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BESERHPH-ON———————CPH-CAL RECERD—CARRFER-AND METHOD +ERRECERBHNG-AND——
REPRODUCI NG SI GNALS THEREFROM Technical Field The

present invention relates to an optical record 5 carrier from which

ihfornatiogwégw£§ by emtting a focused optical bﬁg@hﬁgabgpn, and
to a netho cordi ng signal s thereon and repro cor ded
signals therefrom Background Art Read-only optica

record carriers (hereafter 10 DESCRIPWIOMIri ers”) have becone

increasingly inportant as a storage nedi um for audi o information
data, video OPTECRL: REGQRD GARRIER,ANDt METHOR tROR RECORBINGUANDOf t he
capacity to sREFRODUGING RHGHALS THEREFRMAntion for | ater

r epr oducti on. d f ver-|larger storage capacities 15 and smal | er
devi ce size c%%ﬁgﬁﬁﬁ %é%i e, however, naking It necessary to

further iincrease the 4@l grbgeftdingefElSt Ielates tohn! Bﬁtigﬁfrijeé‘@idi er.

Conventional record carriers of this type are disc- _ aped recordi ng
medi um vg t h ac&epidr st Wiiieht anEbema®lon i$ufdar dyolemiBtehgase for med

spiral or concentric data
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
10 "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
is 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
20 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,
25 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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tracks of pits and |lands. A reflective filmof, for

exanpl e,

alum num is then f-erred—by—sputtering or another—— . process on the

data carrier surface of the substrate. Wien data is
reproduced fromthis record carrier, 25 an optical beamenmtted froma
sem conduct | as focused on the record carrier, and the | aser
beami s Wo S'ﬁ’?)ﬁf‘srolled to follow the data tracks of the PCRAFOSPOPIL i o
WO 96/ 32716 PCT/ JP96/ 00877

by detecting the reflected beam The recorded information is read by
detecting the change in the reflected |ight quantity resulting from

th it d | 0 ie se
e pits and |@gndse Qi 'r?ﬁb'i:ﬁﬁ nglected Yeidnl.| €iThe §ﬁgor% %7’8 foz\ﬂ]b%c

di fference nethods desc ed in US. Pat ent

was

i ssued to Josephuseadi W detecting thélodieitiey it th87Ffefbécted. 1 Rpent
No. 4740940 whi ch was | ssued to Tanaka et al. on April 26, 1988 have

been used to quantitjetngsulthagcbromothesimita ahdr landskomothenteadrd i . e
10 track error signal corresponding to the offset, or posi ti onal
error, betweerF#Me S¥ositions of the optical beam

S 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

10 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

15 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.

20 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

25 light density, difference of the complementary reflected

beams.

a



and the actual track on the record carrier. Thi s phase

diff er ence—mettrotuses—aphot 0 det ector drvr-aing—ttre—reftecttons
fromthe record carrier into 15 guadrants in the track |l ength and width
directions of the detection surface, and determ nes any track error

based on phase difference of the sumsignals ou %ﬁﬂmpl%
detectors a?“ﬁ%ﬁ@@ﬁally opposite positions. ¥§¥ ree-beam
nmet hod has al so been described in U S. 20 Pat ent No. 3876842 issued to

G jsbertus on April 8, 1975. This method emts three optical beans,
t he read beam and two conplenentary beans, to the record carrier
detects each rrid efited readrdifgngens ity bRtvhep hovredebesrar, and
detects the track error based on the light quantity, or the 25 | i ght

density, diffeaenterois tdeteomiplednbyt thy dathectack pitch abpdatbe data
- 2- WO 96/ 32716
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record . ,
the recorded data. However, as the track pitch is

5 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

10 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

15 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

20 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

25 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



carrier is determned by the data track pitch and the data density

I n"the track directi op—d—e——t he linear density of ———1the recorded
data. However, as the track pitchis 5 decreased, crosstalk from

adj acent tracks increases. Wen there is a strong correlation

bet ween data recorded on adj acent tracks, pseudo signals are
gener at ed i nWOHWARTI§Ck error signal, and tracking co®CRIPI60887 ot
stabl e. These phenonena under the phase difference nmethod are
described 10 below with reference to Figs. 16 and 17. In
Fig. 16, an exanple of a photo detector 104e used for receiving an

optical beam {HgkabsaLe! BSBI Siagope) bASFESERY bR Bl AREE:

record carrier to _ _ rocus™error - signal
signal, and thg gkeond bilhOfFEdKitly ¥ighah 5P2ShoNkordiRy RBOLRedet eCt Or

104e is preferably constructed by four square cells Cl, C2, C3, and
C4, each cel |l idif€epencecbétweeat tavo enbl sragkt#ignals STinandhBTRi Nghéei de
edges, as shown in Fig. 16. Each of square cells ClL, C, C3, and 4
generat es pil odaseynkeam bg is tackede2 Sc3, and Sc4, respectively,
according_to the area . of laser spot focused thereon. )

The trackPng control o{ntﬁﬂg1§§%rab@éﬁFQi‘B%r? BigP P each Bavipg|azjng

Lese 0 Lot <! iaReShlar AP ko oS xonieq on A BBk ALY,

di agonal positiren,aaRdSEF¥esiong 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

10 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

is 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.

20 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

25 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.



to produce a first sub tracking signal STl Sinilarly, t he pi | ot

stgnal s—Sc2—amd—Sc3—produced fr omthe—cetts—S3—and—Cc2-
- 3- WD 96/ 32716

PCT/ JP96/ 00877 | ocated i n anot her diagonal position are sumed to
produce second sub tracking signal ST2. According

di fference B@Fﬁéﬁﬂgtmo sub track signals ST1 and ST2, the PE%uhgﬁwgger beam
Ls is tracked. 5 In Fig. 17, a plurality of pits P each having
a sinpl e spatial frequency are recorded on plural tracks Trl,

Tr2, and Tr3 along the center lines thereof are shown. A spot of the

| easer beam Ls is POStiisdRedebeathalh (B [Signale scdl 0862 | NecFenhpy | ine
of track Tr2, and the | aser beam 10 refl ected from thus scanned the

track Tr2 i s gesceiffsbtdsy the phasébeophsiily wieicikiing sigdaloSTE gnd 18r2
The solid lines L1 and L2 indicate the first and second sub tracking

signal s ST1 avdatSEXe ragpationePy§, aj dlagonal palx gdeireofndi tion where the
scanned track Tr2 is free from _15 any. |nterference such as crosstal k
fromt he nelgﬁﬂﬁﬁ¥$&fal y. one of sub tracking signal STl and ST2 1is
5 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

10 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

15 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.

20 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,

25 when the pits on the other neighboring track Tr3 are

located on delayed position to those on the currently



tracks Trl and Tr3. The dotted lines L1ld and L2d indicates the first
and second sub tracking—stgnal s SH—and ST2, respectively, in an..
actual condition mhere there are i nterferences between the tracks
Trl, Tr2, and Tr3. Under the ideal conditions, the phases ?f
both t he tracklng signals ST1 and ST2 are |dent|cal to those o
pits P fornﬁﬁogﬂi# e scanning track Tr2, as specifically PCTAPS@TTat ed
by solid lines L1 and L2. However, the pits exi sting on the

nei ghbori ng tracks causes the pilot signals 25 Scl, Sc2, Sc3, and Sc4
reproduced fromthe scanned track Tr2 to have crosstalk with sub

si gnal s reprOdékSéﬁxifxf G;E‘fza?ﬁ Tr2, thESRRN 4 i%n! batikeed dnddd Hadks
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PCT/ JP96/ 0087 7Tr2 and T3 acts the Fépsoducsbisilgnalntpi delapi gnals Scl, Sc2,
Sc3, and Sc4 affects the phases of sub tracking signal STl and ST2
that are summation of I& @rhgbN¥Prdmi rwhenepdss. having a SpimpXe cegdtjialone of

sub tracking shgenal STla?:gdrg;zrgrded across plural tracks, the signal

5 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.

10 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

15 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

20 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

25 this control band. For example, if the record carrier

rotates at 1800 rpm, tracking control will be disrupted by



5 shifted forward, and the other is shifted backward with respect
to—a chroenetogreat—order—when t he daterecorted—onr—the—fretrghbor+hrg——
tracks have strong correl ati ons t herebetween. In this exanple, the
first sub tracking signal ST1 is advanced by a period [err]ta, and

t he second sub_ 10 tracking signal ST2 is delayed by a i rjtd,
respect i vel| YO 96532716 Cl oser track pitch causes thegﬁw
crosstal k bet ween nei ghboring tracks. Furthernore, when the data
having the sane or simlar pattern are recorded on the 15 nei ghbori ng
tracks wwth the closer track pitch, the correl ati on between the

nei ghboring t4 36kede 19eeal c2ROKIBignal corr@1aREbAASA1Y NsedeaNCed peri od
[err]ta or delaying perio ferr]td too nuch to performthe tracking
the | aser beafiXXimetirsy long at ACE®rmh ntadialt pesitaeking signals ST1 and

ST2. 20 Therefore, when the pits on one nei ghboring track
for exanple, Trl aredNlsbougl bhe advifiromt dagsi pabhern ahdsthe narrown t he
currently scanning track Tr2, the correlation bet ween t hese tracks

Tr1 and Tr2 R¥CHeR tHagks CPBRFoEMcERg to the stgppanecxretabion BR&k Tr2 to
advance._. On the_ ot

Favance s O Leodbiii B3begn e saniEihd Kb o28 AGELRE AT Y,
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
10 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

15 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

20 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

25 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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scanning track Tr2, the—eerrel ation—between these tracks— Tr2 and T3 -
acts the reproduced signal to del ay. I n ot her words, when
pits having a sinple spatial frequency are recorded across plural
tracks, the signal 5 correlation between the signal fromthe track to
which the  WO9%RgH6i cal beamis positioned is strong; and PEEIRIHEETs from
the adj acent tracks are also extrenely strong. Crosstalk fromthese
adj acent tracks thus disrupts the track error signal, resulting in
unstabl e tracking control. 10 When digital images are recorded

h d ' Ll . i ously_also b
rocorded. 0 Thoughd BHSEeRb SEPHFGBE i vid ARSI N T nABERIRS gnal <
W th 2 SLEQRD 00T RIALION NERY 70835650 I?%&S%iﬂfgréh %% S

r
in still image recordings, and tracking contro econes stable in

those tracks. 18,coe8s0ltKatentdRA conteh€O0of which M0 \éxipadsatiyoss plural
tracks at either the outside or i nside circunference area of the

di sk for recordnpgrpbrated by mafierencedhemesshen conputer data is recorded.
However, this control data area is not always fully recorded with
the 20 5 conBrdef Bescripkiqm o tRDrawisg® r ded) regions thereof is

recorded with dumy da'i‘t?éses 8 %%he';':obﬁgc S Xé"‘rgc? Cfe@%:lur%%dgf 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

10 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,

15 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,

20 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

25 the randomized data on the optical disk of Fig. 1,

Fig. 6 is a block diagram showing the data

formatter of Fig. 5,



The tracking control band is usually several kil ohertzes wi de, and
tvacki ng—controt—Trs—drsrupted if ' '

correlation are present in 25 this control band. For exanple, if the
record carrier rotates at 1800 rpm tracking control will be

di srupted b WD 96/ 32716

PCT/ JP96/ 0 96/32716 a strong inter-track signal corrmy
sever al mllimeters long at a 35 mmradial position.

Al t hough the uniformdata pattern and the narrow pitched tracks
contributing to the strong correl ati on and 5 crosstal k between

nei ghboring tracks a@ggqegc?gbgdbﬂééﬁ diagram'%ﬂ%&%&bt%ﬁetgétéﬁﬁfﬁfgﬂiiiOn

control, this goes for “the cus control” e data repro
operations. Fig. 6,0 sclosure of the Invention The obj ect of
the present invention is therefore to 10 provi de an optical record
carrier which sol ves Rilges® is a blpchbdiagram showing the defGailgprafent

i nventi on has been devel oped with a view to substantially solving

t he above desthe pRerambler of Fig. 7,

5 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
10 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,
15 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
20 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

25 disk surface into electric pilot signals,



di sadvantages and has for its essential object to provide 15  an
| nproved optical reeerd—earrier. —1Ln order—ta achieve the—__

af orenenti oned obj ecti ve, an optical record carrier for recording an
i nformation t hereon conprises a recording track forned thereon in
either of a spiral and a concentric pattern; and a 20 plurality of
sectors forn¥8%®78,i d recording track each for rechﬁVﬂaﬂgéFH

i nformati on and a sector information i dentifying |location of said
recorded sector, wherein said information is recorded after being
random zed using a val ue generated by a maxi mum | ength sequence

generation 25 nmet 1 & h, r er.m ned.stage n er of. stages with
respect to an initial ngr\llj\ie.; sTacﬁ?l qgg%reﬁg‘mgagﬁé?'g%est&g%é‘plnnlng ®i me per
a round of saixblaREehdhilf béékden pit patt d lati 11c
O 96/ 32716 B pit patcerns and correlcions of pifot
The present apilgnadti off Figbas&d upon Japanese Pat ent Application
No. 7-83982, which was filed on Apri

Figs. 18A, 18B, and 18C are graphs showing various

5 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

10 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

15 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.

20 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

25 {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

- 10 -



10, 1995, the entire content of which is expressly I ncor por ated by

referen . ' Dese+rt+pttron—oft—the Dr aw-hgs

These and ot her objects and features of the present i nvention wl |
becone clear fromthe follow ng description taken in conjunction
wi'th the preferred enbodi nents thereof with reference to the
acconpanyi nWO®A¥egs t hr oughout 10 which like parts aPETIROMETAt ed by
| i ke reference nunerals, and i n which: Fig. 1is a
pl an view schematically.show ng one exanpl e of a record carrier
according to the present I nvention, 15 Fig. 2is a

di agram SChe”Péé?féiﬂb Sﬁ%ﬁﬁl@&'lzacﬁﬁrﬂﬁt separ?telg);izpiﬁi@c&@%@dfggi&ié I{%:Sr d3

track formed on e recor carrier o
I's a graph scRgja3cal, eadhoHaRing SBEét Sdme numbexr dfowecording data fornat

of Fig. 2, 20 Fig. 4 is a sequence diagram schematically

showi ng segtoxs ; afgiere mildf beatesorHped eatferr widdordifagenme tte sect or
of -Fig. 3, Fig. 5, a block diagram showi ng a recording
apparat us accBi@indr to the present invention for recording 25 t he

pndomzgd data, on e sal ol BHaO'a 2 cdhae tagrgm g end! O © 19 2
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

10 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

15 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"

20 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

25 a capacity of 40 bytes. The postamble field PAf may

comprise plural pits, but one or two pits is sufficient.

- 11 -
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PCT/ JP96/ 00877 — —Fg. 7 is a-block di agram.show ng the
scranbl er of Fig. 6, Fig. 8 is a block diagram
showi ng the details of the scranbler of Fig. 7, 5 Fig. 9
s a graph in assistance of explaining the correlation reduction of
signal s scraWo9%682Mét h t he randonm zed nunbers gener aP&Eh

M sequence gener at or of Fig. 19, Fig. 10 is a block
di agram showi ng a reproducing 10 apparatus according to the present

I nvention for reproduci ng the random zed data fron1the optical disk
of Fig. 1, 11 s atﬂ C ram ow a data
deformatter of Fig. 16-"or fxample, wl'?en %—? @ § how ng

the descranbl e{ p;ired (ﬁLL)FWg,7;1modnlatlon (a modulation technlque
converting eight bits of data to twelwve channel bits), the
length of the pits or the spacing between the pits (or the

5 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.

10 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.

15 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

20 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

25 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 -



Fig. 13 is a block diagram show ng details of the descranbl er of

Frogv 12, +g—14 | s—abtock—dragram-—show

20 of the scranbler of Fig. 6, Fig. 15 is a block diagram
showi ng an alternative of the descranbler of Fig. 11,

Ffrg. 16 is a plane view showi ng a photo detector for _converting a
opti cal beam&gf’mét ed fromthe optical 25 di sk surfac@CTHPYF B ctric
pil ot signals, WO 96/ 32716

PCT/ JP96/ 00877 Fig. 17 is a graph in assistance of

expl aining a rel ati onship between pit patterns and correl ati ons of

pi | ot | SR3! S£0LnE! frardds FRO2 to PRS2 is BLépid#Anifihy AGsLEC are
graphs showi ng various 5 types of record carrier applicablé for the
present datAv oDl BAving 40 bytes, whelfedn 48 héadeb HE koxlisAificv@esi M | ar
to Fig. 8, but showi ng an alternative of scranbler of Fig. 7, and

Fig. 20 is a lSMds dnajndedsi nfixrthexmdriey. ed8h bfit frame data fields
- INF53 to INF60 of the remaining frames FR53 to FR60 is
5 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

10 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

15 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).

20 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

25 correction code check byte blocks CBS3 to CBEO,

respectively.
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10 showi ng an alternative of descrabnmer of Fig. 12. Best Mbde For
Carrying Qut the | nvent+oen— —_— Referring to Eg-.1, a recording
surface of an optical disk, an exanple of a recording carrier,

accor di ng to the present invention is shown. The optical disk RC has
15 preferably a single recording track TR for bearing data

t her eon pr oWR&3ZEF one recording surface. The track TR t o PCTAPISRRRHT ch
data is recorded as a series of pits and | ands on the di sk- shaped
record carrier RCis disposed in a spiral pattern in this

enbodi nent. 20 Note that the portions of spirally patterned

t k TR | te t.to th he
t nge adj acent, g; ene%gfoﬁéac%%??l O%c%cfr %‘fé ’PF&B I%g?%lﬁﬂepsm&t[ reat ed
as plural tracksaf@raddie tieicier (&ﬁﬁ@ﬂ”&é'ﬂfkso) (EeUpriged of et

recorded at a constant |inear velocity nalntalgﬁgiunlfbrm
data density peéadert tblcgt(HDYf, 16 byteéf'tﬁiftédﬁdﬁd-ERblbcR (st) pezgqglat a

density, irrespective of the radial position on the record carrier
RC. The bytes of user data blocks (UDQD to UD52), and 32Q(b@HSBBEL6
PCT/JP96/OO877 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

10 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

15 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

20 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

25 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

- 14 -



recording track TR can be separated in discrete regions RI,

R8,— , eachrtravrngthe—sare nunbef—ﬁ+—fee0Fd?ﬁg——-—-4H¥ﬁ%¥%¥—ﬂ%ﬁ+#+#%++~————
be described later with reference to Fig. 8. 5

Referring to Fig. 2, a format diagram of the i nformation recorded on
the record carrier RC of Fig. 1is shown. This record carrier RCis

The track TYOPBFY matt ed with a plurality of sect oPCSTARHMBIT (ed

conti nuously t hroughout the track TR These sectors S are continuous

10 and sequentially nunbered sectors as S1, S2, S3. ..., Sm

Smtl, ..., wherein "nf is an integer, and a predeterm ned nunber of

sectors are igglugdpds) fké'k%dﬂﬂ?or%hkraaéaTE% frame data blockga?ﬁF@ﬁIéb

sector Sm conprises S|xty frames FROL FR60. Each of frames FROL

to FR60 conpr IRB60 date-syidmblEd to pahae:hﬂzé I tHel dA%a tberkifankn

synchroni zation during reproduction; a frame address filed FAf for
i denti fyi ng twarious mefhete dogezding; ta tharprekant finvedtingf ; sanals a
post anbl e field PAf. The suffix "f" after each of t he above

descri bed syrrBBI gedyge th??§°r”eliﬂ’ti°"‘l R dagh peyween meighbpringates t he

cOr SSPOB) n0- LTS, CUINEL L SeRlok R BIET e salebioRESPR TS 1 e

e w00 e percep U G e AR InCoRL B QL Btk B
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
10 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

i5 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
20 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

25 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

- 15 -



25 a capacity of 40 bytes. The postanble field PAf may conpri se
plural pits, but one—e+—+wo- pits s—suffici ente——- — WD 96/ 32716 —
PCT/ JP96/ 00877 For exanple, when data is coded with

run-| ength limted (RLL) (1,7) nodulation (a nodul ation technique
converting eight bits of data to twelve channel bits), the | engt h of
the pits or WREBWMHi ng between the pits (or the 5 | andBGTPIERASE? f r om

2T to 1T where T is the channel cl ock. The postanble field PAf needs
only a pair of 2T-long pits and | ands. The postanble field PAf may

al so be omtted as required because its primary purpose is to

facilitate i f : INF e
pattern recorde‘é ¥ ﬁ?ﬁgeﬂ%ﬁ E&ﬁcEgg‘a%gﬁlaﬁ‘ #&?( fw:.tﬁsghl s a uesre-rlg"t hat
does not appeagatd UiEL Qidititehi ebdéhe last 8 IdytRld oflehy S06bRY é&lxh'&xed as

I n the above exanple, the re-sync pattern field RSf may be
predefined to bhemsihingls Thus, th8T40rbyveweiatien floangekordihg the first The
first frame data field INFO1 of the first frame FRO1 is formatted in
a predet er mi nefirpee tAa4R dlockr NFOLraxe arranged in the first and second

5 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

10 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 :

15 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

20 {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

25 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.

- 16 -



t hose of other frame data fields INFO2 to | NF60 of the remai ni ng

frames FRG2to—FR60——=s—descr i bed-vetow—Fre +arre—data—H-ete—-NFOL——
of the first frame FRO1 starts with 20 a 16-byte header HD identifying
the sector address SA a 16- byt e subcode recordi ng nmanagenent

| Aformation SC, and 8 bytes of a first user data UDO1.

The header @982 ds t he address | DO (ID1) and CRC PGT{Jre¢/00877 o

twi ce records the sector nunber, indicating 25 t he correspondi ng sector

Sm assigned sequentially fromthe inside circunference to the

out side circunference of the track TR However, each of frane data
fields INFO2 to

96/ 32716 The light source 104a emitsbeT}}é§8;88%97Ls towaraND

| NF52 of the £ﬁér0\;ﬁ%tﬂ§12 diBkFReZ bRreagk P diﬁ:':)babym%duiﬁﬁor 104b, data UDf
havi ng 40 bytes, erein no header HD or subcode SC is included.

Furt hernore, thehhalf fuiarexdanadf,i ahdsthe focudidebntia LNEEO ofhé he
remai ning franes FR53 to FR60 is 5 occupi ed only by an error
correction cotRei¢FHCOoBHatiorhy0db is driven by an optical modulator

5 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.

10 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,

is 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

20 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

25 focus control signal therefrom to make the light beam Ls

focused on the correct position.
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(CB) having 40 bytes.

theé sector Sm

Referring to Fig. 3, a data |ayout of

—+ecorded—on theoptical disk. RCis shown. Each of_rows

represents a data format of a single frane FRf, and is 10 recorded on
the record carrier RC in the sequence indicated by an arrow Dr,
frame by frame in a direction indicated by arrow Df. Each frame FRf
is recorded WO33Th&e re-sync pattern data bl ock (RSfPCTIRGSIEITE
address data bl ock (FAf), the franme data block (INFf), and the
postanbl e data 15 bl ock (PAf). Specifically, for the

first frame FRO1l, the frame

data field INFO1 is recorded with the 16

bytes of head ta block.(HD), the 16 _hytes_of sub data bl ock
(bo: 7 "nd the o BB BeBEKibE dercttr a3 hBC R putday Feng™ 7

For the franes

recorded only

25

13 -

correcti

5

10

15

20

25

fra j t
abEer s TR pasit iphAE €k leitd] nepn 10k bieh Featiss,
][gasiogct ively. to the radial difr@ictiba bf aRS dptaallo dtBRORCE heofpasmaddat a

I e S

are

),

| NF53 to INF60 are recorded only with the 40 bytes of error
bead (prsiticrk signalbl o3kdigiRSottiaxr CodBroller 114 ebgecti vel y.

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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WD 96/ 32716

TFherefore,—eactr—sector—Snt+ i ncl udes—2468—by+-es—oft———F+arp—data—blocks

PCT/ JP96/ 00877

(I'NFO1 to INF60) conprised of 16 bytes of header bl ock (HD), 16
byt es of subcode bl ock (SC), 2

uDs52)

opti cal
fifty

and 320 Q%tes of 5
to CB60).

048 bytes of user data bl ocks (UDO1 to
error correction code check b te bl ocks (CB53

¥e 2080 bytes of the first fifty two fra R8T ocks
| NFO1 to I NF52, including head
bl ocks UDO1 to UD52, is used t
favorite informati on on the corresponding record 10 sector Sm of the
di sk RC.

er HD, sub code SC, and user dat a
o indicate and record the user's

5, 1 oAb i il e g T

first 32 byt efiéfo tdhddddsth ficagbndtted! s kd kbl @bAtroller idE, User's
own favorite data which are recorded to the user 15 data bl ocks (UD01

to UD52).

to

10

15

20

25

Thehé i didk didtiopt esnoktolher 114, tHe risted matprdadtatbdllee ( FRO1)
are used for the header HD
i ndi cat ed t hell8, theeﬁ%ﬁae§§u§8§h1&§rs%kﬂcﬁhﬁuﬁﬁﬁﬂittFﬁelgabbﬁd% bus i s used

indkcate t.he Ey e of thglggaical fron1mh&ch t he

or exchang

ar:Lous

and subcode SC. The header HD is used to

s there tween. £t 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 ig 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
data UD therefrom.
16-byte header HD

beginning of each

original information data as the user
The header data generator 502 adds the
and the 16-byte subcode data SC to the

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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20 i nformation is produced, the type of the user data, and so on.
I this view point —t-hese 2080-byte data of the first fifty-two——

frame data bl ocks (INFO1 to INF52) are referred to as "an

i nformation data." The 320-byte data of the follow ng frame
data 25 bl ocks (1 FN53 to I NF60) are "error correction code (ECC)

check byte (WOPST¥ed to check the accuracy of the | PERSIPR600BHh dat a
and to correct the information data when

14 - WD 96/ 32716

PCT/ JP96/ 00877 any error is found. The data of frame data bl ocks

INFO1 to dtol %?a%g n%a anglo%d Bob{(él pdogl, eb”lezod%g@et Qgi‘%ﬂ?o  educe

vari ous netho e presen nven

the correl atiop;gf datéozbefé/&ﬁraﬁ@l ¢BbehENSect A am ra%og dephpeds TR or
sectors Sm Thi s randoni zati on process wl escribed in detail

later with reference tThe scrambiiegss504 wdc&mé&ﬁea tdeathehBcei chddier, t he
same synbol s of Sm FRf, RSf, PAf, INFf, PAf, HD, SC, UDf, CBf are
used to biyhe generansnh 3 tor tequeatialivdreneiMiagr sher framerier RC

5 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

10 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
15 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

20 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

25 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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10 and the data bl ocks recorded to the corresponding re
f+etds- —Referring =
data for recording to the frame data fields INFf of sector

cordi ng

t he

Smis

shown schematically. The information data of 2080 15 bytes are arrayed

check
orrection
codes (ECC) each having 120 bytes long, including 104 bytes of
pr epar ed.

104 bytes [ nd 20 bytes per colum. The 16 b
byte CB argsgaggﬁhfb each row. Thus, twenty rows of

i nformati on byte and 16 bytes of check byte CB per row are

The total capacity of the frame data block INF in ~each sector
thus 2400 byt esrmhf€edds06 LHHbrNERed0to the optidll MidudatdahadkibreSC,

and UD and 320 bytes of check byte CB for error cor

¥§O C

20

rection.

Thi s

error correctiaooa (BLigodsi sshizth driveswshasoptical mbdulatee c0db babej.
32- byt es of header and subcode data HD and SC in the information

dat a apa btheaframe Aata INFisthgrgfze®ond col ums Cl
- 15 -

and C2

Referring back to Fig. 5, the main controller 130

5 controls the recording apparatus WA to drive a blank disk

RC’ having a photoresist layer at a rotational velocity

inversely proportional to the radial position to maintain a

constant linear velocity (CLV), transports the optical head

104 at a moving velocity inversely proportional to the

10 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’.

15 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

20 developed photoresist layer bearing the information thereat

is produced.

A stamper is produced f£rom 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

25 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

- 21 -
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WD 96/ 32716 PCT/ JP96/ 00877

starting fromthe t+ep—t+eft—in Fi-g—4+ wWith the-8-byte_user dat a_UD01_
witten to the |ast 8 bytes of the second col umm remai ni ng. Thus,

the 40 bytes date for recording the first frame data bl ock INFO1 are
arranged in&’hﬁgf’l rst and second 5 colums Cl and C2.

The data forVPR¥&ond frane data field | NFO2 are PCHTIMWSIT  he
third and fourth columms C3 and CA4. Herei nafter, data for every
frane data field INFf are arraigned in the followi ng two mating
columms starting odd 10 col um nunbers. Thus, the data for recording

all the frane recordlr%'its%sz'aﬁédéf:(ggyt 3 M&(& ag%ghugk_g]g thﬁn}ge h%a,t a

UD01 to h the chec are prepared t he

matrix of 20- bypeiddNeridks R2OchYyef6p! teproduction ubel 5£e5§@é§ufaiﬂt 15
- Referring to Fig. 5, a recording apparatus according to the present

i nvention for TReorepragudtdon from thislaypredfdapeicalt HkskeRC owilOmbef an
optical di own. This optical disk RC is an alternative

of the it sk F%%R?%%HeQM%ﬂgeﬁcwﬁFhF¥ﬁfeH?n%ﬂqu:f%s -t }8e of data witable 20
(ur it recnn, i Bt L RS Yo 7%,
recording appaééﬁf&bdyiﬂﬂaﬂsgdﬁﬁdafgféﬁefmﬁégalled 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
10 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.

15 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

20 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
25 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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102 for supporting and rotating the optical disk RC of Fig. 1. An
opH cal —-head—104—+s—p+evided for optieattyp—2o———writingthedata—onr+he—

disk RC. The optical head 104 has a light source 104a, an opti cal
nodul at or 104b, a focusing unit 104c, a half mrror 104d, and a
phot o detector 104e. - 16_- WO
96/ 32716  WO96/32716 PCT/ JP96/ 00 8HGTHRIC00877

The light source 104a enmts a |ight beamLs toward t he optical disk
RC through the optical nodul ator 104b, the half mrror 104d, and
the focusing unit 104c. The optical nodul ator 104b is driven by an

optical modulator  Sppe :ﬁ{:.t\i%ght guéo eﬁ@ﬂs;éc&t 683 5RCcShheBPkE €5 Gd tting

angle to prevent t I vi ng enough recordi ng power

from reachi ngrph@aedtisderlieth Ror. rkBeiting ilv.addi@ess signalOgal at or 104b
functions as an OV OFF switch of a source of i ght beamLs. 10

The phot o det thevefrdre rBueiirdsiafevhlydtgemmraidrs 602 generafeéscard from
the optical disk RC through the focu5|ng unit 104c¢ and the half
mrror 104d. ABLiEERE YL ignid SI based on the address signal SA.

5 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.

10 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

15 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

20 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.

25 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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above with reference to Fig. 16, the photo detector 104e gener at es
pi'l ot signals Scl,—Se2—Sc3, and—Se4; 15 —+especti vweby according te-t he
spot area of |ight 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, Sc2, Sc3,
and Sc4 to MMPU6, focus error signal FE. A 20 f ocus PEEAPI6OMTE, 108
is connected to the focus error detector 106 for receiving the focus
error signal FE therefromto produce a focus control signal FOD.

The focusing unit 104c of the optical head 104 is connected to the

focus control&% elgﬁnéoihﬁfqﬁééﬁ?% b%ﬁl gg ?%C%%ggﬁgﬁ I %E nm

therefromto na e correct posi tion.
- 17 - Therefo¥®, Wﬁﬁ?gl@ecelw.n this high level signal SS, the

PCT/ JP96/ 00877 A head position detector 112 is provided
for M-sequence generator 603 continues to generate a randomized
signal SR based on the initial value signal SI from the
5 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

10 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,

15 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.

20 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

25 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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detecting the position of the optical head 104 with respect to the
ratt al di-reetrormrof—the—opti cal —ei-sk—RE—te—produce —head—poestti-on
signal. A disk nmotor controller 114 is 5 connected to the head
position detector 112 for receiving t he head position signal, and is
connected tQ t | sk nmotor 102 for controlling the_r t t her eof
properly 8’ %ﬂi £ed on the position signal. P&M not or
controller 18 is connected to the head 10 position detector 112 for
receiving the head position signal therefrom and is further
connected to a feed notor 116 for controlling the velocity thereof
properly basegyihnle switbB$ngOsid) fﬁﬁ”ﬁﬂstructing the scrambl& &g30ur ce
120 such as an original sourcé video tape recorder 1s provided for
suppl yi ng an 5 iggiaxd or stop théOs@@&mhﬁlﬁﬁﬂdpera&&bﬁsaﬁﬂdtémbéﬁhdﬂké user
data UD, to be recorded on the optical disk RC. The data source 120
can beonlapltd@e@ew-rahlénpqxtmm)f ot rt'émeidatng t he ori gi nal

source data fromthe eéternals data formatter 122 is

connected to the dat &€ erringsﬁ%r%jeg'lﬁ) fedte F@&éil@ﬁﬁgsi;ﬁ‘é"’i}é@ faitkeuD

t herefr to th f. fra Ff_as bei

random ;E;‘d M"'Beq‘ﬁ'eorﬁ S %girggégglédggg %%ﬁreg'il} ng:lbwgé% h@l é‘h’b"‘br’f"ﬁg‘{] ecord
tracks TR, OrgSECtHE tH® ihREi89NFAL Iaé{]._q,zo%@at hﬁ& ? of the data
formatter 122 w11 be described soon er wt erence to Fig. 6.

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

10 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.

15 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

20 (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.

25 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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A-main controller 130 preferably constructed-by a ———mcro processosr—-is

connected to the focus controller 108, the di sk notor controller
114, the feed notor controller 118, the data source 120, and the
formatter 122 by a bus 5 for exchange various signals therebetween.

It is needl &¥@9632716 to say that the main controller 130 PCTIP¥WOREJ f or
t he control of an entire operation of the recordi ng apparatus

i ncluding all conponents other than those specifically described in
t he above. 10 Referring to Fig. 6, the data formatter 122 of

Fi g. 5 is shown. The data,{ormatter Lnclu h r ta

gener ator 502, PHEFESELFEEKS f‘gl%\gn%lfléﬁrﬁedé%zfmaggﬁgg%?%?%' q"%'§04, a
modul ator 505, ; 20di A fyA! hERALSE &0F-th £ The headesan
generator 502 %s cgﬁhectgg %% t he data 15us gggﬁfgeeizﬁn(Fig. 5),aWﬁFch
My be a nmagnedaa Brlhalinge15-bits coBfespiriingngot BRiSrd divd omformation

data as the user data UD therefrom The header data generator 502
adds the inph8: mAdressadataHBh aviicnechibhdest etsabcbatexival &C eighthe
5 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
10 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
15 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
20 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
25 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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beglnnlng of each 2048- byte user data UD to produce the 20 2080 bytes
0{: I I]I Uflrﬁ.Ll UlT uo.Lo. f
connected to t he header generator 502 for receiving the resulting
2080- byte information data HD, SC, and UD therefrom The ECC
check byte gfnerator 503 generates 320 bytes of the ECC 25 check byte
CB, and add¥WQ¥3%7eheck byte CB to the 2080-byte i nPSTHEYYS% 7 dat a.
Thus, the frame data I NF, corresponding

- 19 - WD 96/ 32716

PCT/ JP96/ 00877 to the data matri x of 20-byte rows by 120-byte
col ums _of Fl Ogotl dfli RHEOENrEY LPaOPC PAAIAGEPER! Gnll ERET CU-

The scranbler 504 is connected to { byte generat or 503
for sequenti akh!né@ﬁ@h%f&azt he iip-Frep Pr14 Q@éacérﬂfecfﬁeaﬂtwwéeassm ng of
the first colum Cl1 of the data matrix of Fig. 4. The scranbler 504
effects poranandi zs8 i mportnf relspetdnelgat af | e binisdadniviailng t he 2048

generator 602. These flip-flops FF0 to FFl4 are also
5 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,
10 Sf4, and Sfi14 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,

15 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 SS is received

20 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.

25 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

- 27 -



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 10 __hytes of subcode
SC data. Details of the scranbler 504 wi |l be described soon |ater
with reference to Fig. 7. The nodul ator 505 is connected to
t he scranbler 504 for receiving thus random zed franme data I NF
therefrom WO9R2Tfhe nodul at or 505 nodul ates the randoni zeRCTIPR6R0O8TAL a | NF
15 usi ng a known nodul ati on net hod. The frame formatter
506 is connected to the nodul at or 505 for receiving thus nodul at ed
and random zed frame data INF therefrom The franme formatter 506

20 ' the begi FRTRGORGR REFOIBIREEERERE 4 FHY ABASAFEEondhe sake
formatt er 506 SEpinGa e 18 exkPEEhP-of Aok eBRaTsa' Bbnnecreg CIFHR
257" user dat 3T Bt BoC Shebk byt c OB Ars Conieri el Tl g e
t he data suit abigndbrSfrcasdianpibnsigeal $¢ athedeRfroof. Similarlyecotdiery
sector Smof the optical disk RC . The franme
- 20 - 5 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,

10 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
s;gnal SR. This randomized signal SR can be expressed by

15 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

20 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

25 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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for ' to t he opttecar—toe-at+on-driver 110

(Fig. 5) which drives the optical nodul ator 104b based on the frane
data | NFf therefrom Referring back to Fig. 5, the main
control | er 1&% g’ controls the recording apparatus WA to drive a bl ank
di sk 9643 ang a photoresist |layer at a rotational

i nversely proportional to the radial position to maintain a const ant
| i near velocity (CLV), transports the optical head ~ 104 at a noving
velocity inversely proportional to the 10 radi al position to maintain a

constant trackyRii&th 80d g the sHHE$§§£§ﬁeEé¥3Jé“f%p§kgyegﬁfﬁgﬁ?0§%iPal

beamemtted from an ar gon pton, or other [ase urce

according to t ihesifgaat EREluspvé-OR Gaddie shsamBetobrmst £ D0Gy O
record the signal to disk RC. 15 Not e an optical disk

RC only for theiteexglhisive-OR ppprationiom thee filippifippr edtpatfbit 96.

After the recording surface covered by the photoresist is conpletely
exposed to theBRRsEhe |[93hR Bi&aPPngapfcontphisia isdPglenbit resulgiaxk as

e SRR TR T R M N
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, |

10 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.

15 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

20 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.

25 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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A stanper is produced fromthis source disk by appl ying a nickel

plating thereto. Aplurality of resin —di sks each_.hayving a substrate
of 0.6 mmthick, which are 25 duplicates of the source disk, are from

t he stanper by utilizing an injection nmethod. Then, suitable
reflective material such as an alumnumalloy is spattered to the

- 21 - WO 96/32716 \\D 96/ 32716 PCT/IP96/00877

PCT/ JP96/ 00877 recordi ng surface of the duplicated resin disk.
Thus, the optical disks RC only for reproduction use are prepared.
The reproduction fromthis type of optical disk RCwll be descri bed

| at ith f tQ. g, 10.. . Th [ d] devj b

of various knote ELt-ehigsbe slinial watus BT geeh She BERF | LIS AaR fon
th foi 1o b h Itk re ' rrier
al gge?rayl Ee vafrf%%?ﬂlgncﬁné %g%?%gﬁg?%g%%ﬁﬁéaﬁhtﬁﬁf eg}% B bgit%;‘/apes of

optical disks s¢saniied idatd brkeblypittidd rffcd emee exéusivéd ORiderakds,
18B, and 18C.

605 can be expressed by the following equation of

5 D'’k = Dk @ 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

10 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

15 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

20 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

25 ugsing this M-sequence generator with a period of length

Lp=32767 bits.
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The optical disk RCL in Fig. 18A has a single recordi ng surface RS1
el 4 - o . : \ .

18B has two recording surfaces RS1 and RS2 di sposed on the sane side
thereof. 15 The optical disk RC3 has two recording surfaces RS1 and RS2
di'sposed on the opposite sides thereof. Referring to Fig. 7,
details of Wh¥6anbl er 504 are shown. The scranb|¥TA cl udes
an | D data reader 601, an initial value generator 602, a
maxi mrum | ength 20 shift-regi ster sequence (M sequence) generator 603, a
counter 604, and excl usive-OR operator 605 (a nodul o-2 adder) .

205 (Pl o &) farcr codhel ReCARRCGE et Gudd ErpClini a1 vEIRE DY Donerator
therefrom Thgsd At de18qder rhOlgector 16 ikhappddk BRsc &0y % . 1

i dentifying the sector address from the header bl ock and pr oduces
an address simwalwh#h the record carrier RC’ has a diamete?2of 120 mm, a WO
96/ 32716 PCT/ JP96/ 00877

data track region from 25 mm to 58 wm measured on the
5 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
10 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.

15 8. Therefore, the initial value SI changes every eight
sectors. In this view points, the recording track Tr can
be divided into plural regions each having eight sectors
wherein the same vale of initial wvalue SI is applied, as
best shown in Fig 1.

20 An example of the initial value SI suitable for

scrambled data generation is shown in Table 1 below.
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The initial value generator 602 is connected to the | D data reader
601 for receiving the-address -si-ghal SA ——therefrom_The initial value

generator 602 generates an initial value signal SI based on the
address signal SA. 5 The M sequence generator 603 is connected
to the initial value generator 602 for receiving the initial value
signal Sl th¥P&PFME Based on this initial value signal PCT/IPS6M08T e
M sequence generator 603 is set a predeterm ned operation state. 10
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 currentl| ceiving frane data INF. The,
counter 604 | /] s. _The | evel
15 si gnal bebapes| hi gh ®h¥nct he fijr sttp3® byt es ofr.fr.agne dat a
| NF have been Beunegi--gRrde |-t mwhren-4he-dnextw.236 £2A400Q....5 ) bytes
of franme data faP&@ been codth ed. b3 THh& [neans t®dt the header and
subcode bl ock 0001 rrp=mind t he
next data is t{he begi nning of thdg usér dafa UD a % che byte CB
of Sfrange daila to}be scepobhed. |4 | nneedljess tosegont hat tihe
byt e nunbers ' ' laccoding o the
actual data fdfmat2Bf the fraRBo%Rta tofjbe ORR scr anbP2eh

3h 2A00h 0Bh 2001h

4h 0004h oCh 0040h

5h 5400h ODh 4002h ﬁ

10 6h 0008h OEh 0080h H
7h 2800h OFh 0005h

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

15 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

20 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

25 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

- 32 -



25 The M sequence generator 603 is also connected to t he
cotnt er 664—For—recetvtrg—t hat | evel—s+gnrat—55~———t-heref+~om—Fhe—

M sequence generator 603 outputs zero until

- 23 - WD 96/ 32716

PCT/JP96/00877 receiving this level signal SS having_the high

| evel . WO GRSt or e, duri ng receiving this high |evel s‘f‘é‘Fm t he
M sequence generator 603 continues to generate a random zed si gnal
SR based on the initial value signal SI fromthe 5 initial val ue
generator 602. Then, on receipt of Iom1|eve| si gnal t he

\ sequence gengipleds M3CA! PRgidlrared by AHASRELI 8 8&9&1&&@%“ zed si gnal
and generates zero, The

excl usi ve- OR %ﬁtt%n%% tﬁeqer@aﬁieafbet @ehaeatég's pé&mm%:&ew at or

603 and the ECC check byte generator for receiving the
random zed (orsizxteenval specifit=ll iR the distandethetweemmrhhﬂxnﬂdwil
respectively, therefrom Since the excl usi ve- OR operator 605 nakes

an excl usi ve- ORlngsr ofi A01h and 5500h is 2048 (32768/16) bits. In
5 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

10 (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

15 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-

20 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

25 header HD is not scrambled because it cannot be unscrambled

during reproduction if the initial value is not known.
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wWith respect to the two signals INF and SR i nput thereto, 15 the frane
data I NF is therefere—nret—scranbled-until the—— high | evel signal from _
the counter 604 is received. These unscranbl ed frame data | NF which
are the header and subcode SC are outputted fromthe exclusive-OR

605 to the nodul ator 505. 20 When the high |evel signa

SS i s recei VRS t he counter 604, the M sequence REINEIHNOSHT 603
responds by generating a random zed signal SR based on the initial
value SI supplied fromthe initial value generator 602. The
excl usi ve- OR operator 605 then perfornms an exclusive-OR 25 operation on

the frame data | NF an he .random zed _si gnal SRin.1-byte units, and
outputs the result. |ﬂh%rﬁ%Piﬁ data’ st gﬁiﬁ}?otWQFI%ﬁﬁﬂmQ$%5n§F°§EP?ron1the
counter 604 i spa

- R V\D
ubcode data SC ds the t £ .
96/ 32716 subcode data SC records the type of ddta, e/g., audio
scranbl e swit &t Rgdebgdataf cdnd Ui Faitag ibhprecépdil L r&Fhble withb@r Start

or stop the scranbling operation and to scranble only the desirable
portion(s) of neguiging. descrambling. It is thus possible to scramble
5 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

10 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, '

15 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

20 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

25 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. 8, the detailed structure of the 5

M sequence
and the initial

gerer ator—608—togetter—wth- t he |-D-data—feades 601,

val ue generator 602, and the excl usi ve- OR operator 605 are shown.
The I D data reader 601 i ncludes twenty four of output ports b0 to
b23 each for outputting the address data which are read fromthe
header 10 WOMAME HD. These twenty four of output ports REFEPIMBY are

sequentially arranged in the order starting fromthe |east
significant bit (LSB) to the nost significant bit (NMSB)

In Fig. 8,

the LSB (b0) and the MSB (b23) are |ocated on the right and left

ends of ID data read fgﬂr' ; h %%&%ta.r der
addr ess i nf orﬁ%?l on l\ﬁrﬁl(i&ﬁ Fégénégbfa%—ha:lé ec%rllvce g@n??ﬁ

nunbers in thechradeéergadmmiRr td kel TBNMBaRl Feddix fd‘diimof6

check byte generator 503. Then, the ID data reader

0

Fig

1

601 reads the
Bot839%%t or

. hhe ECC
sends four

bits from t heihcorpbracederentie lscranblerdsos 29 showrh3 -ThebXpofatfus read
address information as the address data SA to the initial value
gener at or 602Te8fREC6PHR sends fougybiks| Swemtnot tthdFoursh tor eeventh by

[ [ ' ddr, SA t h ' by one) at
R o R IR DR (R
generator 602 ai3gekud ea?nfd:.i:ﬁaQﬁ%nOfGaasC ﬁhforadgﬁ%ggtc%a% tex &Ottlh%

for the sake of brevity, putting a sing

ho
§

fifteen of ouwplihe generator 602. The fifth lowest bit (b4) is

wa iln,Fig. 8

Pttithese

incremented by sixteen (16) causing this address data SA to

change (increase by one) at an interval of sixteen sectors.

10 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 the initial

15 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

20 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 reader 601R of Fig. 19 is

25 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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PCT/ JP96/ 00877 ————ports are—sequenti aldy—arranged fromthe MSB 10..
LSB. The initial value generator 602 thus generates an initial value
data SI having 15-bits corresponding to this 4-bits of I nput address
data SA whicg{gggaggs at an interval of eight 5 sectors. Therefore,
the fifteen B9 initial value Sl changes every ePGRIPSHLETE, S
according to the address data SA. Al t hough, in this
enbodi nent, the address data SA and the initial value SI are
changed, or renewed, at.an interval of eight sectors, any other

sui tabl e nunbegggﬁ§1§ r?lnd%mmgat % gﬁr g%lsue %r é#ntf_etr \é_g% gtggnaxpg %gopt ed

for renew ng er ne
sect or &atetagé éhi&ﬂlﬂsgrﬁub&abkﬁsﬁeéﬁiﬁéfﬁﬂ accordlng to the

nunber of sectors Smincluded each round of track TR, such 15 t hat the
address data SA is rerBwae atesudssarenebtaimeddy a computerosirduldtidrack.
The hAsequencepggng;gégruéggiIé%ep%gaggssgg conditions. The zero value
5 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
10 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.
15 Based on the above comparison result, the
correlation between the signals in neighboring tracks can

be expressed by the following equation of

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

wherein M=215-2; 3" represents delta function; and "7"
represents the period for one byte length when the
20 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

- 36 -



configured in a formof shift register having a pr edet er m ned nunber
Y=ot st-ages—+Ha—t+ht+s—enbodi nent, t-he—20——M-seguence-generator 603 1s
preferably conprised of fifteen of flip-flops FFO to FF14 formng a
15-bit shift register wi th feedback, wherein said predeterm ned
nunmber X is fifteen. The ninth to thirteenth flip-flops FF8 to FF12
are not shdWR293F71§ g. 8 for the sake of brevity. Each of l2":"">r‘£"6’1’q"?’p-fIops
FFO to FF14 is connected to the correspondi ng out put ports of the
initial value generator 602 for receiving a single bit data

t herefrom - 26 - WD 96/ 32716

PCT/ 1996/ 008Tdugy: values and, che, pbPLSobUR IS biekShalithl ! (P11 0p PFO

and t he I fteenth order f 14 are connectetl to the MSB

port and LSB geftesparidiafy ititeY, RbotéhehdtidhellriwRl dBnstant f@engéat or 602.
These flip-flops FFO to FF14 are also 5 connected to the counter 604

for receivi nghohdingrissides to 0.55ssetaddng signal SS therefrom These
flip-flops FFO to

The period of the M-sequence generator having 15

5 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.

10 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

15 the entire period range. Note the lines Crl5 and Cri8
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

20 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)

25 every eight sectors.

Referring to Fig. 10, a reproducing apparatus for

reproducing the randomized data from the optical disk RC of
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FF14 make operations based on these input signals and out puts the
operation result as—sighals Sf0O-to-Sf 14, respectively, as shown i.n -.
Fig. 8 wherein only signals Sf0, 10 Sf4, and Sf14 are shown for the
sake of brevity. The M sequence generator 603 further

i Acl udes an excl usive-OR gate 701 having two i nput ports connected
to t NNOWRTIGt ports of the flip-flops FFO and FF4 f ®CTPI6O0877
receiving the operation result signals SfO and Sf4, 15 respectively,
therefrom The exclusive-OR gate 701 has an out put port connected
to the input port of the fIip flop FF14 for transferring its

operation res th_ th t si.gnal s S{g) d.Sf her

When t he scra#%ﬁémémf?cﬁ S|g%§1r§§r°§ Féggl TS ﬁ@ﬁﬁ?ﬁg gﬁ%ter
604, each bit Qigk! heebP ibﬁ" M Ui sR a8 contron&e nw tirhle ¥abkye
generator 602 Is set to the correspondi ng l'ip-f ops FFO to FF14 of

the M sequencenciefenatorah@3the feed m&erl\/baﬁﬂﬁem:er gETeE da® a@@3 t hus
generates a random zed signal SR based on this initial value SI. 25
The excl usi ve-sORsgpotaadly coise | sanedss thioght off the recoxdigiaigapperarugat es
605a to 605h arrayed . fromthe left to the right side in Fig. 8,
wherei n Bhe et 6% Fé9eorgat es - 27 -

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

10 light source driver 146 connected to the main controller
130R is provided for controlling the operation of the light
source l1l04a.

A preamplifiexr 142 is connected to the photo
detector 104e for receiving the pilot signals Scl, Sc2,

15 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

20 142 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

25 to the controller 144 for receiving the optical head

driving signal TRSD therefrom. Based on this signal TRSD,
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605bt0o 605y are Tttustrated as onrty—eonre—gate—+or—t-he-sake — of
brevity. The exclusive-Or gate 605a is connected to the out put port
of the flip-flop FF14 for receiving the result signal Sf14 as a bit
signal SO therefrom Simlarly, other 5 excl usi ve- OR gates 605b, 605c,
605d, 605e, v@bgrpz l8059 and 605h are connected to t ports
of seven flip-flops FF13, FF12, FF11, FF10, FF9, FF8, and FF7,
respectively; and receive the signals Sf13, Sf12, Sf11, Sf10, Sf9,
Sf 8, and Sf7 as bit signals S1, S2, S3, $4, S5, S6, and S7, 10

respective!y,ghgeEgL&0ﬂgtor controller l%ghgﬁiv%{sequ e%%Fm%hé?a?gth%S7 of

t he random ze | ~'generat ed nce 3 are

supplied to tbasgﬁsbﬂsw@ éiﬁufzmr ae@t Qeénaéo;.%@cﬁﬁﬂdom Zed si gnal
SR. This random zed signal SR can be expressed by the foll ow ng

equat i on of The opt3ieal Bead 104R is further connecté&)to the
wherein "k" is an integer within a range fromO to 7. These
ei ght of the ERBFEILIer G4 o regeivingcthe focus coptaod| sdgoshnBePed to

Lhe out Ut por s Bhe 8y E e M8 o gnlY i A o 5004 S5 V1 10 2
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
10 142 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
15 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
20 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.
25 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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of the user data UD, respectively, therefrom resulting in the 8-bit

(1-byte) random zed—data—Thus, -etght bits (oere byte) data DO to. D7
fromthe ECC check byte generator 503 is sequentially sent to the
excl usi ve- OR operator 605 byte 25 by byte, as one byte user data Dk.
The one byte user data DK can be expressed by the foll ow ng equation
of y WO 96/32716 ) (1-byte) = Dk (2), PCTIJP%R%GW

- 28 - WD 96/ 32716

PCT/ JP96/ 00877 wherein "k" is the sane paraneter as in the
equation (1). The first exclusive-OR gates 605a perforns a

and the data " BDreangaBeR o €2 PG WAL B Bokppacd U WP b e

bit DO0. Sinidcardnbledash-piteot hedddxainisndestBeode sc, EELHO5D to 605h
perforns a bit by bit exclusive-OR operation on the flip-flop output

bits S2 to S7 stmantied user datd pild dnd schatk- bptef CBnthdmeffam.check byte
generator 503, and outputs the 7-bit scranbled bits D1 to D7, 10
respectively. As a r&bgl feserambley idi02c rerdgpEhe afdmres from the

5 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
10 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
is 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 readexr 1201 reads the
20 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
25 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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performs a bit by bit exclusive-OR operation on the flip-

flop

OuTput DI TS SHIZA (SO T0-Sf 7 (S7) -ard—the—erght—bits

POt DY

=0

outputted fromthe ECC check byte generator 530, and outputs the

8-bit (one byte) of result data DO to D 7. 15

Mor e

speci ficall xcl usi ve- OR operator 605 obt ai ns sive- OR
of the initlaP vaﬁﬁe SI set to the M sequence genergkﬁﬁmgéﬁbgnd t he
first 1-byte data Dk i nputted fromthe ECC check byte generator 503.

Then, the excl usi ve- OR operator 605 shifts the shif
conprised of fifteen flip-flops FFO - FF14 of the M

t register 20
sequence

generator 60318yeDdcadid detitdtaalial BRitBRing signfXFtloVeneRMof said

one-bit-shifted initial value SI and the second 1-byte data Dk input
fromthe ECC segeéndsgtgenerator ge0drat Dhe SdSscratible switchingTbggnaliter,
each time the _shift register conprised of flip-flops FFO - FF14 is

shifted one bPP, ig h@%may@iggly the_ gmme s dthe s0Bmpddng obt ai ns t he

: . ; S3Tg:
S)é/c le,g?'lée R 8l188hfhng signal. Therefore, the denepaydE Gyareh signal
5 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

10 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.

15 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

20 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

25 generator 1203 is essentially identical to the

M-seguence

M~-sequence

generator 603 shown in Fig. 8., Specifically, the

exclusive-OR of the outputs from flip-flops FFO and FF4 is
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one-bit-shifted initial value SI and the next 1-byte data fromthe
ZCC check byte generator 503. Thus,. the one hyte ——scranbl ed data-D.k
outputted fromthe excl usive-OR operator 605 can be expressed by the
fol l ow ng equation of 5 Dk =Dk [err] Sk (3),
wherein "k" is the same as that in equations (1) and (2), and
"[err]" is AVOPHR3I6 of the excl usive- OR operator. PCTIPISABT7 t hat

t he M sequence generator 603 shown in Fig. 8 is a type of
shift-regi ster sequence generator, also 10 known as a maxi mum | ength
shift-register sequence generator and t he sequence out putted by

hi f d h !
Simply nh - obfained by a6 Sxcliaiie s Bar AN pEIELRPRE iR
generator 603 jggifie b aqlrf%q&g emsg(l §pf4<prefe°eeqem Leesa;}fithat feiel % ng
equat i on of [err] + Xerr] + (4).

The M sequencedged efedder ﬁQ@lha&ha ihitideradle beneratorrfmz.t &he
resulting in an output sequence with a period of l ength Lp = 2[err]

- 1, or 32767 extkusive-QR operatout 820% hatte a2Fo subsbankially videRigfalt he
random zed data SK and the 1-byte of scranbled frame data Dk is
obt ai ned ®ach P neheReFESRPonding C%P?Qerffégiw é&nﬁﬂ-ﬁseﬁ ofNe%e hatops

T wiorat 'S ehe xRNSR o0 RS Tavs B B o,
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 -
10 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-
15 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

20 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

25 simply dust and foreign matter on the record carrier

surface.

- 42 -~



25 using this M sequence generator with a period of | engt h

Lp=32+67bits- WO
96/ 32716 PCT/JP96/00877

The nethod of setting the initial value Sl is descri bed bel ow. The
Séct or Iength I S :%proxinately 6.1 mm when the record carrier RC
has a di amet™® 20 Mm a data track region from 8 mMm
measured on the radius, a linear density of 0.3 [err]nlbit, and a
sector length of 2530 bytes in view of the data length. In this
case, there are approximately 26 sectors at the inside

CrCunferEnce: 1, AD SULERSEY SERSRAA Bcll o MepUAdLiy appagarus
The initial vaineenRs deat Sddredsnp@satdtely)i tslc&bmble and Vdéstiranible
according to the values SA of the fourth to seventh |l ower four bits
(b3 - b6) of trelimdiygseveaawhéy there is signal dropout or dust and
. foreign matter on the record carrier surface is described
5 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
10 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
185 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
20 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
25 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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the 1D data reader 601 as described with reference to Fig. 15 8.
Therefore, the initial—value Sl -changes every eight . sectors. In_this
view points, the recording track Tr can be divided into plural

regi ons each having eight sectors wherein the sane vale of initial
value Sl is applied, as best shown in Fig 1. 20 An
exanpl e of tW@R7L6 al value S| suitable for scr anb | REXAPIGETI
generation is shown in Table 1 bel ow.

- 31 - WD 96/ 32716

PCT/ JP96/ 00877 Table 1 | D.D
ISI V.G FOﬁLﬁP ' deck by&ggig%hg‘rator 50%%%1& 2 scraﬁbﬁrs | 304 are ?ﬁ - b6
5500h

10

15

20

25

f&blaced by eachOBPher. 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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2h 0002h 0Ah 0020h 3h 2A00h

Bh— 266+h 4h- 8664k -Och 0040h——ox
5h 5400h ODh 4002h 10 6h 008h

OEh 0080h 7h 2800h OFh 0005h

The table 1_is conprised of two, left half and right half rtions.

The left deP’ﬂ@Pﬁ?on I ncl udes two maj or col ums ?i?FgﬂmﬁgmggD.D."

and "1-.V.G" at the upper 15 row, respectively. "ID.D'" and "I.V.G"

mean the I D data reader 601 and the initial value generator 602.

The "ID.D' colum is also titled as "b3 - b6" in the | ower row and

i ndi cates the val ue [ 05 Fig. DEX | el RMeWRhehgl
outputted fromthe pgg%ggéigﬂggtOZOlg Eg'gggﬁﬁe fb ata reader 6%?? The

"I .V.G" col ufBrinat8e501100 of Fiigl.| @3 48 sBbwni n THe dlverhativeaddta

I ndicates the initial value SI (in the hexadeci mal systen)
correspondi ngdeforhatter 1100R: wexoirdingt he thislatmbodisdat ,6@hclnudesated in
the left colum. The right half portion of table 1 is the 25

subst ant i al | y thReSaBfecemPenRntSOf fAPFepdRt Fhp data deformatter Lp0fh; s
exanpl e, ot he PRt LAl HehHE 791 o3 haOkne Boc aecides® LB ScES SF, 1O
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.
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
15 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
20 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
25 address.
As described above, errors resulting from signal

dropout or similar factors are corrected because the
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nunbers which i s gererated—by equatly divi di rg—t he summati on -of-—the—.
M sequence generator's period and one by si xteen. Specifically, the
di stance between the initial val ues of 0001h and 5500h is 2048
(32768/ 16) bItS In 5 ot her words, 2048 bytes of data can be

randoni zed. WO 96/32716 Since the initial value SI chan8STHEOM7di ng to

t he val ues SA of the fourth to seventh lower four bits (b3 -

b6) of the address read by the ID data reader 601 t he initial value
SI changes at an interval of eight sectors (every eight sectors).

Ther ef or e, %ﬁd&%ﬁ&hfssﬁgghcgfébffk decod£ﬁ§°rQQ%’a'£e II Qﬁerandon1zed

across 128 (1 sectors rthernD e corre atlon bet ween
signal s addeeskdsdcan 1Bélj PeRDtwidh ekcghbent ngeliawkiityl,! knBethe
extrenely | ow because the maxi num nunber of sectors per 15 revol ution
of the record sigmalecafR(beirelinkslyedesoirambied, although \saeshatsmore
According to this exanple, the header and subcode data HD and SC i s,
as described AH¥®eisnseauiresifieead the agdxees vhen £apages wathethei on

ey eX'SE bEtQF%%ttggboglment 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
10 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.
15 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
20 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
25 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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20 byt e header HD, subcode data SC, re-sync pattern data RS, and

pestanble—data—PAfrecorded t 0 adj-aceft—itaelks—h-the —fradial

di rection. However, the length of the recording areas for this data
HD and SC is | ess than 100 [err]m and there is therefore no

piacti cal problen1 Note that the 25 header HD i s not scranbl ed because
it cannot b¥OIFRFI& DI ed during reproduction if thePFHIRISO¥87] 5| ue is
not known. - 33 - WO

96/ 32716 PCT/ JP96/ 00877

The subcode data SC is al so not scranbl ed because t he subcode data
SC records th | d a2y this
data is prefe?a%%Sg%égﬁ#kqaﬁes 3 d ?QUQ £s recordéa'éﬁ ggsgrgﬁ ltng. It is

t hus possi bl edéﬂsf@%a.{@é%seitlalli}ecéﬂbﬁéﬁ? é@tt@iescz‘n%aé tDec@hfdrence

si de-effect bein i ncreased tine required for descranbling when
readi ng the track of | ente zahmiea $6. general, the addréssdéscreberided t he
above with reference to the Table 1, the 2048 bytes of data can be
scranbl ed wi tNibpea 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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10 initial value SI. Since the data to be scranbled is 2368

(2400 - 32) bytes per_sector accarding to this_exanple, _the 320
(2368 - 2048) bytes of the data INF is scranbled with t he sane
random zed signal SR fromthe M sequence generator 603. 15

However, as the length of the 320 bytes data is 768 [err]m (320 byte
X 8 x 0.3), woeemMe& no practical problem Fur t her mrcT/IP96MO8TIOL | Ccal
di sk RC has approximately twenty six sectors, nore than tw ce of

ei ght sectors, at the nost i nsi de circunference. Therefore, when the
val ue of 0001h 20 Is set as the initial value SI for the first region
R1, the val ues of ,5500h and 0002h are set for the next regi ons R2

and R3, respectPPFARE "“Hﬁhs an, RefeReFiOh ekt 4t Begauge the seqfrs are
cont i nual regi ons

n 18 (0] e her
regions with respaélfgd h% gggga? %?’?%% l|°c§lrf q.‘g":? qnlt%a%‘ % i ;%al% i sk
RC, and ensurﬁsséa?énééﬂ%qr SsBdntially mzblaucwa%gtw €K 'fd@ldzon of

signal s reproduced from adj acent” tracks.
- 34 - of adjaMer¥5/t3IAcks , and any signal correlation is reduced
PCT/ JP96/ 00877

5 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

10 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.

is 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

20 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

25 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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Referring to Fig. 19, an alternative |ID data reader 601R, very
st+-t+ar—to—+the—+b-data—+reader 601 -of—Fgr==8m——— . | Nncorporated in.fhn

scranbler 504 is shown. The ID data reader 601R se @ﬁﬁgg

not the fourth to seventh 5 but the fifth to eight |pwest

b7) of thus read address information as the addresk

initial WO 8 generator 602. The fifth | owest bit (2T

i ncremented by sixteen (16) causing this address data SAto change
(increase by one) at an interval of sixteen sectors. 10 Therefore, the
fifteen bits of initial value SI changes every sixteen sectors

according to U aule38,031gnSP 1g arge randomizslBebidd Lrddlin;S can

be set in the 'sane nanner escri erencé to the

table 1 as therom adjalEhBUtrdéRE {4 6ridmized, | Gnl75itENR VR tHd Mpaskhe
initial 15 val ue "SI changes at an interval of sixteen sectors (every

Si xt een sect orlgckeidhdocdpt 4PLD) beséd cdurlady \@ilgnalle reproduct failaie zd@oacr 0SS
256 (16 x 16) sectors. The operation of descranbl i ng data scranbl ed
with respect txedueedaddress data SA (b4 to b7) will be described

| ater with reference %0

a simul ation result of3e 1°wtgﬁ%%ﬁ%ﬂé%ﬁ?ﬂ?ﬂ&PegFgﬁgl§h§c£@fer Irg%°%ﬁ fkg' %
random zed  g;ondiUTRCL3anBedC "EAA! §fh P11 NA YORCAUERES SEGRIATOr 603 s
reproduction is also simplified, when the same data is
recorded across plural sectors because the data is
randomized.

10 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

15 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

20 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.

25 Industrial Applicability

The prevent invention can be applicable an optical

record carrier for recording information with a very high
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shown. Note that the ID data reader 601R of Fig. 19 is 25 used for

suppl yi ng t he address—SA—+o t he +n+t+ al val ue- -gererator 602. —4n——
Fig. 9, asolid line Cr1l5 and a dot line Crl18 indicated the

sinmul ated correction fromthe - 35 -

WD 96/ 32716 PCT/ JP96/ 00877

signal s rand O3B with the 15-stage shift register and thEcm”m'iS-stage
shift register, respectively. These result are obtained by a
conmput er sinul ation performed under the follow ng conditions. The

zero val ue data is recorded as the user data UDf. The initial value

5
Sl tt : i,.Qt + Si 3 .
s set 1o gﬁéefa{fv%ﬁe&in thi Sﬁi‘?élf&boy?l ﬁ]egz%l%eﬁeﬁigﬁ§lss eﬂe&%%deuced

Speci fically, ‘he random zed signa

generator is shéwm tshidhbdrang Brivks Sed Waaitidlledr 08tcording té adie

currently scanned by a |ight beam and the neighboring 10 track, it is
presuned t hat pfesejtn gnehidiony siancesedclnfl nedghboring2fracks2isin this
situation, one byte data of the scanned . . track and the neighboring
track i s conpeeeerdethofitfoihe; ppformation which is randomized in

5 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
10 density and repioduced thus recorded information free from

the mutual correlation such as crosstalk and jitter.
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data are the sane, "one" is set, otherwi se "zero" is set as t he
Based—on-the above conparison

Stt—of—evety eenpausen sjslﬁet B
result, the correlatl S5 cdi gnal's i n nei
can be expressed by t il ﬁ@ﬁﬁqua?i on of ?H%r éﬂgEf HﬁgﬁEN

[err] wher ei n NtZ[e represents del {a_f FLALED 54
"[err]" wo M’esents t he per| od for one byte length 20
transm ssion rate is 1.8 megabyte/ second. In Fig. 9, the
value of S(t) is filtered through a | ow pass filter having a cut-off
frequency of 2 kHz, and is held at its peak value. Each peak val ue
thus held are plotted with respe&ﬁﬁﬁésthe vertical axis representing
hel d - - WD 96/ 32716

PCT/ JP96/ 00871, An ogtSdalV dedesaansriiér hprd zd HeraXigsdyr epresenting

corresponding tinme. Note that the tine constant for peak
recording an information (Sm} thereon comprising:

a recording track (TR) formed thereon in either of
5 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

10 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

15 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}.

20 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

- 51 -
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holding is set to 0.55 second. The period of the M sequence
generator having 15—&5——stage -s+Ht-regi ster—is (2[errl=1) bItS and the
perlod of the M sequence generator having 18 sta
(2[err]- 1). Thereformssmeﬂastam eﬁiaeedm val ue sﬁw SEE%%ﬁseﬁ%Ny

si xteen sectors at an interv ectors), al jrost REPLAGER |
peri od of t O ¥age of Ms are used. 10 PCHEMNPEI?—onry
one-ei ght hs of the period of

-stage of M sequence system are
used. As typically shown in Fig. 9, wherein the solid
line Crl5 having | ess the 15-stage resistor is nuch smal | er t han the

dot line Cr18 havi SLELOT Qv the entjg.e riod
range. Note t 2 *4$%rJ§3,%§ anag§%i§ 6§ (gétF 6858 ?%ﬁ? Qé- age
shift resisterggd 4ok S3ge Shlft register, respectively. Thus,
according to the present invention, the M sequence generator having

| ess nunmber of shift resistors can reduce the signal correlation 20
nore effectively than that having nore shift resistors, and al so can
be made in a c®npact ﬁnz@PtinB% zegord carrier d8Fr shdt REh) rasiuwiadgredt f ect

I s al so obtained even when t | D, dat a reader 601R is replaced by
the 1D data reRcriasm 4, wherewpn gadpredetsrainede nHBRES N Th A AAEL SR

(address ;#0 gg orﬁ%%ra %SQB ge&ﬁgrf Referring to Fig.

10, a reproducrng a eprodUC|ng t he random zed data from
the optical disk RC of

| S

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
10 (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
15 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);
20 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

- B2 =
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- 37 - WD 96/ 32716

RSHIPI6/008fF+————Fig. 1 |s—shewr—Tthe—teproduci ng ] O RA

i ncl udes the di sk notor "102, the disk notor controljl é%‘!i' P@@ﬁ
notor 116, and the feed notor I t are su al |y
the same as those of the recorg?ggkafkgéw&ﬁ - WA of Fig. 5

The repr oduWPHR§RI®ar at us RA fu;lmuml (muﬂ 'an op?%!ﬂp‘ma 104R
and a main controller 130R havi ructions and functions very
simlar to those of the optical head 104 and the main controller 130
of Fig. 5. A 10 | i ght source driver 146 connected to the main

oht o gaped Spyeenined Soralng "0 rauam e P BRY L “Connect e (o
t he photo r de, £ror eiving the pilot signals Scl, Sc2,

15  Sc3, an&ngg_g',%g%{’i’?s‘é DI R e

anplifies these pil ot g&+£Mell shA i 94E6LRa i SPGUFEr () with said

randomized number (SR).

5 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
10 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).

15 11. A recording methed as ¢laimed 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).
20 13. A recording apparatus (WA} for recording an
information {Sm) on a recording track (TR) having a

- §3 -
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signal FE, a tracking error signal TE, and a reproduced I nformation
si-gnal . ——— A controller 144 is tconnected t §r gfiifiCL_
20 142 for receiving the foeyssaddtbagk rror sig% ?% §E% HAS BERM

TE therefromto produce a focus ; RD, a tRERLACHD
control signal TRD, and an optijwm “ﬂg g si gnal TRSD.
The feed nDtWOYEIIG ol | er 118 i drifected 25 t RCHIPE6RO8H: 1 ol | er

Q.

144 for receiving the optical head driving signal TRSD t herefrom
Based on this signal TRSD, - 38 -

Mﬁ 9?/33716 _ PCT/ JP96/ 00877

the feed notor_gcontraller. 118 driv the feed tor o] position
the optical heBthX ycé’rfr gfﬁ:?.rs @) Pormef on gpé%??%afe %zé% 104R i s

further connected g the: and re: $OBA' Ol tiir UK of Gpiiatebkang dhigediays

control signal ~and the tracking contr signal TRD therefrom
Based on pat st FaidakpphEhrasd(WARD cdmpriefiinigcal head 104R controls

an information unit producing means (506) for
5 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

10 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

1s 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);

20 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

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

- 54 -
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the Iight beamLs to be focused and tracked on the ai ned

position of

tre- opt | cat—dtsk—RE—— ——A—tenptutat-or— 1101 | s—connected—to the
preanplifier 10 142 for recej V|ng t he reproduced i |
therefrom to denodul ate thereof ékat h&ﬂranble

r écor ded on the oPtlcaI di sk RC nmot or

further cori %0 the 1 for recei

r epr oduced S|gnal 15 therefron1to produce he di sk notor control signa
by measuring the intervals between thus reproduced-signals.

A deformatter

recei ving the em)dulga o34k a %?%%%‘ggr%)t Qs clai egegﬁo& irp I ror

correction an descranbling op
data UD. An ophérdip@didlHeetoy informa€idwe@dznd il rehewdaf @t n@iter 1100

1100 is connected to the denodul at or 1101 for

repro uce

for supplying thus reproduced original user data UD to external

devi ces such
Referring to

intervalhofa gp@esdiesal of capsecond peresieteamihed number (Y)
Fig. 11, the deformatter 1100 of Fig. 25 10 i s shown.

deformatter 12D0Sad|8RRESTE dSder anbl er 1102 and an ECC decoder
1103. The descranmbler 1102 is connected to the denodul ator 1101

(Fig. 10) for
5

10

15

20

recei vi ng - 39 -
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:

- 85 -~
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WO 96/ 32716 PCT/JP964
t he denodul at ed dat-a~+Rwhi ch i-s—cenpri sed—of_not
header HD and subcode SC, and the scranbl ed user da

byte CB therefrom This Shipet 1R der 1102 reéd AHGERS s
fromthe 5 unscr anbl ed head descranbl es the scranbl ed
user data UDVOMPZEWeck byte CB. ranbl ed dat a PCTAPI6/008T3 and CB
with the header HD and subcode SC Is obtai ned. The ECC
decoder 1103 is connected to the descranbl er 1102 for receiving the
non scranbl ed data with 10 check byte CB to perforns the error
correction thereof. Wel! dat F_w,th no error
S reproduced.reproadg¥ﬁ§ sk18 %%?g?€?$ﬁf§€¥%§%§% %féwtﬁﬁadescranbler
1102 is scrinbbed Thef shasnsianb| (Bm) 1£08mhasi ¢ sty i @mhy the same 15
construction, including an ID data reader 1201, an initial val ue
generator 1202, an M xepgeshwsingesaidt onit 4B, value (SI) bassleonl@f®dild and an
excl usi ve- OR operator 1205, as that of | the scranbler 504 of Fig. 7.

I n oper ati on, FERECARFed ST dntprmatiendéSAhe 20 addr ess nunber from

the deanuIated S'gna{eﬁéﬁ&&cfﬂajghﬁgerandomized 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

10 (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).

15 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

20 {16) .

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

than fifteen (15).

- 56 -
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denodul ator 1101, and out put's the address SA to the initial val ue
ge } val u L — o] "y |
initial val ue SI based on the address nunber SA, andg s_?ﬁA BEEN

initial value SI in the M sequéerhiséheePBas B ’¢edt or 1203. = g
The counter 1204 counts the data mnﬁm mlfrom t he denodul at or

1101, and oWQ¥R? | cvel signal PCT/IP96/00877

40 WD 96/ 32716
PCT/JP96/00877 | evel s as a descranble switching signal SD to the
M sequence generator 1203. The descranble swi tching signa

SDis the sub antially he_scra tchlng si gnal .
Ther ef or e, thetq'descrairxrtﬂ"ée&eo‘ﬁ‘fﬁ%'gg%Ef&J a% ?ﬁkgtf%réc%%dﬁﬂ d‘ﬁ‘g\/\ﬁ n _
receiving of RgokinkBioR2 (S} Brdd WNrecordinkNerheg g sector is
conpl et ed, an& Igﬁlmhe% t(e } n§§f°§36§§(2400 -ngg?qbyte of frane

data | NF haveplasality of sexttdr.(Sn), wherein saidhtnfdraefHieRCqsagngsat or
1203 outputs zero until

recorded together with a sector information {SA) indicative

5 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

10 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

15 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);

20 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
25 degcrambling said reproduced scrambled information (S) with

said reproduced randomized number (SR).

- 57 -
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10 this end signal is received. The data outputted fromthe
denodul ator 1101 is_therefore not descranbled until the___; descranhl e

start signal Sd is received, anfhidshed QbBeen ReplacedoUt put t ed f{ridHS tSHEET HAS BEEN
excl usi ve- OR operator 1205 witho descranbl ed. 15REPLACED
Whien the end signal Sd is recei v£EIﬁﬂlw§m§ﬂ nt er 12072 tthe

M sequence ¥O86327t% 1203 respon g a regTPRe8Y si gnal
based on the initial value SI supplied fromthe initial val ue
generator 1202. The excl usive-OR operator 1205 then perforns an
excl usi ve- OR operation on 20 the signals supplied fromthe denodul at or
1101 and the M sequence,generator 1203 | }-b te units, and outputs
t he restPt. A reproducinigapparatys @s FE@. mﬁé,’*‘? A Ffrence

gener at or 1203wherein stésitedj sfe%§8ge§ﬁfgm4 aIO yr)?%iso ehgygagg\g The

n
M sequence 25 generat or 'S esSsent entrca H&' M sequence

generator 603 shouyd) df & s8risBeekfh Caddona hRedetermin®d Chiipbere- @F of the
outputs fromflip-flops FFO and FF4 is - 41

- O 86l BBekftors (Sn).
PCT/ JP96/ 00877
5 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

10 (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}.

e




obt ai ned by an exclusive-OR gate 1301, which inputs the result to an

f+=tp-fl op FFA4A—NeettHess—t+o6—Say t hat—+he—+Dw———- data reader 1201 __the
initial value generator 1202, the excl usi ve- OR operator 1205 are

al so substantially identical 5 to the correspondi ng conponents shown in
Fi'g. 8. Note that t he excl usive-OR operator 1205 includes eight of
excl usi ve- WO9B2TIBR gates 1205a to 1205h. PECEAPISORIT o
reader 1201 reads the address, and sends the values of the fourth to
seventh lower bits (b3 - 10 b6) SAto the initial value generator 1202,
whi ch gener at es an initial value SI corresponding to this val ue.
When t he end signal SDis received fromthe counter 1204, the
initial value SI fromthe initial value generator 1202 is set to
each of the flip-flops FFO - FF14 formng the M 15 sequence gener at or
1203. Thus, according to this enbodi nent, addresses can

be read by denodul ati on and descranbling. Therefore, high speed
searchi ng when reading data fromthe record carrier RC is thus
possible with the scranbling nethod described 20 with reference to Fig.
7. However, the initial vaIu?:§| i? unknown when the address cannot
be read, and descranbling 's"therefore not possible. Therefore, high
reliability readi ng of the address is necessary. It may be difficult

1715



to read all addresses, however, due to signal dropout or 25 si nply dust
armd—f or ei g—atter—on~t+he—+ecord e+t surface. _—

- 42 - WD 96/ 32716

PCT/ JP96/ 00877 A recordi ng apparatus and a reproducing
appar at us whi ch can read address accurately, scranble and descranble
reliably, eVaPSBA there is signal dropout or dust and PCT/AIPI6AO®T7 1
matter on the record carrier surface is described 5 bel ow.

Referring to Fig. 20, an alternative ID data reader 1201R, very
simlar to the ID data reader 1201 of Fig. , I's showmn. This ID
data reader 1201R is incorporated in the = descranbl er 1102 for
descranbling the data which is 10 descra d by the scranbler 504

i ncorporated with the ID geader 601R o 1d. 19. The descranbing
oper ati on, hereafter, is ¢he sane as {/hose i} the descranbl er 1102
described with refe&gnce to Figs. and 13
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Second Enbodi ment 15 Wth reference to Figs. 14 and 15, a
recor di ng apparatys and a ' according to this

enbodi ment are descri bed. Note that the recording apparatus WA and
t he reproduci ng apparatus RA according to this enbodi nent are
different fromthose of the first 20 enbodi ment only in the data
formatter antPi¥%Qata deformatter, respectively. THSTOPMMSTT5ny
detail ed description for the apparat uses other than the formatter
and the deformatter is omtted for the sake of brevity.

Referring to Fig. 14, an aIternaéH@oBt he data 25 formatter 122 of
Fig. 6 is shown. The alternativ formatter 1BPR according to
this enbodi ne G hE- 8 St CoRpeRrents o those—in the data

formatter 122} PpytPAdE| UDO1 SC HD FAOTHRS0O1 |~ FRO1
WO 96/ 327160 PCT/ IPos/ 0h]77
ECC check bytp pgrRae2pr 503 and t ranbl er 504 argF pPIERO2 bY
each ot her. ecitfical \ in this E‘ﬂ?gﬁ fornmatt I Alg%:?s?%‘ ECCd%heck
byt e generat or 503 IS ) ) I
D Lo TR
$ ] ] | )
gli I il
a PA52 uUD5s2 FAS521RS52 ~FR52
8 PAS3 CB53 FAS531RS53 ~FR53
; " : " \ + FR54
! : ] 1 ! 5
i ] |
L | | FRee
J PABO CBG6O FAG60 |RS60 |~FR60
€ >
40 bytes (INF)
FR02
FRO1 0304 1 F
C1 (iz{/ C11?90§12SJ
L YO 0 N0 O I --t.- ......... ek
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connected to the scranbler 504 that is connected to the 5 header data

gener at or 562—as—bhest—shown i n F-g=—=—5= As a reswHt—of this
mut ual repl acenent of conponents 503 and 504, the operation by this
formatter 122R is different fromthat of the formatter 122 in the
foll ow ng points. However, only 2048 bytes of user data UD 10 assi ng
t hrough t heWRE&RRII6 dat a generator 502 is scranbl ed PH@“@@?anbler
504 by substantially the sane nmet hod which is previously described
with reference to Figs. 7 and 8. Note that the scranble sw tching
signal SS becones high when the first 32 bytes of franme data I NF
have been 15 OO y= M AT A 0 AV\TARRY,Y, 2.0 0 R 1o A =30 4 1 =B R4 W ¢ - 32) byt es of
frame data I NF jfjaveybeep counted{i n this enbodi ment. After
scranblirm;&ﬂ'tre franpf er 504,43 he ECC check bytelgenerator 503
generates dnd tes of ECC check byte {B to thus
scranbl ed 204f 3 et | 2 Thi s 2048-byte scranb] ed daE% W th
the 320 byte of&ho‘ ‘Et. d check byte CB will be¢} proce$sed by

t he nodul at or matter 506 in subptantiglly the

same
descranbl e s
32 bytes fro
t he next 2048

matter 122. Howeygr, [the
When recei ving of [{ 25 b first
S tgd, jagds pw when

es 08 rane dat V= hgvg been
8
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- 44 - WO 96/ 32716
PEFJI P96/ 008+ Refet++ag—t-o—Fi-g—15, an-alterpative of

the data formatter 1100 of Fig. 11 is shown. The alternative data
deformatter 1100R, according to this enbodi nent, includes t he sane
conponents of those in the data deformatter 1100, 5 but the descranbl er
1102 and t hWOP#2M&coder 1103 are repl aced by each BEHE96/00877
Specifically, in this data deformatter 1100R, the descranbler 1102
i's connected to the ECC decoder 1103 that is connected to the
denodul at or 1101 p=s as shown in Fig. 10. 10 The ECC
decoder 1103 rec |lgs he denodul ated dat a conpri sed of not

scranbl ed 32-byte header HD and subcode SC, scranbl ed user data UD,
and non scranbl ed 320-byte check byte CB. The ECC decoder 1103
applies the error correction to the reproducg@adata fromthe
preanplifier 142 15 byypi ng the non scranbl ed 320-byte check byte CB.
Thus, 2048-bye -er--(- €of f et ed -dat-a -HB; - 56 - ald -Ub -a-e- -obt;ai ned.

The descranbl:er 1102 readd the addsggs fromthe 503

§ {

Header data] ECC check | INF
generator byte generator

P m e w e oo o -—-— -

INF INF | Frame | FRf
—> Scrambler —>} Modulator —>- formatter
) ) )
L _594 _______ §05 ) 506 ) .
Fig.7
3

E 601 602 603 5

! { S ¢ :
INF ID data | SA | Initial value | SI_|{ M-sequence |SR |

Y reader ™ generator [ | generator X

E SS I ;

:#—» Counter , '

: 604 605 | INF

. y
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error-corrected unscranbl ed header data HD, and descranbl es t he
erTor- correct ed—seranbted user data-Ub-erly-lhus _the 20 descr anbl| ed

data UD with the header HD, subcode SC, and check byte CB free from
the descranbling is obtained. Specifically, the read signal
is first denDduIated the error correction code is decoded, and the
address is WO%B2Mg o read; descranbling is then applied bnsﬂnﬂamMVhe r ead
25 addr ess. As descri bed above, errors resulting from
si gnal dropout or simlar factors are corrected because the
- 45 - WD 96/ 32716
PCT/ JP96/ 00877 address is %fa. ECC decoding. As a result,
t he addresses can be read ggi t reliability, and the
signal can be reliably descranbl €g, altHoudh jsonewhat nore time is
required to read e addr esN when conpar§g with the 5 first enmbodi nent
descri bed above. ecause t L FOFg~===== Feer-1-eGt< on code CB i s added
after the data is ycranbled,) 9 f & c '
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the ECC check byte CB shown is not scranbled but is also random zed
becatse t he—data—btock—+s random-zegr—tt=—i-5 therefore possible to

shorten the length of the M sequence 10 period, and the M sequence
generator can be sinplified. Al t hough the initial value S
for the M sequence generator is renewed, or changed, every eight
sectors in WO9%B2T6he ghove described enbodinments, it is n@®STURSHEN say

t hat the initial value SI can be renewed every sixteen sectors. 15
More specifically, this renewal interval is set to any sui tabl e

val ue correspondi ng to-said predeterm ned sector i nterval nunber Y,
so that the initial value SI is changed nore than one tinme at the
nost inside recording track. The precedi ng enbodi nents have
been described with 20 reference to constant linear velocity (CLV)
recordi ng whereby the record carrier is driven at an equi val ent
peri pheral speed for data recording, but the present i nvention shall
not be thus limted. For exanple, the invention is also
conpatible with 25 constant angul ar velocity (CAV) recordi ng whereby

t he record carrier is driven at an equi val ent angul ar vel ocity,

and zone- CAV (ZCAV) whereby the Fep?r cgcarri er is divided

- 46 - ’
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WD 96/ 32716 PCT/ JP96/ 00877
o plural zeres—ane—data | S recordeed—seo—that—the data

essentially constant at the inside circunference track of each zone.
In general, the address is recorded with a conbi'nation of track
nunbers and sector nunbers 5 where one track is one circunference of

t he record WapeIaLe track nunbers are assigned sequBGEARIFPEBTIT n t he
radi al direction, and sector nunbers are assigned sequentially in
the circunferential direction of the record carrier. In this case
the sectors are rayed 18 1 = = 10 = MO 3 =1 4 4 8 14 B 0 5 =y the initial

val ues are deter ording to the track nunbens. If the

randomi zed signal is rat ed based on the i nitijal val ues, the

signal correlation bet

adj acent tracks gn be ne¢duced.
It is also possibl et

ymmne the initial val ue for scranbling

f“::
b
p

according to the segt Prﬁnw‘qer and the Ieast Si gniﬂ cant bit of the
track nunber. | ad'1i@ﬁ%if the initial vajhye isjgleterm ned from
t he | east-signiLican £ [prroftThetrack munbey’ and yhe

| east-significank bit oﬁ Q t he sector nunbeg t m 4¢quence peri od
can be shortene 201 & $hd the m sequence gene@ =can {be accordingly
sinplified.
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Specifically, a first initial value is selected for sectors with an
evyen sect or —pHBer—and-a S eC 0N d—i-Rdteirtdm gt @S —Sselectod-far

sectors with an odd sector nunber when the | east -significant bit of
the track nunber is zero; when the 25 | east-significant bit of the
track nunber is one, the - second initial value is selected for
sectors w t Wo6/321en sector nunber and the first i nPETErPlTe s
selected for - 47 - WO

96/ 32716 PCT/ JP96/ 00877

sectors with an odd sector nunber. Because the sectors are arrayed
inthe radial direction, the initial value of the M sequence w ||
essentially differ according to the sector of adjacent tracks , and
any signal correlgtion js reduced 5 by sector unit. It is therefore
possi ble to use tiék '*ilal val ues and shorten the period of the

m sequence. It is also not necessaryqyggchange the initia
val ue of the m sequence generator every eight sectorig and t he
initial value may be changed-every sect.or.of-every-.-1d, Si xt een sectors.

Specifically, insofar as thé initial value !
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I s changed by a unit |ess than the nunber of sectors recorded to the
track at the irmside—Trrcunference -of—the- recaord carrier, the
correl ati on between identical data recorded to adjacent tracks wl |
be. reduced. 15 The invention shall also not be limted to using
an M & generator, and any devi ce capabl e of generating

a random zed si‘ghal according to predefined rules for a PCT/IRPGHRT?
initial value can be used. Usi ng a maxi mum | engt h sequence
generator of 20 extrenely sinple construction, the present invention

t hus random zes the information t ecorded based on the

val ue of identification informatiogn i I pg the sector | ocati on
to which the information is recoréged correl ati on between

signal s on adjaceni tracks igg thefefore reduced, and the effects of
crosstal k are al sqQrandom zed, reducing the effect on the track
error signal, and « enasl i ag + stable-tracking control. Jitter
in the ERIER T 18 : WO 96/ 32716
PCT/ JP96/ 00877 o = #. . ;
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reproduction signal is also random zed because crosstalk from

atdi-acent tracks—ts—randem zed, anrt—t+tter—ta—the—phase — ——oekedteop—

(PLL) used during signal reproduction is also reduced. 5

The | ow frequency conponent of the reproduction signal is reduced,
and digitaljzation during signal reproduction is also sinplified,
when the salf@203716 s recorded across plural sect or ECH 7t he
data is random zed. 10 The invention being thus
described, it will be obvi ous that the sanme may be varied in many
ways. Such variations are not to be regarded as a departure fromthe
spirit and scope of the invention, and all such nodi fi cations as
woul d be obvious to one skilled in the art 15 are intended to be

i ncl uded wit hi n fEigysqofe of the fol | owi ng cl ai ns.

Al t hough the prese®” i nvention has been fully described i connection
with the preferred enbodi nents thereof with reference to the
acconpanyi ng drawings, it is 20 to be noted th% ¥?rious changes and
nodi fications are ;B arent to those skilled* he art. Such changes
and nmodi fi cations to be understood as incjuded within the

scope of thefﬁﬂ&ﬁiﬁ'TﬁVé3??55?%5zﬁﬁgﬁéa'ﬁy'fﬁégéﬁbeﬁaéa """" iclains
unl ess they depart thereffom S S
1
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25 | ndustrial Applicability The prevent invention can be
appl i cabl e an—eptead——-- I € 60+-g—etfttet—for—recor di ng i nf orrat+en~w th
a very high - 49 - WO 96/ 32716
PCT/ JP96/ 00877 density, wherein the correlation between signals
reproduced from nei ghboring tracks are inevitable. According to the
present inv¥¥MBH6si nce each of neighboring tracks is m”?’é@?ﬁaed Wi th
the informati on which is random zed in 5 different pattern, no
correlation between signals in those tracks even when the original
information to be recorded is t he sanme such as "zero" information.
Thus, the user c.rﬁ t he various ki nds of 4 4%normation on the
optical record c @ th a very high 1l 5d d reproduced thus
recorded information free from the(ﬁutual orrelation such as
crosstalk and jitter.
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- 50 - 51 1. An optica

Feeord carr+er—havi-rg-+ecorded rHerfatror—thRereor—eoRprstig—
a recording track forned thereon in one of a spiral pattern and a

concentric pattern; and a plurality of sectors fornmed on said
recordi ng track

WO 96732716 PCT/IP96/00877

Fig.18A

Ls
RC1

AST

Fig.18B

RC2

/

Fig.18C

Ls1 RC3

SR
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for recording said recorded information and sector |nfornat|on i denti fying
-1 ocation for-each-recorded sect-orr—wheteia— sai d pturat+ty of
sectors having informati on adapted to be recorded thereon after being
random zed using a val ue generated by a maxi num | ength sequence generation
met hod with a predeterm ned nunber of stages with respect to an initial

val ue r encW@&6AA71§ east once per revol ution of said recor dPHHRIESE 2.

A nmethod for recording information on a recording track having a plurality
of sectors, the recording track being formed on an optical record carrier

in one of a spiral pattern and a concgmtrrq pattern, said method

conpri si ng: recei ving in§ornat&orn suitable for recording te said
sectors as a plurality of inforgat@Raniurigt g; produci ng sect or

i nformation indjcative of an tion qf & gector for recording each of said
plurality of m%rmatlon o,unlts ) generating an initial value
based on said s@tor I nf o@mtloz ----.‘.D}‘.---gen-eratl ng a random nunber,
based on each inytial val ted futilizing a maxi num |l ength sequence

code generator ;

er df stages; and
scranbling the § [ ] E dgm nurfber .
52 i ' x
27 April 1998 im 2, flurther conpri® ng renew ng
the initial val of saldtragk""“—*
The met hod ofyc I’lCOITp.I’I sing rengw ng t he sea ﬁaf ormati on
at an interv@ trela ket i es of a redetlerim ned number | df{ Sect ors.
5. Thegret hod ai n 4, 'oheﬂhe-r he priedgt ermi ned nugijef of sectors
is not |ess Fhap ei ‘s g’-_ '
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e

The _net hod of claim4, wherein the predeterm ned nunber of sectors
I s equal to sixteen. 7. The mettrod—ef—<kalm 2, wherein the
8. An

predet ermi ned nunber of stages is not |less than fifteen.
apparatus for recording information on a recording track having a plurality
of sectors fwWomeseren an optical record carrier, said recording track being
formed in one of a spiral pattern and a concentric pattern, PCTXI6oETHO:

an information unit device that produces information units suitable for
recording to said plurality of sectors; a sector information

devi ce that produces sector information i ing the | ocation of said

sector for recording each said inforn&io an initial value

gengrator that proggces an initi alg’vaﬁu’e‘-‘ on said sector information,
and a scrmanbl er thay scrnbl es | nformation unit with a

random nunber genekwt ed basef uponysaid i value, utilizing a
maxi mum | engt h sequence generat ops REthod X

6.%

----- 53 of said information
nssai d predeterm ned

st ages det erm ned rding t g’:quemt-Liy
unit. 9. The@a arauar 1 Cfa
nunber of stages i | es ® i 10. | The appar at us of
claim8, wherein | <gi fal al;uq ewed at :I east once per
revolution of sai@ re ng tijaack. The: apparatus @& claim
8, wherein sz , ) ! (a
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‘information is renewed at an interval related to a series of a

pr ede EQLQ gf. ] sectors. 12. The apparatus of claim 11,
wher €ei Sk e88ER! hed nunmber of sectors is not |ess than ei ght. 13.
The apparatus of claifm{ll, wherein sai d&predeterm ned nunbSubstitgrcétoset | S

pé
si xteeny 2 ¥4APR 1998 Al npthod for reproducing information fropzaApAre998ng
trackiof an optical rkcprd carrier, the recording track having a plurality

of seg¢t TS, THETHIOrati on being recorded together with sector information
i ndi cative of |ocationsfof respective sectors of the plurality of sectors,
the information being recorded to the optical record carrier in one of a
spiral pattern and a n'g?n;[ | r i I | _Rejn SRy

wi th a randdr nunber égn a‘%QPS%E%Eﬁag?ﬁ%ggféﬁé@ﬁggggggﬁggacgﬁé genefgfor
havi ng a pr ederasn] neompriidirg:0f stages with respect to an initial value,
the initial value being rene%ed at | agé once per revqlutiontgg t he ,
recording track, the feffter BW%r?Eﬁéky ormed therean Ji,@ng; ¥hid R

i nformation apd.sh! B! £0concentric patternkNfpgmation from said sector;
generating an initial value based upon said reproduced sector information;
generating a random nanblyrakitat afpsactard fornediion galideresarding tyagk

nerating a : ;. ;
31 dr opr oudeB = REPARIEaE R OF HedPAME il ol na, spetor EREGRAINION'

identifying a location for each recorded sector, wherein

(D

said plurality of sectors having information adapted
‘to be recorded thereon after being randomized using a value
generated by a maximum-lengtﬁ sequence generation meéhod with a
éredetermined number of stages with respect to an initial value

renewed at least once per revolution of said recording track.

2. A method for recording information on a recording track
having a plurality of sectors, the recording track being formed
on an optical record carrier in one of a spiral pattern_and a
concentric pattern, said method comprising:

receiving information suitable for recording to'said
sectors as a plurality of information units;

producing sector information indicative of a location
of a sector for recording each of said plurality of information
units; |

generating an initial wvalue based on said sector
information;

generating a random number, based on each initial value
generated, utilizing a maximum-length sequence code generator
having a predetermined number of stages; and

scrambling the information with the random number.

L



" 15. ‘Pnei rre‘t hod of ueal;g m 14, further conprising renewi ng the sector
informatifop at an intervpljrelated to a series of a predeterm ned nunber of
sect or'st 162 7 APR 19bge prel hod ‘of claim 15, wherein the predetern ned
nunber of $ectors is not}lpss than ei g2 17. The n8ubstituté sheetm
15, wher ¢i hed nunber of sectors is sixteen. 27lﬁpn|1993The
met hod of claim 14, whereih the predeternined nunber of stages is not |ess
than fifteeg, 19. rhe mBBhod@RPR/ARYM 2§ Cfurtifdy %&hﬁk@gln{znﬁ'&{éﬁﬂ@&hef rom
a recording irack of an optical record carrier, said track havi ng a
plurality ofinibtabrealumiat ﬂﬁ#étnaW%rP%qu]e&#@eeft sgédhtraekt h sector
i nformation indicative of |ocations of respective sectors of said plurality
of the sectors, said information being recorded in one of a spiral pattern
and a concegiric pattriemethsdicf @laimap, r Saotiter aompetsingi renewixigradheon
bei ng random zed wi,;th a rapndom nunber, gcenerat ed by a_maxi num | ength

gener at or h8¢FRET a 1pFeUBREIR ndk Fvash aﬁ%%a'%q htPeépe"?Rr’t%? aff 2

55 initi a# ga&g& FhatledNdsr 86¥ELS 2t | east once per revol ution of
said recordfng trac ased on said sector information, said apparatus
conpri si ng: a reprodu0|ng device t hat reproduces sai d sector

I nformati on_and scra rmpation f sai d an _Lnitial
val ue generator t hat ehg‘e#é{g (gors%f:gaf"ﬁ e\’fﬁl"ﬂ eaggadeﬁgﬁméﬁe% numbexr
reproduced geciectord OigBiotoless than elgmgener ator that generates said
random nunber based upon said generated initial value utilizing a

maxi mum | engt h

6. The method of claim 4, wherein the predetermined number

of sectors is equal to sixteen.

7. The method of claim 2, wherein the predetermined nunber -

of stages is not less than fifteen.

8. An apﬁaratus for recording information on a recording
track having a plurality of sectors formed on an optical record
carrier, said recording track being formed in one of a spiral
pattern and a concentric pattern, comprising: |

an information unit device thét produces information
units suitable for recording to said plurality of sectors;

a sector information device that produces sector
information indicating the location of said sector for recording
each said information unit;

an initial value generator that produces an initial
value based on said sector information; and

a scrambler that scrambles said information unit with
a random number generated based upon said initial value,
utilizing a maximum-length sequence generation method with a

predetermined number of stages determined according to a quantity

A O A



'sequence | AGEMENTethdiT whi ch is the same as the method used for

recordi ngf shird 1nfto in;{ and a descranbl er that descranbles

sai d réprjpduc led ijnforfrati on with said generated random nunber.
% BB

20. off claim 19,83wherein said secSubstitoteshast on

IS rene el ated to a series of a predeter mareApiiniods of
sectors. 21. The apparatus of claim 20, wherein said predeterm ned
nunber of SEctors, 135, nottess thap eight. 22. The apparatus of claim
20, wherein 25i A1 SIHEMRCAEE Wobber of sectors is sixteen. 23. The
apparatus of claim 19, wherein said predeterm ned nunber of stages is not

| ess than fifteen. 24. The optical record carrier of claim1l,

wherein sai doptical rBeorppezrtiuerof nclaiiess savierewrskitl i pratetmrimimednd
sai d sector information recorded on, sai | uralj,ty of sectors.
56 o5, numbgxr %%tﬁQfﬁesr égo?agc]a?srsl }.’pad’f fgilflg'l%\ni, wherei n said

predeterm ned nunber of stages is based upon a data quantity of said
i nformati on recorded on said plurality of sectors.. _26. The opti cal

record carri®f-of claiThel 2PRRERERA SHi alpindRt e¥herRin Mmisk rindit iady yad ves

not |ess thap,f, e%fé& t Zdast TRErOPLI SRk {SE Y; 2B L 80 1,5 Frlek:,

wher ei n sai df'lls n:'%étrlI a vgl ue ?ss rogﬁgmgdrat anﬂlL nt ervéf?srgeﬁa%edofé)lrag séjryices of
11. The apparatus of claim 8, wherein said sector
information is renewed at an interval related to a series of a

-

predetermined number of sectors. .
12. The apparatus of claim 11, wherein said ﬁredetermined

number of sectors is not less than eight.

13. The apparatus of claim 11, wherein said predetermined

number of sectors is sixteen.

14. A method for reproducing information from a recording
track of an optical record carrier, the recording track having
a plurality of sectors, the information being recorded together
with sector information indicative of locations of respective
sectors of the plurality of sectors, the information being
recorded to the optical record carrier in one of a spiral pattern
and a concentric pattern, the information being scrambled with
a random number generated by a maximum-length segquence code
generator having a predetermined number of stages with respect
to an initial value, the initial value being renewed at least
once per revolution of the recording track, the method
comprising:

reproducing said sector information and scrambled
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a predeterf

T Ctors. 28. The optical record carrier of
claim 27 te Qﬁﬂ@m m& erm ned nunber of sectors is not |ess than
ei ght . The optital reécord carrier of claim27, wherein said
pr edet er m e MFARR 9ssebtbrs i s equab4t o si xteen. Substitutd\EGheet
96/ 32716 PCT/ JP96/ 00877 27 April 19984.
A reproducing apparatus A){ for reproducing an I nformati on (Sm
froma recgq havi ng a plurality of sectors (Sn),
wher ei n saldlhﬂéﬁﬁae1¢nnfd§ﬂﬂsaua sector;recorded together with a sector
i nformation (SA) indicative t.he | ocations of corres ondln%
sectors (Sm) recordi nggeneratmgaqna ﬁWﬂ'&Yﬁ’Bﬁe (B8Hed PROB; § &Spre é‘EFFlaI
and a %Qggﬁniﬁf&mlt&lr.n on an optical record carrier (RC), said
i nformation ? el ng random'zed with a randoni zed nunber (SR
gener ated by a maxi nungéremptiingerercarsion co8)bdravbaged upon safidr dnitial
pr edet er mi ned punber .0f. stages, with r ect to an Itial value
(S) generat ed® gﬂﬁ' rgﬁéﬁanﬁnggﬁSl%%e“%’f ing a m%muf"r‘l&?ﬁ&p‘ofseggle ce

recordi ng tragHet Tihabased on said sector information (SA), said
apparatus conpri sing: . . . .
descrambling said reproduced scrambled information with

said generated random number.

15. The method of claim 14, further comprising renewing the
sector information at an interval related to a series of a

predetermined number of sectors.

16. The method of claim 15, wherein the predetermined

number of sectors is not less than eight.

17. The method of claim 15, wherein the predetermined

number of sectors is sixteen.

18. '~ The method of claim 14, wherein the predetermined

number of stages is not less than fifteen.

19. An apparatus for reproducing information from a
recording track of an optical record carrier, said track having
a plurality of sectors, said information being recorded together
with sector information indicative of locations of respective
sectors of said plurality of the sectors, said information being
recorded in one of a spiral pattern and a concentric pattern on
said optical record carrier, said information being randomized
with a random number generated by a maximum-length generator

having a predetermined number of stages with respect to an
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) ' ACRMar LT
a reproduci FLAQH@-MEO%QLEI‘ 2, and 1101) for 15 repr oduci ng said

sector infdrration (SA) an cranbl ed ~information (Sm from said
sect or " ("Sm; 2 7 APR 1998 n knitial value reproduci ng neans (1202) for
reproducing gaid initial valge (SI) basgg on said r QUGS shest or

I nformati on a reproduci ng nmeans (1203) fzqrAbﬁpﬁgygci ng
sai d (SR) based on said reproduced initial

value (S1) Upd]¢A D% 8HBAEId T LERGLEa SAI4RASE once ped FWIAION
nmet hod as that used for récording;, and a ﬁes ra I ng nmeans
(1203 and 1266)sdi? re¥»rdindetcackplbaspd aind sadfr sdoted tnf@meteibn, said

I nformati on (Sg Wt h , said reproduced random zed nunber (SR).

- 57- apparatjs GmpriEgng:

PCT/ JR96/ 00877 a ZeprodudingpPldediicendtRPpandphodazes! asqEd ideddodi M
24, wherein said sector infornmation (SA) is renewed at an

i nterval of infeymakion ands SesARPRLAARITAGIHS™ SXe8r spYyl sector;

an initial value generator that generates said initial

value based upon said reproduced sector information;

a generator that generates said random number based
upon said generated initial value utilizing a maximum-length
sequence generation method which is the same as the method used

for recording said information; and

-

a descrambler that descrambles said reproduced

scrambled information with said generated random number.

20. The apparatus of claim 19, wherein said sector
information is renewed at an interval related to a series of a

predetermined number of sectors.

21. The apparatus of claim 20, wherein said predetermined

number of sectors is not less than eight.

22. The apparatus of claim 20, wherein said predetermined

number of sectors is sixteen.

23. ' The apparatus of claim 19, wherein said predetermined

number of stages is not less than fifteen.
24. The optical record carrier of claim 1, wherein said

optical record carrier includes said recorded information and

said sector information recorded on said plurality of sectors.
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Bf éaid seé REPLAGENH%H?»FEE':

6. A reproduci ng apparatus as clainmed in

d ai m 25, Y-S & second predeterm ned nunber (Y) is equal to
or * .griedter than eigh{ ¢8}. 27. A reproduci ng apparatus as
clainmed in @ di APR 19%% erein sai B6second predet er ni nBubstitibeshéd) i s
si xteen -10 (16). 8. A reproduci ng apparatus &7 @paii 998 n
C ai m 20, wherein saidjfirst predeterm ned nunber (X). of stage is
equal to or | ' en (15).

25. The optical record carrier of tlaim 1, wherein said

predetermined number of stages is based upon a data quantity of

said information recorded on said plurality of sectors.

26. The optical record carrier of claim 1, wherein said

predetermined number of stages is not less than fifteen.

27. The optical record carrier of claim 1, wherein said
initial value is renewed at an interval related to a series of
a predetermined number of sectors.
28. The optical record carrier of claim 27, wherein said

predetermined number of sectors is not less than eight.

29. The optical record carrier of claim 27, wherein said

predetermined number of sectors is equal to sixteen.
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(54) Tidle: OPTICAL RECORD CARRIER AND METHOD FOR RECORDING AND REPRODUCING SIGNALS THEREFROM

(57) Abstract

An  optical record
carrier (RC and RC’), and
methods and apparatuses for
reconding and reproducing an
information on and from said
optical recording camier (RC
and RC"), whereby the effects
of crosstalk from adjacent
tracks (TR) is reduced, and
stable tracing contro]l is
possible, is achieved. A
recoding track (TR) o
which  information (Sm)
divided into sector umits (S)
is mecorded is formed in a
spiral or concentric paltem
on the surface of the optical
record carrier (RC and RC’).
Each sector farther comprises

sixty frames (FRf). Each
frame (FR) comprises 2

resync pattem (RS), frame

address (FA), data (INP),
and postamble (PA) fields,
Identification information

{SA) indentifying the sector
location of the information

{INF) is recorded 1o the date block of the first frame (FR1). The user data (UDf) is recorded after the data (ENF) is scrambled using a
value (SR) generated by a fificen-stage maximum-length sequence generator (603) based on the value of this identification information
(SA). The correlation between signals on adjacent tracks (TR) is thus reduced, and the effects of crosstalk are randomized, thus reducing
the effect on the track error signal and enabling extremely stable tracking control.
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