RECORDI NG APPARATUS, REPRODUCI NG APPARATUS AND OPTI CAL RECORDI NG {EDT 4 f1- ¢
BACKGROUND Fi el d of the Invention: The present invention relates to an
optical information recording apparatus, an optical information reprodgging
apparatus and an optical information recording nedium'and can be applied to

e.g., an optical disk for recording a Video signal, etc., its recording
apparatus and repr o RECORDPINGPAPRARATUSAC REPRODYCING tARPARAISENt | nventi on,
timng of the irradiation of a |aser beamand a |ight amount of the |aser

beam are control |l ed, and s&NBaPBITEuiRESPRDEINGr ME reproduced dat a
obt ai ned by judging a reproduced signal with a threshold value as a
reference are recorded by an anplitude value of the reproduced signal with

respect to the reproduced data so é%&h%%gmbblegal copy can be effectively
avoi ded. Background of the Inventi o anple, in a conpact disk as a

convent i ' L nf ormati on recordi ng nedium data used to be
recordedogﬁghzdg?g% ega%%ﬁg%O%Tght-to-fourteen nodul ation (EFM so that a

series of pits is fahaegrédbm ARfcddibhopaBdtds tbl hnvbphiégBpect to a
predeterm ned basic period T. Thus, audio data, etc. are recorded. In a

conpact digformayion retor@phedaspaxatusg ahovpt Ledpaitifotinakion return |ight
Is received by irradiating the -2- laser beamonto the conpact disk so
that a repemchvhedng gpphratus and an optical information recording

medium and can be applied to e.g., an optical disk for recording

a video signal, etc., its recording apparatus and reproducing

apparatus.

According to the present invention, timing of the
irradiation of a laser beam and a light amount of the laser beam
are controlled, and subdata required to process reproduced data
obtained by judging a reproduced signal with a threshold value
as a reference are recorded by an amplitude value of the
reproduced signal with respect to the reproduced data so that an
illegal copy can be effectively avoided.

Background of the Invention:

For example, in a compact disk as a conventionally
known optical information recording medium, data used to be
recorded are subjected to an eight-to-fourteen modulation (EFM)
so that a series of pits is formed in a period from 3T to 11T
with respect to a predetermined basic period T. Thus, audio
data, etc. are recorded.

In a compact disk player for reproducing the above

compact disk, a return light is received by irradiating the



havi ng a signal |evel changed in accordance with a |light ambunt of this
return light is obtained. This reproduced signal is changed to be
two-val ued at a predetermned slice level so that a binary signal is
generated. Further, a PLL circuit is driven by this binary signal so that a
reproduci ng clock is generated. The brﬁ%Ty signal is sequentially latched
by this rd@®s6dubpalg entekthe qampactedisiusedthirtt @ wapyodgced siquexli od from
3T to 11T _in . response to the pit series forned on the conpact disk are

gener at ed eviRgc8npaghal kaved ghanged inraerpudancenwibht at highte pmodnted

dat a gener .n_this y .are decoded by data processing corresponding to
t hat at tﬁ%t S:glé‘ﬁrﬁfeﬂ‘ér’?},%@hd‘saﬁ’gigﬁlﬂﬁ a, ﬂ?’c,s. @E@?H@ﬂg ohignad démpact
disk are r ced. t 1 S$1 QN temf.or trapsmjting the audio
dat a, "ot o TRRASHCES, we iy AN 35 RTRPUR i Rad BRESE gt s thAts. vy,
a copy prev | LB €. 1 N raposed. to

ef fecti veI%ygg%giEg gﬁééﬁne%;gggggg?égbeciﬁ?ﬁ%ﬁe’\y ,a F%Lag%:%%ilﬁp (%ve H’ﬁﬁ
system 1 $igowhisnbihdxy lsigirilasBltHa€la tehoduRE8G0eHo&k Sis generated
scranbl e- processed by a master key KMin an encodér 3 on a é%s manuf act ure
si de 2 an@hehbisarynsignglr deeseqdentlal by 6 ateteddbg emis?lrréyi:ﬁdﬁ%b‘.ngi sk 5.
Further, for exanple, reproduced data reproduced fromthe optical disk 5
are descr §ABFEdspythate reproduckdydata coammima dnt hepelriéd nfounf 3@t toel ki de 2
in a decoder 7 of a reproduci,ng apparatus 6, and the descranbl ed- processed
data are ’&POE%%%F%yt‘g thee Bd&r sgries of og; the Teempaathdiséparer eventi ng
system 1 gnciphers the data D1 used to be recorded by using the

st er gene%ate

The compact disk player is arranged such that the
reproduced data generated in this way are decoded by data
Processing corresponding to that at the recording time and audio
data, etc. recorded on the compact disk are reproduced.

In a transmission system for transmitting the audio
data, etc. through the recording medium of optical information
in this way, a copy preventing system as shown in e.g., FIG. 1
or 2 is proposed to effectively avoid an illegal copy.

Specifically, in a copy preventing system 1 shown in
FIG. 1, data D1 used to be recorded are scramble-processed by a
master key KM in an encoder 3 on a disk manufacture side 2 and
the scramble-processed data are recorded on an optical disk 5.
Further, for example, reproduced data reproduced from the
optical disk 5 are descrambled by the master key KM common to
the disk manufacture side 2 in a decoder 7 of a reproducing
apparatus 6, and the descrambled-processed data are processed by

a decoder 8 of a MPEG, etc. Thus, the copy preventing system 1



key KM common to the reproducing side determ ned in advance-so that the
i1l egal copy is prevented. A copy preventing system 10 shown in FIG 2
enci phers data D1 by a naster key MK a disk key KD inherent to an optical
disk 11, and a title key KT inherent to each of literary works. Nanely, a
di sk manufacture side 12 scranbl e-proces®es the di sk key KD by the naster
key KM i n en¢iphesgethesdaral Pk tohbe reranded hyr uséngethelimdsteay KD on .

the opticgl disk 11. Further, in an encoder 14, the title key KT is
scranbl e- gﬁ%&é’&%?nt e the sanrodycagsside Aetlermdpedpinnedvance so

scranbl e- roq:eizledﬂ.r%tle key KT, is recordgd on the optical disk 11.
Further, tHEIOR rAnGPALITIRY SHu@TEYeBEPdnbl e- processes the data DL used

and then recor dst het XY BrefRuBiiE Earee ad St I A 2% SBRRRRers ™
f ' L i i pl ; :
Tmater keyin of BY, BRI LRGSO ALOR K8, T SnbBriit &8 o Melglohic,

11. I'n comlis&sllOahdi &, tiI KPR AEhAPEH Aldieabh ESTL{EEHRS RIRKESSES
t he scranbl e-processed di sk key KD by the nmaster key KM and décodes the

di sk key Remedya dedislermdntfdesurieesidenla stecmtde-pBocédses the disk
scranbl e-processed title key KT is descranbl e-processed by the disk key KD.
In a subs&§¥eRP B¥cble masten keydEMaimlamrenaisiegr 43bard pramesisedhliy t hi s

?ihSk key EBEG&BES' the Cﬁ% revegti%g system 10 is_arranged such -4-

at an i eopyeres Key nKe PR the pptégadbfdisle kt.andgrther,
: in an encoder 14, the title key KT is scramble-processed by the

scramble-processed disk key KD and the scramble-processed title

key KT is recorded on the optical disk 11.

Further, the disk manufacture side 12 scramble-
processes the data D1 used to be recorded by the scramble-
processed title key KT in an encoder 15, and then records the
data on the optical disk 11. Thus, the disk manufacture side 12
scramble-processes the data D1 in multiple with the master key
KM as a reference and records the data D1 on the optical disk
11.

In contrast to this, a reproducing apparatus 16
descramble-processes the scramble-processed disk key KD by the
master key KM and decodes the disk key KD in a decoder 17.
Further, in a decoder 18, the scramble-processed title key KT is
descramble-processed by the disk key KD. 1In a subsequent
decoder 19, the data D1 are descramble-processed by this disk
key RD.

Thus, the copy preventing system 10 is arranged such



of a disk manufacturer and a nmaker of literary works. It i s considered that
there are two kinds in the illegal copy. One of the illegal copies is nade
by a nethod in which the naster key, etc. are decrypted and an optical disk
i s manuf actured such that the optical djsk can be reproduced by the
reproduci ng apparatus on the basis of results of the decryption even when

t he opti cehatdiagk ildegapi eepedisipnevenked  dheFonsigiaratign ogoﬁye istapgdde by a

T the ooy ek PhBESoLHERe it ReRRBSOE Lot FSERTt 1S possi bl s io

come 02 S WA R 9 B 1,
y, etc. | t5 : : ) . | cetc ' |

arso | mpos B e6B3,c R e (B e B RPELE S PR

| NVENTI ONH#t1 it fhsSHENkEPPaRich, airk HScAPp@dd efld ah bpeidiesaRk ijevention
to provide an optical informtion recordi ng apparatus, an optical

i nf or nat i mmufzetaded sgchpiaiatie apdieal ofisk alan beolepiddicad &y dhag
medi um whi ch can effectively avoid an illegal copy. A recording apparatus
f or recorxgprpdugingeapparatus tand tecbdsils daf axeavlds oft thal dearymtdong

medi um i ncludes an _edge change detector for detecting a change pattern of
an edge AVeh&hesnthengPhltdinidisk dfcsdeiratad digk.i n&ﬁ@ A ¥d%or for

SO B T b 50 S R B IR B o T

shape formed on a normal optical disk.

In the copy preventing system using the master key,
etc., it is possible to cope with the former illegal action by
making the decryption of the master key, etc. difficult, etc.
However, when the master key, etc. are once decrypted, there is
a defect in that no pirated disk can be excluded. It is also
impossible to cope with the latter illegal copy.

SUMMARY OF THE INVENTION

In view of such aspects, it is an object of the
present invention to provide an optical information recording
apparatus, an optical information reproducing apparatus and an
optical information recording medium which can effectively avoid
an illegal copy.

A reéording apparatus for recording run length
limited encoded data on an optical recording medium, includes an
edge change detector for detecting a change pattern of an edge
of the run length limited encoded data, a timing calibrator for

correcting a timing of the run length limited encoded data so



upon reproduction should be reduced dependi ng upon the change pattern of
the edge detected by the edge change detector, and a |ight anmount
controller for controlling a Iight anount of a |ight beam being irradiated
on the optical recording nedi um based q&_a timng output fromthe timng
calibrator, wherein when a_key data used for encrypting_a, main_data
recorded obhdthe dodugedr ddbERr PTG IRG fEoRIRiIcyL; ABtRRE¢ERNCe

recordi ng medi um tgf t._ controller is controlle ed on the

key data. PPRBHR uﬁlﬁllggfoﬁﬁ%‘f : l?eo{eldé‘f)’?gdﬂ% e WCEPQ?S%?}}‘H? ng di sk

3

recorded by, {fiephave; Coedrd! Rdk AR M8 Lol BN UIERO.RD ARt Ical

recordi ng um wnere: a. recor el'ng encrypted is
recorded aj;éhd idpluntCBOALEEI1OR £l 9RANEBY Eingd W BidHRY afiBhAt UsEth f or
decrypting the main data is recorded at a second reproduction signal |evel
different iighe tHerud beshgr epradiiddion enel opOLtataecdraing hé@iumn
converter for binarizing a reproduction signal reproduced fromthe optical
recordi ng baskdironnva kimingndetpuot fSianc ehketvidhing dadyibdatert owhdéxeimdet ecti ng
a key data fromthe reproduction signal, a denodul ator for denodul ating the
bi nari zed vker ¢y datsi yaed  faneneryptingr afmin satppreagrded on the

repr oducti on si%EaI dempdul at ed by, the denodul ator by ysing the key data

det ect ed bYPEIREL SpcoEddng gred i He deFordedanithe gptdsal cEecoxdidi ng
medi um which.j s recorded, by _the above recording appargtus.and.in ich a
run lengt hm?qm'eg:%@o éghgaﬂo‘f%t % éF&deﬁt 15 ?%ﬂ%oé‘ﬁ‘?g Bar¢d LR e form
of a -eriﬁHA%AQf space form includes an encryption data represented by
ar

A reproducing apparatus for reproducing an optical
- recording disk recorded by the above recording apparatus and for

reproducing an optical recording medium where a main data to be
recorded after being encrypted is recorded at a first
reproduction signal level and a key data used for decrypting the
main data is recorded at a second reproduction signal level
different from the first reproduction level includes a
binarization converter for binarizing a reproduction signal
reproduced from the optical recording medium with an inherent
slice level, a key detector for detecting a key data from the
reproduction signal, a demodulator for demodulating the
binarized reproduction signal, and a decoder for decrypting the
reproduction signal demodulated by the demodulator by using the
key data detected by the key detector to thereby decode it.

An optical recording medium which is recorded by the
above recording apparatus and in which a run length limited

coded data is recorded at a reference period in the form of a



wi dth of the mark or the space, and a mmin data encrypted by using the
encryption data represented by a length and an interval of the mark or the’
space. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a bl ock diagram show ng
a conventional copy preventing system-é6IG 2 is a block diagram show ng

h ' I | 1 G 3. bl ock, di
howi ng P b (RS, TPFNS T4 SoF AT PYBF- b AR TAPERSGRES dfind. to
fi t | t. Qf t ' ti : I <4 ] '
Showi ng SEATE e, ¥ngt BR-RIGE he SRR Al SldAi' detal elEoBebd W AT
FIG 3; F#k&ng‘i ip %ngpg!éigha@é@énﬁmsaaté& BHOe 10%ith! QRCERT ecting

circuit of the optica I sk apparatus 30 shown in Fl 4, FIG 6Ais a

tim ng chfiteSHOWOT thedik 3t Ofhes ispaale.S2 out put from a nodul ating
circuit 41; FIG 6B is atimng chart showing a clock signal CK; FIG 6Cis

a timng chart show ng BRIHF PESIRICPDIONQF fMIHENTDRAWNZNGS Nng edge correcting
circuit 50B showmn in FIG 5; FIG 6Dis atimng chart show ng an SS signal
output froma risingI€dgk b ddiockgdingram tsBYANgGhawaonYeRti@nas; cPpy. 6E
is atimng chart show ng signals S1A and S1B output froma |evel
conver si OPFRTIHNG: SEFERM7 is a bl ock diagram showing in detail the -7-
rising edge correctipg ¢ rLuit 308l Anddlde® 998 ther
conventional copy preventing system;
FIG. 3 is a block diagram showing an information
transmitting paﬁh in an optical disk according to a first
embodiment of the present invention;
FIG. 4 is a block diagram showing an optical disk
apparatus 30 used on a disk manufacture side of FIG. 3;
FIG. 5 is a block diagram showing an edge position
correcting circuit of the optical disk apparatus 30 shown in
FIG. 4
FIG. 6A is a timing chart showing a modulation signal
S2 output from a modulating circuit 41;
FIG. 6B is a timing chart showing a clock signal CK;
FIG. 6C is a timing chart showing an SR signal output
from a falling edge correcting circuit 50B shown in FIG. 5;
FIG. 6D is a timing chart showing an SS signal output
from a rising edge correcting circuit S50A shown in FIG. 53
FIG. 6E is a timing chart showing signals S1A and S1B

output from a level conversion circuit;

FIG. 7 is a block diagram showing in detail the



correcting circuit 50B showmmn in FIG 5; FIG 8 is a diagramshow ng a
processing for making a correction value table; FIG 9 is a diagram show ng
a waveform of an RF signal obtained when_a |ight amount of |aser beamis
100 % FIG 10 is a di agram showing a wa{eform of an RF signal obtained

when a |i ghis- f : ' 9 | I hart showi ng a
pr ocessi ngh%?ﬁg@(%&rgpeﬁtcgﬁggEéﬁgaﬁl#%u%é&BEkgrgjﬁ%ﬁiiglgfaegp%ck di agr am of
a reproductogréPi@idisct@c 5bE sHem Sird FIGQCK, di agram showing in detail a
master key detecting circuit 79 shown in FIG 12; FIG 14 is a waveform

di agram showi ng a sl Fre.| evid aistihgram bhoringigpraeeBEifyofed namqgaR
il1legal copy is carried out; FIG 15 is a waveform di agram show ng a slice
| evel usedce¢xredfiimgy ivailng &abRE; si gnal when an optical di sk recorded by the
optical disk recording apparatus 30 according to the present invention is
reproduced by a reprﬁ'gﬁci P AHRGFIMaEhevinh @ mavelierpreSamt Hihventi on;

Second emb BTN CHSEIERE BRES cht LT TeAPURE BF GLaser Hom SEnbhbiic d agram
Shon na.an, optical dpgk too i & AabRbhAIRAY T Uavakold o SO R
signal obtained when a light amount of laser beam is 85 $%;

FIG. 11 is a flowchart showing a pfocessing of a
computer 65 shown in FIG. 8;

FIG. 12 is a block diagram of a reproducing apparatus
70; '

FIG. 13 is a block diagram showing in detail a master
key detecting circuit 79 shown in FIG. 12;

FIG. 14 is a waveform diagram showing a slice level
used for binarizing an RF signal when an illegal copy is carried
out;

FIG. 15 is a waveform diagram showing a slice level
used for binarizing an RF signal when an optical disk recorded
by the optical disk recording apparatus 30 according to the
pPresent invention is reproduced by a reproducing apparatus
according to the present invention;

) FIG. 16 is a block diagram showing a copy preventing
system according to a second embodiment of the present
invention;

FIG. 17 is a schematic diagram showing an optical

disk to which a third embodiment of the present invention is



FIG 18 is a cross-sectional view of the optical disk shown in FIG 17; and
FIG 19.is a bl ock diagram showi ng an encoder to which the second

enbodi ment of the present invention is applied. DESCRI PTION OF THE
PREFERRED EMBCDI MENTS The enbodi nents _gf the present invention will

her ei naftgé_q%eediescri bed in detail with reference to the acconpanying

dr awi ngs. d is a block diagram showing an information transmtting

path 20 in accordanggcWiid & fd c¥bseUBEEE I QfickNEr PERS WBPtildavealsrn. | n
this information transmtting path 20, an encoder 22 on a di sk manufacture’

si de 21 sshaablias FIex @3 ngnd naster key KM data D1 to be transmitted and
then records the scranbled data on an optical disk 23. At this tine, the
scranbl ed data are FEGortedisata ®lprk dibagurdm mhdwingi &nienendeal tof t he

optical disk 23 on the disk manufacture side 21. The data Dl to be
transni t t'é¥Gh £hey gesondt anReinan ©fdkhe BeefRNds Jayenhian cby crpddedi-th a

novi ng pi cture exper r.Q r . Al ternativel the data D1 may
be an audi o data con@’ggpg‘gg?#{;@%g 54?% %FEW? aﬁMEqu&HgﬁTﬁy [err]

nmodul ati on. Further | . n | at i t i, correGgtking unit 28
intermttently chan%‘%g-%ﬁgagzﬁg&ﬁ%&%&é&%&%&f r“rg'g' I ated on the
optical ik idd ferapbl 885cABRE i nTRdVRRT | @ItV AdFrehebefs el the master

key KM on the disk manufacture side 21 so that a pit wdth is nodul ated and
the nmast edcdompdfifing Geawiskgsl. Further, at this tinme, an edge position of

the pit -9- changed by the |ight anmount nodulation is corrected in a pit

FIG. 3 is a block diagram showing an information

transmitting path 20 in accordance with a first embodiment of

the present invention. In this information transmitting path

20, an encoder 22 on a disk manufacture side 21 scrambles, by

using a master key KM, data D1 to be transmitted and then

records the scrambled data on an optical disk 23. At this time,

the scrambled data are recorded at a pit length and a pit

interval of the optical disk 23 on the disk manufacture side 21.

The data D1 to be transmitted are video data and audio data

compressed in accordance with a moving picture expert group

(MPEG) format. Alternatively, the data D1 may be an audio data

converted into a one-bit digital signal by XA modulation.

Further, a light amount modulation timing correcting
unit 28 intermittently changes the light amount of a laser beam
irradiated on the optical disk 23 by a light amount modulation
with reference to the master key KM on the disk manufactﬁre side
21 so that a pit width is modulated and the master key KM is

recorded. Further, at this time, an edge position of the pit



| ength direction by correcting a timng of the irradiation of the |aser
beam on. t he di sk manufacture side 21 so that the recorded data can be
reliably reproduced. The master key KMis correspondi ngly denodul ated on
the side of a reproducing apparatus 24 by detecting the anplitude of a

d i gnal t] e | d , duced
orr 0oy MR psPYn GTHAEL M il adon D RdISEARA £ o "SR OLCC

duci . 24 . | . . db
L ooy MnfaRU AR i8h, bl Cof RO o HIRIRESSE LR 'sF Fh AL foR GEOSS Y
appar at UsR9 Usssr Yaahbs €hé ka0 WAkifactusbdgidd 21Asei skae' 414 nal board

31 is exposed by this optical disk recording apparatus 30 on the disk

manuf act ugecsrdial dhtaneéahhbe deéhidilyofreplieddi: f ormat are recorded. After
this disk original board 31 is devel oped, a nother disk is made by

el ectrof orm ng proc®bei master they K¥ndsacorrespinddngly oflemdrinlaiteidcah di sk
and a stanper is made by this nother disk. Further, a disk-shaped substrate
i s made byheHEida ffpHér rRREIISING i 2PPREIRLEE LhLruiaiestdingetie de 21 of the

i cal di . fl ' fil ' fil d
hi o6 sl B B 5ot el Tad Byl ddiaarlhg AREoRAR y I8 1 i s
tical dj | , | t t t di sk
or i gi nal bodr i 2617 sRRRARAE qite, ApRlhibelalitltndleb bR 4, O ©

R e L S Y L S o
drives th@es@iditiie-proeessdd | datad ¢ daac prvbédsatd IXROgHESder 27.
FIG. 4 is a block diagram showing an optical disk
recording apparatus 30 used on this disk manufacture side 21. A
disk original board 31 is exppsed by this optical disk recording
apparatus 30 on the disk manufacture side 21 and the data Dl of
the MPEG format are recorded. After this disk original board 31
is developed, a mother disk is made by electroforming processing
on the manufacture side 21 of the optical disk and a stamper is
made by this mother disk. Further, a disk-shaped substrate is
made by the stamper made in this way on the manufacture side 21
of the optical disk, and a reflecting film and é protecting film
are formed on this disk-shaped substrate so that an optical disk
is made.
Namely, in this optical disk recording apparatus 30,
a spindle motor 32 rotates the disk original board 31 and
outputs an FG signal FG which has a signal level rising at every
predetermined rotating angle, from an FG signal generator held

in a bottom portion thereof. A spindle servo circuit 33



position of the disk original board 31 such that the FG signal FG has a
predeterm ned frequency. Thus, the disk original board 31 is rotated in the
condition at a constant |inear velocity. A laser 34 for recording is
constructed by a gas |aser, etc. and E?H_ts a |l aser beam-L for exposing the

di sk .ori gi 0, lL.ca I s.gonstructed by an
el ect roacggg%leg g%?i%gﬁndgl%eﬂn@%?% g%gfsv%%ﬂ%iéﬁgel ‘F’bﬁ? %%hﬁﬁ)to%gf'et he | aser
beam L in ; i : : Preatyrt. 1 I S: LI ght
amount . TRGSLORR"SE, e MiAICCRabEhal BRI S SO, P KO Bibhalt |
| aser beamglhhf ACHPEANMES NN FEBGuERH} S OlThvisgN8he Eilsk ArigRhhtaboard
nmodul ator 36 is constructed by an el ectroacoustic optical elenent and
on- of f - contr dksrotated aigercheeaondibjom adulcohsegnsi DiidarSiedddieyits this
| aser beam L. A mrror 37 bends an optical path of this |aser beam L and
emits the | aser beal flaserd34 htoxirgcandigonis ¢ergtru@tedAhyodjgasive | ens
38 converggs the reflected light _on the mrror 37 to the disk original
board 31. 1#6€Cni¢¥er WX @Mteha bAFREthean Leforagxpesingdbendiskl y noved by
an unillustrated sledcggéhanisn1in_a outer. circunferential direction of

T

the di sk GFLGHRAF BRER Ht | ASSYREHTShBAASIEHOR £ ThEIBEIESRIRY (3 di sk
original BoBLEAcodlit: ARIEAROSHERROSIAOBOLADR d ASEhDERRLI | e

sequenti a I'Splace “the out Ci Fecunterentl I'on"0 he" di sk
original kgarfdaddr B&GRTHIIRIRYcobdandle BRI Gakoftsé1 'EGRldi Ba1aRR&T at us 30,
atrack is fornmed on the disk original board 3 in a spiTal shape by

nmovi ng t heutpttertBils Andghithamebhect i Meud eAhe38ptic@l Sl aitbrwpsch the di sk
original board 31 is being rotated. A
modulates the light amount of the laser beam L in accordance
with the control signal SCl.
An optical modulator 36 is constructed by an
electroacoustic optical element and on-off-controls this laser
beam L by a modulating signal S1 and emits this laser beam L. A
mirror 37 bends an optical path of this laser beam L and emits
the laser beam toward the disk original board 31. An objective
lens 38 converges the reflected light on the mirror 37 to the
disk original board 31. The mirror 37 and the objective lens 38
are sequentially moved by an unillustrated sled mechanism in an
outer circumferential direction of the disk original board 31 in
synchronization with the rotation of the disk original board 31.
Thus, an exposure position of the laser beam L is sequentially
displaced in the outer circumferential direction of the disk
original board 31.
Accordingly, in the optical disk recording apparatus

30, a track is formed on the disk original board 3 in a spiral



pit is sequentially formed on this track in accordance with the nodul ating

signal S1. Further, at this tinme, a pit width is changed in accordance with
the control signal SCl. In a decoder 40;jdata of the master key KM are set

by an unillustrated controller and the data D1 to be recorded are

7 ef or onceShARE Jii PRV ehe BREFPhst B PeobIPahva Semanshra
dj t Lead- | f.th ticgl.disk. by i r [ it
an it ruReREngen R snS ARER ShidHea Bonti o petad BOERERL: Ok cont ent
TOC), et I d { 145
Further . Bttt i ia 1o EOB® oof AU HhR T gebtrfighle Mo Sne, | ooer
beam is i pb@eh A fifh Y1gAA12582 CREFARAONERNGEL £l g&%awfétﬁ he opti cal

di sk, the nodulati'ng ¢ircuit 41 nodul ates scranble data output fromthe

decoder 4@8nhanged Ulrp Hdroirtdanser aiih ectinlcantIBE sDghdiatscng circuit 41 adds an
error correcting code to these data in accordance with a predeterm ned data
processing fornmat afid &hdecoddrrdlgadaetprof edse mashesckentkM dne isker byt he
data series processed in this way is converted to a serial data series, and
out put s aantﬂndk&uaﬁ;a§ﬁ§nGpnﬁﬂoliéﬁliydatQEgﬂétaIQiuﬁo beangearded @xneeri od
integer tinmes a basic period T in accordance with a bit arrangenent of the
serial dafeduRntisdlycggEapblietPIRresiade WitRgthe rdaka 9Labhe JPRFLBIB KVt ect a
changi ng ttern of.the modulating,sigpal.,S2 and correct . -12- timng of
the modul 31 HY BikfHAT 85658093 °Y tédug"g‘l?‘ﬁ tlIf:j‘leﬁt &y gﬁé@ H2t ween codes at

a reprOduffféﬁiééégaJnnaﬂcﬁgéga£5§%esponding to a read-in area of the

optical disk by a modulating circuit 41, it run-length-limited

(RLL) encodes a data series of a table of content (TOC), etc.
output from the controller and outputs the data series.
Further, subsequently to the data series of this TOC, etc.,
while the laser beam is irradiated on an area corresponding to a
user area of the optical disk, the modulating circuit 41
modulates scramble data output from the decoder 40 and outputs
the scramble data. |

The modulating circuit 41 adds an error correcting
code to these data in accordance with a predetermined data
processing format and then interleave-processes these data.
Further, the data series processed in this way is converted to a
serial data series, and outputs a modulating signal S2 having a
signal level changed in a period integer times a basic period T
in accordance with a bit arrangement of the serial data series.

Edge position correcting circuits 42A and 42B detect

a changing pattern of the modulating signal S2 and correct



with this changing pattern. The edge position correcting circuits 42A and
42B t hen out put nodul ation signals S1A and S1B as corrected results of this
timng. At this time, the edge position correcting circuit 42A outputs the
nodul ating signal S1A corresponding to;3he |aser beamat a high Ievel (a

|'i ght anoynt .of 100 .[ % f tical, no or.,35. In contrast
to this, #ﬁ%‘lgﬁg%g p‘i}% [nioo &tgggbgc%?%écﬁzg%c’t nggoo%%%ﬁ#es tth%e nodul ati ng
signal S1 [ t S . ls ' unt
of U85 [ o) L GaFECRARE bkl B600PSRE aBrBayBei gl LA i Bckbg g
error corg&gh! Eﬂi&%ﬂﬁ%ﬁa@ﬁbﬂplﬂw e dReTPEE EELIKE Yo TERYhBUt s the
data. At this tine, the circuit 43 outputs the data KM of the naster
key and tkéreaits 4£Ixrani 428 thda outputpatadadatienes dndlsndnadaha sewer al
t housand pit periods) sufficiently longer than a pit form ng period.
Further, eBsecoRGciediaswiIsoefptihss tignidea.a AN bhis elmepsttde kdgeand t he
error correcting code by a sequenti al circulating repetition. A phase
encodi ng REALFEPR RPEHYCHIng CREFULl $12 qwipyts: bBe (Mdiklatdngo8égnalul at es)

t he output,_data of the CRC.cirguit 43 agnd outputs.the output data as a
seri al Ela?égsﬁ?{:ﬁ%s.pqmlin@ ttf?etﬁﬁs S aimsaitlrof"aé'}%]% e]cF"(ﬁ:l"péﬁ i?‘g t

cor responduBint %ot ad §40) BBbER, cfo VRl oBUSEEN! QAL had® syl tches

and control'S a sig e contro n-accordance with

oot SoknCiagt Ll el RS cireliig ey sst L0
level of bhepeesttd mddilaltibGlsdgndl S1B corresponding to the laser
beam at a low level (a light amount of 85 [%]) output from thé
optical modulator 35.

A CRC circuit 43 adds an error correcting code to the
data KM of the master key and outputs the data. At this time,
the CRC circuit 43 outputs the data KM of the master key and the
error correcting code in a period (several hundred to several
thousand pit periods) sufficiently longer than a pit forming
period. Further, the CRC circuit 43 outputs the data KM of the
master key and the érror correcting code by a sequential
circulating repetition.

A phase encoding modulating circuit (PE) 44 PE-
modulates (phase-encode modulates) the output data of the CRC
circuit 43 and outputs the output data as a serial data series.
While the laser beam is irradiated on an area corresponding to
the read-in area, a level switching circuit 45 switches-and
controls a signal level of the control signal SCl1 in accordance

with output data D3 of the PE modulating circuit 44. 1In



constant value so as to hold the |ight anmount of the |aser beamL at a high
| evel . Thus, the level switching circuit 45 nodul ates the |ight anmount of
the | aser beamL in accordance with the master key KM and nodul ates a pit
wi dth formed on the disk original board 31 by this nodul ation of the Iight

amount . Thereafter, the key data KM are3recorded by the pit width in the
optical dicoRtragsr e nghiHpatathe Sthen ERas sdheciBVe s wdiddngvel v out puts

t he nodul at,i ng.si s, S1A.and .S1B. oyt fromthe ed 0S| ti correcting
ircurts xehid IBanduts mithisnat Hekh i Ehesconthtt o iRinte St AE 1 fe
control signal SC1. Jhus, i e [ [ | L ght t t he

| aser beam sitgngeya}%é'as? oavr%/ }tg’vg?f%y&?%eﬂf%eﬁﬁg\{}ﬁ?c# g%hecﬁ'%%gtb% , the
dat a sel egt 6 L tEhqsy @ signal to the nodul ating signal S1B output from
t he edge g'o%rtt ?oﬁﬁ or]r?ect ing circuit 42B fromthe nodul ati ng signal S1A

out put from the edgermyesi theN160G61 astitehi '?r gllréufie Ay mddieaees i crad
nodul at or 36, then outputting the signal S1B. Thereby, in the optical disk
recor di ng ldphar amosnB8lof achehdageri heam tL | Bngideordaned dnthntdiel anshegrt he pit
width is corrected by switching the nodul ating signals S1A and S1B. FIG 5
i s a bl ockeyi BYr and shediikafasn@ pdgewipdich tiamegdoppethe rdisk xdginaRA  The
edge position correcting circuit 42B is the sanme as the edge pagsition
correct i ndPO&FAc At ¢ by obhis mgsiulakien o (e ildghtapBouRy e&'t\%’r‘eﬁffgﬁﬁg edge
correctin
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disk recording apparatus 30.

A data selector 46 selectively outputs the modulating
signals S1A and S1B output from the edge position correcting
circuits 42A and 42B to the optical modulator 36 in accordance
with the control signal SCl. Thus, in the period in which the
light amount of the laser beam L is set to a low level by the
level switching circuit 45, the data selector 46 switches a
signal to the modulating signal S1B output from the edge
position correcting circuit 42B from the modulating signal S1A
output from the_edgé.positidn correcting circuit 42A to the
optical modulator 36, then outputting the signal S1B. Thereby,
in the optical disk recording apparatus 30, a change in pit
length caused by modulating the pit width is corrected by
switching the modulating signals S1A and S1B.

FIG. 5 is a block diagram showing the edge position
correcting circuit 42A. The edge position correcting circuit
42B is the same as the edge position correcting circuit 42A

except that correcting data stored in rising edge correcting



correcting circuit is omtted in the follow ng description. In the edge
position correcting circuit 42A, a level converting circuit 51 corrects the
signal |evel of the nodul ating signal Si to a transistor-transistor |ogic
(TTL) level having an output anplitude” $-5 [V] and outputs the corrected

nodul at i ”Q:ﬁic%'l%'s' sOR% éﬂé"(’)%(é %%lél( ﬁgggﬁ@gﬁ%ﬁ f%ncglgﬁfﬁ Lgck | oop (PLL)

circuit 52 °'genérates a C atrng signal S3 (FIG

6A) out putadddr@ingey!, euR! orarug, ;ﬂn@,gesz'giswiqﬁql &n%he%ggg fﬁamﬁﬂnock- The

| evel of the nodulaling signal "S2 i"'s changed in a perio eger tinmes a

basi ¢ perigstrbotdnghairéhe: Ald culitteil ih2te RIIAREnhgeséPftiGh.at a
signal level changed in the basic period T in synchronization with this

nmodul ating signal S2In Ashesladge posftidpn Gorreictiagnciadeit aizaguiat 3ed3A to
53M operated by the clock CK are connected in series to each other in the
ri sing edgonyentdogi agrenit it cvgReghd the signalt leivghadf Shef the | evel
converting cjrcuiit 51 is input to this series circuit. Thus, the rising

edge “cor r RAQUIGtiRgcaLINEh £% P PeSrRRSLSEAGNRr AgSdFEPT SEOGEC ((FEL)evel
converting cirncuit .51 at the timng.of .the clock CK.and detects a changi ng
pattern o%%vﬁ& ﬁﬁaﬁpgt?‘l}lgo% Pd‘r’faﬁmggl?%% %%pl[%ﬂgapgsﬂ?Y%“%ﬁ rteen
conti nuou | « fOr s | e . a ou f
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| ength 5T. Simlarly, en a | atch output” of 0011111000001 i s
obt ai ned, firloins al Abdlatimytsigmalbs3j Hoed @9 dutpabinsm Rald aedeiln which a

pit of a length 5T is continued
converting circuit 51 and outputs the clock. The level of the
modulating signal S2 is changed in a period integer times a
basic period T so that the PLL circuit 52 generates the clock CK
at a signal level changed in the basic period T in
synchronization with this modulating signal S2.

As shown in FIG. 7, thirteen latch circuits 53A to
53M operated by the clock CK are connected in series to each
other in the rising edge correcting circuit S0A and the output
signal S3 of the level converting circuit 51 is input to this
series circuit. Thus, the rising edge correcting circuit 50a
samples the output signal S3 of the level converting circuit 51
at the timing of the clock CK and detects a changing pattern of
the modulating signal S2 from sampling results at thirteen
continuous points. Namely, for example, when a latch output of
"0001111000001" is obtained, this latch output can be judged as
a changing pattern in which a pit of a length 4T is continued

after a space of a length 5T. Similarly, when a latch output of



after a space of a length 5T. A correcting value table 54 is fornmed by a
read only nmenory which stored in plurality of correcting data. Latch
outputs of the latch circuits 53A to 53M are set to addresses and
correcting value data DF corresponding_§g_a changing pattern of the

nmodul ati ng si gnal S3 are output. A nmonostable multivibrator (.m\d/) 55 inputs
a latch oufR3L1{180ARE" centabiringtie nthis chittchs JutRib AR tRe tdgededs| at ch

[ it ted i | es, d t put ' . Si |, _hayi
i gnal T cerRRGLR FHECaED AR SRaP AL G LeATpR, PR SRRty

hor t t ' 37T it I Si tim f thi | at ch t put
?e?;rgacegﬁiegeggébéﬁ%(ﬂﬁt&ﬂ%&gﬁgge?ggsgzgpu{212? ?melvgsst:ggs gﬁdp?heas :

difference in delay 4 H&rgggtmﬁgnvn%% r%q%cghvgst%%ﬁﬁé 182 €51 tion

of the timng correction o atrng signal 1n edge posi tr1on

correct i NgefbigUWhide Atodtd del pYuehl oty toPRoyedeenhd addpn delraxsnt he rising
pul se signal output fromthe nonostable nultivibrator 55 and outputs the

ri sing puloaepatgnaf e maaath cdfrctiliest 35 .toASIH acé osets alecddrekygesut put s
the tap output of the delay circuit 56 in accordance with correcting val ue
dat a DF. Hmdscorhectiiecaduesdatel BEt ¢ontespomdingsta aichangipgl petteégmal SS
(FIG 6D) having a_delay tinme changed in accordance with the correcting

val ue dat@fDFheTﬂ9§?14#&P9i%ﬁ%ﬂ@leﬁgeaE%w94§ﬂﬁtng A pepestalde - 16-
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latch circuit 53G among the thirteen latch circuits connected in
series, and outputs a rising pulse signal having a signal level
rising for a predetermined period (a period sufficiently shorter
than a period 3T) with the rising timing of this latch output as
a reference.

A delay circuit 56 has tap outputs at twelve stages
and the difference in delay time between the respective taps is
set to resolution of the timing correction of the modulating
signal in the edge position correcting circuit 42A. The delay
circuit 56 sequentially delays the rising pulse signal output
from the monostable multivibrator 55 and outputs the rising
pulse signal from each of the taps. A selector selectively
outputs the tap output of the delay circuit 56 in accordance
with correcting value data DF. Thus, the selector 57
selectively outputs a rising pulse signal SS (FIG. 6D) having a
delay time changed in accordance with the correcting value data
DF.

Thus, the rising edge correcting circuit 50A



nodul ating signal S3 and also has delay tines Ar(3, 3), Ar(4, 3), [err]r(3,
4), Ar(5, 3), at respective rising edges of the nodul ating signal S3
changed in accordance with the changing pattern of the nodul ating signa

S3. In FIGS. 6C and 6D, the changing pattern of the nodulating signal S3 is
shown at a pit interval b and a pit lenfth p with one period of the clock
CK as a ungenerfitesdéheyrisimg eddatsignaloSshehi¢lsihag edgignal clevedwn by
Ar(p, b). Accordingly, in this FIG 6D, ,a secondly described delay tinme
[err]r(4, Bising dnjacgprdange prih db@ wAEANG Rk & isdonap| devebiof H®e cl ocks
prior to a pit. having.a |lengg;h of four clogks. Thus, the_correcting val ue
data DF cdfrdsidon§ie82 I$£ C%'H{)iarjrae‘tol bas g?f?ﬁe"s‘é“eﬁ &3 é\}e A (Gred i n
the correcting ug,ta 54, As, a resul i nce it | r b

i rradiati n%i £ HaE qajds 4) 'bggfﬁr’ .14 the S%t tekpedtie i‘?%sgbéo?‘g%#g &£ V\/S:tl}]eyt he
nodul atin i : : r&si Iﬁﬂgﬁ- 0 | I Js G 0 S a pit
pattern f%&%% oﬁnﬁﬁglgg?}cgf %ﬁ% in1%hé&§gﬁggggg%ggge%Pgdéqé§§€§§rlthe
basi ¢ periggdesds o ¥Rkl moddilagiBiPsdlgasit B, ri sing edge signal SS in
accordance with this pattern. The construction of the falling edge
correcting circuit 50B FEGE hesCsamd 6P, ttlxd cHandiagr patterredde therrecti ng
circuit 50A except that the nonostable nultivibrator 55 is operated with
the fallinpedulkptisg shgnpit8h utshewnggtaarpierimtesvahdbcand entitof t he
correcting,value table 54 are different. -17- The falling edge

correcti ngl%xigféhipt with geRPAEHRd 2T Hhe AloekdeR dsyRalnsk (e d8dAYwhi ch

has a Slgngimééﬂggldgi%gngo the rising edges are shown by Ar(p, b).

Accordingly, in this FIG. 6D, a secondly described delay time
Ar(4, 3) is a delay time provided when there is a blank of three
clocks prior to a pit having a length of four clocks. Thus, the
correcting value data DF corresponding to all combinations of
these p and b are stored in the correcting value table 54.

As a result, since a pit is formed by irradiating the
lasér beam L to the optical disk in accordance with the
modulating signal S3, the rising edge correcting circuit 50A
detects a pit pattern formed on the optical disk in the range of
a period 12T with the basic period T as a unit, and generates
the rising edge signal SS in accordance with this pattern.

The construction of the falling edge correcting
circuit 50B is the same as that of the rising edge correcting
circuit 50A except that the monostable multivibrator 55 is
operated with the falling edge of the latch output as a’
reference and contents of the correcting value table 54 are

different.



I n accordance with the falling of the signal |evel of the nodul ating signa
S2 and al so has delay tines [err]f(3, 3), Af(4, 4), [err]f(3, 3), [err]f(5,
4), ... at respective rising edges of the nodul ating signal S2 changed in
accordance with the changing pattern of the nodul ating signal S2. In the
FIG 6C, simlar to the delay times atlThe rising edges, the delay tinmes at
the falling edges arehesifialdilg pdge]ddmredtlingscingctite 08 geapghbep @nd t he
pit interval b. The falling edge correcting circuit 50B detects a pit
pattern fdiadddngnedge $bInalalSRIi(FEG n6€ hewhigiybasf aaspgnalodevel wishnghe
basic period T as a unit, and generates a falling edge signal SR by

correct i ngt RECPrARrpge fithhep faddng 5 Hieusignad Ievel foff they edge as
tim f i di ating. |l et i the | b ' d ith th
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respectively. Thus; as"shown in FIG 6E, it generates a no I gna
55 whi ch, pafdcerrnt be thgnmbddiemdngt begeef 33 .segnathéherd) Ba)9 sahithe € gnal
| evel of the rising edge signal SS, the signal |evel of the nodul ating

si gnal falthe delapetimas raf dfhet rdsingnedgdsyaheofieléte fimds g etge si gnal
SR The flip_ flop 59 generates this nodul ating signal S5. A level inverse
converti ndadilingi edges are ghowgopyedf6p¢ HY) sisgnal theeit diengihspndadl ati ng

si gnal havin n out put anplitude at a TTL | evel and outputs the nodul ati nc
g thegpgt gntéEvalrg{ ‘ P g

The falling edge correcting circuit 50B detects a pit
paﬁtern formed on the optical disk in the range of a period 12T
~with the basic period T as a unit, and generates a falling edge
signal SR by correcting the timing of the modulating signal S2
at its falling edge as timing of irradiating completion of the

laser beam in accordance with this pattern.

In FIG. 5, a flip flop (F/F) 59 synthesizes the
rising edge signal SS and the falling edge signal SR and outputs
a synthesized signal. Specifically, the flip flop 59 is input
with the rising edge signal SS and the falling edge signal SR to
a set terminal S and a reset terminal R, respectively. Thus, as
shown in FIG. 6E, it generates a modulation signal 55 which,
after the signal level thereof rises at the rising of the signal
level of the rising edge signal SS, the signal level of the
modulating signal falls at the rising of the éignal level of
the falling edge signal SR. The flip flop 59 generates this

modulating signal 85. A level inverse converting circuit 60



signal having an original output anplitude. Timngs of the nodulating
signal S2 at the raising and falling edges are corrected in accordance with
the front and rear pits and a |land length, and this corrected nodul ati ng
signal is output. Irradiating timng of the |aser beamL on the disk
original board 31 is correspondingly <l®&+ected in accordance with the front
and rear pPreectal tthee signdll teyeh. offtisis meduhatbpg i signadi dhviegoani ng
apparatus 30, the positions of the front and rear edges of each of the pits
are corr eeRERUs AR kitade) ptt ar BTk akpved Bpd: putputerfhe aedalptingen codes at
a regenerating tine are redyced._ Further, the edge position correcting

circuits #39nahhaing 4 eEpgHEh PHPYhAmPL ke mount of the | aser beam L
f di t. th it he f t d Of h of
the bits so as vo remiarraf < MedRakite LRBiel S o8 baf P s eonol o
| d | ] d ' It
Unterval 208, tEpLing RS fe el ded IR ABlobladdl e (HBIEROAGAATE Py

IS a processrVhHvk USRO al 0a8APLEAFLINL IR EhES 8bride P moRalihBsnyal ue table
54 used to nmake the timng correction at the edges in this way. In the

opti cal dssgnaPkciy dutpuappalatradisfing dmiagr ofl uelssl 1sis@iabeainos S&s tthe
predeterm ned slice level in correct timng synchronized wwth the cl ock CK
by suit abfigskeoxiginalhboaudr 3Lt isrordespondbhglpicmumetedednt he pit | ength
and front and rear blank |engths are -19- changed. The correcting val ue
table 54 pgcgg@aqqg1ﬂ*§hrpggngront~and rear pits and the land length.

Thus, in the optical disk recording apparatus 30, the
positions of the front and rear edges of each of the pits are
corrected such that jitters caused by the interference between
codes at a regenerating time are reduced. Further, the edge
position correcting circuits 42A and 42B corresponding to the
light amount of the laser beam I. for recording correct the
positions of the front and rear edges of each of the pits so as
to discriminate a reproduced signal at a constant threshold
value and reliably reproduce data D1 recorded by the pit length
and the pit interval even when the light amount of the laser
beam L is reduced.

FIG. 8 is a process view used to explain generation
of the correcting value table 54 used to make the timing
correction at the edges in this way. In the optical disk
recording apparatus 30, the reproduced signal crosses a
predetermined slice level in correct timing synchronized with
the clock CK by suitably setting the correcting value table 54

even when the pit length and front and rear blank lengths are



edge correcting circuit 50A and the falling edge correcting circuit 50B in
each of the edge position correcting circuits 42A and 42B. However, the
correcting value table is generated by the sane generating nmethod except
that generating conditions are different fromeach other. Accordingly, the
rising edge correcting circuit 50A wi13®-be explained here. In this process,
a di sk orikiamgedpoard for evaluation is made by the optical disk recording

apparatus 30 and the correcting val table is set on the basis of the
reproduced results d'Fh"aﬁ°5|‘5?FEngdY€£“‘?réiféﬁﬁ’y5@‘hil§ W idoihgi FaFindar d.

Here, th ti I tahle 24 f luat i f ' t
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time in the selector 57 shown in FIG 7. Thus, in this process, the disk
original horR daméd génerdoir( mehbleegospt ceiit lgenarasing Gidiitionki sket he
optical nodulator 36 is directly operated by a nodul ating signal S3, that
is the di siifdergnhafrdmazath otdepeselctyrdinglyanmtheonisinmpredge a nor mal
optical disk nmaking process. In this process, the disk original board 31
exposed i FUKEStHRg FEreitite|S0PeWidhdbe sexmeHingde BEESF or ni ng- processed so

that a nother disk is de. A stanmper 62 .is nmade fromthis nother djsk.
Further, simlar to ¥hd&sr BEPCOHT c,aald6]Cﬁks PTAGRAAY board foreyatuation,

opti cal diak il By TBHS JSBANLToR! POVSLafly fobREGYUSY ha?RAG 2 U 64

reproduces™t
correcting value table is set on the basis of the reproduced

results of an optical disk made by this disk original board.

Here, the correcting value table 54 for an evaluating
reference is set in the optical disk recording apparatus 30 upon
a making time of this disk original board for evaluation. This
correcting value table 54 for an evaluating reference is formed
by setting the correcting value data DF so as to selectively
output a center tap output of the delay circuit 56 at any time
in the selector 57 shown in FIG. 7. Thus, in this process, the
disk original board 31 is exposed by the same condition as a
case in which the optical modulator 36 is directly operated by a
modulating signal S3, that is the disk original board is exposed
by the same condition as a normal optical disk making process.

In this process, the disk original board 31 exposed
in this way is developed and is then electroforming-proéessea Te!
that a mother disk is.made. A stamper 62 is made from this

mother disk. Further, similar to the normal optical disk making



di sk 63 for evaluation made in this way. At this tinme, an operation of the
repr oduci ng apparatus 64 is controlled by a conputer 65 and is switched so
that a reproduced signal RF having a;gignal |evel changed in accordance

with the amount of return |ight obtained fromthe optical disk 63 is output
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pit width of this optical disk 63 is change ourit of the
| aser beam L is switgheshrofeeshsi Agparatiresat B@pfsm&é@%@% opefah RF s

observed by the digital oscilloScope 66, it is Observed that™~an anplitude

of the reptistu6sdfer gevdlustivhangdd in ﬂlﬁ)rﬁd?Qn RO £RPHANGLNT a0 the pit.
FIGS. 9 and 10 respectively show signal wave forns of the reproduced

si gnal s Repsiretioheof| v mpneducidfigt appdsars bdatsi sontrdldicat ®¢ at hi gh
and low | evel s. As can be seen therefrom the signal anplitude Is increased
from W t GOWPUERT a8 RRfh e sHitrhedese | gmt anmsgprodaced sigmedr RBeam  The

front and.rear edges of i Lth respect to the reproduced signal RF are
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obser ved 1,S .areatl v changed .as .t he i fude i s changed.
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rear pits S {ffg i ' oL ty f.qr i r . | aser beam
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swi tched so that anal og -21- digital converting processing o
r epr oducedighgnaoliit icf pdiel dased béam Is apswigche@uUeriorddnyl §pswid@at  of
2 Channelthe reproduced signal RF is observed by the digital oscilloscope
66, it is observed that an amplitude of the reproduced signal is
changed in a portion corresponding to the pit. FIGS. 9 and 10
respectively show signal wave forms of the reproduced signals RF
when the light amount of the laser beam is irradiated at high
~and low levels. As can be seen therefrom, the signal amplitude
is increased from W2 to W1 in accordance with the light amount
of the laser beam.

The front and rear edges of a pit with respect to the
reproduced signal RF are changed as the pit width is changed.
Accordingly, a large jitter is observed and asymmetry is greatly
changed as the amplitude is changed. Further, jitters caused by
the interference between codes from front and rear pits are also
observed in pit portions formed by using the laser beam at a
high light intensity level such as a user area, etc.

An operation of the digital oscilloscope 66 is

controlled by the computer 65 and is switched so that analog



clock. As a result,. the digital oscilloscope outputs the obtained digital
signal to the conputer 65. The conputer 65 controls the operation of the
digital oscilloscope 66 and al so processes the digital signal output from
the digital oscilloscope 66 so that theg;conputer sequentially calculates
correcting,value data DFE. Further,, the copputer 65 operates a ROMwiter 67

so that t#:9+td lHQQWEEtéBFrBE???Ef%RQ|ﬂ§¢&_ § FrPZRde §EAPRLIRE XS ored in
th d Ly y. _Th tin l ue t.abl 4 is.f d. |
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value tabbfoog. Ca Thshitd LnOVGLIAE SHAM1G:E R ésgxggategugéocedure in

this conplter 65.7 In fhis pfocessing pfocedure, uter initializes

ajitter detepddPruilBdn! sf‘%ﬁ&l €3 & dohgupepbes, n(p, b) of jitter

measurenent tines to val ue in a step SP2 froma step SP1. Here, the
conputer 65 cal cul atrhe &dfpytdr €5 dohegbl Hothe BPerakeon] 6f Pchdd)digdagount s
the nunber n(p, b) of jitter neasuring tines at every conbination of the
pit | engt bspiklwbddpe 66t andt @lselpioagsiskesr theedigitmlf sdighainoutmer edges as
jitter detecting objects. Therefore, the conputer 65 sets all of the jitter
det ect i ngf¥es the [Gdgitalposeiliesrane 6fuspekhal ptheycogpugprt er neasuri ng
times to initial, values_in_the stﬁgﬁfPZ. Subsequently, in_the next step
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(e apmiien b AkaREE. b EOESRREE W0l Bo ACICHR R g o0 v
correcting value data DF are sequentially stored in the read
only memory. Thus, the correcting value table 54 is formed. In
this process, the optical disk is finally manufactured by this

correcting value table 54.
. FIG. 11 is a flow chart showing a processing
~ procedure in this computereqs._ In ?his processing procedure,
the computer 65 initializes.a jitte£ detection result Ar(p, b)
and the number n(p, b) of jitter measurement times to value 0 in
a step SP2 from a step SPl. Here, the computer 65 calculates
the jitter detecfiﬁg result Ar(p, b) and counts the number n(p,
b) of jitter measuring times at every combination of the pit
length p and the pit interval b with respect to front and rear
~edges as jitteg detecting objects. Therefore, the computer 65
sets all of the jitter deiecting result Ar(p, b) and the number
n(p, b) of jitter measuring times to initial values in the step
SP2.
Subsequently, in the next step SP3, the computer 65

compares the voltage level of a digital signal output from the



signal RF to be two-valued. In this processing, the conputer 65 sets the
digital signal to be two-valued such that a | evel equal to or greater than
the slice | evel shows value 1 and a level snaller than the slice |evel
shows val ue 0. Subsequently, the conput.ey 65 proceeds to a step SP 4 and

generates a,reproduced.clock fromthe bi‘hary sigpal fornmed_of this digital
Ionar i n GistEEEsoidagstoie b8 it B3oatrarRinad SiCepirtel ormtt Fhe
PLL circuit b rithmetic Cess] W th the binar i gnal _as _a reference
2nd gener ¥RREAES dhAiancRh EREE Bt b st ae) sHelhPpRaiackd, o,
subsequent t goLL 5 |yary sgn
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signal is called a decoded signal). Subsequently, the conputer 65 proceeds
to step SPfoamt gieiateirs thahi tite dilfilcer degeleshowsn ddlme 1Mmanfoa Ntewdl a
rising edge of the binary signal to a falling tine point of the reproduced
cl ock nostsprblémathan shehstige sienpledowsThakue the conput er ti nme- neasures

jitters at this edge. Subsequentl in a step SP7, the conputer 65 detects
front and rear pit | ERBSeEUeNtdYd %‘Ih? FRFRMERY $5 PEPERPER LRIk SFe® SPghal
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simulates the operation of the PLL circuit by arithmetic
processing with the binary signal as a reference and generates

the reproduced clock by this simulation.

Further, in a subsequent step SP5, the computer 65
samples the binary signal at the timing of such a generated
reproduced clock at each falling edge thereof so that a
modulated signal is decoded (hereinafter, this decoded
modulating signal is called a decoded signal).

Subsequently, the computer 65 proceeds to step SP6
and detects a time difference e from the time point of a rising
edge of the binary signal to a falling time point of the
reproduced clock most proximate to this rising edge. Thus, the
computer time-measures jitters at this edge. Subsequently, in a
step SP7, the computer 65 detects front and rear pit lengths p
and pit intervals b from the decoded signal with respect to thé
edge time-measured in the step SP6.

Subsequently, in a step SP8, the computer 65 adds the

time difference e detected in the step SP6 to the jitter



correspondi ng nunber n(p, b) of jitter measuring tines by val ue 1.
Subsequently, the conputer 65 proceeds to a step SP9 and judges whet her the
time measurenent is conpleted or not wiBR respect to all rising edges. Wen
a negative result is obtained here, it is returned to the step SP5. Thus,
the conputer 65 repeats a processing procedure of steps SP5, SP6, SP7, SP8,
SP9 and SPSteetimg sresuddr Axi{p,abl eerrzedppadingdtie the fitomt- apdsveaxd jitter
detecting result at every changing pattern appearing at the reproduced

si gnal RFPikndergths £ @9 RikbERtSFVakRIiRy A4, ineremeMenghey pattern is

I ified i j od of f ' d . .Sl | es, lod 12T
Whol o) 1 GRFECHPORLITe SABbETn (Bb Ik (S S ERF AERHE: L (ang8: oo ales o
f [ d i t the | ' its 53A
o 5am i nitneSiPRARITL' e, SEnMHERE o nrBbBHES &0 A MeahChER ] [\ er
Lime measypagEltuicHAMER! edndl hdadGRiRil 48 Bbhpidied Qe RoL! BayF OPUL of
a’p e step SPY an

65 obtain ositive result Int ence It proceeds to a
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result is calculated at every changi ng pattern appearing at the reproduced
si gnal RFhebapeiy,isirettirnkd fottless giedpesPsd in the step SP6 is influenced
by noi ses, the conputer 65 cal cul ates the average value of the jitter
detecting result inThuss the comrpubesr 6Vctepeatet Aupnogeasing pyoasidurie
jitter. When the conputer 65 cal cul ates the average val ue of -24- the

jitter dePEcPFRRS rBRU 5F0m BRY s SR8y, SBO a06sERvcHE IKhisy exdegsand a step

SP11. "I ggégmg 5’ivéf@ea%%gpgﬁgrtfﬁggﬁé§§%§ed jitter detecting result at

every changing pattern appeariné at the reproduced signal RF,
and counts the number of additions. This changing pattetn is
classified in a period of front and rear six samples (a pgriod
12T as a whole) from a jitter detecting object edge with the
basic period T as a reference in accordance with the number of
stages of the latch circuits 532 to 53M in the rising edge
correcting circuit S50A.

| Thus, when the jitter time measurement is completed
with respect to all the edges, the computer 65 obtains a
positive result in the step SP9 and hence it proceeds -to a step
SP10. Here, an average value of the time-measured jitter
detecting result is calculated at every changing pattern
appearing at the reproduced signal RF. Namely, since the jitter
detected in the step SP6 is influenced by noises, the computer
65 calculates the average value of the jitter detecting result
in this way and improves a measuring accuracy of the jitter.

When the computer 65 calculates the average value of



correcting value data DF fromthis detecting result at every changi ng
pattern, and outputs each correcting value data DF to the ROMwiter 67.
Here, the correcting value data DF are cal cul ated by executing arithnetic
processing in the follow ng equation (3x-when the difference in delay tine
between. taps in the delay circuit 56 is set to [err]. [err] Here, HIl(p, b)
shows a tapeojitter dEtertingcresul® heltddisedahy ibesulmagmentnyg val ue data
DF and shows a center tap in the case of value 0. Also HHQ(p, b) shows a
tap of thprde¢eds tia cuistep6SBilect Bl thist Is¢epor thet¢omputairugedarat&¥F as an
initial value and Hr%p, b) is set to value O in this enbodi nent. Further,
a shows aCeBReEHEHYY vadue dakat BF stxomddilsedetegting srasuwly atvevery (e. g.,
0.7, etc.%hequal to or smaller than one so that the correcting val ue data
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executing generating processing of the above correcting value data in the

case of thgeNQETHY} dilr@litaBBUDS - sdhal, ke conputer 65 stores the correcting
val ue data DF genlerated in this way in the ROMwiter 67, it proceeds to a

Hrl(p, b)= +Hr0(p, b)

—-aAr(p, b)
T
(1)
Here, Hrl(p, b) shows a tap of the delay circuit 56
selected by the correcting value data DF and shows a center tap
in the case of value 0. Also HrO(p, b) shows a tap of the delay
éircuit 56 selected by the correcting value data DF as an
initial value and HrO(p, b) is set to value 0 in this
embodiment. Further, a shows a constant. Here, in this
embodiment, a is set to a value (e.g., 0.7, etc.) equal to or
smaller than one so that the correcting value data can be
reliably converged even when there are influences such as
noises, etc.
The computer 65 generates the correcting value data
so as to set the reproduced signal RF to be two-valued at a
normal slice level and generate the binary signal in correct
timing even when the light amount of the laser beam L is fallen
with the signal level of the reproduced signal RF detected

through the digital oscilloscope 66 as a reference and is fallen



step SP12 and this processing procedure is term nated. Subsequently, the
conputer 65 executes a simlar processing procedure with respect to a
falling edge of the digital binary signal so that a correcting value table
54 is conpleted. FIG 12 is a bl ock diagram show ng a reproduci ng appar at us
of the optical disk manufactured in th2$-way. In this reproduci ng apparatus
70 rot at edyrexsomtinag gesdrating poosesdiby eof syliendbevaotorrddtaing arallaeer
beam having 780 [nn] in wavelength is irradiated by an optical pickup P
under thi Fat® dm fescase. oftkheh@ormpd Lhght aymayadsi ng apparatus 70, a
return light of this |aser beamis received by the optical pickup P and a

reproduced signal RABERitHE SOUPHREF $2alOrEFakhedCPRrertidandd Yaduewlata an
t of [ t Light.is d HRAY ' it, 71
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by equal i zj Y r | (o] | I | circuit 72
recei ves tzén% Egg\rygdgﬁgdmé?%r#azlt&%lﬁrsg'ﬁppg?g?éri%%etghillgs tgéﬁ##@éla/n'g circuit 71
and di scrigy 2nthe, StRd doriMRr @ | idly a

predet erm ned t rgsggfdﬂsgl uoe androutgp%?gc‘g%éir (r?gr%éﬁg}g%a S{é%Al% LL circuit
73 gener at@ocdugpr QilURi Agspddc to( ah#alRing laide) oEKthetdidiiaa Dinaky signal

S7 as a reference and outputs this reproduci ng cl ock. The reproduced signal
RF is reprsidmeddsbythat a c@frechingewalye statille jS4t isr caypletradact i ng t he
irradiating timng of the |aser beamin accordance with form ng patterns of
various kinds of pitBIGndZdsr achlagk tdiagnan showbng fa giepredacivgr edges of
cach PIT ohrTa205' &7 ehe optTeal A5H Rasufictrad 15 tnld' why. In this
reproducing apparatus 70 rotates an opﬁical'disk H is rotated by
a spindle motor M and a laser beam having 780 [nm] in wavelength
Jis irradiated by an optical pickup P under this rotating state.
Further, in the reproducing apparatus 70, a return light of this
laser beam is received by the optical pickup P and a reproduced
signal RF having a signal level changed in accordance with an
amount of this return light is generated.
An amplifying circuit 71 amplifies this reproduced
signal RF and then outputs the reproduced signal by equalizing a
waveform of this reproduced signal. A binary circuit 72
receives the reproduced signal RF output from this amplifying
circuit 71 and discriminatgs the signal level of the reproduced
signal RF at a predetermined threshold value and outputs a &
binary signal S7. A PLL circuit 73 generates a reproducing
clock (channel clock) CK with this binary signal S7 as a

reference and outputs this reproducing clock.

The reproduced signal RF is reproduced by an



read-in area HR, a signal anplitude is intermttently increased by
intermttently reducing the light anmount of the | aser beam and nodul ating a
pit wwdth. Further, the irradiating timng of the |aser beamis corrected
in accordance with this increase in the <‘%ﬁght anount of the | aser beam
Thus, the tim fsdd¥®L 4 _a G AP al
corrected %%%E%%]ffi%n m%%te%ﬁ ?geé%%t gﬁéﬁﬁtg g&ﬁ%ﬁlﬁaﬁl@gg ?fs
reduced. Aggar $h86} Yhed i QRESEYSREE Scmnﬁlfdr_ﬁxiﬁgpﬁ&@&&% Wit Balfisysame
asynmetry as other portions. The binary circuit 72 generates the binary
signal S7 kfn@8ré£chits randy cogreesndiing Himinge OASfromebndd réadt edges
recording tinme. Further, the PLL circuit 73 generates the reproduci ng cl ock
CK havi ng atfi eathepkt yorsraal loptitakrdisid mumufacsurdi sidepr daurcheg, cimck. A
denodul ating circuit 74 generates_reproduced data by sequentially |atching
t he bi naryrepgnin a¥ead Hhe & spgpalicapkitede R intermisttanddyeincreased . the
nal , 74 denodul ates the reproduced data and _outpufs the
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in which the light amount of the laser beam is reduced.
Accordingly, the ieproduced signal is reproduced with the same
asymmetry as other portions.

The binary circuit 72 generates the binary signal S7
in correct timing corresponding to the basic period T at a .
recording time. Further, the PLL circuit 73 generates the
reproducing clock CK having an extremely small jitter and
outputs this reproducing clock.

A demodulating circuit 74 generates reproduced data
by sequentially latching the binary signal with the reproduced
clock CK as a reference. Further, the demodulating signal 74
demodulates the reproduced data and outputs the demodulated
reproduced data. A servo circuit 75 detects the address of a
laser beam irradiating position from the reproduced data and
makes the optical pickup P seek on the basis of this address
detecting result. The servo circuit 75 controls an operation of

the spindle motor M with the clock CK as a reference so that the



An ECC decoder 77 latches the reproduced data output fromthe denodul ating
circuit 74 and holds the reproduced data in a random access nenory (RAM
78. Thereafter, the ECC decoder reads the reproduced data in a
predeterm ned order so that the reprodyfgd data are deinterl eave-processed.
Further, the.E ecoder, 77 perforps or cQrrecting processing, of these
repr oduceﬁpgﬁ?% a‘ﬂ’dﬁbtdﬁ it §°£ﬁ§§€ Hto 58&865%39 of [FaSOBStRBRY ﬁh@%ﬁs’i i ng
circuit 7 uc da t.h ster.k and its eryor
correctingeéggéggToﬁﬁ?ﬁ%ggﬁp%ﬁ?ﬁgéégﬁtﬁéée eﬁrgﬁﬁégﬁfﬁﬂﬁﬁﬁglsﬁ?.

Specifica haw.d Y. i lLreuit 79
detects ah%%ﬂtlaﬁsﬁa perldgﬁrgg%?ll?% %@&@2&%&, ?ﬁaa}]ds?sg%h ggng#ﬁfa pit in a
period fremrédit 07d kb thatathbt ofei&el igigkap’ pUis sbughthe pit in a period
equal to or greater than the period 6T is a pit in whiich the |ight anount
of the laser at an awpEECngedodar af7 tLhecHesktlps irgiptaliubeardhts cudpuect |y
reflected in the reproduced signal. This pit is judged by an MIF

( Modul at i Gnofir tlms fademddmieting) circwit g eddcholdsptliec alepspdtead ddta pit
detecting circuit 81 inputs the binary signal S7 to latch circuits 80A to
80J at tedNs®FRRAMACCCEEINPROBE(RA) J8d sThexeaftan,y the RGE ddecadars
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AND circuits rises
reproduced data and outputs these processed data.

A master key detecting circuit 79 reproduces the data
MK of the master key and its error correcting code from the
amplitude of the reproduced signal RF. Specifically, as shown
in FIG. 13, the master key detecting circuit 79 detects a pit in
a period equal to or greater than a period 6T (a pit in a period
from 6T to 11T) in a pit detecting circuit 81. The pit in a
period equal to or greater than the period 6T is' a pit in which
the light amount of the laser at an exposing time of the disk
original board is correctly reflected in the reproduced signal.
This pit is judged by an MTF (Modulation Transfer Function) in a
reproducing optical system.

The pit detecting circuit 81 inputs the binary signal
S7 to latch circuits 80A to 80J at ten stages connected in
series, and sequentially transfers this binary signal by the
reproduced clock CK. A predetermined input terminal of each of

AND circuits is set to an inverting input terminal. Latch



l ogic level of an output signal. An OR circuit 83 receives the output

signal of each of the AND circuits 82A to 82F and outputs its |ogical OR
signal. Thus, the pit detecting circuit 81 detects the pit in a period from
6T to 11T. The master key detecting circ#8t 79 shown in FIG 12 is formed
of an anal og/digital (A/D) converting circuit 85 for carrying out

anal og/ di gbutputsowfe thendapebcsbduigsoBORhtor 8QF adiec tinpntstgnthe RND 0

output a digital reproduction signal DRF, a delay circuit 86 for delaying a
di gi tal repFoRids - onWhpgntihe DRIEAUQWHPULE off t the Aabcdomiseuirs DA &ied a pit
detecting circuit 81. Alatch circuit, 87 Iat@;es t he di gita[ r epr oduced

si gnal DRFYH 9% sEiste Brlyeel d@’cébct’innacF‘éE RGe FthLERg; PiketQfct i ng

circuit 81, -Thu i th,reshect_ to it in aperiaod equal _to or greater
than 6T, t’ﬁ%nragcﬁwdi ?gﬂi ?f‘gﬂet ect é"ﬁ‘e%nﬁ?ﬁ% co‘frcﬂ"ﬁr SrERTSY si gnal
RF at tim £.0r aj ki s L,ght |4 Yok ﬁ%n r, of
the pit. A b?tlﬁﬁgngﬁoggcﬁt&g{r%i%&lnggfcu%?%‘g)gplg??glrtng&d"l?%%l?la atr‘f'a og
converti NgoWMAC $3gRE10bs t BecKlidh e RRDI 89HERLSIgRkoDBYF dhdoutputs
denodul ating circuit 89 sets an output signal of the digital/anal og
converti ngits rimgilcal8O0R0s bgndlwn- Wlused thedpiendsticrdng binaiit signal , and
detects a clock fromthis binary signal. Further, the PE denodul ating
circuit 8Yelkewmiultieepit in 29-petiod dromhéTord gilTal nmaster key KM and the
error correcting code by processi ngat he binary signal with this clock as a

reference. The PE dehiRigraiteatykeyr eareching sipguis &9 rghowbineFitngl2

Processing; oM hhed 89508 Sfod /A igi¥h1! PR/ BT Esivetting "t it 85 for

carrying out analog/digital converting processing of the
reproduction signal RF to output a digital reproduction signal
DRF, a delay circuit 86 for delaying a digital reproduction
signal DRF output from the A/D converter 85, and a pit detecting
circuit 81. |

A latch circuit 87 latches the digital reproduced
signal DRF on the basis of the detecting results of the pit .
detecting circuit 81. Thus, with respect to a pit in a period
equal to or greater than 6T, the latch circuit detects the
amplitude of the reproduced signal RF at timing for obtaining a
return light approximately from a center of the pit. A
digital/analog converting circuit 88 performs digital/analog
converting processing of the digital reproduced signal DRF. A
PE demodulating circuit 89 sets an output signal of the
digital/analog converting circuit 88 to.be two-valued and
generates a binary signal, and detects a clock from this binary

signal. Further, the PE demodulating circuit 89 demodulates



out puts the processed data. As shown in FIG 12, the master key detecting
circuit. 79 reproduces the data of the master key KM repeatedly recorded in
a read-in area and outputs the regenerated data to a decoder 91 at a
regenerating starting time of the opticg?I di sk H The decoder 91

descranbl e- processes the reproduced dai@ output fromthe ECC decoder 77 in

a user ar ¢t of the erigiral masderakerr Kit3ndkmhes efresf eemrratimhgodet he

decoder decodes the,enci phered repr.oduced, data., Subseguently, a decoder 92
decodes ol REoFLEg1Be Fﬁ% ta’élﬁﬂeﬁlgfainwh nCdORKt &S th L giGLeRCesf an
MPEG and t s the decoded data...|n.the _above construction, a val ue of
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as the makdigpuEanéhbi pro&ésded @avant i onal optical disk. The optical disk 63
for evaluation is made of this disk original board 31. In this optical disk

63 for evaluation, the dimaer ipesFmGl 13, atheodhbstent key | @stdatiagmeditait ng
signal having a signal |evel changed in a period integer tinmes the basic

period T si® tdepirotibeedi she alatg el theamalsBdr ikeys EjurapeatédlyemeaeededThus,
the input data D1 are recorded on the optical disk by a -30- pit length
and a pit ¥hteread-inparer and@utpuiscbhe t¥rgqnegatedndara i a idecpdesr beam

L is reduced on the basis of data qQf the rrasémer ke¥ KM so_f hat the naster
key KM is Hellr @eleg§Rerat M RFand 88 5Pt ohnithen OPELFR-hedisk Be pit | ength

I's changed and The decoder 91 descramble-processes the reproduced
data output from the ECC decoder 77 in a user area with the data
of this master key KM as a reference. Thus, the decoder decodes
the enciphered reproduced data. Subsequently, a decoder 92
decodes output data of the decoder 91 in accordance with the
format of an MPEG and outputs the decoded data.

In the above construction, a value of the correcting
value table 54 in the edge position correcting circuits 42A and
42B is set to an initial value in the optical disk recording
apparatus 30. The disk original board 31 for evaluation is made
in the same condition as the making condition of a conventional
optical disk. The optical disk 63 for evaluation is made of
this disk original board 31.

In this optical disk 63 for evaluation, the laser
beam L is on-off-controlled by a modulating signal having a
signal level changed in a period integer times the basi¢ period
T so that the disk original board 31 is sequentially exposed.

Thus, the input data Dl are recorded on the optical disk by a



formed as the pit wdth is changed. Thus, with respect to the reproduced
si'gnal obtained fromthis optical disk 63 for evaluation, jitters are
observed by the interference between codes of adjacent pits in a portion in
which a pit is formed by a constant |igg.- anount. In a changing portion of
the pit wwdth, a large jitter is caused by changing the pit length in

addi ti on Padtthenghh aardkeepds BEEREERL { hdrc Sdesrepdabh seant, phesligtt her,

the anplitude of the reproduced sigpal is greatly changed in this changing
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| aser beaafbeheanawm?agwiaﬂeh fecanaliqud.y, a large jitter is caused with
respect to a reproduced clock generated fromthis reproduced signal. A

reproduced signal REhuepr eduk exbdpger® toi shepiépmrddudiesk ségnlY ébained
reproduci ng apparatus 64 is converted to a digital signal by the digital

osci | | osc@ipem66his heptdafaledish 63 nfoly esiajuakion, ditickars sirgnabsanded
reproduced cl ock are generated by the conputer 65. Further, with respect to
t he - 3by thei ietexfierienge, behweem grflasy ofatdircertt niks dvdel BFrRiPE| gnal
is detected by, detecting the front and rear pits and | ands fromthe decoded

signal at *BvERICRAYPISt 1hdOBFAAIRY & SPRSTART) 119R% A ofRedch edge
mﬁth,reSpgﬁ£n§£h&rg%féﬁghpggcggeCﬁB@Kmﬂ&%h, a large jitter.is_éaused by

changing the pit length in addition to the interference between
the codes of adjacent pits. Further, the amplitude of the
reproduced signal is greatly changed in this changing portion of
the pit width and also asymmetry is severely changed.

Accordingly, with respect to the reproduced signal
obtained from this optical disk 63, the timing crossing the
slice level is changed in accordance with a changing pattern of
the modulating signal corresponding to the shapes of front and
rear pits and lands, and the light amount of the laser beam at
an exposing time. Accordingly, a large jitter is caused with
respect to a reproduced clock generated from this reproduced
signal.

A reproduced signal RF reproduced from this optical
disk 63 by the reproducing apparatus 64 is converted to a
digital signal by the digital oscilloscope 66. Thereafter, a
binary signal, a decoded signal and a reproduced clock are

generated by the computer 65. Further, with respect to the



ti me-measured at every changing pattern. Further, when the |ight anount of
the | aser beamis reduced and is held at a constant val ue, these
time-nmeasured results are averaged at every changing pattern and the jitter
amount caused by each |ight anount of the |aser beamis detected at every
changing pattern together wwth a jitter ‘anount caused by the interference
bet ween cepticaWdisk &pethet changingtpatdiers of tBe nddulatingneigoal
processing of the equation (1) is executed by the jifter anpunt detected in
this way #FtAeteetef fedefesting,the ffxpntypnd reappifemndagands fremdel ay

circuit 56_shqown (n,  FI.G as a reference. Further, a tap position of the
del ay ciré&?tggﬁpé%ﬂnﬂﬂqg aEaﬁE%*Yrﬁﬁ%ﬁﬂQ? &§Feg%€EF¥i%ﬁd&alannﬁnﬂl?E?r
detected w th nten t of .1he | T euit eference. Further,
W th respgg‘fmflg %ﬁeeao(‘{oht ie(;%‘gﬁ %ll}s:ﬁ %%E’,EEL% a %#535%%1%?}}0%@{ t':}h"fJ d&t ect ed tap
posi tion @kfeShi&itrdd) s L%adyOBhIngBIP PatderhQl recting val ue data DF.

Thus, the difference [err] in"delay tine between taps of the delay circuit
56 is set to a jitte@ureherpCihdiy thy Lightd hRCus©Ordfeahenlayel Usedmblse 54 is
formed. The correcting value data DF corresponding to a |ight anpunt of the
| aser beamedtced amgh is gleld ateasconstanteivadne, r thesaladmermehsuredrr ecti ng
val ue table 54 of the edge position correcting circuit 42A. Further, the
correcti ngesulte aka averaged- 8b-every aismednggpabtern iape theohhtter the

| aser beamat a low || g)&t i nf ensi | evel are recorded to the correctijng

t
value t abPEOBAL Faused Byqeaphol 1okt MUt OF, 5he| 1asAT bEoR, ionantedhed

correctlngtvg$é¥&téﬁgé%f%% bgtL8£ﬂm¥kééLﬂgy with a jitter amount caused

by the interference between codes. With respect to the optical
disk 63, the arithmetic processing of the equation (1) is

executed by the jitter amount detected in this way with the

difference t in delay time between taps of the delay circuit 56

shown in FIG, 7 as a reference. Further, a tap position of the
delay circuit 56 capable of canceling this detected jitter
amount is detected with a center tap of the delay circuit 56 as
a reference. Further, with respect to the optical disk 63, data

for specifying this detected tap position are stored in a read

only memory as correcting value data DF. Thus, the difference =t

in delay time between taps of the delay circuit 56 is set to a
jitter correcting unit and the correcting value table 54 is
formed.

The correcting value data DF corresponding to- a light
amount of the laser beam at a high light intensity level are
recorded in the correcting value table 54 of the edge position

correcting circuit 42A. Further, the correcting value data DF



way, data of TOC, etc. recorded in the read-in area are input to the
nodul ating circuit 41 in the optical disk recording apparatus 30 and
predet erm ned processing of the data is Eerforned by this nodul ati ng
circuit 41. The processed data are convéfted to the nodul ating signal S2

havi ng a si gnal | eve] changed with the basic period T as a unit. The signal
|l evel of tH EI%B%?%W%Q'C%?’gﬂr&ﬂh32a41%u%mfert€1§d1@6eé beam |agy @ 1pW 1hghtedge

a cl.ock CK is then

iti i ' it 42A sh in FIG_ 5, d
Copr oduced BySETEPLISYAY ae; TRSSNR (9L £he ROBSRRTAY (YA SpRbecEbdL

correctin LT G , ' (o ecting circuit 50B shown in
FIG 7, tggﬁkaggﬁécéﬁgéﬁﬁﬁg ?ggF%géiéﬁf§§¥ﬁﬁ%tr?ééh stages sequentially
performa |atching oggkat gg@_@(g&é&gf ron%ﬁ%ghggtmfé %r4nigsfgc g&;ﬁgiﬁqﬁurt her,

t he nodul ating signal S2 is input an internediaté | a CiT S53G

anong t hesgayatdditgiofuiocs B8A. t fe&HMdD inhensvResd-afH eyl hkéihﬁ@j@rto‘ﬁ

An out put of the nonostable nmultivibrator 55 is triggered at the timng of

a rising etije rodulatimisicigcuied koin ddtd ppticat udisibGRcarding al so

triggered in the timing of a falling edge in the falling edge correcting

circuit S0BPPIRREES W} aa¢k prgdeteruinesd groceasing of dihegdpthskssi gnal and a
| evel s respectively rising in the

REIN ORI N T MO S AN,
oo e et % SN BboRt S A aTL b AL M hah Fer T
circuit S6eRingdf With ehe bhsiODaIIR TPRECG M O Yl L1gQay A dNe e

this modulating signal S2 is converted to a TTL level in the

edge position correcting circuit 42A shown in FIG. 5, and a

clock CK is then reproduced by the PLL circuit 52. Further, in

each of the rising edge correcting circuit 50A and the falling

edge correcting circuit 50B shown in FIG. 7, the latch circuits

53A to 53M at thirteen stages sequentiélly perform a latching

operation and the changing pattern is detected.

Further, the modulating signal S2 is input from an
intermediate latch circuit 53G among these latch circuits 53A to
53M to the monostable multivibrator 55. An output of the
monostable multivibrator 55 is triggered at the timing of a
rising edge in the rising edge correcting circuit 50A and is
also triggered in the timing of a falling edge in the falling
edge correcting circuit 50B. These correcting circuits generate
a rising pulse signal and a falling pulse signal having 'signal
levels respectively rising in the timings of the rising and

falling edges.



falling edge correcting circuit SOB. A tap output of this delay circuit 56
Is output to the selector 57. In contrast to this, in the changing pattern
of the nodul ating signal S2 detected by the latch circuits 35A to 35M
correspondi ng correcting value data DEj3re detected by getting access to
the correcting value table 54 wiith a latch output of each of the latch
circuits 35A to 35MER B PMdse gigpakiandthendadiing tRlssy sdg8adwi t ched
by the correcting value data DF. The selector 57 of each of the rising edge
correct i ngreigeqaventieAlxndelaved aitbn Fheddelay rtims tnysed reaiicalsmdasgt put s
each of a rising edge signal SS and a falling edge signal SR by

respecti vghy SdtreRelingdvhigetddéa @k hhenit sindmndehal! Esceroes of the

nodul ating signal S2 So as to correct a jitter caused when the | aser beam L
det ect ed b d¢duvh oft ithel rils skg 68deicorvrabuahd o rcuiit 5adi ah@deigs a hi gh

l'ight intensity level. This rising edge signal SS and this falling edge :
si gnal SRfakkimy edgesceordedyindecifiduitl 50P. 5B tap vueputt bf shimalellagvel of
an output signal S5 of this flip flop_ 59 is corrected by the |evel inverse

convert i nglEFHEIHE 66. OTHRYL %P ihuISRLPAGOS| Yhal IB1AORSTashckattdshy
CoTTect g Uify L f9n0l 8l sd0e Pl iC et ALl 1 Sgnel SRS PO
5k 03B SRy SR, Pl PLGTR b S
et Sl B bt oSt sl g b e g 1,
falling eglgsle 54 with a latch output of each of the latch circuits 35A

to 35M as an address. Contacts of the selector 57 are switched

by the correcting value data DF.

The selector 57 of each of the rising edge correcting
circuit 50A and the falling edge correcting circuit 50B outputs
each of a rising edge signal SS and a falling edge signal SR by
respectively correcting the timings of the rising and falling
edges of the modulating signal S2 so as to correct a jitter
caused when the laser beam L detected by the optical disk 63 for
evaluation is irradiated at a high light intensity level. This
rising edge signal SS and this falling edge signal SR are
synthesized by the flip flop 59. Further, the signal level of
an.output signal S5 of this flip flop 59 is corrected by the
level inverse converting circuit 60. Thus, a modulating signal
S1A is generated by correcting the timing of an edge of the
modulating signal S2 so as to correct the jitter caused when the
laser beam I, detected by the optical disk 63 for evaluation is

irradiated at a high light intensity level, i.e., so as to



signal SR are generated by the correcting value data DF corresponding to
this changing pattern and they are synthesized by the flip flop 59. Thus,
with respect to the nodul ating signal S2, the edge position correcting

circuit 42B generates a nodul ating siggw S1B by correcting the timng of

the edge of {he dulating signal S2 so as.to correct a jitter caused when
the | aser gﬁ@té&?%ﬁg%ﬁﬁﬁ%ﬁab PEY| CfS% 63 for evaluation is

n it | ength caused By TR naLER FREFr A% Helmed i i’ sa8BR 88 ana
Pt Tength cause : L |
appar ot us A5 RATS LR TRC e o CRey KR o CRORE! port tlod SRkRing

predet er mdxadu@entngl | efhé oridigCREgE! ES4hdl 4T WRAANLRE OELBBINY Riget Ni S
read-in area. In this CRC circuit, an error correcting code i's added to the

data of theigmdt SR key dherattddhdy, thbecomtectdmg kalaasdgta ki KM and t he
error correcting code are converted to a series of serial data in the PE
nmodul at i ngwinespendingake this dhangirg npaittente dngngheycare dyrdthiesdzadt a D3
are input to the |evel switching circuit 45. Further, the |level of a

control sikyh&hesEipsEiop t2hed ThSacWakhaFREPSGY Ot kRe MRANIAYIRG data D3 by
the level switching ¢jircuit 45 so.that the |ight .anount t he | aser beam
e LT Smainga s Fhtn eldn pRRinn PRFESRI catERIE AR ashanehne @
et il o R BRI Wt BoEbeUTRY e ML oSl BEPORLT
i n accor daiee midhRat DRg M ghOf s2N8o as to correct a jitter caused when

the laser beam L detected by the optical disk 63 for evaluation

is irradiated at a low light intensity level, namely, so as to

cancel a change in pit length caused by falling of the light

amount of the laser beam and reduce the interference between

codes.

In the optical disk recording apparatus 30, data of

the master key KM for encipherment are input from a

predetermined controller to the CRC circuit 43 upon processing

of this read-in area. In this CRC circuit, an error correcting

code is added to the data of the master key KM. Further, the

data of the master key KM and.the error correcting code are

converted to a series of serial data in the PE modulating

circuit 44 and are then PR-modulated and the modulating data D3

are input to the level switching circuit 45.

Further, the level of a control signal SCl is
switched in accordance with the modulating data D3 by the level

switching circuit 45 so that the light amount of the laser beam



master key KMin an area corresponding to the read-in area of the optical
disk. In a period for setting the |ight anbunt of the | aser beamL to the
low light intensity level in the optical disk recording apparatus 30, the
data sel ector 46 selects the nodul ati.gg_signal S1B output fromthe edge

Todul ati g SFoREHE iRt e Aot TR Eoc et Bhve oa A AR 180G 1 a2

is selectis 1) f ' ' i gi nal board
5 such t AOCelRLtpPilver h 2¥RERHARcl SO HBRabTatliy Yath 8.0 OX | DO
master keypM, i BxpBs@F &£ L Pireoppadi 1 E1e (dIRK éi‘ﬁlgiﬁéll HRAOh1t Becppti cal

di sk. Further, exposure timng is corrected such that a change in pit

| ength caumet hypLbanuitly ishichapgedwintdvdordaneeewitll. thid&la@apogutRet i M ng
is al so corrected such that the interference between codes caused by

adj acent miasserskepdiiteith anhemreaheorzrespdindimgeoi thexyrmbdn arkaghf, a user
area i s subsequentlf exposed in the disk original board 31. At this tineg,
in the opttib@€aPPligal r&St-di ng apparatus 30, video data DL provided by the

MPEG tially i t.t he decader . 40. The i t . d 1

Seranbl o- proceasea B EBSEIPE B (SR Gte heicL{oli R i CoE CEBR SRS and
' d -36- | . ti
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g%& etCre%Edig&Oé dths! 39, " ERE- dde AR BPUL AL AL dHRE chbgnal s S1A and
are generated by correcting the timng of an edge of
modulating signal S1B output from the edge position correcting
circuit 42B. In a period except for this period, the modulating
signal S1A output from the edge position corfecting circuit 422
is selectively output.

The exposure is. performed in the disk original board
31 such that the pit width is changed in accordance with the
data of the master key KM in an area corresponding to the read-
in area of the optical disk. Further, exposure timing is
corrected such that a change in pit length caused by changing
this pit width is prevented. The exposure timing is also
corrected such that the interference between codes caused by
adjacent'pits is reduced.

When the read-in area is exposed to light, a user
area is subsequently exposed in the disk original board 31. At
this time, in the optical disk recording apparatus 30, video
data D1 provided by the MPEG are sequentially input to the
decoder 40. The input data Dl are scramble-processed by the

data of the master key KM in the decoder 40 and are enciphered



this nodul ating signal S2. Further, the nodul ating signal S1A is selected
by the data selector 46 in a state in which the |ight anount of the |aser
beam L is held at a high light intensity level by the |level swtching,
circuit 45. The input data D1 are recorgged in the disk original board 31 by
sequent i abhd &¥PasibedueatdySkoRvéstdtltdaandddiabing Nignandyhapi ngysi gnal
S1A (S1). Thus, in the optical disk recording apparatus "30, the data D1
enci pher eflodth 1ot iy oiasudt Kby Kddmblar ref ar ease i adietomdeddlyagor recting
the pit length so as to reduce the interference between codes caused by

adj acent ptes are aexmnsiedntinpthe wiehdrinAmrept, i nadulhtsing £her sdigaalls f rom t he
di sk original board 31 exposed in this way so that this optical disk His

r epr oduc e81byand Sk Bxed genAE EeH PuIIRr regtingwhhe rtimicg of. arhedgeiafeo
data D1 enciphered by, the nmaster_key KMare recorded in the user area HV in

the opti ckPieiRdMdafiqs: fd98at 5%f this naster key KMare recorded in the
d-i HR.  Fugt t L& f f d. d
Corrected in accor JREERSF 1 no BeidsaREns a1 o8, A i RELEEFET R et o
as to red&&@ﬂé’l&léé@o? %«gr §HC& Q@é{‘r’@%ﬂl %‘1@% %ﬁ&ﬁi% %ﬂoﬁﬁ%”{gﬁp& &, and
ecor de nt . Further,

these data are rec by a pit length and a pit erva r, with
respect toasée wawt @ ikeyekd at Na chiyh 1ighehifbems H18F AceIbpPPER@tion is
performed in the read-in area HR by changi ng the -37- pit width and this

pit wi dt hlesebvaewittuddngt bdrpost t45ns e tinputrdata D1d areareedgdsd aire
corrected such that a change in the pit Iength caused by changing the pit
wi dth i s thecdiski ordiginainbeprd i3l byt slequentdpllyl exposiingi thel gisk

original board 31 by this modulating signal S1A (S1). Thus, in
the optical disk recording apparatus 30, the data D1 enciphered
with the master key KM as a reference are recorded by correcting
the pit length so as to reduce the interference between codes
caused by adjacent pits at a constant pit width.

An optical disk is produced from the disk original
board 31 exposed in this way so that this optical disk H is
reproduced by the reproducing apparatus 70 shown in FIG. 12.
The, video data D1 enciphered by the master key KM are recorded
in the user area HV in the optical disk H and the data of this
master key KM are recorded in the read-in area HR. Further, the
positions of front and rear edges are corrected in accordance
with a combining pattern with the adjacent pits so as to reduce
the interference between codes from the adjacent pits, and these
data are recorded by a pit length and a pit interval. Further,
with respect to the master key KM, in a pit in which a recording

operation is performed in the read-in area HR by changing the



transferring a pit shape fromsuch an optical disk, no physical change in
the pit. shape can be avoided so that it is difficult to accurately
reproduce such a corrected edge position and the change in the pit wdth.
Thus, it is difficult to reproduce the3pptical disk of this kind by making

a copy i Npifeywi®P Qi ivha sapher aideh WeRiilblcapt LrdlpdlistioHsi 8£! epgded on
the reproduci ng apparatus 70, the optical pickup P is noved to an I nnernopst

ci rcunf er €éport cdnd hfeaapiddgel dirskcdtrdstedeisachstRat eprdhdneed isi ghal pfF
havi ng a signal |evel changed in accordance with the |ight anmount of the
return |i geogthoraudesl byadhangingathdR pift midtbpis cednatiled.H. Thi s
reproduced signal RF is sliced at a predeternined slice |evel by the binary

circuit 72 and is cHhegraBdoPbiede diskads sppied by7 phypdeakly, the
reproduced clock CK is generated fromthis binary sjgnal S7 in the PLL

G PCut e 7erangtenciin o BtapRAge i<t §uok b AB-Lrai sk gfa) Piye el
sequenti a t .£.hi p. d.cl. repr.odyced. data are
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decoder 7&hange -{B-thAs piltowiidth. Flfhusl4.itwiendifeiapid ¢@ rdpsbakieyivie a pit

wi dt h changed by sinply switching the |light amount is reproduced in this
seri es ofopticakdglisk ofl ithés| kimd iSinhking SLEopyrims ahiel kgprbduceipy oduced
signal RF to be binarized so as

apparatus.

When the optical disk H is loaded on the reproducing
apparatus 70, the optical pickup P is moved to an innermost
circumference of the optical disk H and detects a reproduced
signal RF having a signal level changed in accordance with the
light amount of the return light from the read-in area HR of the
optical disk H.

This reproduced signal RF is sliced at a
predetermined slice level by the binary circuit 72 and is
converted to the binary signal S7. :--Further, the reproduced
clock CK is generated from this binary signal S7 in the PLL
circuit 73. In the demodulating circuit 74, the binary signal
S7 is sequentially latched by this reproduced clock CK and
reproduced data are generated. Further, after the reproduced
data are demodulated in the demodulating circuit 74,
deinterleave-processing and error correcting processing of the

reproduced data are subsequently performed in the ECC decoder

77.



to. change the signal |evel at the timng corresponding to the basic period
T are changed in accordance with the Iight anbunt at an exposing tine.
However, the positions of the front and rear edges are corrected in the
optical disk H according to the presem3gsnvention so as to cancel the

change in the pit | egtdhRAUIAIFRE. CHANGIHML che egéia\&ﬁtd}sm%%ﬂgng' y, as

shown in FIG 15, a binary signal can be generated Iin a correct trmng by

setting thay eitedUeREnGed s} SAmphle beit¥winplusrd1aghe sRhei@nts slice |evel
SL. The binary. signal can be generated by using a single slice |evel such
that jittercpreducbd iepthikicesidsoolf flocassiagy byldokt Lévels td1a langht

anount can be effectively avoided. Further, jitters caused by the

i nterferefd@ Sorweehtingecthe seprodured sianaleRFsitacbet binaxiped oo Bsons are
corrected so as to reduce this interference, between codes. In FIG 14, when
the reprodfc&agognihersinal diaveloptethetining reragsoerdigiy o tip is

li ced h | i I | SL ] A Ly, f , | i
arount of BRI BPERAR T HES At te 1Bt SRR A EET oS SnehdFl as i
t he reprquf ¢ ékggéi?érkfhél’ a period 3T, the signal [evel of the-binary
se no

signal it doe cross the slice level so that the jitters are
increased, and al so dyesa2yl §nBepsdtirsHoE LAt £Aobl tadl Hehri sagayised in
I's -3 ' '

reproduced data generated from t 9- binary signal. In the case of a
copy, it iaxedicbkireotédtin adruoptebylréfsiodicrdoraingr 6 ctrsl prégenposi tions
and firth the change in the pit wdth. Accordingly, the signal |evel of the
bi nary invention so as to cancel the change in the pit length caused by

changing the pit width. Accordingly, as shown in FIG. 15, a

binary signal can be generated in a correct timing by setting

the reproduced signal RF to be two-valued at a constant slice

level SL. The binary signal can be generated by using a single

slice level such that jitters of the reproduced clock CK caused

by switching the light amount can be effectively avoided.

Further, jitters caused by the interference between codes can be

also reduced since the edge positions are corrected so as to

reduce this interference between codes.

In FIG. 14, when the reproduced signal from a pit

formed by a light amount of 85 [%] is sliced at the slice level

SL1 with respect to a pit formed by a light amount of 100 [%]

and the amplitude of the reproduced signal is small as inathe

reproduced signal in e.g., a period 3T, the signal level of the

binary sighal itself does not cross the slice level so that the

jitters are increased, and also it should be understood that a

bit error is caused in reproduced data generated from this



si.gnal S7 is not changed at the correct timng so that jitfers are
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ndingly caused in the reproduced clock CK. Further, a bit error
t to be corrected is caused in the reproduced data. Thus, in the

i ng apparatus 70, it is difficgét to regenerate the optical disk of

by maki.n copy. The binary“signal S7 generated in this way is
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a copy.

The binary signal S7 generated in this way is input
to the master key detecting circuit 79 together with the
reproduced signal RF and the reproduced clock CK. Here, the
master key KM recorded by the change in the pit width is
reproduced. Namely, in the master key detecting circuit 79, the
binary signal S7 is sequentially latched by the reproduced clock
CK and ten signal levels of the binary signal S7 are detected,
and a pit in a period equal to or greater than 6T is detected by
a logic calculation of these ten samples in the AND circuits 82A
to 82F.

Further, after the signal level of the reproduced
signal RF is detected by the latch circuit 87 at the timing of
the detected pit in a period equal to or greater than 6T, éhe
data of the master key KM are demodulated by processing the
detected signal level in the PE demodulating circuit 89." Thus,
in the reproducing apparatus 70, the reproduced data output from

the ECC decoder 77 are sequentially descramble-processed by the



recording the data D1 reproduced in this way, it is difficult to reproduce
the data of the master key KM Accordingly, it is possible to nake such a
copy difficult to be reproduced. Wen the master key KMis analyzed and a
copi ed optical disk unrecording the nas r key KMis set to be recordabl e,

ccor dance AOPRFREEL TG oin ChBe lsil%e?%&%r R 2 e Teedo L e Brac i ¢ i s
possi bl e tgy gagfl§£héil |Dﬁ°B¥e?% ddfildeea® be reproduced on a

reproduci ng appar e since e input data D1 conposed of the main

data are enciphered by thesmeshe deedMeand aifr{Qoar %%dceutfopléhel engt h
and a pit interval and this mast er key is recorded by a pit wdth. Thus,

the ill egapieopydeli witls despdceato behexdpidddopbicahididk madeapyedge of
each pit is corrected such that the change in the pit |length caused in
accor dancereconding tie datdt Bli sepoodunadednatbiéuwaneritt ie diféi¢eltertce
bet ween codes caused by adjacent pits is reduced. Accordingly, even when
desi rabl e H8PEOAYRe e dadad of hhegHartes key KMescherardingdybelteis ably

duced. Fur bl e R difficult to b
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reflective are encrypted by using the nast
copied optical disk can be excluded by changing this master key

KM in accordance with necessity.

In accordance with the above construction, it is
possible to make an illegal copy difficult to be reproduced on a
reproducing apparatus side since the input data D1 composed of
the main data are enciphered by the master key KM and are
recorded by a pit length and a pit interval and this master key
is recorded by a pit width. Thus, the illegal copy of this kind
can be excluded.

At this time, an edge of each pit is corrected such

~ that the change in the pit length caused in accordance with the

pit width is corrected and further the interference between
codes caused by adjacent pits is reduced. Accordingly, even
when desirable data are recorded at high density, these data can
be reliably reproduced. Further, it is possible to make an
illegal copy difficult to be reproduced on the reproducing
apparatus side. Thus, the illegal copy of this kind can be

excluded.



recorded on the reflective film103B. (4) Qher enbodi nent The

above- nenti oned enbodi nents relate to a case in which one naster key is
recorded by a pit width with respect to each disk substrate. However, the
present invention is not limted to this case, but a plurality kinds of key

oy data i B ReedleBBrBaete Wtk Motteptsarerordeday taporoblechue
[ Ki f Lt h ' Sl f the | it f t b
por formed b 10 BUERRES SIS IERIILGY beSoRasd Bn ihroredTdaf e (1 tne
obt ai ned day iy s HabActant e dEaadcohlhher roddiaebRKeL b Ment s
relate to a case In mhlcﬂ t ey data for gecoding a C|pﬁer are recorded

in the reagaflecdif? fHANCYEBA 4HE HASPRbd Byerdimy the pRktbkNképd to this
case, but the key data nay be recorded in the user area, etc. Further, the

above enbogfiecmrderi ot &he kefhectide ifilwhd0BBt he enci phered data are decoded
by directly using the key data for decodi ng the ci pher recorded in the
read-i n ar¢h) Qrhemrfembodigent the master key recorded to the read-in area.
However, the present invention is not limted to this case. For exanple,
the present inventi ofheagbore-Mendigned| ombepinantst gedate @ gasewiiinch a

plurality of, kinds of key data, recorded by a pitf wdth, or pit |length and
i nterval  afidhane megtey kay 1% eﬁﬁ%@&dbéYtﬂePJrﬁ twifitdy Witht EesERGY 1y | the
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limited to this case, but a plurality kinds of key data may be
recorded and selectively used. 1In this case, the plurality of
key data may be distributed to a disk key, a title key, etc.
Further, various kinds of arithmetic processing of the plurality
of key data may be performed on a reproducing apparatus side so
that enciphered data with the obtained data as key data can be
decoded.

Further, the above embodiments relate to a case in
which the key data for decoding a cipher are recorded in the
read-in area. However, the present invention is.not limited to
this case, but the key data may be recorded in the user area,
etc.

Further, the above embodiments relate to a case in
which the enciphered data are decoded by directly using the key
data for decoding the cipher recorded in the read-in area, or
referring to the master key recorded to the read-in area.
However, the present invention is not 1ihited to this case. For

example, the present invention can be also widely applied to a



of ,the | aser beam at two stages. However, the present invention is not
limted to this case, but the pit wdth my be nodul ated by swi tching the

| i ght anount of the | aser beam at many stages when a change in the pit
width can be sufficiently discrimnatedractically. Further, the above
enbodi nents relate in a case in which the naster key is repeatedly recorded
to the red®R$% i séigh 3 ppWyakiah@indinde eftkey fdta merevded hhea migsent

invention is_not lim,ted to this, case. For exanple, .the master key, etc.
iy be. ockily 7 Bt SenSHh i SETIAL ara: TPe oo by Sh R craAdndedy

area in acgcordance W f. n jrradiating position of the laser beam In this
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case, for a er key, etc. are intermttently recorded by
changing the pit wid i g h '%#ML ] t] hg _opti cal
di sk, a bar code pat%gfﬁﬁ%%ﬁgg§?ﬁ§¥?% %ﬁ?% |afﬁﬁéqggggg %gﬁig%' o?#ed on a
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whether it is an illegal copy or not by existence or nonexistence of this
pattern. Foftttey lazeld poar pattws stageb.asHowawde, thenpresént iaremidoal so
formed on the reflecting face. Further, the above enbodinents relate to a
case in whismathdimdgedata this dwsedi hytt hbe cpitharidishe mei npé ymodslatedd
-43- by nodul ating the pit_w dth. However, the present invention is not
linmited tdP¥HivE g she Lhaht ARawnksoh BB t13RAY HeH 8k IRRY (HEISSFt i cal

di sk, etc. ,unnecessary for user be_recorded..tQgether w th t.he key
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practically.

Further, the above embodiments relate in a case in
which the master key is repeatedly recorded to the read-in area
by simply changing the pit width. However, the present
invention is not limited to this case. For example, the master
key, etc. may be recorded by this change in the pit width only
to a predetermined area in accofdance with an irradiating
position of the laser beam. In this case, for example, if the
master key, etc. are intermittently recorded by changing the pit
width at timing synchronized with rotation of the optical disk,
a bar code pattern spreading in a radiating shape can be formed
on a reflecting face of the optical disk. Accordingly, it is
possible to judge whether it is an illegal copy or not by
existence or nonexistence of this pattern. Further, a figure
pattern such as a maker name, etc. can be also formed on the
reflecting face.

Further, the above embodiments relate to a case in

which the key data for decoding the cipher are simply recorded



whi ch the key data required to process video data as enci phered main data
are recorded by the pit wdth. However, the present invention is not
limted to this case. For exanple, various kinds of data required to decode
the main data recorded by a pit Iength(?nd a pit interval can be allocated

in subdat g - i f Lgnat i
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Further, the above enbodinenfs relate to a case in an 0 disk is
made by dbfeghéYo l%@id&l [iGR, I 86& | NenncdsBarghkey r@dﬁséay niag}ebepféééédédi sk
for eval uation. wever, t he present invention is not limted to this case.

For exanptegetherophﬂnamedkey dlataeval uati on may be remade by using the
correcting value table nade fromthe optical disk for evaluation, and the
correcting val ue t afagthey, behe ghaver eabpginentss meiade bpta ceasadiisk for
evaluation, |f the correcting value table is repeatedly corrected, jitters

can be coWhéShotRe deaY, daggureauired 419 processheideq (datah ey cenpiphnrasht s
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length and a pit interval can be allocated in subdata recorded
by this pit width. For example, data for designating a
quantizing table for requantizing the main data may be
allocated, and designating data of an error correcting format,
etc. can be applied.

Further, the above embodiments relate to a case in
which an optical disk is made by directly using a correcting
value table made by the optical disk for evaluation. However,
the present invention is not limited to this case. For example,
‘the optical disk for evaluation may be remade by using the
correcting value table made from the optical disk for
evaluation, and the correcting value table may be corrected by
this remade optical disk for evaluation. If the correcting
value table is repeatedly corrected, jitters can be
correspondingly reduced reliably.

Further, the above embodiments relate to a case in
which a changing pattern is detected by using thirteen samples

of a modulating signal. However, the present invention is not



reliably regenerated. (2) Second enbodinment FIG 16 is a block diagram

showi ng an information transmtting path 100 in accordance with a second

enbodi ment of the present invention in conparison with FIG 3. In this

enbodi ment, a disk key KD and a title_la y KT are hierarchically enciphered
n

b t Kk KM and d n optical .disk 101.. Furt ,
siymal g?St grt hgyf i rs%e?ﬁ’ggﬁ‘t%?l ?%%Sﬁ%s&aog%ég'%Kﬁ‘:é Qequgﬁdgﬁ_{laiﬁ{:o
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the master key KMiS recorded. Accordingly, in addition to the effects of
the first wipredutedt sigial |¢agaid Gep¥heashdege ie] waedpio wiangi.derati on of
the stands of a di sk manufacturer and a nmaker of a literary work. (3) Third
enbodi nentAdelo@dinglys tine argstode keyereperded eowithe phtwidtlarcampbiecal di sk
102 in accordance with a third enbodinent. As shown in FIG 18, this
optical dizsdigbly; segenegated. fol | ows. Namely, predeternined reflecting
films 103 a’n% 103B are é{g{‘rred' -45- on di sk substrates 102A and 102B.
Ther eaf t erl2); FEGPIKeWORIIMe s 102A and 102B are |aminated and a
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103A transmitting path 100 in accordance with a second embodiment of
the present invention in comparison with FIG. 3. In this
embodiment, a disk key KD and a title key KT are hierarchically
enciphered by a master key KM and are recorded on an optical
disk 101. Further, similar to the first embodiment, the master
key RM is recorded.

In accordance with the construction shown in FIG. 16,
the disk key KD and the title key KT are hierarchically
enciphered by the master key KM and are recorded on the optical
disk 101. Further, similar to the first embodiment, the master
key KM is recorded. Accordingly, in addition to the effects of
the first embodiment, an illegal copy can be excluded in
consideration of the stands of a disk manufacturer and a maker
of a literary work. |
(3) Third embodiment

FIG. 17 is an exploded perspective view showing an
optical disk 102 in accordance with a third embodiment.- As
shown in FIG. 18, this optical disk 102 is formed as follows.

Namely, predetermined reflecting films 103A and 103B are formed



attached to the disk substrate 102A as a lower layer is fornmed by a
reflecting filmhaving a wavel ength sel ecting property. Nanely, this
reflecting film 103A shows high reflectivity with respect. to a | aser beam
L1 of 650 [nn] in wavelength with an ipformation recording face of this

{ ?L'nliﬁi L1 oy ey S et DU AR §325?2;@;“§r%%%m?e@§“’§h§r%%{‘ﬁm i
t ' [ ' hDg. [ ti ' 103B
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that the | L L2 of 650 [nm{ and 780 [nnm in wavel ength are
A Lherdts

respectively irradi ate mthe side of the disk substrate 102A as a | ower

|ayer and a return |yl R0 grotboeehy o il A4CAsNtoked e b Lppbing 111 o
103A and 103B. Thus, the |laser beam L2 of 780 [nm in wavelength with this

refl ecti ngLdydimsidadBodif thdeoptlipail ddgRr 163, athejeFdechifgt fitlms A03A

wavel ength as the reproduci ng apparatus 70 of the optical disk Hin

accor danceatfiadhedh&of thet dish ctibsdmate ALO2A danes Joveredayenfis formedk
substrates 102A and 102B is set to 1/2 in conparison with a general optical
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processed object, while shows a light transmitting property with

respect to a laser beam L2 of 780 [nm] in wavelength with an

information recording face of this reflecting film 103B of the

upper layer as a processed object.

The optical disk 102 is set such that the laser beams

Ll and L2 of 650 [nm] and 780 [nm] in wavelength are

respectively irradiated from the side of the disk substrate 102A

as a lower layer and a return light can be received from each of

the reflecting films 103A and 103B. Thus, the laser beam L2 of

780 {nm] in wavelength with this reflecting film 103B of the

upper layer as an object has the same wavelength as the

reproducing apparatus 70 of the optical disk H in accordance

with the first embodiment.

A thickness of each of the disk substrates 102A and
102B is set to 1/2 in comparison with a general optical- disk by
injection-molding transparent resin such as polycarbonate, etc.

Similar to the case of the optical disk in accordance with the



and are recorded together with this nmaster key KM so that the disk
substrate 102B on an upper layer side is forned. Thus, the optical disk 102
is set so that the video data recorded on the disk substrate 102B on the’
upper |l ayer side can be reproduced by the above reproducing apparatus 70
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substrate 102B so that the obtained video data are recor at high density

in conparison with t\idsd datel fobmedi by O MpEat €n10RS. sdmy irbematabst hi s
time, in the disk substrate 102A on the | ower side, a second naster key KMA

i nstead oftlihabowet £irkeyentiddimenec ardeenciplerednthyi tharmdstutr egngMng a
pit width. As shown in FIG 19, with respect to the nmaster key KM recorded
on the di $& @t recerded fegethes wpphr this dlastiege keyi @S sal dibatDghar e
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in synchronization with a bit” cfock of the video data D3, and
compatibility with the above optical disk H.

In contrast to this, with respect to the disk -
substrate 102A on the lower side, a video signal prior to coding
of the video data recorded on this disk substrate 102B on the
upper side is coded by coding processing providing a high image
quality in comparison with the side of the disk substrate 102B
so that the obtained video data are recorded at high density in
comparison with the side of the disk substrate 102B. Further,
at this time, in the disk substrate 102A on the lower side, a
second master key KMA instead of the master key RM is recorded
in a read-in area by changing a pit width. As shown in FIG. 19,
with respect to the master key KM recorded on the disk substrate
102B on the upper layer side, video data D3 are enciphered on
the basis of this master key KM and the second master key KMA.

FIG. 19 shows an encoder 110 of the wvideo data D3 and

predetermined key data are preset to a shift register 111 at

fifteen stages in this encoder 110. Here, with respect to the



outputs the key data to an adding circuit 112 constructed by an

exclusive-OR circuit fromthe final stage of the shift register 111. The
output at this final stage and a register output subsequent to this final
stage are output to an adding circuit 141? constructed by an excl usive-OR

eadi ng’ sKESCO8PE 90 e frtphRLPl foainler ity oRordiilly SB1Bgtel &g oo
out put 101 RLUER ALY P §35 &N S aBledod o DRI G T e o

key data gebor8aRél afitd: dd@hao¥al S@sr afchrS BlitsuUsh Eﬂ@ﬁnd%@e?akg%vﬁjl.ues are
converged to a constant val ue even when the data values are cyclically

added to eaehshiberredikte@nllassedwentlidllyd tehhéferLain fbylddta sid or med by
connecting registers at r-stages 1n series to each other, and sequentially
t r ansf er s sgathrémizations wichr anbitit¢lockvoth theevideo daaak D3f &hd vi deo data
D3. The shift register outputs the data to the adding circuit 112 .
const r uct gtBYtanths days dasacko car AAF4ing edrguitnbl2 songsroctediky ot
register. The output at, thi,s final stage gnd a register oytput subsequent
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at m stages anong the registers at the r-stages. n-bits o

edding ci;cuit 113 is input to a register at a leading stage of
the shift register. Thus, while the key data as a preset value
are forward changed in the shift register 111, the key data are
output to the adding circuit 112. With respect to the plurality
of kinds of key data set in advance, data values are set such
that no data values are converged to a constant value even when
the data values are cyclically added to each other.

In contrast to this, a shift register 114 is formed
by connecting registers at r-stages in series to each other, énd
sequentially transfers data held in synchronization with the bit
clock of the video data D3. The shift register outputs the data
to the adding circuit 112 constructed by an exclusive-OR circuit
from a final stage of this shift register. The output at this
final stage and a register output subsequent to this final stége
are output to an adding circuit 115 constructed by an exclusive-
OR circuit. An output of this adding circuit 115 is input to a

register at a leading stage of the shift register. Thus, while



second master key KMA are set to the remaining n-registers as a preset

val ue. Thus, this optical disk 102 is set such that no key data for
cryptanal ysis can be detected in a construction in which the reflecting
film.103A. is sinmply fornmed on the disk §ubstrate 102A of the | ower |ayer.

Thus, the addin ircuit 112 adds outpuf .data of the shift registers 111
and 114 toPEﬁﬁﬁgd%fé’r apfy foppwacd uehan %df‘pﬁgg 5%?19’:%?&9?759?6' arf&ddi ng
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102, the output data are interleave-procCessed together wth an error
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Is sequentially fornmed. In contrast to this, when the optical disk 102 is
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| aser beans corresponding to the reflecting filns 103A and 103B are

respect i vePyeset atilieed Shyst hthis ortdiadsddskkid2 jQvisefvrughethaprmsduced
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area, a reproduc si gha
Thus, the adding circuit 112 adds output data of the

shift registers 111 and 114 to each other and subsequently
outputs adding results to an adding circuit 116. The adding
circuit 116 is constructed by an exclusive-OR circuit and is
input with the video data D3 in a serial data form and then adds
the input video data to output data of the adding circuit 112
and outputs the added data. The encoder 110 converts the output
data to parallel data and outputs the converted output data. In
the optical disk 102, the output data are interleave-processed
together with an error correcting code and are then converted to
a modulating signal so that a pit is sequentially formed.

In contrast to this, when the optical disk 102 is
loaded on a dedicated reproducing apparatus for this optical
disk 102, laser beams corresponding to the reflecting films 1032
and 103B are respectively irradiated and the stored master keys
KM, KMA are reproduced by a change in pit width from return

lights of this laser beams. Further, key data designated by



obtained by receiving the return light fromthe reflecting film 103A, and
reproduced data are generated by processing this reproduced signal.
Further, after the reproduced data are deinterl eaved and error-correcting,
enci phernment is rel eased by the decod In accordance with this

er,.
: : . di Z49-. : ded b
const ot el chE 1L ETHIGARILY Kol PRI IE] b £ UG R Y
copy 1S Milesbyracengledl doys Khshhal &M JETREChaded iRyliih apbStrate
102A recording the video material therein by the coding procCessing of a

hi gh i maggetuabl hYdeébasr M ng2khBes&hé asdristertess! alathe WhicbBeknot he
third enbodi mrent an MPEG formatted video data is recorded, the present
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sanpling frequency of 44.1 kHz and 16 bits may be recorded on the disk
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case in which a jitter anount is measured by timng-neasuring a binary
the decoder.

In accordance with this construction in the third
embodiment, a video material can be provided by an optical disk
of one kind in a different format. At this time, when a copy is
made by a single disk substrate with respect to the disk
substrate 102A recording the video material therein by the
coding processing of a high image quality, this copy can be
effectively excluded.

While in the third embodiment an MPEG-formatted video
data is recorded, the present invention is not limited thereto.
A digital audio signal quantized with a sampling frequency of
44.1 kHz and 16 bits may be recorded on the disk substrate 102A,
a one-bit digital audio signal quantized with a sampling
frequency of 2.8 MHz which is sixteen times as high as 44.1 kHz
being recorded on the disk substrate 102B.

While in the above third embodiment respective
informations recorded on the reflective films 103A and 103B of

the optical disk are encrypted by using the master keys KM, KMA,



signal with a basic clock as a reference and correcting value data are
generated based on results of this neasurenent. However, the present
invention is not limted to this case. Wien a sufficient practical accuracy
can be secured, the correcting value data can be generated by detecting a
vol tage | evel., of ghe éﬁgroduceg gigﬁal W&?ﬁ t%f basi c cloc%{as a_reference
I nstead o %&eﬁe _uf 1255 O ) Tt RS Fit SaeP ‘@S tHi¥s 19 fgcrease
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error voltage gnd the reproduced.signal. Further, the above enbodi nents
relate to a case in pdtherg théi aigowd dribodindttatidihte @dah tss€ofnected in
accordance with the correcting value data set to a table. However, the
present i mhdchi anjittentadoaumtt éd meastred dys eimihgrmeasufifngeiachtinaract i cal
accuracy can be secured, the correcting value data are cal cul ated by
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level of the reproduced signal with the basic clock as a
reference instead of the measurement of the jitter amount using
this time measurement. In this case, an error voltage is
calculated from the detected voltage level of the reproduced
signal until a slice level. The correcting value data are
calculated by transient responsive characteristics of this error
voltage and the reproduced signal.

Further, the above embodiments relate to a case in
which a timing of the modulating signal is corrected in
accordance with the correcting value data set to a table.
However, the present invention is not limited to this case.
When a sufficient practical accuracy can be secured, the
correcting value data are calculated by arithmetic processing
instead of the correcting value data detected in advance, and
the timing of the modulating signal may be corrected by -these
calculated correcting value data.

Further, the above embodiments relate to a case in



trial witten results in a so-called trial witing area. Further, the above
enbodi nents relate to a case in which the present ‘invention is applied to
the optical disk. However, the present invention is not limted to this
case. For exanple, the present inventjon can be widely applied to an
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apparatus. By the way, the present i'nvention can also wdely applied
to an optigaitsd o apEar ahss. i-nFohicHanpael, Owhelki 1S presdataidééntion

mul ti-val ued and recorded by the difference between transient responsive
char act er istapsl isdd tdoe thepoptlicall diisknappasstuendt eneditbosrce i typre,cor dance
with the present invention, reproduced data are obtained by controlling the
i rradi at i hlge t¢onnRetdinga vaise rddiet mayndheachilghlatarbom the bheis asfer beam and
judging the, reproduced signal wth a threshold, value as a reference. Data
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of the reproduced sign so that _.an illegal co can be effectivel
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optical disk apparatus for recording various kinds éf,dapa by a
pit, and an optical disk apparatus for recording various kinds
of data by a mark by applying a thermal magnetic.recording
" technique to this optical disk abparatus. Byitﬁe way, the st
present invention can be also.widely;applied.to én ;ptiéal diék “
apparatus in which various kinds of data are multi-valued and
- ~recorded by the difference between transient responsive
characteristics of the reproduced signal.

As mentioned above, in accordance with the present
invention, reproduced data are obtained by controlling the
irradiating timing of a laser beam and a light amount of the
laser beam and judging the reproduced signal with a threshold
value as a reference. Data required to process the reproduce&
data are recorded by an amplitude value of the reproduced signal
so that an illegal copy can be effectively avoided.

Having described preferred embodiments of the present

invention with reference to the accompanying drawings, it is to



-53- What is clained is: 1. A recording apparatus for recording run |length
limted encoded data on an optical recording nedium conprising: an edge
change detecting neans for detecting a change pattern of an edge of said
run length limted encoded data; a tipmgng correcting neans for correcting a

timing of psaldal il dEngidl! kL LROUeR SRR S0 LA Aiiaduced it ter

resulting fromrntéersy er ence upon reproduc € reduced

dependi.ngaBBGE-ﬁx&?tf&?é!?‘”enﬁ@HEﬁéﬂthaﬁ&‘% g]@g%agf&?é:t&%n&‘é s53hd edge change

detecting neans; and t anount controlling nmeans controlling a

l'i ght armmaalﬁic@tiémtcab@b@ bEfadtad athdreinaby ORI Hal11eCehdtRY Lmdi um
based on a timng output fromsaid timng correcting neans, wherein when a
key data wseHotbrdepartipig fgom the nspliatit oececdpd of tIm @r@pénﬁal recordi ng
medi umis recorded on said optical recordi ng nedium said |ight anount
control | i Agvestiben ias ciefiined| éd the aprend@dcelaims. sai d key data. 2. A
recordi ng apparatus according to claim1, wherein said edge change
detecting neans conprises a rising edge detecting neans and a falling edge
detecting neans. 3. A recording apparatus according to claim1l1, wherein
said timng correction neans further conprises a storage neans for storing
a plurality of correction value data, and a delay . neans for setting a del ay
time for correction of the




-54- tining of said run length limted encoded data, and wherein a
correction value data is output fromsaid storage neans to said del ay neans
in response to the change pattern of the edge of said run length limted
encoded data, and a timng signal indjcative of a delay time corrected in
response to said correction val ye data is.ouéput..4. A recordi ng appar at us
according to claim2, wherein a \ %ﬁnﬁ}aﬁﬂﬁ etH*radially spread on said
optical recording mediumis formed by intermttently controlling said |ight
anount controlling neans. 5. A recording apparatus according to claima1,

wherein said opti call_rchgrg@%%a%ﬂgd%l%%f&,jso@g@drgéogdjbdfe% igﬁgtﬁlyers, and

a nain data to be record ris encrypte using a“key data
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recorded on the other layer. 6. A recording apparatus according to claiml1,

further wherein sai campidgeakhaagerdétreriieg meahei for fduteetialy atchemps  t wo
| ayers and there are provided a preset key data generator neans for
gener at i npakteresef &ryedgs ofhsedd ounalength diimatedyenknded dadrded on one
| ayer, a first random nunber generator means for generating a_ random nunber
based on the preset &kd&AimaigacoEReFRIRG NAANS, QT pPeEReCHing datamyba 9t or
nmeans; - a second randon1nunb§é?g ner at or _.neans fo %penating a
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resulting from intersymbol interference upon reproduction shoulﬁ
be reduced depending upon the change pattern of the edge
detected by said edge change detecting means; and

a light amount controlling means for controlling a
light amount of a light beam irradiated on said optical
recording medium based on a timing output from said timing
correcting means, wherein when a key data used for encrypting a’
main data recorded on said optical recording medium is recorded
on said optical recording medium, said light amount controlling

means is controlled in accordance with said key data.

2. A recording apparatus according to claim 1,
wherein said edge change detecting means comprises a rising edge

detecting means and a falling edge detecting means.

3. A recording apparatus according to claim 1,
wherein said timing correction means further comprises & storage
means for storing a plurality of correction value data, and a

delay means for setting a delay time for correction of the
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and a key data recorded on the other layer; and an encoder for encrypting a
mai'n data recorded on said one |ayer based on the random nunbers generat ed
by said first random nunber generator neans and said second random nunber
generator neans. 7. A recording apparatus according to claim1l1, wherein
sai d key data, used for, encryption is, to encrypt a title of a main data

to be recoFHB‘H‘%rPfszﬁa&doEPPp an‘éb&rj&m#&dnﬁﬂFﬂﬁ?d latq r 8pgr wherebibpar at us
norypt o CPEFERH yalogh finkai £5 Bt aR o GorRSPlPBRR Gl

appar at us Q in ical..re ' redium e a.mmin. .data to
be recor de%gcia?* :n?é e %él gﬁgggp%ad& cI?lSt hre ecgégégg%{r&aé% Pg%ﬁsp?%%c(ﬁ on
signal |evgls : a i n | d.:0mi i S recorded
t'a secondt i Eprut Mg Pt e R, QA KER, Mg iR PRd ©
reproduct i oRdsdgidte 0TV el del@WPEind Rbrracebdaih Zd¥pomeansof 84idi nari zing a
reproduction signal reéeproduced fromsaid optical recording nediumw th a
slice | evetorrediciondetadakeodateains duipudet ecting a key data from - 56-
sai d reproduction signal; a denodul ator neans for denodul ating said

bi nari zed reproduction signal; and a decoder neans for decrypting said

reproduction signal denpdul ated by said denodul at or nmeans. by using the key
4. A recording apparatus according to claim 2,

D,

wherein a bar code pattern radially spread on said optical
recording medium is formed by intermittently controlling said

light amount controlling means.

5. A recording apparatus according to claim 1,
wherein said optical recording medium is formed of at least two
layers, and a main data to be recorded on one layer is encrypted
by using a key data obtained by calculation of a key data
recorded on one layer and a key data recorded on the other

layer.

6. A recording apparatus according to claim 1,
further wherein said optical recording medium being formed of at
least two layers and there are provided a preset key data
generator means for generating a preset key data based on a part
of a key data recorded on one layer,

a first random number generator means for generating
a random number based on the preset key data generated by said

preset key data generator means;
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data detected by said key detector nmeans to thereby decode’it. 10. A

repr oduci ng apparatus according to claim9, wherein said key detector neans
conprises a convertor means for converting the reproduction signal
reproduced fromsaid optical recording nediuminto a digital signal, a
pit-length detector neans for detectingsa pit |length fromsaid binarized
reproduction signal ,2 #a§e8dr Fandem | Hhara ASNeERteN JReANF KoL agnerating or

not the pit length detected by said pit |ength detector means is a
br odet or M SARAPR PERRET, haseduABeR, KW AatY doroutet| o S ighans| dover

detector neans {oqr detectin | eve]. of ‘the reproduction signal obtained
froma pi tanﬁe?‘ei(ﬁyncgﬁt%fescﬁggggi §8r+lilﬁ n%ti]er{gl ghé %%ét hat having a
predeterm ned pit | o} r égg? rei d i cted
based on the signal ezf}g%csgg%e%tg%de%y al Srgp‘?%' uc@egn%?gﬁg?gﬁéer\?/el

detect or R3AS ondliayer HRRAUShNELE PEAiEIN hudbees dhdketfcd ByMsQiqwherein
said key data is recorded on a fead-in area of said optical recording

medi um 1ZirAtr eandoin ciuiberpgenataton et B@J satd ageedhd randbm- wherein
said optical recording nediumis forned of at |least two |ayers, and a main
data to bawumbesr desexatanhaclaager i s encrypted by using a key data obtained
by calculation of a key data recorded on one | ayer and a key data recorded
on the other layer. 13. A reproduci ng apparatus according to claim?9,
wherein said key dat7a i,s_used.to encrypt a title of a m Qi&ia{a to be
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recorded on said optitcd TPEREIHRH RIS according to el

wherein said key data used for -encryption is used to encrypt a
title of a main data to be recorded on said optical recording

medium.

8. A recording apparatus according to claim 1,
wherein said key data used for encryption is used to encrypt a

title of said optical recording medium.

9. A reproducing apparatus for reproducing an optical
recording medium where a main data to be recorded after being
encrypted is recorded at a first reproduction signal level and a
key data used for decrypting said main data is recorded at a
second reproduction signal level different from said first
reproduction signal level, comprising:

a binarizing means for binarizing a reproduction
signal reproduced from said optical recording medium with a
slice level;

a key detector means for detecting a key data from

A A



14. A reproducing apparatus according to claim9, wherein said key data fs
used to encrypt a title of said optical recording nmedium 15. An optical
recording mediumin which a run length [imted coded data is recorded at a
reference period in the formof a mark or space form conprising: an
encryption data represented hy a yﬁdth5@+ said mark or said space; and a
mai n data 8ft yfﬁgﬁﬁéifﬁiﬂnnﬁléﬁ?b'encryption data represented by a |l ength

d ' | of ' ' . 16 I cal di. di
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| ead-in argggggdégﬂfgﬁ¥¥#qﬁgh.rgﬁ&rding medi um -58- 17. An opti cal
I ng

recordi ng nmedi um accor td claim 15, wherein said encryption data is

used to encrypt a tibl @egbddr MidhdlFor HACLEpt HEPIIG PBpEaE-ORY] cal

recordi ng medium 18. An optical recording nedi um according to claim15,
wher ei N sakdigRaT rdquicdul adedaby Ssaid ddmdlatypt meahs tHye uefingatHe Opdy cal
recordi ng medium 19. An optical recording disk according to claim15,

wher ei n safldtapdéetaitadebyr drig keylidebactoromeeds ofo dthdrehyt dewodé aiter s, and
a main data to be recorded on one |ayer is encrypted by using an encryption
dat a obtai ned by cal cul ati on of an encryption data recorded on one | ayer

and an encryption da recorded. on the other layer. 20. An optJjca|
recordi ng nediun1accgﬁdi§gr?QF?ﬂgﬂﬁﬂg apparatus according to ¢ almz§'

wherein said key detector means comprises a convertor means for
converting the reproduction signal reproduced from said optical
recording medium into a digital signal, a pit-length detector

v means for detecting a pit length from said binarized
reproduction signal, a disc;iminating means for discriminating
whether or not the pit length detected by said pit length
detector means is a predetermined pit length or longer, and a
reproduction-signal-level detector means for detecting a level
of the reproduction signal obtained from a pit determined by
said discriminating means as that having a predetermined pit
"length or longer, and wherein a key data is detected based on
the signal level detected by said reproduction-signal-level

detector means.
11. A reproducing apparatus according to claim 9,
wherein said key data is recorded on a lead-in area of said

optical recording medium.

12. A reproducing apparatus according to claim 9,
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15, wherein said optical recording nediumis forned of at |east two | ayers,
and wherein a main data recorded on one layer is a digital audio signal
sanpled with 44.1 kHz and rmulti-bit quantized and a main data recorded on
the other layer is a digital audio siggal sanpled with 44.1 * n (nis an

| nt eger gr&ﬁ@fﬂi&|¥Qld2£pktzafffhég¥aﬂﬁgtmgaﬂaﬁiféxkormed of at least two

layers, and a main data to be recorded on one layer is encrypted
by using a key data obtained by calculation of a key data
recorded on one layer and a key data recorded on the other

layer.

13. A reproducing apparatus accordiﬁg to claim 9,
wherein said key data is used to encrypt a title of a main data

to be recorded on said optical recording medium.

14. A reproducing apparatus according to claim 9,
wherein said key data is used to encrypt a title of said optical

recording medium.

15. An optical recording medium in-which a run length
limited coded data is recorded at a reference period in the form
of a mark or space form, comprising:

an encryption data represented by a width of said

- mark or said space; and

a main data encrypted by using said encryption data

represented by a length and an interval of said mark or said

space.
16. An optical recording medium according to claim

15, wherein said encryption data is recorded on a lead~in area

of said optical recording medium.
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17. An optical recording medium according to claim

15, wherein said encryption data is used to encrypt a title of a

main data to be recorded on said optical recording medium.

18. An optical recording medium according to claim
15, wherein said encryption data is used to encrypt a title of

said optical recording medium.

19. An optical recording disk according to claim 15,
wherein said optical recording medium-is formed of at least two
la¥ers, and a main data to be recorded on one layer is encrypted
by using an encryption data obtained by calculation of an
encryption data recorded on one layer aﬁd an encryption data

recorded on the other layer.

20. An optical recording medium according to c¢laim
15, wherein said optical recording medium is formed of at least
two layers, and wherein a main data recorded on one layer is a
digital audio signal sampled with 44.1 kHz and multi-bit
quantized and a main data recorded on the other layer is a
digital audio signal sampled with 44.1 * n (n is an integer

greater than 2) kHz and one-bit quantized.
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