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DATA RECORDING/REPRODUCING APPARA;I‘US CORRESPONDING TO
A PLURALITY OF ERROR CORRECTING SYSTEM AND A DATA
RECORDING MEDIUM '

BACKGROUND OF THE INVENTION

Field of the Invention

The_preéent invention relates to a data
recording/reproducing apparatus for properly changing
Selecting an error correction code encoding process
depending on whether a data recOrdind medium is a
recordable/ reproducible type or a reproduction:only
type, a method thereof, and a data'recording medium..
Description-of the Rel Ar |

- As external storing units for use with

computers, from view points of large storage cepacity
and high speed access, optical disc drives are becoming
‘popular. CDQROM (oxr CD-I (CD interective))'drives and
MO (magneto-optical disc) drives have been rapidly and
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. _

The 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 reproduees or
records/reproduces picture information comptessed
corresponding to the MPEG standard or the like. As
well as the wavelength of laser rays decreases and the

NA of an 6bjective lens increases, the digita
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_.modulation and the error correction code encoding

process have been improved, the recording density has
been further improved. 1In the case that 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
originally developed for digital audio discs.
Thereafter, these discs have been used for external
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.

Data recording mediums such as optical discs
cén be categorized as a reproduction-type disc and a
recordable/reproducible disc. 1In the recordable/_
reproducible disc, countermeasures against errors are

performed by a data substituting process especially for

.computers. However, in the reproduction-only disc,

since the data substituting process cannot be
performed, a high error correction pérformance is
required. In the reproduction-only disc, since data is
continuously read, a relatively large séctor size and a
folding type encoding ﬁrocess can be used. However, in
the recordablé/ reproducible disc on which data is
randomly rewritten, data with a large sector size-is
not always continuousiy recorded on the disc. 1In
addition, data should be unnecessarily reproduced for

correcting errors. Thus, the throughput increases and
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the harmonization to the computers deteriorates.
Cbnsidering the difference of characteristics
of the reproduction-oniy disc and the |
recordable/reproducible disc, dedicated error
"correction code encoding processes are performed fof
the reproduction-only disc and the
recordable/reproducible disc. Thus, for these error
corréction code encoding process, dedicated algorithms
for encoding and decoding processes should be
developed. In addition, dedicated encoders and
decoders should be designated for the error correction
code encoding processes. Mb;eover, IC circuits for the

enqoder and decoder should be designed.

OBJECT AND _ QF THEIINVENTI N

Thus, an object of the present invention is
to provide a data recording/reproducing apparatus for
properly performing an error correction code encoding
process depending on a data recording medium is a
recordable/ reproducible type or read-only type and for
simplifying the error correction code encoding process
with a common structure of basic portions for the
process, a method thereof, and a data recording medium.

A first aspect of the present invention is a
data recording apparatus for recording digital data to
a data recording ﬁediﬁm, comprising an error correction

code encoding means for interleaving a predetermined
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unit of data to be recorded and encoding the resultant
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data with an error correction code, and an identifying
means- for identifying whether the data to be recorded
is reproduction-only data or rewritable dafa, wherein
said error correction code encoding means is adapted
for changing the interleave length corresponding to the
output of said identifying méans.

A second aspect of the present invention is a
data recording method for recording digital data to a
recordable data recording medium, comprising the steps
of interleaving a predetermined unit of data to be
recorded and encoding the resultant data with an error
correction code, recordiﬁg the resultant data on the
recording medium, and identifying the data to bé
recorded. is reproduction—-only data or rewritable data
so ‘as to change the interleave length, wherein the
error correction code ié a folding type code.

A third aspect of the present invention is a
data reproducing apparatus for reproducing data from a
data recording medium on which digital data has been
recorded with an error correction code that has been
ihterleaved and'engoded, comprising a means for
reproducing the digital data, an error correcting means

for correcting an error of the reproduced digital data

with the error correction code, and a means for

detecting an identification signal from the reproduced

digital data, wherein said error correcting means is
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corresponding to the identification signal.

A fourth aspect of the present invention is a
method for correcting errors of first type data
recorded on a reproduction-only disc and second type
data reéorded on a recordable disc, comprising the

steps of‘determining whether data reproduced from a
.disc is the first type or the second type, and
deinterleaving the reproduced data corresponding to the
identified data énd correcting errors of the resultant
data.

A fifth aspect of the present invention is a
disc~shaped'recording nedium having a reproduction-only
region and a recordable region, each of thch has an
error- correction code that is added to a predetermined
unit of digital data and that is interleaved and
encoded, the interleave length of the error correction
code in the reproduction-only region being longer than .
that in the reproduction-only region..

A sixth aspect of the present invention.is a
method for encoding and decoding data recorded on a
reproduction—only disc and a recordable disc with an
error correction code, comprising the steps of
identifying whether input data is reproduction-only
data or rewritable data when the input data is
recorded, interleaving the input data corresponding to

the idgntified data and encoding the resultant data
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with the error correction code, identifying whether the
“input data is reproduction-only data or rewritable data
when -the input data is reproduced, and deinterleaving
the reproduced data corresponding to the identified
data and correcting an error of the resultant data with
the error correction code.

When the dual code encoding process 1is
.performed, the interleave length for the ROM type disc
"is longer than that for the RAM type disc so as to
protect an error of the ROM type disc and improve the
access characteristic of the RAM type disc. Likewise,
data to be recorded'on the ROM type disc is encoded by
the folding type duél code encoding process. Data to
be recorded on the RAM type disc is encoded by the
predetermined unit compietion type encoding process.
Moreover, the unit size of the error'corfection code
encoding process for the ROM type disc is larger than
that for the RAM type diéc.

These and other objects, features and
advantages of the present invention will become more
- apparent in light'of the following detailed description
of a best mode embodiment thereof, as illustrated in

the accompanying draWings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is-a block diagram showing a

recording/ reproducing circuit according to an
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embodiment of the present invention;

Figs. 2A and 2B are schematic diagrams
showing an example of é sector structure according to
the present invention;

Fig. 3 is a block diagram showing an example
of an error correction code encoding circuit;

Fig. 4 is a schemétic diagram for explaining
an error correction code encoding process of which the
present invention is applied for a folding type dual
code encoding process;

Fig. 5 is a functional block diagram showing
an example of an error correction code encoding process
in a record processing circuit;

Fig. é is é functional block diagram showing
an example of an error .correction code decoding process
in a reproduction proéessing circuit;. |

Fig. 7 is a functional block diagram showing
another example of an error.correction code encoding
process in a record processing circuit;.

Fig. 8 is a functional block diagram showing
another example of an error correction code encoding
process in a reproduction processing circuit:

Fig. 9 is a schematic diagram for explaining
another example of the error correction code encoding
process of which the present invention is applied for
- the folding type dual code encoding process;

Fig. 10 is a schematic diagram for explaining
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8

code in the case that the folding type dual code
encoding process and the block completion type encoding
process are used;

Figs. 11A and 11B are schematic diagrams for
explaining another example of the block completion type
error correction code in the case that the folding type
dual code encoding’proceSS'énd the block completion
type encoding process are used; and

Figs. 12A and 12B are schematic diagrams for
explaining an example of whiéh the unit of the error

correction code encoding process is varied.

DETATLED DESCRIPTION OF THE"-PREFERREQ EMBODIMENT

Next, with reference to the accompanying
drawings, an embodiment of the present invention will
be described. Fig. 1 is a.block diagram showing a
strucﬁure of an obtical disc recgrding/reproducing
system according to the present invention. 1In this
embodiment, data received from a host éomputer 1l or an
optical disc drive 2 is recorded on an optical disc 3.
In addition, data is reproduced from the optical disc.3
and sent to the host computer 1.

The pfesent invention can be applied.for a
mastering system for a read-only optical disc as well
as a drive for a recordable/reproducible optical disc.

Thus, the recording/reproducing systém shown in Fig. 1

THIS SHEET HAS BEEN
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can be applied for an optical disc drive (such as a DVD

drive) as an external storind'dgvice for.a'computer and
a mastering system for a DVD-ROM disc. In the
following description, the recordable/reproducible
optical disc drive system is referred to as a RAM type,
whereas the mastering system is referred to as a ROM
type. A master tape reproducing device may be
connected to an interface cifcuit 4.

In addition, the present invention can be
applied for a drive that seleétively uses a
recordable/reproducible optical disc and a read-only
type optical disc as the optical disc 3. In this case,
a proper error correction code encoding process in the
reproducing process is selected corresponding to the
disc type for use.

Moreover, the present invention. can be
applied for the optical disc 3 that has a
recordable/reproducible region and a read-only region.
Likewise, a proper error correction code encoding
process in the reprodﬁcing process is selected
corresponding to the disc type for use.

Returning to Fig. 1, a recording/reproducing
circuit according to the embodiment of the present
invention will be described. Digital data received
from the host computer 1 or the optical disc drivé 2 is
supplied to formatting circuits 5a and 5b through the

interface circuit (I/F) 4 for example an SCSI
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interface. The formatting circuits 5a and 5b delimit
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digital data, sector by sector, and add a sector éync
and a header to each sector so as to perform error
correction code encoding process for each sector and an
error correction code encoding process for data thaf is
recorded or reproduced. Each header includes |
identification information that represents whether the
current disc is the ROM type or thg RAM type.
Alternatively, a record command that is supplied from
“the host computer i to the I/F 4 includes information
that represents the ROM type or the RAM type.

The formatting circuit 5a converts the
received data into RAM type sector Structure data and
performs a RAM type  error correction code encoding
process for the sector structure data. The formatting
circuit 5b converts the received data into ROM type
sector structure data ana performs a ROM type error
correcfion code encoding process for the~séctor
structure dafa. The sector structure may be in common
- with both the RAM and ROM types. As an example of the
sector structure, a sector format of 2,072 bytes
composed of user data of 2,048 bytes, a sector sync of
4 bytes, a header of 16 bytes, and an error detection
parity of 4 bytes is used as shown in Figs. 2A and 2B.

| As shown in Fig. 2B, sector information of 4
bytes and a sector number of 4 bytes are recorded in

the header portion. The sector information includes a
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sector type (ST), reflectivity information (REF), an
area type (AT), and a layer number (LN). The sector
typé-(ST) represents whether the current sector is the
ROM type or the RAM type. The reflectivity information
(REF) represents.the reflectivity of the disc recording
surface. The.area type (AT) represents the type of an
area of the current sector on the disc. The iayer
number (LN) represents that the current layer in the
case that the disc has two layers. Thése items of the
sector information are defined as follows.
Sector type (ST) .;. 0000: ROM type
~ 0001: RAM type (MO)
0010: RAM type (PC) °
Reflectivity (REF) 0000: O to 20 %
0001: 20 to 50.%
0010: 50 to 70 %
0011: 70 to 100 %
Area type ({(AT) 0000: Blank area
0001: Data recorded area
0010: Lead-in area
0011: Lead-out area
1111: Write protect area
Layer number (LN) 0000: Layer O
| 0001: Layer 1
The output déta of the formatting circuits 5a
and 5b is selected by a switch circuit 6. The selected

data is supplied to a digital modulating circuit 7.
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The switch circuit 6 selects the output data
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corresponding to a control signal received from the
interface circuit 4. 1In the RAM type, the switch
circﬁit 6 selects the output data of the formatting
circuit 5a. 1In the ROM type, the switch circuif 6
selects the output data of the formatting ciréuit 5b.
When a control signal is supplied from the interface
circuit 4 to the fbrmatting circuits 5a and Sb, one of
these circuits can be operated.

The digital modulating circuit 7 maps for
example a data symbol of 1 byte (8 bits) into a code
word of 16 bits corresponding to a predetermined table
and generates modulated output data whose DC component
is small. Altgrnatively, as a digital modulating
method, the EFM method used for a CD, the 8-15
'moduiating method of which a data symbol of 8 bits is
converted into a code word of 15 bits, or the like can
be used. The output data of the digital modulating
circuit 7 is supplied to a sync adding circuit 8. The
sync adding circuit 8 adds a sync to each transmission
frame (for example, every 32 code words). The output
data of the sync adding circuit 8 is supplied to a
driver_9._ As an example of the sync, a special bit
pattern that does not appear in digitally modulated
data is used.

Record data is supplied to an optical pickup

10 through the driver 9 and then recorded on the

THIS SHEET HAS BEEN
REPLACED




o

13 : .
optical disc 3. The record data is recorded by the

magneto optical recording method or the phase change
method. The oﬁtical disc 3 is rotated at CLV (constant
linear velocity) §r CAV (constant angular velocity) by
a spindle motor 11. The minimum unit of data
recorded/reproduced by the optical pickup 10 is one
block that contains a predetermined number of sectors.
Data that is recorded is immediately reproduced so as
to determine whether or not an error takes place in the
repfoduced data (by a read-after-write operation).
When an errorlis detected, the write operation is
retried. When data is read, if the data has an error,
the read operatioﬁ is retried. After the read
operation has been retried a predetermined number of
times, if correct data cannot be obtained, an error
message is sent to the user and the read operation is
stopped. .

_Reproduction data réad by the optical pickup
10 is supplied to a detector circuit 21 that includes
an RF amplifier and_a PLL circuit that extracts a
clock. The output data of tﬁe detector circuit 21 is
supplied to a servo controlling circuit 22 and a sync
separating circuit 23. The servo controlling circuit
22 controls a focus servo, a tracking servo, and seek
operation for the optical pickup 10, a laser power for
the write operation, and so forth. The sync separating

circuit 23 separates from the reprodiuction data a frame
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sync that has been added by the sync adding circuit 8.
The separated frame syné is supplied to a
timing generating circuit (not shown). The timing
generating circuit generates a timing signal that
synchronizes with the réproduction data. The sync
separating cifcpit 23 is connected to a digital
demodulating circuit 24. The digital demodulating
circuit_24 performs the reverse process of the digital

modulating circuit 7 and generates data of which one

symbol is restored to one byte.

The digital demodulating circuit 24 is
connected to format separating circuits 25a and 25b and
a header detecting circuit 26. The deformatting
circuit 25a performs the reverse proéess of the
fo;matfing circuit 5a on the record side. The
deformatting circuit 25b performs the reverse process
of the formatting ci;cuit 5a. The deformatting circuit
25a performs an error correction code'decoding process,
obtains user data.from the RAM type sectors, and
de;ects an error thereof. The deformatting circuit 25b
performs an error correction code decoding-process,
obtains user data from the ROM type sectors, and

detects an error thereof. The header detecting circuit

26 detects a header from each sector (see.Fig. 2B) and

determines whether or not the current disc is the ROM

type or the RAM type corresponding to the header

information (namely, the sector typei.
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One of user data obtained by the deformatting
circuits ZSa and 25b is selected by a switch circuit 27
and then supplied to the interface circuit 4. The
switch circuit 27 is controlled corresponding to the
header information (ROM/RAM) recéived from the header
detecting cifcuit 26. The switch circuit 27 selects
the output data of thé circuits 25a and. 25b
corresponding to the type of the disc. The
reprodﬁction data selected by the switch circuit 27 is
supplied to the interface circuit 4. Thus, data
reproduced from the obtical'disc,B can be supplied‘to
the host computer 1 through the interface circuit_4.
Alternatively, by supplying the header information .
(ROM/RAM) from the header detecting circui; 26 to the
deformatting circuits 25a and 25b, one of these
circuits can be operated instead of using the switch
circuit 27.

Fig. 3 is a block diagram showing an example
of the struéture of an error correction code encoding
circuit disposed in a signal processing block 28 that
has the formatting circuits 5a and 5b. 1In Figs.IZA and
2B, reference numeral 31 is a data bus. The data bus
31 is connected to a data input/output circuit 32, a
memory (RAM) 33, a‘C1 parity generating circuit 35, and
a C2 parity generating ;ircuit 36. A read/write
qperation, an address, and so forth of the memory 33

are controlled by a memory controlling circuit 34. In
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addition, a controller 37 that controls the operations

of the error correction code. encoding circuit is
provided; A- switch control signal ROM/RAM is supplied
from the controller 37 to the memory controlling
circuit 34. The error correction code encoding circuit
shown in Fig. 3 is actually composed of one IC chip.

An error correction code‘deCoder is provided
for a signal'processing block 29 that has the
deformatting circuits 25a and 25b. The structure of
the error correction code decoder is the same as that
shown in Fig. 3. The hardware of the encoder may be
partia;ly shared with the hardware of the decoder.

As an example of the error correction code
encoding process, a folding type dual code encoding
process is used. The interleave length for the RAM
typé is different from the interleave length for the
RAM type. As shown in_Fig.'4, data of 148 symbols
arranged in vertical direction (reéording/reproducing
direction) (1 symbol = 1 byte) and a C2 éode parity
(parity Q) of 14 symbbls are encoded with-a [170, 162,
9] Reed-Solomon code. fhus, a,Cllcode parity (parity
P) Of 8 symbols is generated. Data of 148 symbols (1
symbol = 1 byte) and the parity P of 8 symbols are
encoded with a [170, 156, 15] Reed;Solomon code. Thus,
a parity Q of 14 symbols is generated.

" As shown in Fig. 4, in the interleaving

process for the C2 code, the interleéve length a for
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the ROM type and the interleave length b for the RAM

type have the relation of (a > b) (for example, a = 170
and b-= 112). Generally, the error correction
perfofmance.(especially, against a burst error) is
proportional to the interleave length. fhus, thé error
correction performance for the RbM type is larger than
that for the RAM type. 1In other words, for the ROM
type, the data substituting process cannot be performed
unlike.with the RAM type. When the interleave length
is long, since all data thereof should be recorded or
reproduced, a long access time is required. ' Thus, the
scale of the interleaving process becomes large. From
this point 6f view, a structure of which the interleave
length for the RAM type is shorter than the interleave
length for the ROM type is used.

In Fig. 4, the horizontal interleave length b
= 112 is.equal to the number of symbols of which eight
sectors are arranged in the horizontal direction shown:
in Fig. 2A. 1In other words, the interleave length of
the RAM type can be just divided by the number of
sectors. When data as.blocks of eight sectors is
recorded on a disc, the interleéving process is
completed within the unit of data for the
recording/reproducing operation. Thus, the error
correcting process can be quickly performed for the
recording/reproducing operation. For the ROM type, the

horizontal interleave length is not .completed within



18
one block. However, data reproduced from the disc is

almost sequential data. Thus, no problem takes place
in.this case.

Next, with reference to Fig. 3, an example of
an encoding/decoding process for correcting errors will
be described.

‘When data is encoded with an error correction
code, data that is larger than one block is supplied
from the host computer 1 or the‘optical disc drive 2 to
‘the data input/output circuit (I/0) 32 of the
formatting circuit 5a or 5b through the interface
circuit (I/F) 4 and then temporarily stored in the
memory 33 through the data bus 31. At this point,
header information is supplied from the interface
circuit 4 to the controller 37. The controller 37
determines whether or not data in the memory 33 is the
ROM type or the RAM type'gnd controls the memory
controlling circuit 34 so as to control the memory 33
corresponding to the determined type. Thus, the memory
controlling circuit 34 designates an address of data
read from the memory 33 to the Cl parity generating
circuit 35 and the C2 parity generating circuit 35 so
that the data is interleaved in the C2 ROM direction
for the ROM type and that data is interléaved in the C2
RAM direction for the RAM type as shown in Fig. 4. The
encoding process is performed for all data stored in

the memory 33 by the Cl parity generating circuit 35,
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the C2 parity generating circuit 36, and the memory 33.
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Thereafter, P and Q parities are added to the encoded
data. The resultant data is supplied from the memory
33 to the digital modulating circuit 7 through the I/0
32. In this case, the switch circuit 6 ié accomplished
in such a manner that the controller 37 shown in Fig. 3
controls the output of one of two data types through
the I/0 32.

Next, an error correctién code decoding
procesé for decoding data reproduced from a disc will
be described. Data that has been modulated by such as
8-16 modulating method is demodulated by the digital
dembduiating circuit 24 and several blocks of the
demodulated data are stored in the memory 33 of the
deformatting circuit 25a or 25b. The controiler 37

detects the seétor type (ST) of the header portion of

_ the sector structure data stored in the memory 33. The

controller 37 controls the memory controlling circuit
34 corresponding to the detected type as with the
encoding operation. In other words, data that has
interleaved is restored to original data (this process
is referred to as deinterleaving process). The Cl
parity generating circuit 35 and the C2 parity
generating circuit 36 multiply the deinterleaved data
by a predetermined coefficient stored in“a memory (ROM)
(not shown) so as to correct error of the Cl sequence.

and the C2 seqgquence, respectively. The error corrected
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data is stored in the mémory 33. The error-corrected

data is supplied from the memory 33 to the interface
circuit 4 through the I/0 32.. The switch circuit 27 is
accomplished in such.a manner that the controller 37
supplies output data of the I/O 32 as 6ne of the ROM
type or RAM type.

Figs. 5 and 6 are functional block diagrams
showing an error.correction code ‘encoding process and
an error correction code decoding process. Fig. 5 is a
functional block diagram showing the above-described
folding type dual code encoding process (for the ROM
type). The error correqtion code is.similar to the
cross interleave Reed-Solomon code (CIRC) used for a
CD. |

Input symbols of 148 bytes are supplied to a
Cl encoder 41. The output data of the Cl encoder 41
(data symbols of 148 bytes and.a parity P of 8 bytes)
is supplied to a C2 encoder 43 through a_delaying
circuit group 42. In the structure shown in Fig. 3,
the delaying process of the delaying circuit group 42
is accomplished by the memory 33 and the memory
controlling circuit 34.

The C2 encoder 43 performs an encoding
process with the [170, 156, 15] Reed-Solomon code and
generates a parity Q of 14 bytes. The Cl encoder 41
performs an encoding process for not only data, but

parity Q with a Cl code. Thus, the C2 encoder 43 feeds
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back the parity Q to the Cl encoder 41 from the C2
encoder 43 through the delaying circuit group 42a.
Thus, - the Cl encoder 41 performs.an encoding process
with the [170, 162, 9] Reed-Solomon code.

170 bytes (data of 148 bytes, a Cl parity of
8 bytes, and a C2 parity of 14 bytes) received from the
Cl encoder 41 are extracted as output symbols through
an array changing circuit 44 including a delaying
circuit. The array changing circuit 44 is composed of
the'memory 33 and the memory controlling circuit in the
structure shown in Fig. 3. The output symbols are
supplied to the gigital_modulating circuit 7. The
interleave length of the folding type dual code
encoding process is 170 frames (that represents the
length of the Cl code sequence); The interleave length
is also referred to as the restriction length of the
interleave or the depth of the interleave.

Next, with reference to Fig. 6, the process
of the decoder corresponding to the encoder shown in
Fig. 5 will be described. The input symbols (of 170
bytes) are supplied from the digital demodulating
circuit 24 to a Cl decoder 52 through an array changing
circuit 51. The array changing circuit 51 performs the
reverse ﬁrocess of the array changing circuit 44 of the
encoder. The Cl decoder 52 performs a decoding process
with a (170, 162, 9] Reed-Solomon code.

The output data of the Cl decoder 52 is
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supplied to a C2 decoder 54 through a delaying circuit

group 53. The C2 decoder 54 performs a decoding
process with a [170, 156, 15] Reed-Solomon code. The
decoded output data of the C2 decoder 54 is supplied to
a Cl decoder 56 through a deinterleave delaying circuit
55. Thus, output symbols of 148 bytes that have been
efror—corrected by the Cl decoding process, the C2
decoding process, and the Cl1 decoding process are
extracted.

By changing the delay amounts 6f the delaying
circuit groups 42, 53, and 55, the interleave length
can be changed to the RAM type value 112. 1In the
structure shown in Fig. 3, as described above, the _
switch control signal ROM/RAM is supplied to the memory
controlling circuit 34 so as to switch the address
control of the memory controlling circuit 34. Thus,
the delay amounts are changéd.. In this example, since
the relation of (170 > 112) is satisfied, the delay
amount of 0 is added so as to accomplish the interleave
length of 112.

For example, in the encoding process, since
the delay amounts of the delaying circuits 46 and 46a
for two adjacent signals are equally designated, a
delaying process- for 112 symbols is performed. In the
decoding process, as shown in Fig. 8, the delay amounts
of the delaying circuit groups 57 and 58 for two

adjacent circuits are equally designated. Thus, an
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input symbol of 170 bytes of which the interleave

“

length is 112 is deinterleaved and output.

Fig. 9 shows another example of the folding
type dual code as an error correction code. When the
number of symbols of data is 116 (byteé), in the
feedback type'structure as with the structures shownlin
Figs. 5 and 6, a parity P of 10 symbols and a parity Q
of 12 symbaols are formed. In other words, in the
example shown in Fig. 9, the €l encoder performs an
ehcoding proceés with a [138, 128, 11] Reed-Solomon
code and the C2 encoder performs an encoding process
with a [138, 126, 13] Reed-Solomon code. At this
point, the interleave .length for the ROM type is (a =
276), whereas the intefleave length for the RAM type is
(b = 138). Since the length of the Cl code sequence is_
138 symbols, by the delaying process Ehat varies the
symbols one by one, an interleave of b = 138 can be
accomplished in the error correction code ending
process and the error correction code decoding process.
By a delaying process that vapies the.éymbols two by
two, an interleave of a = 276 can be accomplished.

As described in the embodiment, the
interleave length is varied depending on whether the
current disc is the ROM type or the RAM type. The
folding type dual code encoding process (interleave
length a = i70) may be pefformed for the ROM type. The

block éompletion type dual code encoding proceéss is
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performed for the RAM type. In the block cohpletion
type process, data of a two-dimensional array with a
predetermined size is treated as a block and the
interleaving process is performed in the block. -Fig.
10 is a schematic diagram sho&ing a block completion
type dual code encoding process. 148 symbols that are
arranged in the vertical direction (read/write
direction) of (148 x 224).symbols of a block are
encoded with a Cl code Reed-Solomon code so as to
generate the parity P. In gddition, data in diagonal
direction is encoded with a Reed-Solomon code so as to
generate a C2 code parity Q. As with the above-
described embodiment, the memory controlling circuit 34
controls the memory 33 so as to perform the
interleaving process in the diagonal direction.

As the block completion type dual code
encoding proceés, the non-feedback type 6r the feedback
type may be used. For example, the folding type dual
code encoding process used in a CD is the non-feedback .
type process. 1In the case of the non-feedback type, an
encoding process is performed wifh a [162, 148, 15]
Reed-Solomon code that.is the C2 code. Thus, the
parity O of 14 bytes is generated. In addition, data
and the parity Q are encoded with a (170, 162, 9] Reed-
Solomon code that is the Cl code. Thus, t he parity of
8 bytes is generated. When an error corrgcting process

{(namely, a decoding process) is performed, the Cl code
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is decoded. Thereafter, the C2 code iﬁ decoded. On
3 the other hand, in the feedback type, as with the
structure shown in Fig. 5, the parity Q is encoded with
a [170, 162, 9] Reed-Solomon code. Thus, the parity P
is generated. In addition, data and the parity P are
encoded with a [170, 156, 15] Reed-Solomon code.

Figs. 11A and 11B are schematic diagrams
showing another example of the block completion type
error correction code. 1In Fig. 11A, the block
completion type dual code encoding process is performed
for déta symbols of 116 (in vertical direction -
read/write direction) X 114 (in horizontal direction).
In Fig. 11B, the block complétion type dual code
ehcoding process is performed for data symbols of 116
(in vertical direction - read/write direction) x 288
(in.horizontal direction). In other words, in Fig.
118, data shown in Fig. 11A is treated as data of one
block and a parity tﬁereof is generated. The block
completion type encoding.process is performed for the
RAM type so as to improve the access characteristic.
In the case of the block completion type, the data
amount of each block is preferably 16 kbytes, 32
kbytes, or the like.

In addition, according to the present
invention, the block size that is the unit of an error
correction code may be varied. Figs. 12A and 12B are

schematic diagrams showing another ekample. As shown |
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in Fig. 12A, the block size of the RAM type is (170 (=
data of 148 symbols + a parity of 22 bytes) x 14). On
the other hand, as shown in Fig. 12B, the block size of
the ROM type is (170 (data of 148 symbols + a parity of
22 bytes) x 112). In the example shown in Figs. 12A
and 12B, the recording/reproducing direction is the
horizontal direction of egach block, whereas the
encoding direction is the diagonal direction of each
block. As a code, a [170, 148, 23] Reed-Solomon code
can be used.

It is said that as shown in Figs. 2A and 2B,
when the number of parities for particular data is the
same as that for another data, thé power of the error,
cofrecting process depends on the size of data block.
In this case, the diagonal interleaving process is
performed by the memory 33 and the memory controlling
circuit 34 as'with the above-described embodiment.

According to the present invention, error
correction code encoding processes corresponding to the
RAM type and the ROM type can be performed. In
addition, since the interleave length and the block
size are varied, hardware can be commonly used for the
error correction code encoding process and the error
correcting process. Thus, the structure of the
hardware can be simplified. Moreover, according to the
present invention, -a hybrid disc that has both a ROM

type region and a RAM type region can be accomplished.
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Altﬁough the present invention has been shown
and described with respect to a best mode embodiment
thereof, it should be understood by those skilled in
the art that the foregoing and various other changes,
omissions, and additions in the'formland detail thereof
may be made therein without departing from the spirit

and scope of the present invention.
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1. A data recording apparatus for recording

What is claimed is:

digital data to a data recording medium, comprising:

érror correction code encoding means for
interleaving a predetermined unit of data to be
recorded and encoding the resultant data with an error
correction code; and

identifying means for identifying whether the
data.to be recorded is reproduction-only data dr
rewritable data, -

-wherein said error correction“code.encoding
means is adapted for changing the interleave length

corresponding to the output of said identifying means.

2. The data recording apparatus as set forth in
claim 1,

wherein said error correction code encoding
means is-adapted for encoding a first sequence and a
second sequence, at least one of the first and second

sequences being a folding type encoding sequence.

3. The data recording apparatus as set forth in
claim 1, |

wherein said error correction code encoding
means is adapted for encoding at least two encoding
sequences with different interleave lengths and

encoding an encoding sequence that has a longér
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interleave length when input data is the reproduction-

only data.
q. The data recording apparatus as set forth in
claim 1,

wherein said error correction code encoding
_means is adapted for encoding data that exceeds a
recording data unit with a folding type encoding
sequence when input data is reproduction-only data and
for interleaving and encoding data that is completed

within the recording data unit when the input data is

rewritable data.

5. The data recording apparatus as set forth in
claim 1, further comprising:

adding means for adding identification data- that
represents Qhether.data identified by said identifying

means is reproduction-only data or rewritable data.

6. A data recording method for recording digital
data to a recordable data recording medium, comprising
the steps of:

interieaving a predetermined unit of data to
be recorded and encoding the resultantﬁdata with an

error correction code;

recording the resultant data on the recording

medium; and

-
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identifying the data to be recorded is

30

reproduction-only data or rewritable data so as to
change the interleave length,

wherein the error correction code is a

folding type code.

7. The data recording method as set forth in
claim 6,

wherein said error correction code encoding
step includes the step of:

interleaving data with a longer interleave
length than thét of rewritable data when data to be

recorded is reproduction-only data.

8. The data recording method as set forth in

claim 6,

wherein said error correction code encoding
step includes the'step of:

interleaving data that is completed in a

recording data unit when the data to be recorded is

rewritable data.

9. The data recording method as set forth in
claim 6, further comprising the step of:
adding to the identified data identification

data that represents the interleave length thereof.
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10. A data reproducing apparatus for reproducing

data from a data recording medium on which digital data
has been recorded with an error correction code that
has been interleaved and encoded, comprisings

means for reproducing the digital daté;

error correcting means for correcting an
error of the reproduced digital data wifh the error
correction code; and

means for detecting an identification signal
from the reproduced digital data,

wherein said error correcting means is
adapted'for deinterleaving the reproduced aata.

corresponding to the identification signal.

11. The data reproducing apparatus as set forth
in claim 10,
wherein said error correcting means is
adapted for changing the deinterleave length for the

digital data corresponding to the identification

signal.

12. The data reproducing apparatus as set forth
in claim 11,

wherein said detecting means is adapted for
detecting an identification signal that represents
whether the reproduced digital data is reproduction-

only data or rewritable data, and

THIS SHEET HAS BEEN
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wherein said error correcting means is

- 32

adapted for designating a lonQer deinterleave'length
for digital data that is reproduction-only data than
that for rewritable data cotresponding to the

identification signal so as to correct an error.

13. The data reproducing apparatus as éet forth
in claim 12,

| wherein said reproducing means is adapted for
reproducing digital data recorded on the recording
medium as a predetermined block, and

wherein said error coriecting means is

adapted for deinterleaving the digital data
corresponding to the identification signal so that the
_deinterleaving process is performed with a plurality of
blocks when the digital_dafa is reproduction-only data
and that the deinterleaving process is performed within

one block when the digital data .is rewritable data.

14. The data reproducing apparatus as set forth

in claim 8,

wherein the data recording medium includes at
least a ROM disc and a RAM disc, a folding type dual
error correction code being added to digital data

recorded on these discs.

15. A method for correcting errors of first type

—
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data recorded on a reproduction-only disc and second

33

type data recorded on a recordable disc, comprising the
steps of:
determining whether data reproduced from a
disc is the first type or the second type; and
deinterleaving the reproduced data corresponding.

to the identified data and correcting errors of the

resultant data.

16. - The method as set forth in claim 15,
wherein the deinterleave length for the first

type data is longer than that of the second type data.

17. A disc-shaped recording medium having a
reproduction-only region and a recordable region, each
of which has an error correction code that is added to
a predetermined unit of digital data and that is
interleaved and encoded, the interleave length of the
error correctlon code in the reproductlon only region

being longer than that in the reproduction-only region.

18. The disc-shaped recording medium as set forth
in claim 17,

wherein.the'reproduction—bnly region and
recordable region each have identification information
that represents the interleave length corresponding to

the data recorded in these regions."

A
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19. The disc-shaped recording medium as set forth
in claim 18,

wherein each of the reproduction-only regién
and thé recordable region is composed of a plurality of
sectors, each of which includes the digital data, a
header portion of each sector including the

identification information.

20. The disc-shaped recording medium as set forth
in claim 189,

wherein each df the reproduction-only regioh
and the recordable region has a plurality of blocks,
each of which is éomposed of sectors, data recorded in
the recordable region being interleaved within a block,
data recorded in the reproduction-oﬁly region being '

interleaved in a plurality of blocks.

21. A méthod for encoding and decoding data
recorded on a reproduction-only disc and a recordable
disc with an.error correction code, comprising the
steps of:

identifying whéther input data is
reproduction-only data or rewritable data when the
input data is recorded;

,interleaviﬁg the input data corresponding to

the identified data and encoding the resultant data
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with the error éorrection code;
identifying whether tﬁe input data is
reproduction-only dafa or rewritable data when the
input data is reproduced; and
deinterleaving the reproduced data
corresponding to the identified data and correcting an

error of the resultant data with the error correction

"code.

22. The method as .set forth in claim 21, further
comprising the step of:

when data is recorded and identified data is
reproduction-only data, designating a larger interleave

length to the reproduction-only data than that of the

recordable data.-

23. The method as set fofth in claim 21,

wherein said encoding step is performed by
'interleaving'data recorded as a predetermined unit of |
blocks, interleaving the reproduction-only data with an
interleave length that is larger than the 510ck size,

and interleaving the rewritable data with an interleave

length that is smaller than the block size.
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