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;1 Field of The Invention "Thigs invention relates to an opti cal
dlsc_for use »in, for instance, a CI)f%}A(conpact di sc read-only
nerory), ~ which can prevent an unauthorized copying (nanmely, pirating)
10 of information recorded thereon (for exanple, software of a = video
gage (nanely, a computer gane)) Further this i nvention relates to a
- Checklng deV|cezfor checki ng an tical dISC and det erm ni ng whet her

OPTICAL DISC, DEVICE FOR CHECKING OPTICAL DISC
| AND
DEVICE FOR RECORDING INFORMATION ON OPTICAL DISC
BACKGROUND OF THE INVENTION
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1. Field of The invention
This invention relates to an optical disc for use
in, for instance, a CD-ROM (compact disc readjonly memory),
wﬁich can prevent an unauthorized copying (namely, pirating)
10 of information recorded thereon (for example, software of a
video game (namely, a computer game)). Fufther. this
invention relates to a cheéking device for checking an
optlcal disc and determining whether or not the optical
dlSC contains lnformation copied illegally. Moreover, this
15 invention relates to a recording device for recording
information on such an optical disc.
2. Deécriptioanf-The Related Art
| Generaiiy, both of a'digital information signal and
" an analog infofmétion signal can be used to designate same
20 -information representing, for example, a piece of music, an
image, a character, data or the like. Further, it is well
known that when the information is copied (namely,
duplicated) from the digitallinformation signal, there is
substantially no degradation in transmission quality or-

- 25 characteristics of copied information in comparison with a




di'sc contains information copied illegally. Mreover, this 15 invention

. relates to a recording device for recording I nformati on on such an
optical disc. 2. Description of The Related Art

Generally, both of a digital information signal and an anal og

I nformati on signal can be used to designagg_sane 20 information
representing, for exanple, a piece of nusicC, an - image, a character,
data or the like. Further, it is well known that when the information
i s -copied (nanely, duplicated) fromthe digital information signal
there is substantially no _ degradation in transm ssion quality or 25

charact eri sti €86f HoFioRy ing Iheasade IRt igLfraR the analog
-2 information signal. Thus, a copying of original
information represented by a digital information signal

(namely, producing duplicate information Juét as good as

[$)]

original information representing, for instance, a piece of
music) now becomes a serious problem in protecting a
copyright on original information such as information
representing a piece of music. Namely, there are demands
for inhibition of or limitation on a duplicating (or

10 copying) of a digital information signal.

For instance, a CD-ROM or the like is manufactured
according to a public standard such as an ISO 9660 standard
established by International Standard Organization. .When a
copying of original digital information from an optical

15 disc is prevented in conformity toc this standard, a coﬁy
protection code is preliminarily recorded on the optidal
disc. Thus, an optical disc containing such a code is
determined as a normal disc. In contrast, if such a code

is not contained in an optical disc, this optical disc is

20 determined as.an.illegal copy disc. Further, appropriate

measures are takeh (for example, a reproducing of
information from such an illegal copy disc is stopped).

Furthermore, it is expected that henceforth, a large part

of CD-ROMs will be manufactured in accordance with this

25 standard.



.Case of copying the same infornmation fromthe anal og - information
signal. Thus, a copying of original I nformati on represented by a
digital information signal (nanely, producing duplicate information
-cust as good as 5 original information representing, for instance, a

pi ece of musi c) now becones a serioq%ﬁproblen1in protecting a
c8pyright on original information such as i nformation representing a
pi ece of nmusic. Nanely, there are denands for inhibition of or
limtation on a duplicating (or 10 copying) of a digital information
§?gnal; For instance, a CO-ROMor the |like is manufactured
according to a publ i dlofteifrar ¢t Hmeage 1090 e singgeieh a copy
established by International Standard O gani zati on. copyi ng of

original di gFATSFHATHERS PG r Shedh Wikt & cwi%.£§€%€$r%%meq in
conont et S oGP W, 1 LR B8 AR,
code is LB L AR A APy B Ut ddbsiUUd B ad Toptifla? §P86),
§ it is possible to easily produce an optical disc which can
be determined as a normal disc. This results in
appearances of optical discs which are weak in copy
protection. Consequently, illegal copy discs would infest
in the market. |
10 Thus, there has been proposed another copy
protection method by which a unique standard being
different from the aforementioned standard for an optical
disc is established and an optical disc manufactured
according to such a uniqué standard can not be read by
15 using'software'for reading a CD-ROM manufactured according
to the ordinary standards such as the ISO 9660 standard.
Howéver, even in case of employing this copy protection
method, when using a copying device which reads data from
an optical disc in physical—frame.units and copies the read
20 data onto a compact disc of the write once type (CD-WQO) or
the like, any optical disc can be copied or duplicated.
Further, in case of what is called a mini-disc (MD)
which is a disc medium developed by SONY CORPORATION using
a B.4~cm-diameter optical disc, another copy protection

25 technique called a "serial copy management system"” (SCMS)



.I's not contained in an optical disc, this optical disc is HOTHIGeSHEET &SI BEEN

as an illegal copy disc. Further, appropriate measureq are BREREACEDOr
exanpl e, a reproducing of i nformati on fromsuch an ill '

-t S stopped). Furthernore, it is expected that henceforth, a large part
of CD-ROVs will be manufactured in accord%nce with this 25 standard.
However, even in case of enploying such a“copy protection method, mhen
usi ng a copyi ng devi ce being capabl e of perform ng what is caIJed a
di sc copy (nanely, taki ng an exact copy of data recorded on an opti cal
di sc), 5 it is possible to'easily produce an optical disc which can

is employed. This SCMS is a technique to refer to a
protection code concerning the permissibility of copying
data in order to prevent data recorded on an MD from being
digitally copied two times or more. Incidentally, the

5 protection code is represented by a part of a digital
signal recorded on the MD. Namely, the protection code is
preliminarily written to a "total-of-contents” (TOC) area
of data recorded 6n the MD. |

Further, (1) if the protection code indicates that

10 there is no protection, data or information can be copied
from this MD (namely, a source MD) to a target MD.
Moreover, when copied from the source MD to the target MD,
a protection code indicating that there is copy protection
is written to a TOC area of the target MD.

15 In contrast, (2) if a protection code written to an
MD indicates that there is copy protection, this meané that
the data recorded on this MD has been copied'once and can
not be copied again. 1In this way, a digital signal
recorded on an MD is prevented from being digitally copied

20 two times or more.

As above described, in case of employs the
technique of the SCMS, information representing a
protection code is written to an optical disc. Further, a
copying device refers to the protection code recorded on an

25 MD and then judges from this protection code whether data
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_be determ ned as a normal disc. This results in appear ances of opti cal
di scs which are weak in copy protection. Consequently, illegal copy
di scs woul d infest in the market. 10 : Thus, there has been
~<pr oposed anot her copy protection nmethod by which a unique standard
bei ng different fromthe aforenentigggd standard for an optical
dfsc is established and an optical disc manufactured according to such
a uni que standard can not be read by 15 using software for reading a
CD- ROM manuf act ured accordi ng to the ordinary standards such as the
SO 9660 st andard. However, even in case of enploying this copy
protection OF iﬁﬁ?ﬁ@@ﬁiﬂﬁeﬁansPﬁgcépééﬂyfﬁ@mdé@ﬂ@ggmhich reads data from
an optical disc in physical-frame unit%@%Pd copies the read, 20 _ data onto

a conpact disc of thEOWRVEE odBe CEFFeVPeBOWAP dntormatipn |signalyny opti cal
disc can be copie r dughi%a eg. disc (name Fgrt@gr, %n case af at, 1's
called a nminf® nge?wﬁfl PRiceh ddsg (repeddyi EmSeRr&SH SR qsé,\ffc)
CORPORATI ON Ygiggad therefrom and exactly copied to another optical
5 disc, not only data but also a protection code is copied to
the latter disc. As the result, the data can be copied
from the source’optical disc to another optical disc any
number of times. Consequently, an illegal copying of data,
which infringes on a copyright on the data, can not be
10 - prevented
Meanwhile, an integrated circuit (IC) for use in a
CD device (for example.la CD player and a CD-ROM drive or
the like which are on the market currently) monitors a
tracking error. Further, when the tracking error becomes
15 egual to or greater than a predetefmined value, the device
judges that the_device has got a shock. Further, as é
countermeasure against the shock, the gain of a servo
system of the device is increased. (Incidentaily, a
practical example of such an IC is "TC9236AF" manufactured
20 by Toshiba Corporation). Alternafively, an IC of another
type monitors an amount of light reflected by an optical
disc. When the amount of the reflection light changes
(namely, decreases or increases) tolsome extent at a rate

equal to or higher than a slew rate, the device judges that

25 there is a stain or defect on the optical disc. Further,



a’6. 4- cn}dlaneter optical disc, another copy protection 25 technique
called a "serial copy managenent systent (SCVE) :

-4- is enployed. This SCMS is a technique to refer to a protection
eode concerning the perm ssibility of copying data in order to prevent
data recorded on an MD from bei ng digitallé copied two tinmes or nore.

| nci dentally, the protection code is represented by a part of a digital
signal recorded on the MD. Nanely, the protection code is prelimnarily
witten to a "table- 5 of-contents” (TOC) area of data recorded on the MD.
Further, (1) if the protection ‘code indicates that there is no protection,
data or i iforantowitesReasure ALl nsorfheai susR imagel defectouce MD) to

a target MD. Mbreover, when copied fromthe source MD to the target MD,
a protection dWldingichta r@%%thm% Yoo o(Ridply 9% ot SBYEHREi ESwritten to

Code wi tten R LAH n%&eqmlxha Frac Bt extiidie of Mhrfa’
nmeans that.thiéjalt%‘rﬁé)é%'o%ér{ufay gn %%%ﬁﬂgr@%@p&gan not be

copi ed again way, a di gl on an I's” prevent ed

from beingg d| times or nore. As above
descri bed, (%§§§§%%ﬂ€? oysq'(gptechnlque of the SCMS, information

representi ng a prot ectvm&mee | S VEdPy¥ Prdtedtt sPldRlvéli $6n1&ved hey .
copyi ng device refers
effectively utilizing the functions of such a conventional
IC without designing a special circuit. The present
invention is created in view of the aforesaid matters.

10 It is, accordingly, an object of the present
invention to provide an optical disc;-from which protection
information included in a signal recorded thereon can not
be read only by performing a conventional method to
reproduce the recorded signal, whereby an illegal copying

15 of data therefrom can be prevented effectively. ‘

Further, it is another object of the present
invention to provide a checking device for checking such an
optical disc which can effectively prevent an illegal
copying of data therefrom.

20 Moreover, it is still another object of the present
invention to provide a recording device for recording data
or information on such an optical disc which can
effectively prevent an illegal copying of the data or

information therefrom.

25 SUMMARY OF THE INVENTION




.o the protection code recorded on an MD and then judges f
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protection code whet her 20 data or i nfornpti on REPLAGED
copied fromthis MD. However, in case where aFFRFoFABITO o
~=si gnal recorded on an optical disc (nanely, a source optical disc)

is read therefromand exactly copied to agother optical 5 disc, not only

data but also a protection code is copied’'fo the latt

er disc. As the

result, the data can be copied fromthe source optical disc to another

optical di sc any nunber of tines. Consequently, an i

| egal copyi ng of

dat a, whi ch infringes ona copyright on the data, can not be 10
prevent ed To mehienel sheafoiregednat edjeictcaind (nCadanrdacd n a

with a first aspect of the present invention,

there is

w

10

15

20

25

provided an optical disc which comprises a number of spiral
trains of regular pits and at least one train of irregular
(or abnormal) pits, the regular (or normal) pits of each of
the trains being arranged éymmetrically with respect to the
center of a traé¢k (hereunder sometimes referred to as a
track center), each df the irregular.pits having a
predetermined éhape different from a shape of each of the
regular pits, an arrangement of the train of the irregular
pits being differently from an arrangement of each of the
trains of the regular pits, a tracking error signal being
obtained from the train of the irregular pits.

Further, in.accordance with a second aspect of the
present invention, there is érovided an optical disc which
comprises a number of spiral trains of regular pits and at
least one train of irregular pits, the regular pits of each
of the trains being arranged symmetrically with respect to
the track center, each of the irregular pits having a
predetermined shape different from a. shape of each of the
regular pits, an arrangement of the train of the irregular
pits being differently from an arrangement of each of the
trains of the regular pits, the symmetry of the waveform of
an RF signal varying due to the train of the irregular pits.

Moreover, in accordance with a third aspect of the

ﬂmSMﬁHMB«mReacd




€D device (for exanple, a CD player and a CD-ROM drive or

“Which are on the market currently) nonitors a t racki ng

when the tracking error becones 15 equal to or greater than—=&
-predeterm ned val ue, the device j udges that the device has got a
shock. Further, as a count er measur e ai nst the shock, the gain of a
servo system of the device is increastd. (Incidentally, a

practical exanple of such an ICis "TC9236AF" manufactured 20 by Toshi ba
Corporation). Alternatively, an I C of another type nonitors an anount
of light reflected by an opti cal di sc. Wien the anount of the
reflection | imphasaianigesention ( ntinety, isleprevtéedoani optiasdsiiiso whieh
extent at a rate equal to or higher than a slew rate, the device

judges that <BmmMeses|a rusher robHrspibraktthpingecoppregulani BEtsrandhat,

least one train of irregular pits, the regular pits of each
of the trains being arranged symmetrically with respect to

5 the track center, each of the irrégular pits having a |
predetermined shape different from a shape of each of the
regular pits, an arrangement of the train of the irregular
pits being differently from an arrangement of each of the
trains of the regular pits, a light amount signal varying

10 due to the train of the irregular pits.

. Furthermore, in accordance with a fourth aspect of
the present invention, there is provided an optical disc
which comprises a number of spiral trains of regular pits
and at least one train of irregular pits, the regular pits

15 of each of the trains being arranged symmetricaily with
respect to the track center, each of the irregular pifs
having a predetermined shape different from a shape of each
of the regular pits, the irregular pits being arrahged
intermittently on a predetermined area correspondingly to

20 data blocks represented by a modulation signal recorded as
the trains of the regular pits.

Further, in accordance with a fifth aspect of the
present invention, there is provided a checking device for
checking an optical disc having a number of spiral trains

25 of regular pits and at least one train of irregular pits,

This Sheet Has Been Reﬂlaced
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.~ 6- as a counterneasure agai nst the sustain or defeEt

hol di ng of a phase | ocked | oop (PLL) or a nuting is rpé ﬁ%ngHASBEtN
(Incidentally, a practical exanple of such an ICis " _ LACED

<panufactured by Matsushita Electric 5 Industrial Co., Ltd). '
Therefore, a copy protection can be achie%fd by effectively utilizing
the functions of such a conventi onal "C wi thout designing a speci al
circuit. The present invention is created in view of the aforesaid
matters. 10 It is, accordingly, an object of the present
ifvention to provide an opticdl disc, fromwhich protection
i nformati on ithe utkahlar Pyl eagdvrafekhedinmins heing arrangedread only

—tassensns

by performing a conventional nethod to reproduce the recorded signal,

wher eby an|Iﬂﬁﬂﬂﬁtﬁﬂﬁﬁﬂhﬁ;Wiﬂﬁ(ﬁeﬁkﬁQﬁtqQHQ§Q(ﬁﬁ4ﬁ#1Qﬁﬁ?ﬁ%véﬁ@%@ of the

effectively. Fyrther, it is._another o ect of %he gresg
irregular pits having a predetermined hape different from

a shape of each of the regular pits, an arrangement of the
5 train of the irregular pits being differently from an
arrangement of eaeh of the trains of the regular pits,
which device comprises reproducing means for reproducing an
area on which the train of the irregular pits are arranged,
and judgement means for detecting the presence or absence
10 of a train of irregular pits from a result of the
reproduction and for judging from a result of a detection
which of a normal disc and an illegal copy disc the optical
disc to be checked is.
Moreover, in accordance with a sixth aspect of the
15 present invention, there is provided a recording device for
recording data on an optical disc having a number of sbiral
trains of regular pits and at least one train of irregular
pits, the regular pits of each of the trains being arranged
symmetrically with respect to the track center, each of the
20 irregular pits having a predetermined shape different from
a shape of each of the regular pits, the irregular pits
being arranged intermittently on a predetermined area
correspondingly to data blocks represented by a modulation
signal recorded as the trains of the regular pits, which

25 device comprises laser light source means for generating

This Sheet Has Been Repl
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irnvention to provide a checking device for checking such an opti cal
"di sc which can effectively prevent an illegal copyi ng of data

therefrom 20 - Moreover, it is still another object of the present
-dnvention to provide a recording device for recording data or

I nformati on on such an optical disc which _can effectively prevent an
i+l egal copying of the data or i nformati on therefrom 25

SUMVARY OF THE | NVENTI ON

Substitute sheet - 3 February 1997

=7- To achi eve the foregoing object and in accordance with a
first aspectanfl oh&pptédost laseri highti osienpdr eonyegsdendagans d®ih ca

di sc whi ch conpri ses: a predeterm ned nunber of spiral trains of

regul ar pits¢onmgrting digitaji dpgasingpeat peduletion d@ngd pits, the

' lar Dbi . : : :

egul ar pits_of each of the trains belgg arranged 5 synnetrlcalgﬁegtl1

respect to th8SeFadkeBénmpEulagdAnolepRE fPreBGFAPTRINE BBy il oD
predet ef i ned §30% ' L8 0ok 9pRe BARFuectSholl chid® 1AW ArgHE . the

5 source means according to the modulation signal, gate
signal generating means for generating a gate signal in
synchronization with each data block represented by the
modulation signal, laser light changing means for changing
laser light correspondingly to the train of the irregular

10 pifs in synchronization with the gate signal and laser
light irradiating means for irradiating laser light, which
is modulated and changed by the laser light modulation
means and the laser light changing means, respectively,
onto the optical disk to form a train of pits.

15 Additionally, primary embodiments of the present
invention will be described hereinbelow. .

(1) First, in an embodiment (namely, an optical

disc) of the present invention, each of the irregular pits
of the train is arranged on a center line wobbled in a

20 radial direction by a maximum amplitude smaller than a
track pitch.

(2) Further, in this embodiment of the present

invention, the wobbling frequency is higher than any

frequency of what is called a tracking servo band and is a

25 frequency at which a reproduced signal component included



.arranged intermttently on a predeterm ned area corresponding to data

bl ocks represented by a nodul ation signal recorded as the trains of the
regul ar pits. 10 In accordance with a second aspect of the present
<I'nvention, there is provided a checki ng device for checking an opti cal
di sc conpri si ng: reproduci ng_geans for reading an area on which
the train of the irregular pits is arfanged; and j udgenent

means for detecting fromthe result of a reading whether or not a train of
15 irregular pits is present, and for judging fromthe result of a

det ecti on whet her a checked optical disc is a normal disc or an_illegal
copy disc; in a trackbmgr@rmOI gedk obieernes neipninuBsanddeepdrr§edi-t for
readi ng a data bl ock from an i nformati on recordi ng gortion,of t he
optical di sc arRPRiktRe lersb ﬂ%f%i%TdE?coﬂﬁ%r@FﬁiPH@ when; gq§dkBAL dfans

t for det whet h
ervo E?Zna|rqﬂr%d%é%)g¥gm|o¢éfca hEFUD CheEppp Ay SometiRds™ e (7], °

a second detec ?%nﬁ$ gﬁpg%tggté unl%peﬁsgﬁ %eg Egu&ai aa ssghethe

decodi ng unllie tecti are re 0 eap er at” a
predeterrg ngpe&[n@ Al tp {)ﬁ)ént of time; and 25 (i) aj udgerrent
unit for judglng ronla etectlon signal outputted fromthe second

detection signal whe{9err@FthOtmérel r{ﬁg’éhareﬂbadmehtnb@aﬁ:hleyﬁ&-egeh%ed on
the disc is detected, wherein it can be determ ned for each vol une of

the opti cal m-&mtpoxbe theckedinhef htliet beregulapt pttbs drecakaangekyor
regul ar pits or- whether the optical disc has had an irregular pit
prelimnarilplacedrordatpertbon 80 the disctrwb&ragaereprodiigrdl sdenedti on
unit for detecting a tracking error signal;
Substitute gmmmonethb@¢L@¢9dlg@7a tracking error signal becomes small.
-8 10 (4) Moreover, in the embodiment of the present
invention, the duty ratio (or factor) of each of the
irregular pits is not equal to that.of each of the regular
pits. |
(8) Furthermore, the width in the radial direction

15 of each of the irregular pits is not equal to that in the
radial direction of each of the normal pits. '

(8) Further, an embodiment of the checking device
for checking an optical device of the present invention has
a decoding unit for reading information (or a data block)

20 from an information recording portion of the optical disc
and decoding the data block, a first detection unit for
detectiﬁg whether a servo signal (of a data signal) is
normal or abnormal, a second detection unit for detecting

whether or not output signals of the decoding unit and the

25 first detection unit are related to each other at a



.athird detection unit for detecting whether the signal |evel of the

tracki ng error signal is nearly constant or changes |ike that of a
burst signal; a control unit for judging fromthe tracking error
-si gnal whether or not an irregular pit is detected in the read opti cal

disc and for controlling a readi ng operation to be effected after 5 the
jadgenent is nmade, whereby each volune o %rmaoptical di sc can be

di scrim nated on the basi s of the presence of absence of -an irregul ar
pit wherein the tracking error signal detection unit enploys a

t hree-spot tracki ng nethod, " and the third detection unit conprises a
bandpass fil|PeedeteeninedaregulpryPadngi péutimgndand a Jjudgsaeatoundit cuit,
and the centre freguency of the bandEass filtea circuit is set to be a 10
frequency atT9hi $RAERBE] EGER 8f AgtBEFLPRSBIRRE aBH@BPﬁﬁ&diﬁrpﬁbtﬁﬁhcking
error signal _beco maxi mum and t he | eakage of a_data signal aring
T Che't P ackPRGORAr BFTEFERAR BoEBALsPHSthER: Aot an” 1rrerula, iR R LNt

with a third,aspect gl nbDe)br esentalRvSAt kAR WBSEE 1o qRiRYidad grehesl no
15 device for checking an optrcalr drsc, erern theé"judgement ‘means
conpri sess a éQbié{gvgfhﬂStbPF‘tﬂe obBibal 0f1 48t g6t b@chE%kéﬁmE%r%SeOf a
wavef orm of an signal wth respect to a slicing level  of the RF
signal, a slaéetosmig¥el ashangbpeienit dige RAFPAENGnLBe rekidhRdplitselorof the
RF si gnal according to the detected symretry, a conparison unit for
determ ni ng ahether opthoaltlesc hathaggeni irskgallag betebried iwinari s
reference range and a judgenent unit for judging froman 20 output signal
of the conparésondedi theheoher or not an irregular pit is detected in the

read optical disc, whereby each volunme of the optical disc can be
di scriminated on the(Basterepvene an eppedémentopfaltbdscehercking deydear
pit. ~In accordance with a_fourth asgect of the present

i nventi off t 2% 2sThRE¥IREdSEreRetkENgl 28eHRGELQNs BRiEnEOK A§tRGtIPE Cal

di sc, wherei i ud ' hird d i it for.

eadi ng dat oL FEEBHAEGOETOELEERLor RaBRLF i ABHCARPES SLERPY Q8Fa bl ock
ded ot i b Hggi ' lar pit

< et oct od (REHAGAP RGBS SEnE G pHED TOVHICRET RS BBt rEOY O O

si gnal changéfgn%jf Kes anOyE 84 ébﬂgaénicsoﬁe&ﬁﬁgesi Rike %na%hggnhswk% with

a regul ar poin time determned according to data recorded at the read
30 address, 9fghlgleahdinhngonbedein®t POF yalkRhgORrbR %hieCitPdckIng!

corresponding to synmetry

15 error signal whether or not an irregular pit is detected in
the read optical disc and for controlling a reproducingl
operation to be effected after the judgment is made,
whereby each volume of the optical disc can be
discriminated on the basis of the presence or absence of an

20  irregular pit. .

(8) Furthermore, an embodiment of this checking

device described in item (7), wherein the pickup employs
what 1s called a three-beam method-(namely, a three-spot

tracking method), and the third detection comprises a

25 bandpass filter circuit, a rectifying circuit and a



.- 9- of a waveformof the RF signal with respect to a slicing |evel
thereof is detected in synchroni sation with a regular point of tine, or
det erm ni ng whet her or not variation in anmount of light reflected by
-#he disc is detected in synchronisation with the regular point of tine,
wher eby each volunme of the optical disc capn be discrimnated on the basis
of the presence or 5 absence of an irregﬂ?ar pit. I n
accordance with a fifth aspect of the present invention there is provided a
checki ng device for checking an optical disc, wherein the judgenent
means conprises a third detection unit for reading data recorded at
each of predepBPgrad@ragdreydds anddahg weader deqayengh ofd ¥R optica

di sc and judgi ng that an irregular pit is detected in the disc, if it is

judged nore PRaAPass fidtegecdritidd Ifufed & be fed Hamtenety AKi WL ror

o onel, chanoita Lkee el oy apel el RS S
20 2001 cE0% W R, S 88 P L RHRLYBAL
| evel thegeohpb8adiheouslchd 15a8KIGN QMR AR b ddiind S rAm P! 1t Of

time, or that varration in anount o ecte cis

detected in synchroni(e3t irgaiWibhaling ,r @auledbdi@indintofost it AHukufngt is

j udged nore than a predeterm ned nunber of tines that a tracking error

si gnal changdegikickdeaclribeid Ingialem (6)i Furdhedethas ed iy rikdteantsaii on

with a regular point of time determ ned according to data recorded at

the read addoeds, for dedectdnigatthen symmeitirg of [theelwaotafioagpafiiarg RD t he

symmetry 20 of the waveform of the RF signal with respect to the slicing

| evel thereofignadowiddt ses¢citn to theygemter oat irafeanance Hevwalgul ar poi nt
r that variation_in anount of |ight reflected hy the disc is

f tinme,

not det eé&ed@ﬁ_‘“@}ﬂohr@ﬁi sadcdnenlerednd toedn desshilhedlatep)) of the

or o dou o SRECRMRgSS. Ae B IIRe Badl R A St e

pr o t . s . e
oPeTor T PR eRY, B HRCRE Wbl oo A P R RS ™

address of da K “stor int SC,

for determ nighgna thiNd 20% 0@ rARLNC 3N i¥ Forl P nisHE wHetnclOi g9 yhet her
or not an irregular :
the change in slicing level is within a reference range and

15 a judgment unit for judging from an output signal of the
comparison unit whether or not an irregular pit is detected
in the read optical disc, whereby each volume of the
optical disc can be discriminated on the basis of the
presence or absence of an irregular pit.

20 (10) Further, another embodiment of the checking
device described in item (6) further has an
amount-of-reflection¥1ight signal generating unit for
irradiating an information recording portion of the optical

disc with laser light and outputting an

25  amount-of-reflection-light signal representing an amount of



_pit is detected anmong information pits forned on the disc, and a third
detection unit for reading the data bl ock recorded at the predeterm ned
address when setting the optical disc and for 30 judgi ng whether or not an

krregular pit is detected in the disc, by determ ning whether or not
- 9A - a tracking error signal chgﬂ ing like a burst signal is
detected in the data bl ock, or determni 8 whet her or not variation in
slicing level of the RF signal is detected in the data bl ock, or
determ ni ng whether or not variation in the |level or an
amount - of -refl ected-light sighal is detected in the data bl ock, whereby
each vol une fshherehiected dxctharomeleplcdi e nat c@oBPar 5spReuBdEi £05f t he
presence or absence of an irregular pit. In accordance with a

sevent h aspeletermiming eaethey RRMObrchaRER 18 BRByi ded a checki ng

2"t or agHA b LT P b Gk £l PRt Sl BACR A1 FRRFERR4S Bbl o of
dd f_data block 10 j t bt fcal _di bl gck
bei ng used 1AL i venalef b EF e SRpARAl AR off SticohpCatEhd Wil

f judgi ' I kLo LSt d t L Bf ti
pi 160" oG "Ehm P Pn i (04 £ Badmoe AEE) 2y °JHTHLhR  PEER bR

table at the,predet & ghaedbor thadskssssibhcunest whedRbRJokhodaka bl ock
stored at the address listed in the table when setting t he optical disc

and for judgimgegheibhesiorifodetdctedetnl ehepréaidsopeiealedikn,t Waediedy, by
15 determ ni ng whether or not a tracking error signal changing |like a burst
signal is dessch edolume of ttire doptibabediscercart kenihsoyimhnalted on bt
variation in slicing level of the RF signal is detected in the data
bl ock, or dérasis dfhgthtephesence nor shsenceonf an| dyepgvlasnPafount - of -

reflected-light signal is detected in_the data bl ock, .whereby ea%h vol une
of the otical disc (11) MPreRvVer scFtid hatBAtBAT  RBPBILMENE: Ofhd N esence
or absence of an jrregular pit. 2 egver. in,accor ce wth
an eighth'a§%%%§kiﬁgt %Vb?%géﬁ?cYgQ%ﬂt?Bn?t?ﬂe?gsigurthﬁF09P5e8 3%36 rdi ng
device for rec i o] ical .disc i a_ ou spira
trains of_ré%ﬂ@%?égg?g@%ﬁ% a?gpéggéi%%eggtgi%Q§¥£?§9eﬁg|gggéigg, Fhe

regul ar P'tSppédgéémeﬂe&hgd&féégés in data block recorded on the

optical disc and judging whether or not an irregular pit is

15 detected in the disé, by determining whether or not a
tracking error signal changing like a burét signal is-
detected in synchronization with a regular point of time
determined according to data recorded at the read address,
or determining whether or not variation in slicing level

20 correspondingly to the symmetry of the waveform of the RF
signal with respect to the slicing level thereof is
detected in synchronization with the regular point of time,
or determining'whether or not variation in amount of light
reflected by the disc is detected in synchronization with

25  the regular point of time, whereby each volume of the



bei ng arranged symmetrically with respect to the track center, each of the
‘irregular pits having 25 a predeterm ned shape different from a shape of
each of the regular pits, the irregular pits bei ng arranged
dntermittently on a predeternined area correspondingly to data bl ocks
represented by a nodul ation signal recorded as the trains of the regular
ptts, which device conprises | aser Iigﬁ? source neans for generating
-10- and outputting |laser light, signal conversion neans for
converting digital data into a nodul ati on signal, | aser-1ight
wodul ati on nmeans for performing an intensity nmodul ati on on | aser |ight
out putted fremtigall 4dsc |caghbe diserisd nadsds oxcddadibds ko athethdul ation
signal, gate si gnal generating nmeans for generating a gate signal in

synchr oni zat PSESRPCR O3cRPFERSE ShPdc BTy diT ! d Pyt he _modul at i on
ol e ot RSO R H e endGHifedd BF e

checking device described in item (8) further has a third

5 detection unit for reading data recorded at each of
predetermined addresses in data block recorded on the
optical disc and judging that an irregular pit is detected
in the disc, if it is jﬁdged more than a predetermined
number of times that a tracking error signal changing like

10 a burst signal is detected in synchronization with a
regﬁlar point of time determined according to data recorded
at the read address, or that variation in slicing level
correspondingly to the symmetry of the waveform of the RF
signal with respect to the slicing level thereof is

15 detected in synchronization with the regular point of time,
or that variation in amount of light reflected by the disc
is detected in synchronization with the regular point of
time; and if it is judged more than a predetermined number
of times that a tracking error signal changing like a burst

20 signal is not detected in synchronization with a regular
point of time determined according to data recorded at the
read address, or that variation in slicing level
correspondingly to the symmetry of the waveform of the RF

signal with respect to the slicing level thereof is not

25 detected in synchronization with the regular point of time,



.10 pits in synchronization with the gate signal and | aser l'i ght
irradiating neans for irradiating laser light, which I s nodul ated and
changed by the laser |ight nodul ation nmeans and the |aser |ight

" -=changi ng neans, respectively, onto the optical disk to forma train of

pits. 15 Addi tionally, primry 8nbod|nents of the present
invention will be described hereinbel ow. 1 (1) First, in an
enbodi mrent (nanely, an optical disc) of the present invention, each of
the irregular pits of the train is arranged on a center |ine wobbled
ina 20 radial direction by a maxi mum anplitude smaller than a track
pi t ch. or that yayiguioemein amoumt sof£nbbeghtenefdbectad pyesbet disc

i nvention, the wobbling frequency is higher than any frequency of what

is called aksdtkt réeteetRA bihdsERhren hzabion r%ﬁ%nwearemieﬁ goint

repr oduced si gnal component i ncl uded
P 019 time. P -

(13) Meanwhile, another embodiment of the checking

device described in item (6) further has a storage unit for

[$1]

storing a predetermined address of data block stored in the
optical disc, wHich block is used for determining a kind of
the optical disk from a result of judging whether or not an
irregular pit is detected among information pits formed on

10 the disk, and a third detection unit for reading the data
block recorded at the predetermined address when setting
the optical disc and for judging whether or not an-
irregular pit is detected in the disc, by determining
whether or not a tracking erfor signal changing like a

15 burst signal is detected in the data block, or determining
whether or not variation in slicing level of the RF signal
is detected in the data block, or determining whether or
not variation in level of an amount-of-reflection-light
signal is detected in the data block, whereby each volume

20 of the optical disc can be discriminated on the basis of
the presence or absence of an irregular pit.

(14) Further, still another embodiment of the

checking device described in item (6) further has a storage
unit for storing a predetermined address, at which a table

25 of addresses of data block is stored in the optical disec,



.in a tracking error signal becones m ni mum and conversely, a wobbl i ng

signal carrier becones maxi num when a signal is repr oduced by an
optical pickup (hereunder sonetimes referred to sinply as a pickup)
-=-using what is called a side 5 beam for, tracking. 3 _
Furthernore, in the enbodi nent of the pregent I nvention, the train of
tthe irregular pits are arranged or 'Sléced on a portion of the disc,
where a reproduced signal conponent included in a tracking error
si gnal becones small. 10 (4) Moreover, in the enbodi nent of the
Present I nvention, the duty ratio (or factor) of each of the

irregul ar pithe idavwtbkecial beng hasedffenchetérmbninggal kind of phes.
(5) Furthernore, the width in the radial direction
optical disk from a result of judging whether or not an
irregular pit is detected among information pits formed on

the disk, and a third detection unit for reading the table

(41}

at the predetermihed address, and next reading the data
block stored at the address listed in the table when
setting the optical disc and for judging whether or not an
irregular pit is detected in the disc, by determining
whether or not a tracking error signal ghanging like a
10 burst signal is detected in the data block, or determining
whether or not variation in slicing level of the RF signal
is detected in the data block, or determining whether or
not variation in level of an amount-of-reflection-light
signal is detected in the data block, whereby each volume
15 of the optical disc can be discriminated on the basis of
the presence or abéence of an irregular pit. -
(15) An information recording device which
comprises a laser light source, conversion means for
converting digital data into a modulation signal,
20 podulation means for performing an intensity modulation on
laser light emitted from the laser light source according
to the modulation signal to thereby convert the laser light
into recording laser light, an objective lens for
irradiating an optical disc with the recording laser light

25 and for forming trains of pits on the optical disc, gate



I5 of each of the irregular pits is not equal to that in the radi al

direction of each of the normal pits. (6) Further, an

enbodi ment of the checking device for checking an optical device of
+he present invention has a decoding unit for reading information (or
a data block) 20 froman information recgéding portion of the optical disc
and decoding the data block, a first detetfion unit for det ecting

whet her a servo signal (or a data signal) is normal or abnormal, a

second detection unit for detecting whet her or not output signals of
t'he decoding unit and the 25 first detection unit are related to each
other at a signal generating means for generating -d2zate signal in

predeterm ned regul ar point of time, and a judgenment unit
synchronization with each data block represented by the
modulation signal and irregular-pits generating means for

generating a train of irregular pits in synchronization

(41}

with the gate signal.

(18) Further, another information recording device
which comprises'a laser light source, conversion means for
converting digital data into a modulation signal,
modulation means for performing an intensity modulation on
10 laser light emitted from the laser light source according

to the modulation signal to thereby convert the lasér light
into recording laser light, an objective lens for
irradiating an optical disc with the recording laser light
and for forming trains'of pits on the optical disc, gate
15 signal generating means for generating a gate signal in
synchronization with each data block represented by tﬁe
modulation signal; wobbling-signal generating means for
generating a wobbling signal in synchronization with the
gate signal and shifting means for shifting a laser spot of
20  the recording laser light, which spot is formed on the
optical disc, in the radial direction thereof according to
the wobbling signal.

(17) Moreover, still another information recording

device which comprises a laser light source, conversion

25 means for converting digital data into a modulation signal,



for judging froma detection signal outputted fromthe second
detection signal whether or not an irregular pit to be prelimnarily
recorded on the disc is detected, whereby 5 each volune of the opti cal
@i sc to be checked can be determ ned as an optical disc having only
regular pits or anot her optical disc @aV|ng an irregular pit
prelimnarily recorded t hereon. (7) Moreover, an

enbodi ment of this checking device 10 has a tracking error S|gnal
detection unit for detecting a tracking error signal, athird

det ecti on signal for detecting whether the signal |evel of the
tracking err @pdulati§ngn1@|ar1|ss f@é‘alple}‘f(%ﬁﬁtn@'ntafbrifkﬂmﬁé@’ Imadu kafatomfor

bur st SI and_a control unit for j.udgin romthe tracking 15
error signall éfhéFgBF RO tEed Lroguithe &@@%Fsliﬁh&ﬂ%&PrQP acco?¢%ﬁ$ead

o1 ected af (4P RS POAGIGTLORS S#de L To tHarabsy ponyHiY, Al aser pisht

optical disc,gaq | Qgcor igff 6P BAGRL Ot WD R LT feoence o

absence of an i'rregula
S irradiating an optical disc with the recording laser light

and for forming trains of pits on the optical disc, gate
signal generatirig means for generating a gate signal in
synchronization with each data block represented by the
modulation signal, and duty-factor changing means for

10- changing the duty factor of the modulation signal according
to the gate'signal.

(18) Furthermore, yet another information recording
device which comprises a laser light source, conversion
means for converting digital data into a modulation signal,

15 modulation means for performing an intensity modulation on
laser light emitted from the laser light source according
to the modulation signal to thereby convert the laser light
into recording laser light, an objective lens for
irradiating an optical disc with the recording laser light

20  and for forming trains of pits on the optical disc, gate
signal generating means for generating.a gate signal in
synchronization with each data block represented by the
modulation signal, and width changing means for changing
the width in the radial direction of the train of the pits

25 according to the gate signal.



_(8) Furthernore, an enbodi ment of this checking devi ce described in
item(7), wherein the pickup enploys what is called a three-beam

met hod (nanely, a three-spot tracki ng nmethod), and the third detection
<conprises a 25 bandpass filter circuit, a rectifying circuit and a
conparator circuit, and the center frequency of the bandpass filter
circuit is set to be a frequency, at which the Il evel of a burst signal
appearing in the tracking error si gnal beconmes maxi mum and t he | eakage
of a data signal 5 appearing in the tracking error signal becones

M ni mum (9) Additionally, an enbodi nent of the checking

devi ce described in Thas,(dn famr opdd clads dd sichiofd tdet eutdsent invention,

at least one irregular pit is formed between regular or
normal pits. Further,.a tracking error signal is obtained
from this irregular pit. Moreover, a light amount signal

5 changes due to the irregular pit. This is utilized to
detect the irregular pit. Sﬁch an irregular pit can not be
copied even when a normal optical disc containing such an
irregular pit is copied by performing a conventional
-copying method. Thus, an illegal copy diéc can be

100 discriminated from a normal optical disc by checking
whether or not an irregular pit is included in an optical
disc. Consequently, a good copy protection can be achieved
by easily detecting an illegal copy disc.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Other features, objects and advantages of the
present inventiqn will become apparent from the folloWing
description of preferred embodiments with reference to the
drawings in which like reference characters designate like
or corresponding parts throughout several views, and in

20 which:

FIG. 1(A) is a diagram for illustrating the shapes
of pits of a first optical diéc embodying the present
invention (namely, a first example of a first embodiment of
the present invention);

25 FIG. 1(B) is a waveform chart for illustrating the



unit for detecting the symetry of the waveform of an RF signal with
respect to the center or reference level 10 (nanely, the slicing level (to
be described later)) of the RF signal, a slicing-level changing unit
Jfor changing the slicing level of the RF signal according to the
detected symmetry, a conparison unL% for determ ning whether or not
the change in slicing level is wthin a &ference range and 15 a judgnent
unit for judging froman output signal of the conpari son unit whet her
or not an irregular pit is detected in the read optical disc, whereby
gach vol une of the optical disc can be discrimnated on the basis of
t he pr e¥evietorn absenteacking erreyusienplt of zhe first example of
Furt her, another enbodi nent of the checking device described in item
(6) further g Bhrst emhﬂéhﬂ?anOfth%cPFBﬁEPFgﬁPV§P§ﬁ§P ‘generating unit

0T i |20t noega LOLRTTRL! o0l Seog) B POt af e gt el
si gnal reprQ§Pnpigg 8@ gngggéngfoptical disc embodying the present

5 1invention (namely. a second example of the first embodiment

of the present invention); |

FIG. 2(B) is a waveform chart for illustrating the
waveform of a tracking error signal of the second example
of the first embodiment of the present invention;

10 | FIG. 3 is a schematic block diagram for
illustrating the configuration of a checking device
embodying the present invention;

FIG. 4 is a flowchart for illustrating an operation
of the checking device of FIG. 3;

15 FIGS. 5(A), 5(B) and 5(C) are diagrams for
illustrating the shapes of pits of a second embodiment-of
the present invention;

FIG. 5(D) is a diagram for illustrating a light
amount signal of the second embodiment of the present

20 invention;

FIG. 5(E) is a waveform chart for illustrating the
waveform of a signal obtained by adding up light amount
signals outputted from two photodetectors of a fifth
embodiment of the present invention;

25 FIG. 5(F) is a waveform chart for illustrating the



_214- light reflected by the optical disc, a conmparison unit for
determ ni ng whet her or not change in the anount -of -refl ection-1ight
signal is within a reference range, an expansion unit for expandi ng an
-out put signal of * 5 the conparison unit and a judgnent unit for judging
from an out put signal of the expansL??_unit whet her or not an

rrregular pit is detected in the read optfcal disc, whereby each vol une
of the optical disc can be discrimnated on the - basis of the presence
qr absence of an irregular pit. 10 (11) Moreover, still another
enbodi ment of the ‘checki hg device described in item(6) further has a

third wavedtarsh afia vanlatean i thneun erof terif becthem-bight
signal of the fifth embodiment of the present invention:

FIG. 6(A) is a diagram for illustrating the shapes
of pits of a third embodiment of the present invention;

5 FIG. B6(B) is é waveform chart for illustrating the
waveform of a tracking error signal of the third embodiment
of the present invention;

FIGS. 7(A) to 7(E) are diagrams for iliustrating
the relation between frames and trains of irregular pits of

10 the third embodiment of the present invention;

FIG. 8 is a graph for illustrating the relation
between a wobbling signal and a noise in case of the third
embodiment of the present invention;

FIG. 9 is a schematic block diagram for

15 illustrating the configuration of a reproduction device for
reproducing data from an optical disc (namely, the third
embodiment) of the present invention;

FIG. 10 is a schematic block diagram for
illustrating the configuration of an example of a burst

20 tracking error detection circuit;

FIGS. 11(A) to 11(E) are waveform charts each for
illustrating an operation of the burst tracking error
detection circuit;

FIGS. 12(A) to 12(E) are diagrams for illustrating

25 the timing of recognition of a wobble signal by a



_predeterni ned addresses in data bl ock recorded on the opt.ical disc and
judgi ng whether or not an irregular pit is 15 detected in the disc, by

determ ni ng whet her or not a tracking error signal changing like a
-burst signal is detected in synchronization with a regul ar point of
tinme determ ned according to data [?ﬁgrded at the read address,

Or determ ning whether or not variation slicing level 20
correspondingly to the symetry of the waveform of the RF signal with
respect to the slicing | evel thereof is detected in synchronization
with the regular point of tinmg, or determ ni ng whet her or not

vari ati on i migreeempiter gin case o%fthettliing emeodimentsofetheted in

synchroni zation with 25 the regular point of time, whereby each vol une of
t he present invention; -15-

FIG. 13 is a flowchart for illustrating an

operation of the repréduction device for reproducing data
5 from an optical disc (namely, the third embodiment) of the
present invention;

FIG. 14 'is a schematic block diagram for
illustrating the configuration of a recording device for
recording data on an optical disc (namely, the third

10 embodimentj of the present invention;

FIGS. 15(A) to 15(C) are diagrams for illustrating
trains of irregular pits of a fourth embodiment of the
present invention;

FIG. 16 is a diagram for illustrating variation in

15 what is called a "slicing level” of a radio frequenc& (RF)
signal of a fourth embodiment of the present invention;

FIGS. 17(A) and 17(B) are diagrams each for
illustrating other shapes of irregular pits of the fourth
embodiment of the present invention;

20 FIG. 18 is a schematic block diagram for
illustrating the configuration of a reproducing device for
reproducing data from an optical disc (namely, the fourth
embodiment) of the present invention;

FIG. 19 is a schematic block-diagram for

25 illustrating the configuration of am example of a



_optical disc can be discrimnated on the basis of the presence or
absence of an irregular pit. (12) Furthernore, yet another
enmbodi nent of the checki ng device described in item(6) further has a
Ahird 5 detection unit for reading data recorded at each of

predet ermi ned addresses in data bl ock r?%ﬁEdEd on the optical disc and
ffudging that an irregular pit is detecte in the disc, if it is judged
nore than a predeterm ned nunber of times that a tracking error signa
changing like 10 a burst signal is detected in synchronization with a
Fegular point of tinme determ ned according to data recorded at the
read addr essvamkatihen-imrsymmetry ndetécthne| elecuit forodesepddnend y to
the symmetry of the waveformof the RF signal with respect to the
slicing |evefanirbbon 13 symmeerecetdthe @9ﬁ§ﬁ96ﬁ|9§taBnRﬁ|§thﬁé ©€gul ar
poi nt of t| fﬁlailon n anount of reflected by the

di sc r%hﬁe§ﬁ¥%ﬁ?r@@ et 23t | BhewPFRSERE FB&%P&?OBO|nt of
FIGS. 20(A) to 20(C) are waveform charts each for

(3}

illustrating an operation of the variation-in-symmetry
detecting circuit of the present invention;

FIG. 21-°'is a schematic block diagram for .
illustrating the configuration of a reéording device for
recording data on an optical disc (namely, the fourth
10 embodiment) of.the present invention;

FIGS. 22(A) to 22(F) are diagrams each for
illustrating an operation of the recording circuit of FIG.
21;

_FIGS. 23(A) and 23(B) are diagrams for illustrating
15 another example of trains of irregular pits of a fifth
embodiment of the present invention; -

FIG. 24 is a schematic block diagram for
illustrating the configuration of a reproducing device for
reproducing data from an optical disc (namely, the fifth

20 embodiment) of the present invention;

FIG. 25 is a schematic block diagram for
illustrating the configuration of an example of a
variation-in-amount-of-light detecting circuit;

FIG. 26 is a schematic block diagram for

25 jllustrating a recording device for recording data on an



;fine, and if it is judged nore than a predeterm ned nunber of tines
“that a tracking error signal changing |ike a burst 20 signal is not
detected in synchronization with a regul ar poi nt of tinme determ ned
Aaccording to data recorded at the read address, or that variation in
slicing |evel correspondingly to thgzﬁynnetry of the waveform of the RF
signal with respect to the slicing | evel “Thereof is not 25 detected in
synchroni zation with the regular point of tine, _
- 16- or that variation in anmount of light reflected by the disc

s not detected in synchronization wi th the regul ar point of tine.
(13) Meanwhiarticabthisc etirkientthe fhétkhemRedlment) of the present

invention; and
FIGS. 27(A) to 27(F) are diagrams each for
illustrating an operation of the recording device of FIG.

26.

(41}

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, the preferred embédiments of the
.present invention (namely, optical discs, checking devices
and recording devices according to the present invention)
10 will be described in detail by referring to the
accompanying drawings.
 ( Embodiment 1)
Hereinafter, a first embodiment of the present
invention will be described in detail by referring to FIGS.
15 1(A) and 1(B) to FIG. 4. In case of the first embodiment
of the present invention, a normal optical disc is .
discriminated from an illegal copy disk by increésing
tracking errors of the normal optical disc intentionally.
® Optical Disc
20 FIG. 1(A) illustrates a first example of the shape
of each pit of the first embodiment (namély, an optical
disc) of the present invention. Further, FIG. 1(B)
illustrates the waveform of a tracking error signal
obtained when reading information represented by the pits

25 of this optical disc. In FIG. 1(A), pits PA shown in a



.5 device described in item(6) further has a storage unit for storing
a predeterm ned address of data block stored in the optical disc,
_Wwhich block is used for determning a kind of the optical disk froma
~result of judging whether or not an irregular pit is detected anong
information pits formed on 10 the disk,zand a third detection unit for
- eadi ng the data bl ock recorded at "t’he predeterm ned address when
setting the optical disc and for judgi ng whether or not an
irregular pit is detected in the disc, by determning whet her or not a
“tracking error signal changing like a 15 burst signal is detected in the
dat a bl ock,leftdeegtanningicatedywhrt arr abronoFAvaFRafPERean 18 i ci ng | evel

of the RF signal is detected. in the data Rl ock, or determ ning whet her
or not CQBF PER{ BF WﬁtheﬁﬁlOBQiHﬁrﬁnﬁﬁﬁPéﬁraref QEFPSﬁrPiﬁﬁtSha%n'signal

Is detected, in the ta bl ock, b h I 2 f ot.h i cal di
can beldisc}?thg§eg?€Hr?he%E§sgggég Xfeggfnggsrg§8nggt§rPgbggﬁgglg? anISC
irregul ar pj

s§mmetrical with rgéééchEBh%ﬁe Eghkkaﬁnﬁﬁﬂ%r(%EH%Q&WE@héﬁ the

5 track center) of a track TR. Furthermore, the width of an
upper part of each of the pits PA, which part stands on the
central line of ‘the track TR, is equal to that of a lower
part thereof, which part is below the central line of the
track TR, as viewed in this figure. In contrast, in case

10 of each of pits PB which are shown in a right region
indicated by an arrow FB, the width of one of upper and
lower parts (in case of this example, the lower part below
the central line of the track TR) of each of the pits PA is
larger than that of the other part thereof, as also viewed

15 in this figure.

On the other hand, as is well known, a tracking
error signai is obtained by irradiating the train of the
pits with what are called laser beam spots (namely,
tracking spots) S1 to S3 used in what is called the

20 three-beam method (namely, the three-spot tracking method)
and next performing a subtraction between amounts of light
reflected by the two wobbled spots S1 and S3. In case of
the train of the pits of FIG. 1(A), the shape of each of
the regular or normal pits PA formed in the region

25 indicated by the arrow FA is symmetric with respect to the



=_'_"Checking device described in item(6) further has a storage unit for
storing a predeterm ned address, at which a table 25 of addresses of data
bl ock is stored in the optical disc,

~17- the data bl ock being used for determning a kind of the

optical disk froma result of judging mhghher or not an irregular pit
F's detected anong information pits forne the disk, and a third
detection unit for reading the table 5 at the predetern1ned address, and
next reading the data bl ock stored at the address listed in the table
when setting the optical "disc and for judgi ng whether or not an

i rregul ar p|tfﬁgkdﬁﬂec@%ddﬁﬂcrhbedl%bOVQy déhérﬁfﬂrﬁg the aggamfteofor not a

tracklng error signal changlng
light "reflected by the spot S1 is substantially equal to

that of light reflected by the spot §3. Consequently, the
level of a tracking error signal obtained from the region

indicated by the arrow FA is nearly equal to "0", as

(4]}

illustrated in FIG. 1(B).

However, in the region indicated by the arrow FB,
the shape of each of the pits PB is asymmetric with respect
to the track TR. Thus, the amount of light reflected by

10 the spot S1 becomes unequal to that of light reflected by
the spot S3. Consequently, the tracking error is increased,
with the resuit that the waveform of the tracking error
signal obtained from the region indicated by the arrow FB
becomes as shown in FIG. 1(B).

15 Turning to FIG. 2(A), there is shown a second
example of the shape of each of pits of the optical disc
(namely, the first embodiment) of the present invention.
Further, FIG. 2(B) illustrates the waveform of a tracking
error signal obtained when reading information represented

20 by the pits of this optical disc. As shown in FIG. 2(A),
pits PA shown in the left region indiéated by the arrow FA
are formed in conformity with the ordinary standard,
similarly in case of the first example. In contrast with
this, pits PC of the right region indicated by the arrow FC

25  are arranged in a wobbling manner with respect to the track



710 burst signal is detected in the data block, or deternining whet her

~or not variation in slicing level of the RF signal Is detected in the
_data bl ock, or determ ning whether or not variation in level of an
~amount -of -refl ection-1ight signal is detected in the data bl ock

wher eby each volune 15 of the optical EQ§9 can be discrimnated on the
‘basi s of the presence or absence of™an irregular pit.

(15) An information recordi ng device which conprises a |aser |ight
source, conversion neans for converting digital data into a nodul ation
“‘signal, 20 nodul ation nmeans for performing an intensity nodul ati on on

| aser | i ght T@ributte ameophiapes sdai largHio s ot ceralimigts PA o6 the

nodul ati on signal to thereby convert the |aser |ight into recording

| aser |ight 1edt a&dONi-ve | ens for irradiating an optical disc with

the recording | aser |ight 5 and for form rain i
opticaL disc? gat e Whé% such a ﬁlt train isr} Ja aé%éﬁw{QﬁsﬁégE%he

beams similarly as in case of the first example, the level

[¢]1]

of a traqking error signal obtained from the region
indicated by the arrow FA is almbst equal to "0", as
illustrated in FIG. 2(B). However, in the region indicated
by the arrow FC, the pits PC are displaced from the track
TR as shown in FIG. 2(A). As a consequence, the amount of
10 1light reflected by the spot S1 becomes unequal to that of
light reflected by the spot S3. Thus, the tracking error
is increased, with the résult that the waveform of the
tracking error signal obtained from the region indicated by
the arrow FC becomes as shown in FIG. 2(B).
15 . In case of the first embodiment, the optical disc
contains at least one of the trains or groups of the ﬁits
PB and PC (namely, the groups of irregular pits) iﬁ
addition to the group of the pits PA (namely, the group of
| normal or regular pits), which are shaped and arranged as
20 described above. Incidentally, in a data format, such
irregular pits (namely, pits which cause tracking errors)
are formed at positions where such irregular pits do not
affect data which shoﬁld be originally recorded on the disc
(namely, original data represented by normal or regular

25 pits). Further, the length of each abnormal (or irregular)



= 18- signal generating nmeans for generating a gate signal in

“synchroni zation with each data bl ock represented by the nodul ati on
signal and irregular-pits generating neans for generating a train of
Jdrregular pits in synchronization 5 with the gate signal.

(16) Further, another information recordiyag device whi ch conprises a
lFaser |ight source, conversion neans for converting digital data into a
nodul ati on signal, nodul ati on neans for performng an intensity

nodul ation on 10 laser light emtted fromthe | aser Iight sour ce accordi ng
to the nodul ation signal to thereby convert the |aser into

recordi ng | a&kF 1§gpet %hCBbF%%Flﬁer?Eﬁngﬁing OPGFPFéBPaFPﬁﬁlan@ﬁtP@a

disc with the recordlng | aser. g and for forn1n% glgs of pits on
the optical %HE%FFQ%F% by a tra king error signal generate ue to the

irregular pits.

Additionally, it is preferable to form irregular

[3]]

pits at a plurality of positions on an optical disc. This
is because an illegal copy disk may be taken for a normal
disc in case where only one irregular pit is formed at a
position on the disc and moreover the illegal copy disk has
a stain or a scratch. Apparently, the more irregular pits
10 are formed on the disc, the less mistékes are made.
Incidentally, even if a single-beam push-pull
tracking method is employed instead of the three-spot
tracking method, similar results can be obtained.
@ Checking Device
15 Next, a checking device of the present invention
will be described hereunder by referring to FIG. 3. This
figure illustrates a primary part of the checking device
relating to the fifst embodiment. As shown in this figure,
the aforementioned irregular pits DP are formed at, for
20 instance, addresses AD1 to AD3 in an optical disc 10.
Further, a reproducing device for reproducing information
from the disc 10 is provided with a setting-of-optical-disc
detection unit 12 which detects whether or not an optical
disc is set. Moreover, the optical disc 10 is driven under

25 control of a disc drive portion 14. Furthermore, a pickup



- =15 signal generating neans for generating a gate signal in

"synchronization with each data bl ock represented by the nodul ati on
‘signal, wobbling-signal generating neans for generating a wobbling
~signal in synchronization with the gate signal and shifting neans for
shifting a | aser spot of 20 the recorQ%%g | aser light, which spot is
~formed on the optical disc, in the radial direction thereof according
to the wobbling signal. (17) Moreover, still another
information recording devi ce which conprises a |laser |ight source,

‘conversion 25 neans for conVertin% digital data into a_nodul ation signal,
modul at i on h@afierf ontputténgi theapirreeadft Fhrsgulases, bsgms and

detecting the light reflected from the three spots is
driven under control of a pickup drive portion 18.
Further, a beam detection output of the pickup 16

is connected to a head amplifier circuit 20 which outputs a

[3)]

light amount signal and a tracking error signal. These
signals are supplied to a signal processing circuit 22.
Moreover, a microcomputer 24 is connected to the signal
processing.circuit 22 and is supplied with the tracking

10 error signal from the circuit 22. Furthermore, data
representing the addresses AD1 to AD3 at which the
irregular pits are formed is stored in a memory 26 provided
in the microcomputer 24. Additionally, the microcomputer
24 is connected to a display unit 28 in addition to the

15 disc.drive portion 14 and the pickup drive portion 18.

Next, an operation of the cheking device according

to the first embodiment will be described hereinafter by
referring to a flowchart of FIG. 4. First, the optical
disc 10 is set and then the set disc 10 is detected by the

20 setting-of-optical-disc detecfion unit 12. At that time,
the completion of the setting of the optical disc 10 is
notified to the microcomputer 24 in step SA. Then, in
response to the notification, the microcomputer 24 reads
the data preliminarily stdred in the memdry 26, which data

25 represents the addresses AD1 to AD3, at which the irregular



j1aser light emtted fromthe |laser |ight source according to the

nodul ation signal to thereby convert the | aser |ight i nto recording
laser light, an objective |lens for 5 irradiating an optical disc with the
.fecording |aser |ight and for formng trains of pits on the optical

di sc, gate si gnal generating neans_ggg generating a gate signal in
Synchroni zation with each data bl ock représented by the nodul ati on
signal, and duty-factor changi ng neans for 10 changing the duty factor of
t he nodul ation signal according to the gate signal. (18)
Furthernore, yet another information recording devi ce which conpri ses

a laser |igmithare fegmrdr sidrbsequenthns the Bbayesenpytarglttasensdsa
into a nodul atjon si 15 nodul at.i on_peans for gerfornigg an _intensity
0

modul ation S 1Ving| rﬁ%f??fﬁﬁnﬁxﬁ?tEEqu%ﬁ?tﬁéiY%s Pright 18oaprdethe
2Cor 010 g WA TRHOPLL S PP S e IRRERY CRRYE! | ghhopageL l O
opti cal diS%ﬁﬂtf%JéEhfé?“Ef%émkéfﬁ@ﬁ é%ggﬁe address ADl1 are read.

5 Namely, the disc 10 and the pickup 16 are driven by the
portionsﬂl4 and 16, respectively, and the irregular pits
formed at the address AD1l are irradiated with three laser
beam spots.

Then, light reflected from each of the beam spots

10 1is received by the pickup 16. Subsequently, the received
reflection light is further converted by the‘pickup 16 into
an electric signal. Thereafter, this electric signal is
supplied (namely, inputted) to the head amplifier circuit
20, whereupon a tracking error signal and a light amount

15 signal are obtained from the input signal. Then, the
tracking error signal is supplied from the signal
processing circuit 22 to the microcomputer 24.

As stated above, the level of the tracking error
signal is increased at the irregular pits DP of FIG. 3.

20 Thus, this phenomenon is utilized for detecting the
irregular pits DP in step SB. Such an operation of
detecting the irregular pits DP is sequentially performed
on the pits formed at the addresses AD2 and AD3. Further,
when the irregular pits DP are detected at the addresses

25 AD1 to AD3 in step SC, the microcomputer 24 judges that the



20 and for formng trains of pits on the optical disc, gate si gha
generating neans for generating a gate signal in synchroni zation with
each data bl ock represented by the nodul ati on signal, and w dth
.€hangi ng neans for changi ng the width in the radial direction of the
train of the pits 25 according to the gg%e si gnal .

<20- _ Thus, in an optical "d“Sc of the present invention,

at least one irregular pit is formed between regular or normal pits.
Further, a tracking error signal is obtained fromthis irregular pit.
Moreover, a |ight amount signal 5 changes due to the irregular pit. This
is utilizedamtical dibseciOthe arnegodhrdpse. Slbareafieregeal asuplt can not
be

reproducing operation is performed in step SD.
Next, an operation of reproducing data from an

optical disc which is a copy disc of the normal disc ‘10

will be described hereunder. When a copy disc of the

[3]]

normal disc (namely, a source disc) 10 is produced, signals
recorded on the normal disc 10 are first reproduced by
using, for example, a CD-ROM drive. Moreover, reproduction
signals obtained by reproducing the signals recorded on the

10 disc 10 are then recorded on a target optical disc such as
a CD-WO or the like. 1In this case, the data is copied to
the target optical disc by performing a error correction on
a portion thereof corresponding to the irregular pits.
Therefore, the target optical disc contains no irregular

15 pits. Seemingly, the target optical disc appears to be a
copy disc- to which all information recorded on the norﬁal
source disc is copied perfectly. However, in fact, the
target optical disc includes no irregular pits.

When such a target optical disc is set in the

20 feproducing device of FIG. 3, the addresses AD1 to AD3 are
accessed similarly. Then, an operation of detecting a
tracking error signal is effected. However, as above
described, the target optical disc contains no irregular
pits. Therefore, no tracking error signal is detected from

25 the target optlcal disc. Consequently, in step SE, the



Copled even when a nornmal optical disc containing such an I rregul ar
pit is copied by performng a conventi onal copyi ng nethod. Thus, an
il egal copy disc can be 10 discrimnated froma normal optical disc by
checki ng whet her or not an irregular pit is included in an optical

di sc. Consequently, a good copy protectlo% can be achieved by easily
détecting an illegal copy disc. BRI EF DESCRI PTI ON OF THE
DRAW NGS 15 O her features, objects and advantages of the
present invention will becone apparent fromthe follow ng description
of preferred enbodinents with reference to the drawi ngs in which Iike
reference chana%t@¢@mﬂé§¢gn&éeJuﬂzeS thatothisr AdésgoAsi RGtpar nOTrmado FRIUL

several views, and in 20 whic FI G 18#0 is a_diagram for
i I'1ustrating $hekshapeely, 150F°E|§316€aé FPPgtdéﬁﬁ caIFHF§Be€nb&@ﬁ ng the
pr esent I nventi on £nane a first exa rst _enbodj nment of

the present iBYERPFORpuUtor 24 1n5tru?F€itEEnEiFBESYWHQéFOPﬁl@Ha SPgay 2

I lustrating ﬁggsage indicating this fact. Moreover, the microcomputer
5 24 instructs the signal processing circuit 22 to stop
outputting é signal.

In this'way, the reproducing operation is ceased in
case that the the target optical disc is not a legal copy
disc (namely, contains no irregular pits). As the result,

10 an illegal copying of data from an optical disc can be
prevented practically. Incidentally, even if a copying
device for copying data from a source disc to a target disc
in physical-frame units is used, a copying operation is
performed by inserting some suitable data into a portion in

15 which a tracking error occurs. Therefore, when data is
reproduced from a copy disc obtained by such a copyiné
device, no trackihg error is obtained from a portion
corresponding to the irregular pits of the source disc.
Thus, a reproducing of data from such an illegal copy disc

20  can be. prevented practically.

Moreover, in case where a reproducing device for
reproducing data from an optical disc is not provided with
the aforementioned checking device, or in case where
information 6r data representing addresses of irregular

25 pits is erroneous, when trying to read the optical disc, a



=-21- wavef orm of a tracking error signal of the first exanple of

~ the first enbodiment of the present invention; FIG 2(A) is a
diagramfor illustrating the shapes of pits of a second optical disc
~embodyi ng the present 5 invention (namely, a second exanple of the first
enbodi nment of the present invention)y,_ FIG 2(B) is a
~waveformchart for illustrating the wavef orm of a tracking error signal
of the second exanpl e of the first enbodi nent of the present invention;
10 ~ FIG 3 is a schematic block diagram for illustrating the
‘configuration of a checking device enbodyi ng the present inventjon;

seek error or a data error occurs due to the irregular pits
and thus the device stops. Namely, in case of the first
embodiment of the present invention, a reproducing device
should have a predetermined function to prevent an

occurrence of a seek error or a data error due to irregular

[3))

pits. In this point of view, a copy protection can be
reinforced. '
(Embodiment-Z)
Next, a second embodiment of the present invention
10 will be described in detail by referring to FIGS. 5(A) to
5(D). Further, in these figures, like reference characters
designate like or corresponding composing parts of the
first embodiment. 1In case of the second embodiment of the
present invention, a normal optical disc is discriminated
15 from an illegal copy disk by increasing an amount of
reflection light of tﬁe normal optical disc intentionally.
FIGS. 5(A) to 5(C) illustrate the shapes of pits of
‘an optical disc (namely, the second embodiment) of the
present invention. In these figures, pits PA of left and
20 right regions indicated by the arrows FAs are formed in
conformity with an ordinary standard. In contrast, a
region indicated by an arrow FD (for instance, a region
including pits PD) is a characteristic portion of the
second embodiment of the present invention. In case of an

25 example of FIG. 5(A), the length of each of the pits PD is



FIG 4 is a flowhart for illustrating an operation of the checking

device of FIG 3; 15 FIGS. 5(A), 5(B) and 5(C) are diagrans for
ilTustrating the shapes of pits of a second enbodi nent of t he present
Lnventi on; . - FIG 5(D) is a diagramfor illustrating a |ight
amount signal of the second enbodi nent of .the present 20 invention;

HG 5(E) is a waveformchart for iIIustrg I ng the wavef orm of a signa
obt ai ned by adding up |ight anount signals outputted fromtwo

phot odetectors of a fifth enbodi rent of the present invention;, 25
FIG 5(F) is a waveformchart for illustrating the

-22. set to be shorter than a minimum distance 3T (incidentally,

character T denotes a data bit time) employed in an
eight—to—fourteen'mddulation (EFM). Further, in case of
another example of FIG. 5(B), the region indicated by the

arrdw FD is a mirror mark PE without forming pits PD.

(41}

Moreover, in case of a further example of FIG. 5(C), the
pits PF are madé to be shallow by changing an exposure
(namely, a light exposure) employed by an exposure_system.
(not shown). Incidentally, hereunder, the mirror mark will

10 be sometimes referred to as an irregular or abnormal pit,
for convenience of description.

In case of the second embodiment, a light amount
signal such as shown in FIG. 5(D) is obtained by
irradiating the train of the pits with laser beam spots Sl

15 to S$3 and finding an amount of reflection light similarly
as in case of the first-embodiment. This light amount
signal is obtained as a total photoelectric conversion
signal outputted from a four-segment light receiving device
(not shown) for receiving reflection light from the central

20 spot S2, or as a total of the photoelectric conversion
signals outputted from light receiving devices which
receive reflection light from the spots S1, S2 and S3,
respectively.

In case of the second embodiment, the optical disc

25 contains at least one of the trains or groups of the



“waveform of a variation-in-anount-of-reflection-I|ight signal of the

fifth enbodi mnent of the present invention; FIG 6(A) is a
_diagramfor illustrating the shapes of pits of a third enbodi nent of
-the present invention; 5 FIG 6(B) is a waveformchart for

il lustrating the waveform of a traggégg error signal of the third
“enbodi nent of the present invention; FIGS. 7(A) to 7(E)

are diagrans for illustrating the rel ation between frames and trains
of irregular pits of 10 the third enbodi nent of the present invention;

‘FIG 8 is a graph for illustrating the relation bet ween a mobbling

signal and dryeiedam ridse R tBie and (RF, whighipig nghdred #RE AFEQBREE

i nventi on; FIG 9 is a schematjc b)]ock di ramfo 15

i |1 ustrati ngds KeBrRlraRI ofl%#‘gﬂ}%i oipo%\f?%ggfg?rma& such

reproduci ng Rl A PO Yo hap dPABLYe14hE MR suen EFPSZLERRY)
bits do not affect data which should be originally recorded

on the disc, similarly as in case of the first embodiment.

(41}

Further, the length of each abnormal (or irregular)'pit is
set such that a reproducing operation should not be
interrupted by a tracking error signal generated due to the
irregular pits. Moreover, such irregular pits are formed

10 at a plurality of positions on an optical disc, similarly
as in case of the first embodiment.

Furthermore, a checking device for an optical disc
of the second embodiment has a configuration similar to
that of the checking device for the first embodiment,

15 except that a light amount signal is used instead of the
tracking error signal of the first embodiment. -

Incidentally, signals illustrated in FIGS. 5(E) and
5(F) will be described later.

Next, practical examples of checking device

20 employing IC for processing a disc signal, which is on the
market, will be described hereinbelow. For example, in
caée of "TC9236AF" manufactured by Toshiba Corporation, the
tracking error is continuously monitored. Further, when
the absolute value of the difference between a

25 .predetermined threshold value and the tracking error



FIG 10is a schemati ¢ bl ock di agram for il lustrating the
configuration of an exanple of a burst 20 tracking error detection

circuit, FIGS. 11(A) to 11(E) are waveformcharts each for
IFllustrating an operation of the burst tracking error det ecti on
circuit; FIGS. 12(A) to 12(E sare di agrans for illustrating
25 the timing of recognition of a wobble Signal by a

-23- m croconputer in case of the third enbodi nent of the

present invention; FIG 13 is a flowhart for illustrating an

operation of the reproduction device for reproducing data
exceeds a predetermined value, a detecpion signal

indicating'such a fact is outputted. The aforesaid
checking operation can be achieved by inputting this
detection signal to the microcomputer 24 of FIG. 3. 1In
5 case of the same IC, when the absolute value of the
difference between the level of the light amount signal and
that of a slew-rate limiting signal exceeds a predetermined
value, a detection signal indicating such a fact is
outputted. The aforementioned checking operation can be
10 achieved by inputting this detection signal to the
microcomputer 24 of FIG. 3, similarly.
| . Further, in case of a head amplifier IC "AN8803SB"
manufactured by Matsushita Electric Industrial Co., Ltd,
when a tracking error becomes outside a predetermined range,
15 a detection signal indicating such a fact is outputted.
Moreover, when an amount of reflection light increases and
the level of én RF signal decreases relatively, another
detectibn signal indicating this fact is outputted. Thus,
the aforementioﬁed checking operation can be achieved by
20 utilizing such detection signals.
(Embodiment.S)
Next, a third embodiment of the present invention
will be described in detail hereinbelow by referring to
FIGS. 6(A) and 6(B) to FIG. 14.

23 ® Optical Disc



“5 froman optical disc (nanely, the third enbodi nent) of the pr esent

i nvention; FIG 14 is a schematic bl ock di agram for
wlllustrating the configuration of a recording device for recordi ng
~data on an optical disc (namely, the third 10 enmbodinment) of the present

i nvention; FIGS. 15(A) to 1§4C) are diagrams for illustrating
trains of irregular pits of a fourth enbodi ment of the pr esent

i nventi on; FIG 16 is a diagramfor illustrating variation in
15 what is called a "slicing level" of a radio frequency (RF) si gnal
‘of a fourth enbodi nent of the present invention; FIGS. 17(A)

and 17(B) are di agr dhr Sacithershapes of Rt Tapmednir §H§p§§15ﬁsirregular

pits of the faurth enbadi nent of, the esent, i nventiaon: 0
Fi o | et ikt G Srorines wEEE TREaERReR, K TAES” s(a)
configuration of epr [ device for reproduci ng data from an
optical di s@r{‘ﬂth@{/,@? ﬁ[‘gﬂfbﬂﬂ%h P ]

FIG. 8(A) illustrates the shapes of what are called

"wobbling pits" in case of the third embodiment of the

[3}]

present invention. Further, FIG. 6(B) illustrates the
waveform of a tiracking error signal obtained when reading
the wobbling pits of FIG. 8(A). As shown in FIG. 8(A), the
‘shapes and arrangement of pits of a left region are similar

10 to those 6f ordinary pits of a CD. Namely, the central
line of the train of the pits of the left region is
coincident with the central line of a track. In contrast,
the central line of the train of irregular pits of the
right region is not coincident with a virtual central line

15 of a track, which is indicated by a dotted line in this |
figure. Thus, the centefs of the irregular pits, whiéh
deviate from the virtual céntral line of the track, appear_
to "wobble”.

When a tracking is performed by irradiating the

20 train of such pits of the left fegion with beam spots S1 to
S3 to obtain a tracking error signal, the amounts of light
reflected by the spots S1 and S3 become substantially equal
to each other and as the result, the level of the tracking
error signal becomes equal to "0". In contrast, when the

25 tracking is performed by irradiating the train of such pits



enbodi nent) of the present invention; FIG 19 is a schematic

bl ock diagramfor 25 illustrating the configuration of am exanple of a

- 24- variation-in-symretry detecting circuit for detecting a
variation in symretry of the waveform of an RF signal of the fourth
enbodi nrent of the present invention; -39- FIGS. 20(A) to 20(C) are
wavef orm charts each for 5 illustrating an operation of the
variation-in-synmetry detecting circuit of the present invention;

FIG 21 is a schematic block diagram for illustrating the
configuration of a recording device for recordi ng data on an opti cal

di sc (namel yof tthe fdghthregion with beam spots S1 to S3, the amounts
of light reflected by the spots S1 and S3 become unequal to
each other and the level of the tracking error signal

increases in proportion to the distance (hereunder

n

sometimes referred to as a deviation amount) from the
virtual central line of the track to each of the pits of
the right region. Therefore, when the portion or region
consisting of the wobbling pits is reproduced, a wobbling
signal is obtained as being superposed upon the tracking
- 10  error signal.

In case of this embodiment, such a wobbling signal
is recorded on a predetermined track in data-block units,
periodically and intermittently. Hence, if a wobbling
signal is obtained in synchronization with each data block

15 of a recording signal (namely, a signal to be recorded)

intermittently, the disc can be determined as a normal
optical disc. If not, the disc can be determined as an
illegal copy disc. As a consequence, an illegal copying
éan be prevented practically.

20 Incidentally, it is necessary to limit the
deviation amount to-a predetermined value sufficient to
prevent an occurrence of a seek error due to excessive
increase in the tracking error caused by the wobbling pits,
as well as an occurrence of what is called a data error

25 (namely, a read error) due to failure in reading data



10 enbodinent) of the present invention; FIGS. 22(A) to 22(F)
are di agrans each for illustrating an operation of the recording
circuit of FIG 21; FI GS. 23(A) and 23(B) are diagrans
fror illustrating 15 another exanple of trains of irregular pits of a
fifth enbodi nent of the present inveption; - FIG 24is a
schemati c bl ock diagram for i 1lustrating the configuration of a

repr oduci ng device for reproduci ng data froman optical disc (nanely,
the fifth 20 enbodinent) of the present invention; ' FIG 25
I's a schematic bl ock diagram for I llustrating the configuration of an
exanpl e of arepPresgxmtiesk byn-the didient - N |Icager afertdehs mphadidignt, the
FIG 26 is a_schematic block diagramfor 25 illustrating a recording

devi ce for rg@g;éﬁg@ndgmgu@ﬁ dmamely, the width or distance between the

irregular pit and the virtual central line of the track) is
set to be equal to or less than 2 % or so of a track pitch

and is also set to be equal to or less than 5 % or so of

(32}

the width in the radial direction of the pit.

FIGS. T(A) to 7(D) are diagrams for illustrating an
example of the arrangement of the wobbling irregular pits.
As shown in these figures, the train of the irregular pits

10 are arranged intermittently in a bursting manner (see FIG.
7(D)) in, for instance, frame units (see FIG. 7(A)). In
case of this example, the train of irregular pits are
arranged in each even frame, while the train of regular (or
normal) pits are arranged in each odd frame. FIG. 7(E)

15 shows the waveform of a tracking error signal representing
a tracking error due to the wobbling signal caused by the
irregular pits.

Next, the frequency of the wobbling signal due to
the irregular pits will be described hereinbelow by

20 referring to FIG. 8. When reproducing data from an
ordinary disc by use of the pickup usihg three-beam~spots,
the spectrum of the obtained tracking error signal contains
a recording signal component indicated by a curve GA. The
level of this recording signal component increases or

25 decreases in a period determined by the distance between



Z25- optical disc (nanely, the fifth enbodi nent) of the present

I nvention; and FIGS. 27(A) to 27(F) are diagrans each for
illustrating an operation of the recording device of FIG 5 26.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Her ei nafter,
the preferred enbodi nents of the presgnt invention (nanmely, optical

di scs, checking devices and recordi ng devices according to the present
invention) 10 will be described in detail by referring to the
acconpanyi ng draw ngs. (Enmbodi nent 1)

Hereinafter, a first enbodi nent of the present I nvention wll be
descri bed i nth&t &tAepPepBr POty Sloapde82 of FIG. 1(A). The recording

signal components become noises at the frequencies
corresponding to peaks in level thereof (namely,
corresponding to points A and C of FIG. 8). Thus, in case

of the wobbling signal, no good component-to-noise ratio

[3]]

(C/N) can be obtained (see GB and GC).

Such'noIses, however, decrease at the frequency
corresponding to a valley in level of the recording.signal
component (namely, corresponding to a point B). Thus, a

10 good C/N can be obtained at the point B (see GB). It is,
therefore, very effective in obtaining a good C/N to select
a frequency corresponding to a valley in level of the
recording signal component (for example, the point B).
Further, in portions having data "0" (for instance,
15 read-in and read-éut zones), which are formed on an optical
disc, the recording signal- component decreases as indicated
by a dotted curve GE in FIG. 8. Thus, regarding the
wobbling signal, a good C/N can be obtained, similarly.
Therefore, it is very fruitful to form in a portion having
20 data of "0" (for example, the read-in or read-out zone) a
" train of irregular pits which generate wobbling signals.

@ Reproduction Device

Next, a reproduction device for reproducing data
recorded on the optical disc according to the third

25 embodiment will be described hereinbelow by referring to



<15 1(A) and 1(B) to FIG 4. In case of the first enbodi nent of the

“present invention, a normal optical disc is di scrimnated from an
illegal copy disk by increasing tracking errors of the normal optical
‘disc intentionally. ~ [err] Optical Disc 20 FIG 1(A
Illustrates a first exanple of the shape_4 _ of each pit of the first
énbodi nent (nanely, an optical di sc) &% the present invention. Further,
FIG 1(B) illustrates the waveform of a tracking error signal

obt ai ned when reading information represented by the pits 25 of this
optical disc. In FIG 1&A), I'ts PA shown in a

- 26- | BE6Sr eBi 5/ 1Bedi cBL6d Bylanaasebempiigr blpgkndd agram for

illustrating the configuration of the reproduction device
for reproducing data from the optical disc (namely, the
third embodiment) éf the present invention, which contains
5 the irregular pits described hereinabove. First, a signal
read from the optical disc 30 by a pickup 32 is supplied to
an RF processing circuit 34 and a servo processing circuit
36. Then, an RF signal outputted from the RF processing
circuit 34 is fed to a signal pfocessing circuit 38.

10 Subsequently, a sub-code and frame information obtained by
this circuit are supplied to a microcomputer 40.

Further, in case of an ordinary CD-ROM reproduction
device, the servo processing circuit 36 is provided with a
tracking error signal detection portion by which an

15 deviation or error in tracking is detected as a tracking
error signal. This tracking error signal is supplied.to a
burst tracking error detection circuit 42, whereupon a
burst signal is extracted. Then, the burst signal is fed
to the microcompute; 40 as a digital signal.

20 FIG. 10 illustrates an example of the burst
tracking error detection circuit 42. As shown in this
figure, the burst tracking error detection circuit 42
consists of a bandpass filter 42A for extracting only a
burst signal frequency, a rectifier circuit 42B for

25 converting the burst signal into a direct current (dc)



conformty with an ordinary standard. Mreover, as shown in this
figure, the shape of each of the pits PAis symmetrical with respect to
the central line (nanely, the 5 track center) of a track TR Furthernore,
t‘he width of an upper part of each of the pits PA which part stands on
t he central line of the track TR is_? ual to that of a | ower part
thereof, which part is below the central ['ine of the track TR, as
viewed in this figure. In contrast, in case 10 of each of pits PB which

are shown in a right region i ndicated by an arrow FB, the wi dth of one
of upper and | ower parts (in case of this exanple, the |ower part
bel ow t el gnak r 28 TEFRUQACE HUERGEKCITFULE 43EhaRd ?héofﬂP%aPer 42D.

| arger than that of the other art ereof, as also viewed ,15.in this
froore. o P ofer . (hhe At S rbhitenst2h haF | CRATARTORIFEAER; AY

[ | js,0b b h
%;?r;'egé‘:lu'erbdf%éﬂéé‘ﬁtyér#gt{)@d%ﬁé o "Se FR T B 1A% phoun” sh°Fibss e,
used in whci ﬁﬁ%(éﬂﬁf¥¥ﬁf¢%quency is set to be the frequency

3 corresponding to the point B in order to extract only a
wobbling signal effectively. Incidentally, characteristics
of a single-peak notch type may be employed instead of the
characteristics of the trapezoid type GF of FiG. 8.

Next, an operation of the burst tracking error
10 detection circuit 42 will be described hereunder by
referring to FIGS. 11(A) to 11(B). Further, a tracking
error signal generated by a burst due to the train of the
ifregular pits of each even frame of FIG. 11(A) is
outputtcd from ﬁhe servo processing circuit 38 of FIG. 9 to

15 the burst tracking error detecfion circuit 42 as shown in

FIG. 11(B). Then, only a predetermined frequency combonent
is extracted frcm the input error signal in the bandpass
filter 42A. Thereby, a noise component ié eliminated as
shown in FIG. 11(C). _

20 Subsequently, this resultant signal is rectified by

the rectifier circuit 42B. Thus an envelope as shown in

FIG. 11(D) is extracted and further inputted to an

inverting input terminal of the comparator 42D. On the

other hand, a reference signal Viu (see FIG. 11(D)) is

25 supplied from the reference output circuit 42C to a



~20 three-beam nethod (nanely, the three-spot tracking method) and next

" performng a subtraction between anmounts of |ight reflected by the two
_wobbl ed spots Sl and S3. In case of the train of the pits of FIG
~1(A), the shape of each of the regular or normal pits PA fornmed in the
region 25 indicated by the arrow FA is_ anetric W th respect to the
=27- track TR, as described above.” Therefore, the anmount of
light reflected by the spot S1 is substantially equal to that of |ight
reflected by the spot S3. Consequently, the | evel of a tracking error

‘si gnal obtained fromthe region 5 indicated by the arrow FA is nearly
equal to "Omnomsinverting kaputctermizal of (Bhe comparator 42D. Then,

the comparator 42D compares the signal inputted to the
inverting input terminal thereof with the signal inputted
to the non-inverting input terminal thereof and converts

the envelope into a digital signal. When a frame is read

(41}

from the disc 30, the microcomputer 40 refers to (namely,
reads) this burst tracking error signal. Further, the
microcomputer 40 determines that when the digital signal
outputted from the comparator 42D indicates a logical high
10 level (H), there is a burst as illustrated in FIG. 11(E)
and that when the digital signal indicates a logical low
level (L), there is no burst.
FIG. 12 111ustrafes the timing of recognizing a
wobbling signal by the microcomputer 40. In case of this
15 embodiment, no wobbling signal is recorded in each odd
frame of the disc 30, while a wobbling signal is recorded
in each even frame thereof. Namely, the recorded wobbling
signal is present in alternate frames and thus there is an
intermittent arrangement of the wobbliﬁg signal bn the disc.
20 Incidentally, FIG. 12(A) illustrates frame numbers; FIG.
12(B) the tracking error'signal; and FIG. 12(C) the burst
tracking error signal of FIG. 1i(E).
When the microcomputer 40 receives a frame No. of
FIG. 12(D) from the signal processing circuit 38 of FIG. 9,

25 the frame No. is first received in a period QA of FIG.



zibmever; In the region indicéted by the arrow FB, t he shape of each of

the pits PBis asymetric with respect to the track TR Thus, the
anount of light reflected by 10 the spot S1 beconmes unequal to that of
Iight reflected by the spot S3. Consequently, the tracking error is

| ncreased, with the result that the yaveformof the tracking error
signal obtained fromthe region indicate y the arrow FB becones as
shown in FIG 1(B). 15 Turning to FIG 2(A), there is shown a
second exanpl e of the shape of each of pits of the optical disc
(namely, the first enbodinent) of the present invention. Further, FIG

2(B) illustr32dE)t-he Thevof dhve drame Neokilfy recogndizad i ghpeniRdi QRdofihen
readi ng information represented 20 by the pits_of this optical djsc. As

shown in FI Gthigafigure. Furthbershdftem a mredsternifiesh 48 At BB by t he
arrow FA '

are forned in conformt ith the ordjnary standard
einlarly inthesDUset fTacking rroy S180e L diit mead \in ia PETIGe 4C 9fis pc

of the right tiﬁgi (%rlgjur}%i-.caﬁvt%(%e@(retrhe 1 rcoavge':%f an even frame, a count

5 1s made when a wobbling signal is recorded therein. In
contrast, in case of an odd frame, a count is made when no
wobbling signal 'is recorded therein. Incidentally,  other
processings are effected in periods of FIG. 12(E) other
than the periods QA, QB and QC.

10 Next, an operation of discriminating an illegal
copy disc from a normal optical disc in case of this
embodiment will be described in detail by referring to FIG.
13. First, when a power supply (not shown) is turned on,
it is confirmed in step S1 that the disc 30 is set. Then,

15 a TOC region 1s read in step S2. Further, if it is judged
in step S3 that the disc is a data storage (DA) such as a
CD, an ordinary audio reproduction is performed in step S4.
In contrast, if it is Jjudged in step S3 that the disc is a
CD-ROM, an operatibn of seeking a track, in which a

20 predetermined train of irregular pits are formed, is
performed in step S5. Further, after counts are cleared in
step S6, a frame and a burst tracking error signal are read
in steps S7 and S8, respectively.

If there is a burst in an even frame, the

25  microcomputer 40 increases the count of even frames



25 are arranged in a wobbling manner with respect to the track

- 28- TR but have shapes simlar to those of the pits PA of the

|Left region. When such a pit train is irradiated with |aser
beans simlarly as in case of the first exanple, the level 5 of a tracking
error signal obtained fromthe region _ 6i_ndicated by the arrow FA is

al nost equal to "0", as illustrated 'n FIG 2(B). However, in the

regi on indicated by the arrow FC, the pits PC are displaced fromthe
tor ack TR as shown in FIG 2(A). As a consequence, the amount of 10

Iight reflected by the spot S1 becones unequal to that of | i ght
reflected by thareypdeszsomppimes Heefoprkd nkP e § ofhe even-frame count)

by one. If not, the microcomputer 40 does not change the
count of even frames (see steps S9, S10 and S11).
Similarly, if there is a burst in an odd frame, the
5 microcomputer 40 increases the count of odd frames
{hereunder sometimes referred to as the odd-frame count) by
oﬁe. If not, the microcomputer 40 does not change the
count of odd frames (see steps S9, S12 and S13). The
aforesaid operation is repeated until a predetermined frame
10 is read (see step S14).
As the result, if each of the even-frame count and
the odd-frame count is equal to or more.than a
predetermined number (see steps S15 and Y-branch issued
from step S16), it is judged in step S17 that the optical
15 disc 30 is a normal disc. Then, an ordinal ROM
reproduction operation (for example, an operation of
reproducing a program for a computer game) is started. In
contrast, if at least oné of the even-frame count and the
odd-frame count is less than the predetermined number (see
20 steps S15 and N-branch issued from step 516); it is judged
in step S17 that the optical disc 30 is a normal disc.
Then, the rotation of the disc 30 is stopped and further
the disc 30 is ejected in steps S19 and S20, respectively.
Incidentally, this algorithm is applied to a case

25 where only one train of wobbling pits (namely, irregular



i.s increased, with the result that the waveform of the tracking error

signal obtained fromthe region indicated by the arrow FC becones as
shown in FIG 2(B). 15 In case of the first enbodi nent, the
eptical disc contains at | east one of the trains or groups of the pits
PB and PC (nanely, the groups of irregulgr7pits) I n addition to the.
group of the pits PA (nanely, the group o normal or regular pits),

whi ch are shaped and arranged as 20 described above. Incidentally, in a
data format, such irregular pits (nanely, pits which cause tracking
errors) are formed at positions where such irregular pits do not

affect data WHitH SRIWeFIGNGihd9 therddresonsenghti ik step §Raptey,

original data represented by normal or reqular @25 pits)._ Further, the
length of eadmodBiisidain (Y€ idhss {0 (nanely, thére is only one storage

area, in which a train of wobbling pits are formed, in the
disc 30). However, if the number of storage areas, in each
5 of which a train of wobbling pits are formed, in the disc
30, the probability of misjudging an illegal copy disc as a
normal disc due ‘to a defect or a stain on the disc can be
reduced. Thereby, an optical disc can be checked more
accurately. |
10 In case of the example of FIG. 13, the address of
the wobbling track is preliminarily stored in the
reproduction device. The optical disc, however, may be
adapted to have a plurality of wobbled tracks and a storage .
area for storing a table of addresses of the plurality of
15 the wobbled tracks. Thus, the reproduction device may be
adapted to store only an address on.each disc, at which the
table is recorded. 1In such a case, the reproduction device
first seeks (namely, accesses) a track correspoding to the
éddress, at which the table is recorded, and then reads the
20 table. Subseqeuntly, the reproduction device accesses the
plularity of the wobbling tracks and detects the wobbling
pits. By employing this technique, a copy code detection
operation becomes hard to know, when such a table can not
be deciphered. ©Namely, analyses of the disc and the

25  reproduction device for realizing an undetectable illegal



= 29- pit is set such that a reproducing operation should not be

interrupted by a tracking error signal generated due to the I rregul ar
pits. Additionally, it is preferable to formirregular 5 pits
at a plurality of positions on an optical disc. This I s because an
illegal copy disk may be taken for a norg$% disc in case where only
ene irregular pit is fornmed at a posftion on the disc and noreover the
i1l egal copy disk has a stain or a scratch. Apparently, the nore
i,rregular pits 10 are forned on the disc, the | ess m stakes are nade.

I'nci dentally, even if a single-beam push-pull tracking nethod is

enpl oyed i nstead dfi scheamhbee very difficuldcki ng nethod simlar results'
can be obt ai ned. [err] = Checking Device

checki ng device of tA&Usneddn@dcicordamicsn with \fhe Qﬁ?ﬁﬂﬁﬂﬁﬁ#ﬁﬁi¢ﬁﬁ%ﬂﬁd%f by

referring to FIG 3. This
this embodiment, when an optical disc containing an

irregular pit is read by using an ordinary CD-ROM drive in

[4)]

order to copy such a disc, data other than the irregular

pit is copied correctly onto a target disc such as a CD-WO

and, apparently, no error in copying the disc does not
occur. Moreover, é large number of copy discs can be
produced by using this target disc as a master disc.

10 However, although the data is copied to the target
diéc correctly, the irregular pits can not be copied
thereto. As the result, when tryiné to reproduce thg data
from this target disc (namely, an illegal copy disc) by
using the reproduction device according to this embodiment,

13 no tracking error is not detected at the predetermined
address and thus the reproduction is not performed.
Consequently, the illegal copy disc can be excluded
effectively. This does hold in cases of embodiments which
will be described hereinbelow. Incidentally, as previously

20 described, in case where a reproduction device for |

reproducing data from an optical disc is not provided with

the aforementioned checking device, or in case where
information or data representing addresses of irregular

pits is erroneous, when trying to read the optical disc, a

25 seek error or a data error occurs due to the irregular pits



~figure illustrates a prinmary part of the checking device relating to
the first embodi ment. As shown in this figure, t he af orenenti oned
“lrregu!ar pits DP are formed at, for 20 instance, addresses ADlL to AD3 in
=an optical disc 10. Further, a reproducing device for reproducing
information fromthe disc 10 is provjded with a setting-of-optical-disc
detection unit 12 which detects whether % not an opti cal disc is set.
Moreover, the optical disc 10 is driven under 25 control of a disc drive
Joortion 14. Furthernore, a pickup

- 30- 16 for outputting the aforesaid three | aser beans and

detecting tlaad itdtus rdre ctewlr e r9inRhe thitcdepotsush a reHF?SBﬁiHﬁder

control of a pickup drive portion 18,
device should have a predetermined function to prevent an

occurrence of a seek error or a data error due to irregular
pits. Consequently, a copy protection can be reinforced.

® Recording Device

[4]]

Next, a recording device (namely, a mastering

machine or deviée) for obtaining an optical disc of this
. embodiment will be described in detail by referring to FIG.

14. As illustrated in this figure, digital data used to

10 protect, for instance, software for a game is inputted to
an EFM encoder 50 which converts the data into an EFM
signal and then outputs the EFM signal. On one hand, the
EFM signal is inputted to an optical modulator (namely, a
light modulator) driver 52. Then, an optical modulator

15 drive 'signal is outputted from the driver 52 to an optical
modulator 54.

On the ofher hand, the EFM signal is inputted to a
sub-code reader 56 which extracts a sub-code signal from
the EFM signal and outputs the extracted sub-code signal.

20 This sub-code signal is inputted to a central processing
unit (CPU) 58 and a gate signal generator 60. The CPU 58
constantly monitors address information represented by the
sub-code signal and generates and outputs a control signal
(see FIG. 7(B)) when the sub-code signal comes to represent

25 a predetermined address at which a protection code should



TFurther, a beam detection output of the pickup 16 5 is connected to a head

anplifier circuit 20 which outputs a | i ght amount signal and a tracking
error signal. These signals are supplied to a signal processing circuit
22. Mor eover, a mcroconputer 24 is connected to the signal

processing circuit 22 and is suppli'ed wi_tfy the tracking 10 error signa
ffromthe circuit 22. Furthernore, data representing the addresses AD1
to AD3 at which the irregular pits are forned is stored in a nmenory 26
provi ded in the mcroconputer 24. Additionally, the m croconputer

24 is connected to a_display unit 28 in addition to the 15 disc drive
portion 14 ap® ¥eeopfetup H%i@eCBBFFPénSiSPal 1s inputted\gge then, gf& ation
of the cheking device accordin to the first enmbodinent will be

descri bed he$g$ﬂ%1t€?n593t°r 68eferring to a flowhart of FIG 4. First,
the opti cal dis t .and

20 setting-of-optica hégstgagigéygoﬁﬁgﬁ%]?ﬁ?ggii%i%h%ﬁ. %%R@S t%%t %ﬁﬁgﬂby the
conpl etion ofyihe, 5Lt Pa Pl gbNE-Q0LECBD BbAbritesSa gate signal (see
3 FIG. 7(C)) which is synchronized with a sub-code frame.

This gate signal corresponds to a protection code. 1In case
where the sub-code frame is, for example, an odd frame, the
gate signal has a low signal level corresponding to a
logical value of L (namely, a low level). Further, in case

10 where the sub-code frame is an even ffame, the gate signal
haé a high signal level corresponding to a logical value of
H (namely, a high level). Incidentally, it is apparent
that in case where the sub-code frame is an odd frame, the
gate signal may have a high level corresponding to a

13 logical value of H and, in case where the sub-code frame is
an even frame, the gate signal may have a low level
corresponding to a logical value of L. Such a gate signal
is inputted to a frequency generator (FG) 82.

Further, when the gate signal has a high level "H"

20  (namely, in case of an even frame), the FG 62 generates a
sinusoidal wave having a predetermined frequency. However,
when the gate signal has a low level "L" (namely, in case
of an odd frame), the FG 62 generates no wave. Therefore,
a signal outputted from the FG 62 becomes a burst wobbling

25 signal (see FIG. 7(D)) which is synchronized with the



hotified to the mcroconputer 24 in step SA. Then, in response to the

notification, the m croconputer 24 reads the data prelimnarily stored
. in the nenory 26, which data 25 represents the addresses AD1 to AD3, at
which the irregul ar pits are forned. Subsequently, the
m croconputer 24 sends driving ins[&ﬁgyions to the disc drive portion
14 and the pi ckup drive portion 18, ‘respectively. Thus, the train of
the irregular pits formed at the address ADl are read. 5 Nanely, the disc
10 and the pickup 16 are driven by the portions 14 and 16,
respectively, and the irregular pits formed at the address AD1 are

i rradi at ed wweb-chfeeframer Thispwabbdpogssignal is inputted to an
optical deflector driver 64 and further an optical

deflector drive signal outputted from the driver 64 is
inputted to an optical deflector 86.

On the other hand, laser light La is continuously

ot

irradiated from a laser oscillator 88 onto the optical
modulator 54. Thus the laser light La first passes through
the opfical modulator 54. Af that time, the laser light La
is subjected to a signal modulation-correspondingly to an

10 optical modulator drive signal and is thus chanéed to laser
light Lb, the intensity of which varies with time. This
laser 1light Lb pasées through the optical deflector 66.
‘Thus the laser light Lb is changed into laser light Lc
which is deflected correspondingly to the optical deflector

13 drive signai. This laser light Lc is irradiated therefrom
onto a master disc 72 through an objective lens 70 as'a
microscopic spot. Further, this microscopic spot is
deflected in the radial direction on the master disc 72 by
using the optical deflector 86. As a consequence, the

20 wobbled pit pattern as illustrated in FIG. 8(A) is formed.
In this manner, the master disc suitable for a copy
protection, which includes the train of the wobbling
irregular pits, can be obtained.

As described above, the recording device for

25 recording data on the optical disc according to this



Then, light reflected fromeach of the beamspots 10 is received by the
‘pi ckup 16. Subsequently, the received reflection light is further
converted by the pickup 16 into an electric signal. Thereafter, this
electric signal is supplied (nanely, inputted) to the head anplifier
circuit 20, whereupon a tracking errof signal and a light amount . 15
signal are obtained fromthe input signal®“Then, the tracking error
signal is.supplied fromthe signal processing circuit 22 to the

m croconput er 24. As stated above, the level of the tracking
error signal is increased at the irregular pits DP of FIG 3. 20
Thus, this phshoddmenti segoridiszed leasdegediriaig tafe irregularits, pits DP
in step SB. Such_an operation of detecting the irregular pits DPis
sequenti al | ywWpdehopgddiffergnt Ha shaper ance@raangamenid faom noypehnd
AD3. Further, en the irreqular pits DP are detected at the a qgesses

25 ADL to ADBIER &Pdpase arganged; SOSHEFPORUNglY JS datd RiReks o

recording signal, on a master disc at the time of mastering

(namely, at the time of producing the master disc), instead

3]

of recording a protection code among data to be recorded on
an opticalldisc! Therefore, manufacturers other than
master disc makers require a large plant investment even if
a reproduction of an optical disc is performed in a

10 mastering process. Consequently, the manufacturers can not
achieve the reproduction practically. Thus, very effective
copy protection can be realized (this is the same with
embodiments which will be described later).

Incidentally, a recording medium having a wobbling

15 portion to which addresses are written, a recording device
for recording data on such a recording medium and a
reproduction device for reproducing the data recorded on
such a recording medium are disclosed in the Japanese
Unexamined Patent Publication (Kokai Koho) Official Gazette

20 No. H2-87344. However, in case of employing such a medium,
data should be read bit by bit, as illustrated in FIGS. 3
and 4 of the Japanese Unexamined Patent Publication (Kokai
Koho) Official Gazette No. H3-181023. Thus, such a device
should be provided with what is called a periodically

25 operating circuit. Moreover, in case of such a device,



-32- optical disc 10 is a normal disc. Thereafter, a usual
reproduci ng operation is perforned in step SD. : Next, an
operation of reproducing data from an optical disc which is a copy

di sc of the normal disc 10 5 will be described hereunder. Wien a copy
di sc of the normal disc (nanely, a saurce disc) 10 is produced,

signal s recorded on the normal disc are first reproduced by

usi ng, for exanple, a CD-ROM drive. Moreover, reproduction signal s
abt ai ned by reproducing the signals recorded on the 10 disc 10 are then
recorded on a target optical disc such as a CODW or the like. In this
case, the daflatpsdesgiddae Fiming sheouds et simlicdal diansegneEi¥or nthe a

error correction gn a portion there%f corresponq{n%‘to the irregul ar
pits. circuit configuration of such a device should be very

complex. Furthermore, data recording density is very high.

As the result, the reading error rate is liable to become

[9]]

high.

In contrast, in case of this embodiment of the
present invention, the circuit configuration of the device
can be relatively simple. Further, the manufacturing cost
of the reproduction device can be small. Moreover, in a
10 data format, a part'corresponding to a bursting portion of

a signal continues for a relatively long time. Thus the
data recording density can be considerably small.
Consequently, data can be decoded without hindrance,
independent of a relatively large number of defects of the
15 disc. Namely, in case of this embodiment, a pelatively
large number of structual defects of the disc are tolerable.
Furthermore, the yiéld of the disc can be increased when
manufacturing the discs. Additionally, the manufacturing
cost of the disc can be reduced. Meanwhile, generally,
20 dusts are adhered to and scratches are formed on the disc
while the disc ié used. However, the disc of the present
invention is resistant to dust and scratches, because of
the fact that the data recording density of a.part of the
disc corresponding to the bursting portion of the signal is

25 low.



Therefore, the target optical disc contains no irregular 15 pits.

Seem ngly, the target optical disc appears to be a copy disc to which
all information recorded on the nornal source disc is copied
perfectly. However, in fact, the target optical disc includes no
irregular pits. Wien such a_garget optical disc is set in the
20 reproducing device of FIG 3, the addresses ADl1 to AD3 are

accessed simlarly. Then, an operation of detecting a tracki ng error
signal is effected. However, as above descri bed, the target optical

di sc contains no irregul ar 1g-its. Therefore, no tracking error signal
is detected from 25 fh@dedigeniomki cal disc. Consequently, in step SE, the

- 33- @® Optlical Disc
Next, a fourth embodiment (namely, an optical disc)
of the present invention will be described hereinafter in

detail by referring to FIGS. 15(A), 15(B) and 15(C) to FIG.

[4]]

21. This embodiment utilizes the symmetry of an RF signal
outputted from the pickup.
First, the shapes of pits formed on the disc will
be described hereinbelow in detail with reference to FIGS.
10 15(A), 15(B) and 15(C) to FIG. 17. FIG. 15(B) illustrates
a train of pits having a duty factor of 50 %. Further, FIG.
16 illustrates the waveforms of RF signals obtained by
reproducing data from the pits of FIGS. 15(A) to 15(C). As
can be seen from this figure, the RF signals are symmetric
15 with respect to the center line thereof, ﬁamely, the center
line of hatched rhombic portions (namely, what are called
"e&es") of this figure, which corrésponds to what is called
the slicing level.
FIG. 15(A) illustrates the train of pits formed as
20 a result of the fact that a recording signal is subjected
to a duty-factor correction. As compared with the train of
pits of FIG. 15(B), the length in the horizontal direction
(namely, in the tangential direction) of each of the pits
of FIG. 15(A) is shorter than that of each pit of FIG. 15(B)

25 by a length of a. When data is reproduced from such pits



i croconputer 24 judges that this disc is not a nornmal copy di sk

(nanmely, is not a legal copy disc). Further, the m croconput er 24
instructs the display unit 28 to display a nmessage indicating this
Fact. Moreover, the m croconputer 5 24 instructs the signal processing
circuit 22 to stop outputting a S|Qgg. In this way, the
reprodUC|ng operation is ceased in case that the the target optical
disc is not a |legal copy disc (nanely, contains no irregular pits).
As the result, 10 an illegal copying of data froman optical disc can be
prevent ed practlcall . Incidentally, even if a copying device for
copyi ng dat a2°frb&fa gé&ﬁée dhscsymmatryr g8t thesBF sighigd gy FAsHecdne
units is used, a copying operation is performed by inserting sane

suitabl e dat®0iRee GepLFTi dAnenthesephi 46 &°§Faéﬁﬂn§h€rF&ﬂcd@@uﬁﬁvel is
copying - "SbefcubrnBaryaini REbr LBr 1 S1BUBIdaRer oy £o36 o E. V" @
correspondi nggt Ryt her5T r ¢gYLF 1P hS+PhblC ¢ARULER 1Y 3% pits formed as a
5 result of the fact that the recording signal is subjected
to a duty-factor correction. Further, as compared with the
train of pits of FIG. 15(B), the length in the tangential
direction of each of the pits of FIG. 15(C) is longer than
that of each pit of FIG. 15(B) by a length of b. When data

10 is reproduced from such pits of FIG. 15(C), the slicing
level is shift downwardly in FIG. 16. Namely, the slicing
level is moved upwardly and downwardly in FIG. 18
according to change in duty factor of the pits and thus
cdmés to go zig-zag.

15 FIG. 17(A) illustrates another examples of the
train of pits which cause change in slicing level of the RF
signal. In case of this example of the train of the pits,
the widths in the radial direction of pits, which are
indicated by dotted curves, of this train are larger or

20  smaller than the width of each normal pit, as shown in this
figure. FIG. 17(B) illustrates the waveform of the RF
signal generated due to the pits of FIG. 17(A). Namely,
the RF signal corresponding to a normal pit has a waveform
as indicated by a curve GH of FIG. 17(B) and has a slicing

25 level SL1. However, in case of a thick pit which has a



“Thus, a reproducing of data fromsuch an illegal copy disc 20 can be
prevented practically. Moreover, in case where a reproducing
devi ce for reproduci ng data froman optical disc is not provided with
fhe aforenentioned checking device, or in case where i nformation or
data representing addresses of irregulagssgS pits is erroneous, when trying
to read the optical disc, a - 34-
'seek error or a data error occurs due to the irregular pits and t hus
the device stops. Nanely, in case of the first enbodi ment of the
present invention, a reproducing device shoul d have a predeterm ned

function to prd&kkenin gehe sradtalrdbyeetion sbetpg bargerothandihatepifothgue

to irregular
normal pit, the reflectance is large and thus the

modulation factor becomes large. Thus, the RF signal
corresponding to this pit has a waveform represented by a

§ curve GI of FIG. 17(B) and the slicing level corresponding

| to this pit is reduced to SLZ2. Further; in case of a thin
pit which has a width in the radial direction being smaller
than that of the normal pit, the modulation factor becomes
small as indicated by a curve GJ. Moreover, the slicing

10 level corresponding to this pit is increased. If such
irregular pits having different widths are formed
alternately, the sliciﬁg level goes zig-zag, in comparison
with the slicing level corresponding to a normal pit.

@ Reproduction Device

15 Next, an example of the reproduction device for
checking an iliegal copy disc by utilizing the symmetr& of
the RF signal will be described hereunder in detail by
referring to FIG. 18 to FIGS. 20(A), 20(B) and 20(C). FIG.
18 illustrates the configuration of the reproduction device.

20 As can be seen from this figure, a variation-in-symmetry
detecting circuit (hereunder soﬁetimes referred to as an RF
symmetry variation detection circuit) 80 is provided in the
device in place of the burst tracking error detection
circuit 42 of FIG. 9. Further, the remaining composing

25 elements of this reproduction device are similar to the



pits. In this point of view, a copy protection can be rei nf or ced.
(Enbodi nent 2) Next, a second enbodi nent of the present
invention 10 will be described in detail by referring to FIGS. 5(A) to
5(D). Further, in.these figures, like reference characters desi gnat e

| i ke or correspondi ng conposing parts of_% e first enbodinent. In case
of the second enbodi nent of the present invention, a normal optical
disc is discrimnated ‘15 froman illegal copy disk by increasing an anount
af reflection Iight of the normal optical disc intentionally.

FIGS. 5(A) to 5(C) illustrate the shapes of pits of an optical disc
(nanel y, thecogtes@ondiod edemendss fe FIG. $redhr RN\@MMELY | n t hese

figures, pits PA of left and 20 right req*ons i ndi cated_by the arrows FAs
are forned i ¥ariatiogndgtotlon i ranidr dhaiar et A RE rskepa} afromg

regi on [ ndi ogj ed JBY A ALLOWFD, (10N 4 1 AP adtd S Fhe varldelddi g Pt
symmetry of slicing level thereof and supplies to the
5 microcomputer 40 a.detection signal representing a result
of the detection.

FIG. 19 illustrates the configuration of the RF
symmetry variation detection circuit 80. As is shown in
this figure, the RF symmetry variation detection circuit 80

iO is provided with what is called an automatic slicing
circuit 80A, a reference output circuit.SOB, a comparator
80C and a monostable multivibrator 80D. Generally, an RF
signal has an analog waveform. Further, when converting
the RF signal into a logical level, it is necessary to

15 adjust the slicing level to the center signal level of the
RF signal even when the symmetry of the RF signal with
respect to the center signal level is lost (namely, the
waveform of the RF signal becomes asymmetric with the
center signal level) due to the shapes and arrangement of

20 the pits (namely, due to the irregular pits). The
automatic slicing circuit 80A is used to obtain such an
adjusted slicing level.

Next, an operation of this device will be described
by referring to FIGS. 20(A) to 20(C). When reading the

25 train of the irregular pits of FIGS. 15(A) to 15(C) or of



Second enbodi nent of the present invention. In case of an 25 exanple of
FIG 5(A), the length of each of the pits PDis

- 35- set to be shorter than a m ninmum di stance 3T (incidentally,
c¢haracter T denotes a data bit tinme) enployed in an ei ght-to-fourteen
nodul ation (EFM . Further, in case of _=qanot her exanple of FIG 5(B)

the region indicated by the 5 arrom/FE)?% a mrror mark PE w t hout
formng pits PD. Moreover, in case of a further exanple of FIG 5(C
t.he pits PF are made to be shall ow by changi ng an exposure

(nanely, a Ii%ht exposure) enp1%¥ed by an exposure system (not shown).

| nci dent al | yFIeSr-edifdey), amk Id (Blor the K'eyes” ab the RBnelegnsgl pevesred to

as an irreqgul ar or _abnornmal pit,
upwardly or downwardly as illustrated in FIG. 16. This is

detected by the automatic slicing circuit 80A. FIG. 20(A)

illustrates an example of variation in slicing level of the

[3]]

RF signal.

Subsequently, the slicing level is compared by the
comparator circuit 80C with a slicing level limits SLL1 and
SLL2 of FIG. 20(A) outputted from the reference output
circuif 80B. 'As the result, a slicing level variation
10 signal as illustrated in FIG. 20(B) is outputted from the

comparator circuit 80C. This signal is supplied to the
monostable multivibrator circuit 80D, whereupon a time
constant is given to this signal as shown in FIG. 20(C).
Generally, the slicing level varies relatively fast. As a
15 result of giving a time constant, a part of this signal
having a slicing level is made to have a duration, by'Which
the microcomputer 40 can deﬁect such a slicing level.
Incidentally, a fundamental operation of recording
the irregular pits in a predetermined track of the disc and
20 thereafter detecting the recorded irregular pits therefrom
is similar to the corresponding operations of the
aforementioned embodiments. Thus, an algorithm for
detecting the irregular pits is fundamentally the same as
the algorithm of FIG. 13. In case of this reproduction

23 device, the variation in slicing level of the RF signal is



Tor convenience of description. . In case of the second

enbodi nent, a |ight anount signal such as showmn in FIG 5(D) is
obt ai ned by irradiating the train of the pits with | aser beam spots Sl
15 to S3 and finding an anount of reflection light sinmlarly as in
case of the first enbodiment. This |ight _gnount signal is obtained as
a total photoel ectric conversion 8 outputted froma four-segnent

| i ght receiving device (not shomm) for receiving reflection light from
the central 20 spot S2, or as a total of the photoelectric conversion
$ignals outputted fron1I|g recei ving devices which receive

reflection |defRctedninhetepoS8. siFusbhend the timingegfedeiegtyon of
In case of the second enbodi nent, the oPtlcaI disc 25 <contains at | east
one of the t?@ﬁrﬁ?%ﬁgﬁﬁﬁﬁp%iB? b¥the microcomputer 40 is similar to

that of FIG. 12(E). Namely, in the time QC, the variation
in slicing level of the RF signal is detected, instead of
5 the detection of the tracking error.

Further, a practical example'of the automatic
slicing circuit "80A of FIG. 19 is an IC "TC9283F"
manufactured by Toshiba Cdrporation. which outputs a signal
indicating the slicing level. Further, when the waveform

10 of the RF signal becomes asymmetric with the center level:
thereof, an analog signal indicating énother slicing level
fit to such an asymmetric waveform of the RF signal is
obtained from this IC.

Thus, in case of the reproduction device according

15 to this embodiment, the asymmetric waveform of the RF
signal can not be copied similarly as in case of the third
embodiment. Therefore, in case of'an illegal copy disc,
there occurs no variation in slicing level. Consequently,
such an illegal copy disc can be excluded, similarly as in

20 cases of the aforementioned embodiments.

® Recording Device

Next, a recording device (namely, a mastering
machine or device) for obtaining an optical disc of this
embodiment will be described in detail by referring to FIGS.

25 21 and 22. As illustrated in FIG. 21, digital data used to



-36- irregular pits PD, PE and PF, which are shaped and arranged
as described above. Incidentally, in a data format, such I rregul ar
pits are formed at positions where such irregul ar pits do not affect
data whi ch should be originally recorded 5 on the disc, simlarly as in
case of the first enbodinent. Further,,. the I ength of each abnormal (or
leregular) pit is set such that a réSPGducing operation should not be
interrupted by a tracking error signal generated due to the i rregul ar
pits. Moreover, such irregular pits are formed 10 at a plurality of
pesitions on an optical disc, simlarly as in case of the first
enbodi ment. protect, for Fexamelevoreoftwaheckphngadeameeisoinpntded dal ami sc
of the second enbodi ment has a configuration simlar to t hat of the
checki ng deviEMfenceder 50 sthiaboeenEprts theedatpt 1nkat a8 EFfhsigmadnt
signal is used instead of the .

and then outputs the EFM signal. On one hand, the EFM

signal is inputted to the sub-code reader 56 and a

duty-factor correction unit 82. Further, the sub-code

(31}

reader 56 extracts a sub-code signal from from the EFM
signal and then, the sub-code signal is inputted to the CPU
58 and the gate signal generator 60. |
Furthermore, the CPU 58 constantly monitors address
10 information represented by the sub-code signal and
generates and outputs a control signal Qhen the sub-code
signal comes to represent a predetermined address at which
a protection code should be recorded. This control signal
is inputted to the gate signal génerator 60. When
15 receiving the control signal from the CPU 58, the gate
signal generator 60 generates a gate signal which is .
synchronized with a sub-code frame. FIGS. 22(A) to 22(C)
illstrate this operation. FIG. 22(A) illustrates the frame
Nos.; FIG. 22(B) the waveform of the control signal; and
20 FIG. 22(C) the waveform of the gate signal.
' This gate signal corresponds to a protection code.
In case where the sub-code frame is, for example, an odd
frame, the gate signal has a low signal level corresponding
to a logical value of L. Further, in case where the

25 sub-code frame is an even frame, the gate signal has a high



dracking error signal of the first enbodi nent. I nci dental ly,

signals illustrated in FIGS. 5(E) and 5(F) will be described |ater.
Next, practical exanples of checking device 20 enploying IC for processing
a disc signal, which is on the market, wi |l be described hereinbel ow
For exanple, in case of "TC9236AF"_q§pyfactured by Toshi ba

Cor poration, the tracking error is continuously nonitored. Further,
when t he absol ute value of the difference between a 25 predeterm ned
threshol d value and the tracking error

-37- exceeds _a predeterm ned val ue, a _detection signal

i ndi cating s8§&EN&Lf A€V eils COTT/FPORAInEhd oo lglicRl value of H.
Incidentally, it is apparent that In case where the

sub~code frame is an odd frame, the gate signal may have a
high level corresponding to a logical value of H and, in

case where the sub-code frame is an even frame, the gate

[4)}

signal may have a low level corresponding to a logical
value of L. Such.a gate signal is inputted to the
duty-factor correction unit 82. Further, when the gate
signal has a high level “H“ (namely, in case of an even

10 frame), the duty-factor correction unit 82 performs a
predetermined duty-factor correction. However, when the
gate signal has a low level "L" (namely, in case of an odd
frame), the duty-factor correction unit 82 does not perform
such a duty-factor correction. Thereafter, the recording

15 signal, which is corrected in this way, is supplied from
the duty-factor correction unit 82 to an outut modulator
driver 52. Furthermore, an optical modulator drive signal
outputted from the driver 52 is inputted_to an optical
modulator 54.

20 On the other hand, laser light La is continuously
irradiated from a laser oscillator 68 onto the optical
modulator 54. Thus, when the laser light La first passes
through the optical modulator 54, the laser light La is
subjected to a signal modulation correspondingly to an

25 optical modulator drive signal. Thereby, laser light Ld,



“checki ng operation can be achieved by inputting this detection signal
to the mcroconputer 24 of FIG 3. In 5 case of the sane IC, when the
_absol ute val ue of the di fference between the |level of the |ight anmount
&ignal and that of a slewrate limting signal exceeds a predeterm ned
val ue, a detection signal indicating sucqnﬁ fact is out putted. The

af or ement i oned checki ng operation can be 0 achieved by inputting this
detection signal to the m croconputer 24 of FIG 3, simlarly.

Further, in case of a head anplifier I C "AN3803SB" manuf act ured by

Mat sushita Electric Industrial” Co., Ltd. when a tracking error becones
out si de a pr&bet énﬁﬁﬁédtVaﬁéeWhifb Fyagdesciidh digenl ishebd@ined suchhbs
fact is outputted. over, when an anmount of reflection |ight

i ncreases an4@ser light é'@eliSofiréfﬁ‘dlﬂelatﬁdgﬁé‘ler&éé'roéhé’é%toré é‘iarﬁﬁ'éf‘i/ A58t her
af or erent i ondd CHEBRERg 28 SPAECH "Eart e dihiAky Gl ThPT SAEARYY i AP s
detection Sign@EESequence, the pit patterns having different duty
5 factors as illustrated in FIGS. 15(A), iS(B) and 15(C) and
FIG. 22(D) are formed.

The slié¢éing level of the RF signal reproduced from
such a disc varies as illustrated in FIG. 22(E) in
synchronization with the block Nos. of FIG. 22(A). If a

10 signal representing such variation 1h slicing level is
detected as illustrated in FIG. 22(F), this disc is a
normal disc. Otherwise, this disc can be judged as an
illegal copy disc. Thereby, an illegal copying can be
prevented.

15 { Embodiment 5)

@® Optical Disc

Next, a fifth embodiment of the present invention
will be described hereinbelow in detail. This embodiment
utilizes variation in amount of iight reflected by an

20 optical disé.

First, the shapes of pits formed in the disc will
be described hereunder by referring to FIGS. 5(A) to 5(D)
and FIGS. 23(A) and.23(B). In case of this embodiment, the
pits of FIGS. 5(A) to 5(D), whose reflection light varies

25 in amount, are utilized as irregular pits. In case of an



“(Enbodi nrent 3) . Next, a third enbodi nrent of the present

I nvention - will be described in detail hereinbelow by referring to
FIGS.. 6(A) and 6(B) to FIG 14. 25 [err] Optical Disc

-~ 38- First, the shapes of pits forned in the third

enbodi ment will be described with referenge to FIGS. 6(A) and 6(B) to
FIG 14. FIG 6(A) illustrates the shapes of what are called 5
*wobbling pits" in case of the third enbodi nent of the pr esent
invention. Further , FIG 6(B) illustrates the wavef orm of a tracking

error signal obtai ned when readi ng
example of FIG. 5(A), the pits PA of the left and right

regions are normal pits and the pits PD of the central
region are irregular pits, the length of each of which is
set to be shorter than a predetermined length according to

a modulation rule. Further, in case of another example of

[¥]]

FIG. 5(B), no pits are formed in the center region and a
mirror mark PE is used similarly to the irregular pits.
Moreover, in case of a further example of FIG. 5(C), the
pits PF are shallow (or thinner) and smaller than the
10 normal pits. In case of each of these figures, an amount
of light reflected by the disc is increased in comparison
with a case where only normal pits are formed on the disc.
FIGS. 23(A) and 23(B) illustrate other examplés of
- the shapes of pits of this embodiment. In FIG. 23(A), the
15 pits of the center region FR are pits formed on this disc,
each of which has a normal width. The waveform of a éignal
obtained as a result of reproduction of such pits is shown
in FIG. 23(B). Namely, the reflectancé of a paft of this
signal correséondiﬁg to the upper part of the waveform
20 thereof is relatively large, while the reflectance of
another part of this signal corresponding to the lower part
of the waveform thereof is relatively small.
Further, the width of the irregular pit of the
region or section FS of FIG. 23(A) is larger than that of

25 the normal pit of the region or. section FR by a width 2a.



—.the wobbling pits of FIG 6(A). As shown in FIG 6(A), the shapes and
arrangenment of pits of a left region are simlar 10 to those of ordinary
_pits of a CD. Nanely, the central line of the train of the pits of the

left regionis coincident with the central line of a track. In
contrast, the central line of the train of irregular pits of the
sight region is not coincident with a virtual central line 15 of a track,
:which is indicated by a dotted line in this figure. Thus, the centers
.of the irregular pits, which deviate fromthe virtual central |ine of
‘the track, appear to " wobble". When a track

performed byin rhed Rasry tafe 1Pnsteatediin BF6 pi 23(B1 . t FRe %?'Pilgélgasn Wit h

beam spots S1 t S3.t bt ai t Ki ' h f
Cant o o e aemppaued rmall tegpes pRetrer SobE: ane i EPFpTequal -

O e Lot D oS e o LGB Lab ut SR dsargoF e
per formed b%féﬁé%“fﬂﬂfﬁhﬁéﬁhtffﬂd‘fﬁesﬂﬁ¥h£&tﬁits. Similarly, the
5 width of the irregular pit of the region or section FT of
FIG. 23(A) is smaller than that of the normal pit of the
region or sectidén FR bf a width 2b. In this case, as
illustrated in FIG. 23(B), the total reflectance increases
but the amplitude of the reproduced signal becomes smaller,
10 in compafison with the case of the signal reproduced from
the normal pits. |
@ Reproduction Device
Next, an example of the reproduction device for
checking an optical disc by ﬁtilizing variation in amount
15 of reflection light from the irregular pits will be
described hereinbelow by referring to FIGS. 5(A) to 5(F),
FIG. 24 and FIG. 25. FIG. 24 illustrates the configuration
of this reproduction device. As can be seen from this
figure, this device is provided with a
20 variation-in-amount-of-light detecting circuit 80 instead
of the burst tracking error detection circuit 42 of FIG. 9.
The other composing elements of this reproduction device
are similar to the corresponding elements of FIG. 9.
Further, the variation-in-amount-of-light detecting

25 circuit 90 has a configuration as illustrated in FIG. 25



“- 39- of the right region with beam spots S1 to S3, the ampunts

of light reflected by the spots S1 and S3 becone unequal to each ot her
.and the level of the tracking error signal increases in proportion to
4 he distance (hereunder 5 sonetines referred to as a deviati on anount)
fromthe virtual central line of the gjack to each of the pits of

the right region. Therefore, when the portion or region consi sting of
the wobbling pits is reproduced, a wobbling signal is obtained as
bei ng superposed upon the tracking 10 error signal. In case
of this enbodinent, such_a wobbling signal i s recorded on a

pr edet er mi ne@nfy adlsi HPJAd ghk| sBRUBA sdgnals, which are supplied from

the servo processing circuit 38, in the adder 90A thereof.
Practically, an addition (E + F) of light amount signals
outputted from photodetectors E and F (corresponding to an

addition of sub-beams) or an addition (A + B + C + D) of

3]}

light amount signals outputted from the photodetectors A, B,
C and D (corresponding to a full addition of outputs of a
four—segment sensor for a main beam) is performed in the
adder 90A. Further, an output signal of the adder S0CA

10 representing a result of such an addition is a
variation—in-amount—of—light signal. Then, this
variation-in-amount-of-light signal is compared with a
signal representing a reference value Vg, which is
outputted from the reference output circuit 90C.

15 Subsequently, a variation-in-amount-of-light signal
indicating a value greater than the reference value is
supplied to the microcomputer 40.

Further, a light amount signal corresponding to the
train of the pits of FIG. 5(A), 5(B) or 5(C) has a waveform

20 as illustrated in FIG. 5(D). However, when such a light
amount signal passes through the adder 90A, of which the
band width and the speed of response are reduced, a signal
obtained as a result of the addition (E + F) comes to have
a waveform as illustrated in FIG. 5(E). Moreover, only in

25 case that an amount of reflection light obtained for a long



“-periodically and intermttently. Hence, if a wobbling signal is

obtai ned in synchroni zation with each data block 15 of a recording signha
.(nanely, a signal to be recorded) intermttently, the disc can be
-determ ned as a nor nal optical disc. If not, the disc can be

determ ned as an illegal copy disc_ghs a consequence, an illegal

€Oopyi ng can be prevented practically. 20 Incidentally, it is
‘necessary to limt the devi ati on anmount to a predeterm ned val ue
sufficient to prevent an occurrence of a seek error due to excessive

fincrease in the tracking error caused by the wobbling pits, as well as
an occurrendd ™ Ifhadabee c & 1@ i ke grrapount-of; lecgioralightor) due

. . : - 40-
to fallureIﬂééfﬁghémaéggé%rm as illustrated in FIG. 5(F) is obtained.

Incidentally, a fundamental oﬁeration of recording

the irregular pits in a predetermined track of the disc and
5 thereafter detecting the recorded irregular pits therefrom

is similar to the corresponding operations of the aforesaid
embodiments. Thus, an algorithm for detecting the
irregular pits is fundamentally the same as the algorithm
of FIG. 13. In case of this reproduction device, the

10 variation in variation in amount of reflection light is
detected in step S8. Further, the timing of detection of
the irregular pits by the microcomputer 40 is similar to
that of FIG. 12(E). Namely, in the time QC, the variation
in amount of reflection light is detected, instead of the

15 detection of the tracking error.

In this manner, the reproduction device according
to this embodiment utilizes the amount of light reflected
by the disc. If the length of thé pits are made to be
small suitably, data.of an optical disc including such pits

20 can be corrected and the corrected data can be copied onto
a CD-WO0 disc without outputting an error signal. However,
the irregular pits having the aforementioned shapes can not
be copied onto the CD-WO disc. Thus, a disc, in which no
variation in amount of the reflection light-occurs, can be

25 excluded. Further, if the size of each irregular pit is



“represented by the pits. In case of this enbodinent, the devi ati on

anount (nanely, the width or distance between the irregular pit and
.the virtual central line of the track) is set to be equal to or |ess
~than 2 %or. so of a track pitch 5 and is also set to be equal to or |ess
than 5 % or so of the width in the_gadial direction of the pit.

FIGS. 7(A) to 7(D) are diagrans for illustrating an exanpl e of the
arrangenment of the wobbling irregular pits. As shown in these figures,
sthe train of the irregular pits 10 are arranged intermttently in a
“bursting manner (see FIG " 7(D) in, for instance, frame units (see
FIG 7(A)). Mafe to ke dargen yitdie Aughion dehice PvtRYLEaR PAEE are

d i h £ f ile the trai f I I
e ore arArted ThEhak kS SR rans ShiesTof SeEREt Shovianc PRV TSl a
i Ki ) X L i h
ool 9 21 L AR GEEREFIIP e Gt HS EMEIRE o' 2eHBuar

pits. Furthermore, the region containing such irregular

pits can not be copied onto the CD-WO disc. Consequently,

(91}

an illegal copy disc can be excluded, similarly as in cases
of the aforementioned embodiments.
® Recording Device
Next, a recording device (namely, a mastering
10 machine or device) for obtaining an optical disc of the
fifth embodiment will be described in detail by referring
to FIG. 26 and FIGS. 27(A) to 27(F). As illustrated in FIG.
26, digital data used to protect, for example, software for
a game is inputted tb an EFM encoder 50 which converts the
15 data into an EFM signal and then outputs the EFM signal.
On one hand, the EFM'signal is inputted to a first opfical
modulator driver 92 which outputs a first optical modulator
drive signal. This first obtical modulator drive signal is
inputted to a first optical modulator 984. |
20 On the other hand, the EFM signal is inputted to the
sub-code reader 56. Further, the sub-code reader 586
extracts a sub-code signal from from the EFM signal and
then, the sub-code signal is inputted to the CPU 58 and the
gate signal generator 60. Furthermore, the CPU 58

25 constantly monitors address information represented by the



Next, the frequency of the wobbling signal due to the irregular pits
W Il be described hereinbelow by 20 referring to FIG 8. Wen reproducing

data from an ordi nary disc by use of the pickup using

’hr ee- beam spot s, t he spectrum of the obtained tracking error S|gnal
cont ai ns a recordi ng signal conponemﬁgrmhcated by a curve GA. The
Ievel of this recording signal conponent creases or 25 decreases in a
perlod determ ned by the di stance between

-41- t he side beanlspots S1 and S2 of FIG 1(A). The recording

st gnal conmponents becone noi ses at the frequencies corresponding to

peaks in | evefubhepdef siaamdl gnd genegaitesspoddioNgPUd spéi wER A AN ignal

of . FIG 8). Thus, in case
when the sub-code signal comes to represent a predetermined

address at which a protection code should .be recorded.

This control signal is inputted to.the gate signal

(33}

generator 60. When receiving the control signal from the

CPU 58, the gate signal generator 60 generates a gate

signal which is synchronized with a sub-code frame. FIGS.

22(A) to 22(C) illustrate this operation. FIG. 27(A)

illustrates the frame Nos.; FIG. 27(B) the waveform of the

10 control signal; and FIG. 27(C) the waveform of the gate
signal.

This gate signal corresponds to a protection code.
Further, the gate signal has levels correspondingly to
logical values which correspond to odd and even frames,

15 similarly as in cases of the aforementioned embodiments.
Furthermore, the gate signal is inputted to a second
optical modulator driver 96 which outputs a second optical
modulator drive signal to a second optical modulator 98.

On the other hand, laser light La is continuously

20 irradiated from a laser oscillator 68 onto the first

optical modulator 94. Thus, when the laser light La first

passes through the first optical modulator 94, the laser
light La ié subjected to a signal modulation
correspondingly to a first optical modulator drive signal.

25 Thereby, laser light Le, the intensity of which varies with



5 of the wobbling signal, no good conponent-to-noise ratio (G N) can

‘e obtained (see GB and GO). Such noi ses, however, decrease at
the frequency corresponding to a valley in level of the recording

si gnal . conponent (nanely, corresponding to a point B). Thus, a 10
good C/' N can be obtained at the point B gggg GB). It is, therefore,
very effective in obtaining a good C/ N to 5el ect a frequency
gorresponding to a valley in level of the recordi ng signal component
f or exanple, the point B). - Further, in portions having data

"0" (for instance, 15 read-in"and read-out zones), which are forned on an

opti cal - Wimg, iheobtined ng Bugkker . cohgonthe baseratbghiisLenppssesd
by a dotted curve GE in FIG 8, Thus, regarding the mobbling signal, a
good C/ N can ek thel sesord gepilcal modybaten 8, theslasey Lightilr to

formin a portion @@@

20 dat

f."0" le, th -
read- out zond)S &ub {lgddlw i ?fgrgiﬁjl'&Qd‘é)iggiqeﬁ?g&r’g%ﬁ%?g@igggﬁbngé

si gnal s.

o

10

20

second opéfggﬂ mégﬁié¥%gt&§{Véx§}§ﬁhl. Thefeby, laser
light Lf is obtained. Then, this laser light Lf is
irradiated therefrom onto a master disc 72 through an
objective lens 70 as a microscopic spot. As a consequence,
the pit patterns having different widths as illustrated in
FIG. 27(D) are formed.

| Thus, if the pits having different widths are
arranged as iilustrated in FIG. 27(D) correspondingly to
the gate signal of FIG. 27(C) synchronized with the block
Nos. of FIG. 27(A), the reproduced RF signal having a
waveform as illustrated in FIG. 27(E) is obtaihed.
Therefore, the envelope of the waveforms of the reproduced
signals varies upwardly and downwardly in synchronizafion
with the block Nos. If a signal representing such
variation in envelope is detected as illustrated in FIG.
27(F), this disc is a normal disc. Otherwise, this disc
can be judged as an illegal copy disc. Thereby, an illegal

copying can be prevented, similarly as in cases of the

aforesaid embodiments.

While preferred embodiments of the present
invention have been described above, it 1s to be understood

that the present invention is not limited thereto and that



. Next, a reproduction device for reproduci ng data recorded on the

* optical disc according to the third 25 enbodinment will be described

__hereinbel ow by referring to -42-

FIGS. 9to 13. FIG 9 is a schematic block diagram for illustrating
the configuration of the reproduction dewi,ce for reproducing data from
-the optical disc (nanely, the thi rd enbodi nent) of the present
<invention, which contains 5 the irregular pits described herei nabove.
SFirst, a signal read fromthe optical disc 30 by a pickup 32 is
~supplied to an RF procesSing circuit 34 and a servo processing circuit
36. Then,znP¢#3§i@m@}fgﬁ%BE?Fédwiian?h%PF$T9¥BcE§these skidiledyiln 34 js

fed to a signal processjng circuit, 38.
£¥he g%t wfthogt éepar%ing from the spirit of the invention.

For example, the following modifications are apparent to
those skilled in the art.

(1) In cases of the above described embodiment,

n

information representing an address at whiéh an irregular
pit is formed is preliminarily stored in the checking
device. However, in a modification, this information is
stored at a predetermined location of the disc. Further,
10 when the disc is set, the checking device first reads (or
accesses) the predetermined location of the disc. Thereby, -
the-address. at which the irregular pit is formed, can be
changed according to the kind of the disc. Thus, an
analysis of a copy protection employed in the disc becomes
15 very difficult. Consequently, an illegal copying can be
prevented very effectively. '

(2) Further, the irregular pits of the first
embodiment, from which the tracking error is obtained, and
the irregular pits of the second embodiment, from which the

20 light amount signal is obtained, may coexist in a single
disc. Thereby, reliance in detecting an illegal copy disc
can be improved.

(3) Incidentally, according to the ordinary
standards (for example, JIS (Japanese Industrial Standard),

25 58605), errors should not exceed a predetermined range.



~.10 Subsequently, a sub-code and frame information obtained by this
Zcircuit are supplied to a mcroconputer 40. Further, in case
~of an ordi nary CD-ROM reproduction devi ce, the servo processing
“tircuit 36 is provided with a tracking error signal detection portion
by which an 15 deviation or error in trgﬁklng s detected as a tracking
£error signal. This tracking error signal s supplied to a bur st
stracking error detection circuit 42, whereupon a burst signal is
<extracted. Then, the burst signal is fed to the mcroconputer 40 as a
digital signal. 20 FIG 10 illustrates an exanple of the burst
tracking er ripverseket #ondeseribedaaboys, sﬁbﬁnlﬁﬁgﬁh|§f eachf pdine thehe

bur st tracklgggerror detection circuit consi sts of a_bandpass

filter 42A fOFEESErQEtVPRDLARG . athe SYB%?EFYSPSnSPefngﬁéﬁ@91 énﬂe&hq|EH
circuit 42E3J£¥1a Ebﬁo Xeééég o? Eﬁr ffegt?onlga h% %h;e% %an%%%.(dc)
to such an extent that errors are within the predetermined
5 range. In such a case, the irregular pits are not
obstacles to the disc.

(4) Further, in the technical fields of a computer
game and a video game, it is not necessary that a disc
stéring a program for a computer game can be reproduced by

10 a machine other than a device dedicated to reproduce this
disc. Therefore, the disc for storing a program for a
computer game need not be compatible with a disc used for a
personal cdmbuter or the 1like. Namely, even if the disc
for storing a program for a computer game -is not compatible

15 with a disc used for a personal computer or the like, there

-is no inconvenience practically.

(5) In cases of the aforesaid embodiments, when a
disc is set in the device, it is judged whether or not the
disc has an irregular_pit (namely, whether or not this disc

20 is an illegal copy disc). However, this'may be judged at
another suitable time (for instance, when an instruction to
reproduce data from such a disc is issued).

(8) The first embodiment may be modified by
replacing the train of the irregular pits thereof arranged

25 randomly with the trains of the irregular pits periodically



== 43'

signal, a reference output circuit 42C and a conparator 42D

“= Further, the bandpass filter 42A has characteristics as i ndi cat ed by

" dotted lines GF of FIG 8. As shown in FIG 8, the center frequency is

“>set to be the frequency 5 corresponding to the point Bin order to
extract only a wobbl i ng signal effectijyely. Incidentally,
Lharacteristics of a single-peak notch type nay be enpl oyed instead of
:t he characteristics of the trapezoid type G- of FIG 8.

TNext, an operation of the burst tracking error 10 detection circuit 42

W || be described hereunder by’ referring to FIGS. 11(A) to 11(%@
Further, a traekppged as éﬂr6ﬁ5§iQﬁthQeﬁBﬂﬁge&m&P@4Mﬁﬂ%ﬂ dyen dn 15289 ai n

of the

irregular pit each even frane 11

f
out putted frofft BCQeFvB°§F338§§FHB'c??@&#?r38%gpcﬁﬁ6°%§t&? ‘obtained.

10

20

Moreover, the third, fourth or fifth embodiment may be
modified by replacing the trains of the irregular pits
thereof arranged periodicaliy with the trains of the
irregular pits randomly arranged as in case of the first
embodiment. Even in case of such a modification, similar
effects can be obtained.

The scope of the present invention, therefore, is

to be determined solely by the appended claims.



15 the burst tracking error detection circuit 42 as shown |-n.”s SHEET! BEQEN'
| S

:11(B) Then, only a predeterm ned frequency conponent
fromthe input error signal in the bandpass filter 4
:noi se conponent is elimnated as shown in FIG 11(C).

20

-Subsequently, this resultant signal is rectified by the rectifi
circuit 42B. Thus an envel ope as shown in .<-73- FIG 11( I's extracted

further inputted to an i nverting input term nal of t “E‘\‘@ﬁ
On the ot heCLAIMS a reference signal V[err] (see Fl. ‘\m 8%

supplied fromthe reference output circuit 42Cto a
- 44- non-inverting input termnal of the conparator 42D. Then,

1. An optical disc comprising:
a predetermined number of spiral trains of
5 regular pits; and
at least one train of irregular pits, the
regular pits of each-of the trains being arranged
symmetricafly with respect to a centre of a track,
each of the irregular pits having a predetermined
10 shape different from a shape of each.of the regular
pits, an'arrangément of the train of the irregular
pits being differeﬁt frém an arrangement of each of
the trains of the regular pits, such that a signal can
be obtained from the train of the irregular pits.
15 |
2. An optical disc as claimed in claim 1,

wherein the said signal is a tracking error signal.

3. An optical disc as claimed in claim 1 or
20 claim 2, wherein the signal is an RF signal and the
symmetry of a waveform of the RF signal varies due to

the train of the irregular pits.

4. An optical disc as claimed in claim 1 or
25 claim 2, wherein the signal is a light signal and the

light amount signal varies due to the train of the

irregular pits.
—_—
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t he,.conparat or 42D conpares the signal inputted to the imME¥$HEEWHh9@¢$N |

termnal thereof with the signal inputted to the non-inverti REPLAQED
term nal thereof and converts 5 the envelope into a digit

franme is read fromthe disc 30, the mcroconputer—40 refers to
{nanely, reads) this burst tracking error signal. Further, the

m croconput er 40 determi nes that when the ditdi-tal si ganlll"“”llmllﬁmltmm
fromthe conparator 42D indicates a |ogical high 10

burst as illustrated in FIG 11(E) and that when the |g|tal S|gnal
I ndi cates a | ogical |ow | evel " (L), there is no burst.

FIG 12 illustrat®s the t|h¢n@Pbicﬁbc@gﬁ¢z¢QQP3151ng *wobbl i ng signal by the
m croconputer 40. In case of this 15 enbodi nent, no wobbling signal_is
recorded in each odd 2 renedeternined spusberypi| P4 radbBrad@ssiafal s
recor ded in each even frane thereof. Nanely, the recorded wobbling
signal is presenttreRAY¥ Rhk¥e #4nes and thus there is an

|ntern1tt%?t arrangement Oi tpgaggbgééngrgkgng% QgrEQEIQQ pits, the

regular pits of each of the trains being arranged
symmetrically with respect to the track centre, each
of the irrebular pits having a predetermined shape
different from a shape of each of thé regular pits,
10 the irregular pits being arrahged intermittently on é
predetermined area corresponding to data blocks
represented by a modulation signal recorded as the

trains of the regular pits.

15 6. The opfical disc according to any of claims 1
to 5, wherein each of the irregular pits of the train
is arranged on a centre line wobbled in a radial
direction by a maxinum amplitude smgller than a track
pitch.

20
7. The optical disc according to claim 6,
wherein a wobbling frequency is higher than any
frequency of a tracking servo band and is a frequency
at which a reproduced signal component included in a

25 tracking error signal 5ecomes minimum and conversely,
a wobbling signal carrier becomes maximum when a

signal is reproduced by an optical pickup using a side

- ‘This Sheet Has-Been Re
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20 I ncidentally, FIG 12(A) illustrates franme nunbers; THI -
-tracking error signal; and FIG 12(C) the burst trac 5i%gf{ :
of FIG 11(E). When the m croconputer 40 rec .

. of FIG 12(D) fromthe signal processing circuit 38 of FIG 9, 25
-the frame No. is first received in a period QA of FIG

- 45- 12(E). Then, the franme No. is r8Bognized in a period

this figure. Further, after a predeternined delay tine, Hll Mﬂlﬁg U
tracking error sbeaal fioxr readkimga period QC of this )
In case of an even frane, a count = 5 is nmade when a mobbllng S|gnal
recorded therein. In contrast, in case of an odd frane, a count |s

made when no
8. The optical disc according to any preceding

claim, wherein the train of the irregular pits are
5 arranged on a portion of the disc, where a reproduced

signal component included in the said signal becomes

small.
9. " The optical disc according to any preceding
10 claim, wherein a duty factor of each of the irregular

pits is not equal to that of each of the regular pits.

10. The optical disc according to any preceding
claim, wherein a width in a radial direction of each
15 of the irregular pits is not equal to that in the

radial direction of each of the normal pits.

11. A chécking device for checking an optical
diéc according to any preceding claim, the checking
20 device comprising:
reproducing means for reading an area on
which the train of the irregular pits is arranged; and
judgement means for detecting from the result
of a reading whether or not a train of irregular pits
25 is present, and for judging from the result of a

detection whether a checked optical disc is a normal

disc or an illegal copy disc.
is Sheet Has Been Replaced
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wobbling signal is recorded therein. Incidentally, other | TH'%rSHE%EWégéﬁEN"

. are effected in periods of FIG 12(E) ot her than the [perig
“and QC. 10 Next, an operation of discrimnating an 111l egal
. copy disc froma nornmal optical disc in case of this enbodi ment Wi I

- be described in detail by referring to FIG 13. Firsty p f
supply (not shown) is turned on, it isygonfirnmed msHB‘“ﬁﬂllmﬂ]‘mHm
disc 30 is set. Then, 15 a TOC region is read in step S2. ¥+urdher, mtsitw
i's judged in step S3 that the disc is a data storage (DA) such as a
CD, an ordinary audio reproduction is perfornmed in step $4. In
contrast, if it 12.judgedThe eshepk¥igt et itke adicording to cld3m RGN, an
operation of seeking a track, in which a 20 predeterm ned train of
irregul ar pits awbefeinethei seprodupéngomeasis hast ep desioddng henit afoer
counts are cleared in step S6, a frame and a burst tracking error
signal are read reading at éptasblaqh §gony eppdotfiorsiation recording |f

there is a burst in an even.frane, the
' portion of the optical disc and decoding the data

block, wherein the judgement means comprises:
a first detection unit for detecting whether
a servo siénal or a data signal is normal or abnormal;
a second detection unit for detecting whether
10 or not output signals of the decoding unit and the
first detecting unit are related to each other at a
predetermined regular point of time; and
a judgement unit for judging from a detection
signal outputted from the second detection signal
15 whether or not an irregular pit preliminarily recorded
on the disc is detected, wherein it can be determined
for each volume of the optical disc to be checked
whether the optical disec ﬂas only regular pits or
whether the optical disc has had an irregular pit

20 preliminarily recorded thereon.

13. The checking device according to claim 12,
which further comprises a tracking error signal
detection unit for detecting a tracking error signal;

25 | a third detection unit for detecting whether
the signal level of the tracking error signal is

nearly constant or changes like that of a burst

This Sheet Has Been Replaced -
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25 ni croconputer 40 increases the count of even franes ﬂ;ﬁﬂSSHLETHASBEEN

- 46- (hereunder sonetines referred to as the even-fr c SIRRLACED

by one. If not, the mcroconputer 40 does not change the count of ever—
frames (see steps S9, S10 and S11). Simlarly, if thereis a

an odd frane, the 5 m croconmputer 40 increases the count

(hereunder sonetines referred to as the odd=fp~anme count) bJW,!nﬁmlmlﬁﬂyml
not, the m croconputer 40 does not change the count of *odd tTra

steps S9, S12 andsigmal; Timed af oresai d operation is repeated until a
predetermned frane 10 is read (see step Sl1l4). t he

result, if each of the evea-éomtrotounitafidr judging from the tracklng
error signal whether or not an irregular pit is
detected in the read optical disc and for controlling
5 a reading operation to be effected after the judgement
is made, whereby each volume of the opticel disc can
be discriminated on the basis of the presence or

absence of an irregular pit.

10 14. The checking device according to claim 13,
wherein the tracking error.sighal detection unit
employs a three-spot tracking method, and the third
detection unit comprises a bandpass filter circuit, a
rectifying circuit and a comparator circuit, and the

15 .centre frequency of the bandpass filter circuit is set
to be a frequency at which the level of a burst signal
appearing iﬁ the tracking error signal becomes maximum
and the leakage of a data signal appearing in the

tracking error signal becomes minimum.

20
15. The checking device according to claim 11 or
claim 12, wherein the judgement means comprises a
third detection unit for detecting the symmetry of a
waveform of an RF signai with respect to a slicing

25 level of the RF signal, a slicing-level changing unit

for changing the slicing level of the RF signal

according to the detected symmetry, a comparison unit

This Sheet Has Been Replaced -
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the odd-frane COUSEﬁi%}SEEEﬂ.lLLLm_ﬂDIe than a pr edet prHillBSHHERT TS BEEN
.(see stéps S15 an ranch i ssued - fromstep S16), it{lis j UBEREACED
‘step S17 that the o ‘ﬂu mﬂm Q is a nornal disc. :
. ROM reproductigmﬂe‘m fu exanpl e, an operation of
.reproducing a programfar & cbnputer gane) is started. In contrast, if
at | east one of the even-franme count and thgg- odd-frame count is |ess
than the predeternm ned nunber (see 20 steps S15 and N-branch issued from
step S16), it isgppdeelerminihg WheRh&17orhabtt MheoHatrte dirsasBlkinga
nor mal di sc. Then, the rotation of the disc 30 is stopped and further
the disc 30 is eleokediknwithin SlPededehde ratrpecrd e yjudgement unit
Incidentally, this algorithmis applied to a case 25 where only one train
of wobbling pitsfépagabigingr feom an output signal of the comparison

unit whether or not an. irregular pit is detected in
5 the read optical disc, whereby each volume of the
optical disc can be discriminated on the basis of the

presence or absence of an irregular pit.

16. The checking device according to claim 11 or

10 claim 12, wherein the judgement means comprises an
amount-of-reflected-light signal generating unit for
irradiating an information recording portion of the
optical disc with laser light and outputting an
amount-of~reflected-light signal representing an

15 amount of light reflected by the optical disc, a
comparison unit for determining whether or not change
in the amount-of-reflected-light signal is within a -
reference range, an expansion unit for exﬁanding an
output signal of the comparison unit and a judgement

20 unit for judging from an output signal of the
expansion unit whether or not an irregular pit is
detected in the read optical disc, whereby each volume
of the optical disc can be discriminated on the basis
of the presence or absence of an irregular pit.

25
17. The checking device according to claim 11 or

claim 12, wherein the judgement means comprises a

- This Sheet Has Been-Replaced -




-47- . | pits) correspondingly to the address sought i !
-included in the disc 30 (nan9|y fhere |s only one storag 'ﬂssﬂﬁﬁkﬁASBEEV

.if the nunber of storag of which a train of WODDT T 1Y
-pits are forned, in the e probablllty of m sjudgi ng an
illegal copy disc as a nornal di sc dueqga a defect or a stain on the
di sc can be reduced. Thereby, an optical disc can be checked nore

accurately. 10 ghjrd detd®t323€ it %ﬁ%&&ﬁaé’fdﬁ:&i rddoribg addegss of
the wobbling track is prelimnarily stored in th reproducti on device.

The optical di scoffpiERiterfihe® addressiadt Bl d&ti‘aﬂﬁoékpi'éééiraéa eh
wobbl ed tracks and a storage area for storing a table of addresses of

the plurality of the5optiieatolilsed dndackadginUshe tHer r&PredUcahon device
may be adapted to store only an address on each disc, at which the

irregular pit is detected in the disc, by determining

"'which a train of vvobbl i n ﬂ“i“ ﬁﬁ d, |n t he di )RE'?kMéﬁQr,

5 whether or not a tracking error signal changing like a
burst signal is detected in synchronisation with a
regular point of time determined according to data
recorded aé the read address, or determining whether
or not variation in slicing level corresponding to

10 symmetry of a waveform of the RF signal with respect
to a slicing level thereof is detécted in
synchronisation with a regul#r point of time, or
determining whether or not variation in amount of
light reflected by the disc is detected in

15 synchronisation with the regular point of time,
whereby each volume of fhe optical disc can be
discriminated on the basis of the presence or absence

of an irregular pit.

20 18. The checking device according to claim 11 or
claim 12, wherein the judgemént means comprises a
third detection unit for reading data reéorded at each
of predetermined addresses in data block recorded on
the optical disc and judging that an irregular pit is

25 detected in the disc, if it is judged more than a
predeterminéd number of times fhat a tracking error

signal changing like a burst signal is detected in

" This Sheet Has Been Repl
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table is recorded. In such a case,  the reproduction dev|ce ﬂﬂs$HEEﬁHASEEEN

- (nanely, accesses) a track correspodl to the addres$§l, _at RAPLACEDe
IjH table. Subseqgeuntly, the

,ﬁgglrgdhit |rgﬁO&gS?ceaggcégﬁm“fmﬁﬁlll lﬂl ari ty of the wobbling tracks and

-detects the wobbling pits y enploylng this technique, a copy code
detection operation becones hard to ksgow when such a table can not

be deci phered.  Nanely, anal yses of the disc and the 25 reproduction device
for realizing ansymcdbtenisbdtétonl| kéyhl a regular point of time

- 48- copy disc can be very difficult. Thus, in
accordance with débermpnedugtcondilngi te data recohidededtodihmemeadihen an

optical disc containing an
address, or that variation in slicing level

corresponding to the symmetry of the waveform of the

5 RF signal with respect to the slicing level thereof is
detecfed in synchronisation with the regular point of
time, or that variation in amount of light reflected
by the disc is detected in synchronisation with the
regular point of time, and if it is judged more than a

10 predetermined number of times that a tracking error
signal changing like a burst signal is not detected in
synchronisation with a regular point of time
determined according to data recorded at the read
address, or that variation in slicing level

15 corresponding tb the symmetry of the waveform of the
RF signal with respect to the slicing level thereof is
not detected in synchronisation with the regular point
of time,_or that variation in amount of light
reflected by the disc is not detected in

20 synchronisation with the regular point of time.

19. The checking device according to claim 11 or
claim 12, wherein the judgement means comprises a
storage unit for storing a predetermined address of

25 data block stored in the optical diéc, which block is
used for determining a kind of the optical disc from a

result of judging whether or not an irregular pit is

This Sheet Has Been Re; laced
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[ it ' -t [ [ THIS §Hé§T HtAS BEEN
2ad by using-an—ordinary CD-ROM drive |nL ortt
irregular pit is rea y N conREPLACED

-.copy such a disc, data other than I rregul ar pi t

correctly onto a tarmmﬂuﬂﬁm“'“m i\al CD- WO and, apparently, No erFor=
“in copying the disc - iy ur. Moreover, a large nunber of copy

‘di scs can be producéd by using this target disc as a master disc. 10
However, although the data is copied to the8flarget dIFC ca;rectlyz t he
irregular pits c not. be copi ed, thereto, As the result, en trying

to reproduce the9ghected amgng, infarnatipgn wmits (%ﬁﬂé@y?nﬁﬁhﬁlggggp copy
disc) b using, t he .reprogduction device according to this enbodi nent,

15 né tyacking e ?s§hﬁﬁgcégtﬁﬁ¥&PQuuﬁh% poEed ingelhe datgghlesk and

thus the reproduction s, nqt .perfor . . nsequently, the_ illegal copy
di sc can be excl Gaserded %%f iRﬁé&?xeﬁWEP%éiéﬁ i E%s%?tfrng the
enbodi nents whic . W]l be described, hereinbelow. Incidentally, as
previously 20 dg?tL 2 dﬁ%?(%ﬂ; ésﬁﬂ%¥%9#5ﬂw ?5H°He9?§eaPor

cribed,

reproduci g9 dataifr'i%@ﬂ%ro%tiithls Hetedtd'On Ay Ps‘,’c)""ést‘ determining

whether or not a tracking error signal changing like a
burst signal is detected in the data block, or
determining whether or not variation in élicing level
of the RF signal is detected in the data block, or

10 determining whether or not variation in the level or
an amount-of-~reflected-~light signal is detected in the
data block, whereby each volume pf the optical disc
can be discriminated on the basis of the presence or
absence of an irregular pit.

15
20. The checking device according to claim 11 or
claim 12, wherein the judgement means comprises a
storage unit for storing a predetermined address, at
which a table of addresses of data block is stored in

20 the optical disec, the data blbck being used for
determining a kind of the optical disc from the result
of judging whether or not an irregular pit is detected
among information pits formed on the disc, and a third
detection unit for reading the table at the

25 predetermined address, and next reading the data block
stored at the address listed in the table when setting

the optical disc and for judging whether or not an

This Sheet Has Been
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the aforementioned checking device, or in case where 'nﬂmBmHEEﬂH@$BEEN'
.data representing addresses of irregular pits is errofjeous, REREACED

‘trying to read the optical disc, a 25 seek error or a dataerror occuors
.due to the irregular pits ' ' - 49-
.and thus the device stops. Further, such a reproducing devi ce shoul d
have a predeterm ned function to prevent angag- occurrence of a seek error
or a data error due to irregul ar pits. Consequently, a copy protection

can be reinforcegyregular pit ikedekeckedoridi "hPdiske, by determiniNext, a
recordi ng device (nanely, a mastering machi ne or device) for obtaining

an optical disc ghethe¥ or ne¥baditFaekiwd lediorasigndbdchangitgiliby a
referring to FIG .
burst signal is detected in the data block, or
determining whether or not variation in slicing level
5 of the RF signal is detected in the data block, or
determining whether or not variation in level of an
amounf-of-refiected—light signal is detected in the
data block, whereby each volume of the optical disc

can be discriminated on the basis of the presence or

10 absence of an irregular pit.

21. A recording device.for recording data on an
optical disc having a number of spiral tr;ins of
regular bits and at least one train of irregular pits,
15 the regular pits of each of the trains being arranged
symmetrically with respect to the track centre, each
of the irregular pits having a predetermined shape
different from a shape of each of the regular pits,
the irregular pits being arranged intermittently on a
20 predetermined area correspondingly to data blocks
represented by a modulation signal recorded as the
trains of the regular pits, the recording device
comprising:
laser light source means for generating and
25 outputting laser_light;
signal conversion means for converting

digital data into a modulation signal;

. This Sheet Has Been Replaced
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14. As illustrated in this figure, digital data used to 10 pm'lsigEETE;@s BEEN
.instance, software for a gane is inputted to an EFM eng iol

'converts the data into an EFM signal and then outputs the EFM signal.
.On one hand, the EFM signal is inputted to an optical nodul ator
.(nanely, a i ght nodul ator) driver 52. Then, an optical nodul ator 15
drive signal is outputted fromthe driver 583to an opti cal nodul at or
54. On the other hand, the EFM signal is inputted to a

sub- code reader 56 whi ch @alsfeacild ghtsuodiddet imgmeedands ofor perfoemihry
signal and outputs the extracted sub-code signal. 20 This sub-code signal
is inputted to aamerimtansirtycassiuiption amilagaPl) i it aodtpuybed Srgma
generator 60. The CPU 58 constantly nonitors address information
represented byt ke lasesull-ighde sciugcd meahsyawgendinantiootkeuts a control
si gnal (see FIG 7(B)) when the sub-code signal cones to represent 25
a predeternined addrndsd iz \wHignals protection ¢ode shoul d

5 gate signal generating means for generating a
gate signai in synchronisation with each data block
represented by the modulation signal;

laéer light changing means for changing laser
light corréspondingly to the train of the irregular
10 pits in synchronisation with the gate signal; and
laser light irradiating means for irradiating
laser light, which is modulated and changed by the
laser light modulation means and the laser light
changing means, respectively, onto the obtiéal disc to

15 form a train of pits.

22. An information recording device comprising:
a laser light source;
conversion means for converting digital data
20 into a modulation signal;
modulation means for performing an intensity
modulation on laser light emitted from the laser light
source according to the modulation signal to thereby
convert the laser light into recording laser light;
25 an objective lens for irradiating an opfical

disc with the recording laser light and for forming

trains of pits on the optical disc;
This Sheet Has Been Replaced
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-50- . - be recorded. This control signal is inputted to_fﬂ@sﬁﬁﬂETHASBEEN'

.si gnal generator 60. VWhen receiving the contro)l_si gn3EPI

t he CPU 58, the gate signal generator 60 generates a gate Si =1
5 FIG 7(C) which is synchronized with a sub-code frane. This gate
:signal corresponds to a protection code. In case where the sub-code

frame is, for exanple, an odd frane, the -g4gate signal has a | ow signal

| evel corresponding to a | ogi cal value of L (nanely, a |low |level).
Further, in case 10 where gdie ssigtoliegénen®t i figaneaienibragenerlt igat @

si gnal has a high signal |evel "corresponding to a |ogical val ue of

H (nanmely, a highdetelgighnari tendehdyronisasianpal tht each dahat bilbckase
where the sub-code frame is an odd frane, the
represented by the modulation signal; and
irregular-pits generating means for

5 generating a train of irregular pits in

synchronisation with the gate signal.

23. Ah information recording device comprising:
a laser light source;
10 conversion means for converting digital data
into a modulation signal; |
modplation means for performinglan intensity
modulation on laser light emitted from the laser light
source according to the modulation signal to thereby
15 convert the laser light into recording laser light;
an objective lens for irradiating an optical
disc with the recording laser light- and for forming
trains of pits on the optical'discf
gate signal generating means for generating a
20 gate signal in synchronisation with each data block
represented by the modulation signal;
wobbling-signal génerating means for
generating a wobbling signal in synchronisation with
the gate signal; and
25 shifting means for shifting a laser spot of
'the recording laser light, which spot is formed on the

optical disc, in the radial direction thereof

LTS
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gate si-gnal nay have a high level corresponding to a 15 | qgTae SNedETUBASTBEEN |
~and, in case where the sub-code franme is an even fra t he RERLACED

-signal may have a | ow | evel corresponding to a Iog|cal T

. Such a gate signal is inputted to a frequency generator (FG 62.

. Further, when the gate signal has a high level "H" 20 (nanely, in case of
an even franme), the FG 62 generates a <gBusoi dal wave having a

predet ermi ned frequency. However, when the gate signal has a |low | eve
"L" (namely, in cageordingoftcarthedeicbbdrimyg sigmddG 62 generates no wave.
Ther ef or e, a signal outputted fromthe FG 62 beconmes a burst wobbling
Zglsignal (see FIG 7(D)) which is synchronized with the

24, An information recording device comprising:

a laser light source;
5 conversion means for converting digital data
into a modulation signal;
modulation means for performing an intensity
modulation on laser light emitted from the laser light
source according to the modulation signal to thereby
10 conQert the laser light into recording laser light;
an objective lens for irradiating an optical
disc with the recording laser light and for forming
trains of pits on the optical disc;
gate signal generating means for generating a
15 gate signal in synchronisation with each data block
represented by the modulation signal; and
duty-factor changing means for changing the
duty factor of the modulation signal according to the

gate signal.

20
25. An information recording device comprising:
a laser light source; ‘
conversion means for converting digital data
into a modulation signal;
25 modulation means for performing an intemnsity

modulation on laser light emitted from the laser light

source according to the modulation signal to thereby

-
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sub-code frane. This wobbling signal is inputted to an pHIR SHEET HAS BEEN

defl ector driver 64 and further an optical defl ect or drj HACED
outputted fromthe driver 64 is inputted to an optical deflector 66.
5; On the other hand, | aser light La is continuously

i'rradiated froma | aser oscillator 68 onto the opti cal nodul at or 54.
Thus the laser light La first passes through86-~ the optical nodul ator 54.
At that tinme, the laser light La is subjected to a signal nodul ation
correspondi ngly tcoanert0Otbpt lesernddabhit dntey ineranidjme karer sl ighb:
changed to | aser light Lb, the intensity of which varies with ting.
Thi s | aser |ight Lb pa&®sebiestdygh lems dnn carrafiattingrameoptical Thys
the laser light Lb is changed into |aser |ight Lc which is defl ected
correspondi ngly t8isRewdihi Ehe gerpzdisg lasexylighisiahh for fpeminger
light Lc is irradiated therefrom onto a master disc 72 through an

obj ective | ens 70t&8ins of pite gdcdhec BIdcalrdi8%%, this nicroscopic

spot is deflected-in th% radi al .directiqn on the ter _disc .72 by
5 : gate signal generating means for generating’a

gate signal in synchronisation with each data block
represented by the modulation signal; and

width changing means for changing the width
in the radial direction of the train of the pits

10 according to the gate signal.

26. A recording device according to any of claims
21 to 24 for use in producing an optical disc as

claimed in any of claims 1 to 10.

15 '
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using the optical deflector 66. As a consequence, the 20 g@;gy'TtHAs BEENI'

pattern as illustrated in FIG 6(A) is forned. In thi § manneepLACED
master disc suitable for a copy protection, which i nEodes=tre—trarH
of the wobbling irregular pits, can be obtained. ' As -

descri bed above, the recording device for 25 recording data on the optical
di sc according to this -52-

enbodi ment records at least a train of irregular pits, whi ch are
different in shape and arrangenent fronypgbnal pits and are arranged
correspondingly to data bl ocks of a recording signal, on a master disc

at the tinme of mastering 5 (nanely, at the tine of producing the naster
di sc), instead
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L e

of recording a protection code anobng data to be recorded THIS SHEET ¢RY BEEN
di sc. Therefore, manufacturers other -than mast er di sci nakerwenmunﬂnea a

large plant investnment even if a reproduction of an o SE=FS

performed in a 10 nmastering process. Consequently, the manufacturers can
-not achi eve the reproduction practically. Thus, very effective

copy protection can be realized (this is the sane with enbodi nent s
which will be described later). I ncidentally, a recording
medi um havi ng a wobbling 15 portion t&@/®fich addresses are witten, a
recordi ng device for recording data on such a recording nediumand a
reproducti on device for reproducing the data recorded on such a
recordi ng nedium are di scl osed iln the Japanese Unexam ned Pat ent
Publ i cati on (Kokai Koho) Ofigerdl Gazette 20 No. 187344. However, in
case of enpl oying such a nmagilum data shou befread bit by bit, as
illustrated in FIGS. 3 and 4 of the Japangse Un¢xam ned Pat ent
Publ i cati on (Kokai Koho)] Oiffi ci al Gazette $- 181023. Thus, such a
devi ce
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shoul d be provided with what is called a periodically 25.05@F% HEET HAS BEEN

circuit. Moreover, in case of such a device, ePtlaceD
+53- data decoding timng should be strict. Consequently, the
circuit configuration of such a device should be very conpl ex.
Furthernore, data recording density is very high. As the result, the
reading error rate is liable to becone 5 hi gh. In contrast,
“in case of this enbodiment of the present .i nvention, the circuit
configuration of the device can b

5 ?glatively sinmple. Further, the
manuf act uri ng cost {

of the reprodu n device can be small. Mreover,
in a 10 data format, a part corresponding to a bursting portion of
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a signal continues for a relatively long tine. Thus the TT&&BMEEE '
density can be considerably snmall. Consequent |y, datajcan mmma
wi t hout hi ndrance, i ndependent of a relatively |arge nu =

of the 15 disc. Nanely, in case of this enbodinent, a relatively

| ar ge nunmber of structual defects of the disc are tolerable

Furthernore, the yield of the disc can be increased when manuf act uri ng
the discs. Additionally, the manufacturing cost of the disc can be
reduced. Meanwhile, generally, 20 dusts are adhered to and scratches are
formed on the disc whil e the disc | ysed. However, the disc of the

pr esent I nvention is resistant to gUst and scratches because of

the fact that the data recording density of a part of the di sc
corresponding to the bursting portion of the signal is 25 |ow.

FIG. 4
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-54-

(Enmbodi nent 4)
Next, a fourth enbodi nent (nanely,

15(A), 15(B) and 15(C) to FIG
~symmetry of an RF signal

First, the shapes of pits formed on the disc wll

her ei nbel ow i n det ai |l

FIG 17. FIG 15(B) illustr
of 50 % Further, FIG

obt ai ned by

can be seen fromthis figure,

to the center |ine thereof,

—»DIRECTION OF MOVEMENT OF BEAM SPOTS
B e p
ST s —
PD

at es

an opti cal
cinvention will be described hereinafter

nanel y,

in

di sc) ) e _
5 detail by referring to FIGS.

|, THIS SHEET HAS BEEN
[err] C}t{caln ERGEQ

21. This enbodinent utilizes the
out putted fromthe pickup.

W th reference to FIGS.

be descri bed

10 15(A), 15(B) and 15(C) to

&/20ain of pits having a duty factor
16 illustrates the waveforns of RF3ignal s

reproduci ng data fromthe pits of FIGS. 15§£1 %g 15(0) . As
5

the RF signals are synmetric

the center
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vab? BEENjT!

CED ],

| i ne of hatched rhonbic portions (nanely, what are called {;2HE

this figure, which corresponds to what is called the s|icin _
FIG 15(A) illustrates the train of pits forned as 20 a result of the fact
that a recording signal is subjected to a duty-factor correction. As
conpared with the train of pits of FIG 15(B), the length in the

hori zontal direction (nanmely, in the tangential direction) of each of
the pits of FIG 15(A) is shorter t%@n that of each pit of FIG 15(B)
25 by a length of a. Wen data is reprgJ ed fromsuch pits

- 55- of FIG 15(A), the symetry of the RF signal with respeCt

to the center line thergof is | ost
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shi ft upwardly in FIG 16. Simlarly as in case of FIG _5?7&?,3’& HAS BEEN
15(C illustrates the train of pits forned as a 5 result of jithe {8 GER :

the recording signal is subjected to a duty-factor correction.
Further, as conpared with the train of pits of FIG 15(B), the length
in the tangenti al direction of each of the pits of FIG 15(C) is

| onger than - that of each pit of FIG 15(B) by a length of b. Wen data
10 is reproduced fromsuch pits of FIG_ 15(C), the slicing | evel is
shift downwardly in FIG 16. Nanely, t HE 29 i ci ng | evel is noved
upwardly and downwardly in FIG 16 according to change in duty factor
of the pits and thus cones to go zig-zag. 15 FIG 17(A)

il lustrates anot her exanples of the rajpn of pits which cause change
in slicing level of the RF signfl-:/ 17 ge of this exanple of the
train of the pits, the wwdths in the radial direction of pits, which
are I ndi cated by dotjed curves, of this train are larger or 20
smal l er than the wi dth of eaC(ilenornaI pit, as shown in this
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figure. FIG 17(B) illustrates the waveformof the RF Q'HGSSBEEBHA'B%TEEEN.
due to the pits of FIG 17(A). Nanely, t he RF signal cayresp®REPLAGEDO

a-nornmal pit has a waveform as indicated by a curve CHO Frie—IrB)
and has a slicing 25 Ilevel SL1. However, in case of a thick pit which
has a width in the radial direction being |larger than that
of the normal pit, the reflectance is large and thus the

nodul ati on factor becones |arge. Thus, tpe_ RF si gnal corresponding to
this pit has. a waveform represented by 8/205 curve @ of FIG 17(B) and the
slicing level corregponding tothis pit is reduced to SL2. Further, in
case of a thin Ltwhich has a width in the radial direction being
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than that of the normal pit, the nodul ation factor becomes M-”“§§HEETé%SEEEN

i ndi cated by a curve GJ. Moreover, the slicing 10 |evel colirespdiRREACED
this pit is increased. |If such irregular pits having different w dtfhs
are forned alternately, the slicing | evel goes zig-zag, in conparison
M th the slicing |l evel corresponding to a normal pit. [err]
Repr oducti on Device 15 Next, an exanple of the reproduction
devi ce for checking an illegal coppzaisc by utilizing the symretry of
the RF signal will be described hereunder in detail; b referring to
FIG 18 to FIGS. 20(A), 20(B) and 20(C). FIG 18|illustrates the
configuration of the reproddctiof devicq. As be seen fromthis
figure, a variation-in-sy try detlect i nd—et7c (hereunder sonetines
referred to as an RF symet 4y vari LLg_jﬁngg;' circuit) 80 is
provided in the device | n pllace of |t he rst tjra¢king error detection
circuit 42 of FIG 9. Furthey, the renmaijni ng donpos| n 25 elenments of this
reproduction device are sinfjar £o the Z
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-57- correspondi ng el enents of FIG 9. The RF symetl ¥ius SHEET HAS BEEN |
variation detection circuit 80 receives an RF signal from j t%@ CE‘SJBEEN
processing circuit 34 and detects the variation in sy i dj.

| evel thereof and supplies to the 5 m croconmputer 40 a detection signal
representing a result of the detection. FIG 19
illustrates the configuration of the RRg/20 symetry variation detection
circuit 80. As_is shown in this figure the RF symmetry variation
detection ci rF}lﬂFO Lg i s provided is called an automatic
slicing ci It A, a referenceNeutg ircuit 80B, a conparator

80C and a nonostable nulti viéqr at or 80D. erarty, —am RF3
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THIS SHEET HAS BEEN
theertacepnal

si gnal has an anal og waveform Further, when converting
into a logical level, it is necessary to 15 adjust the sl
the center signal |evel of the RF signal even when the symmetry of the
RF signal with respect to the center signal level is lost (nanely, the
aveformof the RF signal becones asymetric with the center signal

| evel ) due to the shapes and arrangenent of 20 the pits (nanely, due to
the irregular pits). The automatic slicing circuit 80A is used to
obtain such an adj usted slicing 'EY}E&O Next, an operation
of this device will be described y referring to FIGS. 20(A) to 20(C).
When reading the 25 train of the irregular pits of FIGS. 15(A) to 15(C or

” FiG. i
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downwardly as illustrated in FIG 16. This is “detected | PLACED
automatic slicing circuit 80A. FIG 20(A illustrates g
variation in slicing level of the 5 RF signal. Subsequent |y,
the slicing level is conpared by the conparator circuit 80Cwth a
slicing level limts SLL1 and SLL2 of FIG 20(A) outputted fromthe
ref erence out put circuit 80B. As the result, a slicing |evel variation
10 signal as illustrated in FIG 20(B) is outputted fromthe

conparator circuit 80C This signal is s‘%d ed to the nmonost abl e

mul tivibrator circuit 80D, whereupon a ti constant is given to this
signal as shown in FIG 20(CO. Generally, the slicing |evel varies
relatively fast. As a 15 result of giving a tine constant, a part of this
si gnal having a slicing level is nmade to have a duration, by which

the m croconputer 40 can detect such a slicing |evel.

FIGS. 17(A) and 17(B), the "eyes" of the RF signal noves J WS BEEN l
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I ncidentally, a fundamental operation of recording t

THIS SigEE BHADIBEEN |
in a predetermned track of the disc and 20 thereafter d :

ect | REPLAGED

‘recorded irregular pits therefrom is simlar to the 1Ty
operations of the af orementi oned enbodi nents. Thus, an al gorithm for
.detecting the irregular pits is fundanentally the sane as t he
algorithmof FIG 13. In case of this reproduction 25 device, the
variation in slicing level of the RF szt is

-59- detected in step S8. Further, the timng of detection of

the irregular pits by the mcroconputer 40 is _sinijar to that of FIG
12(E). Nanely, in the tine QC, the variation 7 AN slicing level of the
RF signal is detected, instead of |
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5 the detection of the tracking error. Furt heff, THIS fﬂHﬁﬂBEEV

exanpl e of the automatic slicing circuit 80A of FIG ﬂ9 i s BEPYACED

"“TC9263F" manuf act ured by Toshi ba Corporation, which puts a signal
indicating the slicing level. Further, when the waveform 10 of the RF
Signal becones asymmetric wth the center |evel t hereof, an anal og
signal indicating another slicing Ievel fit to such an asymetric

wavef orm of the RF signal is obt aifdg@of romthis | C Thus,
in case of the reproduction device accordlng 15 to this enbodi nent, the
asymmetric waveform of the RF not be copied simlarly as in
case of the third enbodi nent . }Hl%i&oﬁZZ?ln case of an illegal copy

di sc, there occurs _no variation in slicing Ievel. Consequently,

such an 130 8Ccan be excluded, simlarly as in 20 cases of the
af or enent i on&g nts. [err] Recor di ng Devi ce
Next, a recordi JCKW%negy a mastering
£J33 /J40
RF 7P
PROCESSING fores| BROCESSING MICRO-
P aamm—
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machi ne or device) for obtaining an optical disc of this . TEIRYuEaRINAS BEEN )
will be described in detail by referring to FIGS. 25 21 afid 22. RERLACED
iflustrated in FIG 21, digital data used to

- 60- protect, for exanple, software for a gane is inputted to an
EFM encoder 50 which converts the data into an EFM si gnal and then
out puts the EFM signal. On one hand, the EFM signal is inputted to the
sub-code reader 56 and a 5 duty-factor correction unit 82. Further, the
sub- code reader 56 extracts a sub-code signal fromfromthe EFM
signal and then; the sub-code signal is{gppogtted to the CPU 58 and the
gate signal generator 60. Furthernore, the CPU 58 constantly
noni tors address
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outputs a contro

10 information represented by the sub-code signal and orNs &N§%EEN
' - signal congs to nm@ €
' [ a protection code shou eﬂ::::;

pr edet er mi ned address at which

si gnal when the sub-code

‘This control signal is inputted to the gate signal generator 60. Wen
15 receiving the control signal fromthe CPU 58, the gate si gna
generator 60 generates a gate signal which is synchroni zed with a

sub-code frane. FIGS. 22(A) to 22(C
Nos.; FIG

22(A) illustrates the frane

contr ol

si gnal ;
This gate signa
sub-code frane is, for exanple, an od

|'ow signal |evel corresponding

case where the

hi gh

G oo
25 sub-code frame is an even

illstrate this operation. FIG

22(B) the waveform of the

and. 20 FIG ZZ(C) t hel 6b®@f orm of the gate signal.
corresponds to a protection code. I n case where the

f , the gate signal has a
ng value of L. Further, in
ranme, the gate signal has a

58
»| cPU
SUB-CODE CONTROL
STGNAL SIGNAL
56 ' ST P S
N SUB-CODE
» SIGNAL
READER GENERATOR
GATE SIGNAL
A4
0 DUTY-FACTOR .82
DIGITAL EFM - ~
DATA " ENCODER | ﬁﬁ§$ECTI°"
| ] recorornG szena
OPTICAL |52
MODULATOR
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OPTICAL
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| DRIVE STGNAL
R | OPTICAL LASER LIGHT
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: | LASER LIGHT ;
68 La 54 79 OBJECTIVE
LENS
o
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I ncidental |y,
“an odd frane,
| ogi cal val ue of H and,
the gate

. frane,
val ue of L.

correction unit 82. Further,

(namely, in
perfornms a
gate signa
duty-factor
correction.

signal level corresponding to a |ogical val ug

It Is apparent that in case where the

the gate signal may have a hi gh | evel “E6FFespondriyg-to—a

in 5 case where the sub-code frane is an even

signal may have a |l ow |l evel corresponding to a | ogical

Such a gate signal is inputted to the duty-factor

when the gate signal has a high level "H'

case of an even 10 frane), the duty-factor correction unit 82
predet erm ned duty-fagtgregcorrecti on. However, when the

has a low |l evel "L" (nanely, -in case of an odd frame),

correction unit 82 does not perform such a duty-factor

OHISHSHEET HAS BEEN
sub- cBERLACED® i S

t he
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15 signal

which is corrected in this way,

I's suppli

duty-factor correction unit 82 to an outut nodul ator

Furt hernore, an opti cal

driver 52 is inputted to an optical
| aser light La is continuously

ot her hand,
oscillator 68 onto the optical
light La first passes
light La is

optical noguyl at ol
- 62_ gbj

PICKUP

rJ34

t hrough t
subjected to a sig
drive '(gnal Thet €
t w;é f which varies with tine,

32

y

RF
PROCESSING
CKT

i 24

RF
SIGNAL

4

nodul at or drive signa
nodul at or 54,

ed froml tuis R8T HAS BEEN ||
dti ver é;kACED
out put t =20 |

20 On the

irradiated froma | aser

@r 54. Thus,

nodul

on correspondingly to an

r' 1ight

,J38

when the | aser

ator 54, the |aser
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reproduced from

As

| aser light Ld is irradiated therefromonto a master disc
an objective lens 70 as a m croscopi c spot.
patterns having different duty
15(B) and 15(C) and

of the RF signal
illustrated in FIG 22(E) in

FIG 22(D) are forned.
such a disc varies as
synchroni zation with the bl ock Nos. of

ept

THISZSHERTOYAN BEEN
a conseguenceRrepPpAC .
5 factors as illustrated

=AY
The slicing

FIG 22(A). |If a 10 signal representing such variation in slicing |evel
[ detected as illustrated in FIG 22(F), this disc is a nor ma
. Oherwse, this disc can be judqgg S an i1l egal copy disc.
Thereby, an illegal copying can be F vented. 15
[ err] Enbodi nent 5[err] [err] Optical Disc Next ,
a fifth enbodi ment of the present i i on wi || be described
her ei nbel ow in detail. This enboml*;%z? éaésllzes variation in anmount of
light reflected by an 20 optical disc.
: /v
» CPU '
SUB-CODE CONTROL
SIGNAL SIGNAL
56 o [are 60
™~ s0B-CODE "~
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READER GENERATOR
| - 80~y
DIGITAL EFN ‘
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First, the shapes of pits formed in the disc wll be d Stﬂ@@WEETHASBEEV

L

hereunder by referring to FIGS. 5(A) to 5 (D) and Fl GS§f 23( ARERDAICED
23(B). In case of this enbodinent, the pits of FIGS. 5 B
whose reflection light varies 25 in anount, are utilized as irregular
pits. In case of an - 63-

exanple of FIG 5(A), the pits PA of the left and right regi ons are
normal pits and the pits PD of the central region are irregular pits,
the I ength of each of which is set to be shorter than a:predeterm ned
| ength according to 5 a nodul ation pgl/eo Further, in case of another
exanpl e of FIG 5(B), no pits are fornmed in the center region and a

mrror mark PE is used simlarly to the irregular pits.

fe— L e -]

PITS ====rrmmmmm ===t oot

FRAME NOS.

01 2 3 k5
| i i | ) 1
J-—l R
GATE SIGNAL A 1 1 [

FIG. 27(B) contRoL siGNAL

FIG. 27(A)
FIG. 27(C)
FIG. 27(0)
FIG. 27(E)
FIG. 27(F)

This Sheet Has Been Reri]aced




Mor eover, in case of a further exanple of- FIG 5(0), t he erHlSSBEPFHASGBEEN

shallom/(or thinner) and smaller than the 10 nornal pits.

n cafREPLACERChH

of these figures, an anount ~of light reflected by the drsc——ts
i ncreased i n conparison ‘Wi th a case where only nornmal pits are forned

on the disc.

FIGS. 23(A) and 23(B) illustrate other exanples

of the shapes of pits of sg&fsa 'fﬁﬁtDI§6L5§ﬁhE23(A) the 15 pits
region FR are prrs*?ﬁgggggnn—rhrs-drsc-—- ach of which

of the center
has a nor nal

wi dt h. The waveform of a signal obt ai ned as a result of

reproduction of such pits is shown in FIG 23(B). Nanely, the
reflectance of a par@PDICALIBISC, DEVICEIFORMCESEPRINGNQPTRCADepupper part
of the waveform 20 thereof is relatively large, while the refl ectance of
anot her part of this signal correspondingAN@ the | ower part of the
waveform thereof is rel atlvely Further, the w dth of

the irregul ar
t han that of

[4]]

10

20

pit HAEYHE F ﬁﬁﬁﬁﬁﬂJYﬁ ENRQRM#WEQNO@NF¢E¥IQ8LADIS§ | ar ger

25 the normal pit of the region or section FR by a width 2a.
An optical disc on which a number of spiral trains

of regular pits and at least one train of irregular ﬁits
are formed. The regular pits of each of the trains is
arranged symmetfically with respect to the center of a
track. Further, each of the irregular pits has a
predetermined shape different from a shape of each of the

regular pits. Moreover, an arrangement of the train of the

irregular pits being differently from an arrangement of

each_of the trains of the regular pits. Furthermore, a
tracking error signal being obtained from the train of the
irregular pits. Such an irregular pit can not be copied
even when a normal optical disc containing such an
irregular pit is copied by performing a conventional
copying method. Thps. an illegal copy disc can be
discriminated from a normal optical disc by checking
whether or not an irregular pit is included in an optical
disc. Consequently, a good copy protection can be achieved

by easily detecting an illegal copy disc.

Figure 1(A) - tolaccompany abstract when published.

.,.
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- 64- ~ In this case, as illustrated in FIG 23(B), the ahﬂEFﬂ_nGEMENT&HEET
t he reproduced Signal becones |arger but the total refl ectance

decreases, in conparison with the case of the - si gnal repL(ﬂIétﬁc:eZI..&.m.m...
the normal pits. Simlarly, the 5 wdth of the irregular —oFte

region or section FT of FIG 23(A) is smaller than that of the nornal

pit of the region or section FR by a wdth 2b. In this case, as
illustrated in FIG 23(B), the total reflectance increases but the

anpl i tude of the reproduced signal beco S | er 10 Jn co I W th
the case of the?"si gnal reproduced from 1720 {Tﬁ%eep%?%flgp‘%hﬁgg '”Ba}/bas/%)
[err] Reproduction Device

PB
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Next, an exanple of the reproduction device for check|| IREPLACEMENTSHEET |
disc by utilizing variation in anmount 15 of reflection light fr t
hese 14 B AR 1995 .

drregular. pits will be -descri bed herei nbel ow by referljilae &
5(A) to 5(F), FIG 24 and FIG 25. FIG 24 illustrates—tte
configuration of this reproduction device. As can be seen fromthis
figure, this device is provided with a 20 variation-in-anount-of-Iight
detecting circuit 90 instead of the burst tracking error detection
circuit 42 of FIG 9. The other c@h@dsi (RepdhcemsmttsShefett f1i27/03/96)
reproduction device are simlar to the correspondi ng el enents of FIG
9. Further, the variation-in-anount-of-Ilight detecting 25
circuit 90 has a conflguratlon ds illustrated in FIG] 25
65 5
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e mpe—_"

. . . . EMENT SHEET
and adds up |ight anmpbunt signals, which are supplied from REP{'ﬁ% Servo

processing circuit 36, in the adder 90A thereof. Pract|l cald 2 82MAR 1996...
addition (E + F) of light amount signals out putted framphotc
E and F (corresponding to an 5 additi on of sub-beans) or an addition (A +
B+ C+ D of | i ght anmpunt signals outputted fromthe photodetectors
A B, C and D (corresponding to a full addition of outputs of a
four-segnent sensor for a main beam) is perforned in the adder 90A.
Further, an output signal of the adder R tyhg.a r£s oé.
such an addition is a ~variation- |n39a un?R?r:Fﬁ' an?e?#é ﬁ’al QCh ?1965)
variation-in-anount-of-light signal is conpared with a Si gnal
representing a reference value V[err], which i®a out putted fromthe
reference output circuit 90C. Subsequent | Y% >
variation-in-anmount-of-1ight signhal I ndi ca ﬁg a val ue greater t han
the reference value is Sugl ed to the nicrp&drputer 40.
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Further, a light anpbunt signal corresponding to the t fl R IICEMENDSHEET
of FIG 5(A), 5(B) or 5(C) has a waveform 20 as illustratgd.in FlaC
However, when such a |ight amount signal passes throu %@%gm-&,...
of which the band wi dth and the speed of response are reducCéd, &

signal obtained as a result of the addition (E + F) cones to have

a waveformas illustrated in FIG 5(E). Mdrreover, only in 25 case that an
anount of reflection |ight obtained for a | ong

- 66- ' tine is large, a variation-in-anount-of-reflection-Ilight
having a waveformas illustrated in FIQ?Z%(F) | S, 0bt ai

Incidentally, a fundanental operation o reco(lRSPﬁagcemeng%?‘ﬁSt ir ?Z{ﬁﬁ/g?) pits
in a predeterm ned track of the disc and

FIG. 4
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.
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5 thereafter detecting the recorded irregular pits therefro!%HEPL‘\uiEMENTSHEET |

simlar to the correspondi ng operations of the aforesaid l
Thus, an algorithmfor detecting the irregular pits i s“ ﬂ?fﬁa%ﬁ?&%jﬁ

the sane as the algorithm of FIG 13. In case of this Teproductron
device, the 10 variation in variation in anount of reflection light is
detected in step S8. Further, the timng of detection of the irregul ar
pits by the m croconmputer 40 is simlar to that of FIG 12&3 Nanel y,
inthe time QC, the variation i n 2420nt (Replpgameptt$heRt|+ S0

detected, instead of the 15 detection of the tracking error.

In this manner, the reproduction device according to th&s egodi ment
utilizes the anount of light reflected by the disc. |If ®he ngt h of
the pits are nade to be smal | suitably, data of an opt i§a-l- st-c

i ncluding such pits 20 can be corrected ang,the corrected q‘g@ Caly be
copi ed onto a CD-WO disc without out |ng an error si |'<-L wever,

the irregul arwol ts having the aforementlo‘x Lshapes can not Fy =
~0O IO

PA
" PA
) fl_\
~—
PF PA3
M
s

—>DIRECTION OF MOVEMENT OF BEAM SPOT

TEE‘}_Gj-
TR
LARGE
i
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(E+F) '
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FIG. 5B
FIG. 5C
FIG. 5D
FIG. 5F
FIG 5F



be copied onto the CD-WD disc. Thus, a disc, in which no REGLAPEYFOR SHEET _

amount of the reflection |light occurs, can be 25 excluded.| EFurtherg |
size of each irregular pit is Ba{e zamm

made to be | arger, the reproduction device outputs a data error signa
and stops a reproduction operation when trying to reproduce data from
the CD-WD di sc having such irregular pits. Furthernore, the region
cont ai ni ng such irregular 5 pits can_naqt be_cqpied onto the I sc.
Consequent | y, an illegal copy disé?ggn zﬁﬁﬁkffmﬁﬁkﬁhﬁﬁqﬁwéﬂ%d&ﬁgs in
cases of the aforenentioned enbodi nments. [err] Recording
Devi ce Next, a recording device (nanely, a nmastering
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T —a oe B
: : . : : iR : |
10 machi ne or device) for obtaining an optical disc of the ¢ EP%%%%WFNTSHEET

enbodi ment wi |l be described in detail by referring tol*l F,ja_g@_ .28 MAR 1996
FIGS. 27(A) to 27(F). As illustrated in FIG 26, digit at a Uused 1o ==
protect, for exanple, software for a gane is inputted to an EFM

encoder 50 which converts the 15 data into an EFM signal and then outputs
the EFM signal. On one hand, the EFM signal is inputted to a first

opti cal nmodul at or driver 92 which outputs a first optical nodul ator

drive signal. This first optical nmodul®{2} GReplacemeghatheet - 27/03/8pUtted to
a first optical nodulator 94. 20 On the other hand, the EFM signal is

I nputted to the sub-code reader 56. Further, the sub-code reader 56
extracts a sub-code signal fromfro EFM,si gnal and t hen, the
sub-code signal is inputted to the g;@r afg the gate signa
generator 60. Furthernose, the CPU 5 25 constantly nonitors address

I nformati on represented Ry the-

=
<
w
. - NO DATA
‘f 1 L Y.1/4
i Y i __DATA™0
A B C GE
FREQUENCY
30y, DISC °
PICKUP 2 28 SUB-CODE 10
R SIGNAL | FRAME | yrono-
[P:Q‘?'CESSING E&?_CESSING """ > COHPUTER )
SERVO TE DETECTION .
» PROCESSING DETECTION
CKT CKT
?

36’ TE {49



i

- 68- sub- code signal and generates and outputs a conﬁirﬁﬁp%‘f‘%‘f’fﬁFNTSﬂEH

when the sub-code signal conmes to represent a predeterm ned}| 2
whi ch a protection code should be recorded. Thi s cont r]_lopa@i' gm%

i nputted to the gate signal 5 generator 60. Wen receiving the control
signal fromthe 'CPU 58, the gate signal generator 60 generates a gate
signal which is synchronized with a sub-code franme. FIGS. 22(A) to
22(C) illustrate this operation. FIG 27(A) illustrates the franme
Nos.; FI'G 27(B) the waveform of the 18/20nt{Replacepent Sherl FREOIPEL) the
wavef orm of the gat si gnal . This gate signal corresponds
to a protection codg = Further, the gate signal has |levels

. g = =) : .
correspondi ngly tgggﬁl ogi cal val ues which correspond to odd and even
frames, 2=

Q
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15 simlarly as in cases of the aforenenti oned enbodi rrents} REPLACEMENT SHEET
Furthernore, the gate signal is inputted to a second bt i C MW
driver 96 which outputs a second opti cal nmodul at or dr iy @atsi grkaltYie.

second optical nodul ator 98. On the other hand—TF3aser—ftrght ta ——
Is continuously 20 irradiated froma |aser oscillator 68 onto the first
optical nodul ator 94. Thus, when the laser light La first passes
through the first optical nodul ator 94,9td¢ | éEsflacement| Shdett +27/63/96)
subjected to a signal nodul ation correspondingly to a first optical
nmodul ator drive signal. 25 Thereby, laser light Le, the intensity of which
varies wth “ltinme] is obfain Fur r, when the |aser
i ght Le passes g \\
~H
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e

t hrough the second optical nodulator 98, the | aser |ight
subjected to a signal nodul ation correspondingly to a
-modul at or drive signal. Thereby, |aser 5 light Lf is obt

| REPLACEMENT SHEET

P, b AR 6.

| aser light Lf is irradi ated therefromonto a naster

an objective lens 70 as a microscopic spot. As a consequence, t he

pit patterns having different w dths as 1'0|/|2‘08'i€%pe1gcé & %h?ﬁésil G2ﬁ3§@6)are

formed. 10 Thus, if the pits

arranged as EJEZ atgﬂ n FIG 27(D)
si gnal of FI ©) chroni zed wt

eren ar e

c@qmﬁ$po dingly to the gate
Qe Bl otk Nos. of FIG. 27(A)

the reproduced RF signal haV| g a >ime as—Tt+o ; -
27(E) is obtained. 15 There orms of the
repr oduced signals varle-<uowarmsyuqeq ggmﬁmar- synchroni zat i on

with the block Nos. If a signal rep ant i ng_see varlatlon I n
envel ope is detected as illustrated in Fl h 27(F), this disc is a
nornmal disc. Gtherwise, this diS2 Y
N Reao ToC -
s3 ' DA .
DISC ? S
- 1 CD-RON i 4
/" seex prevereaniveD wooress /. (onR
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' e = = '
20 can be judged as an illegal copy disc. Thereby, an il egdlEPLACEMENT\SHEET |

can be prevented, simlarly as in cases of the af or esiai d e_r% di

VWil e preferred enbodi nents of the present i nvention § ke : gnwm
descri bed above, it is to be understood 25 that the present rnventron IS
not limted thereto and that -70-
other nodifications will be apparent to those skilled in the art

wi t hout departing fromthe spirit of the invention. For exanple, the

foll owi ng nodifications are apparent to 11/20t Qﬁéspela%k! n! Itg.r éetq:_ _t_%/ag},%) 5

(1) In cases of the above described enbodinent, mati on
representing an address at which an irregular

FIG. 14

58
- CPU |
SUB-CODE | CONTROL
SIGNAL - STGNAL
56-] N e Py %
| s0B-CODE
| SIGNAL
READER GENERATOR
1ErM sIoNAL lGATE SIGNAL
50\ 62
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! OPTICAL OPTICAL |64
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OPTICAL OPTICAL
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70
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pit is formed is prelimnarily stored in the checking | RERLACEMERTBUEFT

in a nodification, this information is stored at a pfledet )
location of the disc. Further, 10 when the disc is set, h@téﬁ%ﬁmm

device first reads (or accesses) the predeterm ned | gTatTon of (he

di sc. Thereby, the address, at which the irregular pit is forned, can
‘be changed according to the kind of the disc. Thus, an anal ysi s
of a copy protection enployed in the disc becomes 15 very difficult.
Consequently, an illegal copying can be prevented very effectively.

(2) Further, the irregular pits of the, fi[st enbodi rent , I ch
the tracking error is obtained, and 1£/%§e(3??%§ﬁW§F:ﬁggﬁzﬁfEiﬁngQ%ond
enbodi ment, fromwhich the 20 |ight amount signal is obtained, nmay
coexist in a single ~ disc. Thereby, reliance in detecting an illegal
copy disc can be i nproved. (3) Incidentally, according to
the ordinary standards (for exanple, JIS (Japanese I|ndustri al

St andar d) ,
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. SLAGEME &
25 S8605), errors should not exceed a predetermned rangg REPLACEMENT SHEET

-71- However, as descri bed above, the | ength of eilé@at@iz,ﬂm 1996
degree of wobbling, the symmetry of the RF signal and thg

“anount of RF reflection |light may be changed to-such an extent that
errors are wthin the predetermned. 5 range. In such a case, the
-irregular pits are not obstacles to the disc. _;4%
Further, in the technical fields of a 1gfgut eReplaceyenteShert a & /9 69@ama,
it is not necessary that a disc storing a program for a conputer gane
can be reproduced by 10 a nmachine other than _a dgvice dedicated to
reproduce this di sc. Therefore, the disc _mf-lora-%tori ng a programfor a
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conput er gane need not be conpatible with a disc used for # REPLACEMENTSHEET

conputer or the like. Nanely, even if the disc for storing ’

f-or a conputer gane is not conpatible 15 with a disc used @af%a%gm .........
conputer or the like, there 1S no inconveni ence practitatty. =
(5) I'n cases of the aforesaid enbodi nents, when a disc is set in the
device, it is judged whether or not the disc has an irregular pit
(namely, whether or not this disc 20 it4420i! (REslacemt Sh&dst) - 270896 ,
this may be judged at anot her suitable tine (for instance, when an
instruction to reproduce data fy ,ch7%5Fisc IS issued).

(6) The first enbodi nent may be nodifi by replacing the train of the

irregular pits thereof

.rﬂ nged 25 randomy with the trains of the
i rregul ar 6 sa

PICKUP
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-72- arranged as in case of the third enbodi ment. Ever| REPLAGEMENT SHEET
of such a nodification, simlar effects can be obtained. e EL Ahhe
third, fourth or fifth enbodi mrent nay be nodi fied by re IQE"Pn;f M .1996...

trains of the irregular pits 5 thereof arranged periodically wth the

trains of the irregular pits randomy arranged as in case of the first
enbodi nent. Even in case of such a nodification, simlar effects can
be obt ai ned. The scope of the present invention, therefore, is
10 to be determ ned solely by the appended cl ai ns. 15

16/20 (Replacement Sheet - 27/03/96)
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l REPLACEMENT SH EET

20 _ 25
1. An optical disc conprising: a predetermn
-spiral trains of regular pits; and 5 at | east one tr

pits, the regular pits of each of the trains being arranged

symetrically with respect to the track centre, each of the |rregular pits
havi ng a predeterm ned shape different froma shape of each of the
regular pits, the irregular pits being

16/20 (Replacement Sheet - 27/03/96)
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| REPLACEMENT SHEET .-

arranged intermttently on a predeterm ned area corresponfling tp .data -
bl ocks represented by a nodul ati on signal recorded as tmmeﬁfgLﬁﬁﬂdﬂgihe
.regular pits. 10 2. The optical disc according to ekt FF
each of the irregular pits of the train is arranged on a centre |ine
wobbled in a radial direction by a maxi num anplitude smaller than a
“track pitch. 15 3. The optical disc according to claim?2, wherein a
wobbl i ng frequency is higher than any frequency of a tracking servo
band and is a frequency at which a reproduced signal conponent I ncl uded
in a tracking error signal becomes m nj g anthepPiMeticht! sheet W20P03/96)
si gnal carrier becones nmaxi mum when a signal is reproduced by an
optical pickup using a side beam for tracking. 20 4, The opti cal
di sc according to claim1, wherein W raln of the irrggular {pits are-
arranged on a pprtion df theidisc, N&RNe a| r epr oduced sfgnal conjponent
i ncluded in thepsaid si ghal bec NIN 25 5. The i cal disc
according to clpim1 wh rei@ a dut;\ f each of the irrjegular pits
I s not equal ¥4l t hat| of achiof thel its. : opti cal
di sc .accordi ng-4o clfi , Wmerein & a radial—m ﬁégction of each of
t he irregularfg ts ik not equal to the radi & ‘ﬁTTectio of each of
the normal pi 30 i < '
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7. A checki ng device for checking

”rggg h%é‘r I—E&S'%EE'N: or iRélemgNPSﬁEET

of clains 1 to 6, t he checki ng de

‘reproduci ng neans for reading an areall o] Ehe ngeﬂﬁﬂdﬂas
pits is “arranged; and 5 j udgenent neans for de

.result of a reading whether or not a train of irregular pits is

present, and for judging fromthe resul,tsltﬁo a(ggg,tlg@é,ﬂega et hen7aozivgsked
optical disc is a normal disc or an ill copy disc; wherein

t he reproduci ng nmeans has a decodlﬂﬁf t :é?%?eadlng a data block from an
i nforrmatian recordlng P ion of t Isc and decoding the data
bl ock, whe0s ment mnmeans conprlses (i) a first
det ection uni %ﬁ? ﬂg mhether a servo signal or a data signal is
normal or abnorna CK A a second deéﬁcti Bb for detﬁcting_
whet her or not qQuypyt S|gnals,mé t he decodi pgv%ni t g e f|r§L4
detecting uni t 38Fe rlel afed To each kher gt a predet regul ar 15
i dgi ng fromja

point of tine; and (Illbségﬂgﬁq un

detection signal outjputf %ﬁ cgﬁﬁ@% alMIgRO=her Jor
not an irregular pitf p <=d‘$§b§§ﬁﬁd} fecor 3&% hgﬁél etCOMPYTER i
wherein it can be dgter d for efch vol U of the ¢ptical {disc to be
checked whet her the ptical dis§¢ has of pits r whet her tthe
optical "disc has hadq an 1 rregular pi ﬁ prelimnarily recorded tHereon

a tracking error sidgnal fdetéction i M detectingta tracking efror

si gnal ; g thir, 9 tecti)%%éh {;f' det ect fng whet her tphe signal
level ‘of the trackir gégTﬁg *;ﬁgn tant_or chanpes |ike

that of a burst signal; a contr | 0 gﬂg éfﬁﬂ omthe
tracking error signal é%ﬁer or npt an ifqr€Yular pig. 2 S ted in the
i erdtion to be effected

read optical disc and f¢r controll§ng.a réadln 0
after t he judgenent Gﬁ made, whereby each voﬂﬂﬂy of the optical disc
can be discrimnated on basis of the presehce of absence of an

i I it wh the t k t
;L;Fg;sa; Phree-spot tracklﬁéehgthog, e I ﬁﬂﬂfﬂ{§qygg é@@?on un|¥GWT

conpri ses a bandpass filter circuit, a rectlfylng circuit and a 30
conparator circuit, and the centre frequency-of the bandpass filter circuit
is set to be a ' o - '

"

FIG. 25

PHOTODETECTORS
E
90
AlB ; :
D|C ) 98 - (P
- N l
[+ T0
F —1 +
} MICROCOMPUTER
)/4 ADDER |
90A
90C
RO
CKT

is Sheet Has Been RTlaced

wserzece o HNAR




frequency at which the level of a burst signal appearing il BERLAGEMENTGHEET
error signal becones maxi mum and t he | eakage of a datajfsi gnal rin
in the tracking error signal becones m ni mum 5 8. Dﬁeéﬁmnlﬁu
device for checking an optical disc according to any one of—crarms 1 to O,
‘wherein the judgenent neans conprises a third detection unit for detecting
the symetry of a waveformof an RF signal with respect to a slicing

| evel of the RF signal, a slicing-level changi ng unit for changing the
slicing level of the RF signal according to the detected symetry, a
conparison unit for detern ning whether, 0o ot,_t cha in slicj evel
is 10 within a reference range and a jl.](?dr nt(Rﬁ%Fatce\"%?@?Hﬁ% ﬁgb?)rog%éi)n '
out put signal of the conparison unit whether or not an irregular pit is
detected in the read optical disc, ﬁby each volunme of the opti cal

e

disc can be discrimnated on the b ft resence or absence of an
irregular pit. 15 9. A checki ng Vi ce for checking an optical disc
according to any one of claims 1 to 6, ,‘,EBV\/nerei n the judgenent neans
conprises a third detection unit for readrmpg data recorded at each of

pr edet'er m ned addresses,,jin r r pred—om e Tc;cg)ti cal disc and
j udgi ng whet her orsgggpcéﬁé it i s det pGONTROLN t he disc, by
det er mi ni ng whet her or Al 1 6

burst signal is detected fn synchro

h
error sighiBNAlhanging like a

“CORE ar _point of 20 tine
det er mi ned accordi ng t S)B-00pEd 80or det er i ni ng
whet her or not vari atfi oREADERs! i ¢ saon ing to symmetry of
a waveformof the RF signal with RATVR g level thereof is
detected in synchronisation w#h a r , or
det er m ni ng whet her orsonot varfation in anmount of Jight reflected by the
disc is detected in dynchronisailion with the rlegul ar point of tine,
wher eby eacBIGDTAlre_of tile EMfical disc can 25 be [ i ed on the
basis of thBAPAesence or [alENOQDERoOf Jan irregul ar éﬁfé STGH@O. A
checki ng device for checling an optifjcal disc accoriding to any one of clains

Ltos | EFM STGNAL
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wherein the judgenent neans conprises a third detection upniREPLACEMENT| SHEET
data recorded at each of predeterm ned addresses in ta blepgkyh ﬁﬂgged
-on the optical disc and judging that 30 an irregular pit §mﬁé223bgéﬁh e
disc, if it is judged nore than a predeterm ned nunber of '
>~ 76 - times that a tracking error signal changing |like a burst
signal is detected in synchronisation with a regular point of tine
determ ned according to data recorded at the read address, or that
variation in slicing | evel .corresponding to the symetry of .t he wavef orm of
the RF signal with respect to theogkipci Mgebbacementh Sheelf - 87403/86k ed i n
synchroni sation with the regular point of tinme, 5 or that variation in
anount of light reflected by the disc is detected in synchronisation with

t he regul ar point of .tjnme, @n j

predet er m ned nunber of ti
like a burst signal is no
poi nt of tinme determ ned
t hat variation in sl¥xjng llevel
waveform of the RF signal _jwth {10 r
not detected in synchronisation with the regu

g err¢r signal changing

i n siynchr odhsat i o th a regul ar
da:ta rec at the read address, or
orqespondﬁ\$§()ttl symetry of the

peat to t£§§§icin | evel thereof is

poin of time, or that
N

[

variation in anmount of ldsght rgfl gcted ﬁy t he ﬁﬁsc isjnot detected in
synchroni sati on with tlhe rgguljar poiint of QS\ P, 11. A checki ng
devi ce for checking an opfJcal |di sC Jaccdrdi ng TNy of claims 1 to 6,

storing a

ans fconprfi ses a sto
he optical disc, which

15 wherein the judgenent
pr edet er mi ned address of qdt a bljock ist or ed
bl ock is used for determiTng g4 Ki of it he o disc froma result
of judgi ng whet her or nqg jan irjredul ar dit i sNRyectefl anong i nformation
pits formed on the di third deter\\nn un|t for reading the
data bl ock recorded at t pr ter m-ged S n setting the
optical disc -and for judgijng wyjet her] or {ndét an gulay 20 pit is detected

in the disc, by determ ning whdther jor n a ng efror signal changing
det gct in g da \\.‘ack r determ ning
)
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| evel of the RF signal is detected in the data block, or ds=t@ﬂhﬁﬁi5ﬂ‘bENTSHEET

whet her or not variation in the | evel or an anount - of - eflectfﬁemhm
signal is detected in the data bl ock, whereby each vol |jrRetdf.. & - -
optical disc can be discrinmnated on the basis of the presemntce or apsence

of an 25 irregular pit. 12, A checki ng device for checking an
optical -disc according to any one of claims 1 to 6, wherein the

j udgement neans conprises a storage unit for stori ng a pr edet er m ned

addr ess, at which a tabl e oABSERACESCR SHE{DISSLASURE,ck (Replacemernt Sheatile

optical disc, the data block being.30 used for deternining7 dkFd98F the
optical disc fromthe r@MIICAL ®ISE) GEVICE BORt CHECKDNG 0OTICAL DISC

-77- irregular pit is detected anong information pits formed on the
disc, and a third detection unit f or ANRadi ng the table at the
predeterm ned address,_the next reading the data bl ock stored at the
address listed in the tR2HEEEH8 %Wﬁ) &N QPSCARRESCor j udgi ng
whet her or not an irregular pit is detected in the disc, by determ ning
whet her or not a tracking error signal 5 changing like a burst signal is

detected in the data RnO@tialddicTon WhidEld fumerN@f spinel G4 Disi N
slicing level of the RF signal is detected in the data block, or

det er m ni ng wbét begular @dtsoandaritatlieast e vxiaiof ofh irreg'ula.r pits
anount -of -refl ected-1ight signal is detected in the data bl ock, wher eby
each vol unk oarehfospedsal T@uestemab'epdlt@mfmm@foﬁfﬁwémﬁmss % the
presence or absence of an.irregul a A recordi ng

devi ce for re%BFGPF&ddéﬁ’a‘mGﬁ'réﬁaé&? (‘!’é-lrthdlr§épr‘i"$\7’| it §%T?ur?§é’rt%ﬁ ahidal
t f (! t f | t th
eoular pi t< BraEKEn BnttRet., sRRR o¥ el 1 ngoﬁ*&'ﬁr cEEshel i€ 1y wi e
t tot h
or edet ermonegﬁrhggggéﬁ‘?pe?Zﬁ?%%%%@?%&?o i & Bebl 02\ hin ot fhe |

irregul ar pitgsed)Be Bstar r apgedoeter Eht h‘i‘-‘i‘-tah)éeﬁ'%n% Breetlee i1 ¥ Yhe
-correspondingly to data bl ocks
10 irregular pits being differently from an arrangement of
each of the trains of the regular pits. Furthermore, a
" tracking error signal being obtained from the train of the -
irregulaf pits. Such an-ifregular pif can not be coﬁied
‘even when 2 normal optical disc cohtaining such an
15 .irregular pit.is copied by performing a conventional

. copying method.

Figure 1(A).



represented by a nodul ation signal recorded as the trains of the regular
pits, the recording devi ce conpri sing: | aser Iight source
means for generating and outputting |aser Ilght si gnal
conversion means for converting digital data into. a Subbtitate sheet gld.5.98
| aser-1ight nodul ati on nmeans for performng an intensity nodul ati on on

| aser |ight outputted fromthe | aser 1i8i/@& source neans according to
the nodul ation signal; gat gnal nerating neans for
generating a gate Si gnal in synchr oni%n vﬁz. each data bl ock

repr esent ed t pe—apdul Iisen si gnal ; | aser |ight changi ng neans
for changlna I correspondingly to the train of the 25 irregular
pits in synchro ' g he gate signal; and | aser |ight

i rradi ati ng neans lg rralalneB aser light, whic |ss|mdeb?5ed and 4q
changed by thg | j.ght _notil ion nme ISTRRAL ng

means, respectively,

the opt | di
- 78- 14. it

REti on recpsding dayiguaLconpli sing:
| aser |ight source; sgneet nd HIOR0s ddt a
into a nodul ation signpal ; | FROCE 6&“% ngg%’g@% YTER | -

‘intensity nodul ati on ¢n I ra'gg' light pmtted|from 5 th¢ Jaser Ilght sour de
according,to the noduljati bu.signalib there 'he | asdimllghtintio.
recording laser |ight; ———————abh DPENT ! ie—l-ers—fof irradiati ng an
optical disc with the}recprding | asef AHOUNT jand for form ng traj}ns of
pits on the optical disc;| SERVO SEGI@AI@HQMM gener hting means fpr
generating a gate si ghals PROCESSING |-saron| DETECTING Fo—ceta—bioetd
represented by the nodul af C§T signal} and C i JrelYALBIGNALs
generating nmeans for genefating a trpin of i[rregul ar pjts in

synchroni sation-with the ga-tse—a-g-na-l- ' 7
367 - 30

VAL :VARIATION-IN-AMOUNT-OF-LIGHT

FIG. 25

PHOTODETECTORS
E
A|B A
D|C
jA MICROCOMPUTER
90A
: 90C
RO "
TCKT

RO :REFERENCE OUTPUT

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

].REPLACEMENTSHEEf 4
| e, 15 HAY 5




15. An information recordi ng device conprising: 15 .a laser |ight
squr ce; conversi on neans for converting digital data into a
nodul ati on signal; nodul ati on neans for performng an intensity
madal ation on |aser light emtted from t he | aser I i ght source according

to the nodul ation signal to thereby c I gh nt o
recording |aser |ight; 20 an ob?%%ggﬁéu %ngg |r?a§ éf?ﬁﬁyaﬁ997
optical disc with the recording |aser |ight and for form ng trains of
pits on the optical disc; gate signal generating neans for

gener at | ngiaa%@glgﬁe K SCMSE ¥ BG40 Fetth & pfdfection@dé irldérhin

represent e ul ation ‘signal ; ' ng-si gna genergatl ng

means for mmﬁsbilityldf ébpy@bhlhtaﬁg oniegmeﬂrevem datareconded satandviDZAromibeingtdigitaliyt e
signal; and shifting nme n for shlftln a Iaser spot of the

recor di ng myrértwptwormﬂng b2 RATLef 2 digitalne
radl al Aﬁl [%M reco | Y. dﬁg,tilgp}d?@cﬁﬁﬂ%hé &gpréhﬁﬂﬁhiy wntteP toa"ta 1|e§ht

i'cefconprisin
SOUF ce; 5 of-contents" Mmaeﬂmmwommamtl ng digital data lnto a
nmodul ati on signal; ~nmodul atien nmeans for performng an intensity

nodul ation on laser light emtted from 5 the laser I|i ght source according

h dul . h \
ocorai o e PRHORE) i e ety SR8 Shbed” i Yo 4 iion, aay o
optical dijhiforfhidh dabel Cpiidtréifl this VD (haxﬂay #86hré®MD) to aftarget MD t Mrétves)

pits on the optical disc; gate_signal generating neans for
gener at i ngwhengapiedrogmthic sonrce MBte she @EBQI" MD,# protestion code indicating that there is

10 copy protection is written to a TOC area of the target MD.

In contrast, (2) if a protection code written to an MD indicates that there is copy
protection, this means that the data recorded on this MD has been copied once and can not be
copied again. In this way, a digital signal recorded on an MD is prevented from being digitally

15 copied two times or more. |

As above described, in case of employs the technique of the SCMS, information

~ representing a protection code is written to an optical disc. Further, a copying device refers

“to the protcztion code recorded on an MD and then‘ﬁuﬂgcs from this protection code whether
20 data

REPLACEMENT SHEET




ithata bl ock represented by the nodul ation signal; and
duty-factor changi ng neans for changing the duty factor of the nodul ation

si gnal according to the gate signal. 17. An i nformation
reeordi ng device conprising: 15 a |las | ight: source;
conversion neans for converting digital qdat §‘ftfﬁtg“& SaeRh -a?'iF&ﬁrg?rg'nAPW

nodul ati on neans for performng an intensity nodul ati on on | aser |ight
emtted from the | aser |ight source according to the nodul ati on signal

her eb | Li ght i . i 0g.] i gt a2
2 ob) eot] ve T ondogpens Rikcforsaorhe ol dpr inpbchdints M B! ptrcBlds g Brosens
l'ight and f givention, titréissovided a8 optical diss wiiich émpiives:cal  di sc;

gate signal generating neans for generating a gate signal in

synchroni sati on apredeteamined number of spival traing of eegular itsiand: he nodul ati on
signal ; and i dt h, changi n ans_far.changin he width in th
radial directi pnatdfaq%%pgumgugﬁgﬁﬁgep{eggiagggﬁpgf% ‘?6}“{ Wﬁgflggmﬁ%
18. A rscgﬁheﬂicdﬁylﬁﬁh%wwtagmhouw;eﬁw,l &cHB ofl 3né qnééulaprgiwswmg a
produci ng arf opti cal disc as clained in any of clains 1 to 6.

19. A chepieietgrmined shapé differsntfrommaghape of sa¢hcef thel regularpits; the igegular-pits being

preceding claim .the checki n '

r epr oduci ng2FRgRd mtgmittentlyon 2 %fﬁg%tglgl\ﬁ;’%ﬁﬂ% %ﬁg&lﬂgéﬁ’ flatgblqcks ’?EBIF%&[?FA’W

pits | S, #{ddaid%ieH signal recorded as the trains of the regular pits.
10 | 'In accordance with a second aspect of the present invention, there is provided a

checking device for checking an optical disc comprising:

reproducing means for reading an area on which the train of the irregular pits is
arranged; and |

judgement means for detecting from the result of a reading whether or not a train of

15 irregular pits is present, and for judging from the result of a detection whether a checked
optical disc is a normal disc or an illegal copy disc;

wherein the reproducing means has a decoding unit for reading a data block from an
information recording portion of the optical disc and decoding the data block, wherein the
judgement means comprises: _

20 @) a first detection unit for detecting whether a servd signal or a data signal is
normal or abnormal; '

il a second detection unit for detecting whether or not output signals of the
decodmg unit and the first detecting unit are related to each other at a predetermined regular
point of time; and _

25 (iii) ajudgement unit for judging from a detection signal outputted from the second
detection signal whether or not an irregular pit preliminarily recorded on the disc is detected,
wherein it can be determined for each volume of the optical disc to be checked whether the
optical disc has only regular pits or whether the optical disc has had an irregular pit
preliminarily recorded thereon;

30 a tracking error signal detection unit for detecting a tracking error signal;

REPLACEMENT SHEET




5 .. b) j udgenent neans for detecting fromthe result of a reading
whet her or not a train of irregular pits is present, and for judging
fromthe result of a detection whether a checked optical disc is a
nor-ral disc or an illegal copy disc; Substithe'fidet LN FeBRIARYUTIID
means has a decoding unit for reading a.gata block from an I nformation
recordi ng portion of the optical disc and decoding the data bl ock, 10
wherein the judgenent neans conpri ses: bl ) a first
detection unit fo t s ' ' s o hiS
normal or abnornma fh‘i!r%&&%@uwMg?@c&g%ﬁ%%ggﬁg@?ﬁéﬁg% hp(r)rsgnél
det ecti ng whistnagily e6nstadit of chatiges Hkgthat 6f burktwignal; decoding unit and the
first detection unit are related to each other at a predeterm ned regul ar
15 point of ti nme,2&oentrol unit for judging from the tragking czror siggalehether qrmot ap irregylar pit

whet hor or _ risees el B sl oBlibd e ol Tt brolingEfiRAitg SBEAfiph Ut Btboted attr
det ect ed, 9h@ie fidgeinkbntishalle, vileiretiyédeR doludic 6FABE optiddl disc@hn LB disefiinifatd on He

to be checked whet her the optical disc has only regular pits or whether
the optical bhsiscoftthe presencgrofiabsenge pfian ireegylar pr el i mi narily recorded

t her eon, C a.tracki ryor.signal techion unit for
detecting a t r ackl; M%W%m%ﬁdehm%emﬁsgﬁweﬁm&%_ &‘HP?’
for detecti nghdMiR! ihidd ddisttivhdidY conB¥es afbanbiBask ek iceuie! 4 Kctifying Tirdiitland 2
nearly constant or changes like that of a burst signal; and —~ e

a control uncampayator wirguitgarid the) celntre tfrequingyyof theobandpagss dfiltarteirauisris set tmbe an

25 irregular_pit is detectedq in the read gptical di and.for controlling a
Foad ng_oplr Ebnex e wHch the leyel of § ufek gas sppeting iy e fACking Frodledal bebges
each vol une pbyinien ARl ithét|eakhgtCofCaath Yignal apPeafing M MRUPEKEE it digial bemes
t he ‘presence or absence of an irregular pit; wherein the

j udgenent nemiEmbm.t her conpri ses: b4) a fourth
detection unit for reading data recorded at each of 30 predeterm ned
addresses in data bl ock recorded on the optical disc and judging that an

-81- In accordance with a third aspect of the present invention there is provided a checking

15 device for checking an optical disc, wherein the judgement means comprises a third detection
unit for detecting the symmetry of a waveform of an RF signal with respect to a slicing level
of the RF signal, a slicing-level changing unit for changing the slicing level of the RF signal
according to the detected symmetry, a comparison unit for determining whether or not the
change in slicing level is within a reference range and a judgement unit for judging from an

20 output signal of the comparison' unit whether or not an irregular pit is detected in the read
optical disc, whereby each volume of the optical disc can be discriminated on the basis of the

presence or absence of an irregular pit.

In accordance w:th a fourth aspect of the present invention there is provided a checking

25 device for cheéking an optical disc, wherein the judgement means comprises a third detection
unit for reading data recorded at each of predetermined addresses in data block recorded on

the optical disc and judging whether or not an irregular pit is detected in the disc, by
determining whether or not a tracking error signal changing like a burst signal is detected in
synchronisation with a regular point of time determined according to data recorded at the read

30 address, or determining whether or not variation in slicing level corresponding to symmetry

fr———i
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irregular pit is detected in the disc if it is judged nore than a
predet er m ned nunber *vof tines that a tracking error signal changi ng
like a burst signal is detected in synchronisation with a regul ar poi nt
of--time determ ned according to data recor dgfhstituiehehdtad3 FéBresy, 1997i f it
S judged nore than a predeterm nedgnunber of times that a tracking
error signal changing like 5 a burst signal is not detected in

synchroni sation with a regular point of time determned accordi ng to
dat a record at the re

hecki
checki ng an®bf: Ve%sons £ ‘Q&S‘g‘?(ﬂﬂﬁl tvgthaﬁifpﬁ‘?tetgeﬁsﬁﬁmél lggﬁs&cﬁ?g detected in
checki ng_ deiyr frof AR Wi icghldr point of tikle, or AARHAAIE WABHERG ot bakiatict afidualr

area on whi Irregular pits i s arranged;
b) j udgenaﬁbghmﬂsctbd l’oycthe dlscusn detectochin mm&loufwlﬂl theregwlgr ppiot pEtime;

Cosul t of awbekE ol tesd oprcal i o B analed e e Ber of ¥ et o

or an illgga%s ﬁoraﬁm la?pléata bvvherel n the reprodum ng nmeans has a

decodi ng uni rea | ock from an i nformati on recording
portion of the optical dISC and decodi ng the data bl ock, wherein
t he judgenent neans corrprl ses: jrst deteciion
uni t for det ecti HpcrAmiancewith afifth aspertpfshe qus%pt%\fegzlgp 31?5& is provy f“?F&Fn&)r

abnor nmal , 2 vi . g
whet her or not oufpumggnaﬁ&?s?hmﬁ)ﬁ%«gg |ng'tun|t ana the qﬁf&h&g&lm
det ecti on ughit fo'réading ditededondebut haﬂi bEpredéternipedadidresses hﬁdhta btgnk morded on

poi nt of tine a judgenent unit forjudgin froma
det ect | orlosthg@atlcaéé%amwmgm P’hé’feg‘ﬂaé@éﬁ te&@@é‘éihf’(ﬂ‘ﬁcu#ﬂ{ ls\ll‘éﬁeaél’

an irregul a I E“’EE@E Ig 3@&5 r
It can be dé e‘ﬁ?ﬁ% EA r@fg# %ﬁgf e~op o?c%’ di scémgqg% cﬁﬂﬂk h‘be
whet her t hedaigdtedialsyfichpenisation wﬁtlm regidanipoint pf fime detenhined accordiag epdataatcodar
has had an irregul ar pit prelimnarily recorded thereon, -

b4)  an an®iihe Iead addresse oeﬁmt Vayiation;ig ﬁthgéﬁ\fﬂl &PFH@ODQHDS tp the symmgiry of the

and out putt PR, 56 $h 107 81 B Sherchf f e eyl el shdiedr 3 geleit in

amount  ofysl s)ﬁﬂhrohﬁﬁﬁ(ﬁﬁbﬂdthﬁk‘egum point bfithe, &r Bfat variation in amount of light reflected by
the disc is detected in synchronisation with the regular point of time, and if it is judged more
than a predetermined mumber of times that a tracking error signal changing like a burst signal
is not detected in synchronisation with a regular point of time determined according to data

recorded at the read address, or that variation in slicing level corresponding to the symmetry

20 of the Waveform of the RF signal with respect to the slicing level thereof is not detected in
synchronisation with the regular point of time, or that variation in amount of light reflected by
the disc is not detected in synchronisation with the regular point of time.

In accordance with a sixth aspect of the present invention there is provided a checking

25 device for checking an optical disc, wherein the judgement means comprises a storage unit for
storing a predetermined address of data block stored in the optical disc, which block is used

for determining a kind of the optical disc from a result of judging whether or not an irregular

pit is detected among information pits formed on the disc, and a third detection unit for reading

the data block recorded at the predetermined address when setting the optical disc and for

30 judging whether or not an irregular pit is detected in the disc, by determining whether or not
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éu,bstitute sheet - 3 February 1997 b5) a conparison
unit for determ ning whéther or not change in the anount-
of -reflected-1ight signal is within a re_f& ence range,

b6) an expansion unit for expanding an tinGtedddetaf 3 FRBrEAYPPOOFON
unit, b7) a judgenment unit For j udgi ng from an out put
signal of the expansion unit 5 whether or not an irregular pit is detected

in the read jkeatumst signalie.detected ia the dafablock) orletermininghe

sigpal
di scri m nate n_th SJ f 14 e . | | ar.pit,
o8y a ¢ ni vaeiies S forSAiafd s BAERRITREBF Bhee BBE S el e 3 ok
pr edet er m n&ferminingoiiRise or nbt tiatiol i te lews] ¥ 48 Gnfoini-oE-RACeAHigit %(rfnanﬂ
judging that an irregular pit is detected in the disc if it is judged

nore than adetectsdindheriate blocknwhereby cachvolume, of theptigali dise ¢an be) diseriminated on
| evel corge ndi ng,,t o the s tr f the waveformof the RF signal with
respect t tﬁﬁ@aslsogﬁhfgﬁgnf%éen%ﬁfq%roggplﬁrggﬂ%pé{:t ed in synchronisation with
a regular point of tinme, or if it is j udged nore than a predeterm ned

nunber of tines that variation in slicing |evel corresponding to the
symret ry of the Inoacsordamce withhe serenth gspeict of the presentdnvention|tbere| is girojded a

| evel ther el g BvidkHor eheSkibg i SpGA Y Vel W Righleti Bk cRfirils &'

lrrgz ﬁlr alt : ggt%ﬁm alslgirt f@?t%%ﬁftf@ﬁibf&?é&rgr%, at which a tablé of BARESSe ¥f data block

10 is stored in the optical disc, the data block being used for determining a kind of the optical disc
from the result of judging whether or not an irregular pit is detected among information pits
formed on the disc, and a third detection unit for reading the table at the predetermined
address, the next reading the data block stored at the address listed in the table when setting
the optical disc and for judging whether or not an irregular pit is detected in the disc, by

15 determining whether or not a tracking error signal changing like a burst signal is detected in
the data block, or determining whether 6r not variation in slicing level of the RF signal is
detected in the data block, or determining whether or not variation in level of an amount-of-
reflected-light signal is detected in the data block, whefeby each volume of the optical disc |
can be discriminated on the basis of the presence or absence of an irregular pit.

20 '

Moreover, in accordance with an eighth aspect of the present invention, there is
provided a recording device for recording data on an optical disc having a number of spiral
trains of regular pits and at least one train.of irregular pits, the regular pits of each of the trains
being arranged symmetrically with respect to the track center, each of the irregular pits having

25 a predetermined shape different from a shape of each of the regular pits, the irregular pits
being arranged intermittently on a predetermined area correspondingly to data blocks
represented by a modulation signal recorded as the trains of the regular pits, which device

coi_nprises laser light source means for generating
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thg | aser |ight source nmeans accordi ng' to the nodul ati on signal;

5 gate signal generating -means for generating a gat e
signal in synchronl sation with each data bl ock represented by the
nodul ati on signal; | aser h n

changi ng | aser light corr espon%agl%}“‘%{gwﬁe gﬁ%&fl %38%%?8&0? ?gaul ar
10 pits in synchronisation with the gate signal; and

| aser light irradiating neans for irradiating : *—I—asen—l_l_ghL,_M

i s nmodul at ectéﬁ&mghanged by the | aser |ight nodul ati on neans

the laser Ii ' changi ng nmeans, respectlvely, 3“’ ’H,"e"ﬁﬂfmgﬁm)
disc to forma train of pits.

recordi ng deV| ce conpri sing: a l aser I | ght source *
conversi on reans ABppicaldisCComprisingi t al data 20 into a rmodul ation

si gnal ;

a predetermined number of spiral trains of regular pits; and
5 at least one train of irregular pits, the regular pits of each of the trains being arranged
symmetrically with respect to the track centré, each of the irregular pits having a
predetermined shape different from a shape of each of the regular pits, the irregular pits being
arranged intermittently on a predetermined area corresponding to data blocks represented by
a modulation signal recorded as the trains of the regular pits.

10 | |
2. The optical disc according to claim 1, wherein each of the iregular pits of the train is
arranged on a centre line wobbled in a radial direction by a maximum amplitude smaller than
a track pitch.

15 3. The optical disc according to claim 2, wherein a wobbling frequency is higher than any
frequency of a tracking servo band and is a frequency at which a reproduced signal componeht
included in a tracking error signal becomes minimum and conversely, a wobbling signal
carrier becomes maximum when a signal is reproduced by an optical pickup using a side beam
for trackiag.

20
4, The optical disc according to claim 1, wherein the train of the irregular pits are
arranged on a portion of the disc, where a reproduced signal component included in the said
signal becomes small. | |

25 5. The optical disc according to claim 1, wherein a duty factor of each of the irregular pits
is not equal to that of each of the regular pits.

6. The optical disc according to claim 1, wherein a width in a radial direction of each of
the irregular pits is not equal to that in the radial direction of each of the normal pits.
30
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modul ati on neans_for performng an intensity nodul ati on on | aser

Iigh]{ emtted frf)mthe | aser Tight souLceI accorfji nﬁ to the
nodul ati on signa m f, m convert the laser light into
e oo VTR o ocbems it o

trains of pits on the optical disc;
Thi s Sheet Has Been Repl aced

égtAfe Si gnal7| n s@r?gﬁﬁ\’kﬂﬁﬁg% 3??%‘ enerﬁséﬁqgmge%girdin%rm%g%;l?é%?%@n%é%i6’by

t he nodul atihgr&hgﬂgﬁgaawl@'@bm ising: irregular-pits generating
means for generatlngatraln of irregular pits in
reproducing means for reading an area on which the train of the irregular pits is

arranged; and

5 judgement' means for detecting from the result of a reading whether or not a train of
irregular pits is present, and for judging from the result of a detection whether a checked |
optical disc is a normal disc or an illegal copy disc;

wherein the reproducing means has a decoding unit for reading a data block from an
information recording portion of the optical disc and decoding the data block, wherein the

10 judgement means comprises: |

@) a first detection unit for detecting whether a servo signal or a data signal is
normal or abnormal; |

(ii) a second detection unit for detecting whether or not output signals of the
decoding unit and the first detecting unit are related to each other at a predetermined regular

15 point of time; and _ '

(i)  ajudgement unit for judging from a detection signal outputted from the second
detection signal whether or not an irregular pit preliminarily recorded on the disc is detected,
wherein it can be determined for each volume of the optical disc to be checked whether the
optical disc has only regular piis or whether the optical disc has had an irregular pit

20 preliminarily recorded thereon; _

a tracking error signal detection unit for detecting a tracking error signal;

a third detection unit for detecting whether the signal level of the tracking error signal
is nearly constant or changes like that of a burst signal;

.a control unit for judging from the tracking error signal whether or not an irregular pit

25 is detected in the read optical disc and for controlling a reading operation to be effected after
the judgement is made, whereby each voiume of the optical disc can be discriminated on the
basis of the presence of absence of an irregular pit |

wherein the tracking error Signa] detection unit employs a three—spot tracking method,
and the third detection unit comprises a bandpass filter circuit, a rectifying circuit and a

30 comparator circuit, and the centre frequency of the bandpass filter circuit is set to be a
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ynchronl sation with the gat e signal. 23. An information

recording devi ce—eenprtsing— a laser light source; 10

conversion neans fo gl tal data into a nodul ation
si'gnal ; (\“ﬂg‘mﬂﬂw on Teans et Siduh 1% FRoHikg"FOLY
modul ati on on Ias fromyk he aser

according to the nodul ation signal to thereby 15 convert the |aser

light into recording |aser light; an objective lens for

11 adi ati greaRsBPLd which the level of aHis s gn.%i‘aﬁd% & fithe A6 g Bfior éihﬂﬁtbeé&qgéf A

form ng Ins of pits on th

signal ge naraaimug mﬂathe léakagg ofa atai signah apﬁﬁnng in tigntracking)eabr signal becomes
synchroni sation with each data bl ock represented by the nodul-ation
si gnal ; minmamn. wobbl i ng- si gnal generating neans for

generating a wobbling signal in synchronisation with

5 8. A checking device for checking an optical disc according to any one of claims 1 to 6,
wherein the judgement means comprises a third detection unit for detecting the symmetry of

a waveform of an RF signal with respect to a slicing level of the RF signal, a slicing-level
changing unit for changing the slicing level of the RF signal according to the detected
symmetry, a comparison unit for determining whether or not the change in slicing level is

10 within a reference range and a judgement unit for judging from an output signal of the
comparison unit whether or not an irregular pit is detected in the read optical disc, whereby
each volume of the optical disc can be discriminated on the basis of the presence or absence

of an irregular pit.

15 9. A checking device for checking an optical disc according to any one of claims 1 to 6,
wherein the judgement means comprises a third detection unit for reading data recorded at

- each of predetermined addresses in data block recorded on the optical disc and judging
whether or not an irregular pit is detected in the disc, by determining whether or not a tracking
error signal changing like a burst signal is detected in synchronisation with a regular point of

20 time determined according to data recorded at the read address, or determining whether or not
variation in slicing level corresponding to symmetry of a waveform of the RF signal with
respect t0 a slicing level thereof is detected in synchronisation with a regular point of time, or
determining whether or not variation in amount of light reflected by the disc is detected in
synchronisation with the regular point of time, whereby each volume of the opticai disc can

25 be discriminated on the basis of the presence or absence of an irregular pit.

10. A checking device for checking an optical disc according to any one of claims 1 to 6,
wherein the judgement means comprises a third detection unit for reading data recorded at
each of predetermined addresses in data block recorded on the optical disc and judging that
30 an irregular pit is detected in the disc, if it is judged more than a predetermined number of
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acco ing to
t he vvobbl I ng signal. An information recording device
conpri si ng: a Iaser | i ght source; 5
conver si ong AEARS
si gnal : tg%cl&ﬂg\éﬁ[)f %}#l né;ﬁ%ggg& tsgp?l is de%&:&gﬁnl M&h :Rﬂ)n
nodul at i onwitna regalar pbingéfitinesddtéradneddracoording tbahﬂrrebmg&l at the read addii&w(ﬁﬂhat

di to the npdul ation signal to thereb
aceording va%atlonmshcmg level corres;?ondmg tothes eg'yof the waveform of the RF signal with

respect to the slicing level thereof is detected in synchronisation with the regular point of time,

5 or that variation in amount of light reflected by the disc is detected in synchronisation with the

regular point of time, and if it is judged more than a predetermined number of times that a

tracking error signal changing like a burst signal is not detected in synchronisation with a

regular point of time determined according to data recorded at the read address, or that

variation in slicing level corresponding to the symmetry of the waveform of the RF signal with

10 respect to the slicing level thereof is not detected in synchronisation with the regular point of

time, or that variation in amount of light reflected by the disc is not detected in synchronisation
with the regular point of time.

11. A checking device for checking an optical disc according to any one of claims 1 to 6,
15 wherein the judgement means comprises a storage unit for storing a predetermined address of
data block stored in the optical disc, which block is used for determining a kind of the optical
"~ disc from a result of judging whether or not an irregular pit is detected among information pits
formed on the disc, and a third detection unit for reading the data block recorded at the -
predetermined address when setting the optical disc and for judging whether or not au irregular
20 pit is detected in the disc, by determining whether or not a tracking error signal changing like
a burst s-ignal is detected in the data block, or determining whether or not variation in slicing
level of the RF signal is detected in the data block, or determining whether or not variation in
the level or an amount—of-reflected-light signal is detected in the data block, whereby each
volume of the optical disc can be discriminated on the basis of the presence or absence of an

25 irregular pit.

12. A checking device for checking an optical disc according to any one of claims 1 to 6,
wherein the judgement means comprises a storage unit for storing a predetermined address,
at which a table of addresses of data block is stored in the optical disc, the data block being
30 used for determining a kind of the optical disc from the result of judging whether or not an

-y
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10 convert the laser light into recording |aser |ight;

an objective tens—for Trradiating an opti cal disc with the

oot s DTN o ="t v ot rppnpamorosrt o

_ h each data b
represented by the nodul atlon Si gnal and duty factor
changi ng nmeans for changing the duty factor of the nodul ation

signal ac Cﬁ{egblgg?ﬁ £ dte{lgted among Cx)nfogrﬁst?on;ﬂn%%hncd 6f) the disc, and a%ﬁir 1 detectid ﬁit

informati o di'ng device ser

source;  forreading the table at the feﬁmﬁﬁdm the bexteeadhig thealach lﬂbéleétoﬂaﬂta't the
into a nodul ation signal; modul atj on nmeans for perform

an i nt ensi address listed in ﬂ!ﬁd@b’&twm msa@e opticgiiscand fos qudgirgihpiber gE aet an
1 ght irregular pif 1§ defected i S 09 ¢, bY AeliRAiiAl Whdnet 8P Abt 4 abBGE ERor signal

5 changing like a burst signal is detected in the data block, or determining whether or not
variation in slicing level of the RF signal is detected in the data block, or determining whether
or not variation in level of an amount—of-reflected-light signal is detected in the data block,
whereby each volume of the optical disc can be discriminated on the basis of the presence or

. absence of an irregular pit.

10
13. A recording device for recording data on an optical disc having a number of spiral
trains of regular pits and at least one train of irregular pits, the regular pits of each of the trains
being arranged symmetrically with respect to the track centre, each of the irregular pits having
a predetermined shape different from a shape of each of the regular pits, the irregular pits
15 being arran}ed intermittently on a predetermined arca correspondingly to data blocks
represented by a modulation signal recorded as the trains of the regular pits, the recording
device comprising:
laser light source means for generating and outputting laser light;
signal conversion means for conirerting digital data into a modulation signal;
20 laser-light modulation means for performing an intensity modulation on laser light
outputted from the laser light source means according to the modulation signal;
gate signal generating means for generating a gate signal in synchronisation with each
data block represented by the modulation signal;
laser light changing means for changing laser light correspondingly to the train of the
25 imregular pits in synchronisation with the gate signal; and
laser light irradiating means for irradiating laser light, which is modulated and changed
by the laser light modulation means and the laser light changing means, respectively, onto the

optical disc to form a train of pits.

ng
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:86- - convéert the laser light into recording laser Iight;
an obj ective—tensfor irradiating an opti cal _ disc with the

reford: ng | as “““m‘mﬂm“ﬂ“ fior n}[ ng I trains of pits on the (i
g 1 R ey Rchr oni Sathgn W A B =g PRl BiryIfagyal | N0
r epr esent ed by the nodul ati on signal; and wi dt h changi ng

nmeans for changi ng the width in the radial direction of the train
(r)-]:acz):]gi ﬁlgt aew ce acco ?lﬁgq%%ﬁﬁg de‘Ee P%ﬁgﬁh&nal 21 to 24 fzgr use f\n
produci ng an optailaser lightsounce;
conversion means for converting digital data into a modulation signal;
modulation means for performing an intensity modulation on laser light emitted from
5 the laser light source according to the modulatibn signal to thereby convert the laser light into
recording laser light;
an objective lens for irradiating an optical disc with the recording laser light and for
forming trains of pits on the optical disc; '
gate signal generating means for generating a gate signal in synchronisation with each
10 data block represented by the modulation signal; and
irre gular;pits generating means for generatiﬁg a train of irregular pits in
synchronisation with the gate signal.

15. An information recording device comprising:
15 a laser light source;
conversion means for converting digital data into a modulation signal;
modulation means for performing an intensity modulation on laser light emitted from
the laser hght source according to the modulation signal to thereby convert the laser light into
recording iaser light; .
26 ‘an objectivé lens for irradiating an optical disc with the recording laser light and for
forming trains of pits on the optical disc;
gate signal generating means for generating a gate signal in synchronisation with each
data block represented by the modulation signal;
wobbling-signal generating means for generating a wobbling signal in synchronisation
25 with the gate signal; and .
shifting means for shifting a laser spot of the recording laser light, which spot is formed
oﬁ the optical disc, in the radial direction thereof according to the wobbling signal.
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16.  Aninformation fecording device comprising:

a laser light source;

conversion means for converting digital data into a modulation signal;

modulation means for performing an intensity modulation on laser light emitted from
the laser light source according to the modulation signal to thereby convert the laser light into
recording laser light; _ |

an objective lens for irradiating an optical disc with the recording laser light and for

. forming trains of pits on the optical disc;

gate signal generating means for generating a gate signal in synchronisation with each
data block represented by the modulation signal; and
duty-factor changing means for changing the duty factor of the modulation signal

according to the gate signal.

17.  An information recording device comprising:

‘a laser light source;

conversion means for converting digital data into a modulation signal;

modulation means for performing an intensity modulation on laser light emitted from
the laser light source éccording to the modulation signal to thereby convert the laser light into
recording laser light; '

an objective lens for irradiating an optical disc with the recording laser light and for
forming trains of pits on the optical disc;

gate signal generating means for generating a gate signal in synchronisation with each
data block represented by the modulation signal; and

width changing means for changing the width in the radial direction of the train of the
pits according to the gate signal. '

18. - Arecording device according to any of claims 13 to 16 for use in producing an optical

disc as claimed in any of claims 1 to 6.
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19. A checking device for checking an optical disc acoordihg_to any preceding claim, the

*
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checking device comprising:
a) reproducing means for reading an area on which the train of the irregular pits
is arranged;
~ b) judgement means for detecting from the result of a reading whether or not a
train of irregular pits is present, and for judging from the result of a detection whether a
checked optical disc is a normal disc or an illegal copy disc; '
wherein the reproducing means has a decoding unit for reading a data block from an
information recording portion of the optical disc and decoding the data block,
wherein the judgement means comprises:
bl)  afirst detection unit for detecting whether a servo signal or a data signal
is normal or abnormal, -
b2)  asecond detection unit for detecting whether or not output signals of the
decoding unit and the first detection unit are related to each other at a predetermined regular
point of time, and
b3)  ajudgement unit for judging from a detection signal outputted from the
second detection unit whether or not an irregular pit preliminarily recorded on the disc is
detected, wherein it can be determined for each volume of the optical disc to be checked
whether the optical disc has only regular pits or whether th. optical disc has had an irregular
pit preliminarily recorded thereon, |
c) a tracking error signal detection unit for detecting a tracking error signal;
d)  athird detection unit for detecting whether the signal level of the tracking error
signal is nearly constant or changes like that of a burst signal; and
e) a control unit for judging from the tracking error signal whether or not an
irregular pit is detected in the read optical disc and for controlling a reading operation to be
effected after the judgement is made, -whereby' each volume of the optical disc can be
discriminated on the basis of the presence or absence of an irregular pit;
wherein the judgement means further comprises:
b4) a fourth detection unit for reading data recorded at each of
predetermined addresses in data block recorded on the optical disc and judging that an
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irregular pit is detected in the disc if it is judged more than a predetermined number of times
that a tracking error signal changing like a burst sigﬁal is detected in synchronisation with a
regular point of time determined according to data recorded at the read address, or if it is
judged more than a ﬁredetermined number of times that a tracking error signal changing like
a burst signal is not detected in synchronisation with a regular point of time determined
according to data recorded at the read address.

20. A checking device for checking an optical disc according to any preceding claims, the
checking device comprising: '

a) reproducing means for reading an area on which the train of the irregular pits
is arranged;

b) judgement means for detecting from the result of a reading whether or not a
train of irregular pits is prcsenf, and for judging from the result of a detection whether a
checked optical disc is a normal disc or an illegal copy disc;

wherein the reproducing means has a decoding unit for reading a data block from an
information recording portion of the optical disc and decoding the data block,

wherein the judgement means comprises:

bl) afirst detection unit for detecting whether a servo signal or a data signal

is normal or abnormal, .

) b2)  asecond detection unit for detecting whether or not output signals of the
decoding unit and the first detection unit are related to each other at a predetermined regular
point of time, |

b3)  ajudgement unit for judging from a detection signal outputted from the
second detection unit whether or not an irregular pit preliminarily recorded on the disc is
detected, whether it can be determined for each volume of the optical disc to be checked
whether the optical disc has only regular pits or whether the optical disc has had an megular
pit preliminarily recorded thereon,
. b4) an'amount-of-reﬂected—light signal generating unit for irradiating an
information recording portion of the optical disc with laser light and outputting an amount-of-
reflected-light signal representing an amount of light reflected by the optical disc,
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b5) a companson unit for determining whether or not change in the amount-
of-reflected-light signal is within a reference range,

b6)  an expansion unit for expanding an oufput signal of the comparison unit,

b7)  ajudgement unit for judging from an output signal of the expansion unit
whether or not an irregular pit is detected in the read optical disc, whereby each volume of the
optical disc can be discriminated on the basis of the presence or absence of an irregular pit,

b8)  a third detection unit for reading data recorded at each of predetermined
addresses in data block recorded on the optical disc and judging that an irregular pit is detected
in the disc if it is judged more than a predetermined number of times that variation in slicing
level corresponding to the symmetry of the waveform of the RF signal with respect to the
slicing level thereof is detected in synchronisation with a regular point of time, or if it is
judged more than a predetermined number of times that variation in slicing level
corresponding to the symmetry of the waveform of the RF signal with respect to the slicing
level thereof is not detected in synchronisation with the regular point of time.
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