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DATA RECORDI NG / REPRCDUCI NG APPARATUS,QNETH@QVTﬂﬁgggﬁb AND DATA RECORD
MEDI-UM BACKGROUND OF THE | NVENTION Fiel d oﬁifﬁ%??h'éﬁfT A The present
...nwention relates to.a data recording/ reproducing apparatus for allowi ng a
¢ gnal 5 process ‘for data record nediuns with different formats, in
M Pparticular, for data record mediunms with different data sizes to be
““si.nplified, a nethod thereof, and a data record nmedium Description of
‘Rel ated Art BATA RECORDING /REPROSYUEEREAPPARATHS, WikTroh OfHEREOM t h
conput ers, fARD DATHN BECORS MEDIUM ge Sstorage capacity and high speed
access, optical disc drives are becom ng popular. CD-ROM (or CD-1 (CD

I nteractive)) drives and MO (nag%gﬁgﬂgﬂf' ' )% iéégﬂrave been rapidly
and 15 -wi dely used. An MOdiIsC |sbiodr:1§F Sﬂp}ié: sile e.discs. In
addition, an MD (rmEinldis)tHdhatndehtdbrer asabl e type di sc has been
proposed. Mreover, as a picture record nedium a DVD (digital video disc)
i's now under devel opment. 2@he present inventhiten DM dtsesa tepr @iuct i on-only

disc with the sane dianeter as the dianeter of the CD or a
recor dabl e/ r epr od Ut dsttsligm/A ceep afidirs iteatapipa cat WO fiopeal lowing a signal

5 process for data record mediums with different formats,
in particular, for data record mediums with differeﬂt
data sizes to be simplified, a method thereof, and a
data record medium.
Description of Related Art

10 As external storing units for use with
computers, from view points of lérge storage capacity
and high speed access, optical disc drives are becoming
popular. CD-ROM '(or CD-I (CD interactive)) drives and
MO (magneto-optical disc) drives have been rapidly and

15 widely used. An MO disc is one type of erasable discs.
In addition, an MD (mini-disc¢) that is an erasable type
disc has been proposed. Moreover; as a picture record
medium, a DVD (digital video disc) is now under
development.

20 fhe DVD is a reproduction-only disc with the
same diameter as the diameter of the CD or a
recordable/reproducible optical disc that is an MO type
disc or a phase change type disc that reproduces or
records/reproduces picture information compressed

25 corresponding to the MPEG standard or the like. As

well a5 the wavelength of laser rays decreases and the

N 3
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disc qr a phase change type disc that reproduces or records/reproduces,
pi cture information conpressed 25 corresponding to the MPEG standard
or dhe like. As well as the wavel ength of |aser rays decreases and the
2 NA of an objective lens increases, the digital nodul ation and the
error-correction-code encodi ng process have been inproved, the recording

. density has 5 been further inproved. 1In the case that the DVDis a
single layer type disc, the data storage capacity is as nuch as around 3.7
Goytes. The CD and MD were originally devel oped for digital audio discs.
Thereafter, theseNii sifs dmavad e usdeforinsaezses, 1the digktadtage nedi uns

for conputers Li kewi se, the DVD with nmuch | arger storage ca aC|t t han
the CD and MD ar e addatedn @nsk Us%cﬁlfmr“e@@’éﬁ?%tl%‘f‘o?%‘g% AHRIf or
conputers. As with the DVD, the densjty of rec rease

due to advancementPXHCastHRIORRD Wi%lff"ée‘élesﬁ:l'l‘%dr?‘é?/’éﬁil%‘? ‘9%%5%83058%9

density 'S5§CC°”Wbé£E“¥ufkﬂ§¥V{ﬁg%g&%gﬂd'PH1€Q 2,08 hat the DVD is a

single layer type disc, the data storage capacity is as
much as around 3.7 Gbytes. The CD and MD were
originallf developed for digital audio discs.
Thereafter, these discs have been used for external
10 storage mediums for computers. Likewise, the DVD with
much larger storage capacity than the CD and MD are
expected to be used for external storage mediums for
computers.
As with the DVD, the density of record
15 mediums increase due to advancement of technologies.
When-a desired level of the recording density is
accomplished, a new record medium and a new
recording/reproducing apparatus are developed. When
" the same signal format as the conventional record
20 mediums is used for the new record medium so as to
maintain their compatibility, the number of bytes of a
data error due to a defect (rubbish, scratch, etc.) on
the medium increases, thereby deteriorating the
reliability thereof. |
25 In the conventional optical discs such as
CDS, assuming that the wave length of laser rays is 635

nm and the NA of the objective lens is 0.52, a line



recor ding/ reproduci ng apparatus are devel oped. When the sane signal format
as the conventional record 20 - mediuns is used for the new record
medéum so as to maintain their conpatibility, the nunber of bytes of a data
error due to a defect (rubbish, scratch, etc.) on the nediumincreases,
thereby deteriorating the reliability thgreof. 25 In the
conventional optical discs such as CDS, assum ng that the wave | ength of

| aser rays is 635 densitdy tde dNowid the3 glmméisitveahebs bBscOmp2isheldi.neIn 3
density of around 0.3 pnibit can be acconplished. In this case, the track
pitch is for exanpiei®d. Gspmticn thechthetchand, toR §Xhmgﬁed@n§ﬂtymtyp@n
optical disc that will be commercially used in near future, assum ng

that the wave | endtf Gtthere Rardr imy3 ngﬁedﬁa§éFY F§p$49pﬁﬁF§ﬁddﬂﬁ€ NA of

the objective lens is 0.6,. the |ine dens round 0.1 m bit can he
acconpl i shed. I n oty W v@o]'f]dsbetwui‘%ﬁ%%#t¥ BAedbRP BRAFhEURLLE mASURIRG

decr eased t ar ou @6 Thus def.ect .o a_nedi f or. Q.byt es
on the Conventlongﬂlqbt % f%ngth of {he laser rays (Bqle la%% X's

440 nm and the NA of the objective lens is 0.6, the
line density of around 0.18 um/bit can be accomplished.
In other words, the length of one bit on the disc
medium is decreased to around 60 %. Thus, a defect of
10 a medium for 500 bytes on the conventional optical disc
becomes a defect for 833 bytes on a high density type
optical disc. Consequently, the burst error length
increases instead of an increase of the error rate.

It is possible for high density type optical

15 discs to use an error-correction-code encoding process
and a recording/reproduéing signal format that are
different from those of the conventional optical discs.
However, in this case,lhardware should be newly
developed and designed. In addition, the compatibility

20 between the conventional discs and the high density
type optical discs is lost.

Therefore, an object of the present invention
is to provide a data recording/reproducing apparatus
for recording/reproducing déta with different record

25 densities of a plurality of data record mediums such as
conventional data record mediums and high density type

data record mediums without tradeoffs of an increase of



becones a defect for 833 bytes on a high. density type optical disc.
Consequently, the burst error length increases instead of an increase of
theserror rate. It is possible for high density type optical 15 di scs
to use an error-correction-code encodi ng process and a
recordi ng/ reproduci ng signal format that 4are different fromthose of the
conventional optical discs. However, in this case, hardware should be newy
devel oped and desigaedwate sddiki and thdecerpale hifl idoceXEibilithgt ween the
conventional discs and the high density type optical discs is |ost.

Theref ore, an obj emétbbddt heeperesentnidnaenticoesisibile wicod dediwat a

recor di ng/ reproduci ng apparatus for recordi ng/reproducing data with
different record 25 densities of a plurality of data record nedi uns
such as conventional data record nedluns and hloh denS|t type data record
medi ums wi t hout tradeoffs of an i ne¥és 3 LANVED Nscale and a

decr ease of caccessibilily, P S L AL SECRASEL P S o

first aspect of the present invention is a digital data

recording apparatus for recording digital data on a
record medium, comprising an interleave means for
interleaving the digital data with a first interleave
10 length or a second interleave length that is larger
than the first interleafe length and forming
interleaved digital data depending on whether record
density information that represents the record density
of the digital data on the record medium represents a
15 first record'density or a second record density that is
larger than the first record density, respectively, and
a recording means for recording the interleaved digital
data on the record medium.
'A second aspect of the present invention is a
20 digital data reproducing apparatus, comprising a
- reading means for reading interleaved digital data from
a record medium, a record density detecting means for
detecting the record density of the interleaved digital
data and generating record density information, and a
25 deinterleave means for deinterleaving the interleaved
digital data with a first interleave length or a second

interleave length that is larger than the first



5 . To acconplish the above-descri bed object, a first aspect
of the present invention is a digital data recordi ng apparatus for
recording digital data on a record medium conprising an interleave neans
for interleaving the digital data with a first interleave 10 | ength or
a second interleave length that is larggr than the first interleave |ength
and formng interl eaved digital data dependi ng on whether record density

i nformation that Aefegdertve tlengticard dertgiutyt g tdig il t@ht datlependihg
record nediumrepresents a 15 first record density or a second record
density that is | &gehether tthe feaonrd seorsdl dent fgrmateibpecreneeyentadaa
recordi ng neans fqr. recording the interleaved digital data on the record
nmedi um A second_%&ﬁé&tr@FQHﬂaqﬂQ§%§% ImPerit PG stecord densyfyi thatdasa
reproduci ng appar at.us, _cQmpri si.ng readi n ans for reading jnpterl eaved
digital data fromeig I8 o%&’aﬁegﬁk\ﬁnfalafsr crcﬁ‘g’rﬁ SR et LTINS HEYRLYF or
detecting the record densit .t Interle digital data and. generating
record dent35i ty information, )Aa%f lal%g§5peCt (?Zfl/ﬁ%%e%‘gelﬁ?/see%aﬂv‘?%glgn 1s a

dei nterl eavi ng t hiiigtan! eavad Ui fHanid fedr fLESS dETheGYEaL enoth
or a second interleave | ength that |sq ar ger t‘%an t he (fsl rst
data on a record medium, comprising the steps of
interleaving the digital data with a first interleave
length or a second interleave length that is larger
10 than the first interleave length and forming
interleaved digital data depending on whether record
density information that ;epresents the record density
of the digital data on the record medium represents a
first record density or a second record density that is
15 larger than the first record density, respectively, and
recofding the interleaved digital data on the record
medium.
A fourth aspect éf the present invention is a
digital data reproducing method, comprising the steps.
20 of reading interleaved digital data from a record
medium, detecting the record density of the interleaved
digital data and generating record density information,
and deinterleaving the interleaved digital data with a
first interleave length or a second interleave length-
25 that is larger than the first interleave length and
outputting digital data depending on whether the record

density information represents a first record density



5 interleave length and outputting digital data depending on whether the
record density information represents a first record density or a second
record density that is larger than the first record density, respectively.
5 A third aspect of the present invention is a digital data
recording method for recording-digital daga on a record medi um conprising
the steps of interleaving the digital data mﬁtg % tirﬁt.inter%e%v hI(aength
or a second interl ®ave FeRAPH FREPrAsdeRsybY tH2t 1s dRATSEREPAY &

interleave length and formng,interleaved diqgi ta dependi ng on whet her
record density infg}ﬁﬁgiBﬁc?ﬂgtHﬁﬁﬁig¥enf§sPESE?g§§§d density of the

digital data on the record Uﬁdkgﬁkﬁegéﬁégﬁt8fatBEr§Ee%%ﬁQrQﬂ$@%ﬂﬂﬁh Qls &
I's arg

second record density that er than the first record density,

respectively, and &Eg%ghnaataergeaeahﬁavsgpg!rﬁiths%', &k Q13 it are eirdr-

medium A fourth aspéct of the present invention is a digital data
reproduci nggmet hodgoePBBEE shRgolBEehbBBINg2Beans fofr leeadirtgdrteastiemred

digital data froma record nedium detecting the record density of the

interl eaved code encoding digital data for every block with a first
data amount or a second data amount that is larger than
the first data amount and forming error-correction-code
encoded digital data depending on whether record

10 density information that represents the record density
of the digital data of a record medium represents a
first record-density or a second record density that is
larger than the first record density, respectively, and
a recording means for recording the error-correction-

15 code encoded digital data on the record medium. \

A sixth aspect of the present invention is a
digital data reproducing apparatus, comprising a
reading means for reading efror—correction—code encoded
digital data from a record medium, and an error-

20 correction-code decoding means for error-correction-
code decoding the error-correction-code encoded data
for every block with a first data amount or a second
data amount khat is larger than the first data amount
and outputting digital data depending on whether record

25 density information that represents the record density

of the error-correction-code encoded digital data

represents a first record density or a second record



digital data and generating record density information, and deinterl eaving
the interleaved digital data with a first interleave |length or a second

i nterl eave | ength 25 that is larger than the first interleave |ength
and outputting digital data depending on whether the record density
information represents a first record dgnsity 6 or a second record

density that is larger than the first record density, respectively. Afifth
aspect of the pr&Hitnvdmt ohsibabgdrgtban daea frigsdr deserabsardidy,
conprising an error- 5 correction-code encodi ng neans for

error-correcti on-TERREEH@HW ng digital data for every block with a first

data anount or a second dat annun%hthat |% %grgﬂﬁthan tgg.first.data
- code

anount and formng error-c ractFOn"cBakeE é’lrteaﬁen ata enptelr?(ﬂ nlgs on

whether record 10, 4y q; AnShLvai PLOLURS ENLLAROA CRIGSENSS 1S HL B dhe

density of the digi a recor um répresénts a first record

density orsa secolif &8CoFd-gePsityohbabdkS endidfind Ra%itha fddst fdcord
density, respectively, and a recording nmeans for recording the
error-correcti on-every block with a first data amount or a second data
amount that is larger than the first data amount and
forming error-correction-code encoded digital data
depending on whether record density information that
10 represents the record density of the digital data of a
record medium represents a first record density or a
second recofd density that is the first record density,
respectively, and recording the error-correction-code
encoded digital data on the record medium.
15 An eighth aspect of the'present invention is
a digital data reﬁroducing method, comprising the steps
of reading error-correction-code encoded digital data
from a record medium, and error-correction-code
decoding the error-correction-code encoded data for
20 every block with a first data amount or a second data
amount that is larger than the first data amount and
outputting digital data depenaing on whether record
density information that represents the record density
of the érror—correction—code encoded digital data
25 represents a first record density or a second record
density that is lérger than Ehe first record density,

respectively.



15 * code encoded digital data on the record nedium A sixth aspect of
the present invention is a digital data reproduci ng apparatus, conprising a
readi ng means for reading error-correction-code encoded digital data froma
record nmedium and an error- 20 correction-code decodi ng neans for
error-correction- code decoding the error8correction-code _encoded data for
every block with a first dahanbmbumspect sécbhe BacaeBRouRYERRAPN| 43| &r ger
than the first data anmount and outputting digital dat a ?egeidkng gn whet her
record 25 des$¢ yShaped npeFoRd t hadlvepEBaEnhast RePrBEBrdtdeRSity of

the error-correcti on-code encoded digita[ data represents a first record
density or a secoh@CcPedoFHacks7apdnshey LRatoratesr §&r 2t RRRSLRE L prgular

record density, respectjvely. A _seventh aspect of the present invention is
2 digital data relorarhgY ntiRBACREORBRFEPNG EnacEeaFeds the rgrord
AP i AU et s S T
amount and digital data interleaved with a first interleave
S length, and second record tracks that record second
digital data interleaved with a second interleave
length larger than the first interleave length and that
is disposed on a more-inner peripheral side than the
first record tracks.
10 : A tenth aépect of the present invention is a
| disc shaped record medium that has a plurality of
record tracks and that is rotated at a constant angular
velocity when the tracks are accessed, the record
medium iﬁcluding first record tracks that record first
15 digital data error—correction—code encoded every block
with a first data amount, and second record tracks that
record second digital data error-correction-code
encoded every block with a second data amount larger
than the first data amount and that is disposed on a
20 more inner peripheral side than the first record
tracks..
An eleventh aspect of_the preéent invention
is a disc shaped record medium having at least two
divided record regions as a firsf record region and a
25 second record region defined as positions in a radius
direction, wherein the first record region that records

first digital data interleaved with a first interleave



form ng error-correction-code encoded digital data dependi ng on whet her
record density information that 10 represents the record density of
thesdigital data of a record nmediumrepresents a first record density or a
second record density that is the first record density, respectively, and
recording the error-correction-code encofed digital data on the record
medi um 15 An ei ghth aspect of the present invention is a

digital data repr oy, r@%ﬁcﬁl%emr&ﬁé NgetBRaSEERS raf re@adhnNghat
error-correction-code encoded digital data froma record nedium and

error-correcti on- coskeo Kes osk dhd Nei g1t DI -89t s echtepleadedenseded galanbor
20 every block with a first data anobunt or a second data anpunt that
is larger than theiftestealat al amptint 1l angle outlpant thg digstalindatrd edegendi ng
on whether record density information that represents the record density of
the error-correctibeRaithieantcdurt s glisposiedaocnsa morer éppeseres ipheirpdt
record density or a second record density that is larger than the first
record densPty, reshietiRanythe fprst record region.

A twelfth aspect of the present invention is
a disc shaped record medium having at least two divided
record regions as a first record region and a second
record region defined as positions in alradius
10 direction, wherein the first record region that records
first digital data error-correction-code encoded for
every block with a first data amount, and wherein the
second record region that récords second digital data
error~correction-code encoded for every block with a
15 - second data amount larger than the first data amount
and that is disﬁosed on a more inner peripheral side
than the first record region.
These and other objects, features and
advantages of the present invention will become more
20 apparent in light of the f§llowing detailed description
of best mode embodiments thereof, as illustrated in the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
25 ' Fig. 1 is a block diagram showing the overall

structure of a recording/reproducing circuit according



A ni nt:h aspect of the present invention is a disc shaped record nedi umt hat
has a plurality of record tracks and that is rotated at a constant angul ar
vel:ocity when the tracks are accessed, the record nediumincluding first
record tracks that record first digital data interleaved with a first

interleave 5 | engt h, and second recqrd tracks that record second
digital data interleaved with a second interleave |length |arger than the
first interleave length and that is disposed on a nore inner peripheral
side than the first record tracks. 10 A tenth aspect of the

present inventiontbsald @inbedshapedofeedled pratkdnt thafedtaso®; pl urality of
record tracks and that is rotated at a constant angul ar velocity when the
tracks are accessed, the refdapd edisum isaticith thigc fdisdramechsd ¢éxprisnibat
record first 15 digital data error-correction-code encoded every bl ock
with a first dat aaanennor-gndreetdnt-cocer cneetksg tivaecess oxcdceedong to
digital data error-correction-code encoded every block with a second data
anount | ar §er thakhehembpddmenst @ fakbenorafrPnhatnyengieposed on a 20

nore inner peripheral side than the first record tracks. An el eventh aspect
of the present invention Fig. 3 is a block diagram showing an example

of a record processing system shown in Fig. 1;

Fig. 4 is a block diagram showing an example

of a reproduction processing system shown in Fig. 1;

10 Fig. 5 is a block diagram showing an overall
structure of a recording/reproducing circuit according
to a second embédiment of the present invention;

Fig. 6 is a schematic diagram showing a real
example of an error-correction-code encoding process

15 according to the second embodiment of the present
invention;

Fig. 7 is a schematic diagram showing a real
example of an error-correction-code encoding process
according to the second embodiment of the present

20 invention;

Fig. 8 is a schematic diagram Showing a real
example of an error-correction-code decoding process
according to the second embodiment of the present
invention;

25 _ Fig. 9 is a schematic diagram showing a real
example of an error-correction-code decoding process

according to the second embodiment of the present



is a disc shaped record nmedi um having at |east two divided record regions

as a first record region and a 25 second record region defined as
positions in a radius direction, wherein the first record region that
records first digital data interleaved with a first interleave 9

| engt h, and wherein the second record regilon that records second digital
data interleaved with a second interleave length |arger than the first
interl eave | ength andehbabnis di sposed on a nore inner peripheral 5

side than the first record region. A twelfth aspect of the present
invention is a disc shaped ré&tgr.dlAedsum bawvickg ddtagress tshiowd rdj \ard ek angclay d
regions as a first record region and a second record regi on defined as
positions in a radPfisalgecord girpeessong wystem aceeridingt toeeorthinmdyi on
that records first digital data error-correction-code encoded for every
block with a firstBaPdiBABENPL 5hE wEesent tRy¥esEdORd record region that
records secgnd digital data error-correction-code encoded faor every bl ock

with a 15 second data afdfnt Lfat§eP PRRFX Rdagrelt siowd ngnathiexample

of a reproduction processing system according to the
fourth embodiment of the present invention;

Fig. 12A is a schematic diagram showing a
data block for explaining the third embodiment of the

10 present invention;

Fig. 12B is a schematic diagram showing a
data block for explaining the third embodiment of the
present invention;

Fig. 13A is a schematic diagram for

15 explaining an application of the present invention; énd

Fig. 13B is a schematic diagram for

explaining an application of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

20 Next, with reference to the accompanying
drawings, an embodiment of the present invention will
be described. Fig. 1 schematically shows a structure
of an optical disc recording/reproducing system
according to an embodiment of the preset invention.

25 The system is composed of an optical disc recording
system and an optical disc reproducing system. Digital

data (namely computer data) to be recorded is supplied



and that is disposed on a nore inner peripheral side than the first record
regi on. These and other objects, features and advantages of the present

i nvention will beconme nore 20 apparent in light of the follow ng
detail ed description of best node enbodi nents thereof, as illustrated in

t he acconpanyi ng draw ngs. BRI EF DESCRI PTLON OF THE DRAW NGS 25

Fig. 1 is a block diagram show ng the ovérall structure of a

recor di ng/ reproc’”%k@ﬂgﬁh;?z!d%hta% Rdhag 1. 1GHo lfé}g)ﬂﬁ&]%,% M ed hes

present invention; Fig. a schematic diagramTor explaining an

error-correction- ge¢edencedirfd sRc@eesS aAACRHMY 1is & unit tde EMbLdtsEnd
of the present invention; Fig. 3 is .a block diagramshow ng an exanple of a

record processi ngrsysrasugheptodacedy. If HeFegbdrsya dldxka dsage aamdhaw ng
an exanpl e of a reproduction processing systemshow in Fig. 1; 10
Fig. 5 is a bl ockhdedgraamrshavideg &o eashaldectomcture of a
recordi ng/ reproduci ng circuit according
5 The input digital data is supplied to an
error-correction-code encoder. In this example, a
folding type dual code such as the CIRC (cross
interleave Reed-Solomon code) is used as an error
correction code. The encoder is composed of a C2
10 encoder 2, interleavers 3a and 3b, a selecting circuit
4, and a Ci encoder 5. In this encoder, the C2 encoder
2 performs an error-correction-code encoding process
for a plurality of data symbols. The interleaver 3a or
3b changes data symbols and a code sequence of the
15 parity generated by the C2 encoder. The Cl éncoder 5
encodes the resultant symbols of.which the code
sequence has been changed.
The output data, which has been encoded with
the error correction code, is supplied to a record
20 processing circuit 6. Record data that is output from
the record processing circuit 6 is supplied to an
optical pickup through a drive circuit (they are not
shown) and then recorded on an optical disc 20. The
disc 20 has a TOC region in which TOC (Table Of
25 Contents) information is recorded. In the TOC region,

a disc ID (that will be described later) is recorded.

A cartridge 59%9a houses and protects the disc 20. The



to a second enbodi ment of the present invention; Fig. 6 is a schematic

di agram showi ng a real exanple of an error-correction-code encodi ng process
15 - according to the second enbodi nent of the present invention; Fig. 7.
is a schematic diagram showi ng a real exanple of an error-correction-code
encodi ng process according to the second ggbodi nent of the present 20

I nvention; Fig. 8 is a schematic diagram showi ng a real exanple of an

error-correction- cede deipsdi 5@ HOE S Ssartoc8ingtbe nBRos§COPE eRBedinapNt
of the present invention; 25 Fig. 9 is a schematic diagram
showi ng a real exafpire dfheardiese aib corAscéxamptedeoflethdi agtpradedssc 20,
according to the second enbodi ment of the present I nvention; Fig. 10 is
a bl ock di agram sHolhg( Wi e pipted divee reebidaprdisssi ag MPst endaecor di ng

to a third enbodi ngnt of the present invention. 5 . _ Fig. 11
is a bl ock diagragﬁﬁﬁﬁﬁ' |gecordable/reproducible optical disc

5 are used. It should be noted that the present
invention can be applied for a mastering system of a
reproduction-only disc such as a CD-ROM as well as a
drive device for the optical disc 20. According to the
embodiment of the present invention, as the optical

10 disc 20, one of two types of discs wiﬁh different
record densities can be selected. Alternatively, the
embodiment can be applied for a high density type
optical disc that will be used in future as well as the
conventional discs.

15 Reproduction data read from the optical disc
20 is supplied to a reproduction processing circuit 11
through a reproducing_amplifier and a clock extracting
circuit or the like (not shown). In addition, a focus
servo, a tracking serﬁo, and a feed servo are provided

20 fdr the optical-<pickup. Moreover, a spindle motor
servo is provided for driving the optical disc at CAV
(Constant Angular Velocity) or CLV (Constant Linear
Velocity). Furthermore, a circuit that controls laser
power is provided. Since these portions are the same

25 as those of the coqyentional circuit structure, the
description for these portions is omitted.

An error-~correction-code decoder is connected



of a reproduction processing systemaccording to the fourth enbodi nent of
the present invention; Fig. 12A is a schematic di agram show ng a data bl ock
for«explaining the third enbodi ment of the 10 present invention; Fig.
12B is a schematic di agram showi ng ‘a data bl ock for expl aining the third
enbodi ment of the present invention; Fig.,,13A is a schematic diagramfor 15
expl ai ning an application of the present |nvent|on and Fig. 13Bis a

schemnti c d|agranmbomhyqﬁepﬂudupﬁﬂbﬁuﬁﬁ¢@@$sDﬂgOé1tb&1ﬁresentThmyent|on
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS 20 Next, with

reference to the asccodeanyinganavwsedsof am @hbddcodar b2, t Heiptesdaavers

i nvention will be described. Fig. 1 schematically shows a structure of an
optical disc recorldiang?/ﬂderQMU(ﬁ rﬂge%%@tfelma@éb@ui/hglﬂo andeab6di Ae6PAEF t he
preset invention. The systemis conposed of an optical  disc

recordi ng systen1dﬁb aﬁhﬁﬁqaxﬂe%ﬁéﬁlr%%r%ﬂ@@?h@ss?E?eﬁ?PEPﬁPFBFOHaFSta

(namely conguter W Pnd Sp EFUFSE 56 28PBn' Slltput terminal 16.

The two lnter;eavers 3a and 3b are provided
for selecting the interleave length corresponding to
the record density of the optical disc 20. The
structure other than the interleavers 3a and 3b is the

10 same regardless of the record density of the optical
disc 20. Thus, the data format of data recorded on the
optical disc 20 and the data format of data reproduced
therefrom do not depend on the record density of the
disc. For example, as with the format of a CD, a sub-

15 code, data, a parity P of a Cl code, and a parity Q of
a C2 code are placed in one transmission frame (also
referred to as an EFM frame or a Cl frame). These data
parts are digitally modulated. At the beginning of
each transmission frame, a sync (é sync signal) is

20 placed.

Next, with reference to Fig. 2, the error-
correction-code encoding process according to the
embodiment of the present invention will be described;
In Fig. 2, m symbols are data to be encoded with an

25 error correction code. r symbols are the parity Q. s
symbols are the parity P. The encoding process with

the error correction code Cl is performed for m data



12 froman input terminal 1. The input digital data is divided into
sectors. A sector is a unit of data to be recorded/reproduced. If
necessary, a data sync and a header are added to each sector. 5 '
The input digital data is supplied to an error-correction-code encoder. In-
this exanple, a folding type dual code sygh as the CIRC (cross interleave
Reed- Sol onon code) is used as an error correction code. The encoder is

conmposed of a C2 il | er A 3R &sslectiiw
circuit 4, and a gmgﬁégdga%%géfg fﬁig%gﬁég g},§¥ﬁgzc2 encoder 2‘%Erforns

an error-correcti garCedea@RCdinde 1R 8¢ethel Pard i} W.al ithunf wad psynbpls.
The interleaver 3a or 3b changes data synbols and a code sequence of the 15

parity generated by tshea€2 eyaddds. isThen@ratreehderorb wrec addse 1t Heanaésuhant
synbol s of which the code sequence has been changed. The output data, which
has been encoded windoding @rogessomicht ithie codmr icorgdliad eader G2cos d 20
processing circuit 6. Record data that is output fromthe record
processi ng 5ci r cui Peg fiogmegpdiaredata symdstiscalisnasash alnnuigh daFenzl
circuit (they ar elr:{%te .Sh%‘?l"&)s,ar%%et gear}irtgc%r diesd goer}learnatoe%.i cal disc 20. The
The interleaver 3a is selected when the
optical disc 20 is a standard record density type
optical disc. In Fig. 2, a code sequence represented
10 by C2a is formed. On the other hand, the interleaver
3b is selected when the optical disc is a high density
type optical disc. 1In Fig. 2, a code sequence
represented by C2b is formed. Generally, the maximum
delay amount in the interleaving process is referred to
15 as an interleave length (also referred to as tﬂe
restriction length of the interleave, the depth of the
interleave, or the interleave interval). As 1is clear
from Fig. 2, the relation between the-interleave length
a for a standard record density type optical disc and
20 | the interleave length b for a high density type optical
disc is expressed by b > a.
With information in association with the
input digital data, data read from the semiconductor
memory 59b, or a key operation of a keyboard 56 of the
25 user, a disc ID is generated by a CPU 57. The

selecting circuit 4 is controlled corresponding to the

disc ID. Thus, the interleaver 3a or 3b corresponding



disc 20 has a TOC region in which TOCC (Table O 25 Cont ent s)

information is recorded. In the TOC region, a disc ID (that will be
described later) is recorded. A cartridge 59a houses and protects the disc
20. The 13 cartridge 59a has a sem conductor nenory 59b that may store

the disc ID. As exanples of the optical désc 20, a WO (wite once) type
optical disc, an MO, and a phase-change type recordabl e/ reproduci bl e

optical disc 5 o #he_ B%%Qrd enshay dPanolsseibai dDscpsesest
i nvention can be applied for a masteri'ng systemof a reproduction-only disc

such as a CD-ROM ggsleekkdas aldeirnetderdics fith heeppétead Uight 20f the
According to the enbodi nent of the present invention, as the optical 10

di sc 20, one of twdastypéheotedilect inmg radiifd erendetecbed aedsatdiscca@h be
sel ected. Alternatively, the enbodi nent can be applied for a high density
type optical discgeheraied. b&hused tihe fintgrleaverl Baagrt Be canveati onal

di scs. 15 Repr oduction data read fromthe optical disc 20 is
supplied t® a repridoretérapglocssdiasfad + cliienithe semiconductor memory

59b does not store a disc ID, the generated disc ID may
be stored in the semiconductor memory 59b. The
relation of the interleave lengths (b > a) is defined -
because the performance of the burst error-correction

10 is proportional to the interleave length. As described
above, the burst error length due to a defect such as a
scratch of a high density type optical disc tends to be
larger than that of a standard record density type
optical disc.

15 Thus, it is defined that.the interleave
length b of the high density type optical disc is
larger than the interleave length a of the standard
density type optical disc. On the other hand, the
length of a region for prohibiting data from being

20 recorded is proportional to the interleave length.
Thus, the substantial record density decreases..
Consequently, it is defined that the interleave length
a of the standard density type optical disc is smaller
than the intérleave length b of the high density type

25 optical disc.

In an optical disc reproducing system 55, in

the reverse order of an optical disc recording system



through a reproducing anplifier and a clock extracting circuit or the |like
(not shown). In addition, a focus servo, a tracking servo, and a feed servo
ar e« provi ded 20 for the optical pickup. Moreover, a spindle notor
servo is provided for driving the optical disc at CAV (Constant Angul ar

Vel ocity) or CLV (Constant Linear Velocityy). Furthernore, a circuit that
controls | aser power is provided. Since these portions are the sanme 25

as those of the cdfveri @FHloriqouAacsiind@NALESS hieS i predrivih thrse
portions is omtted. An error-correction-code decoder i s connected 14 to

the reproduction prlo&essi-ng Ther@atitery, ariainfeRobRAVIng RIRRYY ¥ra C1

d d 12, deint S 1 d .13h, sel ecti [ it 14 .

Gecoder 15 The COIdSBbaana A he S st e tiess off et ecSPd §d% e
tical di 20 t t 1 nal ._.Jh '

Pl Shee 20 Lo e b aul o ael 19, e ) ey 0 PR

record dengty of J*f:g;bci;@lté Eﬁé BEF 12D plo SALHC i én HRETo b DAL N sc 20
interl eavers 3a an& IS the .
is a standard density type optical disc, the
deinterleaver 13 is selected. When the optical .disc 20
is a high density type oétical disc, the deinterleaver
13b is selected. The disc ID for controlliﬁg the
- 10 selecting circuit 4 is recorded in the CPU 58 along
with the directory information and so forth before data
is reproduced from the optical disc 20. Thus, the
relevant interleaver is aﬁtomatically selected.
When a disc ID has been stored in the .
15 semiconductor memory 58b, the disc ID is read by a .
memory access circuit 59c¢ and thereby the proper
interleaver is automatically selected.
In this example, the CPU 57 of the recording
system and the CPU 58 of the reproducing system are
20 independently disposed. However, one CPU may be shared
by the recording system and fhe reproducing system.
Next, with reference to Fig. 3, an example of
the optical disc reéording system 54 shown in Fig. 1
will be deséribed. Formatted data is written in a
25 semiconductor memory (RAM) 21. In association with the
memory 21, a paritylgenerating circuit 22 and a memory

controlling circuit 23 are disposed so as to generate



10 ¢ sanme regardless of the record density of the optical disc 20. Thus,
the data format of data recorded on the optical disc 20 and the data format
of *data reproduced therefromdo not depend on the record density of the
disc. For exanple, as with the format of a CD, a sub- 15 code, data, a
parity P of a Cl code, and a parity Q of ;8 C2 code are placed in one
transm ssion frame (also referred to as an EFMfrane or a ClL franme). These

data parts are di gheapbbyifadsl at agg A ofhe Hed W Nt r&acbd r@dsd ssi on

frame, a sync (a sync signal) is 20 pl aced. Next, with reference to
Fig. 2, the errorbater weth theCpdeieiesdiing uprkissd ancar dingit£l t he
enbodi nent of the present invention will be described. In Fig. 2, msynbols

are data to be enmodudatiinly airz®it 26 éerhnmuglora estiitorhicorlecircusy ndol s
are the parity Q s synbols are the parity P. The encoding process wth
the error correct fBf Ebdé&chings ciacuditned fsalentdatthe e wyemorectieposed

In parallel (at the sane tinin%) and for r data synbols of the(Parity Q.
Thus, the ﬁarity pncoded output or TOC data received from a TOC data

generating circuit 25 and sends the selected data to a
digitai modulating circuit 26.
Disc ID is supplied to the memory controlling
circuit 23 and the TOC data generating circuit 25. The
10 memory 21, the parity generating circuit 22, and the
memory controlling circuit 23 composes the error-

, correction-code encoder (the C2 encode 2, the
interleavers 3a and 3b, the selecting circuit 4, and
the Cl encoder 5) shown in Fig. 1. In other words,_the

15 data write operation to the memory 21 and the data read
operation from the memory 21 are controlled by the
memory controlling circuit 23. Thus, the interleaving
process can be accomplished. By switching the control
of the memory 21 corresponding to the disc ID, the two

20 interleaving processes can be performed. 1In reality,
as described above, the interleave length a of which.
data is recorded on a standard density type optical
disc is larger than the interleave length b of which
data is recorded on a high density type optical disc.

25 " The digital modulating circuit 26 maps a data
symbol of for example one byte (eight bits) to a code

word of 16 bits corresponding to a predetermined table



of s data synbols is generated. On the other hand, the encoding process
with the error correction code C2 is 5 performed for data synbols

di sposed al ong a diagonal line. Thus, the parity Qis generated. The
interleaver 3a is selected when the optical disc 20 is a standard record
density type optical disc. In Fig. 2, a d®e sequence represented 10

by C2a is forned. On the other hand, the interleaver 3b is selected when
the optical disc k& ashitghgdersiaty typedydtdteed aitgeut Iwithga Smabl cee
sequence represented-by C2b is forned. Cenerally, the nmaxi num del ay anount
in the interl eavi ngmpooesss | Ofr sbomsed tthelEFM nethodnfort ePFeatle| &t h
(also referred to as the restriction length of the interleave, ihefdePth of
the interleave, omodhdatingr medhed foar wanvenking 3| dara s ¥ret 0L 2o 19hk
rel ati on between the interleave length a faor st andard, recorg densi type
optical disc and Pats inton@ Gorer Wo&rk: Qén]g? a"’ot?broﬁ high ﬁg‘ﬁsg?y }%pe
optical disc is expressed b >a., Wth informati | n.assagcjat | i

the input i gital u&&tda,focfa:%&er éjd’(flﬂftla:ﬁnqoréeumsae T nlgg%%l{)}ri mﬁ%%y&ggg?woéga

YRR e R R R i Shaepl pcoractphec
adding circuit 27. 'The sync adding circuit 27 adds an
additional sync, a Cl sync, a sector sync, and the like
to the modulated data. The output of the sync adding

10 circuit 27 is supplied to an optical pickup through a
drive circuit and then recorded -on the optical disc 20.
These syncs have a special bit pattern so that they are
not present in modulated data.
Fig. 4 is a block diagram showing an example
15 | of the optical disc reproducing system 55. The
reprodﬁction data is supplied to a sync separating
circuit 31. A sync detection signal (not shown)
corresponding to a sync is generated by the sync
separating circuit 31. The sync detection signal is
20 supplied to a fiming generating circuit. The timing
generating circuit generates various timing signals
such as sector pulses that synchronize with the
reproduction data.
A digital demodulating circuit 23 is
25 connected to the sync separating circuit 31. 1In the
reverse process of the digital modulating.circuit 26{

the modulating circuit 32 generates data of which a



disc I B. Thus, the interleaver 3a or 3b correspondi ng 16 to the record
density of the optical disc 20 is selected. Alternatively, with reflected
light of the disc, the reflecting ratio is detected and a disc IDis
generated. Thus, the interleaver 3a or 3b can be 5 automatically

sel ected. Wen the sem conductor nenory does not store a disc ID, the
generated disc ID may be stored in the serftconductor nenory 59b. The

relation of the indRyd §aRM& NGt bf@s@aréé gsf hngdrhesanss1t herne
performance of the burst error-correction I's proportional to the

i nterl eave | engt houtdmitdestid ke tat@mgitlf@l bgesbdal aeingepgtbutiuespoia
defect such as a scratch of a high density type optical disc tends to be

| arger than that ofriadtsmandarad secicrachdienisot ymeypeyoRAMal 38i sbhrottbh a
Thus, it is defined that the interleave length b of the high density type
optical di sc is | &ferextirarting igierdeave3 | endhh §06feKhéastanQa¢draéﬁ§lty
type optical disc. On the other hand, the length of a region for

prohi bi ti ng5 dat a f}%@)ﬁ'eqaﬁ.g:s TOC data that was read when the disc was

loaded. The extracted TOC data is supplied to a TOC
decoder 34. The TOC decoder 34 decodes the TOC data
and outputs various control information such as the
disc ID to the CPU 58.
10 The memory 35 is connected to an error
~correcting circuit 36 and a memory controlling circuit
37. The error correcting circuit 36 corrects an error
of the reproduction data. The disc ID that is output
from the TOC decoder 34 is supplied to a memory
15 controlling circuit 37 through the CPU 58. Data that
is read from the memory 35 and .that has been error
'corrected-is obtained from the output terminal 16.
The memory 35, the erfor correcting circuit
36, and the memory controlling circuit 37 compose the
20 error—correction-code decoder (the Cl decoder 12, the
deinterlea&ers 13a and 13b, the selecting circuit 14,
and the C2 decoder 15). 1In other words, the data write
operation to the memory 35 and the data read operation
from the memory 35 are controlled by the memory
25 controlling circuit_37. Thus, the deinterleaving
process can be accoﬁplished. The control operation of

the memory 35 is switched corresponding to the disec ID



20 s recorded is prdportional to the interleave |l ength. Thus, the :
substantial record density decreases. Consequently, it is defined that the
interleave length a of the standard density type optical disc is snaller

than the interleave length b of the high density type 25 optical disc.
In an optical disc reproducing system55, 2h the reverse order of an
optical disc recording system 17 54, an error correcting process is

performed with thetﬁlatCQQeouﬂaaEee%ﬁrtné fecnbetbedy na pheeRYh fdle CPU
of fsetting the interl eaving process on the record side is performed. After

that, an error cors@cti Dgupy 0OEREStRo deinvelhebléng? prodesisesper f or med.
When the optical disc 20 is a standard density type optical disc, the
deinterl eaver 13 isosekspbedinghen thetaeptincal deinsd t30 tiypea dpitglrademsisicy
type optical disc, the deinterleaver 13b is selected. The disc ID for
controlling the 10and a bépbctengityr tybe 2pitd crdcoiged Gam Dife PERIoFBesl -ong

with the dlrectory information and so forth before data i s reproduced from
the optical 5di sc 20. Thus, tFKég. 5 is a block diagram schematically

showing another (second) embodiment of the present
invention. As with the first embodiment, according to
the second embodiment, the folding type dual code
encoding process is used. However, the difference

10 between thése embodiments is in that according to the
second embodiment, a feed-back type encoding process is
used. In the feed-back type encoding process, the Cl
encoding process encodes not only data symbols but .the
parity Q. In addition, the C2 encoding process encodes

15 not only data symbols but the parity P.

As shown in Fig. 5, the Cl.encoder 5 encodeées
data symbols received from an input terminal 1 and the
parity Q received from a selecting circuit 8. The C1
encoder 5 outputs encoded output data (the data

20 symbols, and the parities P and Q). 1In addition, the
output (the d#ta symbols and the parity P) of the Cl
encoder 5 is supplied to a C2 encoder 2 through
interleavers 3a and 3b and a selecting circuit 4.
Thus, the C2 encoder 2 encodes the data with the C2

25 code. The encoded output (the data symbols and the
parity Q) of the C2 encoder 2 is supplied to the Cl

encoder 5 through interleavers 7a and 7b and a



rel evgnt interleaver is automatically selected. Wien a disc LD has been
stored in the 15 sem conduct or nenory 59b, the disc IDis read by a
menpory access circuit 59c and thereby the proper interleaver is

automatically selected. In this exanple, the CPU 57 of the recording system
and the CPU 58 of the reproducing systemge 20 | ndependent |y
di sposed. However, one CPU nay be share y the recording systemand the

reproduci ng syste WL eence to Fig. 3, an exanple of the
optical disc reco%ﬂ%@{}& cnichiirence 1o 9. 1 will be described,

Formatted data is witten i Rat?e feed-PRIBICAWPEI DhaEEBEY ERAOMiIRG. IN
association with the nenory 21, a parity generating circuit 22 and a nenory

control ling circuiploddsal,ewlicsPased cpt iza dipenezates a 4BahdergadensésyP
and Q of the error correction code. Data with the parities is supplied to a

digital nodul ati ngypier eouittic2d tdirsayghiatsviiathi ngpreésents RAe Ipsisailt chi ng
circuit 24 selects the error-correction 5 encoded output or TOC data
recei ved friom a T@@stat2® is a standard density type optical disc is
input from the keyboard 62 by the user. Thus, the
interleavers 3a and 7a are selected corresponding to
the disc ID generated by the CPU 61. On the other
hand, when the optical disc 20 is a high density type
10 optical disc, data that represents the optical disc 20
is a high density'type optical disc is input from the
keyboard 62 by the user. Thus, the interleavers 3b and
7b are selected corresponding to the disc ID generated
by the CPU 61. As with the first embodiment, in the
15 second embodiment, it is defined that the interleave
length b for a high density type optical disc is larger
than the interleave length a for a standard density
type optical disc. Thus, in the second embodiment,
data can be recorded/reproduced with a high
20 reliability. When the semiconductor memory 59b has
storea a disc ID, the disc ID is read by the memory
access circuit 59c. Thus, the corresponding
interleavers 3a and 7a or 3b and 7b are automatically
selected.
25 The errdr?correction—code decoder disposed on
the reproduction side is composed of the Cl decoder 12,

the deinterleavers 13a and 13b, the selecting circuit



generating circuit 25 and sends the selected data to a digital nodul ating
circuit 26. Disc IDis supplied to the nenory controlling circuit 23 and

t he- TOC data generating circuit 25. The 10 menory 21, the parity
generating circuit 22, and the nmenory controlling circuit 23 conposes the
error- correction- code encoder (the C2 enggde 2, the interleavers 3a and
3b, the.selecting circuit 4, and the Cl encoder 5) shown in Fig. 1. In

ot her words, the 1B4, the da2 adecoder opey athendedntkelmerery 2Iaanddt hebdat a
read operation fromthe menory 21 are controlled by the nenory controlling
circuit 23. Thus, the seltectbayi agrpubtet8, candb&hac€onpkicobed. 1By The
switching the control of the nennrg 21 corresponding to the disc ID, the
two 20 i nt er | SRR IpdERES ) %aﬁnﬁelﬁérﬂéﬁn§§°V1ﬂﬁdréﬁFlﬁy5t3§dard
‘descri bed above, the inter]leave length a of which data is recorded on a
standard density t§PRSbpYitdPedPRELF3LIdigEr t ABnCPRETPAter F8&ve length b

f which d ded d | d 2
The di gi t al >modul 407 HOCE! 1RUT e 26 ARG, HAPaSEsnBaPY8RoPof SBxamht 8 one
byte (eight bits) %Qnglfyd@yﬁ\@ SoPlcdf BiLs.coRLetRENdLEY FAcR type

predet er m ned t abl
process, the Cl decoding process, the C2 decoding

process, and the Cl decoding process are successively
performed so as to effectively correct an error.

10 Next, the error-correction encoding process
according to the second embodimeﬁt, namely, feed-back
folding type dual code encoding process will be
described with a real example. Fig. 6 is a block
diagram showing an error-correction-code encoding

15 process in which data is recorded on a standard density
type optical disc. Input symbols of 148 bytes are
supplied to a Cl encoder 105. The output (data symbols
of 148 bytes .and Cl parity P of eight bytes) is
supplied to a C2 encoder 102 through a delay circuit

20 group 103a for the interleaving process.

The C2 encoder 102 generates a C2 parity Q of
14 bytes with a [170, 156, 15} Reed-Solomon code. The
Cl encoder 105 encodes not only data, but the C2 parity
with the C1 code. Thus, the C2 parity Q is fed-back

25 from the C2 encoder 102 to the Cl encoder 105 through
the delay circuit group 107a for the interleaving

process. Consequently, the Cl encoder 105 encodes the



19 so.as to generate a nodul ated output with a small DC conponent. O
course, the EFM nethod for CDS, the 8-15 nodul ating nmethod for converting a
dat.a synbol of eight bits into a cord word of 15 bits, or the like can be 5
used for the digital nodul ating nethod. The output of the digital

nodul ating circuit 28 is supplied to a sync adding circuit 27. The sync
adding circuit 27 adds an additi onal sym£4za(ﬂ.sync, a sector sync, and

the like to the nPﬁgggtsgmggag.wIQ% QULRYY oﬁﬁﬁneéﬂyg% IGdh code.

circuit 27 is supp n-optical “pickug thrdu rrve circuit and

then recorded on e gBiLeaL; st 20y oS NGNAANEI A Chasisd i
pattern so that they are not present in nodulated data. Fig. 4 is a block

di agram showi ng apne¥2mBh@elB for aOfstiaRiaOnt idmlsitiysct yprapghicialy dist em
55. The reproduction data is supplied to a sync separating circuit 31. A

sync detection signal (not shawm: cymbedporadd Ny dyteynclata gehek4d ed by
the sync separating circuit 31. The sync detection signal is 20

supplied t& a tinbggegenehat Crig peimidy B ofTtesl gttt efeneand i e G4 cui t
\%]M_etnﬁr ?Lgs vart Ouspglrrintr;g QS Io(”:]fmallllS bsch(iag )asarseeccgk?traipryelc?efsrgn?aéhesygf hér?gg)éeer
105 through an array changing circuit 100 including a
delay circuit. The array changing circuit 100 is
provided so as to widen the space of each adjacent
10 symbol, thereby preventing a two-symbol error as an
error at the boundary of symbols. The interleave
length of the feed-back, folding type dual code
encoding process is 170 frames that accord with the
naximum delay amount of the delay circuit group 103a
15 (where the frame has the length of the Cl code
sequence) .
As delay circuit groups 103b and 107b in Fig.
7, it is defined that the delay amount of each delay
circuit for a high density type optical disc is twice
20 that for a low density type optical disc. The other
proéesses except for the interleaving process are the
same as those shown in Fig. 6. Thus, the interleave
length of the interleaving processes performed by the
delay circuit groups 103b and 107b becomes 340 frames.
25 Consequently, the interleave length for a high density
type optical disc becomes twice that for a standard

density type optical disc.



reproduction data. A digital denodulating circuit 23 is 25 connect ed
to the sync separating circuit 31. In the reverse process of the digital
nodul ating circuit 26, the nodulating circuit 32 generates data of which a
20 code word has been restored to a data synbol. The output data of the
digital denodulating circuit 32 is witten to a sem conductor nenory (RAM
35 through a TOC extracting circuit 33. TH® TOC extracting circuit 5

33 extracts TOC data that wasesxtadknwhairdbesdi §¢ was Headadr The extracted
TOC data is supplied to a TOC decoder 34. The TOC decoder 34 decodes the

TOC data and out putcr nessparubi ropnts dthe drco@e r ofiosuahsaanthedddeastiByt o t he
CPU 58. 10 The nmenory 35 is connected to an error
correcting circui tt Y38 amt iEakemisc comwol 1nngigi r éuwil37beTdeseribed
correcting circuit 36 corrects an error of the reproduction data. The disc

ID that is output WridmiHerrasaldcoderd 348 s EnppFi sdmbels HedodyOlbytes)

controlling_circuit 37 thrquq? the CPU 58. Data that . . )
5 are supplied from the reproduction processing circuit

to a Cl decoder 112 through an array changing circuit
110. The array changing circuit 110 performs the
reverse procéss of the array changing circuit 100 of
the encoder. The Cl decoder 112 decodes input symbols
10 with the [170, 162, 9] Reed-Solomon code. |

The output of the Cl decoder 112 is supplied
to a C2 decoder 115 through a delay circuit group 113a
for the deinterleaving process. The C2 decoder 115
decodes the input symbols with a [170, 156, 15] Reed-

15 Solomon code. The decoded output of the C2 decoder 115
is supplied to a Cl decoder 119 through a delay circuit
group ll17a for the deinterleaving process. Thus, by
the Cl1 decoding process, the C2 decoding process, and
the Cl decoding process, data symbols of 148 bytes that

20 have been error corrected can be obtained.

Fig. 9 shows the process of a decoder
corresponding to the encoder for a high density type
optical disc shown in Fig. 7. It is defined that the
delay amount of each delay circuit for the interleaving

25 - process in the encoder for a high density type optical
disc is twice that for a standard density type optical

disc. Thus, the delay amount of each delay circuit in



Is read fromthe menory 35 and that has been error corrected is obtained
.fromthe output termnal 16. The nenory 35, the error correcting circuit
36, and the nenory controlling circuit 37 conpose the 20 :
error-correction-code decoder (the Cl decoder 12, the deinterleavers 13a
and 13b, the selecting circuit 14, and ths, decoder 15). In other words,
the data wite operation to the nenory 35 and the data read operation from

the menory 35 ar etﬁgnagggbegipxugggﬁq?%rsy 121539 iasr}%dcpf%%é} circuit 37.

Thus, the deinterl eaving process e acconp e Tont 1ol operation

of the menory 35 Hsifawetthediagr HeS [ thedi t .
output fromthe TOCldecoder §4et Eroggﬁgt %JC%U A&?@Tcﬁ%néﬂt et WO (ﬂ%léasl

dei nterl eaving prdatesses eweicesppadi Fort @ & tadrandad ddensd 3@?p@“b§%¥d£@1
disc and a high density type optical disc can be performned.

Fig. 5 is a bl ockddsagrafthechehati pabkysskavagaotter fisecond) enbodi nent
of the present invention. As with the first enbodi nent, according to the
second enb@di ment deintetbpdvipgt ppecedssl aceddhe same as those shown in

Fig. 8.

In the above—description, it is defined that
the interleave length for a high density type optical
disc is twice that for a standard density type optical

10 disc. However, the present invention is not limited to
the method of which the interleave length for a high
density type optical disc is n times that for a
standard density type optical disc (where n is an
integer). 1Instead, wheﬁ the delay amount for the

15 interleaving process for a standard density type
optical disc varies by a unit delay amount d as in d,
2d, 3d, ..., the delay amount for the interleaving
process for a high density type optical disc can be
varied with a difference of d and 2d as in 2d, 3d, 5d,

20 6d, 8d,

In addition to changing the interleave
length, when an error-correction-code encoding process
is performed for each block, the block size may be
changed.

25 Fig. 10 shows an example of a recording
system that changes a block size, perforhs an error-

correction-code encoding process for the resultant



encodi ng process is used. However, the difference 10 bet ween t hese
enbodi nents is in that according to the second enbodi nent, a feed-back type
encodi ng process is used. In the feed-back type encodi ng process, the Cl
encodi ng process encodes not only data synbols but the parity Q In
addition, the C2 encodi ng process encodes not only data synbols but
the parity P. As shown in Fig. 5 the Cl encoder 5 encodes data synbols
received froman ippityserialedopdd tHe BAELLYEAQEESE! VER:l EOMAicity
selecting circuit 8 The Cl encoder 5 oufputs encoded output data (the data
20 synbol s, aps FD@.pﬁOjtéEﬁif%ﬁngoﬁlion%ntédﬁhbgﬁnintthQUBpﬁke(the
data synbols and the parity P)-of the O encoder 5 is supplied to a C2
encoder 2 through deheté@aver sisal andrdbensfdca aakeetilsg circuit 4. Thus,

the C2 encoder 2 encodes the data with the C2 25 code. The encoded
out put (the data synbols andinhhEigarify Cproattkd d2tendsderiZ2tiesn wppl i ed
to the ClL encoder 5 through interleavers 7a and 7b and a 22 sel ecting
circuit 8.5 semiconductor memory (RAM) 21.

In association with the memory 21, parity
generating circuits 65a and 65b are disposed through é
selecting circuit 66. A memory controlling circuit 67
is connected to the memory 21. The memory controlliﬁg

10 circuit 67 controls the memory 21.

A disc ID generated by a CPU 57 correspondihg
to a key operation of a keyboard 56 by the user is
supplied to the mémory controlling circuit 67, a TOC
generator 25, and the selecting circuit 66.

15 " The selecting circuit 66 selects one of the
parity generating circuits 65a and 65b corresponding to
the disc ID and connects the selected parity generating
circuit to the memory 21.

When the parity generating circuit 65a is

20 selected, a two~dimensional array of data symbols of [8
X 130 = 1040] bytes shown in Figq. 127 are encoded for
every 130 bytes in the horizontal direction with a
{146, 130, 17] Reed Solomon code. Thus, a parity of 16
bytes is generated. On the other hand, when the parity

25 generating circuit 65b is selected, a two-dimensional
array of data symbols of [16 x 130 = 2080] bytes shown

in Fig. 12B are encoded for every 130 bytes in the



In the feed-back type dual code encodi ng process, when the optical disc 20
Is a standard density type optical disc, data that represents the optical 5
disc 20 is a standard density type optical disc is input fromthe keyboard
62 by the user. Thus, the interleavers 3a and 7a are sel ected correspondi ng
to the disc ID generated by the CPU 61. Oggthe other hand, when the optical
disc 20 is a high density type 10 optical disc, data that represents
the optical disc Zbriszentdghadenst ion typenoat ifcak, diso,i 3 7nReled 5@
keyboard 62 by the user. Thus, the interleavers 3b and 7b are sel ected
correspondi ng to tdwlai scTHUS genarat edy bhyft hé BPUe6lisAgewetrticle fir st
enbodi nent, in the 15 second enbodinent, it is defined that the
interleave length b for a higmerersie yneypeyopontabldisg icd ricarigerd rad t he
interleave length a for a standard density type optical disc. Thus, in the
second embodi nent ,U}:Pat%ﬁjc,%%t-'b'égr%’%ﬁ%ﬁ/@ép?é@u@@&tﬁpﬂﬁeg §Fogl¥ egponding
reliability When t sem conduct or nepory 59h has stored.a disc ID, the
disc IDis Tead bi}:cf @ G Lcddie 5128 ?fSQEFaTHEQ,C hé?ocg’rer %hg
i nterl eavers 3a anvgit@ [o 3br and 7b _are_aut omagii cal |l ybsel %ct ed.d 25

The error-correction-tode detotlercdf 5postal oficde can’ be changed.

The data block with the parity shown in Figqg.

12A or 12B is supplied to a digital modulating circuit
26 through the switching circuit 24. The switching

10 - circuit 24 selects one of the error-correction-code
encoded output data and the TOC data supplied from the
TOC data generating circuit 25 and supplies the
selected data to the digital modulating circuit 26.

The digital modulating circuit 26 maps a data

15 symbol of for example 1 byte (8 bits) to a code word of
16 bits corresponding to a predetermined table and
generates modulated data with a small DC component. Of
course, the EFM method used for CDS, the 8-15
modulating method for converting a data symbol of 8

20 bits into a cord word of 15 bits, or the like can be
used for the digital modulating circuit. The output
hata of the digital modulating circuit 26 is supplied
to a sync adding circuit 27. The output data of the
sync adding circuit is supplied to an optical pickup

25 through a drive circuit_and recorded on the optical
disc 20. These syncs have a special bit pattern so

that they are not present in modulated data.



t he reproduction side is conposed of the Cl decoder 12, the deinterl eavers
13a and 13b, the selecting circuit 23 14, the C2 decoder 15, the
deinterl eavers 17a and 17b, the selecting circuit 18, and the Cl decoder

19. The deinterleavers 13a and 17a are provided for a standard density type
optical disc. In contrast, the 5 d@z?gﬁleavers 13b and 17b are
provided for a high density type optical disc. 1In the feed-back type
process, the Cl decodi ng proEggs, 11 heh&2sdenodikagppeoo€ss, rapdotine it
decodi ng process are successively perfornmed so as to effectively correct an
error. 10 system thektrephedecesrdaber edt wbacbnédei s zgr ofebdocks
according to the second enbodi nent, nanely, feed-back folding type dual
code encodi ng proctas Ghapged. deBcerbed-GPrKHestienl decefprg. PrP§ess Wasa

whi ch datd 1< rocoPREACBRSA CPANGAPaTRBRLFAYL: PCkSr BF GheceoPhgas |
synbol s of 148 bytgstareasugglieg éooa gl encg%;r §Q%' Th%o%“%Q%%1§%§%a,
synbol s of 148 byt atan ey Tpart ? POBf eFSﬁP P& f s
in Fig. 11, similar portions to those in Fig. 4 are
denoted by similar reference numerals.
The reproduced data is supplied to a sync
separating circuit 31. The sync separating circuit 31

10 generates sync detection signals (not shown)
éorresponding to syncs. The sync detection signals are
supplied to a timing generating circuit. Vafious
timing signals such as sector pulses are generated in
synchronization with.the reproduced data.

15 Thé sync separating circuit 31 is connected
to a digital demodulating circuit 32. The digital
demodulating circuit 32 restores a code word to a data
symbol in the reverse process of the digital modulating
circuit 26.

20 ' The output data of the digital demodulating
circuit 32 is written to a semiconductor memory (RAM)
35 through a TOC extracting circuit 33. The TOC
extracting circuit- 33 extracts TOC data that was
initially read when the disc was loaded. The extracted

25. TOC data is supplied to a TOC decoder 34. The TOC
decoder 34 decodes the TOC data and supplies the

resultant various data (including a disc ID) to a CPU



suppli,ed to a C2 encoder 102 through a delay circuit 20 ~group 103a for
the interl eaving process. The C2 encoder 102 generates a C2 parity Q of 14
bytes with a [170, 156, 15] Reed-Sol onon code. The Cl encoder 105 encodes
not only data, but the C2 parity with the Cl code. Thus, the C2 parity Qis
f ed- back 25 fromthe C2 encoder 102 tgsthe Cl encoder 105 through the
delay circuit group 107a for the interleaving process. Consequently, the Cl
encoder 105 encodeg.t he 24 input synbols with a [170, 102, 9]
. Reed- Sol onon code. The delay circuit groups 103a and 107a conpose the
interl eavers for a standard ThensiemoxwpEd obs i cahngeted ot puleB9FPol s of
170 bytes (data of 148 5 bytes, the d parity P of ejght bytes, _and
the C2 parity Q oﬁon¢ﬂgkk¥ﬂgzﬂi;QﬂﬁEﬂ3ﬁxifFBnﬁ@ﬁétERnenEBgeWeT EYt AP otigh
an array changing circuit 100 including a dela ,circuit..Thg array Banging
circuit 100 is pr GAREFLSS 40t & tﬂ%rgﬁﬁgéngfcéﬁﬁﬂlﬁdj38eﬂf ?g

§¥n2§|rTbo|t N P s eI L: LOOL 88 2NRET 8e18EcING BRYRHRLY
69 connects one of the error correcting circuit 68a and
68b to the memory 35 corresponding to the disc ID
subplied from the CPU 58.
When the error correcting circuit 68a is
10 selected, a two-dimensional array of data symbols of t8
x 130 = 1040] bytes shown in Fig. 12A are encoded for
every 130 bytes in the horizontal direction with a
[146, 130, 17] Reed Solomon code. Thus, a parity of 16
bytes is generated. Errors of data blocks (shown in
15 Fig. 12A) added to the individual lines of the two-
dimensional array of 1040 bytes are corrected.

On the other hand, when the error correcting
circuit 68b is selected, a two-dimensional array of
data symbols of [16 x 130 = 2080] bytes shown in Fig.

20 12B are encoded for every 130 bytes in the horizontal
direction with a [146, 130, 17) Reed Solomon code.
Thus, a parity of 16 bytes is generated. Errors of
data blocks (shown in Fig. 12B) added to the individual
lines of the two-dimensional array of 2080 bytes are
25 corrected as shown in Fig. 12B.
Data that is read from the memory 35 and that

has been error-corrected is supplied to an output



| ength of the feed-back, folding type dual code encoding process is 170
frames that accord with the maxi num del ay anount of the delay circuit group
103a 15 (where the frane has the length of the Cl code sequence). As
delay circuit groups 103b and 107b in Fig. 7, it is defined that the del ay
amount of each delay circuit for a high dgpsity type optical disc is twce
20 that for a | ow density type optical disc. The other processes
except for the intekheawilngeprocess are the sane as those shown in Fig. 6.
Thus, the interleave length of the interleaving processes perforned by the
delay circuit groups 103b asdnt@7iheeoemes B4dritaiesin@scircuit 37 and
Consequently, the interleave length for a high density type optical disc
becones twice tha&hﬁoﬁeéestén@apdnmﬂiﬁt@Pt%ﬁﬁaQﬂﬂﬁ&ﬁi&%g;%ereSEEP¢k&$,

t he process of the decoder corresponding to the encoder for a?standard

density type opti &8 tdesdiskod® i FhE §ize Wl 1980 RRTEDete Wt ePe?R¢2nce

to Fig. 8. Input synbols (of 170 bytes
g 5 P Q%th the(error c&&reé%ion code can be changed.

Fig. 12A shows a block structure of a
standard density type optical disc. A two-dimensional
array of data symbols of (8 x 130 = 1040) bytes is
encoded for every 130 bytes in the horizontal direction

10 with the [146, 130, 17] Reed-Solomon code. Thus, a
parity of 16 bytes is génerated. Since (1040 = 1024 +
16) bytes, the amount of data symbols is around 1
kbytes. This Reed-Solomon code can correct an error of
up to eight bytes in the same code sequence (146

15 bytes). Data is successively recorded on a data record
medium such as aﬁ optical disc in the vertical
direction. 1In the same order, data is repfoduced.
Thus, in the data structure shown in Fig. 12A, when a
bﬁrst error of more than (8 x 8) bytes as represented

20 by a hatched portion, the error cannot be corrected.

Fig. 12B shows a block structure of a high
density type optical disc. A two—dimensionél array of
data symbols of (16 x 130 = 2080) bytes is encoded
every 130 bytes in horizontal direction with the [146,

25 130, 17] Reed-Solomon code. Thus, a parity of 16 bytes
is generated. Since (2080 = 2048 + 32) bytes, the

amount of data symbols is around 2 kbytes. This Reed-



5 , are supplied fromthe reproduction processing circuit to a Cl-
decoder 112 through an array changing circuit 110. The array changi ng
circuit 110 perforns the reverse process of the array changing circuit 100
of the encoder. The Cl decoder 112 decodes input synbols 10 with the
[170, 162, 9] Reed-Sol onon code. The outpyz of the O decoder 112 is
supplied to a C2 decoder 115 through a delay circuit group 113a for the

dei nterl eaving pr T ec s %&_5 decodesrthe wpped syghel syvesh a
[170, 156, 15] Re§§§5%§n di@é&%bnnn g- e. The de%oded %utput of the C2

decoder 115 is suppl i8¢ &ama Ebdde erld® thaeughtaespel ayncaddiit iogy oup
117a for the deinterleaving process. Thus, by the O decoding process, the

C2 decodi ng procesmtaand ishe ek sdecad neeqsndedsfodatadayaboesond madivpt es
that 20 have been error corrected can be obtained. Fig. 9 shows the
process of a decoderichcars espapdiitgplt clise bmcoder veokigahi 8hr§@ﬁépﬂy type
optical disc shown in Fig. 7. It is defined that the del ay amunt of each
delay circitbt for Thus,irrertiheadaty ZEructupe ogbeyni 4nt FédenédBer 2for a

hi gh density type optical disc is twice that for a stﬁndard den%it¥ LYPe ¢
optical disc. Thuserursaidiad kimuritaefheAcPOBELS) cHPERi f PHFST SEror O

more than (16 x 8) bytes takes place, the error cannot
be corrected.
When the block size is increased, the error-

10 correction performance against a burst error can be
improved. Thus, when the block size of the error
correction code for a high density type optical disc is
larger than that for a standard density type optical
disc, the reliability of data can be improved.

15 In addition, the present invention can be
appliéd for the case that regions With different record
densities are disposed in the same optical disc. As
'shown in Fig. 13A, when the record density of an outer
peripheral region Rb is higher than the record density

20 of aﬁ inner peripheral region Ra, it is defined that
the interleave length (or the block size) of the error-
correction-code encoding process for the region Ra is
larger than that for the region Rb.

When a disc that is rotated at a constant

25 ~ angular velocity (CAV) and digital data is accessed 1is

used, the relative linear velocity for inner peripheral

tracks accessed by the head is smaller than that for



26 the delay circuit groups 113b and 117b for the deinterleaving process
for a high density type optical disc is twice that for a standard density
type optical disc. The other processes except for the 5 dei nterl eavi ng
process are the sane as those shown in Fig. 8. In the above-description, it
is defined that the interleave length forgp high density type optical disc
is twice that for a standard density type optical 10 dISC However ,

t he present |nven pgr P?éhéfgltgga theTHEghogP%LEQQ PQﬁSlggeEheave

| ength for a hlgh ensi pe optrc t andard

density type Optlgﬁé ﬂhﬁ&r(ﬁéﬁiﬁhQréf 80k Nbggehl- dE@EtgédanﬁﬂéQabﬁ?ype|ay

anount for the 15 I nt eavi ng process for a standard density

optical disc varigsghyrathiht tHgt ayrapRenbuleasperiBhe2dl 3dde.. . Int RBis
del ay amount for the interleaving process for a high density type opti cal

di sc can be variedage} haastirbteoeacef okhficantdh2diateriedde lenght, (2@
6d, 8d, In addition to changing the interleave
5 block size) on the inner peripheral side is larger than
that in the outer peripheral side is used.

In other words, since the record density on
the inner peripheral side is higher than that on the
outer peripheral side, the burst error length on the

10 outer peripherél side is larger than that on the inner
peripheral side. However, since a structure of which
the interleave length (or block size) on the inner
peripheral side becomes larger than that on the outer
peripheral side is used, the burst error correcting

15 performance on the inner peripheral side in which the
burst error length is large can be enhanced.

.On.the other hand, since a structure of which

~ the interleave length (or block size) on the outer
peripheral 'side of which the record density is

20 reiatively low becomes smaller than that on the inner
peripheral side is used, a data record prohibition
region disposed before and after each rewritable unit
data becomes small. Thus, in comparison with the
structure of which the interleave lehgth {or block

25 size) for the inner peripheral side is used, the record
density can be substantially increased.

In addition, the present invention can be



| engt.h, when an error-correction-code encoding process is perforned for

each bl ock, the block size may be changed. 25 Fig. 10 shows
an exanpl e of a recording systemthat changes a bl ock size, performs an
error- correction-code encodi ng process for the resultant 27 bl ocks, and

records the encoded data. For sinplicity, ln Fig. 10, simlar portions to
those in Fig. 3 are denoted by simlar reference nunerals. In Fig. 10,
formatted data i sapwli¢@nfedp 8h& case sRALCOheUCkas mEemaNs (tRAY 2. | n
association with the nenory 21, parity generating circuits 65a and 65b are
di sposed t hrough &ndevieduahglayecai 0£66. maliemieyegea c@tigeg clisuit 67 is
connected to the nenory 21. The nenory controlling 10 circuit 67
control's the meno®Hf8ar- A BpsehpEngéReFaded 16P a i0PE IR idorrlesfirfing to a
Cont 1011 ing G roUPPLE9aL 10108 §akePABBPLES? S LRYGEbAR L) MRS 66,
5 data record layers La and Lb are formed in the
direction of the thickness of the disc. By focusing
the optical pickup to each record layer, data is
recorded/reproduced to and from each layer. When the
record layer Lb disposed close to the read side has a .
10 higher record density than the record layer La, the
error-correction-code encoding process can be switched
for each record layer as described above.
According to the present invention, when
record mediums have different record densities, since
15 the burst error length or the block size for a high
record density type record medium is larger than that
for a high record density typé record medium, a burst
error of the high density type record medium can be
corrected in the same manner as the standard density
20 type record medium. Thus, the reliability as the data
record medium can be improved. In addition, according
to the present invention, a CVD disc and a disc drive
that can record/reproduce data to and from discs with
two different record densities can be accomplished.

25 Moreover, a multi-session disc having regions with two

different record densities can be accomplished.



15 ; The selecting circuit 66 selects one of the parity
generating circuits 65a and 65b corresponding to the disc ID and connects

t he. sel ected parity generating circuit to the nmenory 21. Wien the parity
generating circuit 65a is 20 sel ected, a two-dinensional array of data
synbols of [8 x 130 = 1040] bytes shown in3gig. 12A are encoded for every
130 bytes in the horizontal direction with [ 146, 130, 17] Reed Sol onon

code. Thus, a parity of 16 byigghd Qeﬁﬁéaﬁ?@senghiﬁbgneigﬁrhggngeeﬁhgﬂoane
parity 25 generating circuit 65b Is selected, a two-dinensional array

of data synbols of 4rib desldfibe®080]n byd §5c6H0v8 basEi Bodd 2BnBHEiRBREEFEd
for every 130 bytes in the 28 horizontal direction wwth a [146, 130, 17]
Reed Sol onmon code. thrissofa piar i showld Ife byh@srs sogénbyatkdse SshtEléedein
menory controlling circuit 67 and the selecting circuit 66 are controlled
corresponding 5 the @rthechlitscthd, fothegsing andduaniblisckthen bbargesded
with the error correction code can be changed. The data block with the

parity showr?in Fi gmissions, and additions in the form and detail thereof
may be made therein without departing from the spirit

and scope of the present invention.



12A or,;12B is supplied to a digital nmodulating circuit 26 through the
swtching circuit 24. The switching 10 circuit 24 selects one of the
error-correction-code encoded out put data and the TOC data supplied from
the TOC data generating circuit 25 and supplies the selected data to the
digital nodulating circuit 26. The digital m&dulating circuit 26 maps a

data 15 synbol of for exanple 1 byte (8 bits) to a code word of 16
bits correspondi ngopif & Pr £L4n ped table and generates nodul ated data
with a small DC conponent. 6%urs§} t he EFM net hod used for CDS, the 8-15

nodul ating nethod f or convergidgypr&atdasymbekolli8g28pparatlist $okknto a
cord word of 15 bits, or the |like can be used for the digital nodulating

circuit. The outputectiding dhgithyi datandfdubatengrd neditm?6 compsipphiged
to a sync adding circuit 27. The output data of the sync adding circuit is
supplied to an optical pickum®érleavetheanghfardinterdenving &he dégdtddd
on the optical disc 20. These syncs have a special bit pattern so that they
are not preSent irdataubtleda dbinst inkerleave length or a second
interleave length that is larger than the first
interleave length and forming interleaved digital data
depending on whether record density information that
represents the record density of the digital data on
10 the record medium represents a first record density or
a second record density that is larger than the first
record density, respectively; and

recording means for recording the interleaved

digital data on the record medium.

15
2. The data recording apparatus as set forth in
claim 1,
wherein said interleave means comprises:
first interleave processing means for
20 interleaving the digital data with the first interleave
length;
second interleave processing means for
interleaving the digital data with the second
interleave length; and
25 selecting means for selecting the output of

said first interleave means or the output of said

second interleave means as the interleaved digital data

R



Fig. 11 shows an exanple of a reproducing systemthat reproduces data of

whi ch the size of blocks was changed, an error-correction decodi ng process
was, performed for the resultant bl ocks, and the encoded 5 dat a was
recorded on a record nmedium For sinplicity, in Fig. 11, simlar portions
to those in Fig. 4 are denoted by simlar rgference nunerals. The
reproduced data is supplied to a sync separating circuit 31. The sync
separating circuitdéded®ing on0RREtREEStE¥NE edelreC iedd itiygialfe rfnadti cvhown)
corresponding to syncs. The sync detection signals are supplied to a timng
generating circuitrepoesonsst thengissgnaksosdckdeasisecioor thg sesomde
generated in synchronization with the reproduced data. 15 '

The sync separati ngeeprdudengitys cteapectévetdy-a digital denodul ating
circuit 32. The digital denodulating circuit 32 restores a code word to a
data synbol in the reverse process of the digital nodulating circuit 26. 20

The output data of _the digit depodul ating circuit, .32 is witten to a
seni conduct 8r nenoPy ( RAM 3%£?h$69bﬁag ?EgaefﬁﬁaﬁﬁHﬂg(ﬁﬁaﬁﬁQt9§&asTﬁ§tTOC

extracting circuit 33, extracts.TOC data,that was i.ni.tially read when the
di sc was | oaded. Tﬁ%rggt%gcf%ﬁlmcga 2h2chd?' BipriBing?
' record density input means for inputting the

record density information.

10 4, The digital data recording apparatus as set
forth in claim 1, further comprising:
record density detecting means for detecting

the record density information from the record medium.

15 5. A digital data reproducing apparatus,
éomprising:
reading means for reading interleaved digital
data from a record medium;
record density detecting means for detecting
20 the record density of the interleaved digital data and
generating record density information; and
deinterleave means for deinterleaving the
interleaved aigital data with a first interleave length
or a second interleave length that is larger than the
25 first interleave leggth and.outputting digital data
depending on whether the record density information

represents a first record density or a second record

) 0 A



25 TOC data is supplied to a TOC decoder 34. The TOC decoder 34
decodes the TOC data and supplies the resultant various data (including a
di,sc ID) to a CPU 30 58. The nenory 35 is connected to a nenory
controlling circuit 37. In addition, the nenory 35 is connected to an error
correcting circuit 68a or 68b 5 throygh a selecting circuit 69. The
selecting circuit 69 connects one of the error correcting circuit 68a and
68b to the nmenorydabscaanr €dpandisng argetrhe:hdirs tHD Binpgpt | eekcd rdmi¢mei GPU 58.
VWhen the error correcting circuit 68a is 10 sel ected, a :

t wo- di mensi onal areapestiyatlly -synbols of [8 x 130 = 1040] bytes shown in
Fig. 12A are encoded for every 130 bytes in the horizontal direction with a
[ 146, 130, 17] Reed Sol onon code. Thus, a parity of 16 bytes is generated.

Errors of data bl gcks (sho in 15, i.g. 1%@% dded to the jndividua
lines of the tmo-%dinensiongpeaPHQQQﬂl:é%ﬁ%tﬁﬁ oéhﬁﬂ%%r?%%?ﬁﬂtu%ha?hﬁet
ot her hand,5 when %%%t%rggrcﬁgﬁgggilng
wherein said record density detecting means
is adapted for detecting the record density information

through meméry means disposed on the record medium.

10 7. The digital data reproducing apparatus as set
forth in claim 5,
wherein said record density.detecting means
is adapted for detecting the record density information
from a reference information-region included in the

15 digital data of the reéord medium.

8. The digital data reproducing apparatus as set
forth in claim 5,
wherein said deinterleave means comprises:

20 first deinterleave processing means for
deinterleaving the interleaved digital data with the
first interleave length:

second deinterleave, processing means for
deinterleaving the interleaved digital data with the

25 setond interleave length; and

| selecting means for selecting the output of

said first deinterleave processing means or the output

e

A



circuif 68b is selected, a two-dinensional array of data synbols of [16 X
130 = 2080] bytes shown in Fig. 20 12B are encoded for every 130 bytes
in the horizontal direction with a [146, 130, 17] Reed Sol onon code. Thus,
a parity of 16 bytes is generated. Errors of data bl ocks (shown in Fig.

12B) added to the individual |ines of thespwo-di nensional array of 2080
bytes are 25 corrected as shown in Fig. 12B. Data that is read from

the menory 35 and phakahas skesRdete?hte@n @i brictce8Hiflg afkdrs als atiut
31 termnal 16. Since the nenory controlling circuit 37 and the sel ecting

circuit 69 are conttiglitad dataesppeddiggt on Mhedirmar Ithe tfecaid elais idat a

bl ocks to be encoded 5 with the error correction code can be changed.
Fig. 12A shows a blinfkrsatuchurepekesanssarndar € idemtsitgcanpaeamitalodite A
t wo-di nensi onal array of data synbols of (8 x 130 = 1040) bytes is encoded
for every 130 byt esecangh&ekoridzdengiitei r &stspaetiorely. with the [146, 130,
17] Reed-SogonDn code. Thus, a

9. A digital data recording method for recording
digital data on a record medium, comprising the steps
of:
interleaving the digital data with a first
10 interleave length or a second interleave length that is
larger than the first interleave length and forming
interleaved digital data depending on whether record
density information that represents the record density
of the digital data on the record medium represents a
15 first record density or a second record density that is
larger than the first record density, respectively; and
recording the interleaved digital data on the

record medium.-

20 10. A digital data reproducing method, comprising
.the steps of: |
reading interleaved digital data from a
record mediuﬁ;
detecting the record density of the
25 interleaved digital data and generating record density
information; and |

deinterleaving.the interleaved digital data

) O



parity, of 16 bytes is generated. Since (1040 = 1024 + 16) bytes, the anount
of data synbols is around 1 kbytes. This Reed-Sol onon code can correct an
error of up to eight bytes in the sane code sequence (146 15 byt es).
Data is successively recorded on a data record nedi um such as an optica
disc in the vertical direction. In the s&fe order, data is reproduced.
Thus, in the data structure shown in Fig. 12A, when a burst error of nore
than (8 x 8) bytewidd reffrigsentieod2fleave bgnathatrhadspoendoantehdeaeveor
cannot be corrected. Fig. 12B shows a block structure of a high densit
type optical di sc.lemgtho-tdiatenisi orieger ridianf thiat isyhbsnEesiepys Aengdh=
2080) bytes is encoded every 130 bytes in horizontal,directign ﬂﬁth bhe
[ 146, 25 130,anP7]°‘ﬁé§H:\-t§d}%rﬁ)‘rﬂjc%]e.dat—r‘?'lug‘?p%nﬂé?gt9“0?" ¢506yt &89 s
generated. Since (2080 = 2048 + 32)_bytes, the apmount, of data_sy ls s
around 2 kbytes. 'ﬁﬁc?rl‘-i’ee%e-nsn%zl cf%%%i%réd’éelﬁﬁﬁsﬁgtf?eét %éﬁs r%gr&%fj up
to eight bytes in e, . aode e 6 . addi t 1 d S
successi veI5§/ recorCI edsjfgr oaICc?atsaeSC?ogrg%P%e%éééu%gnga, ch8t 24 tlb?@er thin
the first record density, respectively.

11. A digital data recording apparatus,
comprising:

10 | error-correction-code encodihg means for
error-correction~code encoding digital data for every
block with a first data amount or a second data amount
that is larger than the first data amount and forming
error—-correction-code encoded digital data depending on

15 whether record density information that represents the
record density of the diéital data of a record medium
represents a first record density or a second record
density that is larger than the first record density,
respectively; and

20 recording means for recording the error-

correction-code encoded digital data on the record

medium.
12. The digital data recording apparatus as set
25 forth in claim 11,

wherein said error-correction—-code encoding

means comprises:

* C L M S *



such as an optical disc in the vertical direction. 5 Thus, in the data
structure shown in Fig. 12B, as represented by a hatched portion, when a
burst error of nore than (16 x 8) bytes takes place, the error cannot be
corrected. When the block size is increased, the error- 10 correction
performance against a burst error can be4ilnproved. Thus, when the bl ock
size of the error correction code for a high density type optical disc is

| arger than that for a standarusitessiey-¢t¢ypeeopidnabodesencoténgel iability
of -data can be inproved. 15 I n addition, the present '
invention can be dATLIF I NIRNT LR teXOFegbbASClion-dPeeennpdingokle
densities are disppsed in the sane optical_disc. As shown in Fig. 13A, when
the record densit9£5¥ &3 {kﬁi%ﬁ%ﬁ%]b¥%@¥oﬂlﬁB Faenfiree €A5A the
record density 20 u éﬁ an inner peripheral region Ra, it is defined that
the interl eave Iend?%rtdr t he bl ock size) of the error- correction-code
encodi ng process for the regl i 14 ' 1h for the.region Rb.
When a disépthat is rotatedQ%%&gﬁgé%é?%ﬁt régggoéngé?%regg?gépgy (CAVY)
and digital data igrLesisRf nSatSethy 6Pl@$£¥§c#F8ﬁﬁéﬂgﬁl?ﬁg#&%é?rthe

i nner peripheral tracks accessed by the head 1s smaller t
digital data for every block with the second data

amount;
selecting means for selecting the output of
10  said first error-correction-code encoding means or the
output of said second error-correction-code encoding
means as the digital data depending on whether the
record density information represents the first record

density or the second record density, respectively.

15
13. The digital data récording apparatus as set
forth in claim 11, further comprising:
record density input means for inputting the
record density information.
20
14. - The digital data recording apparatus as set
forth in claim 11, further comprising:
record density detecting means for detecting
the record density information from the record medium.
25
15. | | A digital data reproducing.apparatus,
comprising:

B



33 outer peripheral tracks. Thus, the record density on the inner

peripheral side of the disc is inevitably higher than that of the outer
per.ipheral side. In this case, a structure of which the interleave |length
(or 5 bl ock size) on the inner peripheral side is larger than that in
the outer peripheral side is used. In ot4%r words, since the record density
on the inner peripheral side is higher than that on the outer peripheral
side, the burst error |engthreadihg heans foxutryadiarg pheradt-codeedisidar ger
than that on the inner peripheral side. However, since a structure of which
the interleave | engefie(encbedkdiigidplonlattiee fomera pradqregdsime dedtones
| arger  than that on the outer peripheral side is used, the burst error
correcting 15 per f or manB&XBA ~CRE rEftdOPeTaFheiedodinte Repkhi £OL t he
burst error length is Iarge can_.be enhanced. On the other hand, since a

structure of whi ch®FhB T RPEFPELTErERGEN AESO DI IERG AT U THer et &1~
e 2 0 T g R ehr Bt BT B et S LY Ao
amount or a second data amount that is larger than the
first data amount and outputting digital data depending
on whether record density information that represents
the record density of the error—correction—code encoded
10 digital data represents a first reéord density or a

second record density that is larger than the first

record density, respectively.

16. The digital data reproducing apparatus as set
15 forth in claim 15,
wherein said error-correction-code decoding
means comprises:
first error—correction—code decoding
processing means for error-correction-code decoding the
20 error-correction-code encoded digital data for every
block with the first data amount; | |
second error-correction-code decoding
brocessing means for error-correction-code decoding the
error—Corféction—code encoded digital data for every
25 block with the second data amount; and
selecting means for selecting the output of

said first error-correction-code decoding means or the

* C L M S *



peripheral side is used, a data record prohibition regi on di sposed before

and after each rewitable unit data beconmes small. Thus, in conparison
wi t;h the structure of which the interleave I ength (or block 25 si ze)
for the inner peripheral side is used, the record density can be
substantially increased. In addition, tHE’present I nvention can be 34

applied for the case that the record densities of individual |ayers of a
mul ti-layered opti QPR f did¥@rseoend RnRor nCPrg§eciign-rRdg AECOANdyer ed
optical disc for exanple a two-|ayered tical disc, 5 ta record

| ayers La and Lb d?%ég%w?ﬁxFW?IQ+l Eﬁ}eggF%ngﬁPePaéhPhPBkHQ§g%8F Fﬁ@ di sc.
By focusing the opfical . pickup to.each record_|ayer ta, LS.
recorded/reproduceﬁF?%f%uéF?? Y ehle °¥%®§+9HV%SH Fﬁgnggcgpg Féng Eﬁcord

di sposed close to gdig CBPiQﬁéh§§c@n&0recordhhgﬁégfk?c9@98@%%§%%ﬂyﬁha”

the record layer La, t error-correction-code enco g process can~be
swi tched fog each record | ayer as described above. According to the present
i nvention, when ‘

17. A digital daté recording method, cbmprising
the steps of:

. error-correction-code encoding digital data
for every block with a firét data amount or a secbnd
10 data amount that is larger than the first data amount

and forming error—correction—codé encoded digital data

depending on whether record density information that

represents the record density of the digital data of a

record medium represents é first record density or a
15 second record density that is the first record density,
respectively; and

recording the error-correction-code encoded

digital data on the record medium.

20 18. A digital data reproducing method, comprising
the steps of:
reading error-correction-code encoded digital
"data from a record medium; and
error-correction-code decoding the error-
25 correction-code encoded data for every block with a
first data amount or a second data amount that is

larger than the first data amount and outputting

"« ¢ L M s *



reborq medi uns have different record densities, since 15 t he burst:
error length or the block size for a high record density type record nedi um
is Jarger than that for a high record density type record nedium a burst
error of the high density type record nmedi um can be corrected in the sane
manner as the standard density 20 t4de record nedium Thus, the
reliability as the data record nedium can be inproved. In addition,
according to the pitdthe!li Adkat AeRendityDrRi ¥bedh@ra rgcordPdens ithat can
record/ reproduce dat? to gnd fromdiscs with tt differg?t recqrd ities
can be acconpl i shetPf@Emation)\phan, EpPreSERts thes SEGREE SETWARhSP T &di%ns
with two different r LtLes @mad . 3 ngggg the
present invention #agsgeg%gggé\#\nilggnagggs%ﬁ%@% Wi lﬁﬁ:%gp_ggttat ogk_%!eét node d
enbodi ment s thereot; 5t sbeykd Benundg! 8L0ad ULJniPSRAUd Itthd it Nt tis
that the foregoing and various other Changes, 5 onm ssions, and
additions ig the foppyapdedghathet E‘@Ef@@f rERY% e JERda thh)erishaM iRty .

departing fromthe spirit and scope of the present invention.
19. A disc shaped record medium that has a
plurality of record tracks and that is rotated at a
constant angular velocity when the tracks are accessed,
10 the record medium including: .
first record tracks that record first digital
data interleaved with a first interleave length; and
second record tracks that record second
digital data intérleaved'with a second interleave
15 length larger than the first interleave length and that
is disposed on a more inner peripheral side than the

first record tracks.

20. A disc shaped record medium that has a
20 plurality of record tracks and that is rotated at a
constant angular velocity when the tracks are accessed,
- the record medium including:
first record tracks that record first digital
data error-correction-code encoded every block with a
25 first data ambunt; and
'second record tracks that record second

digital data error-correction-code encoded every block

‘A OB 0 A



36 What is clained is: 1. A digital data recording apparatus for
recording digital data on a record nmedium conprising: interleave neans for
i ntserl eaving the digital 5 data with a first interleave length or a
second interleave length that is larger than the first interleave | ength
and formng interl eaved digital data depgnding on whether record density
information that represents the record density of the digital_data on 10
the record medi um YepPeReR®SORdr fRER RBEVPE deREREytBANatBECEAgSLeEata

density that is I han .t i st d density, tively; and
recor o ng means. { ot P REbr A ERE o1 S FBAGEY fignt HPrHathoh PRSLPBESRY

- fedium 15 2. ?idéh€h9§t€héef9£9£”QeégPérEEHéF§§ set forth in claimi,
wherein said inter['eave nmeans conprises’ TIfst Interl eave processing neans
for 20 interleaving the digital data with the first interleave

5 21. A disc shaped record medium having at least

two divided record regions as a first record region and
a second record region definéd as positions in a radius
direction,
wherein the first record region that records
10 first digital data interleaved with é first interleave
length; and |
wherein the second record region that records
second digital-data interleaved with a second
interleave length larger than the-first interleave
15 length and that is disposed on a more inner peripheral

- side than the first record region.

22. ) A disc shaped record medium having at least
two divided record regions as .a first record region and
20 a second record region defined as positions in a radius
direction,
wherein the first record region that records
first digital data error-correction-code encoded for
every block with a first data amount; and
25 wherein the second record region that records
second digital data error-correction-code encoded for

every block with a second data amount larger than the

I
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| engt h; 'second interl eave processing means for interleaving the digital

dataswith the second interleave | ength; and 25 sel ecting
means for selecting the output of said first interleave neans or the out put
of said second interleave neans as the interleaved digital data 37
dependi ng on whether the record density i@aBormation represents the first
record density or tHerstcedd ey ensjty, respectively. 5 3.

The digital data recording appara#ﬁggf eﬁhﬁ%r%ﬁ dhspdsedn dn fugpther

conprising: record @@ﬁéphﬁdaﬂp¢ﬁd@e%%%nf Qlin utting the record densit‘?ner
i nformation. 10 4, The di gital dats FeckRrenrd) mepismt us as set
forth in claiml, further conprising: record density detecting neans for

detecting the record density information fromthe record nmedium 15 5.

A digital data reproducing apparatus, conprising:

* [+ L M S *



reading means for reading interleaved digital data froma record nedium
record density detecting neans for detecting 20 the record density of -
the interleaved digital data and generating record density information; and
dei nterl eave neans for deinterleaving the interleaved digital data with a
first interleave length or a second intgkleave length that is |arger than

the 25 first interleave | ength and outputting dié&taﬂ dat a dependi ng
on whet her the reDATA HBAORDING/REPROPUGENG chPRARNFUS METHQR ?Qﬁﬁﬁéidensity
or a second recor3ND DBBAJREEORD MEBIUMs | arger than the first record

density, respectively. 6. The digital data reproduci ng apparatus as

set 5 forth in claim5, wh i i1.d.re ﬁﬁd g i- %Rgetecting neans i s
adapted for detecting the recor§&%%ﬂ%ﬁﬁ?—?ﬁfgrﬂaprgg'pﬁrﬁugh menory neans

di sposed on the record nEdianéﬁgtal data rﬁfordiqgeégﬁgggﬂugkﬁé&

reproduci ng apparatus as se hin clam _
recording digital data on a record medium is disclosed,

that comprises an interleave means for interleaving the

5 digital data with a first interleave length or a second
interleave length that is larger than the first
‘interleave lenéth and forming interleaﬁed_digital data
depending on whether record dehsity information that
represents the record density of the digital data on

10 the record medium represents a first record density or
a second record density that is larger.than the first
record density, respectively, and a recording means for
fecording the interleaved digital data on the record
medium.

15
FIGURE 1



wherein said record density detecting neans is adapted for detecting the
record density information froma reference information region included in

thes 15 digital data of the record nedium 8. The digital data
reproduci ng apparatus as set forth in claim5, wherein said deinterleave
means conprises: 20 first deinterleave processing neans for

deinterleaving the interleaved digital 1gatta with the first interl eave
| engt h; second dei nterl eaveprocessi ng neans for deinterl eaving the

interleaved digital data with the 25 second interleave | ength; and
sel ecting neans for selecting the ozzp of sgid first deinterl eave
processi ng neans or the output 39 ai d second deinterl eave processing

nmeans as the digital data depending on et her the record density
information represents the first record density or the second record
density, respectively. 5 :
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9. <« Adigital data recording nethod for recording digital data on a
record nmedium conprising the steps of: interleaving the digital data with
a first 10 interleave length or a second interleave length that is
| arger than the first interleave length and form ng interleaved digital
dat a dependi ng on whet her record den5|ty |nfornat|on that represents the
record density of the digital data on tHY ¥cord medi um represents a 15 .
first record density or a second recha nsi t that is larger than the
first record density, respectively; dlgir g the interleaved digita
data on the record nmedium 20 A digital data reproducing
nmet hod, conprising the steps of: readlng interleaved digital data froma
record medi um deLgﬁ%j g the record density of the 25 i nterl eaved

e

gi

digital data and erfer@®Nng record density information: and déintérleaving
the interl eaved dijgifta
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40 with a first interleave length or a second interleave length that is
| arger than the first interleave |length and outputting digital data
dependi ng on whether the record density information represents a first

record 5 density or a second record density that is larger than the
first record density, respectively. 11. A digital data recording
apparatus, conprising: 10 3g100r-correction-code encodi ng

means for error-correction-code encoding digital data for every block with
a first data anbunt or a second data anount that is larger than the first
data amount and form ng error-correctjen-code egcoded digital data
dependi ng on 15 whet her record #;: Y, ini’rnation that represents the
record density of the digital data of a s€cord nmediumrepresents a first
record density or a second record density that is larger than the first

record density, respectively, and 20 recordi ng neans for
recording the error- correction-code encoded digital ¢ata on tne]record
medi um 12. The digital data recording apparatug aE€e€C 25~ 3 6 forth
in claim11, 31
( 32 33 35 T
o~ ¢ L , 16
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whereip said error-correction-code encodi ng means conprises: 41 first
error-correction-code encodi ng processing nmeans for error-correction-code
encoding the digital data for every block with the first data amount; 5
second error-correction-code encodi ng processi ng neans for
error-correction-code encoding the digital data for every block with the
- second data anount; selecting neans for sdi/déting the output of 10

said first error-correction-code e i ng ne or the output of said
second error-correction-code enccmh}:ft ans the di gital data dependi ng

11

on whether the record density |nforna n represents the first record
density or the second record density, respectively. 15 13. The
digital data recording apparatus as set - forth in claim1l, further
conprising: record density input gﬁan(zf I nputting the
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record density information. 20 14. The digital data recording
apparatus as set forth in claim 11, further conprising: record density
detecting neans for detecting the record density information fromthe
record nedium 25 15. A digital data reproducing apparatus,

conpri si ng: 42 readi ng neans for reading error-correction- code encoded
digital data froma record nedium and &#4¥t-correction-code decodi ng nmeans
for error-correction-code decoding the error-correction- 5 code
encoded data for every block with a first data anount or a second data
amount that is larger than the firgd &datagz&@unt and out BItE By digital
dat a dependi ng on $het W YrEcord depFiTy &1 Grmati on t haty Fepizesents the
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record density, respectively. 16. The digital data reproducing
apparatus as set 15 .forth in claim15, wherein said
error-correction-code decodi ng neans conprises: first error-correction-code
decodi ng processing nmeans for error-correction-code decoding the 20
error-correction-code encoded digital data for every block with thée first
data anount; second error-correction-coé&1l@ecodi ng processi ng neans for
erro.r-correction-code decoding the error-correction-code encoded digital
data for every 25 bl ock with the second data anpunt; and sel ecting
means for selecti the output of ARG TiF&tLerror-corre@&&scode decodi ng
means or the 42out P 20 sai d seGdpd BrFBr-correcti on-eade decodi ng
means as the digi 83l SIStSSdEpeAdints 8rSh&hér t'he ‘récord density

i nformation represents=th& ¥irst réebrd defstty or the secepd-record
density, respecti\@2| PLELLPD NDHBH VOO &LR0E5
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17. A digital data recording nmethod, conprising the steps of:
error-correction-code encoding digital data for every block wiwth a first
data amount or a second 10 data anmount that is larger than the first
data amount and form ng error-correction-code encoded digital data
dependi ng on whether record density information that represents the record
density of the digital data of a record jedy umrepresents a first record

density or a 15 second record density that is the first record
density, respectively; and recording the error-correction-code encoded
digital data on the rec@rd medium 20 18. A digital data

r epr oduci ng net hod, cod§r|5|ng the steps of: readlng error-correctlon code
encoded digital data frdm a recasd medi uale and ‘error-gorrecti on-code

decodi ng the error- 2555 T &or réctfon- d@d%+éﬂcoded data for every bl ock
C CC
with a first data armurg oo segonﬁ datg@gpgnt thatools | arger than the
first data anount and Getgy+v+nq5 - — - —
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44 di gital- data dependi ng.on whet her record .density information that
represents the record density of the error-correction-code encoded digital
data represents a.first record density or a second record density that is 5

| arger than the first record density, respectively. 19. A di sc shaped
record nediumthat has a plurality of record tracks and that is rotated at
a constant angul ar velocity when the tragk@ are accessed, 10 t he

record nmediumincluding: first record tracks that record first digital data
interleaved with a firglt interleave |l ength; and second record tracks that.
record second digital $ata interleaved with a second interleave 15

length larger than thezfirst interleave | ength and that is disposed on a
nmore inner peripheral side~thanathg fir3ty BesBord trafks. 20. A di sc
shaped record nedi umtﬁatgge% af20f td&dlity of&record tracks and that
is rotated at a constagt sangtl & v& oci$yB BBn the t¥acks are accessed, the
record nmedi um i ncl udi ng: dfdcst mec@rd thasksnt hat regord first digital data

error-correction-code»en Te'j_.e ery blogkfwith a,z25 first data amount;
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second record tracks that record second digital data error-correction-code

encoded every bl ock 45 with .a second data anount |arger than the first
data anount and that is disposed on a nore inner peripheral side than the
first record tracks. 5 21. A di sc shaped record nedi um havi ng

at least two divided record regions as a first record region and a second
record region defined as positions in 2/88dius direction, wherein the first

record region that records 10 st di gi(l] data interleaved with a
first interleave | ength; and wherei record region that records

Sec

second digital data interleaved with ngecond interl eave length |arger than
the first interl ‘ nd that is disposed on a nore inner
peripheral side|pAgyt he sARIT®COr d region. 22. A di sc shaped
record nmegigim DogENERARING 2 BEENERRT ENQVE rgcord regions as-a first record
region and 20 |[erreyrferond| £BRQLs 4 €oi on defined as positions in a radius
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directjon, wherein the first record region that records first digital data
error-correction-code encoded for every block with a first data anount; and

25 & wherein the second record region that records second
digital data error-correction-code encoded for every block with a second
data anount |arger than the 46 first data anount and that is di sposed on

a nore inner peripheral side than the f10g10record region.
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