
to 13, wherein either &Ee of said sect| sizeqd A and B is a sectjor| si ze
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plurality of kinds of digital data having different sector sizes to a
recordabl e data recordi ng nmedium conprising the steps of: receiving the

first and second digital data 25 in which a ratio between sector sizes
is ot equal to an integer ratio; when it is assumed that the sector size
of 68 said first data is set to A and the sector size of said second

data is set to B, inserting first data WR%nd second data nB (n and mare
integers of 2 or nore and n [err] m into the bl ocks of predeterm ned sizes

and formng 5 dat a otga bl ock structurje; perfformng a recordlhg#rocess
to execute an error cof£eqtion encodi and a |di gi ReSERVBBIUI at i@% tlo t he
data of said block strugtyr@ RARFTSaI & bl ock;l-and recording tHe¢ rlecordi ng
dat a obtai ned by said 1R recordi ng ocess |to said data recofdijng nmedi um
on said block unit basjs |16. A dgta regroduci ng net hod of
reproduci ng a oo
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data recording nediumin which digital
in which a ratio between a first sector

s not equal to an integer

data conprising 15
size A and a second sector

ratio and nA and mB (n and mare integers of 2

or fiore and n [err] n) can be inserted has been recorded,

reproducing said digital

bl ocks of sizes
size B

conprising the

data; performng a

steps of: 20 _
reproduci ng process to execute a digital8Mhodul ation and an error

correction to the digital
di viding the digital
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sizes is not equal to an integer ratio, digital data having a bl ock
structure in which blocks of a size nA and a size nB (n and mare integers
of 2 or_.nore and n 10 [err] m) can be inserted has been recorded. 18.

A medi um according to claim 17, wherein when sizes obtained by respectively
addi ng additional information such as a header and the like to said first
15 and second sector sizes A and B aB¢26et to A and B', the sizes of
said blocks are set to (nA = nB ). 19. A medi um according to claim
17, wherein the sizes nA and nB of said bl ocks have a relation such 20

that (n > n and n and mare relatively prine. 20. A medi um accordi ng
to claim17, wherein the sizes nA and nB of said bl ocks have a rel ation
such t hat (n >m and n = m+ 2. 2 medi um according to claim
17, wherein the sizes nA and nB of?;ggbl ocq 7have a relation such 70
that (n>mM and nis a power of 2
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22. A medi um according to claim17, wherein said sector size Aor B

is a sector size according to a CD 5

fornmat.

23. A medi um

according to claim 22, wherein said sector sizes A and B are any two of

2,048 bytes, 2,336 bytes, 2,340 bytes,

bytes, and 2,450 bytes. 24.

said sector size A or Bis a sector sizd0i/RBéat
128 bytes. 15 25. A data re

plurality of kinds of digital

dat iéygg di
recordi ng nmedi um conprising: neans rdivi

the data of one bl ock by

said first sector size A

t he

s for dividing sai

2,352 bhytes,

2,364 bytes, 2,448 10

A medi um according to claim17, wherein

into sectors so as to-?@y econd sector sLﬂe
for formng the data o s%d ao&hpgmﬁ(mis
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71 [err] n) sectors of said second sector size B and additional data;
recordi ng processing neans for performng an error correction encodi ng and

a digitat nodulation to 5 the data of said blocks; and recordi ng neans
for recording the recording -data fromsaid recordi ng processing neans to
said data recording nedium 10 26. An apparatus according to claim

25, wherein said additional data is addetl£3P each bl ock and includes a
bl ock header including ID information to identify the sector size.al5

27. " An apparatus according to claim25, wherein said additiofhl data
is areserve region that is prepared in each bl ock. 28. 2An afbarat us
according to claim?25, wh@reit 20 said n and m have a rebatgog i n >
m and n is a power of 2.{[]29.v An appar atus accordi ng §>§|:gig‘§3,
wherein A Lo ad
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said first sector size A or said second sector size B 25 is a sector
size according to a CD format. 30. An apparatus according to claim
29, wherein 72 said sector sizes A and B are any two of 2,048 bytes,
2,324 bytes, 2,336 bytes, 2,340 bytes, 2,352 bytes, 2,364 bytes, 2,448

bytes, and 2,450 bytes. 5 31. An apparatus according to claim 25,
wherein said first sector size A or saixhgsgond sector size Bis a sector
size that is integer tines as large as 128 bytes. 10 32. An

apparatus according to claim?25, wherein in the case where either one of
said first sector size A and said s sect@r/fize Bis a sector size

i ncl udi ng user data conposed of thefb = of unber that is integer tines
as |large as 128 bytes and 15 addi ti onal data such as address, sector
header, and the |i ge—of—ewvery—sector and one bl ock is constructed by an

i nt eger nunber of 5 eFARITY havi hg sai d sector size, said block segnmenting
means preserves sa dGENERATING ~—~ 6 6
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addi tional data of every said sector in said block and 20 I nserts the
additional data of every blocks of a predeterm ned nunber of bytes and a
pIurallty of sectors having the other one of the sector sizes A and B into
bl ocks in a region of said user data. 25 A dat a reproducing
apparatus for reproducing a data recordj ﬁ ﬂedlun1|n which digital data
constructed by bl ocks having a size in n sectors 73 of a first
sector size A or m(n and mareln ZrﬁrAm)re and n [err] m
sectors of a second sector size B dg;i ddi tional data can be

I nserted has been recorded, conprisin means for

reans for perform ng “‘bNE’qWSﬂESﬁOB %FF%%%EQW R N e L o 0 e
data of sa!od bl ock g13901’u—r ?5 (g 1[0, DATA SYMBOLS I
desegnenti ng neans for divi Z%ﬁ@he% Q(gr corrzect e@&%é@t—aﬂ @an of the
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from said reproduction processing neans into sectors and for outputting the
data of a sector structure; and neans for transmtting the data of said 15
sector structure. 34. An apparatus according to claim 33, wherein
sai.d additional data is added to each bl ock and includes a bl ock header

i ncluding sector 1D 20 i nformation, and said sector desegnenting neans
divides the digital data of the block stiggpgre into sectors on the basis
of said sector ID information. 35. An apparatus according to claim
33, wherein 25 said additional data includes a reserve region which is
prepared in each bl ock. 74 36. An apparatus according to claim 33,
wherein said n and mhave a relation of (n >n) and nis a power of 2. 5
37. An apparatus according to claim33, wherein said first sector
size A or said second sector size B_Ls a sectir7si ze according to a CD

format. Igy.
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38. An apparatus according to claim 37, wherein 10 sai d sector
sizes A and B are any tw of 2,048 bytes, 2,324 bytes, 2,336 bytes, 2,340
bytes, 2;352 bytes, 2,364 bytes, 2,448 bytes, and 2,450 bytes. 39. A
dat’a recordi ng mediumin which digital data 15 of a block structure
having a plurality of blocks of sizes in which n sectors of a first sector
size Aor m(n and mare integers of 2187 28ore and n [err] m) sectors of a
second sector size B ([err] A and additional data can be inserted has been

recorded. 20 40. A nediunlaccgEEP tow? 39, wherein said
additional data is added to each bl I6da i s ck header including ID
I nformation for identifying the sector Size. 25 41. A nmedi um

according to clai m 39, |[uheNEeTRANSIAISS 16N GRANEOAele—ONE ATRANSIH SSEGNe FRAYE Fog)i on
which is prepared  7p in.eacthbl Qqlipos —»1,  |~— DATA SYMBOLS —»
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42. A medi um according to claim39, wherein said n and m have a

relation of (n >mM and nis a power of 5 2. 43. A nmedi um
according to claim39, wherein said first sector size A or said second
sect’or size Bis a sector size according to a CD.format. 10 44. A

medi um according to claim43, wherein said sector sizes A and B are any two
of 2,048 bytes, 2,324 bytes, 2,336 bytesl622&840 bytes, 2,352 bytes, 2, 364

bytes, 2,448 bytes, and 2,450 bytes. 15 45. A medi um according to
claim39, wherein said first sector size A or said second sector size Bis
a sector size that is integer tines as large as 128 bytes. 20 46. A

data recordi ng apparatus for recording digital data to a data recording
medi um conprising a recordi hrocessing circuit ich can process the
digital data divided on the Has{s df 2% RL & prnijnedfunits having two
or nore different sizes, wherfeipn sgi a1 rggr i g circuit has

5
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an encoder for perform ng an encoding for an error
nmodul ating circuit for performng a digita
was err.or correction encoded,
out put signal

76 correction, a
nodul ation to the data which
and a sync signal adding circuit to which an
of said nodul ating circuit is 5 suppl i ed and which adds a
sync signal to said output signal every, |d predeterm ned units, and said
sync signal adding circuit adds sync S|gnals corresponding to the si zes of
said predeterm ned units. 10 47. n ap tus according to claim 46,
wherein said predeterm ned unit i sFﬁgt.or An appar at us
according to claim46, wherein 15 d predetern1ned unit is a block

conprising a plurality of sectors.
claim 46, wpgrekymgpagsd recording proce55| ng circuit further has 20

An apparatus according to

i dentifying neans for identifying said size of the
TABLE Tla S " TABLE T2a S TABLE T3a S TABLE T4a S
0 0010000000001001 1 0100000100100000 2  0010000000001001 1 0100000100100000 2
1 0010000000010010 1  0010000000010010 1  1000000100100000 3  1000000100100000 3
2 0010000100100000 2  0010000100100000 2  1000000000010010 1  1000000000010010 1
3 0010000001001000 2  0100010010000000 4  0010000001001000 2  0100010010000000 4
4 0010000010010000 2 0010000010010000 2  1000000100100000 2 1000000100100000 2
5 0010000000100100 2  0010000000100100 2  1001001000000000 4  1001001000000000 4
6 0010000000100100 3  0010000000100100 3  1000100100000000 4  1000100100000000 4
7 0010000001001000 3  0100000000010010 1  0010000001001000 3  0100000000010010 {
8 0010000010010000 3  0010000010010000 3  1000010010000000 4  1000010010000000 4
9 0010000100100000 3 0010000100100000 3  1001001000000001 i  1001001000000001 1
10 0010010010000000 4  0010010010000000 4 1000100100000001 ©  1000100100000001 {
11 0010001001000000 4 0010001001000000 4 1000000010010000 =  1000000010010000 3
12 0010010010000001 1  0010010010000001 1  1000000010010000 I  1000000010010000 2
13 0010001001000001 1  0010001001000001 1  1000010010000001 *  1000010010000001 1
14 0010000001001001 1  0100000000100100 3  0010000001001001  *  J1C0000000100100 3
15 0010000100100001 1  0010000100100001 1  1000001001000001 °  10C0001001000001 1
16 0010000010010001 1  0010000010010001 1  1000000100100001 *  1000000100100001 1
17 0010000000100010 1 0010000000100010 1  1000001001000000 &  :0C0001001000000 4
18 0001000000001001 1  0100000010010000 2  0001000000001001  *  31€0000010010000 2
19 0010000000010001 1  00100000000106001 1  1001000100000000 <  10C1000100000000 4
20 0001000000010010 1 0001000000010010 1  1000100010000000 <+  :0C3100010000000 4
248 0000100100001001 1 0100010010010001 1  0000100100001001 J1¢2010010010001 1
249 0000100001000001 1  0000100001000001 1  1000010000001001 10C0010000001001 1
250  0000010010010010 1 0000010010010010 1  1000001000000010 10¢0001000000010 1
251 0000010001000010 1  0000010001000010 1  1000000100000001 10C2000100000001 1
252 0000010010001001 1  0100010000100010 1  0000010010001001 3165010000100010 1
253 0000010000100001 1  0000010000100001 1  0100100010001001 :  3100100010001001 1
254 0000001001000100 2  0100010000010001 1  1001000000010000 2  3100010000010001 1
255 0000001000001000 2  0100001000010010 1  10001060100010000 2  31C3001000010010 1

DATA SYMBOLS

TABLE Tib S TABLET2b S TABLET3b S TABLET4b S
0  0000010010000000 4  0000010010000000 4 0100100001001000 2  J160100001001000 2
1 0000100100000000 4  0000100100000000 4 0100100001001000 3  1160100001001000 3
2 0001001000000000 4 0001001000000000 4 0100100000001001 ¢  3100100000001001 1
3 0000001001000000 4  0100010000000001 1  1000001000000000 <  3100010000000001 1
4 0000000100100000 3  0100100000000010 1  1001000000000100 3  31G0100000000010 1
5 0000000010010000 3  0100001000000000 4  1001000000100100 2 31G001000000000 4
6  0000000001001000 3  0100100000000100 2  1001000001001000 3  1100100000000100 2
7 0000000001001000 2  0100000100000000 4  1001000000000100 2z  51¢0000100000000 4
8  0000000010010000 2  0100100010010000 3  1001000000100100 2z  31G100010010000 3
9  0000000100100000 2  0100100000100100 2  1001000001001000 2  21G0100000100100 2
10 0000010001000000 4  0000010001000000 4 1001001001000000 4  -001001001000000 4
84  0010010000100100 2  0010010000100100 2  1000100000001000 z  '0G1100000001000 2
85 0010010010010000 2  0010010010010000 2  0100010001001001 >143010001001001 1
86 0000000100000100 2  0100001000100100 2  1000100001000100 2  :105061000100100 2
87  0000000100100100 2  0100010001000100 2  1000100010001000 2 >1%0019001000100 2



digital data that is inputted, and said identifying neans outputs a control
signal to select said sync signals to be added. 25 50. An
apparatus according to claim49, wherein said identifying nmeans identifies
whet-hef an inputted digital signal is a signal which has been CD formatted
77 or not. 51. An apparatus according to claim49, wherein said

I dentifying neans identifies whether an 18p26ted 5 digital signal is an
output signal froma CD-ROMdrive connected to said data recording
apparatus or not. 52. A dataJ?iﬁ uci pparatus for reproducing a
data recording nmediumin which dat e Wa e 1 obt ai ned by perform ng
an error correction encoding and a digital nodul ation to digital data which
had been segnented on the basis of predeterm ned units having two or nore

different sizes and by adding a s aid data has been recorded,
havi ng 15 a reprodudti onSPF dcRsBing)circuit to which

ALL PATTERNS OF CODE WORD —~S101

SELECT BIT PATTERNS OR CODES e
WHICH SATISFY 3T ~ 11T RULES 102

CLASSIFY EVERY STATUS VALUE

(344 ~ 411 KINDS PER STATUS) [~ S103

CALCULATE CHANGE AMOUNT OF =
'DSV WITH REGARD TO CODE WORD S104

SORT (REARRANGE) IN ACCORDANCE WITH 5105
MAGNITUDES OF CHANGE AMOUNTS OF DSV

ALLOCATE CODE WORDS IN WHICH

ABSOLUTE VALUES OF THE CHANGE
AMOUNTS OF DSV ARE LARGE AND

POSITIVE AND NEGATIVE VALUES ——~S5106
ARE OPPOSITE TO DOUBLED PORTION
(EVERY 88 CODE WORDS)
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the reproduced data is supplied, wherein said reproduction processing
circuit conprises: a sync signal separating circuit for 20 separati ng
said sync signal fromthe reproduced data; a denodulating circuit for
dempddl ating the data which was subjected to the digital nodulation; a
decoder for decoding the data which was izg#ected to the encoding for the
error correction; and 25 fying nmeans for identifying the
size of said predeternlned uni t of epreﬂ%ﬁﬁd dat a by t he sync signal
separated by said sync signal sep ircuit. An
apparatus according to claim52, mhere n said predeternlned unit is a
sector. 5 54. An apparatus according to claimb52, wherein said

predeterm ned unit is a block CO”B}{HN%iEnﬂWO%N?l urality of sectors.
DATA SYMBOLS
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10 55. An apparatus according to claim52, further conprising: a
bl ock segnenting circuit for dividing the data which is supplied fromsaid
reproducii on processing circuit into predeterm ned bl ocks; 15

a fi‘rst sector desegnmenting circuit for dividing said block into sectors
having a first size; a second sector de ting circuit for dividing said
bl ock into sectors having a second size; and 20 swi tching
means for selectively switching th ata fro id first and second sector
desegnenting circuits in accordanc Jgg_an ignal that is outputted
fromsaid identifying neans and for o utting the swtched data. 25 56.
An apparatus according to claim55, wherein said first sector desegnenting
circuit divides said 79 bl ock pRiMaet RBouagctors according to a CD format

and DATA SYMBOLS
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sai d second sector desegnenting circuit divides said block into sectors
consisting of data of 2 kbytes. 5 57. An apparatus according to
claim52, wherein said identifying means identifies whether the digital
nodul ated data is data which-was CD formatted or not. 58. A dat a
recording nethod for recording digital 10 data to a data recording

medi um having a step of a recording pr@3d€38& which can process the digital
data divided on the basis of pred [ m ned s having two or nore
different sizes, wherein the step?%? |(j;$2¥’chng process 15 i ncl udes
an encodi ng step of perform ng an er tion encodi ng, a nodul ating
step of digital nodulating the error correctlon encoded data, and a step of

addi ng a sync signal to said nodu * and 20 in said
step of addi ngm% W@(ﬁﬁggnal éye |DdM1tSYM901:§ size of said
pr edet er mi ned o) a plur | nd$ Bﬁ ALLBCATEDgnal s is added to

said data in correspondence to sa A net hod

accordlng f havi n tep of |de tifying ajsize off the
L ed gq{ifdﬁ‘gﬁgood’ébfbeéo Qr?é B
1000100100000000 +10 1 @
1000010010000000 +10 . 2 é
1000001001000000 +10 3 w
O
O ©
o)
ot —
1000000000100000 +4 87 _ w
0100000100001000 + 4 88 1 . °
0
0100000010001001 + 4 89 o =
0010000010001000 = +4 90 i
0
O
O
(v 0]
©
1001000000010001 —2 255 1 7
1001000000001000 —2 87 7 ]
1000100100100000 —2 86 @ a
1000100010010000  —2 85 § e
wi 11l
O 1
@] m
O <C
© -
0000100100001001 —4 1 o
1 0000010010001001 —4 0 i _

DIAGRAM SHOWING UNIT TABLE T3 WHEN STATUS VALUE IS SET T0 3



80 60. A net hod according to claimb59, wherein in said identifying
step, whether the inputted digital signal is a signal which was CD

formatted or not is identified. 5 61. A nmet hod according to claim58,
furthér having a step of dividing the inputted digital data into blocks in
correspondence to said size. 10 62. A met hod according to claim

61, wherein the digital data that is inpyj3ed includes first data which was
segnented into sectors on the basis of a CD fornmat and second data

conprising sectors of 2 kbytes, anfl_gahg net further includes a step of
di viding said 15 plurality of o S=in | ocks every said first or
second data. 63. A data recording nediumin which data obtai ned by
performng an error correction GVWNGEQAWUHTZB ?Mﬁgital modul ation to
digital data whhgEhggbRess di vi dgdpep WHeg ba AEA S ?Et ermned units
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or nore different sizes and by adding a sync signal has been recorded, in
whi ch said sync signal is added to data which was digital nodul ated so that
said sj,ze can 25 be identified. 64. A medi um according to claim
63, wherein said 81 predetermned unit is a sector. 65. A nmedi um
according to claim63, wherein said predetern1ned unit is a block
conprising a plurality of 5 sectors. @8/26 A nmedi um according to

cl ai m 65, wherein said sector conprises first data which was CD fornatted
or second data conprising data of tes said bl ock 10 conpri ses
a set of a plurality of said sect @nne every said first or second
data. 67. A nedlun1accord|ng t claim 66, wherein a sync signal
corresponding to the kind of sectors 15 constructing said block is added

to the head otfs%?#jgﬁ??krt§8. A medi um according to claim67,
wherein said
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sync signal is a sync signal for a transm ssion frame. 20 69. A

medi um according to claim®67, wherein said sync signal is a signal which
can be discrimnated for a sync signal for a transm ssion frame. 25. 70.
A medi um according to claim63, wherein as for the recorded digital data,
the data added with an error correction code has been 8-16 nodul ated and
sai d 82 sync signal conprises a uniqygg/het pattern which doesn't appear

in the 8-16 nodul ated dat a.
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