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DESCRIPTION

OPTICAL RECORD CARRIER AND METHOD FOR RECORDING AND
REPRODUCING SIGNALS THEREFROM

Technical Field

The present invention relates to an optical record
carrier from which information is read by emitting a
focused optical beam thereon, and to a method for recording
signals thereon and reproducing recorded signals therefrom.
Background Art

Read-only optical record carriers {(hereafter
"record carriers") have become increasingly important as a
storage medium for audio information data, video
information data, and other data types because of the
capacity to store large volumes of information for later
reproduction. Demand for ever-larger storage capacities
and smaller device size continues to rise, however, making
it necessary to further increase the data recording density
of the record carrier.

Conventional record carriers of this type are disc-
shaped recording medium with a resin substrate to the
surface of which are formed spiral or concentric data
tracks of pits and lands. A reflective £ilm of, for
example, aluminum, is then formed by sputtering or another
process on the data carrier surface of the substrate.

When data is reproduced from this record carrier,
an optical beam emitted from a semiconductor laser is
focused on the record carrier, and the laser beam is

controlled to follow the data tracks of the record carrier
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by detecting the reflected beam. The recorded information
is read by detecting the change in the reflected light
quantity resulting from the pits and lands on the record
carrier.

The phase difference methods described in U.S.
Patent No. 4057833 which was issued to Josephus et al. on
November 8, 1977 and U.S. Patent No.4740940 which was
issued to Tanaka et al. on April 26, 1988 have been used to
detect the control signal for tracking control, i.e., a
track error signal corresponding to the offset, or
positional error, between the positions of the optical beam
and the actual track on the record carrier.

This phase difference method uses a photo detector
dividing the reflections from the record carrier into
quadrants in the track length and width directions of the
detection surface, and determines any track error based on
the phase difference of the sum signals cutputted by
detectors at diagonally opposite positions.

A three-beam method has also been described in U.S.
Patent No. 3876842 issued to Gijsbertus on April 8, 1975.
This method emits three optical beams, the read beam and
two complementary beams, to the record carrier, detects
each reflected beam using a discrete photo detector, and
detects the track error based on the light quantity, or the

light density, difference of the complementary reflected

beams.
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The data recording density of the above record
carrier is determined by the data track pitch and the data
density in the track direction, i.e., the linear density of
the recorded data. However, as the track pitch is
decreased, crosstalk from adjacent tracks increases. When
there is a strong correlation between data recorded on
adjacent tracks, pseudo signals are generated in the track
error signal, and tracking control is not stable. These
phenomené under the phase difference method are described
below with reference to Figs. 16 and 17.

In Fig. 16, an example of a photo detector 104e
used for receiving an optical beam that is preferably a
laser beam reflected from the record carrier to detect the
focus error sigmal, the tracking error signal, and the
inforﬁation signal is shown. The photc detector 104e is
preferably constructed by four square cells C1, C2, C3, and
C4, each cell is close to two other cells by two
neighboring side edges, as shown in Fig. 16. Each of
square cells C1, C2, C3, and C4 generates pilot signals
Scl, Sc2, Sc3, and Sc4, respectively, according to the area
of laser spot focused thereon.

The tracking control of the laser beam is performed
by utilizing these pilot signals Sci, Sc2, Sc3, and Sc4 as
follows. The pilot signals Scl and Sc4 produced from the
cells Cl and €4 located in a diagonal position are summed
to produce a first sub tracking signal STl1. Similarly, the

pilot signals Sc2 and Sc3 produced from the cells C3 and C2
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located in another diagonal position are summed to produce-
a second sub tracking signal ST2. According to the
difference between two sub track signals ST1 and ST2, the
laser beam Ls is tracked.

In Fig. 17, a plurality of pits P each having a
simple spatial frequency are recorded on plural tracks Trl,
Tr2, and Tr3 along the center lines thereof are shown. A
spot of the leaser beam Ls is poeitioned to scan the pits
along the center line of track Tr2, and the laser beam
reflected from thus scanned the track Tr2 is received by
the photo detector 104e of Fig. 16.

The s0lid lines L1 and L2 indicate the first and
second sub tracking signals ST1 and ST2, respectively, in
an ideal condition where the scanned track Tr2 is free from
any interference such as crosstalk from the neighboring
tracks Trl and Tr3. The dotted lines Llid and L2d indicates
the first and second sub tracking signals ST1 and ST2,
respectively, in an actual condition where there are
interferences between the tracks Trl, Tr2, and Tr3.

Under the ideal conditions, the phases of both the
sub tracking signals ST1 and ST2 are identical to those of
pits P formed on the scanning track Tr2, as specifically
indicated by solid lines L1 and L2. However, the pits
existing on the neighboring tracks causes the pilot signals
Scl, Sc2, Sc3, and Sc4 reproduced from the scanned track
Tr2 to have crosstalk with sub signals reproduced from the

neighboring tracks Trl and Tr3.
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This crosstalk in pilot signals Scl, Sc2, Sc3, and
Sc4 affects the phases of sub tracking signal STl and ST2
that are summation of a diagonal pair thereof.
Specifically, one of sub tracking signal ST1 and ST2 is
shifted forward, and the other is shifted backward with
respect to a chronological order when the data recorded on
the neighboring tracks have strong correlations
therebetween. In this example, the first sub tracking
signal ST1 is advanced by a period ata, and the second sub
tracking signal ST2 is delayed by a period atd,
respectively.

Closer track pitch causes the greater crosstalk
between neighboring tracks. Furthermore, when the data
having the same or similar pattern are recorded on the
neighboring tracks with the closer track pitch, the
correlation between the neighboring tracks is great enough
to increase the advanced period Ata or delaying period atd
too much to perform the tracking the laser beam correctly
according to the tracking signals ST1 and ST2.

Therefore, when the pits on one neighboring track,
for example, Trl are located on advanced position to those
on the currently scanning track Tr2, the correlation
between these tracks Trl and Tr2 acts the signal reproduced
from the current track Tr2 to advance. On the other hand,
when the pits on the other neighboring track Tr3 are

located on delayed position to those on the currently
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scanning track Tr2, the correlation between these tracks
Tr2 and T3 acts the reproduced signal to delay.

In other words, when pits having a simple spatial
frequency are recorded across plural tracks, the signal
correlation between the signal from the track to which the
optical beam is positioned is strong; and the signals from
the adjacent tracks are also extremely strong. Crosstalk
from these adjacent tracks thus disrupts the track error
signal, resulting in unstable tracking control.

When digital images are recorded to such a record
carrier, still images may obviously also be recorded.
Though it is not a problem with moving images, signals with
a strong correlation may be recorded across plural tracks
in still image recordings, and tracking control becomes
unstable in those tracks. A control data area is also
provided across plural tracks at either the outside or
inside circumference area of the disk for recording the
control data when computer data is recorded. However, this
control data area is not always fully recorded with the
control data, and the blank (unrecorded) regions thereof is
recorded with dummy data, such as "FF" in hexadecimal code.

The tracking control band is usually several
kilohertzes wide, and tracking control is disrupted if
signal bands having a strong correlation are present in
this control band. For example, if the record carrier

rotates at 1800 rpm, tracking control will be disrupted by



10

15

20

25

WO 96/32716 PCT/IP6/00BT77

a strong inter-track signal correlation only several
millimeters long at a 35 mm radial position.

Although the uniform data pattern and the narrow
pitched tracks contributing to the strong correlation and
crosstalk between neighboring tracks are described with
respect to the tracking control, this goes for the focus
control and the data reproduction operations.

Disclosure of the Invention

The object of the present invention is therefore to
provide an optical record carrier which solves these
problems.

The present invention has been developed with a
view to substantially solving the above described
disadvantages and has for its essential object to provide
an improved optical record carrier.

In order to achieve the aforementioned objective,
an optical record carrier for recording an information
thereon comprises a recording track formed thereon in
either of a spiral and a concentric pattern; and a
plurality of sectors formed on said recording track each
for recording said information and a sector information
identifying location of said recorded sector, wherein said
information is recorded after being randomized using a
value generated by a maximum-length sequence generation
method with a predetermined stage number of stages with
respect to an initial value which is renewed at least one

time per a round of said recording track.
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The present application is based upon Japanese
Patent Application No. 7-83982, which was filed on April
10, 1985, the entire content of which is expressly
incorporated by reference herein.

Brief Description of the Drawings

These and other objects and features of the present
invention will become clear from the following description
taken in conjunction with the preferred embodiments thereof
with reference to the accompanying drawings throughout
which like parts are designated by like reference numerals,
and in which:

Fig. 1 is a plan view schematically showing one
example of a record carrier according to the present
invention,

Fig. 2 is a diagram schematically showing a format
of data receded to a record track formed on the record
carrier of Fig. 1,

Fig. 3 is a graph schematically showing a sector
layout in the data format of Fig. 2,

Fig. 4 is a sequence diagram schematically showing
an arrangement of data prepared for recording on the sector
of Fig. 3,

Fig. 5, a block diagram showing a recording
apparatus according to the present invention for recording
the randomized data on the optical disk of Fig. 1,

Fig. 6 is a block diagram showing the data

formatter of Fig. 5,
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Fig. 7 is a block diagram showing the scrambler of °
Fig. 6,

Fig. 8 is a block diagram showing the details of
the scrambler of Fig. 7,

Fig. 9 is a graph in assistance of explaining the
correlation reduction of signals scrambled with the
randomized numbers generated by the M-sequence generator of
Fig. 19,

Fig. 10 is a block diagram showing a reproducing
apparatus according to the present invention for
reproducing the randomized data from the optical disk of
Fig. 1,

Fig. 11 is a block diagram showing a data
deformatter of Fig. 10,

Fig. 12 is a block diagram showing the descrambler
of Fig. 11,

Fig. 13 is a block diagram showing details of the
descrambler of Fig. 12,

Fig. 14 is a block diagram showing an altermative
of the scrambler of Fig. 6,

Fig. 15 is a block diagram showing an alternative
of the descrambler of Fig. 11,

Fig. 16 is a plane view showing a photo detector
for converting a optical beam reflected from the optical

disk surface into electric pilot signals,
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Fig. 17 is a graph in assistance of explaining a
relationship between pit patterns and correlations of pilot
signals of Fig. 16,

Figs. 18A, 18B, and 18C are graphs showing various
types of record carrier applicable for the present
invention,

Fig. 19 is a block diagram similar to Fig. 8, but
showing an alternative of scrambler of Fig. 7, and

Fig. 20 is a block diagram similar to Fig. 13, but
showing an alternative of descrabmer of Fig. 12.

Best Mode For Carrying Out the Invention

Referring to Pig. 1, a recording surface of an
optical disk, an example of a recording carrier, according
to the present invention is shown. The optical disk RC has
preferably a single recording track TR for bearing data
thereon provided on one recording surface. The track TR to
which data is recorded as a series of pits and lands on the
disk-shaped record carrier RC is disposed in a spiral
pattern in this embodiment.

Note that the portions of spirally patterned track
TR are locate adjacent to the other. In this view points,
these adjacent, or neighboring, portion of the track TR are
treated as plural tracks for the better recognition.

Data is recorded at a constant linear velocity
{CLV} to maintain a uniform data density per unit length of
the track TR, i.e., linear data density, irrespective of

the radial position on the record carrier RC. The
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recording track TR can be separated in discrete regions R1,
R2, R3,.., each having the same number of recording
sectors, which will be described later with reference to
Fig. 8.

Referring to Fig. 2, a format diagram of the
information recorded on the record carrier RC of Fig. 1 is
shown. This record carrier RC is The track TR is formatted
with a plurality of sectors S recorded continuously
throughout the track TR. These sectors S are continuocus
and sequentially numbered sectors as S1, 82, S3. ..., Sm,
Sm+l, ..., wherein "m" is an integer, and a predetermined
number of sectors are included in the record track TR.

Each data sector Sm comprises sixty frames FROl1l to
FR60. Each of frames FR0O1l to FR60 comprises a re-sync
pattern field RSf for frame synchronization during
reproduction; a frame address filed FAf for identifying the
frame location; a frame data field INFf; and a postamble
field PAf. The suffix "f" after each of the above
described sywbols "FR", "RS", "FA", " INF", and "PA"
indicates the corresponding frame number, and is an integer
within a range from 1 to 60 in this example.

The re-sync pattern field RSf and the frame address
field FAf are each one byte long converted to one frame
data field INFf equivalent. The frame data field INFf has
a capacity of 40 bytes. The postamble field PAf may

comprise plural pits, but one or two pits is sufficient.
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For example, when data is coded with run-length
limited (RLL) (1,7) modulation (a modulation technique
converting eight bits of data to twelwve channel bits), the
length of the pits or the spacing between the pits (or the
lands) ranges from 2T to 11T where T is the channel clock.
The postamble field PAf needs only a pair of 2T-long pits
and lands. The postamble field PAf may also be omitted as
required because its primary éurpose is to facilitate
reading the frame data block INFE.

The pattern recorded to the re-sync pattern field
RSf is a pattern that does not appear in the other fields.
If RLL (1,7) coding is used as in the above example, the
re-sync pattern field RSf may be predefined to have lands
12T or longer in length.

The first frame data field INFO01 of the first frame
FRO1 is formatted in a predetermined pattern different from
those of other frame data fields INF02 to INF60 of the
remaining frames FR02 to FR60, as described below. The
frame data field INFOl of the first frame FRO1 starts with
a 16-byte header HD identifying the sector address SA, a
16-byte subcode recording management information SC, and 8
bytes of a first user data UDO1.

The header HD records the address IDO (ID1) and CRC
twice, i.e., twice records the sector number, indicating
the corresponding sector Sm, assigned sequentially from the
inside circumference to the outside circumference of the

track TR. However, each of frame data fields INFO02 to

- 12 -



10

15

20

25

WO 96/32716 PCT/IP96/00877

INF52 of the frames FR02 to FR52 is occupied only by a user
data UDf bhaving 40 bytes, wherein no header HP or subcode
SC is included. Furthermore, each of frame data fields
INF53 to INF60 of the remaining frames FR53 to FR60 is
occupied only by an error correction coded (ECC} check byte
(CB) having 40 bytes.

Referring to Fig. 3, a data layout of the sector Sm
recorded on the optical disk RC is shown. Each of rows
represents a data format of a single frame FRf, and is
recorded on the record carrier RC in the sequence indicated
by an arrow Dr, frame by frame in a direction indicated by
arrxow Df. Each frame FRf is recorded with the re-sync
pattern data block (RSf}, the frame address data block
(FAf), the frame data block (INFf), and the postamble data
block (PAf).

Specifically, for the first frame FR01l, the frame
data field INF0l1 is recorded with the 16 bytes of header
data block (HD), the 16 bytes of subcode data block (SC),
and the 8 bytes of first user data block (UDO1).

For the frames FR02 to FR52, the frame data field
INF02 to INFS2 are recorded only with the 40 bytes of user
data blocks (UD02 to UD52), respectively.

For the frames FR53 to FR60, the frame data fields
INFS3 to INF60 are recorded only with the 40 bytes of error
correction code check byte blocks CBS3 to CBEO,

respectively.

- 13 -
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Therefore, each sector Sm includes 2400 bytes of
frame data blocks (INF01l to INF60) comprised of 16 bytes of
header block (HD}, 16 bytes of subcode block (SC), 2048
bytes of user data blocks (UDO1 to UD52), and 320 bytes of
error correction code check byte blocks (CBS53 to CB60).

The 2080 bytes of the first fifty two frame data blocks
INFO1 to INFS52, including header HD, sub code SC, and user
data blocks UDOl1 to UD52, is used to indicate and record
the user’s favorite information on the corresponding record
sector Sm of the optical disk RC.

In other words, the 2048 bytes of the first fifty
two frame data blocks (INFO1 to INFS52) not including the
first 32 bytes of the first frame data block (INF01l) are
the user‘s own favorite data which are recorded to the user
data blocks (UDO1 to UDS52). The first 32 bytes of the
first frame data block (FR0O1) are used for the header HD
and subcode SC. The header HD is used to indicated the
address such as sector number. The subcode SC is used to
indicate the type of the optical disk from which the
information is produced, the type of the user data, and so
on. In this view point, these 2080-byte data of the first
fifty-two frame data blocks (INF01 to INFS52) are referred
to as "an information data:"

The 320-byte data of the following frame data
blocks (IFN53 to INF60) are "error correction code (ECC)
check byte {CB)" used to check the accuracy of the

information data and to correct the information data when
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any error is found. The data of frame data blocks INF01l to
INF60 are scrambled to randomize the data therein in
various method, according to the present invention, so as
to reduce the correlation of data between neighboring
record tracks TR, or sectors Sm. This randomization
process will be described in detail later with reference to
Figs. 7 and 8. Note that, hereinafter, the same symbols of
Sm, FRf, RSE, PAf, INFf, PAf, HD, SC, UDEf, CBf are used to
indicate both of the fields formed on the record carrier RC
and the data blocks recorded to the corresponding recording
fields.

Referring to Fig. 4, an arrangement pattern of the
data for recording to the frame data fields INFf of sector
Sm is shown schematically. The information data of 2080
bytes are arrayed 104 bytes per row and 20 bytes per
column. The 16 bytes of ECC check byte CB are added to
each row. Thus, twenty rows of error correction codes
(ECC) each having 120 bytes long, including 104 bytes of
information byte and 16 bytes of check byte CB per row are
prepared.

The total capacity of the frame data block INF in
each sector Sm is thus 2400 bytes, including 2080 bytes of
information data HD, 8C, and UD and 320 bytes of check byte
CB for error correction. This error correction method is
known as a long distance code {LDC). The 32-bytes of
header and subcode data HD and SC in the information data

are arrayed to the first and second columns Cl and C2
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starting from the top left in Fig. 4, with the B8-byte user

data UDO01 written to the last 8 bytes of the second column

remaining. Thus, the 40 bytes date for recording the first
frame data block INF0l are arranged in the first and second
columns C1 and C2.

The data for the second frame data field INF02 are
arranged in the third and fourth columns C3 and C4.
Hereinafter, data for every frame data field INFf are
arraigned in the following two mating columns starting odd
column numbers. Thus, the data for recording all the frame
data fields INFO0l1 to INF60, including the user data UD0l to
UOD52 with the check byte CB53 to CB60, are prepared in the
matrix of 20-byte lines by 120-byte columns.

Fj Embodi :

Referring to Fig. 5, a recording apparatus
according to the present invention for recording the
randomized data on the sector Sm of an optical disk RC’ is
shown. This optical disk RC' is an alternative of the
optical disk RC of Fig. 1, and is a type of data writable
{rewritable) media. The data format and track construction
are substantially the same between these disks RC and RC’.

The recording apparatus WA includes a disk motor
102 for supporting and rotating the optical disk RC’ of
Fig. 1. An optical head 104 is provided for optically
writing the data on the disk RC’. The optical head 104 has
a light source 104a, an optical modulator 104b, a focusing

unit 104c, a half mirror 104d, and a photo detector 104e.
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The light source 104a emits a light beam Ls toward
the optical disk RC’ through the optical modulator 104D,
the half mirror 104d, and the focusing unit 104c. The
optical modulator 104b is driven by an optical modulator
driver 110 for modulating the strength or emitting angle to
prevent the light beam Ls having enough recording power
from reaching the optical disk RC’. In this view, the
modulator 104b functions as an ON/OFF switch of a source of
light beam Ls.

The photo detector 104e receives the light beams Ls
reflected from the optical disk RC’ through the focusing
unit 104c and the half mirror 104d. As described in the
above with reference to Fig. 16, the photo detector 104e
generates pilot signals Scl, Sc2, Sc3, and Sc4,
respectively, according to the spot area of light beam Ls
focused on each of four cells C1, C2, C3, and C4.

A focus error detector 106 is connected to the
photo detector 104e for receiving the pilot signals Sci,
8¢2, Sc3, and Sc4 to produce a focus error signal FE. A
focus controller 108 is connected to the focus error
detector 106 for receiving the focus error signal FE
therefrom to produce a focus control signal FOD.

The focusing unit 104c of the optical head 104 is
connected to the focus controller 108 for receiving the
focus control signal therefrom to make the light beam Ls

focused on the correct position.
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A head position detector 112 is provided for
detecting the position of the optical head 104 with respect
to the radial direction of the optical disk RC’ to produce
head position signal. A disk motor controller 114 is
connected to the head position detector 112 for receiving
the head position signal, and is connected to the disk
motor 102 for controlling the rotation thereof properly
based on the position signal.

A feed motor controller 18 is connected to the head
position detector 112 for receiving the head position
signal therefrom, and is further connected to a feed motor
116 for controlling the velocity thereof properly based on
the position signal.

A data source 120 such as an original scurce video
tape recorder is provided for supplying an original
information data, corresponding to the user data UD, to be
recorded on the optical disk RC’. The data source 120 can
be replaced by an input port for receiving the original
source data from the externals.

A data formatter 122 is connected to the data
source 120 for receiving the user data UD therefrom to
process in the form of frame data INFf as being randomized
for the reduced correlation between neighboring record
tracks TR, or sectors Sm. The construction and operation
of the data formatter 122 will be described soon later with

reference to Fig. 6.
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A main controller 130 preferably constructed by a
micro processor is connected to the focus controlier 108,
the disk motor controller 114, the feed motor controller
118, the data source 120, and the formatter 122 by a bus
for exchange various signals therebetween. It is needless
to say that the main controller 130 is provided for the
control of an entire operation of the recording apparatus
including all components other than those specifically
described in the above.

Referring to Fig. 6, the data formatter 122 of Fig.
5 is shown. The data formatter 122 includes a header data
generator 502, an ECC check byte generator 503, a scrambler
504, a modulator 505, and a frame formatter 506.

The header generator 502 is connected to the data
source 120 (Fig. 5}, which may be a magnetic disk drive,
for receiving the original information data as the user
data UD therefrom. The header data generator 502 adds the
16-byte header HD and the 16-byte subcode data SC to the
beginning of each 2048-byte user data UD to produce the
2080 bytes of information data.

The ECC check byte generator 503 is connected to
the header generator 502 for receiving the resulting 2080-
byte information data HD, SC, and UD therefrom. The ECC
check byte generator 503 generates 320 bytes of the ECC
check byte CB, and adds this check byte CB to the 2080-byte

information data. Thus, the frame data INF, corresponding
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to the data matrix of 20-byte rows by 120-byte columns of
Fig. 4, for recording to one sector Sm are prepared.

The scrambler 504 is connected to the ECC check
byte generator 503 for sequentially receiving the frame
data INF from the beginning of the first column Cl of the
data matrix of Fig. 4. The scrambler 504 effects
randomization of the frame data INF by scrambling the 2048
bytes of user data UD and the 320 bytes of check byte CB
with the exception of the 16 bytes of header HD and the 16
bytes of subcode SC data. Details of the scrambler 504
will be described soon later with reference to Fig. 7.

The modulator 505 is connected to the scrambler 504
for receiving thus randomized frame data INF therefrom.

The modulator 505 modulates the randomized frame data INF
using a known modulation method.

The frame formatter 506 is connected to the
modulator 505 for receiving thus modulated and randomized
frame data INF therefrom. The frame formatter 506 adds the
1-byte re-sync pattern RSf and 1-byte frame address FAf to
the beginning of each 40-byte block of the modulated and
randomized frame data INF input thereto. Furthermore, the
frame formatter 506 appends the postamble PAf to the end of
that 40-byte block.

Thus, both the header data HD, the subcode SC, the
user data UD, and the ECC check byte CB are converted into
the data suitable for recording on every frame FRf of

recording sector Sm of the optical disk RC’. The frame
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formatter 506 is connected to the optical modulation driver
110 (Fig. 5} which drives the optical modulator 104b based
on the frame data INFf therefrom.

Referring back to Fig. 5, the main controller 130
controls the recording apparatus WA to drive a blank disk
RC’ having a photoresist layer at a rotational velocity
inversely proporticnal to the radial position to maintain a
constant linear velocity (CLV), transports the optical head
104 at a moving velocity inversely proportional to the
radial position to maintain a constant track pitch, and
modulates the intensity of the optical beam emitted from an
argon, krypton, or other laser light source according to
the signal FRf input from the frame formatter 506 to record
the signal to disk RC’.

| Note an optical disk RC only for the record
reproduction use is prepared as follows. After the
recording surface covered by the photoresist is completely
exposed to the laser light bearing the information, the
digk is developed. Thus, the source disk having a
developed photoresist layer bearing the information thereat
is produced.

A stamper is produced from this source disk by
applying a nickel plating thereto. A plurality of resin
disks each having a substrate of 0.6 mm thick, which are
duplicates of the source disk, are from the stamper by
utilizing an injection method. Then, suitable reflective

material such as an aluminum alloy is gpattered to the
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recording surface of the duplicated resin disk. Thus, the-
optical disks RC only for reproduction use are prepared.
The reproduction from this type of optical disk RC will be
described later with reference to Fig. 10.

The recording device may be of various known
configurations, and further detailed description thereof is
omitted for the sake of brevity. The recording carrier
also may be various known configuration, and typical three
types of optical disks are described briefly with reference
to Figs. 18A, 18B, and 18C.

The optical disk RC1l in Fig. 18A has a single
recording surface RS1 which is covered by a protection
layer. The optical disk RC2 in Fig. 18B has two recording
surfaces RS1 and RS2 disposed on the same side thereof.

The optical disk RC3 has two recording surfaces RS1 and RS2
disposed on the opposite sides thereof.

Referring to Fig. 7, details of the scrambler 504
are shown. The scrambler 504 includes an ID data reader
601, an initial value generator 602, a maximum-length
shift-register sequence (M-sequence) generator 603, a
counter 604, and exclusive-OR operator 605 {a modulo-2
adder) .

The ID data reader 601 is connected to the ECC
check byte generator 503 (Fig. 6) for receiving the 2400
bytes of frame data INF therefrom. The ID data reader 601
reads the address data identifying the sector address from

the header block WP and produces an address signal SA.
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The initial value generator 602 is connected to the
ID data reader 601 for receiving the address signal SA
therefrom. The initial value generator 602 generates an
initial value signal SI based on the address signal SA.

The M-sequence generator 603 is connected to the
initial value generator 602 for receiving the initial value
signal SI therefrom. Based on this initial value signal
SI, the M-sequence generator 603 is set a predetermined
operation state.

The counter 604 is connected to the ECC check byte
generator 503 for receiving the frame data INF therefrom,
and sequentially counts the byte, or length, of the
currently receiving frame data INF. The counter £04
produces a level signal SS having two levels. The level
signal SS becomes high when the first 32 bytes of frame
data INP have been counted; and low when the next 2368
(2400 - 32) bytes of frame data INF have been counted.

This means that the header and subcode block data and SC
are already transmitted therein, and the next data is the
beginning of the user data UD and ECC check byte CB of
frame data to be scrambled. It is needless to say that the
byte numbers 32 and 2368 are suitable determined according
to the actual data format of the frame data to be
scrambled.

The M-sequence generator 603 is also connected to
the counter 604 for receiving that level signal 8§

therefrom. The M-sequence generator 603 outputs zero until
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receiving this level signal S8 having the high level.
Therefore, during receiving this high level signal SS, the
M-sequence generator 603 continues to generate a randomized
signal SR based on the initial value signal SI from the
initiallvalue generator 602. Then, on receipt of low level
signal SS, the M-sequence generator 603 stops the
generation of randomized signal and generates zero, as
described in the above.

The exclusive-OR operator 605 is connected to the
M-sequence generator 603 and the ECC check byte generator
503 for receiving the randomized {(or zero value) signal SR
and the frame data INF, respectively, therefrom. Since the
exclusive-OR operator 605 makes an exclusive-OR operation
with respect to the two signals INF and SR input thereto,
the frame data INF is therefore not scrambled until the
high level signal from the counter 604 is received. These
unscrambled frame data INF which are the header and
subcode SC are outputted from the exclusive-OR 605 to the
modulator 505.

When the high level signal SS is received from the
counter 604, the M-sequence generator 603 responds by
generating a randomized signal SR based on the initial
value SI supplied from the initial value generator 602.

The exclusive-OR operator 605 then performs an exclusive-OR
operation on the frame data INF and the randomized signal
SR in 1-byte units, and outputs the result. In this view

point, the level signal SS from the counter 604 is a
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scramble switching signal for instructing the scrambler 504
to start or stop the scrambling operation and to scramble
only the desirable portion({s) of the data.

Referring to Fig. 8, the detailed structure of the
M-sequence generator 603 together with the ID data reader
601, and the initial value generator 602, and the
exclusive-OR operator 605 are shown. The ID data reader
601 includes twenty four of output ports b0 to b23 each for
outputting the address data which are read from the header
block HD. These twenty four of output ports b0 to b23 are
sequentially arranged in the order starting from the least
significant bit (LSB) to the most significant bit (MSB).

In Fig. 8, the LSB (b0) and the MSB {b23)} are located on
the right and left ends of ID data reader 601.

The ID data reader 601 reads the address
information which is one of the specific continuous sector
numbers in the header data HD in the frame data INF from
the ECC check byte generator S03. Then, the ID data reader
601 sends four bits from the fourth to seventh lowest order
(b3 - b6) of thus read address information as the address
data SA to the initial value generator 602. Since the
fourth lowest bit (b3} is incremented by eight, causing
this address data SA to change {(increase by one} at an
interval of eight sectors.

The initial value generator 602 includes fifteen of
output ports, not shown in Fig. 8 for the sake of brevity,

each for outputting a single bit. These fifteen of output
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ports are sequentially arranged from the MSB to LSB. The
initial value generator 602 thus generates an initial wvalue
data SI having 15-bits corresponding to this 4-bits of
input address data SA which changes at an interval of eight
sectors. Therefore, the fifteen bits of initial wvalue SI
changes every eight sectors according to the address data
SA.

Although, in this embodiment, the address data SA
and the initial value SI are changed, or renewed, at an
interval of eight sectors, any other suitable numbers as a
predetermined sector interval Y can be adopted for renewing
both the data SA and value SI. This predetermined sector
interval Y can be suitably determined according to the
number of sectors Sm included each round of track TR, such
that the address data SA is renewed at least one time per a
round of track.

The M-sequence generator 603 is preferably
configured in a form of shift register having a
predetermined number X of stages. 1In this embodiment, the
M-sequence generator 603 is preferably comprised of fifteen
of flip-flops FFO0 to FF14 forming a 15-bit shift register
with feedback, wherein said predetermined number X is
fifteen. The ninth to thirteenth flip-flops FF8 to FF12
are not shown in Fig. 8 for the sake of brevity. Each of
flip-flops FF0 to FF14 is connected toc the corresponding
output ports of the initial value generator 602 for

receiving a single bit data therefrom.
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Note that the first order flip-flop FF0 and the
fifteenth order flip-flop FFl14 are connected to the MSB
port and LSB port, respectively, of the initial value
generator 602. These flip-flops FF0 to FFl4 are also
connected to the counter 604 for receiving the scramble
switching signal SS therefrom. These flip-flops FFO0 to
FF14 make operations based on these input signals and
outputs the operation result as signals Sf0 to Sfl4,
respectively, as shown in Fié. 8, wherein only signals Sf0,
8f4, and Sf14 are shown for the sake of brevity.

The M-sequence generator 603 further includes an
exclusive-OR gate 701 having two input ports connected to
the output ports of the flip-flops FF0 and FF4 for
receiving the operation result signals Sf0 and Sf4,
regpectively, therefrom. The exclusive-OR gate 701 has an
output port connected to the input port of the flip-flop
FF14 for transferring its operation result with the two
input signals Sf0 and Sf4 thereto.

When the scramble switching signal S8 is received
from the counter 604, each bit of the initial value SI from
the initial value generator 602 is set to the corresponding
flip-flops FF0 to FFl4 of the M-sequence generator 603.
The M-segquence generator 603 thus generates a randomized
signal SR based on this initial value SI.

The exclusive-OR operator 605 includes eight of
exclusive-OR gates 605a to 605h arrayed from the left to

the right side in Fig. 8, wherein the exclusive-OR gates
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605b to 605g are illustrated as only one gate for the sake
of brevity. The exclusive-Or gate 605a is connected to the
output port of the flip-flop FF14 for receiving the result
signal Sfi4 as a bit signal S0 therefrom. Similarly, other
exclusive-OR gates 605b, 605c¢, 605d, 605e, 605f, 605g, and
605h are connected to the output ports of seven flip-flops
FF13, FFl2, FFll, FFl10, FF9, FF8, and FF7, respectively;
and receive the signals Sf13, Sf£12, sfii, sfio, sSf9, sfs,
and Sf7 as bit signals S1, 82, 83, 84, S5, S6, and 87,
respectively, therefrom.

Thus, these eight bits S0 to 87 of the randomized
signal generated by the M-sequence generator 603 are
supplied to the exclusive-OR operator 605 as the randomized
signal SR. This randomized signal SR can be expressed by
the following equation of

SR = Sk (1),
wherein "k" is an integer within a range from 0 to 7.

These eight of the exclusive-OR gates 605a to 605h
are also connected to the output ports of the ECC check
byte generator 503 for receiving a single bit data DO to D7
of the user data UD, respectively, therefrom, resulting in
the 8-bit (l1-byte) randomized data. Thus, eight bits (one
byte) data D0 to D7 from the ECC check byte generator 503
is sequentially sent to the exclusive-OR operator 605 byte
by byte, as one byte user data Dk. The one byte user data
DK can be expressed by the following equation of

UD (1-byte) = Dk {2),
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wherein "k" is the same parameter as in the equation (1).

The first exclusive-OR gates 6§05a performs a bit by
bit exclusive-OR operation on the flip-flop output bit SO
and the data bit D0, and outputs a single bit result as a
scrambled bit D'0. Similarly, each of other exclusive-OR
gates 605b to 605h performs a bit by bit exclusive-OR
operation on the £lip-flop output bits S2 to S7 and the
output bits D1 - D7 from the ECC check byte generator 503,
and outputs the 7-bit scrambled bits P’1 to D’7, |
respectively. As a result, the exclusive-OR operator 605
performs a bit by bit exclusive-OR operation on the flip-
flop output bits Sf14 (S0} to S£7 (S7) and the eight bits
D0 to D7 outputted from the ECC check byte generator 530,
and outputs the 8-bit (one byte) of result data D’0 to D’'7.

More specifically, the exclusive-OR cperator 605
obtains the exclusive-OR of the initial value SI set to the
M-sequence generator 603 and the first 1-byte data Dk
inputted from the ECC check byte generator 503. Then, the
exclusive-OR operator 605 shifts the shift register
comprised of fifteen flip-flops FFO - FF14 of the M-
sequence generator 603 by one bit; and obtains the
exclusive-OR of said one-bit-shifted initial value SI and
the second 1-byte data Dk input from the ECC check byte
generator 503.

Thereafter, each time the shift register comprised
of flip-flops FF0 - FFl4 is shifted one bit, the exclusive-

-OR operator 605 again obtains the exclusive-OR of said
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one-bit-shifted initial wvalue SI and the next 1-byte data
from the ECC check byte generator 503. Thus, the one byte
scrambled data D'k outputted from the exclusive-OR operator
605 can be expressed by the following equation of

D’k = Dk e Sk (3),
wherein "k" is the same as that in equations (1) and (2),
and "e" is a symbol of the exclusive-OR operator.

Note that the M-sequence generator 603 shown in
Fig. 8 is a type of shift-register sequence generator, also
known as a maximum-length shift-register sequence
generator, and the sequence outputted by this generator is
referred to as a "maximum-length sequence," or simply "M-
sequence." The generative polynomial of M-sequence
generator 603 is the 15-order, and is expressed by the
following equation of

H(X) = X35 + X4 + 1 (4) .

The M-sequence generator 603 has a 15-stage shift
register, resulting in an output sequence with a period of
length Lp = 235 - 1, or 32767 bits. It is to be noted that
the exclusive-OR of the randomized data SK and the 1-byte
of scrambled frame data Dk is obtained each time when the
shift register comprised of flip-flops FF0 - FFi4 is
shifted by one bit, as described in the above. Therefore,
complete randomization of up to 32767 byes is possible by
ugsing this M-sequence generator with a period of length

Lp=32767 bits.
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The method of setting the initial value SI is
described below. The sector length is approximately 6.1
mm, when the record carrier RC’ has a diameter of 120 mm, a
data track region from 25 mm to 58 wm measured on the
radius, a linear density of 0.3 um/bit, and a sector length
of 2530 bytes in view of the data length. 1In this case,
there are approximately 26 sectors at the inside
circumference, and approximately 60 sectors at the outside
circumference, of the data region of the record carrier
RC'.

The initial value generator 602 changes the initial
value SI according to the values SA of the fourth to
seventh lower four bits {b3 - b6) of the address read by
the ID data reader 601 as described with reference to Fig.
8. Therefore, the initial value SI changes every eight
sectorse. In this view points, the recording track Tr can
be divided into plural regions each having eight sectors
wherein the same vale of initial value SI is applied, as
best shown in Fig 1.

An example of the initial value SI suitable for

scrambled data generation is shown in Table 1 below.
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The table 1 is comprised of two, left half and

right half, portions. The left half portion includes two
major columns titled as "ID.D." and "I.V.G." at the upper
row, respectively. "ID.D" and "I.V.G." mean the ID data
reader 601 and the initial value generator 602.

The "ID.D" column is also titled as "b3 - bé" in
the lower row and indicates the value SA, in the
hexadecimal system, which is outputted from the ports b3 to
b6 of the ID data reader 601. The "I.V.G." column is also
titles as "SI" in the lower row and indicates the initial
value SI (in the hexadecimal system) corresponding to the
values from the ID data reader 601 indicated in the left
column. The right half portion of table 1 is the
substantially the same as the left half portion.

In this example, the initial value in each cell of

"SI" columns is set to the top number of each group of
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numbers which is generated by equally dividing the
summation of the M-sequence generator’s period and one by
sixteen. Specifically, the distance between the initial
values of 0001h and 5500h is 2048 (32768/16) bits. 1In
other words, 2048 bytes of data can be randomized.

Since the initial value SI changes according to the
values SA of the fourth to seventh lower four bits (b3 -
b6) of the address read by the ID data reader 601, the
initial value SI changes at an interval of eight sectors
(every eight sectors). Therefore, even if the same data is
recorded, it will be randomized across 128 (16 x 8)
sectors. Furthermore, the correlation between signals
recorded on adjacent or neighboring tracks will be
extremely low because the maximum number of sectors per
revolution of the record carrier RC’ in this example is
gixty sectors.

According to this example, the header and subcode
data HD and S8C is, as described above, not scrambled.
Therefore, a strong correlation may exist between the 32-
byte header HD, subcode data SC, re-sync pattern data RS,
and postamble data PA recorded to adjacent tracks in the
radial direction. However, the length of the recording
areas for this data HD and SC is less than 100 pgm, and
there is therefore no practical problem. Note that the
header HD is not scrambled because it cannot be unscrambled

during reproduction if the initial value is not known.
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The subcode data SC is also not scrambled because
the subcode data SC records the type of data, e.g., audio
or video data, and this data is preferably readable without
requiring descrambling. It is thus possible to scramble
the subcode data SC with the only side-effect being the
increased time required for descrambling when reading the
subcode data SC.

As described in the above with reference to the
Table 1, the 2048 bytes of data can be scrambled with one
initial value SI. Since the data to be scrambled is 2368
{2400 - 32) bytes per sector according to this example, the
320 (2368 - 2048) bytes of the data INF is scrambled with
the same randomized signal SR from the M-sequence generator
603,

However, as the length of the 320 bytes data is.768
pgm (320 byte x 8 x 0.3), there is no practical problem.
Furthermore, the optical disk RC’ has approximately twenty
8ix sectors, more than twice of eight sectors, at the most
inside circumference. Therefore, when the value of 0001h
is set as the initial value SI for the first region R1, the
values of 5500h and 0002h are set for the next regions R2
and R3, respectively. This apparently means that these
three continual regions R1, R2, and R3 are never located
beside other regions with respect to the radial direction
of the optical disk RC’, and ensures that there is no
possibility of the correlation of signals reproduced from

adjacent tracks.
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Referring to Fig. 19, an alternative ID data reader
601R, very similar to the ID data reader 601 of Fig. 8,
incorporated in the scrambler 504 is shown. The ID data
reader 601R sends four bits from not the fourth to seventh
but the fifth to eight lowest order {b4 - b7) of thus read
address information as the address data SA to the initial
value generator 602. The fifth lowest bit (b4) is
incremented by sixteen (16) causing this address data SA to
change (increase by one) at an interval of sixteen sectors.
Therefore, the fifteen bits of initial wvalue SI changes
every sixteen sectors according to the address data SA.

The initial value SI can be set in the same manner
as described above with reference to the table 1 as the
output from the ports b4 to b7. However, since thelinitial
value SI changes at an interval of sixteen sectors (every
sixteen sectors), the data to be recorded will be
randomized across 256 (16 x 16) sectors. The operation of
descrambling data scrambled with respect to the address
data SA (b4 to b7) will be described later with reference
to Fig. 20.

Referring to Fig. 9, a simulation result of
correlation of signals scrambled with the randomized
numbers SR generated by the M-sequence generator 603 is
shown. Note that the ID data feader 601R of Fig. 19 is
used for supplying the address SA to the initial value
generator 602. In Fig. 9, a solid line Crl5 and a dot

line Cri8 indicated the simulated correction from the
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signals randomized with the 15-stage shift register and the
18-stage shift register, respectively.

These result are obtained by a computer simulation
performed under the following conditions. The zero value
data is recorded as the user data UDf. The initial value
SI is set to be renewed at an interval of sixteen sectors.

Specifically, when the randomized signal by the M-
sequence generator is shifted by an byte between the target
track currently scanned by a light beam and the neighboring
track, it is presumed that an gradually varies from 1 to
215-2. In this situation, one byte data of the scanned
track and the neighboring track is compared. When both the
data are the same, "one" is set, othexrwise "zero" is set as
the result of every comparison.

Based on the above comparison result, the
correlation between the signals in neighboring tracks can

be expressed by the following equation of

MM
s(t) =E; 8 (M(i-1) +F) vif(R{F) =R(i+])) (53,
=1 j=1

wherein M=215-2; 3" represents delta function; and "7"
represents the period for one byte length when the
transmission rate is 1.8 megabyte/second.

In Fig. 9, the value of S({t) is filtered through a
low pass filter having a cut-off frequency of 2 kHz, and is
held at its peak value. Each peak value thus held are

plotted with respect to the vertical axis representing held
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peak values and the horizontal axis representing
corresponding time. Note that the time constant for peak
holding is set to 0.55 second.

The period of the M-sequence generator having 15
stage sift register is (2!5-1) bits: and the period of the
M-sequence generator having 18 stage shift register is (218-
1) . Therefore, when the initial value SI is renewed every
sixteen sectors {(at an interval of sixteen sectors), almost
all period of the 15-stage of M-sequence system are used.
However, only one-eighths of the pericd of the 18-stage of
M-sequence system are used.

As typically shown in Fig. 9, wherein the solid
line Crl5 having less the 1S5-stage resistor is much smaller
than the dot line Crl8 having the 18-stage resistor over
the entire period range. Note the lines Crl5 and Cris
correspond to the 15-stage, shift resister and the 18-stage
shift register, respectively. Thus, according to the
present invention, the M-seguence generator having less
number of shift resistors can reduce the signal correlation
more effectively than that having more shift resistors, and
also can be made in a compact size. This signal
correlation reducing effect is also obtained even when the
ID data reader 601R is replaced by the ID data reader 601
which will renew the randomized number SR (address SA)
every eight sectors.

Referring to Fig. 10, a reproducing apparatus for

reproducing the randomized data from the optical disk RC of

- 37 -



10

15

20

25

WO 96/32716 PCTIIP96/00877

Fig. 1 is shown. The reproducing apparatus RA includes the
disk motor 102, the disk motor contrcller 114, the feed
motor 116, and the feed motor controller 118 that are
substantially the same as those of the recording apparatus
WA of Fig. 5.

The reproducing apparatus RA further includes an
optical head 104R and a main controller 130R having
constructions and functions very similar to those of the
optical head 104 and the main controller 130 of Fig, 5. A
light source driver 146 connected to the main controller
130R is provided for controlling the operation of the light
source l1l04a.

A preamplifier 142 is connected to the photo
detector 104e for receiving the pilot signals Scl, Sc2,
Sc3, and Sc4, and Sc4 therefrom. The preamplifier 142
amplifies these pilot signals and produces a focus error
signal FR, a tracking error signal TE, and a reproduced
information signal.

A controller 144 is connected to the preamplifier
142 for receiving the focus and tracking error signals FE
and TE therefrom to produce a focus control signal FRD, a
tracking control signal TRD, and an optical head driving
signal TRSD.

The feed motor controller 118 is further connected
to the controller 144 for receiving the optical head

driving signal TRSD therefrom. Based on this signal TRSD,
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the feed motor controller 118 drives the feed motor 116 to
position the optical head 104R correctly.

Thé optical head 104R is further connected to the
controller 144 for receiving the focus control signal FOD
and the tracking control signal TRD therefrom. Based on
tpese signals FOD and TRD, the optical head 104R controls
the light beam Ls to be focused and tracked on the aimed
position of the optical disk RC.

A demodulator 1101 is connected to the preamplifier
142 for receiving the reproduced information signal
therefrom to demodulate thereof to extract the scrambled
signal FRf recorded on the optical disk RC’. The disk
motor controller 114 is further connected to the
demodulator 1101 for receiving the reproduced signal
therefrom to produce the disk motor control signal by
measuring the intervals between thus reproduced signals.

A deformatter 1100 is connected to the demodulator
1101 for receiving the demodulated data FRf therefrom to
perform the error correction and descrambling operation to
reproduced original user data UD. An output port 1405 is
connected to the deformatter 1100 for supplying thus
reproduced original user data UD to external devices such
as a personal computer therethrough.

Referring to Fig. 11, the deformatter 1100 of Fig.
10 is shown. The deformatter 1100 includes a descrambler
1102 and an ECC decoder 1103. The descrambler 1102 is

connected to the demodulator 1101 (Fig. 10) for receiving
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the demodulated data FRf which is comprised of not
scrambled 32-byte header HD and subcode SC, and the
scrambled user data UD and check byte CB therefrom.

The descrambler 1102 reads the address from the
unscrambled header data HD, and descrambles the scrambled
user data UD and check byte CB. Thus, the descrambled data
UD and CB with the header HD and subcode SC is obtained.

The ECC decoder 1103 is connected to the
descrambler 1102 for receiving the non scrambled data with
check byte CB to performs the error correction thereof.
Thus, the original frame data INF with no error is
reproduced.

Referring to Fig. 12, the descrambler 1102 is
shown. The descrambler 1102 has substantially the same
construction, including an ID data reader 1201, an initial
value generator 1202, an M-sequence generator 1203, a
counter 1204, and an exclusive-OR operator 1205, as that of
the scrambler 504 of Fig. 7.

In operation, the ID data reader 1201 reads the
address number from the demodulated signal input from the
demodulator 1101, and outputs the address SA to the initial
value generator 1202. The initial value generator 1202
generates the initial value SI based on the address number
SA, and presets the initial value SI in the M-sequence
generator 1203.

The counter 1204 counts the data length input from

the demodulator 1101, and outputs a level signal having two
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levels as a descramble switching signal SD to the M-
sequence generator 1203. The descramble switching signal
SD is the substantially the same as the scrambling
switching signal. Therefore, the descramble switch signal
SD becomes high when receiving of the first 32 bytes from
the beginning of the sector is completed, and low when the
next 2368 {2400 - 32} bytes of frame data INF have been
counted.

The M-sequence generator 1203 outputs zero until
this end signal is received. The data outputted from the
demodulator 1101 is therefore not descrambled until the
descramble start signal Sd is received, and is thus
outputted from the exclusive-OR operator 1205 without being
descrambled.

When the end signal Sd is received from the counter
1204, the M-sequence generator 1203 responds by generating
a randomized signal based on the initial value SI supplied
from the initial value generator 1202. The exclusive-OR
operator 1205 then performs an exclusive-OR operation on
the signals supplied from the demodulator 1101 and the M-
sequence generator 1203 in l1l-byte units, and outputs the
result.

Referring to Fig. 13, the M-sequence generator 1203
used for descrambling operation is shown. The M-seguence
generator 1203 is essentially'identical to the M-segquence
generator 603 shown in Fig. 8., Specifically, the

exclusive-OR of the outputs from flip-flops FFO and FF4 is
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obtained by an exclusive-OR gate 1301, which inputs the
result to an flip-flop FFi4. Needless to say that the ID
data reader 1201, the imitial value generator 1202, the
exclusive-OR operator 1205 are also substantially identical
to the corresponding components shown in Fig. 8. Note that
the exclusive-OR operator 1205 includes eight of exclusive-
OR gates 1205a to 1205h.

The ID data reader 1201 reads the address, and
sends the values of the fourth to seventh lower bits (b3 -
b6} SA to the initial value generator 1202, which generates
an initial value SI corresponding to this value. When the
end signal SD is received from the counter 1204, the
initial wvalue SI from the initial value generator 1202 is
set to each of the flip-flops FF0 - FF1i4 forming the M-
sequence generator 1203.

Thus, according to this embodiment, addresses can
be read by demodulation and descrambling. Therefore, high
speed searching when reading data from the record carrier
RC is thus possible with the scrambling method described
with reference to Fig. 7. However, the initial walue SI is
unknown when the address cannot be read, and descrambling
is therefore not possible. Therefore, high reliability
reading of the address is necessary. It may be difficult
to read all addresses, however, due to signal dropout or
simply dust and foreign matter on the record carrier

surface.
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A recording apparatus and a reproducing apparatus
which can read address accurately, scramble and descramble
reliably, even when there is signal dropout or dust and
foreign matter on the record carrier surface is described
below.

Referring to Fig. 20, an alternative ID data reader
1201R, very similar to the ID data reader 1201 of Fig. 13,
is shown. This ID data reader 1201R is incorporated in the
descrambler 1102 for descrambling the data which is
descrambled by the scrambler 504 incorporated with the ID
reader 601R of Fig. 19. The descrambing operation,
hereafter, is the same as those in the descrambler 1102
described with reference to Figs. 12 and 13.

Second Fubodiment

With reference tc Figs. 14 and 15, a recording
apparatus and a reproducing apparatus according to this
embodiment are described. Note that the recording
apparatus WA and the reproducing apparatus RA according to
this embodiment are different from those of the first
embodiment only in the data formatter and the data
deformatter, respectively. Therefore, any detailed
description for the apparatuses other than the formatter
and the deformatter is omitted for the sake of brevity.

Referring to Fig. 14, an alternative of the data
formatter 122 of Fig. 6 is shown. The alternative data
formatter 122R, according to this embodiment, includes the

same components of those in the data formatter 122, but the
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ECC check byte generator 503 and the scrambler 504 are
replaced by each other. Specifically, in this data
formatter 122R, the ECC check byte generator 503 is
connected to the scrambler 504 that is connected to the
header data generator 502, as best shown in Fig. 9.

As a result of this mutual replacement of
components 503 and 504, the operation by this formatter
122R is different from that of the formatter 122 in the
following points. However, only 2048 bytes of user data UD
passing through the header data generator 502 is scrambled
by the scrambler 504 by substantially the same method which
is previously described with reference to Figs. 7 and 8.
Note that the scramble switching signal SS becomes high
when the first 32 bytes of frame data INF have been
counted; and low when the next 2048 (2080 - 32) bytes of
frame data INF have been counted in this embodiment.

After scrambling by the scrambler 504, the ECC
check byte generator 503 generates and adds the 320 bytes
of ECC check byte CB to thus scrambled 2048-byte user data.
This 2048-byte scrambled data with the 320 byte of non-
scrambled check byte CB will be processed by the modulator
505 and the frame formatter S06 in substantially the same
manner as that in the data formatter 122. However, the
descramble switch signal SD becomes high when receiving of
the first 32 bytes from the beginning of the sector is
completed, and low when the next 2048 ({2400 - 320 - 32)

bytes of frame data INF have been counted.
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Referring to Fig. 15, an alternative of the data
formatter 1100 of Fig. 11 is shown. The alternative data
deformatter 1100R, according to this embodiment, includes
the same components of those in the data deformatter 1100,
but the descrambler 1102 and the ECC decoder 1103 are
replaced by each other. Specifically, in this data
deformatter 1100R, the descrambler 1102 is connected to the
ECC decoder 1103 that is connected to the demodulator 1101,
as shown in Fig. 10.

The ECC decoder 1103 receives the demodulated data
comprised of not scrambled 32-byte header HD and subcode
SC, scrambled user data UD, and non scrambled 320-byte
check byte CB. The ECC decoder 1103 applies the error
correction to the reproduced data from the preamplifier 142
by using the non scrambled 320-byte check byte CB. Thus,
2048-bye exrror corrected data HD, SC, and UD are obtained.

The descrambler 1102 reads the address from the
error-corrected unscrambled header data HD, and descrambles
the error-corrected scrambled user data UD only. Thus, the
descrambled data UD with the header HD, subcode SC, and
check byte CB free from the descrambling is obtained.

Specifically, the read signal is first demodulated,
the error correction code is decoded, and the address is
then read; descrambling is then applied based on the read
address.

As described above, errors resulting from signal

dropout or similar factors are corrected because the
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address is read after ECC decoding. As a result, the
addresses can be read with excellent reliability, and the
signal can be reliably descrambled, although somewhat more
time is required to read the address when compared with the
first embodiment described above. Because the error
correction code CB is added after the data is scrambled,
the ECC check byte CB shown is not scrambled but is also
randomized because the data block is randomized. It is
therefore possible to shorten the length of the M-sequence
period, and the M-sequence generator can be simplified.

Although the initial value SI for the M-segquence
generator is renewed, or changed, every eight sectors in
the above described embodiments, it is needless to say that
the initial value SI can be renewed every sixteen sectors.
More specifically, this renewal interval is set to any
suitable value corresponding to said predetermined sector
interval numbexr Y, so that the initial value SI is changed
more than one time at the most inside recording track.

The preceding embodiments have been described with
reference to constant linear velocity {(CLV) recording
whereby the record carrier is driven at an equivalent
peripheral speed for data recording, but the present
invention shall not be thus limited.

For example, the invention is also compatible with
constant angular velocity (CAV) recording whereby the
record carrier is driven at an equivalent angular velocity,

and zone-CAV {ZCAV) whereby the record carrier is divided
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into plural zones and data is recorded so that the data
density is essentially constant at the inside circumference
track of each zone. In general, the address is recorded
with a combination of track numbers and sector numbers
5 where one track is one circumference of the record carrier,
track numbers are assigned sequentiaily in the radial
direction, and sector numbers are assigned sequentially in
the circumferential direction of the record carrier. In
this case the sectors are arrayed in the radial direction,
10 and the initial values are determined according to the
track numbers. 1If the randomized signal is generated based
on these initial values, the signal correlation between
adjacent tracks can be reduced.
It is also possible to determine the initial value
15 for scrambling according to the sector number and the
least-significant bit of the track number. In addition, if
the initial value is determined from the least-significant
bit of the track number and the least-significant bit of
the sector number, the m-seguence period can be shortened,
20 and the m-sequence generator can be accordingly simplified.
Specifically, a first initial value is selected for sectors
with an even sector number and a second initial value is
selected for sectors with an odd sector number when the
least-significant bit of the track number is zero; when the
25 least-significant bit of the track number is one, the
second initial value is selected for sectors with an even

sector number and the first initial value is selected for
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sectors with an odd sector number. Because the sectors are
arrayed in the radial direction, the initial value of the
M-sequence will essentially differ according to the sector
of adjacent tracks , and any signal correlation is reduced
by sector unit. It is therefore possible to use two initial
values and shorten the period of the m-sequence.

It is also not necessary to change the initial
value of the m-sequence generator every eight sectors, and
the initial value may be changed every sector or every
sixteen sectors. Specifically, insofar as the initial value
is changed by a unit less than the number of sectors
recorded to the track at the inside circumference of the
record carrier, the correlation between identical data
recorded to adjacent tracks will be reduced.

The invention shall also not be limited to using an
m-gsequence generator, and any device capable of generating
a randomized signal according to predefined rules for a
given initijial wvalue can be used.

Using a maximum-length sequence generator of
extremely simple construction, the present invention thus
randomizes the information to be recorded based on the
value of identification information identifying the sector
location to which the information is recorded. The
correlation between signals on adjacent tracks is therefore
reduced, and the effects of crosstalk are also randomized,
thus reducing the effect on the track error signal, and

enabling extremely stable tracking control. Jitter in the
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reproduction signal is also randomized because crosstalk
from adjacent tracks is randomized, and jitter in the phase
locked loop (PLL) used during signal reproduction is also
reduced.

The low frequency component of the reproduction
signal is feduced, and digitalization during signal
reproduction is also simplified, when the same data is
recorded across plural sectors because the data is
randomized.

The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such
modif#cations as would be obvious to one skilled in the art
are intended to be included within the scope of the
following claims.

Although the present invention has been fully
described i connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended
claims unless they depart therefrom.

Industrial Applicability
The prevent invention can be applicable an optical

record carrier for recording information with a very high
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density, wherein the correlation between signals reproduced’
from neighboring tracks are inevitable. According to the
present invention, since each of neighboring tracks is
recorded with the information which is randomized in
different pattern, no correlation between signals in those
tracks even when the original information to be recorded is
the same such as "zero" information.

Thus, the user can record the various kinds of
information on the optical record carrier with a very high
density and repioduced thus recorded information free from

the mutual correlation such as crosstalk and jitter.
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CLAIMS

1. An optical record carrier (RC and RC'} for
recording an information (Sm} thereon comprising:

a recording track (TR) formed thereon in either of
a spiral and a concentric pattern; and

a plurality of sectors (Sn) formed on said
recording track (TR} each for recording said information
(Sm} and a sector information (SA) identifying location of
said recorded sector, wherein

said information (Sm) is recorded after being
randomized using a value (SR) generated by a maximum-length
sequence generation method with a predetermined stage
number (X) of stages with respect to an initial value (SI)
which is renewed at least one time per a round of said

recording track (TR).

2. An optical record carrier (RC and RC’) as claimed
in Claim 1, wherein said predetermined stage number (X} is
determined based on a data guantity of said information

{Sm) recorded on said sectors (S}.

3. An optical record carrier (RC and RC’)}) as claimed
in Claim 2, wherein said predetermined stage number (X) is

equal to or greater than fifteen (15).

4. An optical record carrier (RC and RC’}) as claimed

in Claim 1, wherein said initial value (S8I) is renewed at
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an interval of a series of a predetermined number (Y) of

said sectors (S).

5. An optical record carrier (RC and RC’) as claimed
in Claim 4, wherein sad predetermined number (Y) is equal

to or greater than eight (8).

6. An optical record carrier (RC and RC’} as claimed
in Claim 4, wherein sad predetermined number (¥) is sixteen

(16) .

7. A recording method for recording an information
(Sm) on a recording track (TR) having a plurality of
sectors (S) formed on an optical record carrier (RC and
RC’) in either of a spiral and a concentric pattern, said
method comprising the steps of:

producing an information unit (Sm} suitable for
recording to said sector (S) based on said information
{Sm) ;

producing a sector information (SA) indicative of
the location of corresponding sector (Sn) for recording
said produced information unit (Sm);

producing an initial value {SI) based on said
sector information (SA); _

producing a randomized number (SR) based on said
initial value (SI) utilizing a maximum-length sequence

generation method with a first predetermined number (X) of
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stages determined according to a guantity of said
information unit {(8); and
scrambling said information unit (S) with said

randomized number (SR).

8. A recording method as claimed in Claim 7, wherein
said initial value (SI) is renewed at least one time per a

round of said track (TR}.

9. A recording method as claimed in Claim 7, wherein
said sector information (SA) is renewed at an intexrval of a
series of a second predetermined number (Y) of said sectors

(s).

10. A recording method as claimed in Claim 9,
wherein said second predetermined number (Y) is egual to or

greater than eight (8).

1l1. A recording method as claimed in Claim 9, wherein

said second predetermined number (Y} is sixteen (16).

12. A recording method as claimed in Claim 7, wherein
said first predetermined number (X) is egual to or greater

than fifteen (15)}.
13. A recording apparatus (WA) for recording an
information {Sm) on a recording track (TR) having a
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plurality of sectors {(S) formed on an optical record
carrier (RC and RC’) in either of a spiral and a concentric
pattern, said apparatus (WA) comprising:

an information unit producing means (506) for
producing an information unit (Sm) suitable for recording
to said sector {S} based on said information (Sm);

a sector information producing means (502) for
producing a sector information {SA) indicative of the
location of corresponding sector (S) for recording said
information unit {(Sm);

an initial value producing means for producing an
initial value (SI) based on said sector information (Sa);
and

a scrambling means {504) for scrambling said
information unit (Sm) with a randomized number (SR)
generated based on said initial value (SI) utilizing a
maximum-length sequence generation method with a first
predetermined number (X) of stages determined according to

a quantity of said information unit (S);

14. A recording apparatus (WA) as claimed in Claim 13,
wherein said first predetermined number (X) is equal to or

greater than fifteen (15).

15. A recording apparatus (WA) as claimed in Claim 13,
wherein said initial value (SI) is renewed at least one

time per a round of said recording track (TR).

- 54 -

L



10

15

20

This Sheet Has Been R, ) THIS SHEET HAS BEEN

- G oo

16. A recording apparatus (WA) as claimed in Claim 13,
wherein said sector information (SA) is renewed at an
interval of a series of a second predetermined number (Y)

of said sectors (S).

17. A recording apparatus (WA) as claimed in Claim 16,
wherein said second predetermined number (Y) is equal to or

greater than eight (8).

18. A recording apparatus (WA) as claimed in Claim 16,
wherein said second predetermined number (Y) is sixteen

(16) .

19. A reproducing method for reproducing an information
{(Sm) from a recording track (TR) having a plurality of
sectors (S), wherein said information (Sm) is recorded
together with a sector information (SA) indicative of the
locations of corresponding sectors (S) recording said
information (Sm), on in either of a spiral and a concentric
pattern on an optical record carrier (RC), said information
(Sm) being randomized with a randomized number (SR)
generated by a maximum-length generator (603) having a
first predetermined number (X) of stages with respect to an
initial value (S) generated and renewed at least one time
per a round of said recording track (TR) based on said
sector information (SA), said method comprising the steps

of:
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reproducing said sector information (SA) and
scrambled information (Sm) from said sector (Sm);

reproducing said initial value {SI) based omn said
reproduced sector information (SA);

reproducing said randomized number (SR) based on
said reproduced initial value {SI) utilizing the same
maximum-length sequence generation method as that used for
recording; and

descrambling said reproduced scrambled information

(Sm) with said reproduced randomized number (SR}.

20. A reproducing method as claimed in Claim 19,
wherein said sector information (SA) is renewed at an

interval of a series of a second predetermined number (Y)

of said sectors (S).

21. A reproducing method as claimed in Claim 20,

wherein said second predetermined number (Y) is equal to or

greater than eight (8).

22, A reproducing method as claimed in Claim 20,
wherein said second predetermined number (Y) is sixteen

{16) .

23. A recording method as claimed in Claim 19, wherein
said first predetermined number (X) is equal to or greater

than fifteen (15).
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24, A reproducing apparatus (RA) for reproducing an

information (Sm) from a recording track (TR) having a
plurality of sectors (Sn), wherein said information (Sm) is
recorded together with a sector information (SA) indicative
of the locations of corresponding sectors (Sm) recording
said information {Sm), in either of a spiral and a
concentric pattern on an optical récord carrier (RC), said
information (Sm) being randomized with a randomized number
(SR} generated by a maximum-length generator (603} having a
first predetermined number (X) of stages with respect to an
initial value (8) generated and renewed at least cne time
per a round of said recording track (TR} based on said
sector information ({SA), said apparatus comprising:

a reproducing means (104R, 142, and 1101) for
reproducing said sector information (SA) and scrambled
information (Sm) from said sector (Sm);

an initial value reproducing means (1202) for
reproducing said initial value (SI) based on said
reproduced sector information (Sa);

a reproducing means (1203) for reproducing said
randomized number (SR) based on said reproduced initial
value (SI) utilizing the same maximum-length sequence
generation method as that used for recording; and

a descrambling means (1203 and 1205) for
descrambling said reproduced scrambled information (S) with

said reproduced randomized number (SR).
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25. A reproducing apparatus as claimed in Claim 24,

wherein said sector information (SA) is renewed at an
interval of a series of a second predetermined number (Y)

of said sectors (Sn}.

26. A reproducing apparatus as claimed in Claim 25,
wherein said second predetermined number (Y} is equal to or

greater than eight (8).

27. A reproducing apparatus as claimed in Claim 25,
wherein said second predetermined number (Y) is sixteen

(16) .
28. A reproducing apparatus as claimed in Claim 20,

wherein said first predetermined number (X} of stage is

equal to or greater than fifteen (15}.
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