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BACKGROUND OF_ THE .;[NVENTION

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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appllcatlons and is basically an audio CD with various inpripviélieats=ahdS BEEN

the standard conpact disk (CD) that has been devel oped for juuiu
refinenments particularly adapted for conputer applications. FLBlng SUSHEP CD

as a'standard, the CD-ROM has a data storage capacity of aboUut 600 MIyTES.
By using audio CD technology as its basis, the, CD-ROMand its disk drive
have becone rel atively inexpensive and are quite popul ar. However, since
conventional audio CDs with their inherent format and storage capacity have
been adapted for CD- ROV5, it has heretofore been difficult to inprove the
data storage capacity. In typical conputer applications, a capacity

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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of 600 Moytes has been found to be insufficient. Al so, thedetetrat
rate that can be obtained fromaudio CDs generally is |ess||tH## CHE4T HAS BEEN
Mbi t s/ sec . (Mops). However, conputer applications general | yl{ r equiR&*ASED
transfer rate far in excess of 1.4 Mps; but it is difficulT to attara———
faster transfer rate wth conventional CD ROVS, Date: 01 NOV 1995 2

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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Yet anot her di sadvantage associated with conventional CD —ang v %Lﬁéjéﬁ
due to the fact that the audio CD format has been adapted Jhkceﬁputﬁﬁs =
applrcat|0ns is the relatively long access tinme associ at mnth”écé%@%%nq

a particular location on the disk. Typically, relatively |ong strings of
data are read from audi o CDs, whereas conputer applications often require
accessing an arbitrary location to read*a relativély snmall anpunt of data
therefrom For exanple, accessing a particular sector nay take too nuch
time for the CD controller to identify which sector is being read by the
optical pick-up. A still further difficulty associated with CD- ROV, and

An additional object is to provide an improved 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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which:also'is attributed to the fact that such CD-ROVs ar S ed- Upof—aueioT)
CD technol ogy, is the error correcting ability thereof. efHigudiid 'datABEEN
repréduced froman audio CD, errors that cannot be correctled neli&r tvefdss
can be conceal ed by using interpolation based upon the high correration of
the audio information that is played back. However, in conputer
applications, interpolation often cannot be used tfo conceal errors because
of the low correlation of such data. Hence, the data that is recorded on a
CD- ROM nust be encoded and nodulated in a form exhibiting high error
correcting ability. Heretofore, data has been recorded on a CD-ROMin a
convent itadksc S 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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I nt erl'’eave "Reed- Sol onon code (CIRC) plus a so-called block conpletion error

correction code. However, the bl ock conpletion code general Ha-QS;?HASBEHV
rel ativel y | ong anount of time to decode REPLACEMENT S ? igigbéﬂll

© 1995 3 the data, and nore inportantly, its error correctio bt de—s

believed to be insufficient in the event that nultiple errors are

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 ihventionf the RLL code that
is used preférably converts s'bits 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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present in'a block. Since two error correction code (ECC) tpehreoes—are——
used for a CD-ROM whereas only one ECC techni que is used florTH&SHEET IAGIBEEN
(nangly, the CIRC technique), a greater anmount of non-data {f nf or FHALSEERSt
be recorded on the CO-ROMto effect such error correction, and this
non-data. information is referred to as "redundant” data. |In an attenpt to
I nprove. the error correction ability of ‘a CD-ROM "t he anount of redundancy .
that must be recorded is substantially increased. OBJECTS OF THE | NVENTI ON
Therefor, it is an object of the present invention to provide an_inproved
optical disk having particular use as a CD

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
. x _

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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ROM whi ch overcones the aforenoted difficulties and di sadva
associ ated with CD-ROMs whi ch have been used heretofore. An t RS SHFECHAS BEEN
this. nvention is to provide an optical disk which exhibitsla hi giéFPLACEDSS

speed, thereby permitting quick access of arbitrary |ocations,—such as
sectors, to be accessed quickly. A further object of this invention is to
provide an inproved optical disk having a higher transfer rate than the
transfer rate associated with CD-ROVMs heretofore used. A further object of
this invention is to inprove the storage capacity of an optical disk, .

thereby making it nore
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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advant ageolus for use as a CD- ROM REPLACEMENT SHEET Dat e
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An additional object is to provide an inproved optical disk QIB BEEN
data, with reduced redundancy. Still another object of this nvpnfrﬁn i o

provi de an.inproved recording format for an optical disk which enhances the

Fig. 19 is a.séhqutic representation of a shﬁrt
distance error correctibn code format that could be used with the
present invention; '

Fig. 20 is a schematic representation of the sequential
order of rearranged data symbols after those symbols have been
played back from the disk; |

Fig. 21 is a schematic representation of a sector of
data that has been error correction encoded;
| representation of a block code

Fig. 22 is a schematic

of error correction encoded data
. Fig. 23 is a schematic

. of error correction encoded data

in the long distance format;
representation of a block.code

in the short distance format;

Eig. 24 is a schematic representation 6f a string of
data symbols exhibiting EFM modulation;
Fig. 25 is a flowchart explaining how margin bits are
. selected in the EFM modﬁlated data shown in Figqg. 24;
Fig. 26 is a biock diagram of an EFM modulétor that can
be used to produce the data.string shown in Fig. 24;
Fig. 27 is a séhematic fepresentation of a frame of EFM
modulated data; |
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..ng-ZBD are explanatory waveforms which are
usefui:in ﬁnderstandiné how margin bits are selected;
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error ‘correcting ability thereof. Another object of this i HLIUH”IS“ SRR
provi de an optical disk having a substantially inproved re:o'a§ denéT%?EEN '
t her eby faC|I|tat|ng use of the disk as a CO-ROM A furtherLahj et £ ot “¥Ri s

invention is to provide an inproved optical disk- -having data recorded in
sectors, with each sector having a sector header that is easily and rapidly
read, particularly because the sector header is not encoded in a form which
requires a substantially long anount of tine before it is successfully
decoded and recogni zed. Various ot her ObjECtS advant ageous and features of
t he

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

l0 T
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invention will become readily apparent fromthe eniuhﬂgcﬂetallengEN
description, and the novel features will be particularly p:|ntedg0utﬁuggthe

appended ¢l ai ms. SUMVARY OF THE | NVENTION I n accordance wi tha—thi=s
i nvention, an optical disk, a method and apparatus for recording that disk
and a nethod and apparatus for reading data fromthat disk are provided.
The di sk has a dianeter of less than 140mm a thi ¢kness of 1.2mm O.1mm
and a plurality of record tracks exhibiting a track pitch in the range
between 0.646[err]mand 1.05[errlmw th data recorded in those

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:- . :
_ A
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REPLACEMENT SHEET Date: OL NOV 1995 .5 tracks as enbossed | ,g*_4 CREen
are divided into a lead-in area, a programarea and a | ead- OTHGaNé ' %

tabl e of content (TOC) information being recorded in at | edst_on BETH ack
in the lead-in area and user information recorded in a plurality of user :
tracks in the programarea. Each track is divided into sectors and the TOC
i nformation includes addresses of the start sectors

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 ma& 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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of each user track. The data (both TOC and user i nformati dp)Hisseneread BEEN
‘a long distance error correction code having at |east eig par igpeyosmwl s,
t he encodéd data bei ng nodul ated and recorded on the disk. e 5= '
data is nodulated as run length limted (RLL) data. In the preferred

enbodi nent, the data is recorded with a linear density in the range between
‘0. 237[err]mper bit and 0.378[err]mper 'bit. A so, the programarea is

di sposed in a portion of the disk having a radius from20mmto 65mm The
format of the data advantageously pernlts rapid access to a desired sector.
Reduced redundancy in the recorded

capacity of the disk likewise is varied. For example, if the

track pitch is on the order of about .646um, the storage 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

13 —
Sheet Has Been Rep laced

HIIlIll L 1



data and a higher storage capacity are attained. Advant agfFeEsE

opti cal
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di sk may record data having particul ar conputer af

refefred fo conputer data, or video and audio data, the | jitter BEPHCED
conpressed by the so-called MPEG (Myving Picture | mage: Coding EXperts
G oup) technique. Audio data which also nmay be recorded preferably is
conpressed and then nultiplexed with thé MPEG conpressed vi deo dat a.
REPLACEMENT SHEET

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 information
also incluées_data related to the user information per se, such
as ihformation 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 data or TOC information; and adder
127 serves to produce the ‘error detectlon code after a sector of

14 -
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Date ‘01 NOV 1995 6 The error correction code used with the present

I nvention preferably is a |l ong distance code having at |ea S?QP {hE BEEN
synbdl s. - ECC t echni ques whi ch have been used heretofore ha Lg@gn '

I\II ded

so-cal |l ed short distance codes in which a block of data is

T
e

sub- bl ocks, each sub- bl ock being associated with a.nunber of parlty
synbol s, such as 4 parity synbols. It is known, however, that 4 parity
synbol s may be used to correct 4 data synbols, and if 4 data synbols in
each sub-bl ock are erroneous, the total nunber of 8 erroneous data .. ~

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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synmbol's can be corrected. But, if one sub-block contains 5 grronegus -data
synbol s, whereas the other sub-block contains 3 erroneous dahaﬂggm@cigAsqggN
of the short distance code may be effective to correct onlyif4 (kHthnNdEDs
in the one sub-block, thus permtting a total error correct¥oreob—Fdata
synbols. But, -in the long distance code, the block of data is not

sub-di vided; and as a result, all 8 erroneous data synbols, if present in
the. l ong di stance coded data, can be corrected. As another feature of this

i nvention, the RLL code that is used preferably converts 8 bits-of input
data into 16 bits of data for recording (referred to as 16 channel bits)

With no at which the user data is 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
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margi n bits provided between successive 16-bit synmbol s. | n |RIHISSd@sT a8 BEEN
heretofore, 8 data bits are converted into 14 channel bitsiand t FE&e238EDgI n

bits. 'are inserted between successive 14-bit synbols. Thus, The preseft
i nvention achieves a reduction in redundancy. REPLACEMENT SHEET Date: 01

NOV 1995 7

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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BRI EF DESCRI PTI ON OF THE DRAW NGS The fol | owi ng detailed de Cﬁ'h%td“-(t’q"' 9A§%EEN
by way of exanple and not intended to |imt the present invgn 0t eh¥p
thereto, will best understood in conjunction with the acco :
in which: Fig. 1 is a block diagramof the preferred technique by which
optical disks are made in accordance with the present invention; Fig. 2 is
a block diagram of apparatus incorporated in the present invention for
reproduci ng data fromthe optical disk that has been nade in accordance

with the techni que shown in Fig

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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1; Fig. 3 is a schematic representation of the recording ar

’ nade by the technique shown in Fig. 1; Fig. 4 is a schemati ﬂﬂgbﬁéseht@thHEN !
showl ng the recording areas of Fig. 3 in greater detail; Filg. 5 REFAACED }
schematic representati on of another format of the recordlng areas; FIQg. ©

is a schematic representation-of still another format of the recording,
areas; Fig. 7 is a schematic representation of yet another format of the

recording ar eas;

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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Fig. 8 is a tabular representation of .a portion of the infor O T Gl
in the TOC region of the disk.; REPLACEMENT SHEET Date : Off Nv“T9§ _%eéJEEN
Fig..'9 is'a tabular representation of another portion of thelldata T’8c i

in the TOC region; Fig. 10 is a schematic representation of a sector of

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 storéd'ih_the ring buffer. For example; when data is
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data fecorded on the di sk; Figs. 11A-11E are tabular repres

dlfferent types of subcode data that nmay be recorded in a sjgctor;

O-0F n
" S

Er’ﬁ—% 5 )%51 Qas BEEN

| Svvwmamttirmmad |

is a'tabul ar representation of copyright data that may be rike

subcode information in a sector; Fig. 13 is a tabul ar representatlon of
application ID information that -may be recorded as the subcode information
in a sector; Fig. 14 is a tabular representation of tine-code data that nmay
be recorded as the subcode information in a sector; Fig. 15 is a tabul ar
representation of picture-type

‘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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dat a t hat nay be recorded as.the subcode information in a se
is a tabular representation of ECC type data that may be inc dHéﬁSﬂiEﬂHASBEEN

TOC i'nfor mation recorded in the TOC regions; Fig. 17 is a schenatiB¢PLACED
representation of one frame of error correction encoded dat a, déﬁrF%f§ﬁ=as===:

a Cl code word; Fig. 18 is a schematic representation of the Iong di st ance
error correction code format used with the present-invention;

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

22
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of a short distance error correction code format that could
the present invention; Fig. 20 is a schematic representatio '
sequenti al order of rearranged data synbols after those synbols have been
pl ayed back fromthe drsk Fig. 21 is a schematic representation of a
sector of ‘ E

REPLACEMENT SHEET Date: 01 NOV 1995 9 Fig. 19 is a schemati CJ

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 respends to a user-generated request to
access a 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 symbole included in d;fferent c1
code words, sector information:is gﬁickly detected quickly by not
23 e |
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representation of a block code of error correction encoded éﬂﬂsf‘it»éﬁﬁ%ﬁﬁEN
di stance format; Fig. 23 is a schematic representation of allbl ock™ Vet

data that has been error correction encoded; Fig. 22 is a sﬁﬁﬁﬁﬁffe_

error correction encoded data in the short distance format; Fig. 24 is a

schematic representation of a string of data synbols exhibiting EFM

nodul ation; Fig. 25 is a fl'owhart explaining hownmargin bits are sel ected
in the EFM nodul ated data shown in Fig. 24; Fig. 26 is a block diagram of
an EFM nodul ator that can be used to produce the data string shown in Fig.

24,

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 C1

code words, thus requiring the recovery and error correction of

all of those C1 code words 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 100 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

embodiment, the sectors included in the lead-in area exhibit

negative sector addresses ending with the sector address -1

which, in hexadecimal notation is OxFFFFFF. The sector address

of the first sector in the program area is identified as address

0. 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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Fig. 27 is a schematic representation of a frane of EFM nod
Fig. 28 is a table which explains how margin bits are sel ect
when<form'ng the string of EFM data shown in Fig. 24; Figs.

-

L THISIBHEFT 84S BEEN |

PIA- 29D ar-eED

expl anat ory waveforns which are useful in understandi ng how margrm bris—are

sel ect ed; REPLACENMENT SHEET

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

25
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Date *01 NOV 1995 10 Fig. 30 is a block diagramof a nodul gt
used with the present invention; Fig. 31 is a block diagr '%ﬂos“ -f%ASBhEN
denodul at‘or that may be used with the present- i nvention; 9. 32°s. % El ock

di agram of apparatus which nay be used to supply data for the recordirfg
techni que shown in Fig. 1; and Fig. 33 is a block diagran1of data recovery
apparatus that may be used with the playback apparatus shown in Fig. 2.

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

26
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DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS The present i nyepds eREEEEASHBEEN
different types of data on an optical disk, preferably for use as rEAUACRDM
but al so adapted for ‘use as a digital video disk (DVD). Such—= ;
file data or application data to be used by a conputer, or it may conprise
vi deo data which sonetines is referred to herein as notion picture data

whi ch includes image information and audto information and which preferably
i's conpressed in accordance with the various conventional video data

conpr essi on standards, such as those known MPEG 1, MPEG 2, or when stil
video pictures are recorded, JPEG It will be appreciated, therefore, that

t he 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
N necessarily, égch sector.ié comprised of 2048 bytes and an
example of the TOC information recorded in a TOC region is set

out in the follow1ng Table 1.

27
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* i nformation on the disk adnmits of "multimedia" applicati 19%%4ESBEEN
describing the technique used to record data on the optical

description is provided of the disk itself. The physical par_ :oL- h@
optical disk used with the present invention are quite simlar to the
conventi onal audio REPLACENMENT SHEET Date : 01 NOV 1995 11 :

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 — | . 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. .

28
This Sheet Has Been Replaced

[T




CD; and for this reason, a drawing figure of the disk is n
‘Nevertheless, it will be appreciated that the dianmeter of
“or leéss, preferably 120mm or 135nm Data is recorded in tr
described in greater detail, having a track pitch in the range between
0.646[err]mand 1.05[err]m and preferably in the range of 0.7 to
0.9[err]m Like audio CD data, the data‘recorded on the optical disk is in
the form of enbossed pits having a |inear density in the range bet ween
0.237[err]mper bit and 0.387[err]mper bit, although this range could be
in the range of O0.3[err]mto O.4[err]mper bit. Data is recorded in that

portion of the di gheh@witad vhididbhdtRBREMHS S infnflitton Whose

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

1Q|'?~QV1 490448 BEEN
di gkal acgd0mm

Table 2

Disk Information

Field Name : sze(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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thickness is 1.2mm O 1lmm is intended to be driven for a pkayback

operation such that its linear velocity is in the range of {{3T3id 105 I3AS BEEN
secohd. As a result of the linear density and track pitch af the“drskvh
information is optically read fromthe disk by a pick- up
projects a |light beam of wavelength [err] through a | ens having a nuneri cal
aperture NA such that the projected beam exhibits-a spatial frequency
[err], where [err] = [err]/(2NA). The light source for the optical pick-up
preferably is a | aser beam whose wave length is A = 635nm this | aser beam

being projected through a | ens whose nunerical aperture is NA = 0.52,
resul tigie idid¥e 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 consistent with the sensed data structure.

Disk nge' 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. |
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spatial frequency [err] = 61lnm Typical exanples of the )hMﬁbG@k:THASBEEN
parameters associated with the optical disk are as following: greRat@:p0

NOV 1995 42 Disk dianeter = 120mm Program area = 23nmm t ot
= 0.84[err]m :

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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Li near denéity = 0.307[err]m This results in a data st or affe IOEJICJ,LyLI BEEN
4. 4CGbytes. One proposed structure for recording data on thg |QaL FE
knowa as the EFM Plus frame (EFMrefers to eight- to-fourtepn nnﬁn1ﬁ¢

An EFM Plus frame is formed of 85 data synbols (each synbols is a 16- b[t
representation of an 8-bit byte) plus two synchronizing synmbols thus
consisting of 87 16-bit synbols. One sector is conprised of 14 x 2 EFM pl us

frames. But, the anmount of user information that is present in a se h ENT
that is, the anount of. i nformati on whi ch contai ns useful data 93915 192
excludes sector header infornmation, error detection code

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 Langgage-Countrx Code: This 3-byte fiéld is
intended to identify the actual language of the tltle of the
dlsk. For example, if the actual title of the disk is 1p
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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(EPC)'infanation,_et cetera, is 2048 synbols. Accordi ngl the—efficiongy
of the EFM Plus format nmay be cal cul ated as: (2048 x 16)/ Smﬂs”iﬁﬁ!HWBBEéNt,
= 0.8407.: That is, the efficiency of the EFM Plus format |is approxismtely j
84% which neans that 84% of all of the data that is recoFfetFiHF—a~seEror—=
Is useful data. Therefore, if the storage capacity of the optical disk is
4.4 CGobytes, as nentioned above, the anobunt of user data that can be stored
on the disk is 84%x 4.4 Ghytes = 3. 7Goytes. O course, if the track pitch
is varied and/or if the linear density of the enbossed pits is varied, the
st orage - T

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.

o Nﬁmber-cf Track Entries: This 1-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:
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REPLACENENT SHEET Date :01 NOV 1995 13 capacity of the di e

vari ed. For exanple, if the track pitch is on the . order off| dbBBEHEET HASBEEN
.646]err]'m the storage capacity of the disk may be on thelorder? LAt

6. 8Ghytes, whereas if the track pitch is on the order of abou '
the storage capacity is on the order of about 4.2CGbytes. As a practlcal

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

0 N DB W W R

Reserved for Application ID Strings
'TOTAL

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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mnimmtrack pitch and mnimumlinear density because it ig .
the track “pitch be no less than the spatial frequency of_thegggrk-ﬁ,.
and the linear density be no |ess than one-half the spatial frequency of
the pick-up beam Wen conpared to the audio CD, the linear density of the
recorded data of the optical disk used in the present inventionis -
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 capacity of the audio CD. The opti cal

di sk of ddtnh PEes@Pimay be assigned a random number  and this random number .

tter, hoﬁéver, the spatial frequency of the pick-up beam dfT rn e
mat t e p quency JHS S Eé H‘g EEN

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,
fbr example, video data, does not reqﬁire ?éal timé 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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i nvent i

tinmes the linear velocity of the audio CD and the data trangfer

opti cal

on is driven to exhibit a linear velocity bf appr oxi | Ly Ny
S

4ﬂiﬁ

di sk of the present invention is approximately 9 Mps.—-whi€ch

about six tines the data transfer rate of the audio CD. Wth the foregoing

i'n m nd,

reference is made to Fig. 1 which is a block diagram of the

techni que used to make an optical disk of the type that has just been
described. An input termnal 121 is supplied with user data to be recorded,

this data being

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. Since 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
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REPLACEMENT SHEET Date: 01 NOV 1995 14 formed of, for exarrp! ﬁ%ﬁ}i&%@%@

video and audio information, title data and sub-infornmation

EEN

J

not {imted to, conputer files,, character data, graphi c information, -
cetera. The data supplied to input termnal 121 is produced by the
apparatus shown in Fig. 32 and will be described bel ow. The user data is
coupl ed to a change-over switch 124 whi ch also is ‘adapted to receive table
of content (TOC) :

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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P~y

i nf or mat i on supplied to the swtch froman input term nal RZ=wFa—a—FSE
encoder 125. The TOC infornation identifies various paraneiéﬂﬁ&ﬁHEHﬁﬁkﬁsﬁEN
whi ch are’used for accurate reproduction of the user inforimti onREBEAFERd

t hereon; and the TOC i nformation al so includes data related to the User

I nformati on per se, such as information that is helpful in rapidly
accessing the user information recorded'in particular tracks. The structure
of the TOC information is described below. Switch 124 sel ectively coupl-es
user data supplied at input terminal 121 and encoded TOC data supplied at
input terminal 122 to an error detection code (EDC) adder 127. As will

° : 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.

38 Sheet Has Been Replaced

T



be descrrbed TOC information is recorded on one portron of R_a| ?FEN:
user data is recorded on another portion; and switch 124 se é@1§ gp 1€

TOC i'nformation or the user data at the appropriate tines.

descri bed below in conjunction with, for exanple, Fig. 21, the error
detection code is added at the end of a sector of user data or TOC
I nformati on; and adder 127 serves to produce the error detection code after

a sector of REPLACEMENT SHEET

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.d 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 accurefely 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 byte 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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Date >01 NOV 1995 15 data has been received and then adds tvg}ﬁ% PEeT
detection code to the end of the sector of data. In the pregje é.; 'AH{‘_\_S BEEN
enbodi nent, a sector is conprised of 2048 bits of useful dd;a::pﬂﬁ%ﬂp§¥4*v

bytes, plus sector header data, plus a nunber of "reserved" bytes, plus 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.
As will be described belowin conjunction with Fig. 10, a sector header

i ncl udes a synchroni zing pattern and -

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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information useful to rapidly identify access the sector. §Q%& I
particularly in sectors containing user data, includes su fH-ge ﬁﬂi 2 (E{%f?%‘}d
whi ¢h is¢coupled to the sector header adder by way of a s

encoder 129, the latter operating to encode subcode information supplied
thereto by way of input termnal 123. Such subcode information is generated
by a suitable source and, as will be described further below in conjunction
with Fig. 11, is used to provide hel pful identifying and contr ol
information related to the user data that is recorded on the disk. For
exanpl e, the subcode information identifies the track nunber in which the

sector f@h?higoﬂh%i@%fﬂgsﬁfﬂgﬂéxghdress 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.
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inforhatroh is recorded, copyright nanagenment information Whildi® SHEET HASBEEN
whet her the data reproduced fromthe disk, such as video data, nﬁbeACFD

copi‘ed, application JD informtion which de5|gnates t he particurar
user-application for the data recorded in the sector, tinme code data which
represents tine information  REPLACEMENT SHEET Date: 01 NOV 1995 16

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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at which the user data is recorded, and information rel atijpgHi® SHcdEGIAS BEEN
pictures that may be recorded on the disk, such as the disfance REFLACED
separ ati-oh, between a video picture recorded in this secto

next-foll ow ng and the next-preceding video pictures. A systemcontroller
110 controls sector header encoder 129 to nake certain that the proper
subcode information and ot her sector header information (as shown in Fig.
10) is placed in the proper data |ocation for proper recording in a user
track. User data, including the sector header added thereto by reason of
sector header adder 128, is subjected to error correction encoding carried

out by gﬂdEQCbiL@TPééEE§%411y 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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conbi nation with a menory 131 and a nmenory control section_133 _the latter

may be used with the present invention, subject to nodificgtion FREPIAG
applicable to the data recorded on the optical data, is d ' '
States Reissue Patent Re 31,666. In one enbodi ment of the present

i nvention, the ECC encodi ng produced by‘circuit 132 i s convol ution coding
and is described in greater detail belowin conjunction with Fig. 17. It
is sufficient for an understanding of Fig.- 1 sinply to point out that the
" ECC encodi ng assenbles a frame of data bytes or synbols, referred to as a

C2 codgo'¥dhsist of only 8 bits. It is appreciated, however, that the

being controlled by systemcontroller 110. An exanple of J@§%@@E$%éé) EN

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
R T -
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formed of, for exanple, 116 bytes or synbols, and generat
as a function of a respective data byte or synbol in a pr
of G2 code words. For exanples if the Date: 0 1 NOvV 19
or synbols in each C2 code word exhi bit the sequence 1, 2,
parity byte, or synbol, may be produced by conblnlng byte
word [err] and byte 2 fronl[err]

STIIB SHEET YADPEEN

det er RERRACEDNDer

116, a C2
1 from C2 code

symbol in this first preliminary Cl1 word with respective data:

symbols in the next-following preliminary C1 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 produced by modulo-2 combining two data words,

then one data word of the first preliminary Cl1 word is modulo-2

combined with one data symbol in the next symbol position of the

next-following preliminary Cl word. If the C2 parity sfmbollis |

produced by combinihg three data stbols, then one data symbol in

successive symbol positions from each of three successive

preliminarnyl.words are combined to produce the C2 parity

symbol. And if the C2 parity symbol is generated by combining

‘four data symbols, than one data symbol 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 positions in the

respective preliminary Cl1 words. That is, if the data symbol in

.the_first preliminary C1 word is the nth data symbol, the data

- symbol in the second preliminary C1 word is the (nth + 1)th data

symbol, the data symbol in the third preliminary Cl1 word is the-

(n + 2)th data symbol, and so on.

When 12 C2 parity symbols are generated in the manner

just described, those 12 C2 parity symbols are inserted into the

G




Anot her C2lparity byte may be produced by conbining the thi Q}mygﬂEQfH@éBEEN
code word [err] and the fourth byte of [err] In this manne t haqdpd_ v g Ly

byt es are<generated by a cross- i nterl eave t echni que; and as':
such C2 parity bytes are added to the C2 code word C21, even though such C2
parity bytes relate to data bytes included in other C2 words. Then, Cl
parity bytes are generated for the C2 word (such as C21) to which has been
added the C2 parity bytes, resulting in what is referred herein as a C1
code word (such as [err] The resultant Cl code word, consisting of 116 data
bytes, plus 12 C2 parity bytes, plus 8 Cl parity bytes is stored in menory

131. C2 hold section of this first preliminary C1 word, thus forming a
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 Cl 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

46 —
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The séquenfial order of the data bytes in the Cl1 code word —FF =
menory 131 is rearranged by, for exanple, delaying the odd Uﬂﬁ%:%@TaﬂﬁiBEEN
forman odd group of data bytes and an even group of data Mhytes PERHGERAch

group consists of only one-half of the data bytes included in the CI code
word, an odd group of data bytes of one Cl code word is conbined with an
even group of data bytes of the next-folifow ng Cl1 code word, thus formng a
di sarranged order of bytes. This disarranged order inproves the burst error
i mmuni ty of the ECC encoded data. The disarranged order of the ECC- encoded
bytes.is supplied fromnmenory 131 to a nodul ator 140 which, preferably,

carriesp@iit§ 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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(EFM. nndulatlon could be used, if desired. Menory controller 13g=puppEDes

REPLACEMENT SHEET Date: 0 1 NOV 1995 18 to-16 modul ation, i’l therehesr has BEon

to ménory ‘131 the necessary read and write addresses to en
generation of the -C2 parity bytes in cross-interleaved formand also to

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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rearrdnge the sequential order of the data bytes into the afﬁﬁgmgﬂptﬁﬂﬁ@SBEEN'
di sarranged order. In the preferred enbodi nrent of the ECC en Omlnhgpkgwhb

:llu -

t echni que,” a I ong di stance code, also known as the L format,
format results in C code words that are arranged as shown in Fig. 18,
described further below. If desired, the ECC- encoded data may exhibit a
short distance code or S format, such as'is depicted in Fig. 19, described
bel ow. Dependi ng upon whet her the L format or the S format is sel ect ed,
system controll er 110 controls nenory controller 113 such that the read and
write operations of menory 131 pernit the data bytes to be

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 Dgg .~ 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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ECC éncoded in either the L format or the S format. Mdul g ofiyd 40 sermeBRHN
converts 8-bit bytes supplied thereto fromnenory 131 intoj 16- biggisyming s.

. Each synbkol is run length linmted (RLL), as will be describet—H—wt—pe——
~appreciated that, by generating 16-bit synbols, the accunulated di.gital sum
val ue (DSV), which is a function of the run length of the digital signal,
that is, the nunber of consecutive Os or the nunber of consecutive is, s
limted to pernit the DC conponent which is produced as a function of such
consecutive Gs or is, to

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
s 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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REPLACENENT SHEET Date: 01 NOV 1995 19 renmin at or
suppressing the DC, or
i's récorded,

si gnal
si gnal

make an origi na

cl ose o B
| ower frequency conponent of the djgpgadagﬁhﬁés?ﬁgﬂ
errors that otherw se woul d be present when g T Al

i's reproduced are m nimzed. Mdul ator 140 thus produces a recording
which is coupled to cutting apparatus 150. This apparatus is used to
di sk from which one or '‘nore nother disks may be

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
| Another

subcode field may have the structure shown in Fig. 16.

technique that can 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

51
Sheet Has Been Reraced

o



produced and from which copies may be stanped for distribu‘fgﬂsifﬁﬁfré%BEEN

users. That is, such stanped disks constitute the CD ROVs. :lLa_on

enbodi ment, the cutting apparat.us includes an el ectro-optical nodul ator 151
which relies upon the so-called Pockels effect to nodulate a |ight beam
that is used to "cut” an original disk. This original disk is used by a
mast eri ng apparatus 160 to produce a naster of thé original disk. The

mast eri ng apparatus relies upon conventional techniques, such as

devel opnent and vacuum deposition, to produce a plurality of nother- di sks.
Such not her disks are used in stanpers which ejection nold copies that

subsequeiin ¥y o fxEPF ¥ eRSE 8R¢ qata 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 Cl1,-Cl,,; to remain in that
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distributed. Blocks 171 and 172 in Fig. 1 are intended to ripHeS8REET RAS BEEN
i njection nolding and packagi ng apparatus in manufacturing |such @staCeEDhe
conpl eted disk is depicted as di sk 100. The techni que used 't
i nformati on recorded on optical disk 100 now will be described in
conjunction with the bl ock diagramshown in Fig. 2. Here, the disk is
REPLACEMVENT SHEET ' ' -

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 result, 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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Dat e: 0 1 NOV 1995 20 optically read by an optical pig %QE%%@E@PHQ@BEEN
projects a light beam such as a | aser beam having the sgptia ﬂp@@@@@py
[err]=[err]/2na, this beam being reflected fromthe disk
conventional pickup detector. The detector converts the reflected Ilght
beamto a corresponding electrical signal which is supplied from pi ckup 212
to a waveform equalizer 213 and thence ‘to a phas€ | ocked | oop ¢l ock
reproducing circuit 214 and to a denodul ator 215. Transitions in the
recovered electrical signal are used to synchronize the phase | ocked Ioop
to extract

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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theréfr
extract
denodul

om't he cl ock signal which was used to record data QnTHIBRESHEESKIASTBEEN |
ed clock is coupled to denodul ator 215 which perfofinrs RUBEPLACED

atsion'that is described in greater detail bel ow i n~tonjunctTom wWtiT

Fig. 31. Suffice it to say that if data is recorded on disk 100 ‘as 16-bit

synbol s,

denodul at or 215 denodul ates each 16-bit synmbol to an 8-bit synbol

or a byte. The denpdul ated data reproduced fromdisk 100 is supplied to a
ring buffer 217. The cl-ock signal extracted by phase | ocked | oop cl ock
reproducing circuit 214 also is supplied to the ring buffer to permt the

"cl ocki

ng in" of the denodul ated data. The denodul ated data also is

SUppl'erRbQEEQﬁUB&”'Qt%hé%Hél 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 beglnning 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 cémbinatiops of
margiﬂibits cannot be usedi Fig. 28 schematically represents the

conditions under which the margin bit combination 00 or the
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to a sector header detector 221 which functions to detect éﬂﬂ°§%béﬁ %?EN
- sector header fromthe denodul ated data. Ring buffer 217 lis coufFed:

error correcting circuit 216 which functions to correct errors that nmay be
present in the data stored in the ring buffer. For.exanple, when data is
REPLACEMENT SHEET Date : 01 NOV 1995 21

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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recorded in the | ong di stance code formed of, for exanple,
ti ng HERLACED. e.

each conprised of 136 synbols including 116 synbols repres
C2 data),' 12 synbols representing C2 parity and 8 synbols r
parity, error correcting- circuit 216 first uses the Cl parity synbols to
correct errors that may be present in the Cl1 word. A corrected Cl word is
rewwitten into ring buffer 217; and then the error correcting circuit uses
the C2 parity synbols for further error correction. Those data synbols
whi ch are subjected to further error correction are rewitten into-the ring
buffer as corrected data. Reference is nade to aforenmenti oned Rei ssue

Pat ent RE gltlons 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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an exanple of error correction. In the event that an erraf s EQEPFQQRg%fV
header is sensed, error correcting.circuit 216 uses the Gl pangﬁg"'. £
to correct the sector header, and the corrected sector heagder—istowitten |

into.a sector header detector 221. Advantageously, the C2 parity synbols
need not be used for sector header error correction. As nentioned above,
the i nput data synbols supplied four error correction encoding exhibit a
gi ven sequence, but the error correction encoded synbols are rearranged in
a different sequence for recording. In one arrangenent, the odd and even

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
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synbois are separated and fhe odd synbols of a Cl code word
an odd group while the even synbols of that ClL code word ar

|

areisSrHERTdeslS BAEN
r ecoREBUACEDaN

evensgroup. Alternatively, odd and even REPLACEMENT SHEET-Bate—tt—Tov——"—
1995 22 synbols of different Cl code words may be grouped together for
recording. Still further, other sequential arrangenents may be

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.

 Fig. 29A fepresents the 14-bit data symbol, wherein a "1" is

represented by a transition and a "0" is represented by no

tranéition in the digital signal. The data symbols shown in Fig.

29A are the same data signals used in Figs. 29B and 29C. Fig. .

29A represents 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 pattern M; as the

combination 00. It 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" and CWLL = 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 for M; (see Fig. 28) and NI; = 1.

Fig. 29D illustrates the accumulated DSV that is

obtained up to the end of data symbol D; if M; = 0, if M; = 01
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used to record the data. During playback, error correcting
rlng buffer 217 cooperate to return the recovered data synbg@l SHISSH#®N KAS BEN
“original,” given sequence. That is, the data synbols nmay be {lhoughttEbtaasp
being recorded in a disarranged order and the combination of The-erFror=
correcting circuit and ring buffer operate to rearrange the order of the
synbols in a Cl code word to its properly arranged sequence. Error

corrected data stored in ring buffer 217 is coupled to error detecting |
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 that data ‘

cannot Qﬁdcffrﬁftgdoo. In particular, curve 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
accumulated DSV at the end of data symbol D3 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

B, 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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EDC detector 222 provides a suitable indication, such as ang
particul ar uncorrectable byte or an error flag in an uncorr § 1HTT icodle
word,” and ‘the error corrected data, either with or wi thout $uch eREGLACED
flags, as the case nay be, is coupled to output termnal 2247 addr tT on,
TOC information that is recovered fromdi sk 100, after being error
corrected by error correcting circuit 216 and error detected by EDC
detector 222, is coupled to a TOC menory 223 for use in controlling a data
pl ayback operation and for permtting rapid access to user data. The TOC:
information stored in nmenory 223, as well as sector information separated

successive data'symbols, 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-symbolfin4 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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fromthe reproduced data by sector header detector 221 gf @ slBtRliag el

. NOV 1995 23 coupled to a systemcontroller 230. The systenlggﬁkAuEEe
responds'to user-generated instructions supplied theretd-ag—a—tset
interface 231 to control disk drive 225 so as to access desired tracks and
desired sectors in those tracks, thereby reproduci ng user data requested by
the user. For exanple, the e -

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,

T 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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TOC information stored in TOC nenory 223 may include data representing_the
| ocati on of the beginning of each track; and system control
to & user-generated request to access a particular track to
drive 225 such that the requested track is |ocated-and acces
identifying informati on representing the data in the accessed track may be
recovered and supplied to systemcontrotler 230 by sector header detector
221 so that rapid access to such data nay be achi eved. A further o

. description of the TOC information and sector information useful for
controlling the disk drive in the manner broadly nentioned above i's

d'SCUS%Eﬂbfébﬂ%&@é§6rdﬁf&béaﬁﬁéa in accordance with the flow chart of

Fig. 25. Thus, the appropriate margin bit comblnatlon 1s

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 successivé 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 tableé 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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It wll be appreciated fromthe ensuing discussion.of Figs.ﬁ —and 2Tt

sector header infornation that is recovered fromthe disk -593 “éf?brﬂbBcEN
corriected by using the Cl parity symbols included in the s aHﬁh§QH9wj

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 Cl parity
synbols only. Since a Cl code word contains C2 parity synbols that are
generated fromthe data synbols included in different ClL code words, sector
information is quickly detected quickly by not

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 b1t

All 16-bit symbols_read 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
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REPLACEMENT SHEET Date : 01 NOV 1995 24 waiting for all of tf&e= —paftijh——~___j
synbols to be assenbl ed before correcting-the sector header 'Whasﬁ*ﬁbsmrlgﬁEN
i nformati’on of a sector, which is included in the sector hegder aS:=@AkED or J
address, is detected, thus facilitating rapid access to a desSiTed sec

This. is to be conpared with a conventional CD- ROM wherein sector header
information is interleaved in several ClL code words, thus requiring the
recovery and error correction of

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_incrgasés in the positive direction.
Coﬂvefsely, the;16¥bit symbols which are stored in table T,, have
- L . _ 65 [ —
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all of those Cl code words before the sector header data caj e asgenbﬁhr =
and interpreted. Fig 3 is a schemati-c representation of th AT qI igkggzﬁﬁFN
t he rrecordi ng surface of disk 100 is divided into separate ed

to as the lead-in area, the programarea and the | ead-out area. Fig. 3
also identifies the | ead sector addresses of the program area and the

| ead-out area. In the illustrated enbodi nent, the sectors included in the
| ead-in area exhibit negative sector addresses ending with the sector, .
address -1 which, in hexadecimal notation is OxFFFFFF. The sector address
of the first sector in the -progrramarea is identified as address

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 Ty, to input x4 of switch 75. Output switch 75
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0. As indicated, the length or duration of the progrém
upon the anount of data recorded therein and, thus, the

[ eAid SHEEPRRIEIFEN
drengpLAbue | ast

sector recorded in the programarea is variable. It is a
therefore that the first sector address of the |ead-out area is varlable
and i s dependent upon the Iength of the program ar ea. REPLACEMENT SHEET
Date: 0 1 NOV 1995 .

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 coupled-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
accordance with the table selecting conditions discussed above.
It is eppregiated that the table seleetor thus controls switch 75
to select 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_eight
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 switches 71-74 to couple the outputs.from their
respective tables T,,. Conversely, if the accumulated DSV is
calculated to increaee in the negative direction, selector
switches 71-74 are controlled by the DSV calculator to couple the

outputs from their respectively tables T,. It is expected,

i
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25 One enbodi ment of the disk configuration shown broadly TE=FF3;=%=hs======:
schematically illustrated in Fig. 4. Here, the TOC region, WHItSHSHIEET HAS BEEN
conprised of one or nore TOC tracks, is disposed in the | efid-i n BEBGACED
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 TCC
track, in the lead- in area. The program area showmn in Fig. 4 is conprised
of N tracks, where Nis variable. The sector address of the first track of
the programarea is identified as address O; -and the total nunber of ‘tracks
i ncluded in the program area i s dependent o ‘

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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upon the anmount of information stored on the disk, and sinc%
sectors included in each track likewi se is variable, the seg
of t‘he | €ad sectors of tracks 2, 3, ... Nare variable. O L;-
| ead- out area commences after the Nth track is recorded. In one enbOolne )
the data recorded on a given disk may adnit of different applications.
However, it is preferred that all of the data recorded in a respective
track admit of the sane application. Fig. 5 illustrates another disk
configuration wherein TOC information is recorded in the lead-in area

from for
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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exanﬁle, sector -32 to sector -1, as was the case in Fi 9. 4/—and—ao—copy—of

the TOC information is recorded in the programarea. |In théd é&@ﬁﬁHEEEMNNBEEN

in Fig. 3, the copy of the TOC information is recorded in | ea$tEPLAGED
track whose | ead sector is, for Date 01. NOV 1995 26 exanple, Sectror
nunber 1024. Since the size of the TOC region is flxed at 32 sectors, as

wi |l be described, the |ast sector of the

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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copied TOC region is sector 1055; and the | ead sector of t -
user dat% track is identified as sector 1056. One reason fryhé Qg NASABEEN
copy of tthe TOC information in the programarea is that so COMRRBINCED
applications do not easily recognize data recorded in sect
negative addresses. (such as sectors -32 to -1 of the TOC information
recorded in the lead-in.area). Still another enbodi nent of the data
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, the recording of TOC information in the program area

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
teméoral reference data indicates the loéation 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
O : o o -

e

.._71 o

"l



dlffers fromthe recording of TOC information in the progr Mrices T TAY sERN
in that the Fig. 6 arr angenent does not include a copy of tthe T TPLACED

i nf dr mat iton. Neverthel'ess, since the TOC i nformation is reé&

positive sector addresses in Fig. 6, the possibility of misinterpretation
due to the difficulty of recognizing negative sector addresses by a
conputer is obviated. In the enbodi ments of Figs.”5 and 6 wherein TOC
information is recorded in the program.area, it is appreciated that the TOC
region is segregated fromdata files which are particularly relevant to the
conputer with which the optical- disk is to be used. Fig. 7 illustrates a

Still féﬁﬁﬁfisséénPhea8£o£8§nce 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

N 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
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data configuration recorded on the optical disk and |Ilustr ﬁ@@% .
REPLACEMENT SHEET Date: 01 NOV 1995 27 the TOC region to bejl oca %pr?HﬁSBE&N
sector address 32 to sector address 63. In this arrangenen

recorded in sectors O to 31 is reserved for conputer files that are
particularly applicable to the conputer systen1mnth whi ch the optical disk
is

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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to be used. Thus, in the enbodinents of Figs. 5 6 and 7 wh
information is recorded in the program area, such TOC info ”HWBQWEETHASBEEN
segregated fromand, thus, does not interfere with file syf§tem deEsiA
may be recorded on the disk. Such file system data nmay occiﬁ?=§éveru
sectors or several tens of sectors; and since the TOC information is
recorded in a fixed nunber of sectors so as to occupy a fixed TOC region,
there is no interference by the TOC information with such file system data.
As mentioned above, in the preferred enbodi nent TOC i nformation is recorded
in 32 sectors. Preferably, although not necessarily, each sector-is
conpri sed of 2048 bytes and an

Preferably, multiplexor 107 multiplexes the compressed

i

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.

Fig. 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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follow ng Table 1. REPLACEMENT SHEET Date :01 NOV 1995 2 Tabla:ﬁhﬂ
of Contents Information Field Nane

exanpl e of the TOC infornation recorded in a TOC region is g' ﬁagqngrﬁQ@DEE:jﬂ

PATENT
450100-3192

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
LS 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. |
3 As depicted in Fig. 33, the sub—informétf?n separated
by demultiplexor 248 is supplied as a direct output.eignal,
eonsistent with the representation shown in Fig. 32 whefein 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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Bytes'Eisc I nf or mati on

Track Information (1-st Track) !HﬁBQ B TalgAS BEEN
| nf of mati‘on (2-nd Track) 33 Tr acREPLACED
Information (3-rd Track) 3Z7Track
Information (N-th Track) : 32 Reserved

63488- 32N TOTAL 65536

Fromthe foregoing table, it is appreciated that the TOC i nformation
i ncl udes one sector dedicated to disk information, described nore
particularly with respect to Table 2,

256 for superposition onto the 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 thereln does not occur.

| System controller 230 and user interface 231 of Fig. 33
are the same as system controller 230 and user interface 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 variatione 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

L 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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and up to 31 sectors in which track information (see Table 31 Iﬂ""ﬂ" "ﬂﬂ

The TOC region also includes a reserved area for the recordi u m ”“lll
i nforfmati®n that nmay be useful in the future. In a practical &ddafptatich of *
the optical disk of the present invention, user information_may be recorded
in Ntracks where, for exanple, N=256. The track information which is

recorded in the TOC region relates to the data that is reﬁx%rSﬂédHﬂfﬂeéﬁRerla&d

corresponding track, as will be described in conjunction W“ll]'lﬂnlnmlm Ill

WHAT IS8 CLAIMED 18:

1. An optical disk haQing a diameter less than 140mm;
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.
77



REPLACEMENT SHEET Date: 01 NOV 1995 29 The data whi ch consti
information recorded in the TOC region is shown in the f0||$mfmmm Hi ’m
Table 2 Disk Information Field Name

Byte(s) HD-CD ID
D sk Type This Sheet Hhs Been R

T flll ]

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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Reserved for Disk Size ' 1 Lead Qut

ggg;?(r)nAgg; gfr;:ters : ' 20 Reservedsf (??wammllummm

Par anet er s .20 Vol une Nunber.____“ﬁh__“

1 Total Vol unme Nunber 1 Catalog
Nunber : S - 16 Resesné® Had B¥en Replaced
Application ID Strings 8 Disk Ti N’BM

Engl i sh/ 1 S0646 16 Local La l#ﬂ ﬂ,
Code 3 Length of Disk Ti

Lan. (=N 10. The optlcai disk of Claim 9 wherein said subcode

identifier is a subcode address.

11. The optical disk 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 disk 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.
' 79
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Disk Title in Local Lang.

ASH o LT

1947-N TOTAL ' “20%8 “Thé
fields which identify the disk |nfornat|on are described nore particularty
as follows: HD-CD ID: This field, conpri'sed of 8 bytes, coﬁhaShnet}asBeenRTla ced

Y
character string that identifies the data structure recorded m ll" II II

' 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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used to répresent track information and the data structure o
exanple, if the character string.s "HD CDO01", the data frUETUTE‘recarde&

on the disk is of the type illustrated in Fig. 4, the datﬁnsséhelt'ﬁ uBre used

o remesen e afornon 1 a0 Rl g

18. The optical disk of Claim 17 wherein said
record/playback characteristics of said optical disk represent a

REPLACEMENT SHEET 4 Date  :0L1 NOV 1995 30 the disk, incl -
structure which is used to represent TOC information, the ,mum ﬂum :]
CMOTr s

~ 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
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1, the data structure used to represent track |nfornat|on is as shown in
Tables 2 and 3 and the data structure of the sectors of, umlﬁmjn""luﬂﬂll
user- data tracks, is as shown in Table 4 (to be descrlbed)

structures may be i dentified by the character string " HD-CDCD2:*,

"HD- CDQO03", etc. The particular character string which is recorded in thIS
field is detected by the reproducing apparatus whi ch per mThis S Been Replaced
interpretation of the played back data consi stent W|th t he W mu Ill

structure. Disk Type: This 1-byte data identifies the type
symbols in response to a precursory Cl1 word and inserting said Ci

exanple, a read only disk, a wite once read many (WORM dis
er asabl §nihsks (€6 Coph &hﬁréﬁhiébk? ent wezl , digehelra®ing Cl_parlty

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
dlstance error correction encoded data.

24. The optical disk of Claim 23 wherein said user
informatiqn that is recorded as said long distance error
correction encoded data exhibit a symbol seduence 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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as the "M ni" disc). Reserved For Disk Size: This 1- byte
I dentify the size of the optical disk. For exanple, a dis {m Mm m
mll\imetars may be identified by a byte whose value is "1

dianeter is 80 millimeters may be identified by a byte WhGS@~¥aLLELLjL“_
and so on. In addition or, alternatively, this field nay be used to
I dentify the storage capacity of the disk. - f TmsmwafhsBamRe

M-

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 response
to an n—blt byte supplied for recordlng, the selected 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 storage tables exhibit positive
digital sum value (DSV) and the ;n-bit symbols stored in the
other of said two storage tables.exhibit negative 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 preoeding 2n-bit

symbols.
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REPLACENENT SHEET Dat e: 01 NOV 1995 31 Lead Qut Sector Addr ThIS 3-byte
field identifies the address of the first sector in the | Eﬂiﬁ M‘"’
Reserved For Miltisession and Witable Paraneters: These

formed of 20 bytes, store information which is particul arly qufulrior

erasabl e di sks or for WORM di sks and is not further described herein.
Vol ume Nunber: This 1-byte data field is’used when sever al Thi Shies HaxBeed Repkd

lée@
S Cal et o daia fof & part e o T

33. A method of recording 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 |
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applfcation For exanple, if the collection includes 2,
this field identifies which one of those disks is the pr
Vol uire Number: This 1-byte field identifies the total nunber

constitute the collection in which the present disk is inct

Nunber: This 16-byte field.is used to identify the type of . |nfornat|on or

programthat is recorded on the disk. Such identification Wﬂﬁ]‘i‘ 'miﬁ:ﬂ‘il@d

"catal og nunber"” and is.represented as UPC/ EAN JAN code pr
36. The method of Claim 33 wherein said step of

i dentify various goods.

modulating comprises run length limited (RLL) modulating said
encoded user and TOC 1nformatlon.

37. The method of Claim 36 whereln 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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Reserved For Application ID Strings: This 8-byte field is i ““
i dentify the particular user application for this disk rredl Immjlm I!|1
this fieltd is not used. Disk Title In English/1S0646: This »o-bytk fteld *
stores the title of the disk in the English | anguage, as representet-

| SO646 standard. Although the actual t|tIe of the di sk nay REPLACENMENT

SHEET Date : 01 NOV 1995 ': is Sheet Has Been Replaced

TR

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
86



1
#

.32 be in another language, its English translation or a cor

English identification of that title is recorded in this f|€|Mlm'nmu“M"“|“|
enbodi nerits, the field nay contain a | esser or greater nunber* ofc h¥te% sHb

as to acconmodat e English titles of |esser or greater |ength. Local

Language Country Code: This 3-byte field is intended to i dafisishest HdsBeda®eplackd
| anguage of the title of the disk. For exanple, if the act uaH llu“ ”

disk is in Japanese, this field records the "local |anguage
Japan. |If the title is in French, this field records the "

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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Iangﬁage éountry" as France. The code recorded in this f| |
numeri cal val ue corresponding to a particular country or, uﬂmgﬂi ﬂm
the‘fiel®d my be as prescribed by the | S03166 standard. Rk cl *

not to utilize this field, the character string recorded Therein nay be
OXFFFFFF. Length of Disk Tifle in Local Language: This 1- t field
identifies the nunber of bytes that are used in the "D sk cet Hag Bee “wd
Language" field (to be described) to represent the title of l he
| ocal |anguage. |If the actual disk title is not recorded

other than English, the "Disk Title In Local Language" field is Ie t an
and the numericalsp, The method of Claim 49 wherein said

record/playback characteristics of said optical disk represent a
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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s o e o B e e i |
|

the disk i*n the | ocal |anguage. REPLACEMENT SHEET Date : NOV 1995533+
It is expected that different |anguages will adopt dlfferent
o T

response to a predetermined number of data symbdls 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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standards to represent disk titles, and such |ocal |angu
expected to be used as the data recorded in this field. I}
t hat* t he*nunber of bytes which constitute this field is v
Track Nunber: This 1-byte field identifies the nunber of— =
constitutes the first track that contains user information. For exanple | f

the TOC information is recorded in a si'ngle track, and if laced k
is identified as track O in the programarea, then the nu , ck
whi ch constitutes the "First Track Number”™ is 1. Nunber

This 1-byte field identifies
input data, j is the sequential order of the m symbols in each

| NG ERLGHE

ri &bl &. 'Fir'st ®

where i is the sequential order of the preliminary Cl words of

preliminery 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 supplied n-bit byte, and |
se;eeting 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 seid two storage tables exhibit positive digital
sum value (DSV) and the 2n-bit symbole stored in the other of
said two storage tables exhibit negative DSV. |

64. The method of Claim 63 wherein the step of
selecting said dne,storagé table is determined as a function of
the nuﬁber.ofﬁ"O"'bits in ﬁhieh the preceding 2n-bit symbol
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t he -total nunmber of user tracks that are recorded. It is umumllmmj"wum '

if this field contains a single byte, a maxi num of 256 user data tracKs,
that is,, tratks:which contain user information, may be recorded. The dat a
recorded in the track information fields of the TOC data shown in Table 1
now wi | | be described in conjunction mnth t he follomnng Tabl e 3:
REPLACEMENT SHEET .

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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. Bl
Date: 01 NKN’1995 34 Table 3 Track Information Field Nane

2c yper ! - | HIIIIIHIIIHIIIMIIIIHIII

Setting _
3 End SA , ) _ : 3 Tlne
Code at Start Point , ' - 4

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
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Application ID Strings 8 TOTAL
32 The information recorded in each of the fields which constitute . the
track information of Table 3 now will be described in greater detail. Track

Nurmber: This 1-byte field identifies the nunber 6f the track represented by
thi s trsektonf dnnat heer Srack,omedbyhereinusaddt subdedei infonmatignk
nunber, it_is appreciated that a maxi mum of 256 user data tracks may be
-recorde%pctydggufggstadlstance 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

923
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singl e track nunber is used to identify a respective track

tracks on this di.sk are identified by the sanme track nu w*mm,“l“\ls

preferred that the successive triacks are nunbered seque t o 1S
appreciated that, if desired, REPLACEMENT SHEET Dat e: 01 NOV 1995 35 each

track may be assigned a randonvnunber'and this random number

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'aver 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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is identified by the "Track Number” field. ECC Type: ThlsLﬂu'n
identifies the error correction code which is used to enc m,mﬁﬂmj"’“ﬂ ]
recorded:in this track. For exanple, the ECC type may be ei'thér tomg s
di stance error correction code, known as the L format, or short dlstance
error correction code, known as the S format. The difference bet ween the L
format and the S format is described below Speed setting: This 1-byte data
i dent i f ispeddss daid sabdsTEC imicarintidn cinchides Sdaeaorepedsentattiires of
track. For exanple, if a reference -data transfer rate is. 1.4 Mps, the

said selected playback speed.

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;
end 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 information 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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"Spéed Sétting" field my exhibit a value representing 1 | Sel
rate or 2 x.,the reference rate or 4 x the reference rate Mj (Imngl
reference rate. Fig. 8 is a tabular representation of thiss [
field; and it is appreciated that the data transfer rate need not be an
integral multiple of the reference data transfer rate, as represented by
the value "FF'. The byte value O for this field, as shown in Fig. 8,
represeodd ghatpranl-even usgag- Stifophatibn sgymbolsr ggebra@dd lin ian even
appreci ated that conputer data, as opposed to, for exanple, video data,
does no¥rewpui andrsaidt anranged- seguehieacds Ebrwmedpofesedueatiialrecorded in
the track identified by

alternating odd and even information symbols.

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

= (k/m) - (kmod2) + 1
= (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
disarranged order in which the m symbols are recorded on the
disk. .

87. - 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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the "Track Nunber" field in Table 3, the value of the "Speed Setting" field]
s set to O. REPLACEMENT SHEET Date: 01 NOV 1995 36 St '
Addresses (SA): 'These 3-byte fields identify the address m“mmmt“mﬂmr
sector of the track identified in the "Track Nunber" field "and the 8ddtess
of the end i -

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 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
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.

97 —

et Has Been Re‘laced

T



sector of that track. Since the nunber of sectors includ track is
variable, the start and end sector addresses of a given ﬁ ﬂ U l”"'
fixed. | Herice, 'these fields are useful when carrying out

access operation of a desired track. Tine Code At Start Point: ThIS 4- byte
field identifies a tinme code for the start sector in the track identified
by the "Track Nunber" field. It will be appreciated that if the user

i nformation repr esent sappaeatdst for SHESord iy dita drRyarbopteherliailisk t h
conventional tinme codes and the start sector of the track which contains
such videdrdatea dsameter didssnthimm s14d1mme, GodehiAdtkrisiss tofPol /2 "mnk i@l 1| f
time codes are not recorded with
mm and a recording area divided into a lead—ln 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 fhe modulated, encoded user information as
émbossedfpits~in said usef tracks in said pfogram area with a
. track pitch in the range between 0.646uﬁ and 1.05um.
| 95. Thé-apparatus of Claim 94 wherein séid recording
means is operative to record said embossed pits with a llnear
density in the range between 0 237pm 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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the'user information, this field may be left blank or ovi ded w
no data, such as the character code 0. Playing Tine: Th| lﬁﬁﬂﬂﬂ Hu I”
represents the overal |l pl ayback time for the programi nf

recorded in the track identified by the "Track Nunber" field. For exanple
if the user information in this track is an audio program the playing tine
for this track may be on the order of ‘about 10 mnutes. If the user

i nfformati on consti t%es Bormappacatus ded Ckain Ihohrgimgaiidmaduldio? or
3 or even up to 15 mnutes. Mastering Date and Tine: This 7-byte field

i dent i f i B&apFe iFatde Y lengthiliniked ofRlh) medudatad- di sk fromwhich this

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
.infgrmatigh 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 apparatus 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.

99
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REPLACEMENT SHEET Date: 01 NOV 1995 37 optical - di sk was ; : q
tabul ar representation of this field. If desired, this fnﬂﬂ“m@m&m' 'ﬂm
repl aced by null data represented by character code 0. Reservedrrofr s
Application ID strings: This 8-byte field is intended to store information

representative of .the particular y .

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

100
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appllcatlon for which the data record in the track identified by the "Track 7
Nunmber” field is.to be used. This differs slightly fromth @mm”m”m fl

ID' fieldin Table 2 because the Table 2 field is |ntended

type of application or use intended for the entire disk, mhereas thé

"Application ID'" field of Table 3 sinply the identifies the type or use of

the data Lecor ed in a art #E? érack on that disk. Referring nowto Fig.
r

10, thetR®*?E™f fﬂgtFﬁPE Sgn ?e 1FERSRI FERR SRIENEIYEM 8§ uF® bhrea
ot O Phad28ec B0 T APAILITLARRON s by LECRLASE, {4 86068,

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 informafion 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

f 101
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4 identifies the fields of the sectors shown in Fig. 10: REPLACENMENT

SHEET. Date:.01 NOV 1995 38 Table 4 Sector Construction H =
Byte(’s) Sécior Sync N OO N =
’ * ¢ L # s =

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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Sub- Header , g User Data
2048 EDC N 4
Reser ved 12 TOTAL

2088 | this S88L1{\hed SEEHOF LF §£f@rb§e908L 90§8§t85nst1tut1ng said

long distance error correctlon 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 formed of m symbols including m-n cl parlty symbols,

where m and n are. integers; and wherein:

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

k =mxi + 2xj - (m-1), when j 2 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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header whi ch contains 24- bytes arranged as shown in Fig.

2,048 byt es of user data, 4-bytes of error detection code (Elmmmmnﬂmnllm }
12-Byt es'which are reserved. Preferably, a nunber of sectors tonstﬂtuve a
"cluster", ‘and as one exanple, a cluster is conprised of 8 sectors or

sectors, as may be deternmined by the preferred format. A-nore detaljed
explanation of the different fields whi‘ch constitute the sector shown in-

Fig. 10 now wi ||l be provided.
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 ditferent 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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REPLACEMENT SHEET Date: 01 NOV 1995 39 Sector Sync: This 4-byte field 1s
formed of a predetermned bit pattern which is readily det ﬁmu"ﬂﬂm E
is unique and distinctive fromthe data pattern included i "[ ""
of a sector. The accurate detection of the sync pattern may *be®cohfitned *
sensing errors which are interpretated fromthe information reproduced from

the sector. If a large nunber of errors are detected-continually, it is

safely assuned ) .
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.

105 Sheet Has Been Replaced

||II|I|| e

1



t hat thersync pattern has not been accurately sensed. AiHT

preferably, the denodul ator which is used to convert 16- "IB“MH”E@N"I l

|
8-bit bytes (or, nore generally, to convert an mbit synbot tw an ™
byte) may i'nclude suitable conversion tables which are not operable to
convert the sync pattern to a byte. The sync pattern is assuned to be
present when the denodul ator is unable*to find an n-bit byte which °
corresponds to a received mbit synbol. Cyclic Redundancy Code (CRC): This

2-byte field is dapinedn apphbatagbeede1ddnd 1 GHISL sA06 dhiods 484 @

and the sector address and node data included in the sector header. Such
pits have a linear density in the range between 0.237pm per bit
and 0.378um per bit.

128. The apparatus of Claim 126 wherein said program
area is ;ocated 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 seétor header at a leading
portion thereof, said sec@or header containihg a sector sync |
pgttern, a sector address, an efror detection code, and subcode
data..

. 130. The apparatus of Claim 129 wherein said subcode
.datg in.a é?ven 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
identifier 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 é respective

. ' 106 -_
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CRC data is used to correct errors that may be present in—tif _ t
Subcode: This 5-byte field is described bel ow C uster Posi :
1-byte fi eld identifies the particular order in the clust ed'ﬂﬂgm “ﬂ’l
sector is located. For exanple, if the cluster is formed of %

this field REPLACEMENT SHEET Date 0 1 NOV 1995

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

107
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40 identifies the particular sector as the first, second—thFE=cte
sector in the cluster. Addréss: This 3-byte field constit the uni que -
address feor this sector. Since the address is representedt wn E 'jl,
maxi num of 64K sectors theoretically may be recorded. Fig

the sector addresses of different user data tracks. Modde and Sub- Headér :

These fields are conventionally used i CD-ROMs and the data represented

here is the same as that conventionally used in such CD ROVs. '

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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User Data: 2,048 bytes of information are recorded in the yser-data-field..

For exanple, conputer data, conpressed video data, audio data and the |ike
may be recorded. |f video data is recorded, the MPEG standa ﬂu

to conpress that data, as described in standard | S01381- 1. & mﬁlmnlﬂﬂmul“l
Code: This 4-byte data is cyclic;code which is added by EDC dddér 27" (H g.*
1) and is used to enable the detection of an uncorrectable error in the.

sector. A detalIea4ars@9§sP@ﬁaﬁﬁtpﬁe°§u61ééﬂe1?§eWHeﬁ9%P|§aﬁﬁoVFG€d in

F 11A- 11E. ' h fiel
fgnt32;£¢ %HP% QPRLQSOngaﬁguc&b}ebéieapggggégggdoﬁeagf pfu pgggbabi d

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

109
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address portion and a 4-byte data portion. The value of the address partion
serves to identify the type of data that is recorded in thﬁlml I
For: exanpl e,- and as shown in Fig. 41 11A, if the value mmﬂﬂg“lll
portion is 0 null or zero data is recorded in the data portioh. Yf st he =

val ue of the address portion is 1, as shown in F|g 11B, the data portion
Is provided with the foll ow ng ‘1- byte :

means for rearranglng 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
' where iis the sequential order of the error-corrected Cl code
words, j is the sequent1a1 order of the arranged seguence 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

110
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information: Track Nunber: This data identifies the nunber track i

whi ch the sector containing this sub-code is recorded. Cbpqﬂhﬂnﬂ , ulu""
byt & exhibi s the structure shown in Fig. 12 wherein a "1" 4

that copying of the associated user data is prohibited and a "0" b

i ndi cates that copying of the associated data is. permtted. The bit
positions of the copyright byte identify the type of user data for which
copyi ng sepseheedi bgl poplLebsbihad ordpeanblitedelds shaVWByi RoFm@rel Zhdrhe o
identified user data is anal og video data, anal og audio data, digital video
dat a; didgtalbibdeeldiata, and the |ike. For

*

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
111
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exanple,” if the user data in this sector is digital vide | 1
copying of that digital video data is prohibited, the COE“ mﬁm ’! IHHm J
appear as "000100000". Application ID: This indicates the% s *

application intended for the user data that is recorded in this sector.
Exanpl es of typical applications are shown in Fig. 13 as conputer text,
vi deo, video/audio, etc. If no data is recorded’in this sector, the

appl i o@f iseilddRddy/ iformya i rieptesENleeing 2hebibaintdrhation word, and

means for controlling said selecting means to select 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.

112
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REPLACEMENT SHEET Date: 01 NOV 1995 42 ECC Type: This dat
whet her the user data is ECC encoded in, for exanple, the

f or mat ,

ot her values of this ECC type byte. If the value of the s

as shown in Fig. 16. Other types of ECC codes may b

2, as represented in Fig. 11C, the data portion represents tlne code' That

is, i f

the PR RATHR! RORCERIRDING ANDS re b dlcRe Shra RS TToN

ABSTRACT OF THE DISCLOSURE

An optical disk having a diameter less than 140mm and,
a thickness of 1.2mm * 0.1lmm, with a plurality of record tracks
having data recorded thereon as embossed pits representing
information and exhibiting a track piﬁch in the range between
0.646um and 1.05um; with the tracks being divided into a lead-in
area, a program area and a lead—out area. The data includes
table of contenfs (TOC) information recorded in a plurality of
sectors in at least one TOC track and user information recorded
in a plurality qf sectors in user tracks; with the TOC
information}including addresses of start sectors recorded in the
user‘track;l. The data (both user and TOC information) is encoded
in a long distance error correction code having at least eight

parity-symbols} and is run length limited (RLL) modulated.

This Sheet Has Been Rerlaced
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[y

over time, as would be the case if such data is video data, the tinme code
data,recorded in the sub-code field represents tine infor T&Hp,at MplLL

the User data is recorded. An exanple of such tinme code datja i's wg]:r[ese Féé”!
in Fig. 14. It is appreciated that 2-digit BCD bits are used-to r sprakedt
the hour, mnute, second and frame at wyhic user data in this sector 1Is
recorded. If the value of the address port, s 3, as depicted in Fig.
11D, the data portion of the sub-code B.ef dJépresents the distance from
the sector in which this sub-code fiel@ig ded to the first sector in
whi ch an i medi ately preceding | _ g
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A 1 .

_cohpressed video pi'cture is recorded; and also the distance_fromthis

sectqr to the first sector in which the next-follow ng I
picture i s recorded. Those of ordinary skil

! dORPiesaser MArdEEEN
in the art will reeggnirzest hat |
vi deo data, when conpressed in accordance with the MPEG st: }

------

rd, ey

constitute an intrafranme gncoded vi deo picture,
picture, a predictive co

typically known as an |
vigeo picture, typically knowmn as a P picture,
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Dat e: 0O 1 NOV 1995 43 and a bi-directionally predictiv
* picture, typically known as a B picture. The data portion fwﬂ@ghgpb}
fiel'd whdse address portion has the value of-3 thus indicates th&a\@&
between this sector and the beginning of the next- precedi T
next-followng | pictures. If the value of the address portion is 4, as
shown in Fig. 11E, the data portion inciudes 1-byte picture type, '

i ndi cati ng whether the video picture that is recorded in this sector is an
I, P, or Bpicture (see Fig. 15), and 2-byte

SECTOR NO.

| |

LEAD IN AREA
FIXED .
POSITION
. PROGRAM AREA
-/—_"\\_'—/
//,/ "\-\______'/ )
VARIABLE ____
POSITION
LEAD OUT AREA

FIG.3
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teﬁbéral Feference-data whi ch indicates the |ocation in théTgi |9Ahgu_
*picture display sequence of the particular picture that is réﬁg?ﬂéd“lﬂ“fHﬁEN

l\‘—

sector. This tenporal reference data is helpful during a plavback“ob@raPlon

because, as those of ordinary skill in the art recognize, the location of
conpressed B-picture data in the MPEG code sequence may be quite different.
fromthe actual |ocation of that picture when the B-picture ultimately is
di spl ayed. The ECC 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 "frane" '

SECTOR NO.

l

y
LEAD IN DATA ¥ LEAD IN
AREA
-32———'»
FIXED |
POSITION TOC DATA
| o —|— ]
1ST TRACK DATA
. . B S o
> 2ND TRACK DATA
. 3RD TRACK DATA PROGRAM
" VARIABLE > AREA
POSITION : ATH TRACK DATA
B e
/ '\_‘/
NTH TRACK DATA
. — 7
LEAD OUT AREA

FIG.4
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i S referred to herein as a Cl code word and this mord whe

NTReconded; s BEEN

"consi sts of a sync pattern foll owed by 136 data synbols The terﬂriayabol"

is used rather than '

SECTOR NO.

FIXED
POSITION

VARIABLE

POSITION [

FIXED
POSITION

VARIABLE
POSITION

"byt e"

REPLACEMENT SHEET Dat e

|

because,
"synbol " consists of 16 bits (known as channel
typically is understood

as wl |

be descri bed,
bits),
oL

mhereas a byte
NOV 1995 44

—_— s
LEAD IN DATA LE AD IN
" "AREA
32— '
TOC DATA
0 — ' ]
1ST TRACK DATA
[ . .
— T —
N
1024 ——> :
COPY OF TOC DATA LPROGRAM
1056 AREA
[ /’// —————— \‘\--—/
NTH TRACK DATA
- S
LEAD OUT AREA
Sheet Has B‘iﬁ‘ll{leﬁilced
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to consist of only 8 bits. It is appreciated, however, that v QHGif ng
mord,‘prlor to conversion from8-bit bytes to 16-bit synbols thatmg Lﬁc D LN‘
prior*to nbdul ation of the Cl code word, neverthel ess con5|stE=i#~

construction shown in Fig. 17, wherein it will be understood that the

il lustrated synbols are, in fact, bytes. The manner in which the Cl1 code

word structure is generated now will be briefly described. 116 data bytes,

or synbols, known as a C2 word, are supplied to, for exanple, the ECC

encoder fornmed of nenory 131 and:-ECC circuit 132 of Fig. 1. A C2 hold

section is added to the C2 word, preferably by being ‘ :

SECTOR NO.

|

LEAD IN AREA

FIXED '
POSITION TOCDATA

' 1ST TRACK DATA

2ND TRACK DATA

. PROGRAM
| AREA
VARIABLE 3RD TRACK DATA
POSITION :
//' —— .\"‘\___/
/ \__’/
NTH TRACK DATA
LEAD OUT AREA
. This Sheet Has Been Rep

- [N i I
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i'nserted between two groups of 58 synbols, and a C1 hold g :

*to the end of the resultant 128 synmbols. A hold section ,r§hy>$%ﬁEﬁM@SBEcN
locationtin the data streamin which parity data subsequently i §EPh4@ERed.
Thus, a prelimnary ClL word nmay be thought of as being forfed of a group ol
58 data synbol s followed by a C2 hold section followed by a group of 58
data synbols followed by a ClL hold section. Then,” C2 parity synbols are
generated by, for exanple, nodulo 2 addition. Preferably, one data synbol
in one prelimnary C1 word is nodul 0-2 conbined with a data synbol included
in the next (or second) prelimnary Cl1 word. If desired, further

conbi nations may be effected with a

SECTOR NO.

l

LEAD IN AREA
0 > N
RESERVED FOR
FIXED pe s FILE SYSTEM
POSITION
TOC DATA

-

1ST TRACK DATA

- - Lpnoamm
' B AREA
2ND TRACK DATA
VARIABLE {//:_:\____/
POSITION T T~

NTH TRACK DATA

LEAD OUT AREA

FIG.7 | :
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data synbol included.in the third-following prelimnary C -
*to produce one C2 parity synbol. The next C2 parity synbol ng&pﬁidﬁﬁbsdslaEEm

simYar conbination of the next data REPLACEMENT SHEET :Dat e: REPLNCED1995
45 synbol in this first prelinmnary Cl1 word with respectiVve data Synbors—tm—
the next-following prelimnary Cl1 words. In this

CONTENTS OF SPEED SETTING

NO REAL TIME DATA
FIXED RATE (x1)
FIXED RATE (x2)

"FIXED RATE (x3)
RESERVED
RESERVED
FIXED RATE (x6):

7~-FE | RESERVED _

FF | VARIABLE RATE (~x6)

olosfwinilo

FIG.8

DATE & TIME FORMAT
FIELD NAME BITS
YEAR (4 DIGITS) 16
MONTH (2 DIGITS) -8
‘DAY (2 DIGITS) o 8
HOURS (2 DIGITS) 8
MINIUTES (2 DIGITS) 8
8
6

SECONDS (2 DIGITS)
TOTAL .5

FIG.9
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I

8/29



manner, C2 parity synbols are generated by conbining a predeternined nunber

of data synbols of the same predeterm ned nunber of success

: N
Cl words. ‘'That is, if the C2 parity synbol is produced by np f

conbining two data words, then one data word of the first-

EET HAS BEEN ||

el | mFﬁS’r@CéP

word is nmodul 0-2 conbined with one data synbol in the next synbol

of the next-following prelimn

produced by conbining three dat
successi ve synbol positions frqn1 ch of
he

wor ds are conbi ned to produce t
synbol is generated by conbini

o

par i

—f the-C2 parity synbo

a #ﬂnbols @t hen one data synbol in

hyee successive prelim.n
yisynmbol. And if the C2

SECTOR HEADER

S)|(8 BYTES)|(2048 BYTES)|(4 BYTES)|(12 BYTES

FIG.10
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SYNC
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four data synbol s, than one data synbol in successive synbg
“each jof four successive prelininary Cl words are conbi ned
aspect of*this ECC encodi ng, the data synbol s which are cdihi '
‘'successive positions in the respective prelimnary ClL words.: That TS,
the data synbol in the first prelimnary Cl1 word is the nth data synbol,
the data synbol in the second prelimnaty d word'is the (nth + 1)th data
synbol, the data synbol in the third prelimnary Cl1 word is the (n + 2)th
data synbol, and so on. When 12 C2 parity synbols are generated in the

manner (A)

(SUBCODE ADDRESS=0)

FIELD NAME BYTES
SUBCODE ADDRESS (=0) 1
ZERO DATA (=0) 4
TOTAL 5

(B)

(SUBCODE ADDRESS=1)

FIELD NAME BYTES
SUBCODE ADDRESS (=1) : 1
TRACK NUMBER 1
COPYRIGHT BYTE 1
APPLICATION ID 1
ECC TYPE" 1
TOTAL 5

(SUBCODE ADDRESS=2) -
FIELD NAME ' BYTES

SUBCODE ADDRESS (=2) ' T
TIME CODE _ 4
TOTAL = 5

(D)

(SUBCODE ADDRESS=3)

FIELD NAME BYTES]
SUBCODE ADDRESS (=3) : 1
PREVY | DISTANCE 2
NEXT | DISTANCE 2
TOTAL 5|
(SUBCODE ADDRESS=4) -
FIELD NAME | BYTES
SUBCODE ADDRESS (=4) 1
PICTURE TYPE 1].
TEMPORAL REFERENCE 2
RESERVED 1
TOTAL 5
—

—

FIG-11 . ThlsSheetHas
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fust‘desc}ibedj
" REPLACEMENT SHEET Dat e
prelimnary Cl word,

synbol s are generated by conventi onal.

those 12 C2 parity synbols are inserted ing
01 NOV 1995 46 C2 hol d section of
thus formng a precursory Cl word. Th
generation in response

parity synbo

oTPtJﬁe:HEEi HAS BEEN

t hi s REYiSRCED

m, -8 CL parity

to the data and parity synbols included in this precursory ClL word. The

FIELD NAME

BIT

ANALOG VIDEO OUT
ANALOG AUDIO OUT
DIGITAL VIDEO OUT
DIGITAL AUDIO OUT

VIDEO BITSTREAM OUT
AUDIO BITSTREAM OUT
SUBTITLE BITSTREAM OUT
MUXED BITSTREAM QUT

TOTAL

[o - Y TR S G G R R o [72]

FIG.12

CONTENTS OF APPLICATION ID

0

NO DATA

1

COMPUTER STORAGE

2

VIDEO DISC (DVD)

3~FF

RESERVED

FIG.13
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formng the C1 code word. In the C1 code word shown in Fi
parity synbols are inserted between two groups of data sy

‘ gene(ated'cj parity synmbols are inserted into the Cl hold [gﬁ%é%fﬁgpppelah

Alternatively, the C2 parity synbols may be |ocated at the end of the 116

- data synbols, that is, at the end of the C2 word. A preestabllshed nunber
of Cl code words having the structure shown in Fig. 17 constitute the |ong
di stance error correction encoded data. That is, a preestablished nunber of
the Cl code words 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 .

TIME CODE FORMAT

FIELD NAME BITS
HOURS (2 DIGITS) 8
MINIUTES (2 DIGITS) 8
SECONDS (2 DIGITS) 8
FRAMES (2 DIGITS) 8
TOTAL : 32

FIG.14

CONTENTS OF PICTURE TYPE
[ 0| IPICTURE
1| P PICTURE
2 | BPICTURE
3-FF | RESERVED

FIG.15

CONTENTS OF ECC TYPE

0| LONG ECC
1 | SHORT ECC
2~FF | RESERVED

FIG.16
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that i d, 1...127. Each Cl1 code word is conprised of a sy IAS. BEEN

r\\:vv-lﬂnl S—.33rQ
-- S O -

n [w] i -P A
"pattern, followed by 136 symbols [err] wherein j o, 1. lagTﬁQ%ﬁgiigﬁje
shown in Fig. 18 represent the manner in which the C2 parlt;

generated. As has been described above, the C2 parity synbols are gener at ed
for the [err] code word in response to the data synbols included in code
words [err], where r represents the nunber of data synmbols and that are
conbined to generate the parity synbol. FromFigs. 17 and 18, it is seen
that synbols [err] constitute data and C2 parity synbols and synbols [err]
constitute Cl :

58 12 ' 58 : 8
SYMBOLS SYMBOL.S SYMBOLS SYMBOLS

—— e

SYNC DATA C2 PARITY DATA C1 PARITY

C1 CODE (136 SYMBOLS)

FIG.17

e
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'REPLACEMENT  SHEET 47

will
Cl code word,

burst error

be appreciated that,

correctable error

C1 CODE

127 128

of 12 x 136

Dat e:

since twelve C2 parity
up to twel ve data symbol s can be corrected
twel ve data synbols are included in twel ve successive Cl}
of twelve Cl code words can be corrected, which anDunts to a
= 1,632 synbol s.

0 1 NOV 1995 47 parity synbols It

synbol

&R

C1
PARITY
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An exanple of the 'S format ECC encoding is schematically il g
"Fig. 19. In the S format, the twelve C2 parlty synbol s are IVI Iﬂﬁgg@éE]
groups oflsix C2 parity synbols each, with one group of sixi

synbol s being added to 58 data synbols and the other group of SIX C2 parity
synbol s being added to the next 58 data synmbols. Thus, rather t han
generating the C2 parity synbols fromdata synbol s included in 128 Cl1 code
words, the C2 parity synbols in the S format are generated from successive
data synbols included in 64 Cl code words having the schematic

representation shown in Fig. 19. Wiereas the L format permts the use of C2
parity synbols to :

C1 CODE

127 128
. . O
e Qe

B4 -

j

O
S
FIG.19

SYNC

O o™ b

This Sheet Has Been Rei
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correct errors in twelve Cl code words, the S format supporj sH

' correctlon of up to six Cl code words. Hence, the S format Z %& HLLX@BEEN
correction of a burst error of 6 x 136 816 synbols. Wen| :Q:&hﬁ;__
ECC format used in, for exanple, CDROVB of type that have been proposed
heretofore, the use of the L format or S format in accordance with the

present invention REPLACEMENT SHEET T
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Date: 01 NOV 1995 48 permts a reduction in redundancy fro ame$Ha§ﬂHm$BEEN
prior art CD- ROVs to about 15%in the present invention. A sect&eptacapd

of ECC erficoded data in the L format or the S format is shoWr T Frg—=t

wherein the sector includes a sector header forned of 24 synbols and al so

is conpris EL ef phteen O code words, each Cl code word haying the
constructign show|in Fig. 17. The last*'{l code word includegd in the sector
i ncl udes f urﬁkr-or det ection code symhots and twel ve synbolps that are
reserved for Eyt re use. The sector he&d% exhibits the
n : 0.
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X

structure shown in Fig. 10. Nevertheless, errors that may '
"~ sector header are corrected generally by using only the C 'ﬂﬂ&ﬁﬂggnmm@BEEN
whi ch are* generated for that Cl code word. As an aspect off thi sREPnEDEDON,
t he sequence of the synbols included in a Cl code word as i
track differs fromthe sequence of the synbols that are supplied for
recording. That is, and with reference to Fig. 1,” the sequence of the
synbol s supplied to nodul ator 140 differs fromthe sequence of synbols
supplied to switch 124. By recording the data synbols in what is referred
to herein as a disarranged order, the
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DATA (116 SYMBOLS)+C” PARITY (12 SYMBOLS) C1 PARITY |
> (8 SYMBOLS).

0 127 1128 135 !
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possibility is reduced that a burst error will destroy the Q_the
‘extent that, when reproduced, the data will not be interprqfabhesHEdr Has BEEN
.parti-cular, if the data represents video information, the riecordigg@cephe

data synbol s in disarranged REPLACEMENT SHEET Date :01 N
enhances the possibility that accurate video pictures -
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neverthel ess can be recovered even in the presence of the burst error. Fig.
20 is a schématic representation of the manner in which the data synbols

are disarranged for recording. Let it be assuned that data synljOj %HQ[— At REE
recorded on the disk in the order Dk and let it be further assJME Sthats! @gEB““P
each Cl code word is forned-of msynbols, wth n of those synmbils LA
constituting a C2 code word (i.e, 116 data synmbols and 12 C2 parity
synbol s) and mn.of those synbols constituting the ClL parity synbols. The
relationship anong i, j, k, mand n for recording thus is: k =mx i + 2 x

j - m when j < m2

Dm+1

Mm

Dm

> |

Ma!'

FIG.24

D3

M
MARGIN
BIT
(2 BITS)

14 BIT.
DATA

This Sheet Has Been Reilaced ;

s | INHNN




ko= n1x,i:+ 2 xj - (m- 1) when ] [err] m2 If the data synbols appear on

the disk in the recorded sequence [err] ... such data synbol d
i nto+*an odd group followed by an even group. For exanple, dHiBSHBENgA %@EN~’
synbol s, data synbols [err]. constitute an odd group of oddnhunbeRE®LA8ED '
synbol s and data synbols [err] constitute an even group of €V

synbols. It will be understood that "odd" and "even" refer to the original

sequence in which those data I ad been presented for recording. In
the foregoing equations, i if5 t faue tial order in which the Cl code
words are presented for recogding, | is/the sequential order of the m

DETERMINE INHIBIT PATTERNS
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L

,éynbols I n each Cl-code word presented for recording and k s the

order. in which the msynbols are recorded on the disk. Thd LAW&@:N
the Cl1 code words having data synbols in the sequence [err]{ @
*F*Far

e

pl ayed back fromthe disk, the data synbols stored in ring

Fig. 2 are rearranged to the sequencﬁ illustrated in Fig. 20. ThIS sequence
of Fig. 20 is ~ /1 )
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referred to as the arranged sequence and is fornmed of sequentral
alternating odd and even data synbols which is the sane S G =

It will be appreciated that the data symbol's which are in IudedRFﬁLA%%D
recorded [err] code word in fact ‘belong in part to [err]
[err] code word. That is, if the [err] recorded code word is formed of
synbols [err] the reproduced [err] code word includes synbols [err] and the
reproduced [err] code word includes synbols [err] [err]. The sequenti al
storage positions in ring buffer 217 of Fig. 2 of the synbols Dk that are
reproduced fromthe disk may
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.be expressed as follows: i = (k/m - (knmod2) + 1] = (m2) *r‘}-(l§a‘PJ@§)|r'r’\uB|:EN
(kmodm/ 2 .where i is the sequential order of the Cl code
read out of the ring buffer, j is the sequential order of ise=ss 3ee—g
the msynbols in each C1 code word that is read out of the r|ng buffer and
k is the disarranged order in which the msynbols are recorded on the disk.
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REPLACEMENT SHEET" Dat e 01 NOV 1995 51 Although the pres ept—tnRvention —
preferably records data in the L format of ECC encodi ng, w TEE@SHEED$&&SBEEN
herein may be enployed with S format ECC encoding. Discrinijhati orkédreiagsmn

the L format and S format nmay be made by sensing the ECC by

information field of the TOC data, such as the ECC byte shown in Table 3,

or by sensing the ECC byte included in the subcode-field shown in Fig. 11B,

wherein the ECC byte of the subcode field may have the structure shown in
Fig. 16. Another v
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t echni que fhat can be used for ECC format discrimnation conte '
one type:of sector sync patter when L format ECC encoding is §>G¢m§BHLFTHnSBEEN
anot her type of sector sync pattern when S format ECC encodi ngii s UF&EPLACED
Thus, not only is sector synchronization detected but, at the ‘SEFEFrE———"=
the type of -ECC format is sensed. Yet another technique for discrimnating

between L format and. S format ECC encoding ‘enpl oys the addition of a .
i mmedi ately followi ng the sector sync pattern. Stil

discrimnation bit
anot her techni que for discrimnating between the L and S ECC formats is
based upon the ability of the ECC
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L ]

’correctlng circuit 216 of Fig. 2 to operate satisfactorily. , Bﬂsé%ﬁﬁﬂmﬂsstsw

erron ﬁOerCtlon assunes that the ECC encoded data is in thg L foRhBLAGEm

error’ correctlon is not possible, it is highly likely that the data
actually is'in the S format. Conversely, if error correction assunes that
the ECC encoded data is in the S format ‘but error correction is not
possible, it is REPLACEMENT SHEET Date: 01 NOV 1995
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- 52 highly likely that the data had been encoded in the L ngH@E}%iﬁu%n>BLEN
di scrjm nation between the formats is dependent upon the fuccesgepgadebl ure
of erroi €orrection. The ECC encoded data, whet her in thetr=—Forrat=—ocr=t
format, constitute convolution codes. A group of Cl code words may be
thought of as a block and such Cl code words may be bl ock coded in the
manner shown schematically in Fig. 22. Here, in addition to L format ECC
encodi ng, the Cl1 code words are bl ock coded as will now be briefly
described. Let it be ass d that the data synbols in a prelimnary Cl word
constitute a C2 word & ‘ :
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(as described above). Let it be assumed that the C2 words
" the sequence C21, C22; C23, etc. In Fig. 22, the symbols r
open «cif¢l.e are data synbols included in the C20 word, the synbols
represented by a filled-in circle are data synbol s |ncluded in the C216
word, the synmbols represented by a triangle are data synbols included in
the C217 word, the synbols represented by a square are data synbols
included in the [err] word, and the synbols represented by an X are data
synbol's included in the [err] word. Since a block code consists of 144 Cl

code words, but each Cl code word includes only 128 data synbols (i ncluding
c2 parlty synbols) it foll ows
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that ope data synbol in the Cl17 code word cannot be incl udg
i I'lustrated block and is expected to be included . in the next Dafsal.l.ow.n
bl ock. However, block coding requires all of the data synbo= e
code words [err] to remain in that REPLACEMENT  SHEET De O
53 block and, therefore, the | ast data synbol of the [erpE

REPLACEME

particularly, to that disk, to a method of recording and reading

- information 6n_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 cp;ROM is modeled after
the standard compact disk (Cb) that has-beén developed for audio
applications and is basically an audio CD with various
improvements and refinements particularly adapted for computer
applications. Using Suqh 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 relatively inexpensivé and are guite popular.

However, since convéntional audio CDs with their -
inherent format and storage capacity have been adapted for CD-
ROMS, it has heretofore been difficult to improve the data
storage . capacity. In typical éomputer applications, alcapacify
.of 600 Mbytes has been found t6 be insufficient.

Alsd, the data transfer rate_that can be obtained from
audio CDs generally is less than 1.4 Mbits/sec (Mbps). However,
computer applications generally require a transfer rate far in
excess of 1.4 Mbps; but it is difficult toaattain“a faster

transfer rate with conventjonal CD-ROMS.

%

=NT i .:ET
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L)

is "folded back” into this block as the last data synbol d
s

word. Simlarly, the last two data synbols of the [err] "'%pééreﬁ

to fall within the next-follow ng block, but because of bl coc‘]ngq WW!
two symbols, identified as data synbols 126 and 127, are a nt-

the [err] and [err] code words, respectjvely. Stated general ly, those data
synbols of a C2 word which otherMAse woul d be included in the

next-foll ow ng block are folded back to the beginning of the illustrated

bl ock such that each C code word included in a block of 144 Cl1 code words

I ncludes interleaved data synbols from 128 of the 144 Cl code words, as
shown. ' Yet another disadvantage associated with conventional

$ rj“QQue

CD-ROMs, and which is due to the fa;t 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 appl%cations often require
accessing an arbitrary location to read a relatively 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 being read by the optical pick-up.

A still further difficulty associated with CD-ROMs, and
which also is attributed to the fact that such Cb-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 nevertheless can be concealed by using
interpolation based upon the high correlation of the audio
information that is played back. However, in compuﬁer
applications, interpolation often cannot be used to conceal
errors bécause of the low cor:elatibn 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.’ ﬁowever, the blbck completion

code generally takes a relatively long amount of time to decode



Each bl ock consists of 8 sectors, whereby a bl ock includes |hBEBLAGEMENSRHEET
bytes. "Error correction can be carried out on a bl ock-by-bliock bag) - NBV

23'is a schematic representation of the block coding of S floPA&t:EGC: ¥

encoded data. The same principle that is used for the bl ock—coding of L
format ECC encoded data, as discussed ith conjunction with Fig. 22, is
applicable to the block coding of S format ECC encoded data. Here, however,
each bl ock consists of 4 sectors; and as a result, each block is conprised
-of nmore than 8K bytes. The nobdul ati on techni que used to nmodul ate the Cl

code

the data, and more importantly, its error correction ability is
believed to be insufficient in the event that multiﬁle errors are
present in a block. S8Since two error correction code (ECC)’
techniques are used for a CD-ROM, whereas only one ECC technique
is used for an audioc CD (namely, the CIRC technique), a greater
amount of non-data information must be recorded on the CD-ROM to
effect such error correction, and this non-data information is
referred to as "redundant" data. In an attempt to improve the
error correction ability of a CD-ROM, the amount of redundancy
that must be recorded is substantially increased. -

| OBJECTS OF THE INVENTION

Therefor, it is an object of the present invention to
provide an improved optical disk having particular use as a CD-
ROM which overcomes the aforenoted difficulties and disadvantages
associated with CP-ROMs which have been used heretofore.

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

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 heretoforé used.

A further object of this invention is to improve the
storage capacity of an optical disk, thereby making it more

advantageous for use as a éD-ROM.



words for recording on disc 100 (e.g., the nodul ation tech qmpLugngwaHEéT

nmbdul at or

used as t

140 of Fig. 1) now w |l be described. REPLACENENT

N 105

SHEET,
01 NOV 1995 54 One type of nodulation is 8-to-14 nodul ati WEQEENQ"M&U ________

he standard in conpact discs, and one exanpl e of Steh=EEM

processing is described in Japanese patent

4

An additional object is to provide an improved optical
disk which stores data with reduced redundancy.

Still another object of this invention is to provide an
improved recording format for an optical disk which enhances the
error coréecting ability thereof.

Another object of this invention is to provide an
optical disk having a substantially 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 having a sector header that is easily and rapidly fead,

' particularly because the sector header is not encoded in a form

which requires a substantially long amount of time before it is

successfully decoded and recognized.

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

| SUMMARY OF THE INVENTION

In accordance with this invention, an opticai 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 % O.lmm,
and a plurality of record tracks exhibiting a track pitch in the

range between 0;646um and 1.05um with data recorded in those




BETSACEMENF SHEET
| " bi 1 {bROVUISH

application 6-2655. In conventional EFM an 8-bit byte is
14-bit synbol (the bits of ‘the synbols are known as "chan
they are supplied to the recording channel) and successi va| Pgighol-s.ar-e:--re
separated by margin bits. Heretofore three margin bits wer ; :
three bits were selected to assure that the Digital Sum Value (DS

accunul ated from successive synbols.-i$ reduced. EFMis a run |length
limted (RLL) code and, preferably, the shortest run length permtted in
EFM consi sts of two consecutive, zeros which are spaced between 1s, and the

| ongest run length is limted to 10, wherein 10 consecutive zeros may be

present bghVesl & 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 least 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 cof;ection 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. |

In the preferred embodiment, the data is recorded with
a linear density in the range between 0.237um per bit and 0.378um
per bit. Also, the program area is diéposed in a portion of the
disk having a radius from 20mm to 65mm.

The format of the data advantageously pérmits rapid
access to a desired sector; Reduced redundancy in the recorded
data ané 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.



If two margin bits are used rather tHan 3, the possible coffbrhati NS, . N

such margin bits are: 00, 01, 10 and 11. In EFM a nargin ihééhég%?ﬁﬁ¥§§EET.
prohi bited. Hence, only three different conbinations of majghn, Dbi
used to link (or separate) successive gynbals: 00, 01 and =

dependi ng upon the bit stream of one or the other synbols which are |inked
by the margin bits, one or nore of these possible states may be precl uded
because, to use the precluded state may result in an undesirable DSV. Fig.

24 is a schematic representation of a "string" of data symbols separated by
margi n bits. Each d&he eywoy| coxrection code used with the present

invention prefefably is a 1on§ distance 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 symbols 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 thé 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-divided;
and as a result, all 8 erroneocus data symbols, if present in the
long distance coded data, can be corrected.

As another feature of this invention, the RLL code that
is used preferably converts 8 bits 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

symbols. Thus, the present invention achieves a reduction in

redundancy.



REPLACEMENT SHEET Date: 01 NOV 1995 55 conprised of 14 chafinguhid 4,:%]@@&185{@@,-
margin'bits are conprised of 2 channel bits. Thus, margin|bits rr
separate data synbols [err] and D2; margin bits [err] sepdrpdig: d t &

D2 and D3 rrarg| n b| ts [err] Separ ate data Syn’b0| S D3 and ................
with margin bits Mn separating data synbols [err] and [err] Neverthel ess,
| 7

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description, given by way of
example and not intended to limit the present invention solely
thereto, will best understood in conjunction with the
accompanying 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;

Fig. 2 is a block diagram of apparatus incorporated in
the present invention for reproducing data from the optical disk
that has been made in accordance with the technique shown in Fig
1; ' ‘

Fig. 3 is a schematic representation of the recording
areas for the disk made by the technigue ‘shown in Fig. 1;

Fig. 4 is a schematic representation showing the

_recordihg 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 the redording aréas;

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

information recorded in the TOC region of the disk;



assum ng that the 14 channel bits included in a data synb@l reresdraritetein
14 successive bit cells and further assumng that the margin bits are

i ncluded in 2 successive bit cells, successive data transi Dgt@sﬂnltﬁﬂy]a%
string of channel bits depicted in Fig. 24 are separated e
data bit cells and by no nore than 10 data bit cells. A string of data
synbol s may include parity synbols, and&ig. 27 illustrates a franme of such
synbol s beginning with a sync pattern of 24 bit cells, followed by 12 data
synbol s (shoewn as 14-bit synbols separated by 2 channel bits), followed hy
4 parity synbols, followed by 12 data synbols and ending with 4

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 are tabular representations of different
types of subcode data that may be recorded in a sgctor;

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 information in a
sector;

Fig. 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 recorded as the subcode information in a sector;

Fig. 16 is a tabular representation of ECC type data
that may be included in the TOC infofmation 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 representation of the long
distance error correction code format used with the present

invention;



pqrit&jsynbols. The sync pattern is illustrated as a high LIEHRUAd%MﬁﬁTS%
extending for 11 bit cells followed by a | ow signal |evel gxtendi f &éﬁ
bit cells, followed by a high signal |evel extending for 2 Maﬁeceﬁ%m _________
i nverse of this pattern can be used. Fig. 27 al so depicts ‘the=two=i
margin bits which separate successive data synbols; and as nentloned above,
I n sonme instances, certain ones of the d hree permtted conbi nati.ons of
margi n bits cannot be used. Fig. 28 schematically represents the condltlons
under which the margin bit conbination 00 or the

Fig. 19 is a schematic representation of a shbrt
distance error correction code format thaf could be used with the
present invention; '

Fig. 20 is a schematic fepresentation of the sequential
order of rearranged data symbols after those symbols have been
played back from the disk;

Fig. 21 is a schemafic representation of a sector of
data that has been error cofrection encoded;

Fig. 22 is a schematic representation of a block code
of error correction encoded data in the long distance format;

Fig. 23 is a schematic representation of a Slock code
-of error co:rection encoded data in the short distance format;

Fig. 24 is a schematic 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 ?n EFM modulator that can
be used to produce the data string shown in Fig. 24;

Fig. 27 is a schematic representation of a frame of EFM
modulated data;

Fig. 28 is a table which explains how margin bits are
selected/inhibited when forming the strihg of EFM data shown in

.Fig. 24;
Figs. 29A-29D are explanatory waveforms which are

useful in understanding how margin bits are selected;



REPLAC@NENT SHEET Dato : 01 NOV 1995 56 nmargin bit conbinariEEPimciﬁﬁﬁﬁéﬁEﬁT

margin bit conbination 10 cannot be used. As will describgd, a itﬂnﬂb 3§§?n

as the inhibit margi.n bit signal Midentifies the margin [fi DateoMailn y -
Tt

whi ch cannot be used. For exanple, when [err] = 00, the
conmbi nation 00 cannot be used. Simlarly, when [err] = 01, the margin bit
conbi nati on 01 cannot be used. And whe¥® M nh = 10, the margin bit

conbi nati on 10 cannot be used.

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 DESCRIP‘I‘IQN OF PREFERRED EMBODIMENTS

The present invention records different types of data
on an optical disk, preferably for use as a CD-ROM but also
adapted for use as a digital video qisk (DVD). Such data may be
file data or application 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
information and which preferably is compressed in accordance with
the various conventional video data compression standards, such
as those known MPEG-1, MPEG-2, or 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, é brief description is provided of the disk
itself. The phfsical parameters of the optical diék used with

the present invention are quite similar to the conventional audio



Let ifjbe assunmed that margin bits separate data syﬁbols [eJtﬁggﬁéchﬁﬁfsﬁEﬁT
Let it be further assunmed that the nunber of consecutive zerbs _at @hp NOV 1995
| eadi ng end of data synbol D2 is represented as A and the nJ

re—t

ll
f

a
88 i parng-t .. |

at the termnating end of data synmbol [err] is B. If A+ Bis equal to or
exceeds. 8 successive zeros (A + B [err] 8) then the margin bit conbination
00 is inhibited [err] = 00). If.-the nost significant bit Cl of data synbol
D2 is "1" (A=0) or if the next nost significant bit C is "1" (A =1) or
if the least significant bit Cl4 of data synmbol [err] is "1", the margin
bit conbination 01-is inhibited (Mnh = 01).

CD; and for this reason} a drawing figure of the disk is not
provided. Nevertheless, it will be appreciated that the diameter
of the disk is 140mm or less, preferably 120mm or. 135mm. Data is
. recorded in tracks, and will be described in greater detail,
having a track pitch in the rénge between 0.646um and 1.05um, and
preferably in the range of 0.7 to 0.9um. Like audio CD 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 fhe range of
0.3um to 0.4um per bit. Data is recorded in that portion of the
disk having a radius from 20mm to 65mm. The disk, whose
thickness is 1.2mm %+ 0.1mm, is intended to be driven for a
plaYback operation such that its linear velocity is in the range
6f 3.3m to 5.3m per second.

As a result of the linear density and track pitch of
the disk, information is optically read from the disk by é pick-
‘up head which projects a light beam -of wavelength A through a
lens having a numerical aperture NA such that the projected beam
"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 beanm being projected.through
a lens whose numerical aperture is NA = 0.52, resulting in the
spatial frequency ¢ = 61llnm.

Typical examples of the physical parameters associated

with the optical disk are as following:



If,thé,least significant bit Cl4 of data synbol [err] is "1 HQBAK Qb defeoy
the next least significant bit Cl3 is "1" (B = 1), or if the
R Qorﬂ)ﬂn AOVoiess

significant bit Cl1 of data symbol [err] is "I", the margin
10 is inhibited (Mnh = 10). The foregoing 3 conditions argqtaot—aufually = =
exclusive; and fromFig. 28 it is seen that conditions may exi st which
preclude the margin bit conbinations 01 and 10 (both margin bit

REPLACEMENT SHEET 12

120mm.

Disk diameter

Program area = 23mm to 58mm.

Track pitch = 0.84um;

Linear density = 0.307um.

This results in a data storage capaéity 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. One sector is comprised of 14 x 2 EFM plus fraﬁes{

But, the amount 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) information, 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 approximately
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 on 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
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Date : Q1 NOV 1995 57 conditions are precluded if the nost. $u§n?$#%dhﬁ“5ﬁﬁ““T
Ct of data symbol D2 is "1" or if the least significant bit Cl4 OQ qg
synbol [err] is "1"). The nunber. of inhibit margin bit co i Raleionsti s N,

represented as NI. If N 0, all three margin bit Conblnar10n5’nuy be
used. If NI =1, one of the three narglghtnt patterns is precluded and the
other two. may be used. If NIl = 2, the margin bit patterns are
precluded but the third is permtted. It will be appreciated that N never
is three. Turning nowto Fig. 25, there is illustrated a flow

capacity of the digsk likewise is varied. For example, if the
track pitch is on the order of about .646um, the storage 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 order of about 4.2Gbytes. As a practical
matter, however, the spatial 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—ub beam and the linear density be
no less than one-half the spetial frequency of the pick-up bean.
When combared to the audio CD, the linear density of
the recorded data of the optical disk used 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
:capacity of the audio CD. The optical disk of the present
invention 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
approrimately 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 to be recorded, this data being



chart’which represents the manner in which a margin bit(:nﬁgggndgMEﬂ§SngT
selected for insertion by a margin bit generator between {jwo dat yiE

At step S1, the inhibited margin bit conbinations are det ;rmgt@edzbj gcﬂgs
set of margin bits [err] . . . [err] and the nunber of | nk==t

conbinations NI, NI2, . . . [err] likew se is determ,ned. It mnll be
appreci at ed that [err] and NI for each L&t of margin bits to be inserted
bet ween data synbols may be determ ned fromthe conditions depicted in Fig.
28. The flow chart then advances to inquiry S2 which determ nes |f t he
nunber of inhibited conbinations for the margin

formed of, for example, multiplexed video and audio information,

T

title data and sub-information such as, but not limited to,
cdmputer files, character data, graphic information, et cetera.
The data supplied to input terminal 121 is ﬁroduced by the
apparatus shown in Fig. 32 and will be described below.

The user data is cdupled 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 information
also includes data related to the user information per se, such
as information that is helpful in rapidly accessing the user
information recorded in particular tracks. The structure of the
TOC information is described below.

Switch 124 selectively.couples user data supplied at
input terminal 121 and encoded TOC data supplied at input
terminal 122 to an error detection code (EDC) adder 127. As will
be described, TOC information is recorded on one portion of the
disk and user data is recbrded on another portion; and switch 124-
sélects either the Toc_information or the 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 data or TOC information; and adder

127 serves to produce the error detection code after a sector of




“bit pattern [err] is equal to 2. If so, the flow chart advﬂ”ﬁﬂﬁLiéL P
and only a single margin bit conbination can be sel ect ed. exanﬁ1 ”V““
the nost significant bit of data synbol D2 is "1", [err] = 2Dae}£|_c_l_g"e] rNUV:I%
01, 10. Step S3 thus pernits only nmargin bit conbinati ons (8—te-be SEI'ECIaU"

as the margin bit pattern [err]. REPLACEMENT SHEET Date:.01 NOV 1995 58
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data has been received and then adds the error detection code to
the end of the sector of data. 1In the preferréd embodiment, a
sector is comprised of 2048 bits of useful data, plus parity
bytes, plus sector header data, plus a number of "reserved"
bytes, plus 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. As will 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
information, particularly in sectors containing user data,
includeé subcode information which is coupled'to the sector
header adder by way of a seétor header encoder 129, the latter
operating to encode subcode information supplied thereto by way
of input terminal 123. :Such subcode information is generated by
a suitable source and, as will be described furthér below in
conjunction with Fig. 11, is'used to provide helpful identifying
and control information related to the user data that is recorded
on the disk. For example, the subcode information identifies 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
designates the particular user-application for the data recorded

in the sector, time code data which represents time information



However ,

if inquiry S2 is answered in the negative, then|tREACHHHESHEET

defferent margin bit conbinations can be selected. The flow ch t1q““pEE§s
to step S4 where the inhibited margin bit combination M (PF®i-t-he-ntfh-
margin bit pattern (n72) is determned. But, if the nunber—of Tthnnhibited
conmbi nations for the second margin bit patternis 2, that is, if N2 = 2,

then the
pattern.
sel ect ed
advances
which is

n-th margin bit pattern islgonstrued as the (m+ 1)th margin bit
That is, if NI2 = 2, only one margin bit conbination can be
for the remaining margin bit patterns [err] The flow chart then
to step S5 wherein data synbol D2 is |linked to data synbol D3
ldth kviad cho thet aseyndata 04 recorded, and information relating to

video pictures that may be recorded on the disk, such as the
distance, or separation, between a video picture recorded in this
sector and the next-following and the next-preceding video
pictures. A system controller 110 controls sector header encoder

129 to make certain that 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 subjected to error
correction encoding carried out by an ECC circuit 132 in
combination with a memory 131 and a memory control section 133,
the latter being controlled by system controller 110. An example
of ECC éncoding thaf may be used with the present invention,
subject to modification so és to be applicable to the data
recorded on the optical data, is described in United States
Reissue Patent Re 31,666. In one embodiment 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 encoding 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 functiqn of a respective data byte or symbol in

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



porepimivaipponismnvbemetre Toopny, |

ta datg synbol [err] by the respective margin bit COﬁbInaﬁlﬁﬂﬁ y@u%ﬁwaEELzr
net inhibited. Thereafter, in step S6, since the margin bil

[err] have been sel ected, and since the data synbols up td Preal¥. kKidnnss.
the accunulated DSV up to [err] is calculated. The DSV det :
data synbol sinply is added to the DSy;whi ch has been accunul ated from
previ ous data synbols. Then, in step S7, the margin bit pattern [err] is
sel ected as the particular margin bit conbination which mnimzes the DSV
that is projected to be accunulated up to data synbol [err] It will be

- appreciated that steps S4 - S7 rely upon a
data bytes or symbols 1n each C2 code 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 C23 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 though such C2 parity bytes relate
to data bytes included in other C2 Qords. Then, Cl1l parity byteé
are generated for the C2 word (such as C2;) to which has been
added.the C2 parity bytes, resulting in what is referred herein
as a C1 code word (such as Cl,). The resultant Cl code word,
consisting of 116 data bytes, plus 12 C2 parity bytes, plus 8 C1
parity bytes 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 of data bytes
and an even group of data bytes. Since each group consists 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-follewing C1l code word, thus
forming'a disarrangéd order of bytes. This disarranged order
improves the burst errdr immunity of the ECC encoded data. The
disarranged order of the ECC-encoded bytes is supplied from

memory 131 to a modulator 140 which, preferably, carries out 8-



proj ected -DSV; and al though the margin bit pattern under co HVF LR SupsT i
margin pattern [err] the technique for selecting the approplfiate fardi i T
conbination for pattern [err] as based REPLACEMENT SHEET) [ate. W1 NOV 548

1995 59 upon | ook ahead data synmbols [err] Fig. 29 is ag I
representation of the nanner in which t B8 proj ected DSV

to-16 modulation, although 8-to-14 (EFM) modulation could be
used, if desired.

Memory controller 133 supplies to memory 131 the'
necessary read and write addresses to enable the Qeneration of
the €2 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 loné 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 ECC-
encoded data may exhibit a short distance code or S format, such
as is depicﬁed in Fig. 19, described below. Depending upon
whether the L format or the § format is selected, systenm
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-bi£ 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 eum value (DSV), which is a function of the run length of
the digitel signal, that is, the number of conéecutive 0s or the
number of consecutive 1s, is limited to permit the DC component

which is produced as a function of such consecutive 0s or 1s, to



i s, accunul at ed based upon "l ook ahead" data symbols. For S|n%¥F¢%%§fF% SHE S
is assumed that m= 3, that data synbols D1, D2 and D3 arejknown, q)qhﬂﬂ
accurul ated DSV up to data synbol [err] is known and that'mapﬁ """ | SR

pattern [err] is to be selected. Fig: 29A represents the 14-bit data
synbol, wherein a "1" is represented by a transition and a "0" is
represented by no transition in the digijgal signal. The data synbols shown
in Fig. 29A are the sane data signals used in Figs. 29B and 29C. Fig. 29A
represents the margin bit pattern [err] as the conbination 10; Fig. 29B -
represents the margin bit pattern [err] as the conbination 01 and Fig. 29C

represent srdniirimatgior blbs@atdes N [Mf Iduppreddsing the DC, or lower

frequency component of the digital signal that is recorded,
errors that otherwise would be present Qhen that digital,signél
is reproduced are minimized. |

Modulator 140 thus produces a recording signal which is
coupled to cutting apparatus 150. This apparatus is used to make
an original disk from which one or more mother disks ﬁay 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 embodiment, the cutting apparatus includes an
elecﬁro-optical modulator 151 which relies upon the so-called
Pockels effect 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 apparatus relies upon conventional techniques, such as
development and vacuum deposition, to produce a plurality of
mother disks. Such mother disks are used 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 dépicted as disk
100.

The technique used to reproducé the information
recorded on optiéal disk.loo now will be described in conjunction

with the block diagram shown in Fig. 2. Here, the disk is



coibi nation 00. It is assumed that [err] = 0, neaning that‘thqn »arewpo¢45~
I nhi bited margin bit conbinations for margln bit pattern Nh I't |sg rr 39%
n

_.i

assumed that the least significant bit of a data synbol is rﬁﬁges

..............................

LLK Dl" Fmv'ﬂ

"CW.L" and CALL = 0 in each of data synbols [err]and D3.
based upon the nost significant bit of data synbol [err] nargln bi t

conbi nations 01 and 10 are inhibited (s2@ Fig. 28) and NI2 = 2. Finally,
based upon the bit streamof the trailing end of data synbol D3 and the bit-
stream at the | eading end of data synbol [err] margin bit conbination 00 is
inhibited for [err] (see Fig. 28) and I3 = 1. Fig. 29D illustrates the
accunul at edopb$valhyt read by an optical pickup 212 which projects a light

beam, such as a laser beam having the spatial fregquency &=i/2na,
this beam being reflected from the disk gnd detected by a

~ conventional pickup detector. ‘The.detector converts the
reflected-light'beam to a corresponding electrical signal which
.is supplied from pickup 212 to a waveform equalizer 213 and
thence to a phase locked loop clock reproducing 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 dlock signal which was used to record data on the
disk. The extracted clock is coupled to demodulator 215 which
performs RLL demodulation that is described in greater detail
below 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'the "clocking in" of the demodulated
data. The demodulated data also is supplied from demodulator 215
to a sector header detector 221 which functions to detect and
separate the sector header,frdm the demodulated data.

Ring buffer 217 is coupled to an error correcting
circuit 216 which fungtions to correct errors that may be present '

in the data stored in the ring buffer. For example, when data_is



obtained up to the end of data synbol D3 if [err]= 0, if [ﬁtﬁLAﬁEQENTSHEéa
REPLACEMENT SHEET Date: 01 NOV 1995 60 and if [err] = 00. {in parilgu 8, gs
curve a of Fig. 29D illustrates the accunulated DSV when [ebgk ‘@

b represents the accunul ated DSV when [grr] = 01; and cur\ £-opE-esepis:
the accunul ated DSV when [err] = 00. It 1s seen that at the end of data

recorded in the long distance code formed of, for example, C1
code.words, each comprised of 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 Cl parity symbols to correct errors
that may be present in the Cl1 word. A corrected Cl word is
rewritten into ring buffer 217; and then the error correcting
circuit uses the €2 parity symbols for fgrther error correction.
Those data symbols which are subjected to.further error
correction are rewritten into the ring buffer as corrected data.
Reference is made to aforementioned Reissue Patent RE 31,666 for
an example of error correction.

In the event that an error in the sector header is
sensed, error correcting circuit 216 uses the Cl1l parity symbols
to correct the sector header, and the corrected 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 sequence, but the
error correction encoded symbols are rearranged in a different
sequence for recording. In-oﬁe 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 Cl1l code

word are recorded in an even group. Alternatively, odd and even



synmbol D2, DSV = 3 if [err] =10; DSV =1 if [err] = 031, ﬁEFENbEMEﬁTEMEET
[err] = 00. Thus, to mnimze the accunul ated DSV, the marlgin bit
conbi nation 01 should be selected for margin bit pattern [jepale: Bl&‘ Ngvt@
margin bit -conbination 01 is selected, the accunul ated DS :
data synbol D3 is seen to be DSV = -5. Quthe other hand, if the margin bit
conbi nati on 00 had been selected for the margin bit pattern [err] the
accurul ated DSV at the end of data synbol D3 is DSV = 1. It is appreciated
then, that if the projected DSV is exam ned, the particular margin bit
conmbination that is selected for margin bit pattern [err] differs fromthe

Trargin bit cenp)DakEog e P U1l R3S Wot8Eelal’ bbN§rouped 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 6f as being recorded in a disarranged
order and the combination of the error correcting circuit and
ring buffer operate to rearrange the order of the symbols in a Cl
code word to its properly arranged sequence.

Error correctéd data stored in ring buffer 217 is
coupled to error.detécting 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 that 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 Cl code word, and the error corrected data, either
with or without such errof flags, as the case may be, is coupled
.to outpuﬁ terminai 224,

In addition, TOC information that is recovered from
disk 100, after 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



prpjecied DSV is not examined. Fig. 26 is a bl ock di agram|pRERBAQEHIHT SHEET
sel ection apparatus in which the margin bit conbination f nar%prbNb
pattern [err] is determ ned by | ooking ahead by up to m dat Raweyn aLsymKAg$L
m= 4. Thus, the accunul ated DSV up to the end of data s
calculated. Input terminal 10 in Fig. 28 is supplied with 32 successive
byt es that have been ECC encoded, and these bytes are used to read out
14-bit synbols froma conversion table 11 stored as a ROM Successive
14-bit synbols are coupled to an adder 13 which adds a pseudo franme sync
signal to the '

coupled to a system controller 230. The system controller
responds to user-generated inétructions 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 déta
representing the ldcation of the beginning of each track; and
system controller 230 responds to a user-generated request to
access a particular track to control disk drive 225 éuch éhat the
requested track is located and accessed. Particular identifying:
information representing the data in the accessed track may be
recovered and supplied to sYstem controller 230 by sector header
detector 221 so that rapid access to such data may be achieved.
~ A further description of the TOC information and sector
information useful for controlling the disk drive in the manner
broadly mentioned above is discussed in greater detail below.
It will be appreciated from the ensuing discussion of

N Figs. 10 and 21 that sector header information that is recovered
from the disk may be error corrected by using the Cl1l parity
symbols included in the same Cl code word as the sector header.
There is a high probability that any érrors that may be present
in the sector header can be corrected by using the Cl1 parity
symbols only. Since a Cl code word éontains C2 parity symbols
that are generated from the data symbols included in different c1’

code words, sector. information is quickly detected quickly by not
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REPLACEMENT SHEET Date: 01 NOV 1995 61 successive data synfpeiaws sthes PSeSIiTET
frame sync signal [err] ("LIXXXXXXXXXXX10") being added to
portion of each sync frame. The pseudo frame sync signal

"reserve" a location in which the actual franme sync patte
will be described. Successive data syriddols are coupled to registers 14-17

waiting for all of the C2 parity symbols to be assembled befofé
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 inforﬁgtion is interleaved in several C1
code words, thus requiring the recovery and error correction of
all of those Cl code words 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 100 is divided into separate
areas, referred to as the lead-in area, the program area and the
lead~out area. Fig. 3 alsc identifies the lead sector addresses
of the program area and the lead-out area. In the illustrated
embodiment, the sectors included in the lead-in area éxhibit
negative sector addresses ending with the sector address -1
which, in hexadecimal notation is OxFFFFFF. The sector address
of the first sector in the program area is identified as address
0. As indicated, the length or duration of the program area is
dependént upon the amount of data recorded therein and, thus, the
address of the last sector recordéd in the program area is
variable. It is appreciated, ﬁherefore, that the first sector
address of the lead-out area is variable and is dependent upon

the length of the program area.



wher ei n, each data synbol is stored. Thus, register 17 stﬂrggpgﬁggﬂguﬁggt_f
~[err] register 16 stores data synbol D2, register 15 stor
regi ster 14 stores. data synbol D4 and adder 13 now suppl

to the input of register 14. Data synbols [err] and [err]
di scrim nator 30 which exam nes these dat® synbol s to determ ne i f any of
the bit patterns therein correspond to those shown in Fig. 28. Depending
upon the sensed bit patterns, discrimnator 30 generates the inhibit margin
bit signal [err] which precludes certain margin bit conbinations from
margin bit pattern [err] The inhibit margin bit signal produced by the

di scrim nator is coopei endodiméntid® el disk configuration shown broadly

in Fig. 3 is schematically illustrated in Fig. 4. Here; the TOC
region, which is comprised of one or more TOC tracks, is disposea
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 érea. The program area shown in Fig. 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 number of tracks included in the program area is dependént
upon the amount of information stored on the disk, -and since the
number of sectors included in each track likewise is variable,
tﬁe sector addresses of the lead sectors of tracks 2, 3, ... N
are variable. Of course, the lead-out area commences after the
Nth track is recorded.

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

Fig. 5 illustrates another disk configuration'wherein
TOC information is recorded.in the lgad-in area from, for
example, sector -32 to sector -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



o] - : ,
is identified as the margin bit inhibit signal [err].A "1" || REPReCEVESY SiseT
position of Sinh4-inhibits the margin bit conbination 10, A hpny
second bit position of [err] inhibits the margin bit conbi aP?%ﬁTgilaﬁgvéggi
"1" in the third bit position of [err] inhibits the margin bit co
00. As an exanple, if only the margin bigsconbination 00 is a permtted
margin bit pattern, margin bit inhibit signal Sinh4d is represented as
"110". '

exanple, sector number 1024. Since the size of. the TOC region is
fixed at 32 sectors, as will be deécribed, 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 computer applications do not easily recoqniie
data recorded in sectors having negative addressés-(such as
sectors -32 to -1 of the TOC information recorded iﬁ the lead-in
area). |
Still another embodiment of the'daté 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, the recording of TOC information in the program area
differs from the recording of TOC 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 recorded in positive sector addresses in Fig. 6, the .
possibility of misinterpretation due to the difficulty of
recognizing negative sector addresses by a computer is obviated.
In the embodiments 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 coﬁputer 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 illustrates
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to a frame sync converter 18 which converts the 14-bit psdldie ifahe Sl RHEE
signal [err] to a 24-bit franme sync signal Sf. This 24-bityfrane eymeﬂVIQQE
signal Sf is coupled to parallel-to-serial register 19. THp&&data synbol s -

[err] . . . which are supplied successb ely to frane sync Converter 18 are
not nodified 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

the TOC region to be located from sector addréss 32 to sector
address 63. In this arrangemént, information recorded in sectors
0 to 31 is reserved for computer files that are particularly
applicable to the computér system with which the optical disk is
to be used. Thus, in the embodiments of Figs. 5, 6 and 7 wherein
TOC information is recorded in the program area, such TOC
information is segregated from and, thﬁs, 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 since the TOC information is recorded in a fixed
number of sectors so as to occupy a fixed TOC region, there is no
interference by the TOC information with such file system data.
As mentioned above, in the preferred embodiment TOC
information is recorded in 32 sectors. Preferably, although not
. necessarily, each sector is comprised of 2048 bytes and an
example of the TOC information recorded in a TOC region is set.

out in the following Table 1.



supplied thereto in parallel to serial output form In addffti . aLter—a
14-bit data synbol is serially read out of the register, a ZPékkﬂﬁﬁﬁéﬁﬁﬁﬁgﬁT
pattern produced by a margin bit generator 50 is serially fead oug prG\MQQS

register. Parallel-to-serial register 19 is clocked with # CHAnmet it

cl ock having a frequency of 24.4314 Mjg such that the serial bit output
rate of register 19 is 24.4314 Mops. These serial bits are nodul ated by an
NRZI rmodul ator 20 and coupled to an output 21 for recordi ng. The nodul at ed
NRZI serial bits also are fed back to a DSV integrator 40 which integrates
t he DC conmponent of such serial bits. The DSV integrator thus accunul ates
the DSV of the o

Table 1

Table of Contents Information

Field Name ' P
Bytes
Disc Information - o 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 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 TOC region also includes a reserved area for the
recording of information that 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 the data that is recorded only in a
corresponding track, as will be described in conjunction with

Table 3.



data synbols and margin bit patterns.
accordance with the flow chart shown
i-llustrated by the waveforns of Figs.
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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

ﬂi Field Name Byte(s) “
HD-CD ID 8
Disk Type 1
Reserved for Disk Size 1
Lead Oout Sector Address 3
Reserved for Multi Session Parameters 20
Reserved for Writable Parameters 20
Volume Number 1
Total Volume Nunmber 1
Catalog Number '16|

hJReserved 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

ﬂ TOTAL 2048

The fields which identify the disk information are described more

particularly as follows:

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

character string that identifies the data structure recorded on



63, m croprocessor progranmed in. accordance with the flow qhgebiabtciERT o2e=T
Thus,, the appropriate margin bit conbination is sel ected ijn orde ifN

m ni m ze the accunul ated DSV will obtain as a result of m Sob@eq@ %1355
synbol s. The foregoing has descri bed an EFM t echni que i n wesh
pattern is inserted between successi v?[, 14-bit data synbols. As aresult,
each 8-bit byte is converted into a 14-bit data synbol plus a 2-bit margin
pattern. A preferred enbodi nent of an 8-to-16 nodul ator which elim nates
the generation of margin bit patterns, which mnimzes the accunul ated DSV
and which is

the disk, including the data structure which is used to represent

TOC information, the data structure used to represent track
information and the data structure of a sector. For example, if
the character string is ﬁHD-CDOQl", the data structure recorded
on the disk is of the type illustrated in Fig. 4, the éata
'structure used to represent TOC information is as. shown in Table
1, the data structure used to represent track information is as
shown in Tables 2 and 3 and the data structure of the sectors of,
for example, the user data tracks, is as shown in Table 4 (to be
described). Different data structures may be identified by the
character string "HD~CD002“,_"HD-CD003“, etc. The particular
character striné which is recorded in this field is detected by.
the reproducing apparatus which permits proper interpfetation of
the played back data consistent with the sensed data structure.
Disk Type: This 1-byte data identifies the type of disk
as, for examplé, a read only disk, a write once read many (WORM)
disk or an erasable disk (such as the writable optical disk known

as the "Mini" disc).

- Reserved For Disk Size: This 1-byte field is used to
identify the size of the optical disk. For example, a disk
diameter of 120 millimeters 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 ié "2, and so on. In addition
or, alternatively, this field may be used to identify the storage

capacity of the disk.




Referring to Fig. 30, a plurality of "fundanental conversijon ta g

canstrained to run length limted (2, 10) code now will bd ﬂﬁ§ﬁ§t§ﬁ§wTﬁu
provided, for exanple, four conversion tables [err] and [@rpioEath W% W

fundanmental table is conprised of two separate tables, idéattied-hy-the
subscripts a and b, one of which convejts an 8-bit byte into a 16-bit

synbol having positive DSV and the other converting the sane 8-bit byte
into a 16-bit synbol having negative DSV. The tables are categorized as
‘follows: if the last bit of the imrediately preceding 16-bit synbol ends as
a"1" or if the last two bits of that 16-bit synbol ‘end as "10"', the next

16- Lead Out Sector Address: This 3-byte field identifies
the address of the firét sector in the lead-out area.

Reserved For Multisession and Writable Parameters:
These two-fields, each formed qf 20 bytes, store information
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. For example, if the collection includes 2, 3, 4,
etc. disks, this field identifies which one of those disks is the
present disk. |

Total Volume Nﬁmherz'This 1-byte field identifies the
total number of disks which constitute the collection in which
the present disk is included.

Ccatalog Number: This 16~byte field is used to identify
the type of information or program that is recorded on the disk.
Such identification constitutes fhe "catalog number" and is
represented as UPé/EAN/JAN code presently used to identify
various goods.

Reserved For Application ID Strings: This 8-byte field
is intended to identify the particular user apﬁlication 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 Endlish language, as represented by

the IS0646 standard. Although the actual title of the disk may



bi,t synbol is selected fromtable [err] or table [err] depe' q:gmﬂmgrmurg,_m-
whether it is desirable that this next selected 16-bit synbpl
positive DSV (thus calling for table [err] or a negative DSY fdidus
for table [err] 64 If the imedi ately preceding 16-bit s
two, three or four successive OGs, the3aext-follow ng 16-bit synbol is
sel-ected fromeither table T2 (that is, fromeither

. be in another language, its English translation or a
corresponding English_identification of that title is recorded in
this field. 1In other embodiments, the field may contain a lesser
or greater number of by%es so as to accommodate English titles of
lesser or greater length.

Local Langquage Country Code: This 3-byte field is
inteﬁded to identify the actual language of the title of the
disk. For example, if the actual title of the disk is ip
Japanese, this field reébrds the "local language country" as
Japan. If the title is in French, this field records the "local

.language country" as France. The code recorded in this field may
exhibit a numerical value corresponding to a particular country
or, alternatively, 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 Loecal 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'language other than English, 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. . B

Disk Title In Local Languﬁge: This N~byte field

represents the actual title of the disk in the local language.



taple T2a or table T2b) or fromtable T3 (that is, from tab|lergmacEendPssesT
T3b). If the inmmedi ately preceding 16-bit synbol ends with Bix, seven or
ei ght successive Os, the next-following 16-bit symbol is sel esked 0rloNOV 1995

---------------------

table T4. The first 16-bit synmbol that is generated i medi attely—tollow
frane sync pattern is selected fromtabl® [err] The 16-bit synbols produced
fromtables T2 and T3 differ fromeach other in the follow ng inportant
respects: all 16-bit synbols read fromtable T2 include a "0" as the first

bit and a "O' as the thirteenth bit.

an

It is expected that différeht languages will adopt different
standards to represent disk titles, and such local language
standards are expected to be used as the data recorded in this
field. It is appreciated that the number of bytes which
constitute this_field is variable.

First Track Number: This 1l-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 tfack, and if this single track is
identified as track 0 in the progfam area, then-the.number-of the
track which constitutes the "First Track Number" is 1.

- Number of Track Ent:iesi This 1-byte field identifies
the total number of user tracks that are recorded. It is
appreciated that if this field contains a single byte, a maximum
6f 256 user‘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 how will be described in

conjunction with the following Table 3:




Al 16-bit synbols read fromtable T3 include a "1" as the|l fRERHACEMENT SHEET

thirteenth bit or a "1" as both the first and thirteenth bjjt. In @hg NOV 1995

8-t0-16 conversion scheme used with the present invention, | iR s--pessibl-e

that the very sanme 16-bit synmbol nmay be generated in responlSe to WO
different 8-bit bytes. However,.when the3%6-bit synbol representative of
one of these bytes is produced, the next-Tollow ng 16-bit synbol is
produced fromtable T2; whereas when the 16-bit synbol representative of
the other byte is produced, the next-follow ng 16-bit synbol is produced
fromtable T3. It is appreciated that, kgbaracegni zing the table

Track Information

Field Name Byte(s)
Track Number

-

ECC Type

Speed Setting

Start sa

End SA .
Time Code at Start Point
Playing Time

Mastering Date & Time

0O ~N & B W W

Reserved for Application ID Strings
TOTAL

W
[\

.The information_recorded in each of the fields which
constitute the track information of Table 3 now will be described
.in greater detail.

Track Number: This i-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 track number is used to identify a respective track, and
no two tracks on this disk are identified by the same track
nuﬁber. Although it is preferred that the successive tracks are

numbered sequentially, it also is appreciated that, if desired,
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synbol is produced, discrimnation between the two bytes. iéﬁﬁﬁﬂ@éﬁkdﬁ%ﬁ%&r
neverthel ess, are converted into the same 16-bit synbol ma {ﬁg feﬂmq|NOV13$i
achi eved. For exanple, let it be assuned that an 8-bit byt fag - tThe = 7
value 10 and an 8-bit byte having the value 20 both

35

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

ECC Type: This 1-byte data identifies the error
correction code which is used to encode the user data recorded in
this track. 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.

Bpeed Setting: This l1-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 rate. Fig. 8 is a tabular
representation of this "Speed Setting" field; and it is
appreciated that the data transfer rate need not be an integral
‘multiple of the reference data transfer rate, as represented by
the value "FF". The byte value 0 for this field, as shown in
Fig. 8, représents that :eal time read-out of data is ﬁot
.féquired. It is appreciated that computer data, as opposed to,
for example, video data, does not require ;eal time read-out.
Hence, if computer data is recorded in the track identified by
the "Track Number" field in Table 3, the value of the "Speéd

Setting" field is set to 0.



are converted to the same 16-bit symbol 0010000100100100 f om tagi e 12, =]
But, when this 16-bit synbol represents the byte having thi REIACEMENT FEET
next-foll ow ng 16-bit synbol is produced fromtable [err] er eas V\ﬂgmv m
aforenoted 16-bit synbol represents the byte having the va Retop, Mt Aidninin
next-follow ng 16- bit synbol is produced fromtable [err] VWWén the Synbol
0010000100100100 i s dermpdul ated, it camfot be determined i nmmediately if |
this synbol represents the byte having the value 10 or the byte having the
val ue 20. But, when the next-following 16-bit synbol is examned, it is

concl uded that the preceding synbol 0010000100100100 represents the byte 10

if the next- Start and End Sector Addreésses (SA): 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. Since 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
information represents video data, such video data may be
recorded with cgnvéntional 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 are not recorded with
the user information, this field may be left blaﬁk or may be
provided with no data, such as the character code 0.
Plaxing Time= This.4-byte data represents the overall
playback time for the program information that is recorded in the
track ideﬁtified 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 information 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



foll owi.ng synmbol is fromtable [err] and represents the by e Jkﬂﬂﬂé@?SJEET
value 20 if the next-following synbol is fromtable [err] gai 1 ﬁ
.......... 11 Rpy, 055

whet her the next-follow ng 16-bit synbol is fromtable [er ]D&é
t he denodul ator merely needs to examne the first and thir
the next-follow ng synbol, as di scuss#d above. Table Ta (for exanple, table
[err] includes 16-bit synbols havi ng a DSV whi ch increases in the positive
direction. Conversely, the 16-bit synbols which are stored in table Tb have

optical disk was made. Fig. 9 is a tabular representation of

this field. If desired, this field.may be replaced by null data

represented by character code 0.

) Reserved For Application ID Strings: This 8-byte field

-is intended to store informétion representative of the particular

application for which the dafa 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 bedause the Table 2

field is intended to identify Fhe type of application or use

intended for the entire disk, whereas the "Application'ID" field.

of Table 3 simply the identifies the type of use of the data

recorded in a particular track on that disk.

Referring now to Fié. 10, there is illustrated a

preferred embodiment of the data structure of a sector of user

informafion. TOC information also is recorded in sectors, and

the sgructure of such TOC sector is similar. The following Table

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



Date: 01 NOV 1995 66 a DSV which increases in the negativJ GEPACERBNTASIEET
exanple, if the value of an 8-bit byte is less than 64, this byt@ qu 00
converted into a 16-bit synmbol having a relatively |arge QYJH%i
if the value of the 8-bit byte is 64 or nore, this byte i ' :
16-bit synbol having a small DSV. Those,l6-bit synbols which are stored in
tabl e Ta have positive DSV and those 16-Dbit synbols which are stored in
tabl e Tb have negative DSV. Thus, an input byte is converted into a 16-bit
synbol ' : ' :

Table 4

Sector Construction

Field Name ' Byte(s)
Sector Sync 4
CRC 2
Subcode 5
Pos-in-Cluster 1
Address 3
Mode 1
Sub-Header 8
User Data ' 2048
EDC ' _ ' : a _ 4
Reserved . 12
TOTAL ' 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, é cluster
is comprised 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.



T

havi ng positive or negative DSV, dependi ng upon which ta
conversion, and the value of the DSV is |large or small
val ue of the input byte that is converted. The tables [er{f] in qiugvaggsu
may be constructé% as ROV 62-69. An input to be convert el B3 suppt{&d-fre
an input termnal /61 in comon to each,gf -these ROVs. Thepairt of tables
[err] Tb of a fundanental table are colpled to a selector switch which

sel ects one or the other table to have read out therefromthe 16-bit synbol
whi ch corresponds to the input byte read out therefrom As shown, selector
switch 71 '

CERUAREMER I

gector Sync: This 4-byte field is formed of a
predetermined bit pattern which is readilf detected and which is
unique.and distinctive from the data pattern included in any
other field of a sector. The accurate detection 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 hot been accurately sensed.
Alternatively, and preferably, the demoduiator which is used to
convért 16-bit symbols to 8-bit bytes (or, more generally, to
convert an m-bit symbol to an n-bit byté) may include suitable
conversiqn 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 S5-byte field is described below.

Cluster Pogition: This 1-byte field identifies the
particular order in the ciuster in which this-sector is located.

For example, if the cluster is formed of a 8 sectors, this field



x1 of an output switch 75. Simlarly, switch 72 selectlvel couples
T2a or table T2b to an input x2 of switch 75. Switch 73 s %1té_ve0
table T3a or table T3b to input x3 of,,switch 75. Switch 7

selectjvely couples the output fromtable [err] or table r éE,LtA EWENLFE#%ET

couples table [err] or table T4b to. |48put x4 -of swtch 75. Qutput switch 75
REPLACEMVENT SHEET Date : 01 NOV 1995

identifies the particular sector as the first, second, third,
etc. sector in the cluster. |

Address: This 3-byte field constitutes the unique
address for this sector. Since the address is represented as 3-
bytes, a maximum 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 conventionally
used in CD-ROMs and the data represented here is the same as that

conventionally used in such CD-ROMs.

Ve

User Data: 2,048 bytes of information are recorded in
the user data field. For example, computer data, coﬁpressed
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 IS01381~1.

Error Detection Code: This 4-byte data is cyclic 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 detai;ed discussion of the sub-code field now is
provided in conjunction with Figs. 11A-11E. It is appreciated L
that the sub-code field is comprised of two portions: a 1-byte
address portion and a 4-byte data portion. The value of the
address portion serves.to identify the type of data that is

recorded in the data portion. For example, and as shown in Fig.



67.sel ectively couples one of its inputs xl-x4 to an outpuf fernmnal. . #8:.
under the control of a table selector 76. Selector switchef 71-74 seél ect
either table Ta or table Tb under the control of a DSV cal '
‘16-bit synbol which ultimately is supplied to output 78 al ,
the table selector and to the DSV cal culator, as illustrated. Table

sel ector 76 senses the ending bits of &ﬁe 16-bit ~synbol supplied from

switch 75 to output terminal 78 to determ ne whether fundanental table
[err]or T4 should be selected, in accordance with the table selecting

condi tions di scussed above.

11A, if the value of the address portion is 0, null or zero data

is recorded in the data portion.

If the value of the address portion is i, as shown in
Fig. 11B, the data portion is provided with the following l-byte
information: |

Track Number: This data identifies the number of the
track in which the sector containing this sub-code is recorded.

Copyrighted: This byte exhibits the structure gﬁown in
Fig. 12 wherein a "1" bit represents that copying of the
associated user data is prohibitéd and a "0" bit indicates that
copying of the aséociated data is permitted. The bit positions
of the copyright byte identify the type of user data for which
copying is selectively prohibited or permitted. As shown in Fig.
12, the identified user data is analog wvideo datai_analog'audio
data, digital video data, digital audio data, and the like. 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, video/audio, etc. If no data is recordéd
in this sector, the application ID byte may be_represented as the

character 0.



ot is‘appreciated that the table selector thus controls swit&tr i it-ezeebaetT |
the 16-bit synbol read fromthe proper fundanental table. Kor exanple, if
it is assunmed that the 16-bit synbol supplied to out put te‘@m@l..ﬂiﬂ..ﬂﬂkﬂgﬂ.

Wi th six, seven or eight successive Os; switch 75 is contri
tabl e selector to couple its input x4 to the output term nal such that the
next- follow ng 16-bit synbol is read fspom fundanental table [err] DSV
cal culator 77-cal cul ates the accumnul ated DSV, which is updated in response
to each 16-bit synbol supplied to output termnal 78. If the DSV increases
in the positive direction, DSV calculator 77 controls selector swtches
71-74 to couple the gt pype:f rAMEtELLd indicates whether the user data is

ECC encoded in, for example, the L format or the S 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 data portion represents time code.
That is, if the user data recorded in this sector is variable
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 time code 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
fhe distance from the sector in which this sub-code field is
recorded to the first sector in which an immediately preceding I
-éompressed video picture is recorded; and also the distance from
this sector to the first sector in which the next-following I
compressed video picture is recorded. Those of ordinary skill in
the art ﬁill recognize that video 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 video picture, typically known as a P picture,



I S expect ed, 68 therefore, that if the precedi ng=k6=bt

exhibits a | arger negative DSV, swi tches 4 31-74 are controlled to sel ect the

respective tables Th. Conversely, if the accunulated DSV is Mwwmwﬁ@tzT
I ncrease in the negative direction, selector switches 71-74|jare co 10{“0?1
by the DSV cal cul ator to couple the outputs fromtheir respgadiyel Wit 1995

next 16-bit synbol having a positive DSV; and the particular table

and a‘bi—directionally predictive coded video picture, typically
known as a B picture.” The data portion of the sub-code field
whose address portion has the value of-3 thus indicates the
distances betwéen this sector and the beginnhing of the next-
preceding and next~following I pictures.

If the value of the aadress portion is 4, as shown in
Fig. 11E, the data portion includes 1-byte éicture 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 particular picture that
is recorded in this sector. This témporal reference data is
helpful during a playback operation because, as those of ordinary
skill in the art recognize, 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 ECC format which preferably is used with the
present invention is the L format. A schematic representétion of
an encoded "data frame" is depicted in Fig. 17. . The ECC "“frame"
is referred to herein as a C1 code word and this word, when
recorded, consists of a sync battern followed by 136 data
symbols. The term "symbol" is used rather than "byte" because,
as will be described, the recorded "symbol" consists of 16 bits

(known as channel bits), whereas a byte typically is understood



from which this next 16-bit synmbol is read is deternined bﬁ'gﬁﬁa 5@ sgﬁﬁcxggﬁT

76. Thus,

exanpl e of a 16-t0-8 bit converter, that is, a denodul ator
the 8-to0-16 bit nodulator of Fig. 30, is illustrated in Fil

the accunul ated DSV is seen to approach and OSCIm|ate ab

empdlib

tables are used to carry out an inverse conversion from 16-bit synbols to
8-bit bytes and such tables are identifijygd as tables [err] and [err] These
‘tabl es may be stored in ROV 84, 85, 86 and 87. It is expected that each
8-bit byte read froma table corresponds to two 16-bit symbols, one having
positive DSV and the other exhibiting

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, thét is, prior to modulation of the Cl code word,
nevertheless consists of the construction shown in Fig. 17,
wherein it will be understood that the illustrated symbols are,
in fact, bytes.

~ The manner in which the C1 code word structure is
generated now 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 hold section is added to the C2 word, preferably by being
inserted between two groups of 58 symbols, and a Cl hold section
is added to the end of tbe resﬁltant 128 symbols. A hold section
merely reserves a location in the data stream in which parity
data subsequently is inserted. Thus, a preliminary Cl word may
be thought of as being formed of a group of 58 data symbols
followed by a C2 hold secﬁion foilowed by a group of 58 data
symbols followed by a Cl hold section. Then, C2 parity symbols
are generated by, for example, modulo 2 addition. Preférably,
one data symbol in one preliminary Cl1 word is modulo-2 combined
with a data symbol included in the next (or second) preliminary
Cl word. If desired, further égmbinations may be effected with a
data symbol included in the third-following preliminary Cl1 word,
and so on, to produce one C2 parity symbol. The next C2 par1ty

symbol is produced by a 51m11ar combination of the next data



c.m.

negatfue DSV. Alternatively, if the 16-bit synbol is used %L 4 @ﬁ%fuise
address, each 8-bit byte stored in a table may have two read a éresses e

St at ed ot herwi se, each 8-bit byte nmay be stored in two separ;a,ee rﬂe4dNUV1995

address locations. An input termnal 81 is supplied with

~and this synbol is stored tenporarily4sn a register 82 and then coupl ed in
common to inverse conversion tables [err]. In addition, a table selector 83
is coupled to input termnal 81 and to the output of register 82 so that it
i's supplied concurrently with the presently received 16-bit synbol and the
| medi ately preceding 16-bit synbol. Alternatively, table selector 83 may

be symbol in this first preliminary C1 word with respective data

symbols in the next-following preliminary Ci1 ﬁords. In this
manner, C2 parity symbols are generated by combining a
predetermined number'of data symbols of the same predetermined
number of successive preliminary Cl words. That is, if the cC2
parity symbol is preduced by medulo-z combining two data words,
then one data word of the first preliminary Cl1 word is modulo-2
combined with one data synbol in the next symbol positien of the
next-following preliminary C1 word. If the C2 parity symbol is
produced by combining three data symbois, then one deta symbol in
successive symbol positions from each of three successive
preliminary Cl1 words are combined to produce the C2 parity
symbol. And if the C2 parity symbol is generated by combining
four data symbols, thén one data symbol in successive symbol
positions from each of four successive preliminary Cl1 words are
combined. | |

As a preferred aspect of this ECC encoding, the data
symbols which are combined occupy successive positions in the
respective preliminary €1 words. That is, if the data symbol in
the first preliminary C1 word is the nth data symbol, the data
symbel in the second preliminary C1~word.is the (nth + 1)th data
symbol, the data symbol in the third preliminary C1l word is the
(n + 2)th data symbol, and so on.

When 12 C2 parity symbols are generated 1n the manner

just described, those 12 C2 parity symbols are inserted into the



REPLACEMENT SHEET Date: 01 NOV 1995 69 thought of as bei nf
the presently received 16-bit synbol (fromthe output of
the next-following 16-bit synbol. The table selector is c

A e

out put sel ector switch 88 which couples to output termna

conversion table [err] or conversion table IT2 or conversion table
46

C2 hold section of this first preliminary €1 word, thus forming a
precursory Cl word. Then, 8 Cl parity symbols are generated by
conventional parity symbol generation in response to the data and
parity symbols included in this precursory-01 word. The
generated C1 parity.symbols are inserted into the Cl1 hold section
thus forming the Cl code word.

In the C1 code word shown in Fig. 17, the C2 parity
symbols are inserted between two groups of data symbols.
Alternatively, the G2 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 Cl1 code words having the structure shown
in Fig. 17 constitute the long distance error correction encoded
data. That is, a preestablished number of the Cl code words are
used as the L format ECC encoded data having the structure shown
in Fig. 18. As illustrated, 128 Cl1 code words are used, such
that i = 0, 1...127. Each Cl code word is comprised of a sync
code, or pattern, followed by 136 symbols S0+ sl,...sj...sl35,
wherein j = 0, 1...135. The circles shown in Fig. 18 fepresent
the manner in which the C2 parity symbols are generated. As has
been described above, the C2 parity symbols are generated for the

" ' Clg code word in response .to the data symbols included in code
words Cio, C1,,...Cl,., where r represehts the number of data
symbols and that are combined to generate the parity symbol.

| From'Fiés. 17 and 18, it is seen that symbols S3-S;,;, constitute

data and €2 parity symbols, and symbols'8128—8135.constitute ox



| T3 or .conversion table perr] The manner in which table sel
operates now wi Il be described. As nentioned above, the fir
is produced immediately followi ng the frame sync pattern is rea_do‘r[oNUVngS
conversion table [err] in Fig. 30. Table selector 83 thus o SR g trgr e

RERFADGMENTGHEET

detect the franme sync pattern so as to47control out put switch 88 to couple
table [err] to output termnal 89. If, ‘as nentioned above, a 16-bit synbol
may represent one or the other of two different 8-bit bytes, table selector
83 senses whether the next-follow ng 16-bit synbol, as$ supplied thereto
frominput termnal 81, i.s fromconversion table T2 or

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 aré
included in twelve successive Cl code words, a burst error of
twelve Cl code wdrds 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. 1In the S format, the
twelve C2 parity symbols are divided into two groups of six.cz
parity symbols each, with one group of six C2 parity symbols
being added to 58 data symbols and the other group of six C2
parity symbols being added to the next 58 datg symbols. Thus,

.rather than generating the C2 parity symbols from data symbols
included in 128 Cl1 code words, the C2 parity symbols in the S
férmat are genérated from successive.data symbols included in 64
Cl 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 Cl1 code words, the S format suppbrts c2
parity correction of up to éix ;:1 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-ﬁOMs of type that have been proposed heretofore, the use of

the L format or S format in accordance with the present invention



conversihon table [err] This determ nation is nade by exan1nﬂna ;peﬁiJEQ HELT
and thirteenth bits of such next-follow ng 16-bit synbol. Iﬁ the 'i?
sel ector senses that the next-follow ng 16-bit synbol is fr(ﬂnbt,abl [1e|N0]V 1335

output switch 88 is suitably controlled to select the inverde—canversiop "

tabl e which converts the 16-bit synbolﬂpresently provi ded at the out put of
register 82 to its proper 8-bit byte simlar operation is carried out

when tabl e sel geLof ﬁgauéﬁﬂﬁﬁslﬁrFﬂduBE§n8§XfrgﬂﬂJHngngséaop| iRl pad

been read f?6m conversion table T3 in Fig.
RrOMs to about 15% in the present 1nvent10n.

A sector formed of ECC encoded data in the L format or
_the § format is shown in Fig. 21 wherein the sector includes a
sector header formed of 24 symbols and also is comprised of
eighteen Cl1 -code words, each Cl code word having the construction
shown in Fig. 17. The last Cl code word included in the sector
includes four error deﬁection code symbols and twelve symbols
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 us1ng
only the Cl parity symbols which are generated for that Cl
code word.

‘As an aspect of this invention, the sequence of the
symbols included,in a Cl1l code word as recorded in a frack'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 sequence of
symbols supplied to switch 124. By recording the. data symbols in
what is referred to herein as a disarranged 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. In particular, if the data represents video

information, the recording of the data symbols in disarranged



Date :.01 NOV 1995 70 The present invention converts an 8- Gi=E1y FAto o
16- bit synbol, whereas the prior art converts an 8-bit bytie"ER bG@1{ﬁTmH§”T
symbol and inserts three margin bits between successive syrnpols. f { NUV’NBS
Consequent |y, since the present invention uses only 16 bitd] PASi it -fyr--mmm
stream as conpared to the prior art use of 17 bits, the nodulation

techni que of the present invention res 4 -in an effective reduction in

data of 16/17, or about 6% v%lle t he pt'esent invention is particularly
applicabl e .

order enhances the poséibility that accurate video pictures
nevertheless can be recovered even in the presence of the burst
error. Fig. 20 is a schematic representation of the manner in
which the data symbols are disarranged 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 C2 code word (i.e. 116 data symbols and 12 C2
parity symbols) and m-n of those symbols constituting the C1
parity symbols. The relationship among i, j, k, m and n for
recording thus is: |

k=mxi+ 2x3j-mn, 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, Dy ... such data symbols are grouped into an odd group
followed by an even group. For example, and assuming 136
symbols, data symbols Dy - Dg; constitute an odd group of odd
numbered data symbols and data symbols Dgg — D35 constitute an
even group of even data symbols. It will be understood that
"odd" and "even" refer ﬁo the original sequence in which those
data symbols had been presented for recording. In the foregoing
equations, i is the sequéntial order in which the Cl code words
are presented for recording, j is the sequential order of the m

symbols in each Cl1 code word presented for recording and k is the



to.a CD- ROM on whi ch conputer data, video data, a combinati g
audi o data or conputer files may be recorded, this inventio
particularly useful in recording and reproducing digital vi
on which video data and its associ ated audi o data are recor 2 SUEh-.
I's conpressed in accordance with;the MPEG standard; and when CO
video data is recorded on the disc, thestsubcode infornmation included in

each sector header (Fig. 10) inclwudes a subcode address having the val ue 3
or the value 4 with the resultant subcode field appearing as shown in Figs.
11D or 11E. If the 'subcode address value is 3, the user data recorded in

the sector oz@RkORRBwhOch hens i Ead15Sere recorded on the disk. That is,

SPLACEMENT sygeT

Dy * Dy.

When the Cl1 code words having data symbols in the
sequeﬁce Do, D;, ... D;35 are played back from the disk, the data
symbols stored in ringﬂbuffer 217 of Fig. 2 are rearranged to the
sequeﬁce illustrated iniFig. 20. This sequence of Fig. 26 is
referred to as the arrénged sequence and is formed of sequential
alternating odd and even datg symbols which is the same seguence
as the data symbols originally presented to switch 124 of Fig. 1
for recording. It will be appreciated that the data symbols
which are inclﬁded in the recorded €1, code word in fact belong
in part ﬁo Cl, code word and the Cl, code word. That is, if the
Cl; recorded code word is formed of symbols Dy, D;, ... D35, the
reproduced Cl, code word includes symbols D,, D3, ... D133, D;35
and the reproduced Cl; code word includes symbols Dy, Dy, ...
Djy32, Di34. The sequential storage positions in ring buffer 2i7

3 of Fig. 2 of the symbols D, that are reprodﬁced 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 C1 code words that are
read out of tﬁe ring buffer, j is the sequential order of the
sequence of the m symbols in each C1 code word that is read out

of the ring buffer and k is the disérranged order in which the m

symbols are recorded on the disk.



11172-2, (MPEG 1) or- | SO 13818-2 (MPEG 2). Data that is recof gl
subcode field, as shown in Fig. 11D, represents the differ [

address of the sector which contains this subcode and the lipad,.secQof NOV 1935
which the previous | picture or next-following | picture i orded: bS8t
expected that an | picture (that is, an intrafranme encoded picture, as

ment i oned REPLACEVENT SHEET Date: 0 15XOv 1995

THHEET

Although the present invention preferably records 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 TOC data, such as the ECC byte
shown in Table 3, or by sensing the ECC byte included in the
subcode field shown in Fig. 11B, wherein the ECC byte of the
subcode field may have the structure shown in Fig. 16. Another
tgchnique'that can be used for ECC format discrimination
contemplates using one tyée of sector sync patter when L format
ECC encoding is used and another type of sector sync pattern when
S format ECC 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 discriminating 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
exanple, if erfor'correction assumes that the ECC encoded data is
in the L format and error correctidn.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



7/l.previously) is recorded in tw or nore sectors. O course| RERIASRAF sHERT
I ncl udes a header. However, the distance data which is recorfed intdl
subcode field shown in Fig. 11D represents the distance to thedead,
first sector in which the previous | picture or next-follow '
recorded. If an | picture is recorded partially in one sector and partially
I n anot her, the sector header of the "&f her" sector includes O data to
represent the previous | distance and the next | distance in Fig. 11D. That
is, the previous,| distance and the next | distance are 0. |If the subcode
address value is 4, the subcode field

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 daté, whether in the L format or the S
format, constitute convoiﬁtion codes. A group of Cl code words
may be thought of as a block and such Cl code words may be blpck
coded in the manner shown schematically in Fig._zz. Here, in
addition to L format ECC encoding, the C1l code words are block
coded as will now be briefly described. Let it be assumed that
the data symbols in a preliminafy Cl word constitute a €2 word
(as described above). Let it be assumed that the C2 words are
presented in the sequence 021{ C2,, C25, etc. 1In Fig. 22, the
symbols represented by an open circle are data symbols included
in the C2, word, the symbols represented by a filled-in circle
are data symbols included in the C2,4 word, the symbols
represented by a triangle are data symbols included in the C2,,
word, the symbols represented by a square are data symbols
included in the C2,5 word, and the symbols represented by an X
are data symbols included in the C2;, word. Since a block code
consists of 144 Cl1l code words, but each Cl1 code word includes
only 128 data symbols (including C2 parity symbols) it follows
that one data.symboi in the C1,; code word cannot be included in
the illustrated block and is expected to be included in the next-
following block..xHowever, block coding requires all of the data

symbols in a block of code words Cl3-Cl,,;3 to remain in that



appears as shown in Fig. 1E and,- as nentioned above, the §1Qbure typeg Q@kg
| ndi cat es whet her the video data that is recorded in conpnbssed forn1|n
this sector is |, Por B picture data and the tenporal r ef} bg@c_gﬂgm_my"]g%
i ndicates the location in the sequence of pictures.in whi
video picture is disposed. The sector in which an | P or B picture first is
recorded is referred to as an I, P or B sector, respectively, even if such
|, Por Bpicture data is recorded in as3ra|I|ng portion of that sector,
while other picture data is recorded in a | eading portion thereof Fig. 32
I's a block diagram of conpression apparatus

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
Cl, code word. Similarly, the last two data symbols of the Cl,4
word are expected to fall within the nextffollowing block, but
because of block coding, these twé symbols, identified as data
‘symbols 126 and 127, are folded back into the Cly and 011.code
words, reépectively. Stated generally, those data symbols of a
C2 word which otherwise would be included in the next-foilowing
block are folded back to the beginning of the illustrated block
such that each Cl1 code word included in a block of 144 Cl code
words includes interleaved data symbols from 128 of the 144 C1
code words, as 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 S8 format ECC encoded data. The same principle that is
used for the block éoding of L format ECC encoded data, as
discussed in conjunction with Fig. 22, is applicable to the block
coding of S format ECC encoded data. Here, however, each block
consists of 4 sectors; and as a result, each block is comprised
of more than 8K bytes.

The modulation technique used to modulgte the C1 code
words for recording on disc 100 (e.g., the modulation technique

used by modulator 140 of Fig. 1) now will be described.
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‘virdeo data. Video information, supplied as, for exanple, apalog nance

(Y) and color difference (RY and B-Y) signals are digiti zcbatqé(arﬂ‘lNUV 1395
anal og-to-digital converter 101 and Date : 01 NOV 1995 | in. |
accordance wth the MPEG conpressi on system by video conpression circuitry
102. The conpressi on system may be 54

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-bi€ symbol (the bits of the symbols are known
as "channel" bits because they are'supplied to the recording
channel) 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 (DSV) accumulated
from successive symbols is reduced. EFM is a run length limited
(RLL) code and, preferabiy, the shortest fun length permitted in
_EFM consisfs of two consecutive zeros which are spaced between
1s, and the longest run length is limited to 10, wherein 10
consecutive zeros may belpresent between 1s.

If two margin bits are used rather than 3, the possible
combinations of such margin bits are: 00, 01, 10 and 11." -In EFM,
a margin bit state 11 is prohibited. 'Hence, only three different
combinations of margin bits can be used to link (or éeparate)
successivé symbols: 00, 01 and 10. But, depending upon the bit
stream of one or the other symbols which are linked by the margin
bits, one or more of these possible states may be precluded
because, to use the précluded state may result in an undesirable
DSV.

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

data symbols separated by margin bits. Each data symbol is




consistent with the MPEG 1 standard (1SO 11172-2) or the M
(FSO 13818-2). The conpressed video data is stored in a buff
fromwhich it is supplied to a multiplexor 107 for multiple
data (soon to be described) which then is input to input ter

1). Information related to the conpressed video data stored Tn buffer
menory 103 is supplied to systemcontrobser 110, this information being
i ndi cat'ive of, for exanple, whether the conpressed video data corresponds

to an I,

this conpressed video picture is located, time code representing the tine
of receipt comptis®d 0df 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 D3 and D4, and so on, with margin
bits M, separating data symbols D, and D,,;. Nevertheless,
assuming that the 14 channel bits included in a data symbbl 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 Fig.
24 are separatéd 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. 25 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 bif cells followed by a low signal level
extending for 11 bit cells, followed by a high signal level
extending for 2 bit cells. The inverse of this 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 combinations of
margin bits cannot be used. Fig. 28 schematically represents the

conditions under which the margin bit combination 00 or the

P or B picture, the tenporal sequence of display pictures in which




recordi,ng of the video data, etc. The information derived m@ﬁlpbey%F o
conpressed video data and supplied to the systemcontroll IS use ET
generate subcode information that is recorded in the sect rDb@ac&rl N[]Vc]gss
recalled fromFig. 1 that this information is supplied fr Q41 L
control ler 110 to sector header encoder 129 for insertion into the sect or
header of the user data. Audio signals,sguch as anal og | eft-channel and
ri ght- channel signals L and R are digitized by an anal og-to-digital

converter 104 and conpressed in an anal og data conpression circuit 105.

This conpressi on ciJcuit erate_ i accor agan . . .
P rggn bié comblnéklo% 0l or Qhe maré&n(ﬁit 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 M;,, = 00, the margin bit combination
00 cannot be used. Similarly, when M;,, = 01, the margin bit
combination 01 cannot be used. And when M;,, = 10, the margin’
'bit combination 10 cannot be used.

Let it be assumed that margin bits separate data
symbols D; and Dz.' Let it be further assumed that the number of
consecutive zeros at the leading end of data symbol D, is
represented as A and the number of zeros at thé terminating end
of data symbol D, is B. If A + B is equal to or exceeds 8
successive zeros (A + B 2 8) then the margin bit combination 00
is inhibited (M;, = 00).

If the most significanf bit C1 of data symbol D, is "1"
(A = 0) or if the next most significant bit C2 is "i" (A = 1) or
if the least significant bit Cl14 of data symbol.D1 is "1v, the
margin bit combination 01 is inhibited (Miﬁh = 01).

If the least significant bit C14 of data symbol D; is
wi" (B = 0) or if the next least significant bit Ci3 is "1i% (B =
1), or if the most significant bit C1 of data symbol D, is "i",
the margin bit combination 10 is inhibited (M;,, = 10).

The foregoing 3 conditions 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 C1 of data
symbol D, is "1" or if the least significant bit Cl4 of data
symbol bl is "1"). The number of inhibit margin 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
pernmitted. It.will be appreciated that ﬁI never is three.

Turning now to Fig. 25, there is illustrated a flow
chart which represents the manner in which a margin bit
combination is selected for insertion by a margin bit generator
between two data 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 appreciated
thﬁt M;.n 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 M; is equal to 2. If so, the flow chart advances to
step S3 and only a single margin bit combination can be selected.
For example, if the most significant bit of data symbol Dé is
"i", NI; = 2 and M;,, = 01, 10.. Step S3 thus permits only margin

bit combinations 00 to be selected as the margin bit pattern M,.




Corporation. The conpressed audio data is supplied from cQMRERSSCEMENT SHEET
circuit 105 to an audio buffer nmenory 106 fromwhich it su equentby i@pV‘HBS
coupled to a nmultiplexor 107 for nmultiplexing with the conpr eaged.. Lhe ------------
data. Alternatively, conpression circuit 105 can be om tted=e—trmHe — -
digitized audio data can be supplied directly to a buffer nmenory 106 as,

for exanple, a 16- bit PCM encoded signadg Sel ective information stored in

the audio buffer nenmory is coupled to the systemcontroller for use in,
generating the subcode information that is recorded in the sector header.

Addi tional information, identified in Fig. 32 as sub-
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 construed as the (m + 1)th margin bit
pattern. That is, if NI, = 2, only one margin bit combination
can be selected for the remaining margin bit patterns M, . The
flow chart then advances to step S5 wherein data symbol D, is
linked to data symbol D which is linked to data symbol D,. . .
to data symbol D, by the respective margin bit combinations which
are not inhibited. |

Thereafter, in step S6, since the margin bit pétterns
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 the DSV which
has been accumulated from previous data symbols. Then, in step
87, the margin bit pattern M; is selected as the particular
margin bit combination which minimizes the DSV that is projected
to be accumulated up to data symbol D,.

It will be appreciated that steps S4.— S7 rely upon a
projected DSV; and although the'margin bit pattern undef
consideration is margin pattern M,, the technique for selecting

the appropriate margin bit combination for pattern M; as based
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or digital interface data also is coupled to nultiplexor :
eI N0k

data is generated by a character generator 111 which, for @l
of conventional construction. The title data is identifie :
and key data ‘and is conpressed by a conpression circuit 112 which encodes
the title data in variable run length coding. The conpressed title data is
coupl ed mul tiplexor 107 for subsequent®application to the input terninal
121 shown in Fig. 1.

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 D3 are known, that the accumulated DSV up to data symbol
D, is known and that margin bit pattern M, is to be selected.
Fig. 29A represents the 14-bit data symbol, wherein a "i" is
represented by a transition and a "0" is represented by no
transition in the digital signal. The data symbols shown in Fig.
29A are the same data signals used in Figs. 29B and 29C. Figqg.
29A represents the margin bit pattern M; as the combination 10;
Fig. 29B represents the margin bit pattern M, as the combination
01 and Fig. 29C represents the margin bit pattern M; as the
combination 00. It 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" and CWLL = 0 in each of data.
symbols Dy, D, and D;. 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 D; and the bit
streaﬁ at the leading end of data symbol D,, margin bit
combination 00 is inhibited for M; (see Fig. 28) and NI; = 1.
Fig. 29D illustrates the accumulated DSV that is

obtained up to the end of data symbol Dy if M; = 0, if M; = 01
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accordance with the MPEG 1 or MPEG 2 standard, as nmay be d35|red0 ThNUViggSn
out put of the multiplexor is coupled to input termnal 12] Hetes g

whereat the nultiplexed data is ECC encoded, nodul ated and recorde d on disc
100. Fig. 33 is a block diagram of circ%%try for recovering

and if M; = 00. In particular, curve a of Fig. 29D illustrates
the accumulated DSV when M; = 10; curve b represents the
accumulated DSV when 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 Ml = 01; and DSV = ~5
if M; = 00. Thus, to-minimize the accumulated DSV, the margin
bit combination 01 should be selected for margin bit pattérn M.
But, if the margin bit combination 01 is selected, the
accumulated DSV at the end of data symbol.D3 is seen to be DSV =
-5. On the other hand, if the margin bit combination 00 had been
selected for the margin bit pattern M,, the accumulated DSV at
the end of data symbol D; is DSV = 1. It is appreciated then,

.+ that if the projected 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 loocking ahead by up to m data
symbols, where m = 4. Thus, the accumulated DSV up to the end of
data symbol Dy is calculated. Input terminal 10 in Fig. 26 is
supplied with 32 sudcessive bytes that have been ECC encoded, and
these bytes are used to read out 1l4-~bit symbols from a conversion
table 11 stored as a ROM. Successive 14-bit symbols are coupled

to an adder 13 which adds a pseudo frame sync signal to the
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the video, audio, title and sub-information data that had |bEERLACENERISHEET
di sc 100 and that had been reproduced fromthe disc by th playb ! NUV‘
apparatus shown in Fig. 2. The input to the data recovery > ek €S rowrr

Fig. 33 is output termnal 224 of Fig. 2. This termnal is coupled to a
denul ti pl exor 248 which denultipl exes the aforedescribed nultipl exed video,
audio and title data as well as the sub-infornmation. The denul ti pl exor
operates in accordance with the MPEGgh or MPEG 2 standard, as may be .
desired, to separate the conpressed video data, the conpressed audi o data,
t he conpressed title data and the sub-information. The conpressed vi deo
data i s stsumrkssive Bataesymbnbsy th® ggeydo frame sync signal st £

("1XXXXXXXXXXX10") being added to the leading portion of each
sync frame. The pseudo frame sync signal serves to "reserve" a
location in which the actual frame sync pattern is inserted, as
will be desc:ibed. _ |

Successive dgta symbols are coupled to registers 14-17
wherein each data symbol is stored. ‘Thus, register 17 stores
data symbol D,, register 16 stores data symbol D,, register 15
stores data symbol D3, register 14 stores data symbol D, and
adder 13 now supplies data symbol D; to the input of register 14.
Data symbols D, and Dg afe coupled to discriminator 30 which
examines these data symbols to determine if any of the bit
patterns therein correspond to those shown in Fig. 28. Depending
upon the sensed bit patterns, disériminator 30 generates the
inhibit margin bit signal M;,, which precludes certain margin bit
combinations from margin bit pattern M,. The inhibit margin bit
signal produced by the discriminator is comprised of 3 bits and
.is identified as the margin bit inhibit signal S;,,. A "1" in
the first bit position of §;,;, inhibits the margin bit
combination 10, a "1" in the second bit position of S;,.,
inhibits the margin bit combination 01 and a "1" in the third bit
position of S;,,, inhibits the margin bit combinatioh 00. As an
example, if only the margin bit combination 00 is a permitted
margin bit pattern, margin bit inhibit signal S;,, is

represented as "110".
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The output oflregister 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 parallei-to-serial register 19. Those
data symbols D;, Dy, . . . 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. 1In éddition,
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
serially read out of the reéister. Parallel-to-serial register
19 is clocked with a channel bit clock having a frequency of
24.4314 MHz 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 modylafed NRZI serial bits also are fed back to a
DSV integrator 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 generaﬁor 50 functions in accordance with
the flow chart shown in Fig. 25 to effect the operation
illustréted by the waveforms of Figs. 29A-29D. It ié
appreciated, then, that the margin biﬁ generator 50 may be a

digital signal processor, an arithmetic logic unit or a




Post ﬁrocessor 256 al so is adapted to superinpose graphiCluﬁiﬁﬂﬂééﬁgxfsﬁng
I nf ormati on on the recovered video data, as will be descriibed bejow, suc%
that the recovered title data nmay be suitably displayed, Aspdw:. Y. ! NOV]QQS

superposition on a video picture. - The separat ed auti=e=tata—is
supplied fromdenultiplexor 248 to an audio buffer menory 252 fromwhich it
i s expanded in an expansion circuit 253 and reconverted to anal og form by
digital - to-anal og convertor 254. Expan§fon circuit 253 operates in
accordance with the MPEG 1 or MPEG 2 or mni disc standard, as _my be
desired. |If the audio data that is recorded on disc 100 has not been

conpr essed nisre@rocessor r pxpdra@@drdy becondaneel 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 subsequeﬁt data.symbols.

The foregoing has described an EFM technique in which a
margin bit pattern is inserted between successive 14-bit data
symbols. As a result, each 8-bit byte is converted into a 14-bit
data symbol plus a 2-bit maréin pattern. A preferred embodiment
of an 8-to-16 modulator%which eliminates the generation of mafgin
bit patterns, which minimizes the accumulated DSV and which is
constrained to run length limited (2, 10) code now will be
described. Referring to Fig. 30, a plurality of “"fundamental
conversion tables are provided, for example, four conversion
tables T;, T,, T3 and T,. Each fundamental table is comprised of
two separate tables, idenfified 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 same 8-bit byte into a 16-bit
symbol having negative DSV.

The tables are categorized as follows: if the last bit
of the immediately preceding 16-~bit symbol ends as a “1i" or if
the last two bits of that 16-~bit symbol end as "10", the next 16-
bit symbol is selected from table T,, or table T,,,, depending
upon whether it is desiraﬂle that this next selected 16-bit
symbol exhibit a positive DSV (thus calling for ﬁable T,,) Or a

negative DSV (thus calling for table T,,).




bypaséed. As depicted in Fig. 33, the sub-information separategjby“_if;nh

denul ti pl exor 248 is supplied .as a direct output signal, ¢onsi stézgt MVIE
the representation shown in Fig. 32 wherein such subinfornam@@n

processed prior to being supplied to nmultiplexor 107 and me=processi
subsequent to demultiplexor 248 is illustrated. The separated title data S
applied to title buffer menory 233 fromgdenul ti pl exor 248 from which the
title data is decoded by a title decoder 260 that operates in a manner

i nverse to the operation of conpression circuit 112 (Fig. 32). That is,

If the immediately preceding 16-bit symbol ends with
two, three or four successive 0s, the néxt-following l6-bit
symbol is selected from either table T, (thaﬁ is, from either
table T,, or table\sz) or from table T3 (that is, from table T3,
or table Ty).

If the immediately preceding 16-bit symbol ends with
six, seven or eight successive.OS, the next-following 16-bit
symbol is selected from table T,.

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

The 16-bit symbols producad from tables T, and T,
differ from each 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 read from fable T3 include a win as
the first or thirteenth bit or a "i1" as both the first and
thirteenth bit.

In the 8-to-16 conversion scheme used with the present
invention, it is possible 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 16-bit symbol is prodﬁced from table
T,; whereas when the 16-bit symbol representative of the other
byte is produced, the next-following 16-bit symbol is produced
from table T;. It is appreciated that, by recognizing the table
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76 256 for superposition onto the video information that W M
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back fromthe optical disc. Demul tiplexor 248 nonitors the-FermaHn
capacities of buffer nenories 249, 252 and 233 to sense when these nenDrles
are
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from which the next-following 16-bit symbol is produced,
discrimination between the two bytes which, nevertheless, are
converted into the same 16~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 samé 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,, whereas 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
0010000100100100 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-following
16-bit symbol is examined, it is concluded that the preceding
symbol 0016000100100100 represents the byte 10 if the next-

- following symbol is from table T,, and represents the byte having
the value 20 if the next-following symbol is from table T;. To
determine whether the next-following 16-bit symbol is from table
T, or table T,, 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 increases in the positive direction.

Conversely, the 16-bit symbols which are stored in table T, have
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capacities of the buffer nmenories is to assure that data verflﬂ)ﬁ W@bg
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does not occur. Systemcontroller 230 and user interface ZBwﬂof
the sane as systemcontroller 230 and user interface 231

the present invention has been partlcularly shown and descrlbed'mnth
reference to preferred enbodi nents, %y be readily apparent to those of
hang

ordinary skill in the art that varlous

es and variations may be nade

wi t hout departing fromthe spirit and scope of the invention. To the extent

t hat such

a DSV which increases in the negative direction. As an example,
if the value of an 8-bit byﬁe is less than 64, this byte is
converted into a 16-bit syﬁbol having a relatively large DSV.
Conversely} if the value 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 16-bit symbols which are stored in table T), have negative
DSV. Thus, an input byte is converted info a 16-bit symbol
having positive or negafive'DSV, depending upon which table is
selected for conversion, and the value of the DSV is large or
small, depending upon the value of the input byte that is
converted.

The tables Ty,, Typs « - - Tgas Typ 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 table T;), 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. sSwitch 73 selectively couples table T;, or table T3,
to input %3 of switch 75. Switch 74 selectively couples table

T4a Or table T, to input x4 of switch 75. Output switch 75
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selectively couples one of its inputs x1-x4 to an outpuf terminal
78 under the control of a table selector 76. Selector switches
71-74 select either table T, or table T, under the conﬁrol of a
DSV calculator 77. The 16-bit symbol which ultimately is
supplied to output 78 also is coupled to thé_table selector and
to the.DSV calculator, as illustrated.

Table selector 76 senses the.ending bits of thé 16-bit
symbol supplied from switch 75 to output terminal 78 to determine
whether fundamental table T;, T,, T; or T, should be selected, in
accordance with the table selecting conditions‘discussed above.
It is appreciated that the table selector thus controls switch 75
to select the 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 or 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 increases in the positivé direction, DSV calculator 77
controls selector switches 71-74 to couple the outputs from their
respective tables T,,. Conversely, if the accumulated DSV is
calculated to increase in the negative direction, selector
'switches 71-74 are controlled by the DSV calculator to couple the

outputs from their respectively tables T,. It is expected,



1. . An,optical disk having a dianeter |less than 140mm a thlcknessq@ﬁ,,qﬁﬂﬁ
1.2mm O Inm a plurality of record tracks having data recof jded thereon &S
enbossed pits representing information, the tracks'exhlbltlﬁ @Lpﬂt hN@m

t he range between 0.646[err] and 1.05[err]n1 said tracks be '

a lead-in area, a programarea and a |ead-out area; said recorded data
being recorded in a table of contents % OC) region and in plural data track
regions with said TOC regi on being disposed in said | ead-in area, said TOC
region containing TOC information and said plural data track regions

contai ning user information; said TOC information being recorded in a first
plural -ty dthexefioyes thasaif Ger pregedingng6-bit symbol exhibits a larger

negative DSV, switches 71-74 are controlled to select 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 é-to-ls bit modulator of Fig. 30,
is illustrated in Fig. 31. Here, tables are used to carry out an
inverse conversion from 16-bit symbols to 8-bit bytés and such

. tables are identified as tables IT,, IT,, IT3 and IT,. These
tables may be stored in ROMs 84, 85, 86 and 87. It is expected -
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 otherwise, each 8-bit byte may be stored in
twd separate read address locations.

An input terminal 81 is supplied with a 16-bit symbol,
aqd this symbol is stored temporarily in a register 82 and then
coupled in common to inverse conversion tables IT;- IT,;. 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. Altérnatively, table selector 83 may be



saj d hser i nf ormati on belng recorded in a second pIurallty of seotentd i L
said plural data track regions; each data track region haw:ng a respective ‘

start sector; said TOC information including addresses of mEufeibéQNOVdBQS
start sectors; and said TOC infornmati on and said user inf
recorded as nDduIated | ong di stance error correction encoded data having at
| east eight parity synbols. 2. The optical disk of Claiml wherein said
data is recorded as enbossed pits with a linear density in the range

bet ween 0.237[err]mper bit and 0.378[®8rr]mper bit. 3.. The optical disk
of Claim1l wherein at |east said .

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 outpﬁt 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 first symbol that is '
produced immediately followihg the frame sync pattern is. read
from conversion table T, in Fig. 30. Table selector 83 thus
operates to detect the frame sync pattern so as to control output

- switch 88 to couple table IT; to output terminal 89.

If, as mentioned above, a 16-bit symbol may represent.
one or the other of two different 8-bit bytes} table selector 83
senses whether the next-foliowing 16-bit symbol, as supplied
thereto from input terminal 81, is from conversion table T, or
conversion table T;. This determination is made by examining the
first and thirteenth bits of suéh next-following 16-bit symbol.
If the table selector senses that the next~following 16-bit
symbol is from table T,, output switch 88 is suiﬁably controlled
to select the inverse conversion table which converts the 16-bit
symbol presently provided at the output of register 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. Consequently, since the present invention uses only 16
bits in its bit stream as compared to the pridr art use of 17
bits, the modulation technique of the present invention results
in an effective reduction in data of 16/17, or about 6%.

While the present invention is particularly applicable
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 is particularly useful in recording and reproducing
digital video discs (DVD)-on which video data and its associated
audio data are recorded. Sucﬁ data is cqmpressed in accordance
with the MPEG standard; and when compressed video data is
recorded on the disc, the subcode information included in each
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 11E. If the subcode address value is 3,
the user data recorded in the sector conforms to the sténdard 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 tﬁe sector which contains this
subcode and the lead sector in which the previous I picturé or
next-following I picture is recorded. It is expected that an I

picture (that is, an intraframe encoded picture, as mentioned



5. . The,optical disk of Claim4 wherein said RLL encoded d@at;g:¢i; 2o6Rchd) siddT
encoded data, such that successive transitions are separatid by no Iﬂﬁvm
than 2 data bit cells and by no nore than 10 data bit cell .Dﬁg;ihﬂe ..................
optical disk of CQaim5 wherein said RLL.encoded data is r : : -
I nformati on words, where unnodul ated TOC and user information is
represented as n-bit data words. 7. The optical disk of Claim1l wherein
sai d program area of said tracks is prowided with another TOC region
containing TOC information substantially identical to the TOC

previously) is recorded in two or more sectors. Of course, each
sector. includes a header. However, the distance data which is
recorded inlthe subcode field shown in Fig. 11D represents the
disténce to the lead, or first sector in which the previoﬁs 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 indicates whether the video data that is recorded in
compressed form in this sector is I, P or B picture data and the
temporal reference data indicates the location 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,
Por B pictu:e data is recérded 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. 1 MPEG
compressed video data. Video information, supplied as, for
example, analog luminance (Y) and color difference (R-Y and B-Y)

signals are digitized by an analog-to-digital converter 101 and



information contained in the TOC regi on di sposed in said | gaekitm aidEnT SIEET
The optical disk of Claim21 wherein each sector of said fifjst and 1cgﬁg
plurality of sectors includes a sector header at a | eadi ng{paté .o tthew dﬂ@s
sai d sector header containing a sector sync pattern, a sect ;
error detection code, and subcode data. 9. The optical disk of Claim8
wherein said subcode data in a given sector includes a subcode identifier
and subcode informati.on of a type i denfd fi ed by sai d subcode identifier.

compressed in accordance with the MPEG combression system by
video compression circuitry 102. The compression 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 data (soon to be described) which
then is input to input-terminal 121 (Fig. 1). Information
related to the compressed video data stored in buffer memory 103
is supplied to system céntroller 110, this information being
indicative of, for example, whether the compressed video data
corresponds to an I, P or B picture, the temporal sequence of
display pictures in which this compressed video picture is
located, time code representing the time of receipt or time of
recording of the video data, etc. The information derived from
the stored, compressed video data and supplied to thé system
controller is used to generate subcode informatioh that is
recorded in the sector héader. 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 analoé—ﬁo—digital
converter 104 and compressed in an analog data compression
circuit 105. This compression circuit may operate in accordance

with the Adaptive Transform Acoustic Coding technique (known as
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wherein said subcode identifier is a subcode address. 11. #Tﬁé?%éiﬁé“TPdvgﬁT
of Claim9 wherein said subcode information includes track igﬁ ti y1 ?M)\Héﬂ%

which identifies the track in which said given sector is r@eorded ="

copyright data which indicates whether user information in said track may
be :
73

ATRAC) consistent with MPEG~1 audio compression or MPEG-Z audio
compression standards. It is appreciated that this ATRAC
technique presently is used to compress audio information in
"recording the medium known as the "Mini Disc" deveioped by Sony
COrporation; The compressed audio data is supplied from
compression 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. Alternativeiy, compression
circuit 105 can be omitted and the digitized audio déta can be
supplied directly to a buffer memory 106 as, for example, a 16-
bit PCM encoded signal. Selective information stored in the
audio buffer 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 daté (MIDI) also is coupled to
nmultiplexor 107; -

Title data is generated by a character generator 111
thch,.for example, may be of conventional construction. The
‘title data is identified as fill data 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 subsegquent applicatioh to the input

terminal 121 shown in Fig. 1.



application allotted to said user information in said track; 12. The, -
optical disk of Claim9 wherein said user information is pi tDmteNUv,ggs 1
i nformati on representing a respective picture, said picture OFFE el
being recorded in at |east one sector in a data track region, and mhereln
sai d subcode information includes firstgdi stance information representing
- the distance fromsaid given sector to the sector in which picture .
i nformati on representing a next preceding picture is recorded and second
di stance information representing the distance fromsaid
Preferably, multiplexor 107 multiplexes the compressed

\ _ [F
copi ed,, and application identifying data which identifies aHp Eﬂetewmwnﬁgw~~57

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 outppt 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.

Fig. 33 is a block diagram of circuitry for récoverihg
the video, audio, title and sub-inférmation data that had been
recorded on disc 100 and that had been reproduced from the disc
by the playback épparatus shown in Fig. 2. The input to the data
recovery circuit shown in 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 aé well as the sub-information. The demultiplexor

' operates in accordance with the MPEG-1 or MPEG-2 standard, as may
be desiréd, 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 circuit 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-analog
converter 251. Expansion circuit 250 operates in accordance with
the MPEG~1 or MPEG-2 standard such that the original wvideo

information is recovered.



gi ven sector to the sector in which picture information re& SSENICAY T TTIIIET

followng picture is recorded. 13. The optical disk of Cla|T112 eLE&ﬂV
said picture information is recorded in a | ead sector and mumgiu
foll owi ng sector; and said sector in which picture infornat R .CPIUUUHLrﬂ".AJ
-sai d next preceding picture is recordeg as well as said sector in which
picture information representing said next follow ng picture is recorded S
said | ead sector.

Post prbcessor 256 also is adapted to superimpose
graphical title information on the recovered video data, as will
be described below, such that the recovered title data may be
suitably displayed, as by superposition on a video picture.

The separated audio data is supplied from demultiplexor
248 to an audio buffer memory 252 from which it is expanded in an
expansion circuit 253 and reconverted to analog form by digital-
to-analog convertor 254. Expansion circuit 253 operates in
accordance with the MPEG-1 or MPEG—z or mini disc standard, as

Ll 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-information separated
by demultiplexor 248 is supplied as a direct output signal,
consistent with the representation shown in Fig. 32 wherein 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 compression 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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ptcture information is conpressed picture data selectively corrpb ﬁe‘ﬁ)‘i)m
intraframe encoded picture data or predictively encoded pljcabais eldntidt. " ...
said first and second di stance i nformati on each represent
fromsaid given sector to the |ead sector in which intrafrane encoded
picture data is recorded. 15. The optical disk of Caim9 wherein said user
information is conpressed picture data sel ectively conprised of different
types of conpression-encoded data representing

256 for superposition onto the video information that has been
played back from the optical disc.

Demultiplexor 248 monitors ﬁhe 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.

System controller 230 and user interface 231 of Fig. 33
are the same as system controller 230 and user interface 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 art that
various changes and variations may be made without departing from
the spirit .and scope of the invention. To the extent that such
variations and changes have been mentioned herein, the appended

L claims are to be interpreted as including such variations and '
changes as well as all equivalents to those features which have

been particularly disclosed.



respectlve pi ctures having a predeterm ned display sequendegugndbSﬁLQ?“uL"T
stubcode i nformation includes type identifying information Tpr I denti f
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the type of conpression-encoded data that is recorded in

and sequence information for identifying the location in

sequence of the picture represented by the conpression-encoded data that is

recorded in said given sector. 16. The optical disk o I d

user information is variable over tinme77and said subco ' '

i ncludes tine code data representing time information $ﬁmﬂm“ﬁmlﬂi‘"‘ﬂﬂr

information is recorded. . it M
WHAT I8 CLAIMED IS:

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

a thickness of 1.2mm # 0.1mm; a plurality of record tracks having
data recorded thereon as embossed pits representing information,
the tracks exhibiting'a pitch in the range between 0.646um and
1.05um; said traéks being divided into a lead~in area, a pfogram
area and a lead-out area; said recorded data being recorded in a
table of contents (TOC) region and in plural data track regions
with said TOC region being disposed in said lead-in area, said
TOC region containing TOC information and said plural data track
regions containing.user information; said TOC information being
recorded in a first plurality of secfors in said TOC region and
said user information being recorded in a second plurality of
N sectors in said plural data track regions; each data track region

having a respective start éec;or; said TOC information 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. l

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 0.378uﬁ per bit.

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

of from 20mm to 65mm.



17, Tﬁe‘optical disk of Claim1l wherein said TOC infornat?omﬁﬁﬁnCEMENTSHEET
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capacity and nunber of record tracks of said optical diskj Date
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4. The optical disk of Claim 1 wherein said ToOC

information and said user information are modulated as run length
limited (RLL) encoded data. _

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

6. The optical diék of Claim 5 wherein said RLL
encoded data is recorded as 2n-<bit information words, where
unmodulated TOC and user information is represented as n-bit data
words.

7. The optical disk of Claim 1 wherein said program
area of said tracks is provided with another TOC region
containing TOC information substantially 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 code, and subcode data.

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

information of a type identified by said subcode identifier.




record/pl ayback characteristics of said optical disk represgent: g,q gml y
di'sk, a wite once disk or an erasable disk. 19. The optica g '%Kbb
1 wherein said TOC i nformation includes TOC i dentification [data fo;? 4000\]1995

i dentifying | ocation of said TOC region, data configuration o ST (e &, SO

regi on, and sector conflguratlon of each of said pl urallw—ei——seei—eﬁs——%()——
The optical disk of Caim1l wherein sajgd TOC i nformation includes

representative of disk size. 21. The optical disk of Cai Eﬂ“l“ﬂﬂ “'""Il””“l
TOC information includes data representative of a tine co

10. The optical disk of Claim 9 wherein said subcode
identifier is a subcode address.

11. The opéical disk 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 application allotted to said user infofmation in
said track.

'12. The optical disk of Claim 9 wherein said user
information is picture information rep;esénting'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 precedihg 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.

13. The optical disk of Claim 12 wherein said picture
information is recorded in a lead sector and at least one
following sector; and said sector in which picturé 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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a5500|ated with said user information. 22. The optical dis gL -

wherein'said user information is reproduci ble at a selectedj bﬁhWaW“Q*TJ

pl ayback speeds; and said TOC information includes data repn E qu

sai d sel ected playback speed. 23. The optical disk of Cla|n1d_mn_. rn-sa

| ong di stance error correction encoded data is encoded by |ﬁse+%+ﬂg—gz_ana;____

Cl hold sections at predeterm ned | ocaffons in the TOC and uiﬂ! ano tion
I

ma
supplied for recording and thereby formng prelimnary C1L wo uﬂ Iﬂﬂﬂl"""
of plural data synbols, generating C2 parity synbols in resp L e Im i
predet er mi ned nunber of data

14. The optical disk of Claim 13 wherein said picture
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information is compressed picture data selectively comprised of
infraframe 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
in 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—encoded data representing
respective pictures héving a predetermined display sequence, and
said subcode information includes type identifying information
for identifying 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-
represented by the cqmpression-encoded data that is recorded in
said given sector.

16. The optical disk of Claim 9 wherein said user
infqrmation 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 fepresentative of record/playback characteristics,
diameter, recording capacity and number of record tracks of said

optical disk.



synbols of the sane nunber of prelimnary Cl words and repmaggﬂgm§4£2uhghdgr
section in a prelimnary Cl1 word with said C2 parity synmbol s t {ONKW?QQS
precursory Cl1 word, generating Cl parity synbols in respon eggg

..............................

precursory ClL word and inserting said ClL parity synbols in
section to forma Cl code word, and using a pre-established nunber of saTi’“
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18. The optical disk of Claim 17 wherein said

record/playback characteristics of said optical disk represent a
~ read only disk, a write once disk or an erasable disk.

19. The optical disk of Claim 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 wherein said ToOC
information includes data representative of disk size.

21. The optical disk of Claim 1 wherein said TOC
information includes data representative of a time code
asSbciated with said user information.

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

23. The optical disk of Claim 1 wherein said long
distance error correction encoded data is encoded by inserting C2
and Cl1l hold sections at predetermined locations in the TOC and
user information supplied for recording and thereby forming
preliminary Cl1 words comprised of plural data symbols, generatiné
C2 parity symbols in response to a predeterminéd number of data
symbols of the same number of preliminary C1 words and replacing

a C2 hold section in a preliminary Cl1 word with said C2 parity



|nformat|on that is recorded as said | ong distance error c FLact LQQ e, &q;e:d-

data exhibit a synbol sequence different fromthe synbol seéquéence of hﬁg
user information supplied for recording. 25. The optical d nJﬁ Q4 4&55

.............................

wherein said C1 code word is conprised of odd and even sy
synbol s being recorded together in an odd group and the

recorded together in an even group. The optical disk |
wherein each Cl1 code word is formed of msynbols and each mmm"mmr"“"m"
formed of n synmbols, where mand n are integers; and wher . ¢ L M 0§ %
symbolé to form a precursory Cl1 word, generating Cl1l parity
symbols in response to a precursory Cl word and inserting said C1
parity symbols into a C1 hold section to form a Cl code word, and
using a pre-established number of said Cl1 code words as said long
distance error correction encoded data.
24. The optical disk of Claim 23 wherein said user
information that is recorded as said long distance error
correction encoded data exhibit a symbol sequence different from
the symbol sequence of the user information supplied for
fecprdihg. '
| 25. The optical disk of Claim 24 whefein said C1 code
word is comprised of odd and even symbols with the odd symbols
being recorded together in an odd group and the even symbols
. being recorded together in an even group.
26. The optical disk of Claim 25 wherein each C1 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 2 m/2,

where i is the sequential order in which the Cl1 code words are

presented for recording, j is the sequential order of the m
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for recording, j is the sequential order of the m REPL @i&’m
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symbols in each Cl code word presented for recording, and k is

the order in which the m symbols are recorded on the disk.

27. The optical disk éf 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 frém a
selected one of plural sﬁorage tables a 2n-bit symbol in response
to an n-~-bit byte supplied for recording, the selected storage
table being a function of the preceding 2n-bit symbol that had
been read.

29. The optical 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 respecﬁively 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 storage tables éxhibit positive
digital sum value (DSV) and the 2n-bit symbols stored in the
other of said two storage tables.exhibit negative 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 preceding 2n-bit

symbols.
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di'sk of Claim1 wherein the | ong distance error correctlon!enco e Nﬁy.ﬁﬁs
encoded in a convolution code. 28. The optical disk of O aim] wh a

TOC and user information are nodul ated for recording by re “nm"

sel ected one of plural storage tabl es a 2n-bit synbol |ﬁ*respensu an

n-bit byte supplied f.or recording, §1 sel ected storage Hm'e bei ng
€

function of the preceding 2n-bit- synb t hat had been r I""”m
optical disk of Claim28, wherei n successi ve ’””"I

33. A method of recording data on an optical disk
having a.diameter less #han 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 leag-out area, said method comprising the steps of:
providing user information for recording in a plurality of |
sectors in user tracks; providing table of contents (TOC)
information for recording in a plurality of sectors in at least
one TOC tréck, said Toc.information including addresses of
respective start sectors, each identifying a start sector of a
respective user track; encoding both said user information and
said TOC information in a long distance error correction code
having at least eight parity symbols; modulating the encoded user
and TOC information; récording the modﬁlated, encoded TOC
information as embossed pits in said at least one TOC track in
said lead-in area; and recording the moduléted, encoded user
information as embossed pits in said user tracks in said program
area with a track pitch 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 density in the range between 0.237um per bit and 0.378um
per bit.

35. The method of Claim 33 wherein'the step of
recording embossed pits in said program area is operative to
record said program area in a portion of the disk having a radius

of from 20mm to 65mm.



2n-biifsynbo|s are run length limted. 30. The optical dlﬁk;@iu :@ s
wherein different 2n- bit synbols are stored respectlvelyfln at

of said storage tables for the sanme n-bit byte. 31 The pbg@al
A aim 30 wherein the 2n-bit synbols stored in one of said
tabl es exhibit positive digital sumvalue (DSV) and the 2n-bit synbols

stored in the other of said two storad® tables exhibit n '

The optical disk of Caim31l wherein the sel ected storaggﬂﬂ Mﬂ| "“ “"
determ ned as a function of the nunber of "O' bits in whie¢h thet precedi ng
2n-bit symbol tern‘Qﬁ£eSI%e method of Claim 33 wherein said step of
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modulating comp:ises run length limited (RLL) modulating said
encoded user and TOC information.

37. The method of Claiﬁ 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
representing said user and TOC information to 2n-bit information
words for recording.

39. The method of Claim 33 wherein said step of
recording the modulated encoded TOC information includes the step
of recording in said program area modulated, encoded TOC
infﬁrmation substantially identical to the TOC information
recorded in said lead-in area.

40. The ﬁethod of Claim 33 wherein each sector in at
least said user tracks includes a sector 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 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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42. The meﬁhod of Claim 41 wherein said subcode
identifier is a subcode address.

43. The method of Claim 41 wherein said subcode
information includes track identifying data which identifies the
track in which said given sector is recorded, copyright data
vhich indicates whether user information in said track may be
copied, and applicatién identifying data which‘identifies a -
predetermined_application allotted to said user information in
said track. |

44. The method of Claim 41 wherein said user
information is picture'information representing a respective
picture; and said step of recording comprises record@ng said
picture information in at least one sector in said user tracks,
and recording as subcode information 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_givén sector to the sector in which
picture information representing a next followiﬁg picture is
recorded. '

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

46. The method of Claim 45 wherein said step of

encoding said user information comprises compressing picture data
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user information for recording in a plurality of sectors inh user tracks:
provi ding table of contents (TOC) information for recording Daw a..;ﬂ.dr NUIV'IESS

of sectors in at | east one TOC track, said TOC i nformati on=reterdi=nt

g
addresses of respective start sectors, each identifying a star
respective user track; encoding both said user information m

1 d-TOC
information in a | ong di stance error_correcti on code havin ”ﬂ% UHM’
ain, |

parity synbols; nodulating the e'nco_asgd user and TOC i nfornati
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predictively encoded picture data; and each of said first and
second distance information represents the distance from said
given sector to the lead sector in which intraframe encoded
picture data is recorded.

47. The method of Claim 41 wherein said step of
encoding said user information comprises compressing a
predetermined display sequence of picture data in accordance with
selectively different types of compression-encoding technique,
and said subcode information includes type identifying
information for identifying the type of compression-encoding
technique that is used to compress the data recorded in said
given 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 said user
information is variable over time, and said subcode information
includes time code data representing time infdrmation at which
said user information is recorded.

49. The method of Claim 33 wherein said TOC
information is representative of record/playback characteristics,
diameter, recording capacity and number of record tracks of said

optical disk.



said lead-in area; and recording the nodul at ed, encoded use‘rﬁ EAEOF FRENS F1EET
enbosséd pits in said user tracks in said program area with| a tracf CF g@ﬁ
in the range between 0.646[err]mand 1.05[err]m 34. The gt R8¢ of -Crar-m-
wherein each of said steps of recording is operative to rec
embossed pits with a linear density in the range between 0.2 er
bit and 0.378[err]mper bit. 35. The gethod of Caim 33 Wneri m,ﬂﬂwﬂ”m
recordi ng enbossed pits in said programarea is operative-to L
programarea in a portion of the disk having a radius of from Onm to 65Mm
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50. The method of Claim 49 wherein said
record/playback characteristics of said optiéal disk represent a
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 includes 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 inéludes data representative of disk size.

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

54. The ﬁethod of Claim 33 wherein said user
information is reproducible at a selected one of plural playback
speeds; and said step of recording said TOC information includes
the step of recording data representative of said selected
plafback speed.

55. The method of Claim 33 wherein said step of
‘encoding information in said long distance error correction code
is comprised of receiving said user information as input data;
inserting €2 and C1 hold sections at predetermined locations in
said input data and thefeby forming preliminary C1 words

comprised of plural data symbols; generating C2 parity symbols in
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RLL nodul ating is (2,10) nodul ati on, such that successive-
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response to a predetermined number of data symbols of the same
number of preliminary Cl words and replacing a C2 hold section in
a preliminary C1 word with said C2 parity symbols to forﬁ a
precursory Cl word, generating 01‘parity symbols in response to a
precursory Cl word and inserting said Cl1 parity symbols into a C1
hold section to form a Cl code word, and using a pre-established
number of said Cl code words as said long distance error
correction encoded data.

56. The method of Claim 55 wherein sai& step of-
recording comprises recording the symbols of the C1 code words in
a symbol sequence différent from the symbol sequence of said
preliminary Cl1 worxds.

57. The method of Claim 56 wherein a preliminary 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 records the even symbols together in an even group..

58. The method of Claim 57 wherein each C1 code word
is formed of m symbols including m-n C1 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 2 m/2,

L3



sqparéted by no less than 2 data bit cells and by no nore EH@ﬁﬁﬂ@ﬁﬁ@E%ﬁbﬁEET
cells. '38. The method of Claim 37 wherein said step of nodul ati ngdf:LMt\ngs
conprises converting n-bit data words representing said usgrbanad..UUC. ov. L.
information to 2n-bit information words for recording. ; TC -
Claim 33 wherein said step of recording the nodul ated encoded TCC
i nformation includes the step of recofding in said progrﬂmﬁm t
encoded TOC information substantially identical to the TCUNE me,mﬂm
L - *

recorded in said | ead-in area.

where i is the sequential order of tﬂe preliminary Cl1 words of
input data, j is_the sequential order of the m symbols in each
preliminary Cl1 code word, and k is the order in which the m
stbols are recorded on the disk.

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

60. The method of Claim 33 wherein said step 6f
modulating comprises supplying said TOC and user information as
n-bit bytes, reading from a selected one of plural storage tables
a 2n-bit symbol in response to a supplied n-bit byte, and
selecting said one storage table as a function of the preceding
2n-bit symbol that had been reaq. '

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

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

63. The method of Claim 62 wherein the 2n-bit symbols
stored in one of said two storage tables exhibit positive digital
sum val&e (DSV) and the 2n~-bit symbols stored in the other of‘
said two storage tables exhibit negative DsV.

64. The method of Claim 63 wherein the step of
selecting said one storage table is determined as a function of

the number of "0" bits in which the preceding 2n-bit symbol
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40. The nethod of C aim 33 wherein each sector in at |east
i.ncl udés a sector header at a | eadi ng portion.thereof; and
recordi ng user information includes recording i-n said sect ¢ Dhigad I&UVISQS
sector sync pattern, a sector address, an error detection =

data. 41. The nethod of C aim40 wherein said subcode—daLariL\_giv\en
sector includes a subcode identifier-afd subcode information of a ty

identified by said subcode identifier. I’"I"””,”",””,I””"’

terminates and accumulated DSV of a predetermined number of
preceding 2n-bit symbols.

65. A method of reproducing data from an optical disk
haﬁing a diameter less than 140mm, a thickness of 1.2mm % O.lmm
and a recording area divided into a lead-in area, a program area
and a lead—-out area, apd wherein said data is recorded as
embossed pits representing modulated, error-correction eneoded
user information in sectors in user tracks in said program area
and representing modulated, error-correction encoded table of
contents (TOC) information in secfors in at least one TOC track
in said 1ead—in area .with said TOC information including
addresses of respective start sectors of said user tracks, the
tracks having a track piteh in the range of 0.646um to 1.05um,
said method comprising the steps of.rotating 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 beam 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; demodulating the data read from said disk;
error correcting the demodulated data; separating the error
corrected data into roc infermation and user information; and
usinQ said TOC information to access and read selected user

tracks in response to access instructions from a user.
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wherein said subcode identifier is a s 1) #1The nmet hod of .

d ai m 41 wherei.n sai.d subcode information inctudes %rdck |de@@Lfyﬂr¢LNﬁﬁ
which identifies the track in which Eld gi ven sector is reeprded
copyright data which indicates mheth§ user information in said track may
be copied, and application identifying data which identifies &

predeterm ned applicgklOneRé it b2 &7k fh W uneRE2hNBAi @ ehBossed pits

have a linear density in the range between 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 65mn. . ’

68. The method of Claim 65 wherein each sector of said
user and TOC tracks includes a sector header at 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 Qherein said subcode data
in a given sector includes a subcode identifier and subcode
information of a type identified by said subcode identifier.

70. The method of Claim 69 wherein said subcode
identifieﬁ is a subcode address;

71. The method of Claim 69 wherein said subcode
information includes track identifying‘déta 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 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
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recording conprises recording said picture tnfloratfon* i n labatee

sector in said user tracks, and recordi ng as subcode i nf ol et T oM 1175t
di stance information representing the di3st ance from said glven sector to

t he sector in,which picture inform n r resenti next edlng
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representing a next follow ng picture
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 informatioh representing a
next following picture is recorded.

73. The method of Claim 72 wherein said picture
information is recorded in a lead sector and at least one
following sectér; and each said distancé information represents
the distance from said given sector to a next lead sector.

74. The method of Claim 73 wherein said picture
information is compressed picture 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 next lead
sector in which intraframe encoded picture data is recorded.

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

identifying the location in said display sequence of the picture



recorded. 45. The nethod of Caim 44 wherein said step of r600fd1ﬁg Btk B RET

i nf or mati on conprises recording said pi c“umnummm m in alegylqs
and at |east one follow ng sector. 46. T I I l n145Jﬂhe$gJﬂ$ggpﬁﬂs

step of encoding said user information conprlses conpreSS|ng picture data
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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 over time, and said subcode information
includes time code data representing time information at which
said user information is recorded.

77. The method of Claim 65 wherein said Toé
information is representative of record/playback characteristics,
diameter, recording capacity and nﬁmber of record tracks of said
disk. |

78. The ﬁethod of Claim 77 wherein said
record/playback characteristics of said optical disk repreéent a
read only disk, a write once disk or an erasable disk.

79. The method of Claim 65 wherein said TOC
information includes TOC identification data for identifying a
location of said at least one TOC track, data configﬁration 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 includeé 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
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i nformati on represents the distance fro
sector in which intraframe encoded.picture data“is recorded=&F7F—The

of daim4l wherein said step of enco# ng said user information conprises
conpressing a predeterm ned di splay sequence of picture data in accordance
Wit h sel ectsipeels: dand esaid T0Hdnformzbign dewiludesndetia ngepeeserntatd veamd

said SUbCOdelhnLgi Ee&"biéyﬁééﬂgipélg? | dentifying

83. The method of CIAim 65 wherein said error-
correction encoded information is formed of a pfe—established
.number of C1 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 Cl1 code words, and Cl parity éymbols each of which is derived
from a predetermined number of symbols, including user
information symbols and C2 parity symbols in said Cl code word;
and wherein said step of error correcting comprises using said c1
parity symbols to error correct the C1 code word which containé
said C1 parity symbols, using said c2 parity symbols in said C1
code word to error correct respective user information symbols
-included-in said preaséigned number  of Cl1 code words, and formihg
an exror corrected_Cl code word from the user infogmation symbols
that had been corrected as a result of using said C2 parity
symbols.

84. The method of Claim 83 wherein said user
information symbols are recorded in a disarranged order; and
wherein the step of error cbrrecting 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 disarranged

order is formed of odd user information symbols recorded in an
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i, used to conpress the data recorded in i rifand s
information for identifying the location f'n Said display s_dh@hbgﬂjﬁmmﬁgmgi.
picture represented by the conpressed picture data that is Tecorded T sai
given sector. 48. The method of C ai m381 wherein said user information is
vari abl e over tinme, and said subcode i nformation-i-ncludes tine code data
repr esent i pddt greup rdnst rmenonset ifeimstaioh symboilsf pecatded i areanreghed.

49. The nethod of C aim 33 wherein said TOC )
group, and sald arranged sequence is formed of sequential

alternating odd and even information symbols.

86. The method of Ciaim 85 wherein each Cl1 code word
is formed of 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 order of the error-corrected Cl1 code
words, j is the sequential order 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.

87. 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
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demodulating converts said 2n-bit infbrmation words into n-bit
information words.

91. The method of Claim 90 wherein said step of
demodulating comprises storing in each of a plurality of tables
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 corresponds to the 2n-bit information word
presently read from said disk.

92. -The method of Claim 91 wherein at least one 2n-bit
information word read from the disk corresponds to two diffef;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 selecting 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
function of said next~following 2n-bit information word.

93. The method of Claim 92 wherein said step of
examining comprises sensing predetermined bits in said next-
following 2n-bit inforﬁation 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 preséhtly read
2n-bit information word depending upon the table to be selected

for said next following 2n~bit information word.
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said at |east one TOC track, recording a data conflguratlon Ol Sal d at

| east one TOC track, and recordl ng a sector configuration of each of sai d
plurality of sectors. 52. The method g&f C ai m 33 wherein said TOC

i nformation includes data representative of disk size. 53. The method of
Cl ai m 33 wherei n sai B4.0CApphuates ifon remxinddes dattn arepnespeiicatli désbf a

time code .. _ -
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-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 identlfylng a start sector of a respective user
track; encoding means for encbdlng both said user information and
said TOC information in a_long distance error correction coda-
having atnleaét eight parity symbols; modulator means for
modulatang the encoded user and TOC information; and recording
means for recording the modulated, encoded TOC information as
embossed pits in said at least one TOC track in said lead-in area
and for reéording the modulated, encoded user information as
embossed-pits-in said user tracks in said program area with a
track pitch in the range betyeen 0.646pm and 1.05um.

95. The apparatus of Claim 94 wherein said recording
means is operative to record said embossed pits with a linear
density in the range between 0.237pum 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 65mnm.
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said user information is reproduci bl ‘ “%‘ iﬂgﬁﬂm e of pl ural pia&ﬁgg&ss
speeds; and said step of recording sah n i ncl e ph i -
of recording data representative of said Sel ect ed pl ayback ;
met hod of Claim 33 wherein said step of encoding information in sai d | ong

di stance error correction code is corrﬁ?l sed of receiving said user
i nformation as |nput ata; inserti d Cl hol d section
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Cl words peans is a run length limited (RLL) modulator.

g98. The apparatus of Claim 97 wherein said RLL
nodulator performs (2,10) modulation, such that succeésive
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'fecording
means is operative to record in said program area modulated,
encoded TOC information substantially identical to the TOC

information recorded in said lead-in area.

. 101. The aéparatus §f 01aiﬁ'94'wherein each sector in
at least said user tracks includes.a sector header at a leading
' bortionuthereoﬁ; 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 apparatus'of Claim 101 wherein said subcode
data in a given sector inéludes a subcode idehtifier 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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data synbol s of the same nunber of rds anq, Pe§laci-nga

hol d section in a prelimnary CI word W|th sai d° CZ parity synbols to forma
precursory Cl wor d, generating Cl parity synbols in response to a
precursory ClL word and inserting said g parity synbols into a Cl

104. The apparatus of Claim 102 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
predeterminedgapplication allotted to said.user information in
said track.

105. The apparatus of CIaiﬁ 102 wherein said user

~information is picture information representing a respective
picture; and said recordifng means is operative to record said
picture information in aﬁ'léast one sector in said user tracks,
and to record as subcode information first distande information
represénting the distance from said given sector to the sector
in which picture information representing a next preceding
picture is recorded and second distance information représenting
the distance from said given sector to the sector in which
picture information representing a next following pictqre is
recorded.

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

107. The apparatus of Claim 106 wherein said encoding
means includes means for compressing picture data to selectively
form intraframe encoded picfure data or predictively encoded \

picture data; and each of said first and second distance



ey

hold section to forma Cl code word, animmmﬂnunm l bl i|SRE-HbEr 8HEeT |
said Cl1 code words as said |ong di stance EH i ﬂ n e,cQQededgt 3'[}\;?
The method of C aim55 wherein said step of recor'tlirfg ¢onpr [iSei® i-dé dr-dfU¥g 1995..

t he synbols of the Cl code words in a synbol sequence different fronmtie :

synbol sequence of said prelim.nary Cll@ords. 57. The method of O aim 56
wherein a prelimnary Cl code V\Dl’é:g‘gi agcorrpri sed of qdd and even synbol s and
r

wher ei n sai 4 st r SEBY AP RS SF%C%Q%F%%&FSQ‘E‘BS& AETEom &t
group and recey deddde ex%:swbﬂi&akegﬁé heficddedDbiREERe JAQHR: is  recorded.

108. The apparatus of Claim 102 wherein said encoding

means comprises méans for compressing a predetermined display
sequence of picturg data in accordance with selectively different
types of compression-encoding techniques, and said subcode
inférmaﬁion includes type identifying information for identifying
the type of compression-encoding technique that is used to
compress the data recorded in said given sector and sequence
information fof identifyihg the loéation in said display sequence
of the picture represented by the compressed picture data that is
recorded. in said given sector.

109; The apparatus of Claim 102 wherein said user
information is variable over time, ahd said subcode information
includes. time code data representing time information at which
said user information is recorded. .

110. The apparatus of Claim 94 wherein said TOC
information is representative 6f record/playback characteristics,
diameter, recording capacity and number of record tracks of said
optical disk. |

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

112. The apparatus of Claiﬁ 94 wherein said TOC

information includes TOC identification data for identifying a




58.. Tﬁe, nmet hod of C aim 57 wherein each CI code word is for

I ncluding mn Cl parity synbols, where rs
= ki + 2xj - m when j < nm2 k = nxi mmmlmﬂe J
Date: 01 NOV 1995 90 where i is the sequerti a r sof *t he
wor ds of '
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'location of said at least one TOC track and configuration data
for identifying a data configuration of said at least one TOC
track and a sector configuration of each of said plurality of
sectors.

113. The apparatus of Claim 94 wherein said TOC
information includes: data représentative of disk size.

114. The apparatus of Claim 94 wherein said ToOC
information includes 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 selected 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 €2 and C1 hold sections at
predetermined’ locations in said input data to thereby form
preliminary Cl words comprised of plural data symbols; means for
generating C2 parity symbols in fesponse to a predetermined
number of data symbols of the same number of preliminary c1
words; means for replacing a C2 hold section in a preliminary Cl
word with said C2 parity symbols to form a precursory Cl word;
means for generating Cl parity symbols in response to'a
precursory Cl word; and means for inserting said Cl1 parity

symbols into a C1 hold section to form a Cl1 code word, with a



input data, j is the sequential order of thé m synbols |nl ey AT

disk. 50" The mothod of Orarm 33 wner il NANAM llmllll’ﬂ’tlllcar @fgg;&? BEv'168

encoding said user and TOC i nformation ifi & cenvbl it i dn cotle.—60—Fthe ——
met hod of Cl aim 33 wherein said-step qb nodul ati ng conprlses supplylng sai d
TOC and user information as n-bit bytes reading froma sel ected one of

plural stormgs-dstlbessRed nbtiders WEDSA1d "ol @sfNSRrh8 BoAsPPthEIhg-diilq Dyte,
and selecting said one storage table as a function of the precedlng
long distance error correctlon encoded data.

117. The apparatus of Claim .116 wherein said recording
means further includes means for recording the symbols of the C1
code words in a symbol sequence different from the symbol
sequence of said preliminary Cl words.

118. The apparatus of Claim 117 wherein a preliminary
Cl1 code word is comprised of odd and even symbols and wherein
said means for_recordiné is operative to record the odd symbols
together in an odd group and the even symbols together in an ‘@ven
group. ' .

115. The apparatus of Claim 118 wherein each Cl code
word is formed of m symbols including m-n C1 parity symbols,

where m and n are integers; and wherein:

k =mxi + 2xF — m, when j < m/2

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

where i is the seqguential order of the preliminary C1 words of
input data, j is the sequential order of the m symbols in each
preliminary Cl1 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 encoding

comprises a convolution code encoder.



2n-bit synbol that had been read. 61. The’ ﬁEThUd‘O?“GF&FﬁﬂEaE,mﬂeEﬁENTShEC“
successive 2n-bit synbols are run Iength 62 The met hod ﬁf i@,m
61 wherein different 2n-bit synbols are s ,ﬂb Myrma :atd 1.13 ...... g
of said storage tables for the sane n-bit

wherein the 2n-bit synbols stored in one of sald tmo storage t abl es exhibit
positive digital sumvalue (DSV) and tlB& 2n-bit synbols stored in the other

of said two storage tables exhibit negative DSV. 64. The nethod of C aim 63
wherein the step of 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 iﬁ 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.

123. The apparatus of Claim 122 wherein at least two of
said storage tables storé different 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 tableslexhibit negative DSV.

125. The apparatus of Claim 124 wherein said means for
selecting said one 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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sel ecting said one storage table i s“mm"mimﬂ f unct i|oREFFATHEERTFHEF
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of preceding 2n-bit synbols. 65. A nethod of reproducing data from an
optical disk having a dianeter |less thggn 140mm a thickness of 1.2mm O0.1mm
126. Apparatus for reproducing data from an optical
disk héving a diameter less than 140mm, a thickness of 1.2mm #
0.1lmm 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 represen£ing modulated, error-correction encoded
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 track’
in said.lead—iq area with said TOC information including |
addresses ;f respective start sectors 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 constant linear velocity; pickup means for projecting a pickup
light beam through a lens to 6ptica11y read the rotating disk,
said pickup light beam 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; demodulating means 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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and & recording area divided into i N area a prograh\atpgﬁ@mdL@TSHEEn
l.ead- ot area, and wherein said dat 'T ﬂmmlfnbosse‘d pits
i nf ol ng@uwno f, NOV 1995

representing nodul ated, error-correciT e mendss liler i nf ofinmikon¥i NIV

sectors in user tracks in said program area and r epr esent i tg=nedttated

error-correction encoded table of contents (TOC) |nforrrat|on |n sectors in
at |east one TOC track in said | ead-fParea with said TOC i nformation

i ncl udi ng addresses of respective start sectors of said user tracks, the
tracks having a tracll%it’-the iatpptahetuarcge Qlfai6. 646[ enetedn calid) ¥moskey sai d

met hod conpr.is the ﬁ S rotating said disk to obtain _a constant
li near vel &Ay HFoFe ‘i"?ﬂf aieﬁﬁéklﬁp“[‘%'@’m rgRgf petween 0.237um per bit

and 0.378pm 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 secgor-header containing a sector sync
patterp, a sector address, an efror detection code, and subcode
data.

130. The apparatus of Claim 129 wherein said subcode
‘data in a given sector includes a subcode identifier and subcode

~ information of a type identified by said subcode identifier.

131. Tﬁe apparatus of Claim 130 wherein said subcode
identifier 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 information in
said track.

133. The apparatus of Claim 130 wherein said user

information is picture information representing a respective



through a lens for optically reading the rotating d”‘l?sa'df’ﬁé’?r‘@qaﬁi”mgbﬂsu
beam having a spatial frequency [err] ﬂw ' e tfje_ spat
frequency [err] is less than the trac Hm”," m’, [t he v%ﬂ?%ler@t’h”ﬂv 1995

the pickup light beamand NA is the nurrerr ‘cal alperSt ure of S T
denodul ating the data read fromsaid dj.sk; error correcting the dermdul at ed
data; separating the error corrected ta into TOC information and user

information; and using said TOC information to access and read sel ected
user track®Piqturespgadd pictiredaformatieni beind regrgdadein at least one

sector in a user track, and wherein said subcode information

includes first distance informatioﬁ representing the distance
from said given sector to the sector in which pidture information
representing a next preceding picture is recorded and second
distance information representing the distance from said given
sector to the sectér in which picture information representing a
next following picture is recorded.

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

135. The apparatus of Claim 134 wherein said picture
information is compressed picture 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 next lead
sector 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
respective pictures having-a;predetermined display sequence, and
said subcode information includes type identifying information
for identifying the type of compression-encoded data that is

recorded in said given sector and sequence information for
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O we
saird enbossed pits have a |linear densi tilm'””m t weginFib:
per bit and 0.378[err]mper bit. 67. Th !"ﬂ 65 A

a ar N

programarea is |located in a portion of t*hecdi'js
20mm to 65mm 68. The nethod of Caim 6518g1ere| n each sector of sai d

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

137. The apparatus of Claim 130 Wnérein 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 :epresentatine of record/playback characteristics,
diameter, recording capacity and number of record tracks of said
disk.

139. The apparatus of Claim 138 wherein said
record/playback characteristics of said optical disk represent a
read only disk, a write once disk or an erasable disk.

140. The apparatus of Claim 126 wherein said ToOC
information includes TOC identification data for identifying a
location of said at least one ToC trank, data configuration of
said at least one TOC track, and sector configuration 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.



user aﬁd.TOC tracks includes a sector ;ﬂ 2B 7 —
said sector header containing a sector a@ﬂ“ ﬁ‘uﬁ’! E 'qgggr%sgrﬁﬁSHtLT
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error detection code, and subcode dat a.
sai d subcode data in a given sector includes a subcode |dent- g

=4

subcode information of a type i dentifi¥¥® by said subcode identifier. 70.

The method of Claim q%a 'o?ﬁ% %&@gg §“9§Q§llea1'md‘igk % r§ A igueede

address. 71. The netho mhereln sai i nformation
i ncl udes t r gffordiionf 1bn9e§9é®ddwahatoker§éﬁecesatbﬂetqunumlwpuaiabsatd

gi ven sector is recorded, copyright data
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 containing user

. information symbols, C2 parity symbols each of which is derived
from a user information symbol included in a preassigned number
of C1 code words, and Cl paréty 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;
and wherein.said error correctin§ means includes C1 parity
correction means to error correct a Cl code word with C1 parity
symbols included therein, C2 parity correction means to error
correct respective user information symbols included in said
preassigned number of Cl code words with C2 parity symbols
included in the error corrected Cl1 code word, and means for
‘forming an error corrected Cl 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



whi ch indi cates whether user information, in sard trTack nmy',q_ ka% %%97 !
' at

application identifying data whi ch ‘mmm Iﬂﬁuﬁl m@det er mijjnBg™ F
allotted to said user information- The nethod [
to s ! u 003, 1005,

69 wherein said user information is*plrctuce u tion ré¢plFe€ent ]
respective picture, said picture information being recorded 1n at [east one
REPLACEMVENT SHEET 110

means for rearranging the order of the symbols included in said
error corrected Cl code word to an arranged sequence.

146. The apparatus of Claim 145 wheiein 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 C1 code

~word is.formed_of m symbols including n user information symbols,
where m and n are integers; and wherein:
= (k/m) -~ (kmod2) + 1

= (m/2) x (kmod2) + (kmodm)/2
whefe i is the sequential order of the error-corrected Cl code
words, j is the sequential order 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 wherein 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



Date:* 01 NOV 1995 93 sector in a user track, and wherein s#igzsuieogdesy SHEE 1-

i nformati on includes first distance | uuﬂuw nting the dlstance
~fromsaid given sector to the sector t'u'm”mmmrnfo e o0 1. NOV 1995

v
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representing a next preceding picture i's fecbrd®d sand seco

i nformati on representing the distancelt¥om said given sector to-the sector
i n which picture information representing a next followng picture is
recorded. 73ePFretedtbdooflessathay2 data dhit weldsphed ube nhimateathen iLg
recor ded indgtgeggt S and at |east one

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

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

153. The apparatus of Claim 152 wherein at least one
2n—bit,informatipn 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 néxt 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
information 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 detefmine the table to



f ol rovm ng sector; and each said distance information represe tﬁEr:th%
di stance fromsaid gi ven sector tom*head—seet—gﬁt 74. - E#%‘!T?HEET -

Claim73 wherein said picture infor ressed pi ct r@téj_q'g___
sel ectively conprised of intrafrar’rem mm ”ﬂ data or bredietivelyv o
encoded picture data; and said firs ance information each
represents the distance fromsaid given sector fo fhe next |ead sector in
whi ch intraframe encoded picture data is recorded. 75. The nethod of Claim

69 wherein said user information is conpressed picture data selectively
conprised of different types of conpression-encoded data representing

112

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.



respecfiye pi ctures having a predeterm ned d Plake
subcode information includes type identifyi n (m @ﬂm I"%ent [ f'yENTSHEET
the type of conpression-encoded data that is Te(,cor ednl gjayeenosch@V 1995

and sequence information for identifying the |ocation in said-display "~

sequence of the picture 94 represented by the conpression-encoded data
that is recorded in said given sector. ;3

APPARATUS FOR RECORDING AND REPRODUCING INFORMATION

ABSTRACT OF THE DISCLOSURE

An optical disk having a diameter less than 140mm and,
a thickness of 1.2mm * 0.1lmm, with a plurality of record tracks
having data recorded thereon as embossed pits representing
information and exhibiting a track pitch in the range between
0.646um and 1.05um; with the tracks being divided into a lead-in
area, a program area and a lead-out area. The data includes
table of contents (TOC) information recorded in a plurality of
sectbrs in at least one TOC track and user information recorded
in a plurality of sectors in user tracks; with the TOC
information including addresses of start sectors recorded in the
user tracks. The data (both user and TOC information) is encoded
in a long distance error correction code having at least eight

parity symbols, and is run length limited (RLL) modulated.



76. .The pethod of C aim 69 wherein said user information is”‘va'r'ram-e__ —OVer »
time, and said subcode information includes tine code data Jﬁ#@&&%ﬁhﬁiSHﬁﬁT
time information at which said user information is recorded, 77._tp? ﬁﬁV%ﬁb
of Claim65 wherein said TOC information i s representative gf2ate - .LULII..

record/ pl ayback characteristics, dianeter, recording capacity and nunber of
record tracks of said disk. 78. The nethod of Caim77 wherein said

record/ pl ayback characteristi.cs of saigﬁpptrcal di sk represent a read only
di sk, a wite once disk or an erasabl e di sk.
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79. . The, method of Caim65 wherein said TOC information i fickEgeseHGENT sHEET
i dentification data for identifying a |ocation of said at ljeast one TOC
track, data configuration of said at | east one TOC track, Ebﬁ NUV]Q
configuration of each of said plurality of sectors. 80. Th
65 wherein said TOC i nformati on includes data representative of disk size.
81. The nethod of C aim 65 wherein sai¢ TOC i nformation includes data
representative of a tinme code associ at with said user information. 82.
The met hod of C ai m 65 wherein said user
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in_farrrétion I's reproduci ble at a selected one of plural pI'
REPLACEMENT SHEET Date: 01 NOV 1995 95 sspeeds; and said TQOCG

R et e

i ncl udes data representative of said selected playback spegd @Tipew]v 1995
met hod of Claim 65 wherein said error- correction encoded i mD Sratiom st
formed. of a pre-established '
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nunber of Cl1 code words, each Cl code word containing user i
symbol s, C2 parity synbols each of which is derived froma
symbol included in a preassigned number of Cl code words, a
synbol s each of which is derived froma predeternlned nunber
i ncl udi ng user information synbols and C2 parity synbols in said Cl code
word; and wherein said step of error correcting conprises using said Cl
parity synbols to error correct the Cisewde word which contains said Cl
parity synbols, using said C2 parity synbols in said Cl code word to error
correct respective user information synbols included in said preassigned
nunmber of Cl code words, and form ng
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an error, corrected Cl code word fromthe user infornmation syrpors—=that=—ad—=
been corrected as a result of using said C2 parity synbol s.|| &P RREMIROTRIGEET
of Claim 83 wherein said user information synbols are recod ed in 1 NOV

di sarranged order; and wherein the step of error correctin ﬁ@ﬁrhéznumuuuﬁﬂgi

conpri ses rearranging the order of the synbols included in sard error
corrected code word to an arranged sequence. 85. The nethod of C aim 84
wherein said disarranged order is formg%gof odd user information synbols
recorded in an
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symbol s recorded in an even group, and said arranged sequen 'a‘?l"g Lﬁ;f--wiof.ﬁ,_hr
sequential alternating odd and even information synbols. 86:1 h Bt hoov 1995
Claim 85 wherein each C1 code word is fornmed of m synbols incl &E‘i HYH o Us et
i nformation synbols, where mand n are integers; and wherein:

6/29
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' LEAD IN AREA
o w
FIXED TOC DATA
POSITION -
1ST TRACK DATA
i .
2ND TRACK DATA
S  PROGRAM
AREA
VARIABLE 3RD TRACK DATA
POSITION |
/\—/
NTH TRACK DATA
L J
LEAD OUT AREA

FIG.6



[ =.(kfn) - (kmod2) + 1 j = (m2) x (knmod2) + (krmodm)/2 mhd—ﬁgﬁthggﬁgﬁTq,gﬂ
sequential order of the error-corrected C1 code words, | ig]the s&quﬁtfﬁﬂ‘“
order of the arranged sequence of msynbols in each error-dppsct &d U'Bd%

word, and k is the di'sarranged order in which the m synbol
the disk. 87. The nmethod of Claim65 wherein the error correction encoded
data is in a convolution code. 88. The nethod of C aim 65 wherein said data
on the disk is nmodulated as a run length limted (RLL) code; and said

7/29
SECTOR NO.
LEAD IN AREA
B 0— ~
RESERVED FOR
FIXED | s FILE SYSTEM
POSITION
TOC DATA
64—
1ST TRACK DATA
— : : LPROGRAM
- AREA
2ND TRACK DATA
VARIABLE  —
POSITION T T~
NTH TRACK DATA
g —_—> . J
LEAD OUT AREA

FIG.7




step of denodul ati ng includes decoding said RLL data. 89.

Cl aim 88 wherein said RLL code is (2,10) RLL code,
data transitions are separated by no less than 2 data bit cel

nore than 10 data bit cells.
code is recorded as 2n-bit
REPLACENMENT SHEET

i nformati on words,

8/29

CONTENTS OF SPEED SETTING

NO REAL TIME DATA

FIXED RATE (x1)

FIXED RATE (x2)

FIXED RATE (x3)

RESERVED
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FIXED RATE (x6)

7~FE

RESERVED

VARIABLE RATE (~x6)

" FIG.8

_DATE & TIME FORMAT

FIELD NAME

o
=
N

YEAR (4 DIGITS)
MONTH (2 DIGITS)
DAY (2 DIGITS)
HOURS (2 DIGITS)
MINIUTES (2 DIGITS)
SECONDS (2 DIGITS)

N
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and said step of



Date : 01, NOV 1995 97 denodul ating converts said 2n-bit i nf or pATT.QM WOT 0S"

into n-bit information words. 91. The method of C ai m 90 whe¥ € “sai-ddtiep EET
of denodul ating conprises storing in each of a plurality of iﬁples‘s V]
X 5 0¥ 1995,

n-bit information words, selecting a particular table as a f 9

preceding 2n-bit information word read fromsaid di sk, and reading out from
the selected table an n-bit infornatigﬂ#mord whi ch corresponds to the
2n-bit information word presently red rom sai d di sk
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92. The nethod of C aim 91 wherein at |east one 2n-bit informal LOATWOId, . men |

read fromthe disk corresponds to two different n-bit infor@af?bﬁ“ﬁﬁ?ﬁ%‘gﬁgti

of which is stored in one table and the other of which is sTob%g,iﬂ &nNﬂ%qggs
table, and wherein said step of selecting further conprises ExénﬂﬁTﬁﬁ”Thﬁ """""

2n-bit information word which next follows said presently read 2n-bit

I nformation word to select said one or said other table as a function of
said next-following 2n-bit informati oM04R9rd. 93. The nethod of Caim 92
wherein said step of exam ning conprises sensing predetermined bits in said
next - foIIomAng(‘\Sbit information word to determne the table to be -

(SUBCODE ADDRESS=0)

{ FIELD NAME BYTES
SUBCODE ADDRESS (=0) : 1
ZERO DATA (=0) 4
TOTAL 5

(B)

(SUBCODE ADDRESS=1)

FIELD NAME “BYTES
"SUBCODE ADDRESS (=1) 1
TRACK NUMBER 1
COPYRIGHT BYTE 1
APPLICATION ID 1
| ECC TYPE 1
TOTAL 5

(C)

(SUBCODE ADDRESS=2)

FIELD NAME BYTES
SUBCODE ADDRESS (=2) 1
TIME CODE 4
TOTAL 5

( )(SUBCODE ADDRESS=3)
| FIELD NAME BYTES
SUBCODE ADDRESS (=3)
PREV | DISTANCE

NEXT | DISTANCE
TOTAL

( _)(suacone ADDRESS=4)

FIELD NAME BYTES
SUBCODE ADDRESS (=4)
PICTURE TYPE
TEMPORAL REFERENCE
| RESERVED
TOTAL

oo N =

it N) =k =b

FIG.11



sel ected for said next-follow ng 2n-bit information word, an
saird one or said other table for said presently read 2n-bit ;
wor d dependi ng upon the table to be selected for said next f
Date : 01 NOV 1995 98 94. Apparatus for
on an optical disk having a dianeter

i nformati on word.

mm 0.1

d—setrecti

IS S p—
o -ARENERT SHEET,

Piknd ol s |

| ess than 140 mm a thi ckness of

11729

FIELD NAME

2
—
N

ANALOG VIDEO OUT
ANALOG AUDIO OUT
DIGITAL VIDEO OUT
DIGITAL AUDIO OUT
VIDEO BITSTREAM OUT
AUDIO BITSTREAM OUT

SUBTITLE BITSTREAM OUT
MUXED BITSTREAM OUT

TOTAL

P [ O i g

FIG.12

CONTENTS OF APPLICATION ID

0 | NO DATA

1 | COMPUTER STORAGE

2 | VIDEO DISC (DVD)

3~FF | RESERVED

FIG.13
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nm and a.recording area divided into a lead-in area, a progr'amiatﬁaﬁfaﬂdT&iiEET
| ead- out area, said apparatus conprising: input neans for providing user
information for recording in a plurality of sectors in user ;tDat@ks&athﬂ.v.]QQS..
contents (TOC) information for recording in a plurality of sSeerers~Fr—at
| east one TOC track, said TOC information including addresses of respective
start sectors, each identifying a stgﬁyzgsector of a respective user track;
encodi ng neans for encoding both said user information and said TOC
information in a long distance error correction code having at |east eight
parity synbol s; nodul ator nmeans for nodul ating the encoded user and TOC

I nformation; and recording '

TIME CODE FORMAT

FIELD NAME " BIT
HOURS (2 DIGITS)

MINIUTES (2 DIGITS)

SECONDS (2 DIGITS)

FRAMES (2 DIGITS)

TOTAL . 3

(/)

NI O O @

FIG.14

CONTENTS OF PICTURE TYPE
0 | | PICTURE
1 | P PICTURE
2 | BPICTURE
3~FF | RESERVED

FIG.15

'CONTENTS OF ECC TYPE
0| LONG ECC

’ 1 | SHORT ECC
'2~FF | RESERVED

FIG.16



means for recording the nodul ated, encoded TOC i nformation > Set
in'said at | east one TOC track in said |lead-in area and for |r BEO:FHIER
nmodul at ed, encoded user information as enbossed pits in said user Qqawgy ’995
said programarea with a track pitch in the range between 0/648Fértm and™s---
1.05[err]m 95. The apparatus of Claim94 wheretn said recording neans is
operative to record said enbossed pits with a |inear density in the range

bet ween 0. 237[err] mper bit and '0.378‘&4?%& bit 96. The apparatus of Caim
94 wherein said recording neans is operative to record said programarea in
a portion of the disk having a radius of from20mmto 65nm

58 12 58. 8
SYMBOLS SYMBOLS SYMBOLS SYMBOLS

SYNC DATA C2 PARITY DATA | C1 PARITY

C1 CODE (136 SYMBOLS)

y

FIG.17



REPLACENENT SHEET Date :01 NOV 1995 99 97. The apparatus ofl’ aarm: GF = m——
wherein said nodulator neans is a run length limted (RLL) : S F-SFERE NIEHEET !‘
The apparatus of Caim 97 wherein said RLL nodul at or perfor
nodul ati-on, such that successive transitions are separated
2 data bit cells and by
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no nDrE,than 10 data bit cells.

99. The appar at us of daim

nodul at or i ncludes neans for converting n-bit data words re

user and TOCC information to 2n-bit

i nformati on words for

re

The apparatus of Claim 94 wherein said recording neans is o

record in said program area nodul at ed,
substantially identical

C1 CODE

j
63 64

e FgeaE

0[551L_ng UJIOWOV 1995

encoded TOC i nformati on

to the TOC |nfornat|on recorded in said |lead-in
area. 101. The apparatus of Cla|n1941
user tracks includes a sector

ei n each sector
header at a | eading

C1
PARITY

in at

C2 CODE

S =N M

61

62

63

FIG.19
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port,ion ,thereof; and said recording neans is operative to r qq:gp;l_,ﬁth&t%Td?r‘er
sector header, a sector sync pattern, a sector address, an efiror dete ==
code, and subcode data. 102. The apparatus of Claim 101 wher V1995
subcode data in a given sector includes a subcode identifierk odg TV
information of a type identified by said subcode identifier. 103. The
agsar atus of Caim 102 wherein said féj)%ode identifier is a subcode
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REPLACENENT SHEET Date: 01 NOV 1995 100 104. The apparatus Ofu

wherei n said subcode information includes track i denti fying ﬂa?h”ghﬁgﬁerSHEET
{

identifies the track in which said given sector is recorded,
whi ch indicates whether user information in said track may b \
application identifying data which identifies a predeterm ned application

allotted to said user information in sg&ﬂztrack 105. The apparatus of
Claim 102 wherein said user
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information is picture information representing a respectlv'f@#%ﬁGEHTMmEhEET
said recording neans is operative to record said picture i4

gm'@m 9%
| east one sector in said user tracks, and to record as subgp®ets :nf “g

first distance information representing the distance from Frer—seet

to the sector in which picture informati on representing a next preceding
picture is recorded and second dlstan§§ Jgnf or mati on representing the

di stance from said given sector to the sector in which picture information
representing a next following picture is recorded. 106. The apparatus of

Cl ai m 105 wherein said recording

C1 CODE (136 SYMBOLS)

1y

DATA (116 SYMBOLS)+C2 PARITY (12 SYMBOLS) C1 PARITY . .
>! (8 SYMBOLS):!

127 1128 135 |

X rzs lfi
O X |z

ST,E
16 F RNEN C2 CODE X
/\
0
X

(128 SYMBOLS)
17 |

142 | ><24/\.
143 | ><125Ad

FIG.22



means is_further operative to record picture information in N SCLor .
and at | east one follow ng sector. 107. The apparatus of CIJ_ﬁk%ggqaﬁgﬂﬁﬁﬁEET

sai d encodi ng neans includes neans for conpressing picture

selectively formintrafranme encoded picture data or predicti

picture data; and each of said first and second distance 101 i nfornation
represents the distance from said given sector to the
19/29 '

C1 CODE (136 SYMBOLS) N

r

C1 PARITY
(8 SYMBOLS)

L DATA (116 SYMBOLS)+C2 PARITY (12 SYMBOLS)
0 63 64 ' 1271128 135

o 2| /\ (:) _ 126] /\

C2 CODE

", (128 SYMBOLS)
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|l ead séctor in which intraframe encoded picture data is rec rRERLAGHM£Nﬁ$%£ET\
apparatus of Cl aim 102 wherein said encodi ng neans conpri se§ neans

fpr
conpressing a predeterm ned display sequence of picture datrtmaeacgdﬁdﬂnégﬂraj

with selectively different types of conpression-encodi ng teGHm —and
sai d subcode information includes type identifying information for
identifying the type of conpression-encoding technique that is used to
conpress the data recorded in said given sector and sequence information
for identifying the location in saidyhgpl ay sequence of the picture

represented by the conpressed picture'data that is recorded in said given
sector. ' :

Dm+1

Mm
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D4

M3

FIG.24
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109., The apparatus of C ai m 102 wherein said user informatid

||u.lJ|Lr

over time, and said subcode information includes, tinme code zﬂEéiL!’*C"M“NT SHEET |
representing tinme information at which said user informationjis reaojdﬁﬁl\/
110. The apparatus of Claim 94 wherein said TOC i nfornmation fate .. YLLNY.

representative of record/ pl ayback characteristics, dianmeter, recoralng
capacity and nunber of record tracks of said optlcal di sk. 111. The
apparatus of O aim 110 wherein said reggsgl/ pl ayback characteristics of said
optical disk represent a read only disk, a wite once disk or an erasable

di sk.
( START ’

DETERMINE INHIBIT PATTERNS
Minht, Minh2, -, Minhm AND _—SI

ITS NO.Nl1_ IN2, -, Nin WITH RESPECT
TO RESPECTIVE My, M2, ---, Mm

LT

| IF. THERE EXISTS MIN.n
ANB?‘IISATESFDYETEI-%MINE IT.
n<
OARER By > | -S3 IF NOT 30, n IS SET
PATTERN NOT TO n=m+1
CORRESPONDING l
TO Minh1 _
CONNECT D2 TO Dn BY S5
RESPECTIVE NON-INHIBIT | >
MARGIN BIT PATTERNS

CALCULATE ACCUMULATED DSV
UP TO Dn INCLUDING ACCUMULATED
VALUE UNTIL NOW IN CASE D1 AND D2

AND DATA SUBSEQUENT THERETO
ARE CONNECTED BY RESPECTIVE
MARGIN BIT PATTERNS NOT
CORRESPONDING TO Minh1

| s6
OUTPUT, AS M1 > MARGIN BIT

ACCUMULATED DSV IS MIN

C_EN;—)‘ ; 7

FIG.25




112, The apparatus of C ai m 94 wherein said TOC i nformatio
I dentifying a

i dentification data

for

4 102 |l ocation of said at
identifying a data configuration of said at
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~

track and a sector configuration of each of said plurality

The apparatus of C aim94 wherein said TOC i nformation incl §§S§%§%§5N+éﬁEET
representative of disk size. 114. The apparatus of Caim 94 [

er ei oy 1995
TOC information includes data representative of a tinme code I R ..

said user information. 115. The apparatus of C aim 94 wherein said user
i nformation-is reproduci ble at a selected one of plural playback speeds;

and said TOC information includes data.ifggesentative of said selected

pl ayback speed.
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A ——
116., The_apparatus of C aim 94 wherein said encoding neans isj BenprrEdgNESHEET
nmeans for receiving said user information as input data; nea 's for 1 m”ggs
inserting C2 and C1 hold sections at predeterm ned | ocations iHa'seai"t?"-i-ng .

data to thereby formprelimnary Cl words conprised of plural data synbols,
means for generating C2 parity synbols in response to a predeterm ned
nunber of data synbols of the same nué22of prelinminary Cl words; means

for replacing-a C2 hald section in a prelinpary Cl rd with said C2
parity synboljs to fﬁrgkaxpggcyggqr)kg{ "Qrgé Qeggs*‘ok ngs ating Cl parity
symbol s in responsagto a precursory Cl word;}jand neapis for i pserting said
Cl parity G><><><><><><><><><><><><><><><
5% X x X x x x x x|x x x|x x X
51X X X X X X x x x|{x x x|x x X
ngxxxxxx_xxxxxxxx
< JX X X X X X X X XX X X[xX X X
38 X X X X X X X X|X X X|xX X X
EB'; 53 X X X X X X X|X X X|xX X X
= [8le e Blx x x x x x|x x x|x x x
8| BIX X X X X|X X X|X X X
Z’, X X X X|X X X|xX X X
Sleeaec e 3 ¢ X x|x x x|x x x
] _.:"-1><><><' X|x x x
5l - N x|x x|= 0
EZ || © - o ‘“.
== |+~| o o - LL.
ol >x< X X X X |[X|eix
5|x < x| X X X|[x x x
X X X|[x X x
o> x x x x| X X XX X X
a |8Ix x x X x x X X X|[X X X
Eg><><><><><><>< X X X|X X x
g{;xxxxxxxx.{.‘,xxxxxx
§8><><><><><><><><><><><><><><><
SIX X X X X X X X X[X X X|xX X X
Il x x x x x x x x|x x x[x x x
SBIX X X X X X X X X|X X X[xX X X
TJIX X X X X X X X X[|X X X|[X X X
Gl < x x x x x x x|x x x|x x x
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recording the synbols of the Cl

MENT SHEET Dat e

code words constituting said | ong distance error correction

nmbols into a C1 hold section to forma Cl1 code word
117. The apparatus of C aim 116 wherein said recording nmeang
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code words in a synbol sequence different fromthe synbol se:'-aém:&‘“gf CRFISHEET
prelimnary C1L words. 118. The apparatus of Caim 117 whereijh a pr rrknar
Psw d a 535

Cl code word is conprised of odd and even synbol s and wher ei

for recording is operative to record the odd synbol s toget héi

group and the even synbols together in an even group. 119. The appar at us of
Cl aim 118 wherein each Cl code word is formed of msynbols including mn Cl
parity synbols, where mand n are integers; and wherein: k = nxi + 2 x|

m when j < m2 26/29

lNl:xU/T'*6! (62

> TABLE T1a :
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76
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. .
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k =,mxi + 2xj - (m1), when j [err] m2, where i is the seq
the prelimnary CL words of input data, j is the sequenti al
synbols in each prelimnary Cl code word, and k is the order
synbol s are recorded on the disk. 120. The apparatus of d ai

mfa“is«@lr COr g SteET
acon . N s

sai d encodi ng conprises a convol uti on code encoder. REPLACENMENT SHEET
27/29
INPUT
o—8|
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Dat g:, 01 NOV 1995 104 121. .The apparatus of Caim 94 mherelnr;;;Q—EﬁwﬁH éﬁFET
neans conprlses an n-to-2n nodulator in which said TOC and uyger ornmati

are supplied as n-bit bytes, including plurdl storage tables
storing 2n-bit symbols corresponding to respective n-bit byt
reading froma sel ected one storage table a 2n-bit synbol in response to
supplied n-bit byte; and neans for selecting said storage table as a
function of the preceding 2n-bit synb@8/2hat had been read. 122. The
apparatus of Claim 121, wherein successive 2n-
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bityéyﬁbols are run fength limted. 123. The apparatus of C [@aiRBEPLAZEMENTESHEET
at -l'east two of said storage tables store different 2n-bit s
same n-bit byte. 124. The apparatus of Caim 123 wherein th

nbol snf er
Im%th"zyHggﬂggiu
stored in one of said two storage tables exhibit positive di '

(DSV) and the 2n-bit synbols stored in the other of said two storage tables
- exhibit negative DSV. 125. The apparatus of C aim 124 wherein sai.d neans

for selecting said one storage table i3%RBdes neans for sensing the nunber
of "0" bits in which the preceding 2n-bit symbol
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di sk havi ng

bits and t he accumnul at ed

n Oll
reproduci ng data from an opti cal

| ess than 140mm a thickness of 1.2nm O 1nm and a recording

area divided into a |l ead-in area,

means for defernining the accunul ated DSV of a predeterm ned
of -

nunber of .preceding 2n-bit synbols and nmeans for selecting the storage
105 126. Apparatus for

tabl e 'as a function of the sensed nunber
a di anet er

t er m nat es,

DSV.
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area and a | ead-out area, and wherein said data is recorded as enbossed
pits representing nodul ated, error-correction encoded user information in
sectors in user tracks in said programarea and representing nodul at ed,
error-correction encoded table of contents (TOC) infornmation in sectors in
at least one TOC track in said lead-in area with said TOC i nformation

I ncl udi ng addresses of respective start *sectors of said user tracks, the
tracks having a track pitch in the range of 0.646[errJmto 1.05[err]m said
apparatus conprising neans for rotating said disk to obtain a constant

| i near velocity; pickup nmeang for projecting a pickup |ight beamthrough a

lens to optically read the rato@_i:ﬁg di sk,
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sai d pickup light beam having a spatial frequency [err] = [err]/2NA, where
the spatial frequency [err] is less than the track pitch, [err] is the
wavel’'engt h of the pickup Iight beamand NA is the nunerical aperture of the
| ens; denodul ating means for denodul ating the data read fromsaid disk
error correcting neans for error correcting the denodul ated data; neans for
separating the error corrected data into TOC i nformati on and user

i nformation; and control neans responsive to said TOC information to access
and r-ead sel ected user tracks in response to access instructions from a.
user.
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REPLACEMENT SHEET Date :01 NOV 1995 106 127. The apparatus of Caim 126
wherei n said enbossed pits have a linear density in the range between
0.237[err] mper bit and O. 378[err]mper bit. 128. The apparatus of COaim
126 wherein sai-d programarea is Iocated in a portion of the disk having a
radius of from20mmto 65mMm
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129. The apparatus of C aim 126 wherein each sector of at |east said user
tracks includes a sector header at a |eading portion thereof, said sector
header containing a sector sync pattern, a sector address, an error
detection code, and subcode data. 130. The apparatus of C aim 129 wherein
sai d subcode data in a given sector includes a subcode identifier and
subcode information of a type identified by said subcode identifier. 131.
The apparatus of C aim 130 wherein said subcode identifier is a subcode
address. 132. The apparatus of C ai-m 130 wherein said subcode
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i nformation includes track identifying data which identifies the track in
whi ch sai,d given sector is recorded, copyright data which indicates whether
user ‘information.in said track nay be copi ed, and application identifying
data which identifies a predeterm ned application allotted to said user
information in said track. 133. The apparatus of C'aim 130 wherein said
user information is picture information' representing a respective
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REPLACEMENT SHEET Date: 01 NOV 1995 107 picture, said picture information
being recorded in at |east one sector in a user track, and wherein said
subcode information includes first distance infornmation representing the
di stance fromsaid given sector to the sector in which picture information
representing a next preceding picture is recorded and second di stance
information representing the distance frbmsaid given sector to the sector
in which picture information representing a next following picture is
recor ded.
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134. The apparatus of C aim 133 wherein said picture information is
recorded i-n a | ead sector and at | east one follow ng sector; and each said
di stance information represents the distance fromsaid given sector to a
next |ead sector. 135. The apparatus of C aim 134 wherein said picture
information is conpressed picture data selectively conprised of intraframe
encoded picture data or predictively encbded picture data; and said first
and second di stance information each represents the distance.fromsaid

gi ven sector to the next |ead sector in which intrafranme encoded picture
data is recorded. 136. The apparatus of O aim 130 wherein said user

CONTENTS OF SPEED SETTING
NO REAL TIME DATA
FIXED RATE (x1)
FIXED RATE (-2)
FIXED RATE (<3)
RESERVED
RESERVED
FIXED RATE (x6)
7-FE | RESERVED

FF | VARIABLE RATE (~=6)
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" FIG.8

DATE & TIME FORMAT

FIELD NAME ' BITS|
YEAR (4 DIGITS) 16
MONTH (2 DIGITS) 8
DAY (2 DIGITS) 8
HOURS (2 DIGITS) 8
MINIUTES (2 DIGITS) 8
SECONDS (2 DIGITS) 8
TOTAL : 56

FIG.9
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information is conpressed picture data selectively .conprised of different
types of .conpression-encoded data representing respective pictures having a
predet erm ned di splay sequence, and said subcode information includes type
identifying information for identifying the type of conpression-encoded

data that is recorded in said given sector and sequence infornation for
REPLACEMENT SHEET Date :01 NOV 1995 :
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108 identifying the location in said display sequence of the picture
represent.ed by the conpression-encoded data that is recorded in said given
sector. 137. The apparatus of Claim 130 wherein said user information is
vari abl e over time, and said subcode information includes time code data
representing tinme information at which said user information is recorded.
138. The apparatus of Claim 126 wherein'said TOC information is
representative of record/playback characteristics, dianmeter, recording
capacity and n(KT of record tracks of said

' (SUBCODE ADDRESS=0)

[FIELD NAME BYTES
"SUBCODE ADDRESS (=0) - 1
| ZERO DATA (<0) 4

TOTAL 5

(B)

(SUBCODE ADDRESS=1)
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SUBCODE ADDRESS {=1) 1
TRACK NUMBER 1
COPYRIGHT BYTE 1

_ | APPLICATION ID 1
ECC TYPE 1
TOTAL 5

(C)

(SUBCODE ADDRESS=2).
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SUBCODE ADDRESS (=2) - 1
TIME CODE ' .

TOTAL 5

(D)

(SUBCODE ADDRESS=3)
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SUBCODE ADDRESS (=3) 1
PREV | DISTANCE 2
NEXT | DISTANCE 2|
TOTAL . 5

(E)

(SUBCODE ADDRESS=4)

FIELD NAME BYTES
SUBCODE ADDRESS (=4) 1
PICTURE TYPE 1
TEMPORAL REFERENCE 2
RESERVED 1
TOTAL 5

FIG.11
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di sk. 139. The apparatus of C aim 138 wherein said record/ pl ayback
characteristics of said optical disk represent a read only disk, a wite
once 'di sk or an erasabl e disk. 140. The apparatus of Cl aim 126 wherein said
TOC information includes TOC identification data for identifying a | ocation
of said at | east one TOC track, data configuration of said at |east one TOC
track, and sector configuration of each'of said plurality of sectors. 141.
The apparatus of Claim 126 wherein said TOC i nformati on includes data
representative of disk size.
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142. The apparatus of Caim 126 wherein said TOC i nformation includes data
representative of a tine code associated with said user information.
REPLACEMENT SHEET Date :01 NOV 1995 109 143. The apparatus of Cl aim 126
wherein said user information is reproducible at a selected one of plural
pl ayback

TIME CODE FORMAT
FIELD NAME " BITS
HOURS (2 DIGITS) 8
MINIUTES (2 DIGITS) 8
SECONDS (2 DIGITS) 8
FRAMES (2 DIGITS) 8
TOTAL 32

FIG.14
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FIG.15
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FIG.16
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speeds; and said TOC i nformation includes data representative of said

sel ected pl ayback speed. 144. The apparatus of C aim 126 wherein said
error- correction encoded information is formed of a pre-established nunber
of Cl1 code words, each Cl code word containing user information synbols, C2
parity synbols each of which is derived froma user information synbol

i ncluded in a preassi gned nunber of ClL ¢ode words, and C parity synbols
each of which is derived froma predeterm ned nunber of synbols, including
user information synbols and C2 parity synbols in said C1 code word; and
whereinsaid error correcting neans includes Cl parity

58 12 ' 58 8
SYMBOLS SYMBOLS SYMBOLS SYMBOLS

SYNC DATA C2 PARITY DATA C1 PARITY

C1 CODE (136 SYMBOLS)

FIG.17
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correction nmeans to error correct a Cl code word with Cl1 parity synbols

i ncluded therein, C2 parity correction neans to error correct respective
user information synbols included in said preassi gned nunber of Cl code
words with C2 parity synmbols included in the error corrected Cl1 code word,
and neans for formng an error corrected Cl code word fromthe user

i nformati on synbols that had been corrected by using said C2 parity
correction neans. 145. The apparatus of C aim 144 wherein said user .
information synbols are recorded in a disarranged order; and wherein said
error correcting neans further includes rearrangi ng
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110 nmeans for rearranging the order of the synbols included in said error

corrected Cl code word to an arranged sequence.

146. The apparatus of C aim

145 wherein said disarranged order is formed of odd user information

synbol s recorded in an odd group and even user
I n an even group,

C1 CODE

64

]
63

i nformati on synbols recorded

and said arranged sequence is fornmed of sequenti al
alternating odd and even information syhbols.

£2 CODE

FIG.19

O =N M

61
62
63

———— Ve
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147. The apparatus of C aim 146 wherein each Cl1 code word is formed of m
synbol s including n user information synbols, where mand n are integers;
and wherein: i = (k/im - (knpd2) + 1) = (m2) x (knod2) + (knmodm)/2 where
i is the sequential order of the error-corrected Cl code words, j is the
sequential order of the arranged sequence of m synbols in each
error-corrected C1 code word, and k is the disarranged order in which the m
synbols are recorded on the disk. 148. The apparatus of C aim 126 wherein
the error. '
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correction encoded data is in a convolution code. 149. The apparatus of

Clai m 126 wherein said data on the disk is nodulated as a run |ength
limted (RLL) code; and said denodul ati ng neans includes an RLL decoder.
150. The apparatus of C aim 149 wherein said RLL code is (2,10) RLL code,
such that successive data transitions are REPLACEMENT SHEET Date : 01 NOV
1995 *
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111 separated by no less than 2 data bit cells and by no nore than 10 data
bit cells. 151. The apparatus of C aim 149 wherein said RLL code is
recorded as 2n-bit informati on words, and said RLL decoder converts said
2n-bit information words into n-bit information words. 152. The appar at us
of Claim 151 wherein said RLL decoder conprises a plurality of storage
tabl es, each for storing several n-bit i‘nfornmation words, neans for
selectlng a particular table as a functlon of a precedlng 2n-bi t

i nformati on word read

C1 CODE (136 SYMBOLS)

DATA (116 SYMBOLS)+C2 PARITY (12 SYMBOLS) C1 PARITY
b =%8$YMBOLSL

0 : 127 1128 135 )

0 X A
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fromsaid disk, and neans for reading out fromthe selected table an n-bit

I nformati.on word which corresponds to the 2n-bit information word presently
read fromsaid disk. 153. The apparatus of C aim 152 wherein at |east one
2n-bit information word read fromthe di sk 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

i ncl udes neans 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-follow ng 2n-bit

C1 CODE (136 SYMBOLS)

C o

C1 PARITY
DATA (116 SYMBOLS)+C2 PARITY (12 SYMBOLS) (8 SYMBOLS)
0 ' 63 64 127 (128 135
o0 EAO ZPA
1 127
C2 CODE
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o] /\ @ DA |
- | o1] /\ @ 125 /\‘

FIG.23
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I nformati on word. 154. The apparatus of C aim 153 wherein said nmeans for
exam ni ng :conpri ses nmeans for sensing predetermned bits in said '
next-followi ng 2n-bit information word to determne the table to
REPLACEMENT SHEET Date: 01 NOV 1995 C L 112
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be selected for said next-followng 2n-bit information word, and neans for
controlling said selecting neans to select said one or said other table for
said presently read 2n-bit informati on word dependi ng upon the table to be
selected for said next followi ng 2n-bit information word.
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