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APPARATUS FOR RECORDING AND REPRODUCING INFORMATION

BACKGROUND OF_ THE iNVENTION

The invention relates to a novel optlcal disk and, more
particularly, to that disk, to a method of recordlng and reading
| information on the disk and to apparatus for carrying out that

method.

Optical disks have been used as mass storage devices
for computer applications, and such optical disks are known as
CD-ROMs. The disk which is used as the CD-ROM is modeled after
the standard compact disk (CD) that has been developed for audio
applications and is basicaily an audio CD with various
1mprovements and refinements partlcularly adapted for computer

-appllcatlons. Uslng such a CD as a standard, the CD-ROM has a
data storage capacity of about 600 Mbytes. By using audio CD
technology as its basis, the, CD-ROM and its disk drive have
become!féiatively inexpensive and are quite popular.

Howevér, since conventional audio CDs with their
inherent format and storage capacity haﬁe been adapted fqr CD-
RéMS, it has heretofore been difficult tq”;yprOVe the data
storage-capacity. In typical computer applications, a capacity
of 600 Mbytes has been found to be insufficient.

Also, the data transfer rate_that can be obtained from
audio CDs generally is less than 1.4 Mbits/sec (Mbpsf. However,
computer applications generally require a transfer réte far in’
excess of 1.4 Mbps; but it is difficult to attain a faster

transfer rate with conventional CD-ROMS.
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Yet another disadvantage associated with conventional
CD-ROMs, and which is due to the fact that the audio CD format
has been adapted for computer applications, is the relatively
long access time associated with accessing a particular location
on the disk. Typically, relatively long strings of data are read
from audio CDs, whereas computer applications often require
accessxng an arbitrary locatlon to read a relatlvely small amount
of data therefrom. For example, accessing a particular sector
may take too much time for the CD controller to identify which
sector is béing read by the optical pick-up. '

,A Stlll further difficulty associated with CD-ROMs, and
whlch also 1s attributed to the fact that such CD-ROMs are based
upon audio CD technology, is the error correcting ability
thereof. When audio data is reproduced from an audio CD, errors
that cannot be corrected neverthcless can be concealed by using
interpolation based upon the high correlation of the audio
information that is played back. However, in computer
applications, interpolaticn often cannot be used to conceal
errors because of the low correlation of such data. Hence, the
data that is recorded on a CD-ROM must be encoded and modulated
in a form exhibiting high error correcting ability. Heretofore,
data has been recorded on a CD-ROM in a conventional cross
interleave Reed-Solomon code (CIRC) plus a so-called-block
completion error correction code. However,.the block completion

code generally takes a relatively long amount of time to decode
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the data, and more impdrfantly, its error correction ability is
believed to be insufficient in the event that multiple errors are
present in a block. Since two error correction code (ECC)
techniques are used for a CD-ROM, whereas only one ECC technique
is usedlfor an audio CD (namely, the CIRC technique), a greater
amount of non-data information must be recorded on the CD-ROM to
effect such error correcfion, and. this non~data information is.
referred to as "redundant" data. 1In an aftempt to improve the
error correction ability of a CD-ROM, the amount of redundancy
that must be recorded is substentially increased.

. OBJECTS OF THE INVENTION

Therefor, it 1s an object of the present 1nvent10n to
prov1de an improved optlcal disk hav1ng particular use as a CD~
ROM which overcomes the aforenoted difficulties and disadvantages
associated with CD-ROMs which have been ﬁsed heretofore.

_ Another object of this invention is to provide an
optical disk which exhibits a higher access speed, thereby
permitting quick access of arbitrary locations, such as sectors,
to be accessed quickly.l

A further object of this invention is to provide an
improved optical disk having a higher transfer rate than the
transfer rate associated with CD-ROMs heretofore used.

A further object of this invention is to improve the-
storage capacity of an optlcal dlsk thereby making it more

advantageous for use as a CD-ROM.
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An additional object is to provide an impréved optical
disk which stores data with reduced fedundancy.

Still another object of this invention is to provide an
improved recording.format for an opticai disk which enhances the
error correcting ability thereof.
| Another objeét of this invention is to provide an
optical disk having a sﬁbstantiélly improved recording density,
thereby facilitating use of the disk as a CD-ROM.

A further object of this invention is to provide an
improved optical disk having data recorded in sectors, with each
sector hav1ng a sector header that is easily and rapidly read,
partlcularly because the sector header is not encoded in a form
which requires a substantially long amount of time before it is
successfully deéoded and recognized.

Varioué other objects, advantageous and features of the
present invention will become readily apparent from the ensuing
detailed description, and the novel features will be particularly
peinted out in the appended claims.

SUMMARY OF THE INVENTION

In accordance with this invention, an optical disk, a
method and apparatus for recording that disk and a method and
apparatus for reading data from'that disk are provided. The disk
has a diameter of less than 140mm, a thickness of 1.2mm # 0.1lmm,
and ‘a plurality of record tracks exhibiting a track pitch in the
range between 0.646ﬂm'and 1.05uﬁ'&ith data recorded in those
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tracks as embossed pits. . The tracks are divided into a lead-in
area, a program area and a lead-out are, with table of content
(TOC) information being recorded in at leasF one TOC track in the
lead-in area and user information recorded in a plurality of user
tracks in the program area. Each track is divided into sectors
and the TOC information includes addresses of the start sectors
' of each user track. The data (both TOC and user information) is
encoded in a long distance error correction code having at least
eight parity symbols, the encoded data being modulated and
recorded on the disk. 'Preferably,'the data is modulated as run
length limited (RLL) data.

fp the preferred embodiment, the data is recordéd with
a iiﬁeaf density in the range between 0.237um per bit and 0.378um
per bit. Also, the program area is disposed in a portion of the
disk having a radius from 20mm to 65mm. |

. The format of the data advantageously permits rapid

access to a desired sector. Reduced redundancy in the recorded
data and a higher storage capacity are attained. Advantageously,
the optical disk may record data having particular computer
application, referred to'computer data, or video and audio data,
the latter being.compressed by the so-called MPEG (Moving Picture
Image Coding Experts Group) technique. Audio data which also may
be recorded preferably is compressed and then multiplexed with '

the MPEG-compressed video data.
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The error correctlon code used with the present
invention preferably is a long dlstance code having at least
eight parity symbols. ECC techniques which have been used
heretofore have relied upon so-called short distance codes in
which a block of data is divided into two sub-blocks, each sub-
block being associated with a number of parity symbols, such as 4
parity symbols. It is known, however, that 4 parity symbols may
be used to correct 4 data symbols, and if 4 data symbdls in each
sub-block are erroneous, the total number of 8 erroneous data
symbols can be corrected. But, if one sub-block contains 5
'erroneous data symbols, whereas the other sub-block contains 3
~erroneous data symbols, use of the short distance code may be
effective to correct only 4 data symbols in the one sub-block,
thus permitting a total error correction of 7 data symbols. But;
'in-the long distance code, the block.of data'is not sub-dividad;
and as a result, all 8 erroneous data syﬁbols, if present in the
long gistance coded data, can be corrected. |

As another feature of this 1nventlon, the RLL code that
is used preferably converts 8 b1ts of input data into 16 bits of
data for recording (referred to as 16 channel bits) with no
margin bits provided between successive 16-bit symbols. In RLL
codes used heretofore, 8 data bits are converted into 14 channel
bits and three margin bits are inserted between successive 14-bit
symbqls. Thus, the present inéention'achieves a reduction in.

redundancy.
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BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description, given by way of
example and not intended to 1imit the present invention solely
thereto, will best understood in conjunction with the |
aqcompanying drawings in which: .

Fig. 1 is a block diagram of the preferred technique by
which optical disks are made in accordance with the present
invention; |

Fié. 2 is a block diagram of apparatus incorpdrated in
the present invention for reproducing data from the optical disk
that has bgen made in accordance with the technique shown in Fig
1; |

Fig. 3 is a schematic representation of the recording
areas for the disk madé by the technigque shown in Fig. 1;

Fig. 4 is a sdhematic repreéentation showing the
recording areas of Fig. 3 in greater detail;

| Fig. 5 is a schematic representation of another format
of the recording areas;

Fig. 6 is a schematic representation of still another
format of the recording areas;

Fig. 7 is a schematic representation of yet another
format of fhe recording areas; |

Fig. 8 is a tabular representation of a portion of the

information recorded in the TOC region of the disk;

- \
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Fig. 9 is a tabular representation of another portion
of the data recorded in the TOC region;

Fig. 10 is a schematic representation of a sector of
data recorded on the disk; |

Figs. 11A-11E aré tabular representations of different
types of subcode data that may be recorded in a sector;

Fig. 12 is a tabular representation of copyright data
that may be recorded as subcode information in a sector;

Fig. 13 is a tabular representation of application iD
information that may be recorded as the subcode infdrmation in a
sector; . _

éig, 14 is a tabular representation of time-code data
that‘may be recorded as the subcode information in a sector;

Fig. 15 is a tabular representation of picture-type
~data that may be recordea as the subcode information in a sector;

Fig. 16 is a tabular fepresentation of ECC type data
that may be included in the TOC information recorded 'in the TOC
- regions;

Fig. 17 is a 'schematic representation of one frame of
error correction encoded data, identified as a Cl code word;

Fig. 18 is a schematic representétion of the long
distance error correction code format used with the present

invention;
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Fig. 19 is a schematic

representation of a short

distance error correction code format that could be used with the

present invention;

Fig. 20 is a schematic
order of rearranged data symbols
played back from the disk; |

Fig. 21 is a schematic

representation of the sequential

after those symbols have been

representation of a sector of

data that has been error correction encoded;

Fig. 22 is a schematic
of error correction encoded data

. Fig. 23 is a schematic
. of error c;rrection encoded data

Fig. 24 is a schematic

representation of a block code
in the long distance format;
representation of a b;ock.code
in the short distancé format;

representation of a string of

data symbols exhibiting EFM modulation;

Fig. 25 is a flowchart

explaining how margin bits are

. selected in the EFM modulated data shown in Fig. 24;

Fig. 26 is a block diagram of an EFM modulétor that can

be used to produce the data string shown in Fig. 24;

Fig. 27 is a schematic

modulated data;

fepresentation of a frame of EFM

Fig. 28 is a table which explains how margin bits are

selected/inhibited when forming the string of EFM data shown in _

Fig. 24;

Figs. 29A-29D are explanatory waveforms which are

usefui:in ﬁnderstandiné how margin bits are selected;
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Fig. 30 is a block diagram of a modulator that may be .

used with the present'invention;
| Fig. 31 is a block diagram of a demodulator that may be

used with the present invention; |

Fig. 32 is a block diagram of apparatus which may be '
used to supply data for the recording technique shown in Fig. 1;
and |

Fig. 33 is a block diagram of data recovery apparatus
that may be used with the playback apparatus shown in Fig. 2.

| DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

-The present invention records different types of data
on an optié&l disk, preferably_for use as a CD;ROM but also
adapted for use as a digital video disk (DVD). Such data-may be
file data or applicatidn data to be used by a computer, or it may
comprise video data which sometimes is referred to herein as
motion picture data which includes image information and audio
informati&n and which preferably is compressed in accordance with
the various conventional video data compression standards, such
as those known MPEG-1, MPEG-2, of when still video pictures are
recorded, JPEG. It will be appreciated, therefore, that the
information on the disk admits of "multimedia" applications.

Before deScribing the technique used to'record data on
the optical disk, a brief description is provided of the disk
itself. The phy51ca1 parametersaof the optical disk used with

the present 1nventlon are qulte 51m11ar to the conventional audio
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CD; and for this reason, a drawing figure of the disk is not
provided. Nevertheless, it will be appreciatea that the diameter
: of the disk is 140mm or less, pfeferably 120mm or 135mm. Data is
recorded in tracks, and will be described in greater detail,
having a track pitch in the range between 0.646um and 1.05um, and
preferably in the range §f 0.7 to.o.guﬁ. Like audio €D data, the
. data recorded on the optical disk is in the form of embossed pits
having a linear density in the range between 0.237um per bit and .
0.387um per bit, although'this range could be in the range of
0.3um to 0.4um pef bit. Data is recorded in that portion of the.
disk havingha radius from 20mm to 65mm. The disk, whose -
thickness ié 1.2mm + 0.1mm, is intended to be driven for a
playback operatién such that its linear velocity is in the range
of 3.3m to 5.3m per second.

As a result of the lineaf density and track pitch of
the qisk, informatibn is optically read from the disk by a pick-
up head which projects a light beam -of wavelength A_through a
lens having a numerical aperture NA such that the projected beanm
exhibits a spatial frequency £, where £ = A/(2NA). The light
source for the optical pick-up preferably is a laser beam whose
wave length is A = 635nm, this laser beam being pro;ected through
a lens whose numerical aperture is NA = 0.52, resulting in the
spat1a1 frequency ¢ = 611lnm.

Typical examples of the physical parameters associated
with the optical disk are as fdlldwing:- e
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Disk diameter = 120mm.

Program area = 23mm to 58mm.

Tfack'pitch = 0.84umn.

Linear density = 0.307un.

This results in a data storage capacity of 4.4Gbytes.

One proposed structure for recording data on the
optical disk is known as.-the EFM Plus frame (EFM refers to eight-
to-fourteen modulation). An EFM Plus frame is formed of 85 data
symbols (each symbols is a 16~bit representation of an 8-bit
byte) plus two synchronizing symbols thus consisting of 87 16-bit
symbols.-»?ne sector is comprised of 14 x 2 EFM plus frames.
_But,_the aﬁount of user information that is present in a sector,
that.is, the amount of information which contains useful data-and
thus excludes sector header information, error detection code
(EPC) informafion, et cetera, is 2048 symbols. Accordingly, the
efficiency of the EFM Plus format may be calculated as:

(2048 x 16)/(87 x 16 x 14 x 2) = 0.8407.
. That is, the efficiency of the EFM Plus format is appréximately
84%, which means that 84% of all of the data that is recorded in
a sector is useful data. Therefore, if the storage capacity of
the optical disk is 4.4 Gbytes, as mentioned above, the amount of
user data that can be stored oh.the disk is 84% x 4.4 Gbytes =-
3.7Gbytes.

Of course, if the track pitch is varied and/or if the

linear density of the embossed pits is varied, the storage

12
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capacity of the.disk likewise is varied. For example, if the
track pitch is on the order of about .646um, the stofage capacity
of the disk may be on the order of about 6.8Gbytes, whereas if
the track pitch is on the order of_about 1.05um, the storage
capacity is on the ordeﬁ of about 4.2Gbytes. As a practical
mattér, however, the gpatial frequency of the pick-up beam
determines the minimum track pitch and minimum linear density
because it is desirable that the track pitch be no less than the
spatial frequency of the pick-up beam and the linear density be
no less than one-half the spatial frequency of the pick-up beam.

--Wyen compared to the audio CD, the linear density of
the recorde&:data of the optical disk uséd in the present
invention is approximately 1.7 times the linear density of the
audio CD and the recording capacity of the optical disk used with
the present invention is approximately 5.5 times the recording
capaciﬁy of the audio CD. The optical disk of the present
invenﬁion is driven to exhibit a linear velocity of approximately
four times the linear velocity of the audio CD and the data .
transfer rate of the optical disk of the present invention is
apprgximately 9 Mbps, which is about six times the data transfer
rate of the audio CD.

With the foregoing in mind, reference is made.to Fig. -1

which is a block diagram of the technique used to make an optical
disk of the type that has just been described. An input terminal

121 is supplied with user data fo be recorded, this data being
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formed of, for example, ﬁultiplexed video and audio information,
title data and sub-information such as, but not limited to,
computer files, charactér data, graphic information, et cetera.
The data supplied to inéut terminal 121 is produced by the
apparatus shown in Fig. 32 and will be described below.

‘The user data is coupled to a change-over switch 124
which also is adapted to receive table of content (TOC)
information supplied to the switch from an input terminal 122 via
a TOC encoder 125. The TOC information identifies various
parameters of the disk which are used for accurate reproduction
of the user information recorded thereon; and the TOC 1nformatlon
also 1ncludes data related to the user information per se, such
as 1nformation that is helpful in rapidly accessing the user
information recorded in particﬁla: tracks. The structure of the
TOC information is described below.

Switch 124 selectively couples user data supplied at
input termiﬁal 121.and encoded TOC data supplied at input
terminal 122 to an error detection code (EDC) adder 127. As will
be described, TOC info:mation is recorded on one portion of the
disk and user data is recorded on another poftion; and switch 124
selects either the TOC infbrmation_orlthe user data at the
appropriate times. As will be described below.in conjunction
with, for example, Fig. 21, the error detection code is added at
the end of a sector of user dat; or TOC information; and adder
127 servestto prbduce ﬁhe'erfof;détectioh code after a sector of

14 -
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data has been received and then adds the error detection code to
the end of the seétor'of-data. ~In the preferred embodiment, a
sector is comprised of 2048 bits of useful data, plus parity
bytes, plus sector header data, plus a number of "reserved"
bytes, pius-the'EDC code.

A sector header adder 128 is adapted to add a sector
header to each sector of user information supplied thereto by way
of EDC adder 127. Aas wiil be described below in conjunction with
Fig. 10, a sector header includes a synchronizing pattern and
information useful to rapidly identify access the sector. .Such
informatioq, particularly in sectors containing user data,
includes s&pche information.whicﬁ is coupled to the sector-
headér adder by way of a sector header encher 129, the latter
operating to encode subcode information-supﬁlied thereto by way
of input terminal 123, Sﬁch subcode information is generated by
a suitable source and, as will be described further below in
conjunction with Fig. li, isuused to provide helpful identifying
and control information related to the user data that is recorded
on the disk. For example, the subcode information identifieé the
track number in which the sector which contains this subcode
information is recorded, copyright management information which
determines whether the data reproduced from the disk, such as
video data, may be copied;-application ID information which
designatéé the particﬁlar user-application for the data recorded

in the sector, time code data which represents time information  ‘
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at which the user data'ié recorded, and information relating to
video pictures that may be recorded on the disk, such as the
distance, or separation, Eetween a video picture'recorded in ﬁhis
sector and the next-following and the nexﬁ-preceding video
pictures. A system  controller 110 ;ontrols sector header encoder
129 to make certain thaé the proper subcode information and other
sector header information (as shown in Fig. 10) is placed in the
proper data location for proper recording in a user track. |

User data, including'the-sector header added thereto by
reason of sector header adder 128, is sﬁbjected to error
correction encodlng carrled out by an ECC c1rcu1t 132 in
comblnatlon with a memory 131 and a memory control section 133,
the latter being controlled by system controller 110. An example
of ECC encoding that may be uséd with the present invention,
subject to modification so as to be applicable to the data
recorded on the optical data, is described in United States
Reissue Patent Re 31;666. in one embodimeht of the present
invention, the ECC encoding produced by circuit 132 is
convolution coding and is described in greater detail below in
conjunction with Fig. 17. It is sufficient for an understanding
of Fig. 1 simply to point out that the ECC encéding assembles a
frame of data bytes or symbols, referred to as a C2 code word
formed of,'for example, 116 bytes or symbols, and generates C2
parity bytes as a function of a respective data byte or symbol in

a predetermined number of C2 code words. For examples if the

16

Sheet Has Been Replaced

A




THIS g-Er T HAS BEEN

data bytes or symbols ip each .C2 cede word exhibit the sequence
1, 2, . . . 116, a C2 parity byte, or symbol,'may be produced by
~combining byte 1 from C2 code word C2; and byte 2 from C2,.
Another C2 parity byte may be produced by combining the third
byte of C2 code word C2; and the fourth byte of C2,. In this
manner, the C2 parity bytes are generated by a cross-interleave
technique; and as an example, 12 such C2 parity bytes are added
to the C2 code word C2,, even thoﬁgh such C2 parity bytes relate
to data bytes included in other C2 words. Then, Cl parity bytes
are generated for the cz.word (such as C2;) to which has been
added the, cz parity bytes, resultlng in what is referred herein
‘as a Cl1 code word (such as Cl;). The resultant.Cl code word,
con51st1ng of 116 data bytes, plus 12 C2 parity bytes,'p;us 8 C1
parity byﬁes is stored in memory 131.

The sequential order of the data bytes in the C1 code
words stored in memory 131 is rearranged by, for example,
delaying the odd bytes so as to form an odd group-ef data bytes
and an even group of data bytes. Since each group coneists of
only one-half of the data_bytes'included in the C1 code word, an
odd group of data bytes of one Cl1l code word is combined with an
even group of data bytes of the next-following Cl1 code word, thus
forming a disarranged order of bytes. This disarranged order
improves the burst error immunity of the ECC encoded data. The
disarranged ordef of the ECC-encoded bytes is supplied from

memory 131 to é_mddulatqg 140;ﬁhich, preferably, carries out 8-
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to-16 modulation, although 8-to-14 (EFM) modulation could bo
used, if desired.

Memory controller 133 supplies to memory 131 the
necessary read and write addresses to enable the generation of
the C2 parity bytes in cross-interleaved form and also to
rearrange the sequential order of the data bytes into the
aforementioned disarranged order.

In the preferred embodiment of the ECC encoding
technique, a long distance code, also known as the L format, is
use. The L format results in Cl1 code words that are arranged as
" shown in,Fig. 18, described further below. If desired, the EcCC-
encoqed dafé may exhibit a short:distance codo or S format, such
as is depicted in Fig. 19, described below. Depending upon
whether the L format or the S format is selected, system
controller 110 controls memory controller 113 such that'the read
and write operations of memory 131 permit the data bytes to be
ECC encoded in either the L format or the S format.

Modulator 140 serves to converts 8-bit bytes supplied
thereto from memory 131 into 16-bit symbols. Each symbol is run
length limited (RLL), as will be described. It will be
appreciated that, by generating 16-bit symbols, the accumulated
digital sum value (DSV), which is a function of the run length of
the digital signal, that is, the number of consecufive 0s or the
number of consecutlve 1s, is 11m1ted to permit the DC component
which is produced ‘as .a functlon of such consecutive 0s or 1s, to

18
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remain at or close to 0. By suppressing the DC, or lower
frequency component of the digital signal that is recorded,
errorslthat otherwise would be present when that digital signal
is reproducéd are minimized.

Modulator 140 thus produces a recording signél which is
coupled to cutting apparatus 150. This apparatus is used to make
"an original disk from which one or more mother disks may be
- produced and from which'copies may be stamped for distribution to
end users. That is, such stamped disks constitute the CD ROMs.

In one embodimenﬁ, the cutting apparatus includes an
electro-optical modulator 151 which relies upon the so-called
‘Pockels effe;t to modulate a light beam that is used_to "cut" an
original disk. This original disk is used by a mastering
apparatus 160 to produce a master of the original disk. The
mastering apparétus relies upon conventidnal techniques, such as
development and vacuum deposition, to produce a plurality of
mother disks. Such mother disks are uéed in stampers which
ejection mold copies that.subsequently are packaged and
distributed. Blocks 171 and 172 in Fig. 1 are intended to
represent the injection molding and packaging apparatus in
manufacturing such disks. The completed disk is depicted as disk
100.

The technique used to reproduce the information
recorded on optical disk 100 now will be described in conjunction
with.thé block diagram shown in Fig. 2. Heré, the disk is
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optically read by an optical pickup 2i2 which projects a light
béam, such as a laser beam having the spatial frequency £=A/2na,
this beam being reflected from the disk and detected by a
conventional pickﬁp detector. The detector converts the
reflected light beam to a corfesponding electrical signél which
is supplied from pickup 212 to a'waveform equalizer 213 and
thence to a phase locked loop clock réproducing circuit 214 and
to a demodulator 215. Transitions in the recovered electrical
signal are used to synchronize'the phase locked loop to extract
therefrom the'clock signal which was used to record data on the
disk. The.gxtracted clock is coupled to_demddulator 215 which.
perforns RL£ demodulation that is described in greater detail
beloﬁ in conjunction with Fig. 31. suffice it to say that if
data is recorded on disk 100 as 16-bit symbols, demodulator 215
demodulates each 16-bit symbol to an 8-bit symbol or a byte.

The demodulated data reproduced from disk 100 is
supplied to a ring buffer 217. The clock signal extracted by
phase locked loop clock reproducing circuit.214 also is supplied
to the ring buffer to permit fhe “clocking in" of the demodulated
data. The demodulated data also is supplied from demodulator 215
to a sector header detector 22i which functions to detect and
separate the sector header from the demodulated data.

Ring buffer 217 is coupled to an error correcting
circuit 216 wpigh functions to correct errors that may be present

in the data stored'ih_the ring buffer. For example; when data is
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‘recorded in the long distance code formed of, for example, C1
code words, each cdmprisediof 136 symbols including 116 symbols
representing data (i.e. C2 data), 12 symbols representing C2 |
parity and 8 symbols representihg Cl parity, error correcting-
circuit 216 first uses the C1 parity symbols to correct errors
that may be preéent in the Cl1 word. A corrected Cl word is
rewritten'into ring buffer 217; and then the error correcting
circuit uses the éz_parity symbols for further error correction.
Those data symbols which are subjecéed to further error
correction are rewritten into the ring buffer as corrected data.
Referehceai§ made to aforementioned Reissue Patent RE 31,666 for
an example éf error correction.

In the event that an error in the sector header is
sensed, error correcting circuit 216 uses the Cl parity symbols
to correct the sector header, and the-co:rected sector header is
rewritten into a sector header detector 221. Advantageously, the
C2 parity symbols need not be used for sector header error
correction.

As mentioned above, the input data symbols supplied
four error correction encoding exhibit a given seqﬁence, but the
errof correction encoded symbols are rearranged in a different
sequence for recording. In one arrangement, the odd and even |
symbols are separated and the odd symbols of a Cl code word are
recorded in an odd'group while the even symbols of that C1 code
word are-recorded iﬁ an even group. Alternatively, odd and even
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symools of different Cl1 code words may be grouped together for
recording. Still further, other sequential arrangements may be
used to record the data. . During playback, error correcting
circuit 216 and ring buffer 217 cooperate to return the recovered
data symbols to their original, given sequence. That is, the
data symbols may be thought of as being recorded in a disarranged
order and tﬁe combination of the error correcting circuit and
ring buffer operate to rearrange the order of the symbols in a C1
code word to its properly arranged sequence. |

Error corrected data stored in ring buffer 217 is
coupled to*error detectiog circuit 222 which uses the EDC bits
added'to the recorded data by EDC adder 127 (Fig. 1) to detect an
uncorrectable error. In the event tpat data cannot be corrected,
EDC detector 222 provides a suitable indication, such as an error
flag in a particular uncorrectable byte or an error flag in an
uncorrectable Cl1 code word, and the error corrected data, either
with or without such error flags, as the case may be, is coupled
to output terminal 224.

In addition, TOC information that is recovered from
disk 100, efter being error corrected by error correcting circuit
216 and error detected by EDC detector 222, is coupled to a TOC
memory 223 for use in controlling a data playback operation and -
for permitting rapid access to user data. The TOC information
stored in memory 223, as well as sector information separated

from the reproduced data by sector header detector 221 are
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coupled to a system controller 230. The system controller
responds to user-generated instructions supplied thereto by a
user interface 231 to control disk drive 225 so as to access
desired tracks and desired sectors in those tracks, thereby
reproducing user data requested by the user. For example, the
TOC information stored in TOC memory 223 may include data
representing the location of the beginning of each track; and
system controller 230 requnds to a user-generated request to
access é particuiar track to control disk drive 225 such that the
requested track is located and accessed. Pafticular identifying
informatioq:represehting the data in the accessed track may be
recovered ahé supplied to system controller 230 by sector header
detecfor 221 so ﬁhat rapid access to such data may be achieved.
A further description of the TOC information and sector
information useful for controlling ﬁhe disk drive in the manner
broadly mentioned above is discussed in greater detail below.

It will be appreciated from the ensuing discussion of
Figs. 10 and 21 that sector header information that is recovered
from the disk may be error corrected by using the C1 parity
symbols included in the same C1 code word as the sector header.
There is a high probability that any errors that may be present
in the sector.header can be corrected by using the C1 parify
symbols only. Since a Cl code word contains C2 parity symbols
that are generated from the data symbolé included in d;fferent c1

code words, sector information is gﬁickly detected quickly by not
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waiting for-all of the C2 parity symbols to be assembled before
correcting the sector header; Thus, position information of a
sector, which is included in the sector header as a sector
address, is detected, thus facilitating rapid access to a desired
‘sector. This is to be compared with a conventional CD-ROM
wherein sector header information is interleaved in several Ci
code words, thus requiring the recovery and error correction of
all of those C1 cede worde before the sector header data can be
assembled and interpreted.

Fig 3 is a schematic representation of the manner in
which the,recording surface of disk.ioo is divided into separate
areas, referred to as the lead-ln area, the program area and the
lead-out area. Fig. 3 also identifies the lead sector addresses'
of the program area and the lead-out area. In the illustrated
embodimenf, the sectors included in the lead-in area exhibit
negative sector addresses ending with the sector address -1
which, in hexadecimal notation is OfoFFFF. The sector address
of the first sector in the pregram area is identified as address
.o. As indicated, the length or duration of the program‘area is
dependent upon the amount of data recorded therein and, thus, the
address of the last sector recorded in the program area is
variable. It is appreciated, therefore, that the first sector
address of the lead-out area is variable and is dependent upon

the length of the program area.

—_—
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One embodiment of the disk configuration shown broadly
"in Fig. 3 is schema;ically illustrated in Fig. 4. Here, the TOC
region, which is comprised of one br more TOC tracks, is disposed.
in the lead-in areas and TOC information is recorded in sectors
identified as -32 to -1. These 32 sectors of TOC information
occupy a fixed position, such as a single TOC track, in the lead-
in area. The program area shown in Fié. 4 is comprised of N
tracks, where N is variable. 'The sector address of the first
track of the program area is identified as address 0; and the
total numbef of tracks included in thé program area is dependent-
upon the amopnt of information stored on the'disk, and since the
number of séétors included in each track likewise is variable,
the sector addresses of the lead sectors of tracks 2, 3, .+« N
are variable. Of course,gthe lead~-out area commences after the
Nth track is recorded.

In one embodiment, the déta recorded on a given disk
may admit of different applications. However, it is preferred
that all of the data recorded in a respective track admit of the
same application.

Fig.. 5 illustrates another disk configuration wherein
TOC information is recorded.in_the lead-in area from, for
example, sector -32 to séétor -1, as was the case in Fig. 4, and.
a copy of the TOC information is recorded in the program area.
In the example shown in Fig. 5, the copy of the TOC information

is recorded in at least one track whose lead sector is, for
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example, sector number 1024. Since the size of the TOC region is
fixed at 32 sectors, as will be described, the last sector of the
copied TOC region is sector 1055; and the lead sector of the
next-following user data track is identified as sector 1056. One
reason for providing a copy of the TOC information in the program
area is that some computef applications do not easily recognize
data recorded in sectors having negative addresses (such as
sectors =32 to -1 of the TOC information recorded in the lead-in
area). |

still another.embodiment of the datﬁ configuration
recorded on the optical disk is illustrated in Fig. 6, wherein
the TOC region is provided in the program area at sectors 0 to
31. Here, fhe.recording of TOC information in the program area
differs from the recording of Toé information in the program area
of Fig. 5 in that the Fig. 6 arrangement does not include a copy
of the TOC information. Nevertheless, since the TOC information
is recordéd in éositive sector addresses in Fig. 6, the
possibility of miéinterpretation due to the difficulty of
recognizing negative sector addresses by a computer is obviated.

In the embodimenﬁs of Figs. 5 and 6 wherein TOC
-information is recorded in the program area, it is appreciated
that the TOC region is segregated from data files which are -
particularly relevant to the computer with which the optical disk
is to be used. Fig. 7 illustrates a still further example of the
data'configuration recorded on the optical disk and illustrétes
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the TOC region to be located from sector address 32 to sector
address 63. In this arrangement, information recorded in sectors
0 to 31 is reserved for computer files that are particularly
applicable to the compute:_system'with which the optical disk is
to be used. Thus, in the embodiments of Figs. 5, 6 and 7 wherein
TOC inforﬁation is recordéd in the program area, such TOC
information is segregated frbm and, thus, does not interfere with -
file system data that may be recorded on the disk. Such file
system data may occupy several sectors or several tens of
sectors; and sihce the TOC information is recorded in a fixed
nunmber 6f sgctorsfso as to occupy.a fixed TOC region, there is no
interferencéﬁby_the TOC iﬁformation with such file system data.
As mentioned aboVe, in the preferred embodiment TOC
information is recorded in 32 sectors. Preferably, although not
necessarily, égch sector.ié comprised of 2048 bytes and an
example of the TOC information recorded iﬁ a TOC region is set

out in the following Table 1.
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Table 1

Table of Contents Information

Field Name
e Bytes

Disc Information : 2048
Track Information (1-st Track) : 32
Track Information (2-nd Track) 32
Track Information (3-rd Track) ' 32
Track Information (N-th Track) . - 32
Reserved © 63488-32N

|| TOTAL — _ K 65536 ||

From the foregoing table, it is appreciated that the
TOC information includes one sector dedicated to disk
information, described more particularly with respect to Table 2,
and up to 31 sectors in which track information (see Table 3) is
recorded. The Tbc region also includes a reserved area for the
recording of information thét may be useful in the future. 1In a
practical adaptation of the optical disk of the present
invention, user information may be recorded in N tracks where,
for example, N=256. The track information which is recorded in
the TOC region relates to theldéta that is recorded only in a ‘
corresponding track, as will be described in conjunction with

Table 3. .
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The data which constitutes the disk information

recorded in the TOC region is shown in the following Table 2:

Table 2

Disk Information

Field Name

Byte(s) “

HD-CD ID 8
Disk Type 1
Reserved for Disk Size 1
Lead Out Sector Address . 3
Reserved for Multi Session Parameters 20
Reserved for Writable Parameters 20
Volume Number 1
‘Total Volﬁhe Number 1
Catélog Nuﬁbef 16
Reserved for Application ID Strings 8
Disk Title in English/IS0646 16
Local Language Country Code 3
Length of Disk Title in Local Lan. (=N) 1
Disk Title in Local Lang. N
First Track Number ' 1
No. of Track Entry 1
Reserved 1947-N
" TOTAL 2048 II

The fields which identify.the disk informaﬁion are described more

particularly as follows:

HD=CD ID: This field, comprised of 8 bytes, contains a

character string thaﬁ identifies the data structure recorded on
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the disk, including the data structure which is used to represent
TOC information, the data sﬁructuré used to represent track
information and the data structure of a sector. For example, if
the character strihg is "HD-CDOO1", the data structure recorded
on the disk is of the type illustrated in Fig. 4, the data
structure used to represent TOC information is as shown in Table
1, the data strﬁcture used to represent track information is as
shown in Tables 2 and 3 and the data structuré of the sectors of,
for example, the user data tracks, is as shown in Table 4 (to be
deécribed). Different data structures may be identified by the
character.s?ring'"HD-CDOOZF, “HD-CDOO3?, etc. The particular
character sﬁring which is recorded in this field is detected by
the réproducing’apparatus which permits proper interpretation of
the played back data COnéistent with the sensed data structure.

| Disk Tjgéé This 1l-byte data identifies the type of disk
as, for example, a read only disk, a write once read many (WORM)
disk or an erasable disk (such as the writable optical disk known
as the "Minin disc).

Reserved For Disk Sigze: This 1-byte field is used to
identify the size of the optical disk. For example, a disk
diameter of 120 milliméters may be identified by a byte whose
value is "1",.a disk whose diameter is 80 millimeters may be
identified by a byte whose value is "2", and so on. In addition
or, alternétively, this field may be used to~identify the storage
capacity of the disk. |

" 30 -
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Lead out Sector Address: This 3-byte field identifies
the address of the first sector in the lead-out area.

Reserved For Multisession and Writable Parameters:
These two-fields, each formed of 20 bytes, store iﬁformation
which is particularly.useful for erasable disks or for WORM disks
and is not further described herein. |

Volume Number: This 1l-byte data field is used when
several disks constitute a collection of data for a particular
application. -Fof example, if the'collection includes 2, 3, 4,
etc. disks, this field identifies which one of those disks is the
present dlSk.

zotal Volume Number: This 1l-byte field identifies the
total'number of disks which constitute the collection in which
the present.disk is included. |

Catalog Number: This 16-byte field is used to identify
' the fype of information or program that is recorded oﬁ the disk.
Such identification constitutes the "catalog number" and is
represented as UPC/EAN/JAN code presently used to'identify
various goods.

Reserved For Application ID Strings: This 8-byte field
is intended to idehtify the particular user application for this
disk medium. At present, this field is not used. .

Disk Title In English/IS0646: This 16-byte field stores
the title of the disk in the English language, as represented by

the IS0646 standard. Although the actual title of the disk may
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be in another language, its English translation or a
EOrresponding English identification of that title is recorded in
this field. In other embodiments, the field may'contain a lesser
or greater number of bees so as to accommodate English-titles of
lesser or greater length. _

Local Lanquage Country Code: This 3-byte fiéld is
intended to identify the actuél language of the title_of the
disk. For example, if the actual title of fhe disk is ip
Japanese, this field records the "local languaqe country" as
Japan. If the title is in French, this field records the "local
language copntry" as France. The codé-recdrded in this field may
exhibit a nﬁmerical value corresponding to a particular country
or, AIternatively, the field may be as prescribed by the IS03166
standard. If it is desired not to utilize this field, the
character string recorded therein may be OxFFFFFF.

Length of Disk Title in Local Lanquage: This 1-byte
field identifies the number of bytes that are used in the "Disk
Title In Local Language" field (to be described) to represent the
title of the disk in the local language. If the actual disk
title is not recorded in a ianguége other than Engiish, the "Disk
Title In Local Language" field is left blank and the numerical
value of this "Length Of Disk Title In Local Language" field is.
0.

Disk Title In Local Lanquage: This N-byte field

represents the actual title of the disk in the local language.
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It is expected that different languages will adopt different
standards to represent disk titles, and such local language
standards are expected to be used as the data recorded in thié
field. It is appreciated that the number of bytes which
cqnstiﬁute this field.is variable. |

First Track Number: This 1-byte field identifies the
number of the track which constitutes the first track that
contains user information. For example, if the TOC information
" is recorded in a single track, and if this single track is
identified as track 0 in the program area, then the number of the
track which_constitutes the "First Track Number" is 1.

Nﬁmber-of Track Entgies: This 1l-byte field identifies
the tbtal nuﬁber of user tracks that are recorded. It is
appreciated that if this field contains a single byte, a maximum
of 256 ﬁéer'data tracks,-that.is, tracks which contain user
information, may be recorded. |

The data recorded in the track information fields of
the TOC data shown in Table 1 now will be described in

- conjunction with the following Table 3:

- 33 ' This Sheet Has Been Reilaced




THIS 8HEET HAS BEEN
SERLACED

Table 3

Track Information

— e

Field Name ' Byte(s) |

Track Number
ECC Type

Speed Setting

Start sA

End SA _

Time Code at Start Point

Playing Time

‘Mastering Date & Time

Reserved for Application ID Strings
) 'I‘OTAL

0 N DB W W R

w
N

Tﬁe infqrmétion recorded in each of the fields which
constitute the track information of Table 3 now will be described
in greater detail.

Track Number: This 1l-byte field identifies the number
of the track represented by this track information. Since one
byte is used to identify the track number, it is appreciated that
a maximum of 256 user data tracks may be recorded. Of course, a
single frack number is used to identify a respective track, and
no two tracks on this disk are identified by the same track
number. Although it is preferred ﬁhat the successive tracks are

numbered sequentially, it also is appreciated that,. if desired,-

———
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each track may be assigned a random number and this random number .
is identified by the "Track Numﬁer" field.

ECC Type: This 1-byté data identifies the error
correction code which is used to encode the user data recorded in
this tréck. For example, the ECC type may be either long |
distance error correction code, known as the L format, or short
distance error correction code, known as the S format. The
difference between the L format and the S format is described
.below. . |

Speed Settingz.This 1-byte data identifies the data
transfer rate by which data is recovered from this track. For
example, if:a reference-data transfer rate is 1.4 Mbps, the
"Speed Setting" field may exhibit a value representing 1 x this
_reference rate or 2 x the reference rate or 4 x the reference
rate or 6 x the.reference réte. Fig. 8 is a tabular
representation of this "Speéd Setting" field; and it is
appreciated that the data transfer réte nged not be .an integral
multiple of the reference data transfer rate, as represented by
the valué "FF". The byte value 0 for this field, as shown in
Fig. 8, represents that real time read-out of data is not
required. It is appreciated that computer data, as opposed to,
for example, video data, does not require real tlme read-out.
Hence, if computer data is recorded in the track identified by
the "Track Number" field in Table 3, the value of the "Speed

Setting" field is set to 0.
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gtart and End Sector Addresses (8A): These 3-byte
fields identify the address of the start sector of the track

identified in the "Track Number" field and the address of the end
sector of that track. Sincé the number of sectors included in a
“track is variable, the start and end sector addresses of a given
track are not fixed. Hence, these fields are useful when
carrying out a high speed access operation of a desired track.

.~ Time Code At Start Point: This 4-byte field identifies
a time code for the start sector in the track identified by the
"Track Number" field. It will be appreciated that if the user
informétion“represents video data, such video data may be
recorded wiﬁh conventional time codes and the start sector of the
track.which contains such video data is recorded in this "Time
Code At Start Point" field. If time codes afe not recorded with
~ the user information, this field may be left blank or may be
provided with no data, such as the character code 0.

- Playing Time: This 4-byte daﬁa represents the overall
playback time for the program information that is recorded in the
track idehtified by the "Track Number" field. For example, if
the user information in this track is an audio program, the
playing time for this.track may be on the order of about 10
minutes. If the user informatibn constitutes compressed video
data, the playing time may be 2 or 3 or even up‘to 15 minutes.

Mastering Date and Time: This 7-byte field identifies
the date and time of creation of the master disk from which this

36 -
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optical disk was made. Fig. 9 is a tabular representation of
this field. 1If desired, ﬁhis field may be replaced by null data
represented by character code 0.

Reserved For Apélication ID stringsz'This 8-byt§ field
is intended to store information representative of the pafticular
application for which the data record in the track identified by
the "Track Number" field is to be used. This differs slightly
from the "Application ID" field in Table 2 because the Table 2
figld is intended to identify the type of application or use
intended for. the entire disk, whereas the "Application ID" field
of Table 3f§imply the identifies. the type or use of the data
recorded in a particular track on that disk.

keferring now to Fié. 10, there is illustrated a
preferred embodiment of the data structure of a sector of user
information. TOC information also is recorded in sectors, and
the structure of Such TOC sector is similar. The following Table

4 identifies the fields of the sectors shown in Fig. 10:
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° : Table 4 .

Sector Construction

Field Name Byte(s)

Sector Sync
CRC |

Subcode
Pos-in-Cluster
Address

Mode
Sub-Header

User Data
EDC - ' S 4

Reserved . . S ' . 12

u TOTAL 3 | 2088

It is seen that a sector is comprised of a sector .

header which contains 24-bytes arranged as shown in Fig. 10,
- followed by 2,048 bytes of user data, 4-bytes of error detection
code (EDC) and 12-bytes which are reserved. Preferably, a number
of sectors. constitute a "cluster", and as one example, a cluster
is compriséd of 8 sectors or 16 sectors, as may be determined by
the preferred format. |

A more detailed explanation of the different fields
which constitute the sector shown in Fig. 10 now will be .

provided.
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Sector sync: This 4-byte field is formed of a
predetermined bit pattern which is readily detected and which is-
unique and distinctive from the'data-pattern included in any
other fieid of a sector.  The accurate detectioﬁ of the sync
pattern may be confirmed sensing errors which are interpretated
from the information reproduced from the sector. If a large
number of errors are detected continually, it is safely assumed
that the sync pattern has not been accﬁrgtely sensed.
Alternatively, and preferably, the demodulator which is used to
convert 16;bit symbols to 8-bit bytes (or, more generally, to
convert an m—blt symbol to an n-bit byte) may include suitable
conversion tables which are not operable to convert the sync
pattern to a byte. The sync pattern is assumed to be present
when the demodulator is unable to find an n-bit byté which
corresponds to a received m-bit symbol.

Cyclic Redundancy Code (CRC): This 2-byte field is
derived from the subcode data, the cluster position data and the
sector address and mode data included in the sector header. Such
. CRC data is used to correct errors that may be present in these
fields. |

Subcode: This 5-byte field is described below.

Cluster Position: This 1-byte field identifies the

particular order in the cluster in which this sector is located.

For example, if the cluster is formed of a 8 sectors, this field
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identifies the particular.sector as the first, second, thirad,
etc. sector in the cluster.

Address: This 3—pyte field constitutes the unique
address for this sector. Since the address is represented as 3-
bytes, a maximim of 64K sectors theoretically may be recorded.
Figs. 4-7 represent the sector addresses of different user data
tracks. |

Mode and Sub-Header: These fields are conventionallf
used in CD-ROMs and the data represented here is the same as that
'conventionally used in such CD-ROMs.

‘User Data: 2,048 bytes of information are recorded in
the user daﬁa field. For example, computer data, compressed
video data, audio data and the like may be recorded. If video
data is recorded, the MPEG standard may be used to compress that
data, as described in standard ISs0O1381-1.

Error Detection Codelehis 4-byte data is cyciic code
which is added by EDC adder 127 (Fig. 1) and is used to enable
the detection of an uncorrectable error in the sector.

A detailed discussion of the sub-code field now is
provided in conjunction witthigs. 11A-11E. It is appreciated
that the sub~code field is comprised of two portions: a l1l-byte
address portion.and.a 4-byte data portion. The value of fhe
address portion serves to identify the type of data that is
recorded in the data portion. For example, and as shown in Fig.
-
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11A, if the value of theladdress portién is 0, null or zero data
is recorded in the data portion.

If the value of the address portion is 1, as shown in
Fig.'llB, the data portion is provided with the following 1-byte
information: |

Track Number: fhis data identifies the number of thé
track_in which the sector containing.this sub-code is recorded.

Copyrighted: This byte exhibits the structure shown in |
Fig. 12 wherein a "1" bit represents that caopying of the
asgociéted ﬁser daﬁa is prohibited and a "0" bit indicates that
copying of the associated data is permitted. The bit positions
of the copyright bYte ideﬁtify the type of user data for which
copying is selectively prohibited or ﬁermitted. As shown iﬁ Fig.'
12, the identified user data is analog video data, analog audio
daté, digital video data, digital audio data, and the ;ike. For
example, if the user data in this sector is digital video data
and if copying of that digital video data is prohibited, the
copyright byte may appear.as "00100000".

Application ID: This indicates the particular
application intended for the user data that is recorded in this
sector. Examples of typical applications are shown in Fig. 13 as
. computer text, video, videq/audio; etc. If no data is recorded-
in this sector, the application ID byte may be represented as the

character 0.

This Sheet Has Been Replaced

L




I THIS SHEET HAS BEEN
REFLACED

ECC Type: This data indicates whether the user data is
ECC encoded in, for example, the L formét or the 8 format, as
shown in Fig. 16. Other types of ECC codes may be represented by
other values of this ECC type byte. |

If the value of.the sub-code address is 2, as
represented in Fig. 11C, the daté portion represents time code.
That is, if the user data recorded in this sector is wvariable
over time, as would be the case if such data is video data, the
time code data recorded in the sub-code field represents time
information at which the user data is recorded. An example of
such tiﬁchgde data is represented in Fig; 14. It is appreciated
that 2-digit BCD bits are used to represent the hour, minute,
second and frame at which the user data in this sector is
recorded.

If the value of the address portion is 3, as depicted
in Fig. 11D, the data portion of the sub-code field represents
the distance from the sector in which this sub-code field is
| recorded to the firsﬁ sector in which an immediately preceding I
compressed video picture is recorded; and also the distance from
this sector to the first séctor in which the next-following I
compreésed video picture is recorded. Those of ordinary skill in
the art will recognize that videé data, when compressed in
accordance with the MPEG standard, may constitute an intraframe
encoded video picture, typically known as an I picture, a

predictive coded?videé picture, tjpically known as a P picture,

—— T
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and a bi-~directionally predictive coded video picture, typically
kﬁown as a B piéture. The data portion of the sub-COde'field
whose address portion has the value of 3 thus indicates the
distances between this sector and the beginning of the.next-
preceding and next-following I pictures.

If the value of the address portion is 4, as shown in
Fig. 11E, the data portion includes 1-byte picture type,-
indicating whether the video picture that is recorded in this
sector is an I, P, or B picture (see_Fig. 15), and 2-byte
"temporal reference data which indicates the location in the
original picture display sequence of the particuiar Ricture that
is recordediin.this sector. This temporal reference data'is
helpful during a playback-operation because, as those of ordinary
skill in the art recogﬁize,_the location of compressed B-picture
data in the MPEG code sequence may be‘quite different ‘from the
actual location-of that picture when the B-picture ultimately is
displayed.

The Ecé format which preferably is used with the
present invention is the L format. A schematic representation of
an encoded “data frame" is.depicted in Fig. 17. The ECC "“frame"
is referred to herein as a Cl code word and this word, when
recorded, consists of a sync pattern followed by 136 data
symbols. The term "symbol" is uséd rather than "byte" because,
as will be described; the recorded "“symbol" consists of 16 bits

&

(knoﬁn as channel bitS),_whereas a byte typically is understood
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to consist of only 8.bits. It is appreciated, however, that the
Cl code word, prior to conversion from 8-bit bytes to 16-bit
symbols, that is, prior to modulation of the C1 code word,
nevertheless consists of the construction shown in Fig. 17,
wherein it will be understood that the illustrated symbols are,
in fact, byteé.

The manner in which the C1 code word structure is
generated néw will be briefly described. 116 data bytes, or
symbols, known as a C2 word, are supplied to, for example; the
ECC encoder formed of memory 131 and ECC circuit 132 of Fig. 1.
A C2 hqld-sgction is added to the C2 word, preferably by being
inserted befween two gfbups of 58 symbols, and a Cl hold section
is added to the end of the resultant 128 symbols. A h&ld-section
merely reserves a location in the data stream in which parity
data subsequently is inserted. Thus, a preliminéry Cl word may
be thought of as being formed of a group bf 58 data symbols
followed by a C2 hold section followed by a group of 58 data
symbols followed by a él hold section. Then, C2 parity symbols
afe generated by, for example, modulo 2 addition. Preferably,
one data symbol in one preliminary Cl word is modulo-2 combined
with a data symbol included in the next (or sécond) preliminary
C1 word. If desired, further combinations may be effected with a
data symbol included in the third-fqllowing preliminary Cl1 word,
and so on, to produce one C2 parity symbdl.' The next C2 parity

symbol is produced by a similar ‘combination of the next data
. U [ -
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symbol in this first preliminary Cl1 word with respective data:
symbols in the next-following preliminary €1 words. In this
manner, C2 parity symbols are genefated_by combining a
predetermined number of data symbols of the same predetermined
number of.Successive preliminary Cl1 words. That is, if the C2
parity symbol is producéd-by modulo-2 combining two data words,
then one data word of the first preliminary Cl1 word is modulo-2
comﬁined with one data symbol in the next symbol position of the
next-following prqliminary-Cl word. If the C2 parity sfmbollis |
produced by combinihg three data stbols, then one data symbol in
succeséive symbol positions from each of three successive
preiiminarnyl.words are combined to produce the C2 parity
symbol. And if the C2 parity sypbol'is generated by combining
‘four data symbols, than one data symboi in successive symbol
positions from each of four successive preliminary Cl words are
combined. |

As a preferred aspect of this ECC encoding, the data
symbols which are combined occupy successive poéitions in the
respective preliminéry Cl words. That is, if the aata symbol in
.the_first preliminary C1 word is the nth data symbol, the data
- symbol in the second preliminary C1 word is the (ntﬁ + 1)th data
symbol, the data symbol in the third preliminary Cl1 word is the.
(n + 2)th data syﬁbol, and so on.

When 12 C2 parity symbols are generated in the manner

just described, those 12 C2 parity symbols are inserted into the
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C2 hold section of this first preliminary C1 word, thus forming é
precursory Cl word. Then, 8'01 parity symbols are generated by
conQeﬁtional parity symbol generation in response to the data and
parity symbols included in this precursory C1 word. The
generated Cl parity symbols are inserted into the Cl1 hold section
thus forming the C1 éode word.

In the Cl.code word shown in'Fig. 17, the C2 parity
symbols are inserted between two groups of data symbols.
Alternati&ely; the C2 parity symbols may be located at the end of
- the 116 data symbols, that is, at the epd of the C2 word. A
preestablished number of C1 code words having the structure shown
in Fig. 17 constitute the long distance error correction encoded
data. That is, a preestablished number of the Cl1l code ﬁbrds are
used as the L format ECC encoded data having the structure shown
in Fig. 18. As illustrated, 128 Cl code words are used, such
that i = 0, 1...127. Each C1 code word is comprised of a sync
code, or patfern, followed by 136 symbols S, Sl,...sj...sl35,
wherein j‘= 0, 1...135. The circles shown in Fig. 18 represent
the manner in which the C2 parity symbols are generated. lAs has
been described above, the C2 parity symbols are generated for the
Cly code word in response to the data symbols included in code
words Cl,, ¢1,,...Cl,., where r repfesents the number of data
symbols and that are combined to generate the parity symbol.

From Figs. 17 and is, it is seen that symbols 80-8127.constitute

data and cC2 parity symbols, and symbols S1.,8~83135 constitute C1
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parity symbols. It will be appreciated that, since twelve C2
parity symbols are recorded in a Cl code word, up to twelve data
symbols can be corrected. Since these twelve data symbols are
included in twelve successive C1 céde words, a bﬁrst error of
twelve Cl1l code words can be corrected, which amounts to a
correctable error of 12 x 136 = 1,632 symbols.

An example of the S format ECC encoding is
schematically illustrated in Fig. 19. In the S format; the
tweive C2 parity symbols are divided into two groups of six €2
parity symbols each, with one group of six C2 parity symbols
being added”to 58 data symbols and the other group of six C2
l_parity symbols being added to the next 58 data symbols. ~Thus,
| rather than generatiné the C2 parity symbols from data symbols
included in 128 Cl1 code words, the C2 parity symbols in the S
format are generated from successive data symbols included in 64
Cl1 code words having the schematic representation shown in Fig.
19. Whereas the L format permits the use of C2 parity symbols to
correct errors in twelve Cl code words, .thé S format supports C2
parity correqtion of up to six Cl1l code words. Hence, the S
format permits the correction of a burst error of 6 x 136 = 816
symbols.

When compafed to the ECC format used in, for example, -
CD-ROMs of type that ﬁéve been proposed heretoforg, the use of

the L format or S format in accordance with the present invention
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permits a reduction in redundancy from about 25% of prior art cp-
ROMs to about 15% in the present invention.

A sector formed of ECC encoded data in the L format or
the S format is shown in Fig. 21 wherein the sector includes a
sector heeder formed of 24 symbols and also is comprised of
eighteen C1 codé words, ‘each Cl code word having the construction
shown in Fig. 17. The last Cl code word included in the sector
includes four error detection code symbols and twelve symbois
that are reserved for future use. The.sector header.exhibits the

structure shown in Fig. 10. Nevertheless, errors that may be
present in the sector header are corrected generally by u51ng
only the Cl parity symbols which are generated for that Cl

code word.
oy

‘As an aspect ef this invention, the sequence of the
symbols included in a Cl1 code word as recorded in a track differs
from the sequence of the symbols that are supplied for recording.
That is, and with reference to Fig. 1, the sequence of the
symbols supplied to modulator 140 differs from the seguence of
symbols supplied to switch 124. By recording the. data éymbqls in
what.is referred to herein as a diearranged.order, the .
possibility is reduced that a burst error will destroy the data
to the extent that, when reproduced, the data will not be
interpretable. 1In pdrticular, if the data represents video

information, the recording of the data symbols in disarranged
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order enhances the possibility that accurate video pictures
neverﬁheless-can be recovered even in the presence of the burst
error. Fig. 20 is a schematiq representation of the manner  in
which the data symbols are diéafranged for recording.
| Let it be assumed that data symbols are recorded on the

disk in the order D, and let it be further assumed that each C1
code word is formed of m symbols, with n of those symbols
conStituting a Cc2 éode word (i.e. 116 data symbols and 12 C2
parity symbols) and m-n of those symbols constituting the ci
parity symbols. The reiationship among i, j, k, m and n for
recording'tpus.is: o

k=mxi+2x3j-m when j < m/2

k=mxi+2x3j~-(m~-1) when j 2 m/2
If the data symbols appear on the disk in the recorded sequence
Dg, D3, D ... such data éymbqls are grouped into ah odd group
followed by'an even group. For example, and assuming 136
symﬁols, data symbols D, - Dg; constitute aﬁ odd group of odd
numbered data symbols and data symbols Dgq - D;35 constitute an
even group of even data symbols. It will be understood that
"odd" and "even" refer to the original sequence in'which those
'data symbols had been presented for recording. In the foregoing
equations, i is the sequential order in which the Cl1 code words,
are presented for recording, j is the sequential order of.the m

symbols~in each Cl -code word presented for recording and k is the
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order in which the m symbols are recorded on the disk. That is,
Dy * Dy. |

When the Cl code words having data symbols in the
sequence Dy, D;, ... D;35 are played back from the disk, the data
symbols stored in ring buffer 217 of Fig. 2 are rearranged to the
sequence illustrated in Fig. 20. This sequence of Fig. 20 is
referred to as the arranged sequence and is formed of sequential
alternating odd and even data symbols which is the same~sequence
as the data symbols originally presented to switch 124 of Fig. 1
for recording. It will be appreciated that the data symbols
which are included in the recorded Cl; code word in fact belong
in part to Cl; code word and the Cl; code word. That is, if the
c1, récérded code word is formed of symbols Dy, Dy, ... Dj35, the
reproduced Cl, code word includes éymbols Dy, D3, «e. Djy33, D335
and the reproduced Cl, code word includes symbols Dy, Dy, ...
Dj32¢ Dy34. The sequential storage positions in ring buffer 217
of Fig. 2 of the symbols Dk that are reproduced from the disk may
be expressed as follows:

i= (k/m) - (kmod2) + 1

j = (m/2) x (kmod2) + (kmodm) /2
where i is the sequential order of the Cl1 code words that are
read out of the ring buffer, j is tﬁe sequential order of the
sequence of the m symbols in each C1 code word that is read ou;
of the riﬁg buffer and k is the disarranged order in which the m

symbols are recorded on the disk.-
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Although the present invention preferably reéords data
in the L format of ECC encoding, the ‘teachings herein may be
employed with S format Ecc encoding. Discrimination between the
L format and S format may be made by sensing'the ECC byte in the
track information field of the Toé data, such as the ECC byte
shown in Table 3, or by éensing the ECC byte included in the
subcode field shown in Fig. 1iB, wherein the ECC byte of the
subcode field may have the structure.shown'in Fig. 16. Another
technique that cén be used for ECC format discrimination
.contemplates using one type of sector sync'patter wvhen L format
ECC encoding is uséd and another type of sectqr sync pattern when
s format ECE'encoding is.uSed. Thus, not only is sector
synchronization detected but, at the same time, the type of ECC
format is sensed. ,

Yet another.technique for discriminating between L
format and S format ECC encoding employs the addition of a
discrimination bit immediately'following the sector sync pattern.

Still another technique for disdriminating.between the
L and S ECC formats is based upon the ability of the ECC
correcting circuit 216 of Fig. 2 to operate satisfactorily. For
example, if.error correction assumes that the ECC encoded data is
in the L format and error correction is not possible, it is
highly likely that the data actually is in the S format.
Conversely, if error correction assumes that the ECC encoded data

is in the S format but error correction is not possible, it is
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highly likely that the data had been encoded in the L format.
Thus, discrimination between the formats is dependent upon the
success or failure of error correction.

) The -ECC encoded data,.whether in the L format or the S
format, constitute convolution codes. A group of Cl code words
may be thought of as a block and such Cl code words may be block
| céded in the manner shown schematically in Fig. 22. Here, in
addition to L format ECC encoding, the Cl1 code words are block
coded as will .now be briefly described. Let it Se.assumed that .
the data symbols in a preliminary Cl1 word constitute a €2 word |
(asldescrib%g above). Let it be assumed that the C2 words are
presented iﬁathe sequence C2,, C2,, C2,5, etc. In Fig. 22, the
symbois represented by an open circle are data symbols included
in the €2, word, the symbols represented by a filied-in circle
are data .symbols included'in the C24¢ wprd, the symbols
fepresented by a triangle are data symbols included in the C2,4
word, the symbols represented by a square are data symbols
included in the C2,4 word, and fhe symbols represented by an X
are data symbols included in the C2,9 word. Since a block code
consists of 144 Cl code words, but each C1 code word includes
6n1y 128 data symbols (including C2 parity symbols) it follows
that one data symbol in the Cl1,; code word cannot be included in.
the illustrated block and is expected to be included in the next-
following block. However, block coding requires all of the aata
symbols in a block of code words Cl,-Cl,,; to remain in that |
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block and, therefore, the last data symbol of the Cl,, code word
is "folded back" into this block as the last data symbol of the
Cly code word. Similarly, the last two data symbols of the Cl,4
word are expected to fall within the next-following block, but
because of block coding, these two symbols, identified as data
symbols 126 and 127, are folded back into the Cl,; and Cll-code
words, respectively. Stated generally, those data symbols of a
Cc2 word which otherwise would be included in the next-following
block are folded back to the beginning of the illustrated block
such that each Cl1 code word included in a block of 144 C1 code
words inciuges interleaved data symbols from 128 of the 144 C1
code_words,.%s.shown.

Each block consists of 8 sectors, whereby a block
includes more than 16K bytes. Error correction can be carried
out on a block-by-block basis.‘

Fig. 23 is a schematic representation of the block
coding of S format ECC encoded data. The same principle that is
used for the block coding of L format ECC'encoded data, as
discussed in conjunction with Fig. 22, is applicable to thé block
coding of S format ECC encoded data. Here, however, each block
consists of 4 sectors; and as a reéult, eagh block is comprised
of more than 8K bytes.

The modulation technique used to modulate the C1 code
words for recording on.disé 100 (e.g., the modulation technique
used,ﬁy modulator 140 of Fig. 1) now will be deseribed.
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One type of modulation is 8-to-14 modulation (EFM)
which is used as the standard in compact discs, and one example
of such EFM processing is described in Japanese patent |
application 6-2655. In conventional EFM, an 8-bit byte is
converted into a 14-bit s&mbol (the bits of the symbols are known
as “channel" bits because they are supplied to the :ecording
channél) and successive SYmbols are separated by margin bits.
Heretofore three margin bits were used, and these three bits were
selected to assure that the Digital Sum Value-(bSV) accunmulated
from successive symbols is reduced. EFM is a run length limited
(RLL) code.gnd, preferably, the shortest run length pefmitted in
.EFM Qonsisté of two consecutive zeros which are‘spaced between
1s, and the longest run length is limited to 10, wherein 10
consecutive zeros may be present between 1s.

If two margin bits are used rather than 3, the possible
combinatiohs of such margin bits are: 00, 01, 10 and 11. In EFM,
a margin bit state 11 is prohibited. Hence, only threé different
cémbinations of margin bits can be used to link (or separate)
successive symbols: 00, 01 and 10. But, depending upon the bit
stream of one or the other symbols which are linkgd.by'the margin
bits, one or more of thesé possible states may be precluded
because, to use the precluded state may reéult in an undesirable
DSV.

Fig. 24 is a schematic representation of a “string" of

data symbols sepafated by_maréinibits. Each data symbol is
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comprised of 14 channel bits and the margin bits are comprised of
2 channel bits. Thus, margin bits M; separate data symbols D,
and D,; margin bits M, separate data symbols D, and D3; margin
bits M; separate data symbols Dy énd Dy, and so on, with margin
bits M, separating data symbols D@ and D,,;. Nevertheless,
assuming thét the 14 channel bits included in a data symbol are
provided in 14 successive bit cells and further assuming that the
margin bits are included in 2 successive bit cells, successive
data transitions in the string of channel'bits.depicted in ?ig.
24 are separated by no less than 2 data bit cells and by no more
than 10 data ‘bit cells.

A_string of data symbols may include parity symbols,
and Fig. 27 illustrates a frame of such symbols beginning with a
sync pattern of 24 bit cells, followed by 12 data symbols (shown
as 14-bit symbols separated by 2 channel bits), followed by 4
parity symbols, followed by 12 data symbols and ending with 4
parity symbols. The sync pattern is illustrated as a high signal
level extending for 11 bit cells followed bf a low signal level
extending for 11 bit cells, followed by a high signal level
extending for 2 bit cells. The inverse of ﬁhis pattern can be
used. Fig. 27 also depicts the two-bit margin bits which
separate successive data symbols; and as mentioned above, in some
instances, certain ones of the three permitted combinatiops of
margiﬂibits cannot be usedi Fig. 28 schematically represents the

conditions under which the margin bit combination 00 or the
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margin bit combination 01 or the margin bit combination 10 cannot
be used. As will described, a signal known as the inhibit margin
bit signal M identifies the margin bit combination which cannot
be used. For example, when Mipn = 00, the margin bit combination
00 cannot be used. Similarly, when M;,, = 01, the margin bit
combination 01 cannot be used. And when M;.n = 10, the margin
bit combination 10 cannot be used.

Let it be assumed that margin bits separate data
symbols D; and D,. Let it be further assumed that the number of
consecutive zeros at the leading end of data symbol D, is
representedkas A and the number of zeros at thg terminating end
of data symgol,Dl is B. If A + B is equal to or exceeds 8
successive zeros (A + B > 8) then.the margin bit combination 00
is inhibited (M, = 00).

If the most significant bit C1 of data symbol D, is "i%
(A = 0) or if the next most significant bit C2 is "1" (A = 1) or
if the least significant bit C14 of data symbol.D1 is 1", the

margin bit dombination 01 is inhibited (M;,, = 01).

If the least significant bit C14 of data symbol D; is
nj® (B = 0) or if the next least significant bit C13 is "i" (B =
1), or if the most significant bit C1 of data symbol D; is "av,
the margin blt combination 10 is inhibited (M;,, = 10).

‘ The foregoing 3.cond1t;ons are not mutually exclusive}
and from Fig. 28 it is seen that conditions may exist which

preclude the margin bit combinations 01 and 10 (both margin bit
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conditions- are precluded if the most significant bit Cl1 of data
symbol D, is mi® or if the least significant bit C14 of data
symbol D, ié.“l“). The number of inhibit mafgin bit combinations
is represented as NI. If NI = 0, all three margin bit
combinations may be used. If NI = 1, one of the three margin bit
patterns is precluded and the other two.may be used. If NI = 2,
two of the margin bit patterns are precluded'but the third is

i permitted. It will be appreciated that NI never is three.

” Turning now to Fig. 25, there is illustrated a flow
chart which represents the manner in which a margin bit
combinatibg_is selected for insertion by a margin bit generator
bétween tw&idata symbols. At step S1, the inhibited margin bit
combinations are determined for each set of margin bits M;, M,

« + « M, and the number of inhibited margin bit combinations NI,,
NI,, . . . NI, likewise is determined. It will be appreciéted
that M;,, and NI for each set of margin bits to be inserted
between data symbols may be determined from the conditions
depicted in Fig. 28.

The flow chart then advances to inquiry S2 which
determines if the number of inhibited combinations for the margin
bit pattern Mi is equal to 2. If so, the flow chart advances to
step S3 and only a single margin bit combination cén be selected.
For example, if the most éignificant bit of data symbol D, is
wyiw, NI, = zhand'ﬂihﬂ'=.01; 10. Step S3 thus permits only margin

bit combinations 00 to be selected as the margin bit pattern N;.
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However, if inquiry S2 is answered in the negative,
then two or three different margin bit combinations can be
selected. The flow chart advances'to step S4 where the inhibited
margin bit combination M;,;, for the n-th margin bit pattern (n72)
is determined. But, if the number of inhibited combinations for
the second margin bit pattern is 2, that is, if NI, = 2, then the
n-th margin bit pattern is conétrued as the (m + 1)th margin bit
pattern. That is, if N12-= 2,-on1y one margin bit combination
can bé selected for the remaining margin bit patterns M_,. The
flow chart then advances to step S5 wherein data stbol D, is
linked to‘ﬁgta symbol Dj which is linked to data symbol D,. . .
to data syml;ol-Dn by the respective margin bit combinations which
are not inhibited. |

Thereafter, in step S6, s1nce the margin bit patterns
up to M, have been selected, and since the data symbols up to D,
are known, the accumulated DSV up to D, is calculated. The DSV
determined for this data symbol simply is added to thé DSV which
has been accumulated from previous data syhbols.' Then, in step
S7; the margin bit pattern M; is selected as the particular
margin bit combination which minimizes the DSV ﬁhat is projected
to-be accumulated up to data symbol D,.

It will be appfeciated that steps $4 - 87 rely upon a-
projected DSV; and although the margin bit pattern under
consideration is margin pattern M,;, the technique for selecting

the appropriate margin bit combination for pattern M; as based

58

Sheet Has Been Replaced

I\II LI




THIS SHEET HAS BEEN
REPLACED

upon look ahead data symbols D,, D3, . . .D,. Fig. 29 is a
graphical representation of the manner in which the projected DSV
is accumulated based upon "look ahead" data symbols. For
simplification, it is assumed that m = 3, that data symbols D,,
D, and D; are known, that the accumulated DSV'up to data symbol
D; is known and that margin bit péttern M, is to be selected.
 F;g. 29A fepresents the 14-bit data symbol, wherein a "1" is
represented by a tfansition and a "0" is represented by no
tranéition iﬁ the digital signal. The data symbols shown in Fig.
29A are the same data signals used in Figs. 29B and 29C. Fig. .
29A repres%pts the margin bit pattern M; as the combination 10;
Fig. 29B reﬁresents the margin bit pattern M, as the combination
01 and Fig. 29C represents the margin bit péttern M; as the
combination 00. Tt is assumed that NI, = 0, meaning that there
are no inhibited margin bit combinations for margin bit pattern
M. It is further assumed that the least significant bit of a
data symbol is represented as "CWLL" andICWLL = 0 in each of data
symbols D;, D, and D3. Furthermore, based upon the most
significant bit of data symbol D5, margin bit combinations 01 and
10 are inhibited (see Fig. 28) and NI, = 2. Finally, based upon
the bit stream of the trailing end of data symbol D3 and the bit
stream at the leading end of data symbol D,, margin bit
combination 00 is inhibited fof M3 (see Fig. 28) and NI; = 1.
Fig. 29D illustrates the accumulated DSV that is
obtained up.to the eﬁd“of data symbol Dj if M; =0, if M; = 01
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and if M; = 00. In particular, cufve'a of Fig. 29D illustrates
the accumulated DSV when M; = 10; curve b represenﬁs the
accumulated DSVlwhen M; = 01; and curve c represents the
accumulated DSV when M; = 00. It is seen that at the end of data
 symbol D,, DSV = 3 if M; = 10; DSV = 1 if M; = 01; and DSV = =5
if M; = 00. Thus, to minimize the accumulated DSV, the margin
bit combination 01 should be selected for margin bit pattern M.
-But, if the margin bit combination 01 is'selected, the
accuﬁulated DSV at the end of data symbol D; is seen to be DSV =
~5. On the other hand, if the margin bit combination 00 had been
selected qu the margin bit pattern M,, the accumulated DSV at
the end of aata symbol D; is DSV = 1. It is appreciated then,
that if the projécted DSV is examined, the particular margin bit
combination that is selected for margin bit pattern M; differs
from the margin bit combination that would be selected if the
projected DSV is not examined.

Fig. 26 is a block diagram of margin bit selection
apparatus in which the margin bit combination for margin bit
pattern M; is determined by looking ahead by up to m data
symbols, where m = 4. 'Thus, the accumulated DSV up to the end of
data symbol Dy is calculated. Inpﬁt terminal 10 in Fig. 26 is
supplied with 32 successive bytes that have been ECC encoded, and
these bytes are used to read out 14-bit symbols from a conversion
table 11 stored as a ROM. _SﬁccessiVe 14-bit symbols are coupled

to an adder 13 which adds a pseudo frame sync signal to the
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successive data'symbois, the pseudo frame sync signal Slf
("1XXXXXXXXXXX10") being added to the leading portion of each
sync frame. The pseudo frame sync signal serves to "resgrve“ a
location in which the actﬁal frame sync pattern is inserted, as
will be described. _

Successive daté symﬁols are coupled to registers 14-17
wherein each data symbol is stored. Thus, register 17 stores
data symbol D,, register 16 stores data symbél D,, register 15
stores déta symbol D3, register 14 stores data symbol D, and
adder 13 now supplies data symbol Dg to the input of register 14.
Data-symbol§.D4 and Dg are coupled to discrimiﬁator 30 which
examines thése_data symbols to determine if any of the bit
- patterns therein corréspond to those shown in Fig. 28. Depending
upon the sensed bit patterns, discriminator 30 generates the
inhibit margin bit signal M;,n, Which precludes certain margin bit
combinations from margin bit pattern M;. The inhibit margin bit
signal produced by the discriminator is comﬁrised of 3 bits and-
-is identified as the margin bit inhibit signal Sinhae A "1V in
the first bit position of S;,,, inhibits the margin bit
combination 10, a "1" in the second bit p051t10n of Sinha
inhibits the margin bit comblnatlon 01 and a "1" in the third bit
position of S;nhe inhibits the margin bit combination 00. As an.
- example, if only the margin bit combination Oo.is a permitted
margin bit pattern, margin bit inhibit signal Sinha is

represented as "110%,.
__—————/_——.
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The 6utput of fegister 17.is coupled to a frame sync
converter 18 which converts the 14-bit.pseudo frame sync signal
sl; to a 24-bit frame sync signal Sf. _This 24-bit frame sync
signal Sf is coupled to parallel-to-serial register 19. Those
data symbols D,, D, . . . which are supplied successively to
frame sync converter 18 are not modified thereby and are supplied
as is, that is, in their 14-bit configuration, to the parallel-
to-serial register. Register 19 converts those bits which are
supplied thereto in parallel to serial output form. in addition,
after a 14-bit data symbol is serially read out of the register,
a 2-bit margin pattern produced by a margin bit generator 50 is
seria;ly reéd out of the register. Parallel-to-serial register
19 is clocked with a channel bit clock having a frequency of
24.4314 MHé such that the serial bit output rate of register 19
is 24.4314 Mbps. These serial bits are modulated by an NRZI
modulator 20 and coupled to an output 21 for recording.

The modulated NRZI serial bits also are fed back to a
Dsv iﬁtegrator 40 which integrates the DC component of such
serial bits. The DSV integrator thus accumulates the DSV of the
data symbols and margin bit patterns.

Margin bit generator 50 functions in accordance with
the flow chart shown in Fig. 25 to effect the operation
illustrated by the waveforms of Figs. 29A-29D. It is
appreciated, then, that the margin bit generator 50 may be a

digital signal processor, an arithmetic logic unit or a

N
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microproceseor programmed in accordance with the flow chart of
Fig. 25. Thus, the appropriate margin bit combination is
selected in order to minimize the accumulated DSV will obtain as
a result of m subsequent data symbols.

The foregoing ﬁas described an EFM techhique in which a
margin bit pattern is inserted between successive 14-bit data
symbols. As a result, each 8-bit b&te is converted into a 14-bit
data stbol plus a 2-bit margin pattern. A preferred embodiment
of an 8-to-16 modulator wﬁich eliminates the generation of margin
bit patterns, which minimizes the accumulated DSV and which is
constrained?to run 1ength.1imifed (2, 10) code now will be
desc;ibed. éReferring to Fig. 30, a plurality of "fundamental
conversion tables are pro?ided, for example, four conversion
tables Ty, T,, T3 and T,. Each fundamental table is comprised of
two separate tables, identified by the subscripts a and b, one of
which converts an 8-bit byte into a 16-bit symbol having positive
DSV and the other converting the samels-bit byte into a 16-bit
symboi having negative DSV;

'The tablee are categorized as follows: if the last bit
of the 1mmed1ate1y precedlng 16-bit symbol ends as a “1" or if
the last two bits of that.lGPblt symbol end as "10", the next 16-
bit symbo} is selected from table T;, or table T,,, depending
upon whether it is desirable that this next selected 16-bit
symbol ekhibit a positive DSV (thus calling for table T,,) or a

negative DSV (thus calling for table T,,).
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If the immediately preceding 16-bit symbol ends with
two,‘three or four successive 0s, the next-following 16-bit
symbol is selected from eithér table T, (that is, from either
table T,, or table T,,) or from table T3 (that is, from table T;,
or table Ty).

If the immediately precedihg 16-bit symbol ends with
six, seven or eight successive 0s, the next-following 16-bit
synbol is selected from table T,.

. The first 16-bit symbol that is generated immediately
following a frame sync pattern is selected from table Ty.

' ‘The 16-bit symbols produced from tables T, and T;
differ froﬁaeach-other in the following important respects: all
' 16-bit symbols read from table T, include a "0" as the first bit
and a "0" as the thirteenth bit. |

All 16-bit symbols_reéd from table T3 include a "1" as
the first or thirteenth bit or a "1" as both the first and
thirteenth bit. |

In the 8-to-16 conversion scheme used with the present
invention, it is poésible that the very same 16-bit symbol may be
generated in response to two different 8-bit bytes. However,
when the 16-bit.symbol representative of one of these bytes is
produced, the next-following.ls—bit symbol is prdduced from table
T,; whereas when the 16-bit symbol representative of the other
byte is produced, tﬁe next-followiﬁg 16-bit symbol is produced

from table T;. It is appreciated that, by recognizing the table

. ’ 64 .
This Sheet Has Been Rerlaced

~ (WD




ST

' | B _,_—h_,
| ' { THIS SHIET HAS BEEN
’ REPLACED j

—————

froﬁ which the next-following 16-bit symbol is produced,
discrimination between the two bytes which, nevertheless, are
converted into the same.ls-bit symbol may be readily achieved.

| For example, let it be assumed that an 8-bit byte
having the value 10 and an 8-bit byte having the value 20 both
are converted to the same 16-bit symbol 0010000100100100 from
table T,. ‘But, when this 16-bit symbol represents the byte
having the value 10, the next-following 16-bit symbol is produced
'from table T,, whefeas.when the aforenoted 16-bit symbol
represents the byte having the value 20, the next-following 16--
bit symbol.is produced from table T;. When the symbol
0010000100160100 is demodulated, it cannot be determined
immediately if this symbol represents the byte having the value
10 or the byte having the. value 20. But, when the next-foilowing
16-bit symbol is examined, it is concluded that the preceding
symbol 0010000100100100 represents the byte 10 if the next-
following symbol ig from table T,, and represents the byte having
"the value 20 if the next-following s}mbol is from féble T3. To
determine whether the next-following 16-bit symbol is from table
T, or table T3, the demodulator merely needs to examine the first
and thirteenth bits of the next-following symbol, as discussed
above.

Table T, (for example, table T,,) includes 16-bit
symbols having a DSV which_increasés in the positive direction.
Coﬂvefsely, the;16¥bit symbols which are stored in table T,, have
- L . _ 65 [ —
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a DSV which increases in the nggative direction. As an example,
if the value of an.8-bit byté is less than 64, this byte is
converted into a 16-bit symbol having a relatively large DSV.
Conversely, if the vélue of the 8-bit byte is 64 or more, this
byte is converted into a 16-bit symbol having a small DSV. Those
16-bit symbols.which are stored in table T, have positive DSV and
those 16fbit symbols which are stored in table T, have negative
DSV.' Thus, an input byte is converted into a 16-bit symbol
having positive or negative DSV, depending upon which table is
selected for conversion, and the value of the DSV is large or
shali, depegding-upon-the value of the input byte that is.
converted. ; | |

| The tables T,,, Tlio, « « « Tgas T4 in Fig. 30 may be
constructed as ROMs 62-69. An input to be converted is supplied
from an input terminal 61 in common to each of these ROMs. The
pair of tables T,, T, of a fundamental table are coupled to a
selector switch which selects one or the other table to have read
out therefrom the 16-bit symbol which corresponds to the input
byte read out therefrom. As shown, selector switch 71
selectively couples the output from table T,, or tqbie Ty, to an
input x1 of an output switch 75. Similarly, switch 72
selectively couples.table T,, or table T,, to an input x2 of
switch 75. Switch 73 selectively couples table T3, or table Ty,
to input x3 of switch 75. Switch 74 selectively coﬁples table

T4a OF-table T, to input x4 of switch 75. oOutput switch 75
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selectively couples one of its inputs x1-x4 to an output terminal
78 under the control of.a table selector 76. Selector switches
71-74 select either table T, or table T, under the control of a
DSV calculator 77. The 16-bit'5ymbol which ultimately is
supplied to output 78 also is coupléd-to the table selector and
to the DSV calculator, &s illustrated.

Table selector 76 senses the ending bits of the 16-bit
symbol supplied from switch 75 to output terminal 78 to determine
whether fundamental table Ty, Tp, T3 or T, should be selected, in
accordancé with the table selecting conditions discussed above.
It is épprggiated that the table seleétor thus controls switch 75
to sgléct fhe 16-bit symbol read from the proper fundamental
table. For example, if it is assumed that the 16-bit symbol
supplied to output terminal 78 ends with six, seven of_éight
successive 0s, switch 75 is controlled by the table selector to
couple its input x4 to the output terminal such that the next-
following 16-bit symbol is read from fundamental table T,. DSV
calculator 77 calculates the accumulated DSV, which is updated in
response to each 16-bit'symbol supplied to output terminal 78.

If the DSV inéreases in the positive direction, DSV calculator 77
controls selector switchés 71-74 to couple the outputs.from their
respective tables T,,. Conversely, if the accumulated DSV is &
calculated to increaée in the negative direction, selector |

switches 71-74 are controlléd by the DSV calculator to couple the

outputs from their respectively tables T,. It is expected,
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therefore, that if the preceding 16-bit symbol exhibits a larger
negative DSV, switches 71-74 are controlled to se}ect the next
16-bit symbol having a positive DSV; and the particular table
from which this next 16-bit symbol is read is determined by table
selector 76. Thus, the accumulated DSV is seen to approach and—
oscillate about 0.

An example of a 16-to-8 bit converter, that is, a
demodulator compatible with the 8-to-16-bit modulator of Fig. 30,
is illustrated in Fig. 31. Heré, tables are used to carry out an
inverse conversion from 16-bit symbols to 8-bit bytes and such
tables'are.}dentified as tables IT;, IT,, IT; and IT;. These
tables may ﬁe stored in ROMs 84, 85, 86 and 87. It is expectéd
that each 8-bit byte .read from a table corresponds to two 16-bit
symbols, one'having positive DSV and the other exhibiting
negative DSV. Alternatively, if the 16-bit symbol is used as a
read address, each 8-bit byte stored in a table may have two read
addresses. Stated othgrwise, each 8-bit byte may be stored in
two separate read address locations. |

An input terminal 81 is supplied with a 16-bit symbol,
and this symbol is stored temporarily in a register 82 and then
coupled in common to inverse conversion‘tables ITy- ITy. In
addition, a table selector 83 is coupled to input terminal 81 and
to the output of register 82 so that it is supplied concurrently
with the presently received 16-bit symbol and the immediately

preceding 16-bit symbol. iAlternatively, table selector 83 may be .
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thought of as being supplied with the presently received 16-bit
symbol (from the output of register 82) and the next-following
16-bit symbol. The table selector is coupled to an output
selector switch 88 which couples to output terminal 89 either
conversion table IT; or conversion table IT, or conversion table
IT; or conversion table IT,.

The manner in which table selector 83 operates now will
be described. As mentioned above, the firét symbol that is
prodﬁced immediately following the frame sync pattern is read
from coﬁversion table T; in Fig. 30. Table selector 83 thus
operates tgrdetect the frame sync pattern so as to control output
switch 88 ta éouple table IT; to output terminal 89.

If, as mentionéd above, a 16-bit symbol may represent-
one or the other of two different 8-bit bytes; table selector 83
senses whether the next-following 16-bit symbol, as supplied
theteto from input tefminal 81, is from conversion table T, or
conversion table T3. This determination is made by examining the
first and thirteenth bits of such next-following 16-bit symbol.
If the tablé selector senses that the next-following 16-bit
éymbol is from table T,, output switch 88 is sujtably controlled
to select the inverse conversion table which converts the is-bit
symbol presently provided at the output of ;égister 82 to its
proper 8-bit byte. A similar operation is carried out when table
selector 83 senses that the next-following 16-bit symbol had been

read from conversion table T; in Fig. 30.
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The present invention converts an 8-bit byte into a 16-
bit symbol, whereas the prior art converts an 8-bit byte into a
14-bit symbol and inserts three margin bits between successive
symbols. COnsequentiy, since the present invention uses'only 16
bits in its bit stream as'compared to the prior art use of 17
bits, the modulation technique of the present invention results
in an effective reductioh in data of 16/17, or about 6%.

While the present invention is particularly abplicable
to a-CD-ROM on which computer data, video data, a combinatiOn of
video and audio data or computer files may be recorded, this
invention*;ﬁ particularly useful in recording and reproducing
digital vid;o discs (DVD);on which video data and its associated
audio data are recorded; Such data is compressed in accordance
with the MPEG standard; and when compressed video dafa is
recorded on the disc, the subcode iﬁformation.included in gach
sector header (Fig. 10) includes a subcode address having the
value 3 or the value 4 with the resultant subcode field appearing
as shown-in Figs. 11D or 1iE. If the subcdde'address value is 3,
the user data recorded in the seétor conforms to the standard ISo
.11172-2 (MPEG 1) or ISO 13818-2 (MPEG 2). Data that is recorded
in the subcode field, as shown in Fig. 11D, represents the
difference between the address of the sector which contains this
subcode and the lead sector in which the previous I picture or
next-following I picture is recorded. It is expected that an I

picture (that is, an intraframeencoded picture, as mentioned
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previously) is recorded in two or more sectors. Of course, each
sector includes a header. However, the distance data which is
recorded in the subcode field shown in Fig. 11D represents the
distance to the lead, or first sector in which the previous I
picture or next-following I picture is recorded. 'If an I picture
is recorded partially in one sector and partially in another, the
sector header of the “other" sector includes 0 data to represent
the previous I distance and the neXt I distance in Fig. 11D.
That is, the previous I distance and the next I distance are 0.
If the subcode address value is 4, the subcode field

appears as*shown in Fig. 11E and, as mentioned above, the picture
type data 1nﬁlcates whether the v1deo data that is recorded in
compressed form in this sector is I, P or B plcture data and the
temporal reference data indicates the locatlon in the sequence of
pictures in which this particular video picture is disposed. The
sector in which an I, P or B picture first is recorded is
referred to as an I, P or B sector, respectively, even if-such I,
P or B picture data is recorded in a trailing portion of that
sector, while other picture data is.recorded in a leading portion
thereof. |

Fig. 32 is a block diagram of compression apparatus
which is used to supply to input terminal 121 of Fig..l MPEG
compressed video data. Video information, supplied as, for
example, analog luminance (Y) and color difference (R-Y and B-Y)

signéls are digitized by an analog~to-digital converter 101 and
..: : - . - /
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compressed in accordance with the MPEG compression system by
video compression circuitry 102. The dompreséion system may be
consistent with the MPEG-1 standard (ISO 11172-2) or the MPEG-2
standard (ISO 13818-2). The compressed video data is stored in a
buffer memory 103 from which it is supplied to a multiplexor 107 |
for multiplexing with other déta (soon to be described) which
then is input to input terminal 121 (fig. 1). Iﬁformation
related to the compressed video data stored in buffer memory 103
is sdpplied to system controller 110, this information being
indicative-of, for example, whether the compressed video data
correspondswto_an I, P or B picture, the temporal sequence of
display picéures in which this compressed video picture is
located, time code representing fhe ﬁime of receipﬁ.or time of
recording of the video data, etc. The information derived from
the stored, compressed video data and supplied to the system
controller is used to generate subcode information that is
recorded in the sector header. It is recalled from Fig. 1 that
this information is supplied from system controller 110 to sector
header encoder 129 for insertion into the sector header of'the
user data.

Audio signals, such as analog left-channel and right-
channel signals L and R are digitized by an analog-to-digital
converter 104 and compressed in an aﬁalog data compression
circuit 10S5. This'compression_circuit may opefate in accordance:
with the Adaptive Tranéform Acoustic Coding technique (known ‘as

72
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ATRAC) consistent with MPEG—i audio compression or MPEG-2 audio
compression standards. It is appreciated that this ATRAC
ﬁechnique presently is used to compress audio information in
recording the medium known as the "Mini Disc® developed by Sony
COfporation. The compressed audio data is supplied from
compreséion circuit 105 to an audio buffer memory 106 from which
it subsequently is coupled to a multiplexor 107 for multiplexing_
with the compressed video data. Alternatively, compression
circﬁi§'105 can be omitted and the digitized audio data can be
supplieq directly to a buffer memory 106 as, for exaﬁple, a 16-
bit PCM encoded signal. Selective information étored in the
audio bufféi ﬁemory is coupled to the system controller for use
in generating the subcode information that is recorded in the
sector header. |

Additional information, identified in Fig. 32.as sub-
information, including character, computer, graphic and musical
instrument for digital interface data (MIDI) also is coupled to
multiplexor 107. -

Title data is generated by a character generator 111
which, for examﬁle, may be of conventional construction. The
title data is identified as fill déta and key data and is
compreésed by a compression circuit 112 which encodes the title-
data in variable run length coding. The compressed title data is
coupled multiplexor 107 for subsequént application to the input

terminal 121 shown in Fig. 1.
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Preferably, multiplexor 107 multiplexes the compressed
video, audio and title data, together with the sub-information,
\in accordance with the MPEG-1 or MPEG-2 standard, as may be
desired. The output of the multiplexor is coupled to input
terminal 121 of Fig. 1 whereat the multiplexed data is ECC
encoded, modulated and recorded on disc 100.

Fié. 33 is a block diagram of circuitry for recovering
the video, audio, title and sub-information data that had been
recorded on disc 100 and that had been reproduced from the disc_
by the playback epparatus shown in Fig. 2. The input to the data
recoveéy circuit shown ;n Fig. 33 is output terminal 224 of Fig.
2. This terminal is coupled to a demultiplexor 248 which . |
demultiplexes the aforedescribed multiplexed video,;audio and
title data as well as the sub—iﬁformation. The demuliiplexor
.operates in accordance with the MPEG-1 or MPEG-2 standard, as may
be desired, to separate the compressed video data, the compressed
audio data, the compressed title data and the sub-information.
The compressed video data is stored in a buffer memory 249 from
which it is expanded in expansion c1rcu1t 250, processed in a
post processor.256, for example, as may be needed to conceal
errors, and reconverted back to analog form by digital-to-ahalog
converter 251; Expansion circuit 250 operates in accordance with

the MPEG-1 or MPEG-2 standard such that the original video

*

'Y . " Y . /
information is recovered. —
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Post processor 256 also is adapted to superimpose
‘graphical title information on the recovered video data, as will
nbe described below, such that the recovered‘tifle data may be
suitably displayed, as by superposition on a video picture.

The separated eudio data is supplied from demultiplexor
248 to an audio buffer memory 252 from whlch 1t is. expanded in an
expansion circuit 253 and reconverted to analog form by dlgltal-
to—analog convertor 254. Expansion circuit 253 operates in
accordance with the MPEG-1 or MPEG-2 or mini disc standard, as
may be desired. If the audio data that is recorded on disc 100
has not been compressed, expansion circuit 253 may be omitted or
bypassed. |

As depicted in Fig. 33, the sub—informetfbn separated
by demultiplexor 248 is supplied as a direct output 51gna1
con51stent with the representation shown in Fig. 32 whereln such
subinformation is not processed prior to being supplied to
multiplexor 107 and no processing subsequent to demultiplexor 248
is illustrated.

The separated title data is applied to title buffer
memory 233 from demultiplexor 248 from which the title data is
.decoded . by a title decoder 260 that operates in a manner inverse
to the operation of compfession circuit 112 (Fig. 32). That is,
decoder 260 may carry out an inverse variable length decoding

operation. The decoded title data is supplied to post processor
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256 for superposition onto thé video information that has been
played back from the optical.disc. |

“ Demultiplexor.248 monitors the remaining capacities of
buffer memories 249, 252 and 233 to sense when these memories are
relatively empty or filled. The purpose of monitoring the
remaining capacities of the buffer memories is to assure that
data overflow therein does not occur.

| Sysﬁém controller 230 and user interface 231 of Fig. 33
are the same as system controller 230 and user interfaée 231 in
Fig. 2.

While the present invention has been particularly shown
and described with reference to preferred embodiments, it will be
readily apparent to those of ordinary skill in the %rt that
various changes and variationé may be made without debarting from
the spirit .and scope of the invention. To the extent that such
variations and changes have been mentioned herein, the appended
claims are to be interpreted as including such variations and
changes as well as all equivalents to those features which have

been particularly disclosed.
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1. An optical disk having a diameter less than 140mm;

WHAT IS8 CLAIMED 18:

a thickness of ‘1.2mm * 0.1mm; a plurality of record tracks having
data recorded thereon as embossed pits fepresenting information,
the tracks exhibiting a pitch in the range between 0.646um and
1.05um; said tracks being divided into a lead-in area, a program
area and_a lead-out area; said recorded data being recorded in a
table of contents (TOC) region and in plural data track fegions
with said TOC region being disposed in said lead-in area, said
TOC region containing TOC information and said plural data track
‘regions cogtaining user information; said TOC information being
_ recorded i&za,first plurality of sectors in said TOC region and
said user information being recorded in a second plurality of
sectors in said plural data track regions; each data track region
having a respective start secgor; said ToC igformation including
addresses of the respective start sectors; and said TOC
information and said user information being recorded as modulated
- long distance error correction encoded data having at least eight
parity symbols. |

2. The optical disk of Claim 1 wherein said data is
recorded as embossed pits with a linear density in the range
between 0.237um per bit and 0.378um per bit.

3. The optical disk of Claim 1 wherein at least said
program area is disposed in a portion of the disk haviﬁéh; radius

of from 20mm to 65mm.
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4. The optical disk of Claim 1 wherein said TOC
information and said user information are modulated as run length
limited (RLL) encoded data.

5. The optioal disk of Claim 4 wherein said RLL
encoded data is (2,10) RﬁL encoded data, such that successive
transitions are separated by no less than 2 data bit cells and by
no more than 10 data bit cells. '

6. The optical disk of Claim 5 wherein said RLL
encodéd data ‘is recorded as 2n-bit information words, where
unmodulated TOC and user information is repfesented as n-bit data
words. SR

_ 52 . The optical disk of Claim 1 wherein said.program
area of'said tracks is provided with another TOC region
containing TOC information Subétantially identical to the ToC
information contained in the TOC region disposed in said lead-in
area.

8. The optical disk of Claim 1 wherein each sector of
said first and second plurality of sectors includes a sector
header at a leading portion thereof, said sector header
containing a sector.sync pattern, a sector address, an error
detection'oode, and subcode data.

9. The optical disk of clain 8 wherein said subcode-
data in a given sector includes a subcode identifier and subcode

information of a type identified by said subcode identifier.
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10. The optical disk of Claim 9 wherein said subcode

identifier is a subcode'address.

11. The optical diek of Claim 9 wherein said subcode
information includes track identifying data which identifies the
track in which said given sector is recorded, copyright data
which indicates whether user information in said track may be
copied, and application identifying data which identifies a
predetermined eppiicafion allotted to said user information in
said frack. |

.12. The optical diek of Claim 9 wherein said user
information?is picture information representing a respective
picture, said picture information being recorded in at least one
sector in a data track‘region, and wherein said subcode
information includes first distance information representing the
distance from said given sector to the sector in which picture
information representing a next preceding picture is recorded and
second distance information representing the distance from said
given sector to fhe sector in which pictUre information
representing a next following picture is recorded.

13. The optical disk of Claim 12 wherein said picture
informanion is recorded in a leed sector and at least one
following sector; and said sector in which picture information -
representing said next preceding picture is recorded as well as
said sector in which picture information representing said next

following picture is recorded is said lead sector.
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14. The optical disk of Claim 13 wherein said picture

informétion is compressedfpicture data selectively comprised of
intraframe encoded picture data or predictively encoded picture
data; and said first and second distance information each
represents the distance from said given sector'to the lead sector
iﬁ which intraframe encoded picture data is recorded.

| 15. The optical disk of Claim 9 wherein said user
information is compressed;picture data selectively comprised of
different types of compression-éndoded data representing
respective pictures having a predetermined display sequence, and
said subcodg inforﬁation includes type identifying inforﬁation
for identif&iﬁg the type of compression-encoded data that is
recorded in said given sector and sequence information for
identifying the location in said display sequence of the picture
repfesented by the compression-encoded data that.is recorded in
said given sector.

16. The optical disk of Claim 9 wherein said user
information is variable over time, and said subcode information
includes time code data representing time information at which
said user information is recorded.

. 17. The optical disk of Claim 1 wherein said TOC
information is representative of record/playback characteristics,
diameter, recording capacity and number of record tracks of said

optical disk.
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18. The optical disk of Claim 17 wherein said

record/playback charactefistics of said optical disk represent a
~ read only disk, a write once disk 6r an erasable disk.

19. The optical disk of Cclaim 1 wherein said ToC
information includes TOC identification data for identifying
location of said TOC region, data configuration of said TOC
region, and sector configuration of each of said plurality of
sectors.

20. The optical disk of Claim 1 whefein said ToOC
information includes data representative of disk size.

»%}. The optical disk of Claim 1 wherein said TOC
info:matioﬁéincludes data representative of a time code
associated with said user information.

' 22. The optical disk of Claim 1 wherein said user
information is reproducible at a selected one of plﬁral playback
speeds; and said TOC information includes data representative of .
said selected playback speed.

23. The optical disk of Claim 1 ﬁherein said 16ng
distance error correcéién encoded data is encoded by inserting C2 -
and Cl hold sections at predétermined locations. in the TOC and
user information supplied for recording and thereby forming
preliminary C1 wérds comprised of plural data symbols, generating
C2 parity symbols in response to a predetermined number of data
éymbols of the same number of preliminary Cl1 words and replacing
a C2 holad sectioﬁ in a preliminary C1 word with said €2 parity

81
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- symbols to form a precursory Cl word, generating Cl parity
symbols in response to a precursory Cl1 word and inserting said Ci

parity symbols into a Cl1 hold section to form a.C1.code word, and
using a pre-established number of said Cl code words as said long
distance error-éorrection encoded data.

24. The optical disk of Claim 23 wherein said user
informatiqn that is recorded as said long disﬁance error
correction encoded data exhibit a symbol seéuence different from
-the symbol seéuence of the user information supplied for
recording. | _ | |
| -25. The optical disk of Claim 24 wherein said C1 code
word_is comgrised of odd and even symbols with the odd.symbols
being recorded together in an odd group and the e&én,symbols
' being recorded together in an even group. |

26. The optical disk of Claim 25 wherein each Cl code
word is formed of m symbols and each C2 code word is formed of n

symbols, where m and n are integers; and wherein:

k =mxi + 2xj - m, when 7 < m/2

k = mxi + 2xj - (m-1), when j > m/2,

where i is the sequential order in which the C1 code words are

presented for recording, j is the sequential order of the m
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symbols in each Cl1l code word'presented for recording, and k is

the order in which the m_symbols are recorded on the disk.

27. The optical disk of Claim 1 wherein the long
distance error correction encoded data is encoded in a
convolution code.

28. The optical disk of Claim 1 wherein said ToC and
user information are modulated for recording by reading from a
selected one of plural storage tables a 2n-bit symbol in responsé
to aﬁln-bit byte supplied for_recording, the_seleéted storage
table being'a function of the preceding 2n-bit symbol that had
been readzj”

;9.. The‘optica; disk of Claim 28, wherein successive
| 2n-bit symbols are run length limited. _ |

30. The optical disk of Claim 29 wherein different 2n-
bit symbols are stored :espectively in at least two of said
storage tables for the same n-bit byte.

31. The optical disk of Claim 30 wherein the 2n-bit
symbols stored in one of said two storagé tables exhibit positive
digital sum value (DSV) and the ;n-bit symbols storéd in the
other of said two étorage tables.exhibit negativé Dsv.

32. The optical disk of Claim 31 wherein the selected
storage table is determined as a function of the number of "o" -
bits in which the preceding 2n-bit symbol terminates and
accumulated'DSV of a predetermined number of preéeding 2n-bit

symbols.
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33. A method of recordlng data on an optical disk
having a diameter less than 140 mm, a thickness of 1.2 mm + 0.1

mm and a recording area divided into a lead-in area, a program
area and a lead-oﬁt area, said method comprising the steps of:
providing user information for recording in a plurality of
sectors in user'tracks;.providing téble_of contents (TOC)
information for reéording in a plurality of sectors in at least
one TOC track, said TOC information including addresses of
.respéctive start sectors, each identifying a start sector of a
respective user track; encoding both said ﬁser information and
said TOC information in a 1oﬁg distance error correctibn code
having at least eight parity symbols; modulating the encoded user
and TOC 1nformatlon, recordlng the modulated, encoded TOoC
information as embossed pits in said at least one TOC track in
said lead-in area; and recording the modulated, encoded user
information as embossed pits in said user tracks in said program
area with a track pitéh in the range between 0.646um and 1.05um.

34. The method of Claim 33 wherein each of said steps
of recording is operative to record said embossed pits with a
linear deﬁsity in the range between 0.237um per bit and 0.378unm
per bit.

35. The method of Claim 33 wherein thé step of
récording embossed pits in said prograﬁ area is operative to
record said program area in a portlon of the disk having a radius
of from 20mm to 65mm e
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36. The method of Claim 33 wherein said step of
modulating comprises run length limited (RLL) modulating said

encoded user and TOC inﬁormation. _

37. The method of Claim 36 wherein.said RLL modulating
is (2,10) modulation, such that successive transitions are
separated by no less than 2 data bit cells and by no more than 10
data bit cells.

38. The method of Claim 37 wherein said step of
modulating further comprises converting n-bit data words
,represgnting said user and TOC information to 2n-bit information
words fon_Egcqrding. _

1 | 59. The,method of Claim 33 whefein said step of
reébrding the modulated encoded Toc.information includes the step
of recording in said program area modulated, encoded TOC
information substantially identical to the TOC information
recorded in said lead-in area.

40. The method of Claim 33 wherein each sector in at
least said user tracks includes a seétor header at a leading
portion thereof; and said step of recording user information
includes recording in said sector header, a sector sync pattern,
a sector address, an error detection code, and subcode data.

41. The method.of Claim 40 wherein said subdode data
in a given sector includes a subcode identifier and subcode

information of a type identified by said subcode identifier.
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42. The method of Claim 41 wherein_said subcode

identifier is a subcode address.

43. The method of Claim 41 wherein said subcode
information inéludes track identifying data Which'identifies the
tfack in which said given sector is recorded, copyright data |
which indicates whether user information in said track may be
copied, and application identifying data which identifies a
predetermined_application allotted to said user information in
said track.

44. The method of Claim 41 wherein said user
' informatio2_i$ picture information representing a respecfive
picture; aga said step of recoréing comprises recording said
bicture information in at least one sector in said user tracks,
and recording as subcode information first distance information
representing the disténce from said given sector to the sector
- in which picture information representing a next preceding
picture is recorded énd second distance information representing
the distance from said given sector to the sector in which |
picture information representing a next following picture is
recorded.

45. The method of Claim 44 wherein said step of
recording picture information comprises recordihg said picture .
information in a lead sector and at least one.following sector.

46. The method of Claim 45 wheréin said step'of

encoding ‘'said user information comprises compressing picture data
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to selectively form intraffame encoded picture data or

predictively encoded picture data; and each of said first and
second distance information represents the distance from said
given sector to the lead seétor in which intraframe encoded
picture data is recorded.

47. The method of Claim 41 wherein said step of
encoding said user information comprises compreséing a
predetermined display sequence of picture data in accordance with
selectively different types of compression-encoding technique,
and said subcode information includes type identifying
informationhfor identifying the type of compression-encoding
technique tﬁat_is used to compress the data recorded in said
qiveﬁ sector and sequence information for identifying the
location in said display sequence of the picture represented by
the compressed picture data that is recorded in said given
sector.

48. The method of Claim 41 wherein sald user
information is variable over tlme, and said subcode information
includes time code data representing time information at which
said user information is recorded.

49. The method of Claim 33'ﬁhereiq said ToC
information is representative of record/playback characteristics,
diameter, récording capacity and numbér of record tracks of said

optical disk.
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record/playback characteristics of said optical disk represent a

50. The method of Claim 49 whereih said

read only disk, a write once disk.or an erasable disk.

51. The method of Claim 33 wherein said step of
recording said TOC information incluaes the steps of recording
TOC identification data for identifying a location of said at
least one TOC track, recording a data configuration of said at
least one TOC track, and recording a sector configuration of each
of said plurality of sectors. '

52. The method of Claim 33 wherein said TOC
information;includes data representative of disk size.

55. .The method of Claim 33 wherein‘said TOC
information includes data representative of a time code
associated with said user information.

54. The method of Claim 33 wherein said user
information is reproducible at a.selected one of plurél playback
speeds; and said step of recording said TOC information includes
the step of recording data rebresentative of_said_selected
| playback speed.

55. The method of Claim 33 wherein said step of
encoding information in said 1ong distance error correction code
is comprised of receiving said user 1nformation as input data;
inserting €2 and C1 hold sections at predetermined locations in
said;input data and thereby forming preliminary Cl1 words
comériéed of plurél data symbols; generating C2 parity symbols in
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response to a predetermined number of data symbols of the same

number of preliminary C1 words and replacing a C2 hold section in
a preliminary C1 word with said C2 parity symbols to form a
precursory Cl word, generating Cl parity symbols in response to a
precursory Cl word and inserting said Cl1 parity symbols into a C1
hold section to form a Cl1 code word, and using a pre-established
number of said Cl1 code words as said long distance error
.correction encoded data.

56. The method of Claim 55 wherein said step of
recording comprises recording the symbols of the C1 code ﬁords in
a symbol sequence different from the symbol sequence of said
preliminar§§Cl words.

57. The method of Claim 56 wherein'a pfeliminary C1
code word is comprised of odd and even symbols and wherein said
step of recording records the odd symbols together in an odd
' group and recotrds the even symbols together in.an even group.

58. The method of Clainm 57;wherein each Cl code word
is formed of m symbols.including m-n Cl parity symbols, where m

‘and n are integers; and wherein:

k =mxi + 2xj - m, when j < m/2

k = mxi + 2xj - (m-1), when j > m/2,
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where i is the sequential order of the preliminary Cl words of

input data, j is the sequential order of the m symbols in each
prelimin;rf Cl code word, and k-is the order in which the m
symbols are recorded on the disk.

59. The method of Claim 33 wherein the step of
encoding comprises encoding said user and TOC information in a
convolution code.

° 60. The method of Claim 33 wherein said step of.
modulating comprises supplying said TOC and user information as
n~bit bytes, reading from a selected one of plural storage tables
a 2n-bit szybol in response to a supplieq n-bit byte, and |
se;ecting s%idfone storage table as a funcfion of the precedihg
2n-bit symbol that had been read.

61. The method of Claim 60, wherein successive 2n-bit
symbols are run length limited. |

62. The method of Claim 61 wherein different 2n-bit
symbols are stored ;espectively in at least two of said storage
tables for the same n-bit byte.

-63. The method of Claim 62 wherein the 2n-bit symbols
stored in one of séid two storage tables exhibit positive digital
sum value (DSV) and the 2n-bit symbolé stored in the other of
said two storage tables exhibit negative DSV. |

64. The method of Claim 63 wherein the step of
selecting said 6ne,storagé table is determined as a function of
the nuﬁber.ofﬁ"O"'bits in ﬁhiéh the preceding 2n-bit symbol
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terminates and accumulated DSV of a predetermined number of
preceding 2n-bit symbols.

65. A method of reproducing data from an optical disk
h&ving a diameter less than 140mm, a thickness of 1.2mm * 0.1lmn
and a recording area divided into a lead-in area, a program area
and a lead-out area, and wherein said data is recorded as
embossed pits representing modulated, error-correction ehéoded'
user information in sectors:in user tracks in said program area
and representing modulated, error-correction encoded table of
contents (TOC) information in sectors in at least one TOC trgfk
.in-éaid lead-in area with said TOC information including
addresses of respective start sectors of said user tracks, the
tracks haVLng a track pltch in the range of 0.646um to 1.05um,
sald method comprising the steps of rotatlng said disk to obtain
a constant linear velocity; projecting a pickup light beam
through a lens for optically reading the_rotating disk, said
pickup light béam having a'spatial frequency £ = A/2NA, where the
spatial frequency £ is less than the track pitch, A is the
wavelength of the pickup light beam and NA is the numerical
aperture of the lens;.demodulatiﬁg the data read from said disk;
error correcting the démodulated:data; separating_the error
corrected data into TOC information and usef information; and
using said TOC_information to access and read selécted user
tracks in response to access instructions from a user.
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66. The method of Claim 65 wherein said embossed pits
have a linear density in the range bétween 0.237um per bit and
0.378um per bit.

67. The method of Claim 65 wherein said program area
is located in a portion of the disk having a radius of from 20mm
to 65mm. |

68. The method 6f Claim 65 wherein each sector of said
user and TOC tracks includes a Sector header ét a leading portion
thereof, said sector header containing a sector sync pattern, a
sector address; an error detection code, and subcode data. |

69. The method of Claim 68 wherein said subcode data
in a given sector includes a subcode identifier and subcode
1nformat10n of a type identified by said subcode 1dent1f1er.

70.- The method of Claim 69 wherein said subcode
identifier is a subcode address.

71. The method of élaim 69 wherein said subcode
information includes track identifying data which identifies the
track in which said given sector is recorded, copyright data
which indicates ﬁhether user information_in said track may be
copied, and application identifying data which identifies a
predetermined application allotted to said user information in
said track.

72. -The method of Claim 69 wherein said user
information is picture information representing a respective
picture, said picture information being recorded in at least one

92
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sector in a user track, and wherein said subcode information
includes first distance information representing the distance
from said given sector to the sector in which picture informatioﬁ
representing a next preceding picture is recorded and second
distance information representing the distance from said given
sector to the sector in which picture informatioh representing a
ﬁext,following picture is recorded. |

73. The method of 01aim.72 wherein said picture
information is recorded ih a lead sector and at least one
.following sect&r; and each said distance information represents
" the dlstance from said given sector to a next lead sector. -

74. The method of Claim 73 wherein said plcture
infofmatioqfis compressed picture data selectively comprised of
intraframe énCOded picture data or predictively encoded picture
data; and said first and second distance information each.
represents the distance from said given sector to the next lead
sector in which intraframe encoded*picture data is recorded.

75. The method of Claim 69 wherein said user
information is compressed picture data selectively comprised of
different types of compression-encoded data representing
respective pictures having é predetermined display sequence, and
said subcode information.includes type identifying information
. for idéntifying the type of compression-encoded data that is
recorded in said given sector and sequence information for

identifying the location in said display sequence of the picture
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represented by the compression-encoded data that is recorded in
said given sector. |

76. The method of Claim 69 wherein said user
‘information is variable'ﬁver time, and said subcode information
includes time code data fepresenting time information at which
said user informatidn.ié'recorded.

77.. The method of Claim 65 wherein said TOC
information'is representative of récord/piayback characteristics,
diameter, recording capacity and number of record tracks of said
disk. ' |

78. The method of Claim 77 wherein said
record/playback characteristics of said optical disk represent a
read only‘@}sk, a write once disk or an erasable disk.

fb;- The method of Claim 65 wherein said TOC
informaiion includes TOC identification data for identifying a
location of said at least one TOC track, data configuratibn of
said at least one TOC track, and sector configuration of each of
said plurality of sectors.

80. The method of Claim 65 wherein said TOC
information includes data representative of disk size.

81. The method of Claim 65 wherein said ToC
information includes data representative of a time code
associated with said user information.

82. The method of Claim 65 wherein said user
information is reproducible at a selected one of plural playback

94
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speeds; and said TOC information includes data representative of
said selected playback-spee&. -

83. The method of Claim 65 wherein said error-
correction encoded information is formed of a pre-established
number of Cl1 code words; each Cl code word containing user
information. symbols, C2. parity symbols each-of which is derived
from a user information symbol included in a preassigned number
of C1l code words, and Cl1 pafity symbols each of which is derived
from a predetermined number of symbols, including user
.information symbols and C2 parity symbols in said Cl code word;
énd wherein said step of error correcting comprises using saia ci
parity symbols to error correct the Cl code word which contains
said C1 parity symbols, using said €2 parity symbols in said-01
code word to error correct respective user information symbols
-included: in said preassigned number of Cl code words, and forming
an error corrected Cl code word from the user info;mation symbols
that had been corrected as a result of using said C2 parity
symbolé.

84. The method of Claim 83 wherein said user
information symbols are recorded in a disarranged order; and
wherein the step of error cbrregting further comprises
' rearranging the order of the symbols included in said error
corrected code word to an arranged sequence. | ’ '

85. The method of Claim 84 wherein said disarrangedu”

order is formed of odd user information symbols recorded in an

95. _
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ﬁdd group énd-even user information symbols recorded in an even
group, and said arranged sequence is formed of sequential
alternating odd and even information symbols.

86. The method of Claim 85 wherein each Cl1 code word
is formed 6f m symbols including n user information symbols,
where m and n are integers; and wherein:

i = (k/m) - (kmod2) + 1
| j = (m/2) x (kmod2) + (kmodm)/2
where i is the sequential grder of the error-corrected Cl code
words, j is the sequential order of the arranged sequence of m
symbols in each error-corrected Cl1 code word, and k is the a
disarranged order in which the m symbolé_are recorded on the
disk. Ty

8%. - The method of Claim 65 wherein the error
correction encoded data is in a convolution code.

88. The method of Claim 65 wherein said data on the
disk is modulated as a run length limited (RLL) code; and said
step of demodulating includes decoding said RLL data.

89. The method. of Claim 88 wherein said RLL code is
(2,10) RLL code, .such that successive data transitions are
separated by no less than 2 data bit cells and by no more than 10
data bit cells.

90. The method of Claim 88 wherein said RLL code is

recorded as 2n-bit information words, and said step of

96
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demodulating converts said 2n-bit information words into n-bit
information words.

9i. The method of Claim 90 wherein said step of
demodulating comprises storing in each of a plurality of tablés
several n-bit information words, selecting a particular table as
a function of-a preceding 2n-bit information word read from said
disk, and reading out from the selected table an n-bit
information word which corresbonds to the 2n-bit information word
presently read from said disk.

92. The method of Claim 91 whereln at least one 2n-bit
information word read from the disk corresponds to two dlffer;nt
n-bit information words one of which is stored in one table and
the other of, which is stored in another table, and wherein said
step of seleéting further comprises examining the 2n-bit
information word which next follows said presently read 2n-bit
information word to select said one or said other table as a
functioﬁ of said next—followiﬁg 2n-bit informafion word.

93. The method of Claim 92 wherein said step of
examining comprises sensing predetermined bits in said next-
following 2n-bit information word to determine the table to be
selected for said next-following 2n;bit information word, and
selecting-said one or said other table for said presently read
2n-bit information word depending upon the table to be selected

for said next following 2n-bit information word.
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94. Apparatus for recording data on an optical disk
having a diameter less than 140 mm, a thicknéss of 1;2 nmm + 0.1
mm and a recording area divided into a lead—in area, a program
area and a lead-out area, said apparatus comprising: input means
for providing: user information for recording in.a plurality of

sectors in user tracks and contents (TOC) information for

-recording in a plurality of sectors in at least one TOC track,

said TOC information including addresses of respective start
sectors, each identifying a start sector of a rgspective-usef.
track; encodiné'means for encoding both_éaid user information and
said TOC information in a long distance error correction code
having at least eight parity symbols; modulator means for
modulating.;he encoded user and TOC information; and recording
means for récording the modulated, encoded TOC information as.
eﬁbossed pits in said at least one TOC track in said lead~in area

and for recording the modulated, encoded user information as

émbossedfpits~in said user tracks in said pfogram area with a

. track pitch in the range between 0.646um and 1.05um.

95. Thé apparatus of Claim 94 wherein séid recording
means is operative to record said embossed pits with a linear
density in the range between 6.235pm per bit and 0.378um per bit.

96. The apparatus of Claim 94 wherein said recording
means is operative to record said program area in a portion of

the disk having a radius of from 20mm to 65mm.
98
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97. The appératus of Claim 94 wherein said modulator
means is a run length limited (RLL) ﬁodulator.

98. .The apparatus of Claim 97 wherein said RLL
modulator performs (2,10) modulation, such that successive
transitions are separated by no less than 2 data bit cells and by
no more than 10 data-bit cells.

99. The apparatus of Claim 98 wherein said modulator
includes means for converting n-bit data words representing said
user and TOC information to 2n-bit information words for
recording. .
) 100. The apparatus of Claim 94 wherein said recordigg
means is operative to record in said program area modulated,

encoded TQC information substantially identical to the TOC

information recorded in said lead-in area.

| 101. The.apparatus of Claim 94 wherein each sector in
at least said user tracks includes.a sector héader at a leading
portion thereof:;; and said recording means is operative to record
in said‘sector header, a sector sync pattern, a sector address,
an error detection code, and subcode data.

102. The apparétus of Claim 101 wherein said subcode
data in a given sector includes a subcode identifier and subcode
information of a type identified by said subcode identifier.

103. The apparatus of Claim 102 wherein said subcode

identifier is a subcode address.
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104. The apparatus of Claim 102 wherein said subcode
information includes track identifying data which identifies the
.track in which said given sector is ;ecorded, copyright data
which indicates whether user information in said track may be
copied, and application identifying data wﬁich identifies ‘a
predetermined. application allotted to said user information in
said track.

105. The apparatus of Claim 102 wherein said user
information is picture information representing a respective
picture; and séid recording means is operative to record said
piéfure information in at least one sector in said user tracks,
and to record as subcode informafion first distance information
representipg the distance from said given sector to the sector
in which p%cture information representing a next preceding
picture is recorded and.second distance information representing
the distance from said given sector‘tb the sectér in which
picture information'representing a next following picture is
recorded.

106. The apparatus of Claim 105 wherein said recoiding
means is further operative to record picture information in a
lead sector and at least one following sector.

107. The apparatué of Claim 106 wherein said encoding
means includes means for compressing picture data to selectively
form intraframe encoded picture data or predictively encoded: )

picture data; and each of said first and second distance
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information represents the distagce from s;id given sector to the
lead sector in which intfaframe.encoded.picture data is recorded.

108. The apparatus of Claim 102 wherein said encoding
@éans comprises méané for compressing a predetermined display
sequence of picturg data in accordance with selectively different
types of compression-encoding techniques, and said-subcode
information includes type:identifying information for identifying
the type of compression—eﬁcoding technique that is used to
compress the data recorded in said given sector and sequence
information fof identifyihg the location in said display sequence
of tﬁe picture represented by thé compressed picture data that is
recorded. in said given sector.

"109. The apparatus of Claim 102 wherein said user
info:mationzis-variéble over time, ahd said subcode-informgtion
includes. time code data representing time information at which
said user information is recorded. -

110. The apparatué of Claim 94 wherein said TOC
information is representative of record/playback characteristics,
diameter, recording capacity aﬁd-number of record tracks of said
optical disk.

111. The apparatus of Claim 110 wherein said
record/playback characteristics of said obtical disk represent a
read only disk, a write once disk or an erasable disk.

112. The apparatus of CIaim 94 Qherein said TOC ~
information'includes TOC identification data for identifying a

101
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location of said at least one TOC track and configuration data
for identifying a data gonfiguration of said at least one TOC
track and a sector configuration of each of said plurality of
séctors.

113. The-apparétus of Claim 94 wherein said TOC
information includeSidata'representative of disk sizé.

114. The apparatus of Claim 94 wherein said TOC
informafion incluées data representative of a time code
associated with said user information.

| 115. The apparatus of Claim 94 wherein said user
information is reproducible at a selected one of plural playback
speeds; and?said TOC information includes data representative of
said selectéd'playback speed.

116. The apparatus of Claim 94 wherein said encoding
means is comprised of means for receiving said user information
as input data; means for inserting'cz and Cl1l hold sections at
predetermined’ locations in said input data to thereby form
preliminary C1 words comprised of plural data symbols; means for
generating C2 parity symbols in response to a predetermined
number of data symbols of the same number of preliminary C1
words; means for replading'a C2 hold section in a preliminary C1
word with said C2 parity symbols to form a precursory Cl word;
means for generating Cl parity symbols in reéponse to a
precuréory Cl1 word; and means for inserting said Cl1 parity
éymbols into a C1 hold section to form a Cl code word, with a

102
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pre-established number of said Cl code words constituting said
long distance error correction encoded data.

117. The apparatus of Claim 116 wherein said recdrding
.means further includes means for recording the symbols of the él
code words in a symbol sequenéé different from the symbol
sequence of said prelimihary Cl words.

118. The apparatus of Claim 117 wherein a preliminary
Cl code word is comprised of odd and even symbols -and wherein
said means for_recording is operative to record the odd symbols
together in an odd group and the even symbols together in an &ven
group. S .

115. The apparéfus of Claim 118 wherein each C1 code
word is-fd&ﬁeq of m symbols including m-n C1 pariﬁy symbols,

where m and n are.integers; and wherein:

k=mxi+ 2xj - m, when j < m/2

k = mxi + 2xj - (m-1), when j > m/2,

where i is the sequential order of the preliminary C1 words of
input data, j is the sequential order of the m symbols in each
preliminary C1. code word, and k_is the order in which the m
symbols are recorded on the disk.

126. The.apparatus of Claim 94 wherein said encodingu

‘comprises a convolution code encoder.
- 103
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121. The apparatus of Claim 94 wherein said modulator
means comprises an n-to-2n modulator in which said TOC and user
information are supplied as n-bit bytes, including plural storage
tables, each for storing 2n-bit symbols corresponding to
respective n-bit bytes; means for reading from a selected one
storage table a 2n-bit symbol in response to a supplied n-bit
byte; and means for selecting said storage table as a function of
the preceding 2n-bit symbol that had been read.

122. The apparatus of Claim 121, wherein successive 2n-
bit symbols are run length limited.

B 123. The apparatus of Claim 122 wherein at least two of
said storage tables store dlfferent 2n-bit symbols for the same
n-bit byte. ",' | | |

124. The apparatus of Claim 123 wherein the 2n-bit
symbols stored in one of said two storage tables exhibit positive
digital sum value (DSV) and the 2n-~bit symbols stored in the
other of said two storage tables exhibit negative-DSV.

125. The apparatus of Claim 124 wherein said means for
selecting said ope storage table includes means for sensing the
number of “O" bits in which the preceding 2n-bit symbol
terminates, means for determining the accumulated DSV of a
predetermined number of preceding 2n-bit symbols and means for
selecting the storage table as a function of the sensed number of

"o" bits and the accumulated DSV.
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126. Apparatus for reproducing data from an optical
disk having a diameter less than 14bmm, a thickness of 1.2mm #
0.1mm and a recoxrding area aivided into a lead-in area, a program
drea and a lead-out area, and wherein said data is recorded as
embossed -pits representing moduiated, érfor-correction encoded
user information in sectors in user tracks in said program area
and representing modulated, errqr-correction encoded table of
contents (TOC) information in sectors in at least one TOC track
in said lead-in area with said ToC information including
addresses of respective étart sgctors of said user tracks, the |
tracks having a track pitch in the range of 0.646um to 1.05um,
said apparatus comprising means for rotating said disk to -obtain
a constantﬁ;inear velbcity; pickup means for projecting a pickup
light beam ;hfough a lens to oﬁtically read the rotating disk,
said pickup light beam having a spatial frequency £ = A/2NA,
"where the spatial frequency zli; less than the track pitch, A is
the wavelength of the pickup light beam and NA is the numerical
aperture of the lens; demoduléting-méans for démodulating the
data read from said disk; error correcting means for error
correcting the demodulated data; means for sepérating the error
corrected data into TOC information and user information; and
control means responsive to said TOC information to access and
read selected user tracks in response to access instructions from

a user.
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127. The apﬁaratus of Claim 126 wherein said embossed’
pits have a linear density in the range between 0.237um per bit
and 0.378pﬁ per bit.

128. The apparatus of Claim 126 wherein said program
area is located in a portion of the disk having a radius of from
20mm to 65mm.

129. The apparatus of Claim 126 wherein each sector of
at least said user tracks includes a sector header at a leading
portion thereof, said sector header containing a sector sync
pgttern, a sector address, an efror detection code, and subcode
data..

. 130. The apparatus of Claim 129 wherein said subcode
.data in.a égven sector includes a subcode identifier and subcode
. information of a type identified by said subcode identifier.
| | 131. The apparatus of Claim 130 wherein said subcode

i&enfifier is a subcode address.

' 132. The apparatus of Claim 130 wherein said subcode
information includes track identifying data which identifies the
track in which said given sector is recorded, copyright data
which indicates whether user information in said track may be
copied, and application identifying data which identifies a
predetermined application allotted to said user infbrmation in
said traék.

133. The apparatus of Claim 130 wherein said user

information is picture information representing a respective
. ' 106 -_
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picturé, said picture information being recorded in-at least one
- sector in a user track, and wherein said subcode information
inc;udes first distance information representing the distance
from said given sector to the sector in which picture information
representing a next preceding picture is recorded and second
distance information representing the distance from said given
sector to the sector in which picture information representing a
next following picture is recorded.

134. The apparatus of Claim 133 wherein said picture
information is recorded in a lead sector and at least one
foilowing sector; and each said distancejinformation represents
the distance from said given sector to a next lead sector.

3 .
iss,' The apparatus of-CIaim 134 wherein said picture
iﬁfofmation islcompressed picture data selectiveiy comprised of
intraframe encoded picture data or predictively encoded picture
data; and said first and second. distance information each
represents the distance from said given sector to the next lead
ségtor in which intraframe encoded picture data is recorded.

136. The apparatus of Claim 130 wherein said user
information is compressed picture data selectively comprised of
different types of compression-encoded data representing
fespective pictures having a predetermined display éequence, and
said subcode information includes type identifying information,
fqr identifying the type of compression-encoded data that is

recorded in said given sector and sequence information for
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identifying the location in said display sequence of the picture
represented by the cdmpression—encoéed data that is recorded in
said given sector. |

137. The apparatus of Claim 130 wherein said user
information is variable over time, and said subcode information
includes time code data representing time information at which
said user information is recorded.

138. The apparatus of Claim 126 wherein said Toc
information is representative of record/playback characteristics,
“diameter, redording capacity and number of record tracks of said
disk. |

139. The apparatus of Claim 138 vherein said
record/playgﬁqk characteristics of said optical disk represent a
read 6n1y disk, a write once disk or an erasable disk..

140. The apparatus of Claim 126 wherein said TOC
information includes TOC identification data for identifying a
location of said af leést one TOC track, data configuration of
said at least one TOC track, and sector confiquration of each of
said plurality of sectors. |

141. The apparatus of Claim 126 wherein said TOC
information includes data representative of disk size.

142:. The apparatus of Claim 126 wherein said TOC
information includes data representative of a time code

associated with said user information.
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143. The apparaius of Claim 126 wherein said user

}

information ié reproducible at a selected one of plural playback
speeds; and said TOC.information includes data representative of
said selected playback speed.

144. The apparatus of Claim 126 wherein said error-
correction encoded information is formed of a pre-established
number of Cl code words, each Cl code word containihg user
. information symbols, C2 parity symbols each of which is derived
from a user information symbol included in a preassigned number
of Cl1l code words, and Cl parity symbols each'of which is derived
'from.a predetermined number of symbols, including user
information symbols and C2 paritj symbols in said C1 code word;
and whereinfsaid error correctiﬁg means includes Cl parity
correction ﬁeéns to error correct a Cl1l code word with Cl1 parity
symbols included therein, C2 parity correction means to error
_correct respective user information symbols included in said
breassigned number of Cl code words with C2 parity symbols
included in the error corrected Cl1 code word, and means for
forming an error corrected Cl1 code word from the user
information symbols that had been corrected by using said c2
parity correction means.

145. The apparatus of Claim 144 wherein said user

information symbols are recorded in a disarranged order; and

wherein said error correcting means further includes rearranging
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means for réarrahging the order of the symbols included in said
error corrected Cl code Qord to an’ arranged sequence.

146. The apparétus of Claim 145 wherein said
disarranged order is formed of odd user information symbols
recorded in an odd group and even user information symbols
recorded in an even group, and said arranged sequence is formed
of sequential alternating odd and even information symbols.

147. The apparatus of Claim 146 wherein each Cl code
word is formed of m.symbols including n user infsrmation'symbols,
where m and n are integers; and wherein:

= (k/m) ~ (kmod2) + 1

. = (m/2) x (kmod2) + (kmodm)/2
' whefe,i is épe sequential order of the error-corrected Cl code
words, j is ;hé sequential ordér_of the arranged sequence of m
symbols in each error-corrected Cl code word, and k is the
disarranged order in which the m symbols are recorded on the
disk.

148. The apparatus of Claim 126 &herein the error
correction encoded data is in a convolution code.

| 149. The apparatus of Claim 126 wherein said data on
the disk is modulated as a run length limited (RLL) code; and
said'demodulating means includes an RLL decoder.

150. The apparatus of Claim 149 wherein said RLL code"

is (2,10) RLL code, such that successive data transitions are
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'sep;rated by no less than 2 data bit cellé and by no more than 10
data bit cells.

151. The apparatus of Claim 149 wherein said RLL code
is recorded as 2n-bit information Qords, and said RLL decoder
converts said 2n-bit information words into n-bit inférmation
words.

152. The apparatus of Claim 151 wherein said RLL
decoder comprises a plurality of storage tables, each for storing
several n-bif information words, means for selecting a particular
table as a function of a preceding 2n~-bit information word read
froﬁ said disk, and means for readiﬁg out ffom the seiected table
an n-bit information word which corresponds to the 2n-bit
informat{og word presently read from said disk.

f53; The apparatus of Claim 152 wherein at least one
2n-bit information word read from the disk corresponds to two
different n-bit information words one of which is stored in one
table and the other of which is stored in another table, and
wherein said means for selecting includes means for examining the
2n-bit information word which next follows said presently.read
2n-bit information word to control the selection of said one or
said other table as a function of said next-following 2n-bit
inforﬁation word.

154. The apparatus of Claim 153 wherein said means for
examining comprises means for sensing predetermined bits in said

next-following 2n-bit information word to determine the table to
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be selected for said next-following 2n-bit information word, and
means for controlling said selecting means to.select said one or
said other table for said presently read 2n-bit information word
dépending upon the table to be selected for said next following

2n-bit information word.
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