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| nprovenents in and relating to optically readabl e discs and disc recording
apparatus. The invention relates to disc recording apparatus for recording
digital data on an optically readable disc. The invention further relates
to optically readabl e discs on which such digital data have been recorded,
and pl ayback apparatus for such discs. A systemusing an optically readable
digital audio di swose®Brred to.as a conpact disc) is a di scPCHBY®MENhI ch
can reproduce high quality stereophonic nusiical sounds. Such systemis
known fromthe International Standard | EC 908: "Conpact Disc Digital Audio
Systent'. Digitallmpevementsdin angsrelating-fo opticalbswadable dises apd dishreeqrdingapparats.spl ay
data, 10 program software, conputer data, inmages, etc. other than

st er eophoni ¢ nusi cal sounds can be stored on and reproduced by such a disc
system wi.t hout markedly nodifying the arrangenent of the player for such

di sc. A playback apparatus for reproducing visual information such as
charts and statistics using graphics, pictorial illustration using stil

pi ctures, and a video game apparatus by adding a display unit, have been
realized thereby 15 provi difgjingentignorelaies,ioglisc a¢conding apparatus foroneesding digitabdata

system The dat gn/iRFpfically feadble disc.Ofhe ifVentiol RlrfB reR@ERplically fadabf dREOM 640
Moyt es, and therefore, a conpact disc has a ver)‘ | arge advant age as

conmpared with t Hehighesteh disitaldata-have besn recorded, and;piayoaqk appamatys fof such disss,c, op

systens are known as the CD-ROM system and are known anongst others form
the ECVA standard - 130 and 168 respectively: "Data |Interchange on Read
Only 120mm Opfical Data 20 Disks (CD-ROM" and "Volunme and File Structure
of Read only and Wite OnceAGysigmusingBnaptiqelyiteadable digital faudierdiss Geferrddpanae”

respectively. A «dmpatbaisds if dilc\gsiHp Whiek banlregrSdbeibiCquliiey Gferebphohil usiédn €y can

be copi ed easi Iy Al though thefe I g a copy protect bl t-ugsd.Ln each oroup

Digital Audio System". Digital data such as data representative of characters, display data,

10 program software, computer data, images, etc. other than stereophonic musical sounds can
be stored on and reproduced by such a disc system without markedly modifying the
arrangement of the player for such disc. A playback apparatus for reproducing visual
information such as charts and statistics using graphics, pictorial illustration using stili
pictures, and a video game apparatus by adding a display unit, have been realized thereby

15 providing a wide range of use for a compact disc system. The data memory capacity of the
current compact disc is about 640 Mbytes, and therefore, a compact disc has a very large
advantage as compared with the memory capacity of a standard flexible disc. Such CD
systems are known as the CD-ROM system and are known aniongst others form the ECMA
standard - 130 and 168 respectively: "Data Interchange on Read Only 120mm Optical Data

20 Disks (CD-ROM)" and "Volume and File Structure of Read only and Write Once Compact
Disc Media for Information Exchange" respectively.

A drawback of the optically readable discs is that they can be copied
easily. Although there is a copy protect bit used in each group of frames of a CD-Audio disc
in the subcode channel, still undesired copying is possible, because this bit has a fixed

25 repetitive position in the bitstream provided by the output of the decoder in a CD-player, and
thus can easily be "overruled”. Further, software programs for PC applications etc. are
distributed by use of CD-ROM discs in vast amounts. Here again it is highly desirable that -
copying can not be done without permission/authorization. Also a lot of other formats of
optically readabie discs are gaining commercial interest and thus anti-copy measures areg
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PCT/ | B97/ 0086 figRiylaegrably. desirable. It is an object of the invention to
provi de an optically readable disc, which 5 has an inproved protection
agai nst undesired or illegal copying by use of an optical disc recording
apparatus. It is a further object of the invention to provide an optically.

readabl e disc for any ty : &ypg‘; R@b ved
protection agai nst undesﬁ?g&ﬁgﬁ%ﬁﬁx&r:ﬁg@ﬁ? cop‘@l@r?a dllegggr{ﬂ{/&use of
CD-recor di iy hasparimproved prpiection agaiastamdesised\or liegg! copying "Wr‘i”c ofan pptildisc 10

It is anot herr&bddﬁghpﬁhnkhﬁndmwrloﬁﬂctbﬂmphﬁﬁmdﬁmhh%ﬁmﬁy&SdaBECOVd' ng
appar atus, whi.ch_has an rove & abi lhlé“&'é’aﬁﬂ‘ rev t u .deS| ted and or

i11egal copyi g 81”%% n pERnst odays anti
copy nechani snndes:ﬁdendoh:ﬁggatmpymg ofrssd:h wa;pbscuseof CDheaordlngappamﬂs, which erei S

Pr ovided an OM?LJaﬁable in the market.

10 It is another object of the invention to provide an optical disc recording
apparatus, which has an improved capability to prevent undesired and or illegal copying of
optically readable discs in addition to the todays anti copy mechanisms.

According to a first aspect of the invention there is provided an optically
readable disc comprising digital data being arranged in sectors corresponding to 2 unit of

15 organisation of the digital data and each sector being accessible via an address label stored
with said sector, characterized in that the address label has an address value increasing with
each successive sector except for at least one address label, which has a address value
different from the increasing address value. This has the advantage, that such address values
cannot be created using a standard optical recording apparatus.

.20 A preferred embodiment of the optically readable disc, wherein the digital
data comprises digital mainstream data and digital subcode data, is characterized in that the
address label having said different address value is stored in the digital subcode data. This is
advantageous in that the subcode data cannot be controlled directly on a recording apparatus.

A further embodiment of the optically readable disc is characterized in

25  that the address label having said different address value is stored with a sector containing
informationless data. This has the advantage, that no special reading device is needed for
readmg the sectors having the different address values.

A further embodiment of the optically readable disc is characterized in
that said different address value is a zero address value.

30 A further embodiment of the optically readable disc is characterized in
that a multiple of successive address labels have said different address value.

A further embodiment of the optically readable disc, wherein the sectors
are arranged in a program area starting with a pregap comprising sectors with
informationless data, is characterized in that at least one address label having said different
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readabl e di sc conprising digital data being arranged in sectors
corresponding to a unit of 15 organisation of the digital data and each
sector being accessible via an address | abel stored with said sector,
characterized in that the address | abel has an address val ue increasing

W th each successive sector except for at |east one address |abel, which
has a address value different fromthe increasing address value. This has

t he advant age, thWOM8M address val ues cannot be created usPeRfBYOGRSANdar d
optical recording apparatus. 20 3 A preferred enbodi nent of
the optically readable disc, wherein the digital data conprises digital

mai nst r eam dat a addressypiye.tisprrangedcindhe pgen, i s characterized in that the

address | abel having said difhiee Bpodfifhot Shedphitdfy reidabie Qs Cwieftil E sdblofl 2
e

subcode data. This is advantageous in that thée subcode data cannot .
control I'ed di r e 3rapgeddn p progragy 3ep RIpRsded by lead-insarea and sucreedadihy 4 lpadront asea. ishe

optical |y readalzhfactrized in3hat MleaCéne fatidrext! 1abél having daidaifferdhCaddetel vk id 4R8ged
havi ng sai d dj ff.egﬁnt addresg, V?"ﬁ}%gi s, stored with a sector containing

i nf or mat i onl e3s YHE LA Falor frdad g Puge that no special reading
devi ce is needed for readi ng fortther eatexiiment dfi sheiopticaliheaddble dise isrcharantiafizeisia

val ues. A furt hﬁﬁa{ E{}?‘Qp“'ﬂ%ﬁw&%ﬁ | Gl di Rk Wﬂiiéﬁﬁ%&&@""%"é"g\% le.

characterized i sal erent address value I's a zero
30 succeeding, arseqtqr $toring: papy-@ratesiable informationopt i cal |y readable disc is
characterized in that a nul Aif@ter GhboditeRes Hie \GpticaliFeREBle HBH Vn whith 1R digd
i sc. wher o 401 R SRR} wCupinh b iraicEng Py god s SEAEEL et i i
pregap conpri si mharstegizesin that attieastyine sertvr compiriss sit ldast ene errer effeatediby wipkhtbgdhe n
t hat at | east 0%&&%&3 Snol @RS abPMtd Yorsedish diel f €7 ent
According to a second aspect of the invention there is provided an optical

_ disc recording apparatus for recording digital data on an optically readable disc, the digital

15 data being arranged in sectors and each sector being addressable via an address label, which
address label has an address value increasing with each successive sector, characterized in
that the optical disc recording device comprises reading means for reading address labels,
detection means for detection of an address label, which has a address value different from
the increasing address value relative to the address value of the preceding address label, and

20 abortion means for aborting the recording of digital data upon detection of said address label,
which has said different address value.

According to a third aspect of the invention there is provided an optical
disc playback apparatus for retrieving digital data from an optically readable disc, the digital
data being arranged in sectors and each sector being addressable via an address label,

25 characterized in that the optical disc playback device comprises verification means for
verifying an address label, which has an address value different from the address value
increasing relative to the address value of the preceding address label, and abortion means
for aborting the playback of digital data in dependence upon the verification.

The invention will be illustrated, by way of an example, with reference to
the drawings, in which

Figures 1 and 2 are schematic diagrams which are used to describe the
data arrangements of the recorded data of a compact disc to which this invention is applied;
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PCT/ 1 B97/ 00867 3 address value, is arranged in the pregap. A further

enbodi ment of the optically readabl e disc, wherein the sectors are arranged
in a program area preceded by | ead-in area -and succeeded by a | ead-out

area, is characterized in that at |east one address |abel having said
different address value is arranged 5 in the |ead-in area and/or the

| ead- out area. Avdemnssher enbodi nent of the optically readalrcemirmesri s
characterized in that at |east one address,|abel which has said different
address value is arranged preceding or succeeding a sector storing

copy- pr ot ect abl e | nf or mat ipggure Fisfalitiie dERATHORIE tefaranpemen of 6rl bioék of
readabl e di sc, i ch he d| |taI g‘?ta i s stored according to
pr edet er ni ned H‘Bﬂlﬂ {haH ?W% $BYf"M®W es, is characterized in

that at | east one sector migw4se$lakdiamtofmamtmouuaixmiﬂdhisy viol ating
t he predeterm ped .nodul ati on and error correction rules. According to a
second aspect BYe¥RL i hvention there is provi ded an optical disc recording
apparatus fdr recording diFigures isdechemayr diagraghshowiak layword-ferymas iobsegilsdata t he
digital 15 daﬁﬁd&amgh@gﬁﬁag@d in sectors and each sector being

addressabl e via an address_| ab h addr ess | ss val ue
i ncreasing with each succe@%’i"?/éﬂg’ﬂéf gf’ﬁ@?‘eﬂf%fgﬂ' %laﬁg?'ﬁg% B Rcal
di sc recordi ngfuletonoLtimgnpri ses readi ng means for read| ng address | abel s,
detection neans for detect !IQIP , ﬁgg{ ess

val ue different fromthe |Ptn e‘géhloﬁg "Zag'ghg Varue d}a ative tgoﬁg addr ess
val ue of thtd pm@emmmw QOMIOfCHrRPMGm assofungtion of tisamis apegrdangsayithi ng
the recording gk islegtichd! data upon detection of said address |abel,

Figure 8 shows a schematic diagram of the layout of the sector
organisation of a another optical disc; and
Figure 9 shows schematically an optical disc recording apparatus in
15 accordance with the invention.

Figure 1 shows the data stream recorded on a compact disc. One frame Fr
consists of 588 bits of recorded data, and each frame has at its head a frame sync pulse FS

20 of a specific bit pattern. The frame sync pulse FS is followed by a 3-bit DC-restriction word
RB. Thereafter, the Oth - 32nd data words DB each having 14 bits and the 3-bit

. DC-restriction words RB are further recorded alternately. The Oth words among these data
words DB are subcode data (or so-called user bytes) of a subcode signal which is used to
control the playback of a disc and to display the relating information or the like. In the audio

25 disc format, the 1st to 12th and 17th to 28th data words DB are assigned for audio data in
the main channel. The remaining 13th to 16th and 29th to 32nd data words DB are assigned
for parity data of the error correction code in the main channel. Each of the data words DB
consists of 14 bits into which 8-bit data has been converted by a 8 to 14 conversion upon
recording.

30 Figure 2 shows the state of data in one group of the frames (98 frames),
with the 98 frames arranged sequentially in parallel. In Figure 2, each of the data words D3
is represented by 8 bits and the DC-restriction words RB are excluded. The subcode signal
data P 1o W in the Oth and 1st frames form the sync patterns which are predetermined bit
patterns. For the Q channel, the CRC codes for error detection are inserted in the latter 16
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whi ch has said different address value. According to a third aspect of the
I nvention there is provided an optical disc playback apparatus for
retrieving digital data froman optically readable disc, the digital data
bei ng arranged in sectors and each sector being addressable via an address
| abel , 25 <characterized in that the optical disc playback device conprises
verification nmeans for verifying an address | abel, which has an address

val ue different fWOMPMB address val ue increasing rel ative tECTHIBYOORSUr eSS
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Flgure 4 is a’bi B wiiay BRkDpf 28 pkdba il e REEGHSIBRL 10 phoshi b M by o,

5 back thEispeoified @usicprograre by detecting ahd sounting thissighaidn the Boohahnglo Theat

of serial data @ channel enables more complicated control of this type. For example, when the Q-channel

information is stored in a microcomputer in the disc playback apparatus, it is possible to shift

quickly from one music program to another during the playback of a music program; thus,

10 respective ones of the recorded music programs may be selected at random. The other R

through W channels can be used to indicate an

author or composer, an explanation, poetry, or the like for the music programs recorded on

the disc. :

' - Among the 98 bits in the Q channel, the first two bits are used for a sync
15 pattern; the next four bits for control bits; then the next four bits for address bits; the

following 72 bits for data bits; and at last a CRC code for error detection is added. A track
number code TNR and an index code X are included in 72 bits representative of the data
bits. The track number code TNR can be varied from 00 to 99, and the index code X can be
likewise changed from 00 to 99,

.20 Furthermore, the data in the Q channel contains a time indication code
representative of the time durations of music programs and pauses, and a time indication
code indicative of an absolute time duration that continuously changes from the beginning to
the end on the most outer rim side in the program area of the compact disc. These time
indications codes comprise the codes indicating minute, second and frame which each consist

25 of two digits. One second is divided into 75 frames. In order to access digital data from the
compact disc on a shorter unit basis than a music unit, the time indication code with respect
to the above-mentioned absolute time duration is used in this embodiment of the present
invention. *

Figure 3 illustrates an arrangement of digital signals other than

30 stereophonic musical signals from the compact disc in an embodiment of the present
invention. As described above, the subcode signal for a compact disc is organised in units of
98 frames, In this embodiment of Figure 3, one block of the main data is constituted by the
length of 98 frames corresponding to the same group of the Oth to 97th frames. In the audio
disc format, one frame includes the digital audio data consisting of 12 words each of 16 bits,
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produced in this apparatus; Figure 6 shows a schematic di agram of the

| ayout of a CD-ROM disc as a function of tinme; Figure 7 shows in a matrix a
schematic diagrama table of addresses, 10 sector nunbers, tracks and
content of CD-ROM disc as a function of time in accordance with the

I nvention; Figure 8 shows a schematic diagram of the | ayout of the sector
organi sati on of a another optical disc; and Figure 9 shows schematically an
optical disc reaayskiosgs apparatus in 15 accordance wi th the pcivessmnéossn.
Figure 1 shows the data streamrecorded onga conpact disc. One frame Fr
consists of 588 bits of recorded data, and each frame has at its head a
frame sync pul and sb-24-B@te digital anainpdatai can be inserted it dne frame. ReferringatorFigesersc omul se FS

5 ol | owed by ol 1oRaf GAdrIoht kfifle 801 1 o 19 RALAS ot Lk W 21

data words DB each having 14 bits ¢ ) restriction words RB are
further recor dieRshanaelthareof,and pach fame consisiy of Eixsieh ¥Wfese data words DB are

subcode data (or so-cal | edn i @mblithéisof Mfurd3 SiieH Sy iviisddald ook et rsed 1 0
control the playback of di sc_ apd. t i splay the relating information or
Cho 11 ke, |1 7t AEY Soth G ik o e P 5 e i e ertn B i
data words DB firse32chits iagrhthel néxp 82 bitschrezetka tThe sync binein eahrheagod theakspectinefirst

remai ni ng 13t h : ﬁmg Srambard s . GHE

parity data Oﬁ%ﬁg%@?@g&ﬂ&%{k{%@h ol e.(ll%r?&t%ge)&ﬁal_n gﬁéﬁ?fg‘?@e&%c‘ﬁ"%ﬁ&t he
data words DB ineaehi hsadsofdhe respegsive dirst A2 bitsvin thetfragesbearingadd nimberiase anee Fheser t ed
by a 8 to 14 cgRygifsensbile e Aélectibir OF the hidd lo8&lion of the block on a 98-frame unit BhkisS 2 Shows

the state of, data in one g oup O eroged and blbck dondsts of LIF bykes x 98 = 2352 bytes).
The data of 2 Kbytes (2048 bytes) is inserted in one block, and 304 bytes (2432 bits) remain.
(6 x 98 = 588 bits) are used as sync bits. A 7-bit mode signal and a 24-bit address signal are
inserted in the first 32 bits in the Oth frame, so that 1813
bits still remain in one block. These 1813 bits can be assigned to redundant bits when the
15. error correction coding processing is performed for the data of one block.

The mode signal serves to specify the kind of data in that block. For
example, the mode signal is used to discriminate character data, still picture data and
program code. The address signal serves to specify the data in the block. Furthermore, the
reason why the sync bits of the frame bearing even numbers are set to zero is that the

20 present embodiment of the invention takes account of an arrangement of data block on a
two-frame unit basis. For the block having a size of two frames, 2 mode signal and an
address signal are added to each block. In the case of the block having a length of 98 frames
as in the Figure 3 embodiment of this invention, the codes for indicating the P data and the
absolute time durations of the Q data in the subcode signals in the same

25 block are identical.

The digital signals in the block format shown in Figure 3 can be recorded
on a compact disc in the same manner as an audio compact disc. That is, a digital signal to
be recorded is supplied to a digital input terminal of a digital audio processor and this digital
signal is converted into a video signal format, thereby recording it using a VIR system of

30 the rotary head type. In this case, TOC (table of contents) data to generate a subcode signal
is preliminarily recorded in the audio track in the starting edge section on a magnetic tape on
which this digital signal will be recorded. Next, the TOC data reproduced from this magnetic
tape is supplied to a subcoding generator, and the reproduced digital signal is supplied to an
encoder, and the subcode signal is further supplied to this encoder, then a laser beam is -

Printed from Mimosa 03/02/1999 13:23:54 page -8-



with the 98 franes arranged sequentially in parallel. In Figure 2, each of
the data words D3 is represented by 8 bits and the DC-restriction words RB
are excluded. The subcode signal data Pto Win the Oth and 1st franes form
the sync patterns which are predeternmned bit patterns. For the Q channel,
the CRC codes for error detection are inserted in the latter 16 WO
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frames anong the 9@9%838Tes. The P-channel signal is a flag tRCWIBYeE? e a
nusi ¢ program and a pause. Wth nusic recortled in audio disc format, this
signal in the P-channel has a | ower |evel throughout the duration of a

musi ¢ program ameduated optibe basis péan eutpuboighrtncoder & @Mtdﬁbﬁ Tefde By meang o this and

has pul ses of 2yidduiR& laeefbéath. t he | ead- out sect i on. i's possible to sel ect
and play back the specified, musi r.ogr detectln and counting this
signal in the P channel . TH &P ﬁdﬁﬁ‘ﬂ?& g a fligital s ‘é%’r‘m‘"?ﬁaﬁm%lf?"ol of

this type. For W@WMM@Q@MW&M«M@&MIWEWWM n a

U ekl y 1 om ndfipes ok SYRF Sk BRRRRAA real bmt o AIREUE o Bt byptm,
program thus, 10 respect|R}@mﬁdeatplﬂmckmld%mampm@gh!amemy Ihe
sel ected at ran%ﬂ?&eﬁc@ﬁﬁm&%ﬂl%ﬁﬁﬂ*&% RhSwitdih digial/sigia dfme Ndi cat e

an aut hor or conposer, .an_ex Ianatlon ry, or the |ike for the nusic
programs recor dadpveHeserihed ”%d"ﬂff'é"‘?ﬁp%@“d BiioAebY 2 ¢ he
first two bits a;ﬁﬁﬁwﬁadriCﬂidﬁsﬁsetlthespmdlemotorZlscontrolledbyaspindleservocircuit3so

10 that the compact disc I rotates at a constant linear velocity.

Reference numeral 4 indicates an optical head, which has a laser source
for generating a laser beam for pickup, a beam splitter, an optical system such as an
objective iens or the like, and a photoreceptive device for receiving the reflected laser beam
from the compact disc 1, etc. The optical head 4 can be moved in the radial direction of the

15 compact disc 1 by the thread feed motor 5. The thread feed motor 5 is driven by a thread
drive circuit 6. The optical head 4 can be deflected both in the direction perpendicular to the
signal surface of the compact disc 1 and in the direction parallel thereto, and it is controlied
so that the focusing and tracking of the laser beam upon playback are always properly
performed. For this purpose, a focusing and tracking servo circuit 7 is provided.

20 A reproduction signal from the optical head 4 is supplied to an RF
amplifier 8. The optical head 4 is provided with a focus error detecting section consisting of
a combination of, for example, cylindrical lens and 4-dividing detector, and a tracking error
detecting section using three laser spots. This servo error signal is supplied to a focusing and
tracking servo circuit 7. An output signal of the RF amplifier 8 is supplied to a digital

25 demodulator 9 and a bit clock reproduction circuit 10. The digital signa! recorded on the
compact disc 1 has been EFM modulated. The EFM modulation is a method of
block-converting 8-bit data into a preferable 14-bit (i.e. 14 bits such as to provide a long
minimum inverting time period of the modulated signal and reduce it's low-frequency
component) pattern. The digital demodulator 9 is constituted in such a manner as to carry out

30 the demodulation of EFM. The bit clock fetched by a bit clock reproduction circuit 10 is
supplied to the digital demodulator 9 and the spindle servo circuit 3.

The subcode signal is separated by the digital demodulator 9 and this
separated subcode signal is supplied to a system controller 11. The system controller 11 is
equipped with a CPU, and the rotating operation of the compact disc 1, the thread feeding
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15 pattern; the next four bits for control bits; then the next four bits
for address bits; the following 72 bits for data bits; and at |ast a CRC
code for error detection is added. A track nunber code TNR and an i ndex
code X are included in 72 bits representative of the data bits. The track
nunber code TNR can be varied fromOO to 99, and the index code X can be

| i kewi se changed fromO00 to 99. 20 Furthernore, the data
in the Q channelwoagiesms Nns a tinme indication code represent acramerongé7t he tine
durations of nusic prograns and pauses, agd a tine indication code

i ndicative of an absolute time duration that continuously changes fromthe
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disc on a shorsitgm fidil the Qtiphdt dis@&ﬂsn? #hiél SubSodb Sighal istcBrlied'By the hs@! doftfblieode
Wi th respec ? t he above-nenti oned absolute tinme duration is used in this
f i

enbodi nment e present invention. Figure 3 illustrates an arrangenent of
digital si gnal S ot her t héaThe3fhin digiaal datqpdutpot fromtiei digithl d;'mgdlﬂtqr % is supplidde

conpact disc |n a qxgg above,
t he subcode si gn§P W%ﬁ%&gt gﬂglcﬁlréﬁgﬁ&é&r{l se Jl”ﬁabcﬁl ts ??’@g&?&a

I'n this enbodiwithmespest tortheyeliminagion @fﬂ@ﬂﬂ%ef(‘haﬂmﬁmm%cm@“l%d EWMst i t ut ed
by the |ength; ﬁ&?& oﬁmra&eeeﬁtb?mmwmertmemm 48 @Hbr freciib® cifthuld t O

o oSl i i B el B B B 1SS e T 2wt
playback of a compact disc on which only audio data has been recorded, D/A converters
would be connected to these terminals 15L and 15R, respectively. In the case of Figure 4, no
D/A converter is provided to fetch the digital data from the outputs, and the reproduced
digital data is supplied to a data converter 16. The reproduced subcode signal is also supplied

15 . ‘to this data converter 16, and the reproduced data is converted into the form of a serial
signal.

This serial signal is supplied to the interface 17, and the data for the
system controller 11 is supplied from a microcomputer system 18 through the interface 17 to
the controller 11. The microcomputer system 18 specifies a readout address and applies

20 control signals such as start signals in addition to this readout address to the interface 17 and
system controller 11. A list of a plurality of record areas has been recorded in the lead-in
track in the most inner rim section on the compact disc 1 using the subcode signal as
addresses. This list is reproduced in the initial state to start the readout of the compact disc 1
and is read by the microcomputer system 18,

25 Figure 5 shows an example of the word format of the serial signal output
from the data converter 16. For this serial signal, one word consists of 32 bits; the first four
bits are for preamble; next four bits for auxiliary bits of the audio data; and next 20 bits for
digital audio sample. In the case where the digital audio sample consists of 16 bits, 16 bits
from the least significant bit (LS8) are inserted. Four bits are added after the digital audio

30 sample. Among these four bits, the first bit indicated by V is a flag to show whether the
digital audio sample of that word is effective or not; bit U is each bit of the subcode signal;
bit C is a bit to identify the channel; and bit P is a parity bit. This bit U of the subcode
signal is inserted into each word format one bit by one and these inserted bits are
sequentially transmitted.
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6 and so 24-byte digital main data can be inserted in one frane. Referring
to Figure 3, one row contains total 32 bits of one sanple in the L channel
of the audio data and one sanple in the R channel thereof, and each frane
consi sts of six such rows. In the enbodinent of Figure 3, a one-bit sync
bit is added to the head of 5 each 32-bit row of the block. In the Oth
frame Fo the syncMO%®¥%: the respective heads of the first BEVIBPYE863nd t he
next 32 bits are zero. The sync bits in eac® head of the respective first
32 bits in the franes bearin%@even nunb rs except the Oth franme are zero,

while the sync bits in eacHnRB:emRpdimentp r"ﬁ’sPﬁ@E‘\‘F‘\)’é‘“‘P!"r’s’F"‘déﬂs%‘F'i%‘?h t he
frames bearing gﬂdewmimewmmmemi&be he yitfochinjnsteraystir £8. THiS adlRése &std on Of

the head | t f ] ock

The above. nont i GHEd B nplsaips a8 lepu S diron ' e Sy ity moplcg prongh 11
data of 2 !(byt emﬁmﬁwm)sym ctms'dletéu The system dohtondler 11godtrdOthe tydad s (2432
bi'ts) remain. sﬁﬁﬁa@'tﬁ ﬁaui%'u@ 91.4}' ol dieefpi. L%lts ile

signal and a 24 Blt addr ess Si g are |nsert Tirst

oth frame, so tWE@!@%“W%W'N ""P’B%qublﬁ‘ﬂeeﬂ'l'ﬁﬂl?%c‘kl“ *Héé%“l’l%i@“fﬂff’s can

be assigned to uRGspelREtonH e théWcalion speéeaerfeﬁsm@ﬁpmqapfeodwg
processing is perc orned, for the data of qne block. .The node si 8’&3@ serves
i

to specify the cfiqn dye fo,the acopss gpergiiop being qep finished if gn error, eguryrd gnal is
used to discri nrepakiaced subeadetsignal cied the e subicdde signdl i @t ckprtoducedh (Thp desirediblpakaisie .

The address wﬁdy teﬁ.gmsi,grd @%u.% %Pﬁ&ﬁ&& dfife ced Subddfe SinfVith Eé'&és{gﬁ{@f e,

t he reason e franme beari ng even nunmber s e set to
zero is that théd%s"’ﬁlbb%t‘g @WBW‘%W”HF‘M@“lWéP&WHFF‘t‘M’%@G%t of
an arrangenent ﬁfendﬁhﬁ;ghhoﬁhn@syn@slm frame unit basis. For the block

having a size of two fr A% 5h fig fig. gna)sc?nemat%q yout%?g C%OROM disc in accordance with the
p invention has been shown, Reference is made herewith to the ECMA-Standard 130 (CD-
15 ROM-Standard) Section IV: Recording, which is incorporated in here for purpose of
reference.

The information area IA on a disc comprises at least a lead-in area LI, a
program area PG and a lead-out area LO. The track number TNO, which is recorded in the
Q-channel of the subcode channel, has the value OO and AA respectively for the lead-in area

. 20 LI and the lead-out area LO respectively.

The program area PG has been divided in a plurality of tracks. In this
example the CD-ROM disc comprises CD-Audio tracks as well as CD-ROM data tracks. The
four tracks as shown have the successive track numbers, 01, 02, 03 and 04 and are an audio
track, a ROM track, a ROM track and an Audio track respectively. The index belonging to

25 track number TNO, each time has the value 00 during a pregap, which comprises
informationless data e.g. the value 00 (in Hexadecimal notation). The index has the value 01
during the groups of frames (sectors) comprising information such as audio or ROM DATA.

| In the subcode data time references have been recorded. A first time
reference TIME relates to the information in the track. Each time at the start of the

30 information in a track the time reference TIME starts at a value zero and increases linearly
with the successive groups of frames in a track. Further the time reference TIME starts at a
certain value at the start of a pregap and decreases linearly with the successive groups of
frames, which comprise informationless data (e.g. “digital silence"), and ends at the value
zero at the end of the pregap.
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address signal are added to each block. In the case of the block having a

| ength of 98 frames as in the Figure 3 enbodinent of this invention, the
codes for indicating the P data and the absolute tine durations of the Q
data in the subcode signals in the same 25 block are identical. The
digital signals in the block format shown in Figure 3 can be recorded on a
conpact disc in the same nanner as an audi o conpact disc. That is, a
digital signal twobsmsm@corded is supplied to a digital inpwcrimmsmisal of a
digital audio processor and this digital sgpgnal is converted into a video
signal format, thereby recording it using a VIR systemof 30 the rotary
head type. In this case, TEBh¢raasbsoluttimodeATHE bistbeentrecogied dr the Q charelbcode

signal is prel iofind3gbcbde &ﬁcﬁﬁgﬂﬂolﬁ@uhbﬁod@?%ﬁ}ith?ﬁl gngﬂl&er}?ﬂithg%&h@%f 9

section on a nagnetlc t%ﬁe on whi ch hi s glta
Next, 'the TOC PSRNy U thdherEqupg of fiases jnsthe progvamcageat RG. a
subcodi ng genemmﬁwmﬁhﬁrdmméﬁﬁﬂuﬁuﬂuewnlﬁuﬁwgad BtherdMiVe fach L 0 an

encoder, and_the i gn urther to this encoder, then a
| aser beam i % w &gﬁ 3‘7‘% coJes 0 not comply wx Le linear increasing values of ATIME,

PCT/ 1 B97/ 00867 eg. nadaihamcanrbetécerdbhsnsdmiedanmmkqmaadﬂesimEncoder. A

master disc is nade by ne her
nmet hod of recording a d|&2§ﬂ§¥gﬁﬁ‘ﬂpﬁ&l§$ta g?gmed for anpr e,

hard disc nemo dabsls thatshaye|begp reaorﬁwgnﬂ@msqe@n&&eww a 5
ni ni conputer, swdora;eddegmmtﬁmweww 186labisélutk ik cdde FEITME iR eI COdeET

of a cutti ngo thsanneq]correspondmg to the same sectors (groups of frames) as shown in figure 6. In
another embodiment of the invention certain ROM Sector Header Addresses have been set to
zero beyond pregap 2, TNO = 02; INDEX = 01. Again this is a violation of the linearly
increasing absolute time code ATIME and the ROM Sector Heading Addresses corresponding
therewith. _

15 In fig. 7 a table of sector addresses ADD, sector numbers SN, track
numbers TNQ, index numbers INDEX and content has been shown. The sector address
00:00:00 first occurring in the very first address of the Program Area PG (see Fig. 6). The
sector addresses ADD increases linearly during the 150 sector of the pregap. (from 00:00:00
to 00:00:74 for the first 75 sectors and from 00:01:00 to 00:01:74 for the second 75 sectors).

20 The first part of the CD-ROM track 1 comprises sectors, which may comprise information
start at sector SN=0 at address 00:02:00. In accordance with the invention sectors 27, 28
and 29 each have an address ADD equal to 00:00:00, which violates the linear increasing
sequence of addresses. The content of the sectors 27, 28, 29 are informationless. These
sectors 27, 28 and 29 have been preceded by sectors that do have information, e.g. sectors

25 16 and 17 contain the Primary Volume descriptor for this CD-ROM discs. The sectors SN =
18 to SN = 74 do not have information and are not referred to in the directory of the CD-
ROM. Sector SN = 75 and succeeding sectors up to 355.349 provide the CD-ROM user
data, which end at the postgap of sectors 355.350 to 355.499. The next sector is the start of
the lead-out area, which is shown by track number TNO = AA.

30 In fig. 8 another embodiment of a layout of an optically readable disc in
accordance with the invention has been shown. The disc shows an information area, a lead-in
area and a lead-out area. The lead-in area comprises several blocks, each comprising the
same number of sectors (e.g. a block comprises 16 sectors). A number of Start Blocks SB all
comprise informationless data. Reference code blocks RB may comprise information for-
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Figure 4 shows a pl ayback apparatus in accordance with this invention. In
Figure 4, reference nuneral 1 denotes a conpact disc on which a digital
signal of the above-described format has been spirally recorded. The
conpact disc 1 is rotated by a spindle notor 2. In this case, the spindle
notor 2 is controlled by a spindle servo circuit 3 so 10 that the conpact
disc | rotates at a constant |linear velocity. Reference nuneral 4 indicates
an optical head, WR%PMBas a | aser source for generating a | BSHEBYWYH f or

pi ckup, a beamsplitter, an optical system guch as an objective lens or the
i ke, and a photoreceptive device for receivin% the reflected | aser beam

fromthe conpact®™4f ion of the Start-Blocks SBointermegiate Blocks IR} 2839 (@Y comprishe r adi al
direction of t hanﬂ;ﬁmmnaam dh aGiexk plry of the Léab-1e Atka sévefll mtrarm&ks dBeret hr ead

feed nmotor 5 is r| e athread%g? C 6.. The t|c head4can
be deflected bot %g'h%” tL]‘Fea(i’sc disqmegu §'ﬁ?‘?‘8‘8

t he conpact di s@lmmmmmecmmamm@mme DatreArst DA addomnnses
control | ed sost h%ﬂﬁ&h@ﬂl&@ﬂéﬁhngec?ig(iluﬁ fikd t%kn%ﬁtﬁa&d?é?ﬁnbeém YBPEF the

pl ayback are al ways proper| X urpose, a focusing and
tracking servo dfddrinrea andiead with gddsessSN 7 n for the las sector °“h°l“9x°‘l‘é$?-o'ﬂl§

si ?nal | f L omdt Ze aﬂ&hﬂs&ahcé&ﬁgﬂﬁhedrly frork 0[iPh If&@adl:csecg&ttﬁﬁtbawlﬂ ExcBpt fot-a fIxheecmtrs

optical hea i,.S_provi rr et ec eclio nsi sting
of a conbinati of® 'g & %ﬁ“ Wﬁ'dﬁ‘i‘ W |SeEfpLs Wﬂ&ﬁ“’ﬁmlﬂl@f? R or
and a tracking élnvmad&bswuﬂgffssmtfmnﬂmmwertha e geerosfdres valldiAs aser vo

error signal jps r&uﬁm‘deﬁﬁdtc&rﬁnfg and tracking servo circuit 7. An
out put signal of the RF a i e 8|s sup Elledtoa gital 25

denodul ator 9 and a bit cl oBRM“@d‘FGG‘BE%’FQS’H 3t the seftar 31‘(!"”"?*1%""6’? Hiopld \violate tha, |
recorded on the lnerRechsing ﬁ@ueﬂoefbi%elaeﬁassﬁﬂhésmdwaﬁaﬁgidaﬂaﬁioﬁﬁMmmﬁ&ifﬁal on

14 bits such as 4 i B fodRas dr Fesbelt S feteposd PBIRrIET  od of the
modul at ed signal and r educeFlgt9 by ivayeffexamplecshows an embodiment of an information
15 recording device in accordance with the invention. The present embodiment is a recording
device by means of which information can be recorded on a record carrier 91, for example
an optical record carrier, which is rotated about an axis 92. The information recording device
comprises a customary read/write head 93, arranged opposite the rotating record carrier 91.
By means of a customary positioning system for example in the form of a2 motor 94 and a
20 spindle 95a, the read-write head 93 can be moved in a radial direction relative to the record
carrier 91 under control of a customary control unit 95, which comprises for example a
MiCToprocessor.
An information signal Vi to be recorded can be applied to a signal
processing circuit 97 via an input 96. The signal processing circuit 97 is of a customary type,
25 which converts the applied input signal into a recording signal Vop is applied to a driver
circuit 98 of a customary type, which converts the recording signal Vop into a drive signal
Vs for the read/write head 93 in such a way that an information pattern corresponding to the
recording signal Vop is recorded on the record carrier. For the purpose of reading the
recorded information patterns the read/write head 93 has an output for supplying a read
30 signal V1 which is representative of the information pattern being read. The read signal V1
is applied to a read circuit 99 for recovering the information presented by the read signal V1.
The driver circuit 98 is of an adjustable type, enabling one or more of the parameters with
which the quality of the recorded information pattern can be influenced to be adjusted. When
an optical read/write head is used by which an information pattern of optically detectable
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conponent) pattern. The digital denodulator 9 is constituted in such a
manner as to carry out 30 the denodul ation of EFM The bit clock fetched by
a bit clock reproduction circuit 10 is supplied to the digital denodul ator
9 and the spindle servo circuit 3. The subcode signal is separated by the
digital denodulator 9 and this separated subcode signal is supplied to a’
systemcontroller 11. The systemcontroller 11 is equi pped with a CPU, and

the rotating opgygdgiesyis Of the conpact disc 1, the thread fegsissgobsi Nt ed
fromMnosa 03/02/1999 13:23:54 page -9-, WO 98/ 03973

PCT/ 1 B97/ 00867 8 operation, the reading operatlon of the optical head 4, or
the |ike are CefidctsG fofifledBy thddfls SHaShdidliof G&im, Qiehﬁénsﬂ)il-oftm%lﬁtiﬂnbeﬁiﬁi&ﬁds are

oot bed |'at oRm ?%%ﬁ'r@f"%mt RSt e A R R b e "L | 0°
fromthe corrpaca‘ad/dmmdleéd isalmnemher pagnetoshptical mahmdwhmbrxenewelsednabseht field
St COnt S Wl i VPP KR 6 k36 i)
error correcii the ﬁsldrs&rmsth of Ahe SFM Pegaetici field ‘WYt‘H @@W‘ adjustment PAIRMEETN 3t | on
of variation offthdRforhitRn Bateshs iCfofryd wmrm@rw& pRIEL the pulde Width aiapBE &i i on ar e
carried out by, the controller RAM 1 rror correction circuit
10 14, so t hafmwtd%?"f‘%ﬂ pmﬁ“dét’%mibg ng g‘ﬂ%ﬂ?’rﬂ""tn Pmeph | and
15R I n the capsanéterpare\ohlydtw etamples ofhalatge dumbzr ofadjusineht m:;emauﬂuah agmt a has
been recorded, [Diehe CONE tefidetreference is made in particular to NL-A-9000150 (PHN 13.217), in
10 which the adjustment parameter is a reference value for the speed with which the effects are
formed at the adjusted reference value.
For determining the optimum setting of the driver circuit 98 the device
comprises an analysis circuit 910, which derives from the read signal an analysis signal Va
~ which is indicative of the quality of the information pattern being read. The optimum setting
15 can be determined in a calibration procedure by forming test information patters for different
settings of the driver circuit on the record carrier 91 and by selecting on the basis of the
analysis signal Va that setting for which the analysis signal indicates an optimum quality. In
principle, the information signal Vi may be employed for writing the test information pattern.
However, it is also possible to employ a test signal generator 911 for this purpose, which
20 may then be included, for example, in the signal processing circuit 97. The optimum setting
is determined under control of the control unit 915, which for this purpose is coupled to the
analysis circuit 910, to the driver circuit 98, and to the test signal generator 911, if present,
which control unit is loaded with a suitable program or comprises a suitable hardware
circuit. Preferably, the optimum setting is determined in a calibration procedure, which is
25 carried out after a record carrier has been inserted in the information recording device.
Further the information recording device has a digital input 96D for
receiving digital signals Di in accordance with international Standards or de-facto standards,
such as CD-Audio Signals, CD-ROM signals etc. This input 96D is connected directly to the
input of driver circuit 98, because the digital signals are alike to the digital recording signal
30 Vop generated by the processing circuit 97.
The digital input signal Di is further read by reading means 97A, which
‘read the address labels either from the digital main-stream data or from the subcode data and
provides the same to the detection means 97B. Upon detection by the detection means 97B of
an address label having a zero address value in succession of an address label having a non-
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woul d be connected to these termi nals 15L and 15R, respectively. In the
case of Figure 4, no D/A converter is provided to fetch the digital data
fromthe outputs, and the reproduced digital data is supplied to a data
converter 16. The reproduced subcode signal is also supplied 15 to this
data converter 16, and the reproduced data is converted into the formof a
serial signal. This serial signal is supplied to the interface 17, and the
data for the systWA%¥@PBrol ler 11 is supplied froma mni cr ocREIIBENEEY St em
18 through the interface 17 to the controll®r 11. The m croconmputer system

18 specifies a readout address and applies 20 control signals such as
start signals i mera@ddress yplue the detection means9iB trigger abostion mepns 7 whick ahoets 17 and

system control | Q&oé&g_oﬁdei@ﬁmqﬁmﬁsiﬁwml by tsdftinf3f the’ @FveF Eredit 98 PRonlpERkive
e e e e e et w30 ] bR o i B
the initial stahshghimﬂnmﬁiﬁﬂmnreadqut of the conmpact disc 1 and is read by
L et S TREL =)t S ik s et L e B AR ©
For this serial digitgrdata fropythe opsical dise pssdesqribedowithgBiguse #sBeforp thefusgr actuglly s giksnt S
e 5 B £ s betl i Sk bups e i pibicad i
2 S)r(rpl e consists M@@W‘é ,ﬂ“’i'@ ’Bﬁ%bﬂp'ﬂeﬁe"qué%s‘?ﬁ o FrBt PycuRfling ihe seetpref)
are inserted. Fovhichlttietaddressdabelis ebwaftb be différentOlif dietredding nedponss3hows @igrtoe,. the\"DNQ
i g1 tal audi 5 S BEEE fthedimds abdilh G ek, o i tolbnd oy PHUHRE, 7
t he subcode si gthgldiffepint address;value|is absenty Thel walee of pheraddressiiabelmay. alsorbg vesifiedP | s a
parity bit. Thi girish vjrédfing REans WpmOEHOToS teSiE thd SidfefiSiSiel, 36bhi28 ScRRE Anove” d
Format one bit B Hered T blbesiince Lo the verivation b playback of the digital daia & Abaried, 0
i.e. in the case that one or more of the different address values are absent. Illegal copies of
15 the optical disc may comprise some or all digital data of the sectors having the normal,
increasing address values. However the illegal copies will not have the sectors having
address labels with said different address values, as such 1abeis cannot be recorded using
standard recording equipement. The verification may be a build in verification procedure in
the playback apparatus, e.g. verifying some sectors with fixed addresses. Altematively the
. 20 adresses of sectors to be verified may be stored on the optical disc in a normally readable
sector. However in a preferred embodiment of the playback apparatus, the verification
procedure is part of the digital data stored on the optical disc and is loaded from the optical
disc in a programmable part of the playback apparatus when the optical disc is entered in the
apparatus. For an optical disc comprising computer software, e.g. a CD-ROM, the
25  verification procedure preferrably is an integral part of the computer software the user will
activate. :
In a further embodiment of the optically readable disc at least one sector is
provided with other errors instead of or in addition to said different address value. In a CD
the channel code EFM is used as decribed above with Figure 4. The errors may be effected
30 by modifying the EFM channel bit patterns into non permitted patterns of channel bits or by
violating other modulation or error correction rules. For example for EFM a minimum (d)
and maximum (k) number of channel bit periodes between each transition of logical value is
given, the so called d,k constraint. If the d,k constraint is violated, the EFM decoder
certainly will report errors. A reading device will produce an read error message when
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PCT/ 1 B97/ 00867 9 I n one enbodi nent of the present invention, a read
instruction to a predeterm ned address is first executed by the

m croconputer system 18. This address is a code itself for indicating an
absolute tinme duration in the Q channel and is supplied through an
interface 17 to the systemcontroller 11. The systemcontroller 11 controls
the thread 5 dv¥oesmsses rcuit 6 to nove the optical head 4 teorisswooercati on
near a desired pickup location while superyising the subcode signal
reproduced by the optical head 4. In this exanple, therefore, the
reproduction i feadih mds&mamﬁdg&mepmwﬂmmm&m ﬁa&ufekrmekﬁco?@afcﬁ to

prevent a mal functlon due ess erat.l on ng not finished if an
error occurred I dRa PF‘@W%&U%%‘?“%‘E@ ‘i°5'ﬁﬁ‘i'"ga Wgs t’"@"lﬁﬁé 188 gnal
i s not reproduseetdrs hiving dﬂystledtffetdnmddresssvame asdtawit] ibe difficulied desdct wlgclthethe

or by star i ng T tailf G UIESnE MR RS A Sl Tnd o ERnAAAL Y, O°°

signal and thefras @nmertedtna avill beyinfluencad by shecpambined affects pfghe slmmea;wetnut i c

| ayout of a CDROM dl SA mmaaﬁcaf@maramdslalfﬁammmﬁ
Reference is wth tq the ECMA-S andar 130 tandar d)
Section |V: Re ﬂ?y apparatys 15 not;able g read ??ﬁ“’fs aﬂ%?r

ref erence. Theandfdrﬂtersa&ommmpmg thé other errods, and mur@nexmmcaéndrea'steomlhgad- in

area LI, a prograoreay PRl el theefloSebsOumcl Wetohd kil TSk, TNO
10 However a standard recording apparatus cannot create the different address values or the
other errors, while in operaﬁon the absence thereof will be detected on the playback
apparatus. Modifying the standard recording device to create said different address values is
difficuit. Modifying the standard recording device even further to create the other errors is

even more difficult. Therefore in practical circumstances an operative copy cannot be made.
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Q channel of the subcode channel, has the value OO and AA respectively for
the [ead-in area 20 LI and the | ead-out area LO respectively. ummmnmliﬁmnmll
area PG has been divided in a plurality of tracks. In this ex

CD- ROM di sc conprises CD-Audio tracks as well as CD-ROM data tfacks. s
four tracks as shown have the successive track nunmbers, 01, 02, 03 and 04
and are an audio track, a ROMtrack, a ROMtrack and an Audi o track
respectively. TheWotd83®el onging to 25 track nunber TNO, eBEHIBPIG¥7 has
the value 00 during a pregap, which conpriggs informationless data e.g. the
value 00 (in Hexadecimal notation). The index has the value 01 during the
groups of frame&lédM8t ors) conprising information such as audi o or ROM
DATA. In the subcode data tinme references have been recorded. A first tine
reference TIME relates to the information in the track. Each tinme at the
start of -the 30 information in a track the tine reference TIME starts at a
val ue zero and increases linearly wth the successive groups of frames in a
track. Further the tine reference TIME starts at a certain value at the

start of ‘a pregap and decreases linearly with the successive groups of
frames, which cdénprise i nf kmepticaliyp readabledlisc zoriprisipg digitalgiata dking pirmgakin) , and

837‘3 2?t1 ggge \{g' Wﬂ«g&naﬁ:@% & Ofke %r%ahﬁsi%§%@digﬁl lakth Gl daEP L] SRR
PCT/ | B97/ 00867 weqs'met‘m?ean agdress flabe)| stored with,paid sectns, ohavagierized in thatdhe addressrlahell | n

the Q channel  hag an address value increasing with each successive sector except for at least one address
5 label, which has a address value different from the increasing address value.
2, An optically readable disc as claimed in claim 1, wherein the digital data
comprises digital mainstream data and digital subcode data, characterized in that the address
label having said different address value is stored in the digital subcode data.
3 An optically readable disc as claimed in claim 1 or 2, characterized in that

10 * the address label having said different address value is stored with a sector containing
informationiess data.

4. An optically readable disc as claimed in claim 1 or 2, characterized in that
said different address value is a zero address value.
5. An optically readable disc as claimed in claim 1, characterized in that a

15 multiple of successive address labels have said different address value.

6. An optically readable disc as claimed in claim 1, wherein the sectors are
arranged in a program area starting with a pregap comprising sectors with informationless
data, characterized in that at least one address label having said different address value is
arranged in the pregap.

20 7. An optically readable disc as ciaimed in claim 1, wherein the sectors are
arranged in a program area preceded by lead-in area and succeeded by a lead-out area,
characterized in at at least one address label having said different address value is arranged
in the lead-in area and/or the lead-out area.

8. An optically readable disc as claimed in claim 1, characterized in that at

25 least one address label which has said different address value is arranged preceding or
succeeding a sector storing copy-protectable information
9. An optically readable disc as claimed in claim 1, on which the digital data
is stored according to predetermined modulation and error correction rules, characterized in
that at least one sector comprises at least one error effected by violating the predetermined
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of the subcode data. This absolute tinme code ATIME has a zeg
begi nning of the program area PG and increases linearly wt M!Imr"jm 'IEEII"
frames in the programarea PG |In accordance with a first e

invention in the pregap | there have been 5 recorded absolute tine codes
that do not conply with the linear increasing values of ATIME, e.g. the

val ue zero can be recorded as indicated by zero sector address ZSAl. The
ROM data in thewddsm¥eM t racks (TNO = 02 or TNO = 03) are aecEmgidossz by
address | abel s that have been recorded ingg he main streamdata. These ROV
Sect or Header Addresses have the sane value as the absolute tinme code ATIME
inthe Q 10 mﬂwnmmma:pﬁsoﬁbmgne‘so t he sane sectors (groups of franes)

as shown in fi ure 6. In a e cralnRC]\/I
Sect or Header ! ddr esses hav ‘Eﬁedrﬁﬁggg%"gg%mg&beyon %r‘ﬂ lw%%
| NDEX = 01. Agnfically teadabledisg, the digital dass being arrangefl imsegtprsyand each w@r b&gnsabsol ut e
time code ATI ME«:&%&J}@M&%& rwrﬁi%aﬂaraa 1D Ha$ 55 fifireSsValu@ SHRRAGH g \Gith

therewith. 15 a tabl e of sector. addresses ADD,

sect or nurrb@r?"ﬂlﬁ““ﬁ"é{%&“??&rﬂ?é‘?@“‘mb *%H@)@Pm@“ﬂm@“!?ﬂment has
been shown. Theading Griears faddamsd&ess%eﬁ,mem@tmmdmmai hmrecerawfl rst

address of the c s

i ncreases |i nearcﬁmdﬁéqd%??%‘ﬁgié%&gec %}e 'o‘%mfﬁggddﬁss I%Lr?)?n‘ﬁ ﬁ‘bo to
00: 00: 74 for tvalue 6f the preqeding @ddess label; ;apd ﬂhoommfomomu m@r@qrdimofd;gu he
second 75 SeCtygh Shon defbetiohlVt shidl kdtresPRbe1, Wiicht 1A safd Rt bARGK valuel ONDY i SES

sectors, which may conprise ipformati on start at sector, SN=0 at addr ess
00: 02: 00. M ddcordance whlAPYcRlslisc PaXbAck gpparaius fos rtneying digglal 43R 199 W,k have
an address A%pﬁ&llﬁ%adaﬁle@&c%e&i@xmmwng\mﬂh@aasﬂnbﬁahd ﬂﬁlﬁﬁecbﬂﬁdiﬂgaSI ng

sequence of a t %c rﬁ%
i nformati onl egg es‘gag'gc chifgerd égﬁ%gtégp dm% la(!cede y sectors
that do have |cnmmsmavqn§pﬂn0@mganswdmﬁym an address label which has an address value

_ different from the address value increasing relative to the address value of the preceding

15 address label, and abortion means for aborting the playback of digital data in dependence
upon the verification.
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25 16 and 17 contain the Primary Vol unme descriptor for this CD ROM di scs.
The sectors SN = 18 to SN = 74 'do not have information and are not referred
toin the directory of the CD- ROM Sector SN = 75 and succeedi hg sectors
up to 355.349 provide the CD-ROM user data, which end at the postgap of
sectors 355.350 to 355.499. The next sector is the start of the |ead-out
area, which is shown by track nunber TNO = AA. 30 In fig.
8 anot her enbodi meydse®fs a | ayout of an optically readabl e dPSEIBRIH00867
accordance with the invention has been shown. The disc shows an infornmation
~area, a lead-in area and a | ead-out area. The |ead-in area conprises
several bl ocks, each conprising the sane ﬁ ﬂber of sectors (e.g. a block
conprises 16 sectors). A nunber of Start ocks SB all conprise

informationl ess data. Referencd cod¢;ll ocks RB may conprise information for
WO 98/ 03973 e
PCT/ 1 B97/ 00867 11 error correct|lion phithe Start Bl ocks SB. Internediate
Bl ocks I B1 again may conprise i|nfor ionless data. In a next part of the
Lead-In Area several control #$liockskSB are present, which may conprise
i nformation about the disc, dgEq4cnan cturer etc. Internedi ate Bl ocks 1B2
follow the Control Blocks CB, pgrecegleithe Data Area DA and conprise 5
i nformationl ess sectors. Sectorf nunbet addresses start with address SN = 0
at start of the lead-in area a ith address SN = n for the | ast
sector of the |lead-out area. T ryaddresses increase linearly fromO
to n for each sector therebetws ept for a few sectors in e.g.
i nternedi ate bl ocks 1Bl or IB 3. sectors have -sector address
| abel s, which 2]
haad
g 7
s N\
] P2
3]
hoaid
— 8 -
2 = s
[~} ~ /
NG R -
& <] o
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have an address value different fromthe increasing value, e.g. a zero
address value. As a 10 result undesired copying is prevented. It should be
enphasi zed that the sector addresses, which should violate the |inear

i ncreasi ng sequence of the address values can be arranged at randomin the
specified areas, so as to increase the threshold of undesired/ill egal
copying of discs. Fig. 9 by way of exanple shows an enbodi nent of an
information 15  Me98P®Tng device in accordance with the i nvEFABEP8T e
present enbodi nent is a recording device by nmeans of which information can
be recorded on a record carrier 91, for exapple an optical record carrier,
which is rotated about an axis 92. The inﬂyﬁgation recordi ng device
conprises a customary read/wite head 93, arranged opposite the rotating
record carrier 91. By neans of a customary positioning systemfor exanple
in the formof a notor 94 and a 20 spindle 95a, the read-wite head 93 can
be noved in a radial direction relative to the record carrier 91 under
control of a customary control unit 95, which conprises for exanple a

mi croprocessor. An informati onDBi{@nal Vi to be PBLbyv38kd can be applied to a
si gnal processing circuit 97—viam i ing circuit

97 is of a custonaryggypeps 35 sﬁplch converté the applied 1 nput kignal into
a recordi ng signal V?f i = toTa—trtver—etrettt—98—of—a—edst onary
type, which converts't hg [ g silgnal Vop into a drive sidgnal Vs for
the read/ wite head PB i nfSs ﬁan that an information pattern
correspondi ng to the_.;eCorTimuCISH ’ T ord
carrier. For the pur5%5= %&,mi TH¥M he recorded infornmtion patlterns the
read/ wite head 93 has anio;.kpi:ﬁ:i supplying a read 30 signal] V1 which
is representative of ithe infioRtjippipattern being read. The redd signal Vi
is applied to a read i fcui :p?:ﬂq1; ecovering the information gresented by
the read signal V1. R ENERHARE :
1 ] UL
i ] srjegeapr iy
Fa7 | Fs {elajrls|rjulviw
[ Pj— —Pig i
24bits  8bits -~ 16x6x2bits
FIG. 2
t
—_—
PRI 4 >l 2 —ple 4 »)
L M
S S
B B
/( \\
Uulp
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FIG. S
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The driver circuit 98 is of an adjustable type, enabling one or nore of the
paraneters with which the quality of the recorded information pattern can
be influenced to be adjusted. Wien an optical read/wite head is used by
whi ch an information pattern of optically detectable WO 98/ 03973 12
effects is formed by nmeans of a radiation beam the intensity of the
radiation beamis an inportant parameter which largely dictates the quallty
of the infornati ovogs@rern. |f the read/ wite head is a nag

magnet o-optical wite head which generates a magnetic field for the purpose
of formng an information pattern in the fgrm of magnetic. effects
(domains), 5 the field strength of the géﬁ 8ated magnetic field nmay be an

i nportant ‘adj ustnent paraneter. |If the information patterns is formed by
means of wite pulses the pulse width may be an inportant adjustnent
paraneter. It is to be noted that the above-nentioned adjustnent paraneters
are only few exanpl es oflbitshe | ar ge nunber of ad£ st ment paraneters which
are possible. In this re ctitef erence is made ﬁﬂsparticularJQo

NL- A- 9000150 (PHN 13. 217 in 10 ch the adjustnent paraneter is a
reference val ue for the-fgpeed—mrth &%uh ttre—effects—are—for at the
adj usted reference vaIUe.o For—d T T T f the driver
circuit 98 the device cofprises an analysis circuit 910, which|derives from
the read signal an ané%& S signal Va which is indicative of the quality of
the information pattern flyging read. The optinmum setting 15 can be
determ ned in a calibratfypm procedure by form ng test infornatijon patters
for different 1
i
F1 3
i
1
0
1
1
F:Z1
1
1
1Ty 1
0
1
1
F'961
1
1
1
i
1
F97 1
1
1

FIG. 3
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settings of the driver circuit on the record carrier 91 and by selecting on
the basis of the analysis signal Va that setting for which the analysis
signal indicates an optinmumaquality. In principle, the information signal

Vi may be enployed for witing the test information pattern. However, it is
al so possible to enploy a test signal generator 911 for this purpose, which
20 may then be included, for exanple, in the signal processing circuit 97.
The opti mum sett WapsRwet er mi ned under control of the cont PEF 7915,
which for this purpose is coupled to the analysis circuit 910, to the
driver circuit 98, and to the test signal, generator 911, if present, which
control unit is |loaded with a suitable p am or conprises a suitable
hardware circuit. Preferably, the optinmumsetting is determned in a
calibration procedure, which is 25 <carried out after a record carrier has
been inserted in the information recordi ng device. Further the information
recordi ng device has a digital input 960 for feceiving digital signals Di
in accordance with international Staadar|ds orf de-facto standards, such as
CD- Audi o Signals, CD-ROM signals etc. is input 96D is connected directly
to the input of driver circuit 98, beca e digital signals are alike to
the digital recording signal 30 Vop gene ed by the processing circuit

97. The digital input signal D is furtherj|read by readi ng means 97A, which
read the address | abels either f disgiial _mnin.streamdata or from

t he subcode data and provi dessd sane to the detectijon nmeans 97B. Upon
detection by the detection nmeans}97B of an address | §bel having a zero
address val ue in succession of a =hg a non- WO

98/ 03973 PCT/ 1 B96/ 00867
o ___| - o
- ———— -
=2
Jis =
= k=
- :_'c:l'
T 7 7|
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g
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13 zero address value the detection neans 97B trigger abortion nmeans 97C,
whi ch aborts recording of the digital input signals DI by setting the
driver circuit 98 into a non-operative condition. Preferably the neans 97A,
97B and 97C and the driver circuit 98 are integrated in a single integrated
circuit. 5 The pl ayback apparatus according to the invention
is arranged for retrieving the digital data fromthe optical disc as
described with Fivwoesm¥ Before the user actually is given FCETOVBY ¢ he
digital data, a verification process is executed. The presence of at | east
one of the address |abels having said diffeyent address value is verified,
e.g. by reading the sector of which the a ékss | abel is known to be
different. If the reading response shows anh error, the 10 presence of the
different address value is detected, and if the respons shows a I
‘sector, the different address value is absent. The val ue of the g@&?ﬁss
| abel may al so be verified directly by readi ng neans arranged for¢Peadi ng
the address |abel, such as describedfabove with figure 9. In depqi@ence
a3 H [ H o & d, 1. e.

1 £ )

upon the verificatief - the—thgttatr—dgta—ts—abort in
the case that one or erent gddreds Mal ues are gbsent.
Il egal copies of 15 c may qonprifseisone or all} digital
data of the sectors .l ncrepsind : S. However
the illegal copies ctors| havijngfaddress | aljels with
said different addrefs 3 | abel § cannot| be recordqd using
standard recordi ng ejqui B . rig i catijon ray |be a build|in
verification procedufe ¢ ppar gtus,| €.|g. verifyirng sone
sectors with fixed & tll Vel y tlhe 30 Jadresses of] sectors to
be verified may be sfor al disciinja normally regdable
sector. However in & pr Jal-{, .aVa¥a Atrof—t-he- parlat us, the
verification procedure js pajt Ey i “i§#$a1 datja qtored oh tHe optica
disc and is | oaded ffrom thp optgcal S
a = g
o [ 1774 (=]
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disc in a programmbl e part of the playback apparatus when the optical disc
Is entered in the apparatus. For an optical disc conprising conputer
software, e.g. a CD-ROM the 25 wverification procedure preferrably is an
integral part of the conputer software the user will activate. In a further
enbodi ment of the optically readable disc at | east one sector is provided
wWith other errors instead of or in addition to said different address
value. In a CD tiwoeswaemel code EFMis used as decri bed aboPETHRYM8E; gure
4. The errors may be effected 30 by nodifying the EFM channel bit patterns
.into non permtted patterns of channel b|t or by viol ating other

nodul ation or error correctlon rul es. For anple for EFM a m ni num (d) and
maxi mrum (k) nunber of channgl g erH§ é@ k&fen each transition of

| ogi cal value is given, theu@w aint. If the d, k constraint

Is violated, the EFM d ors. A reading device
wi ||l produce an read eprar npqsagh_mhpn rlntpd from M nosa 03/ 02/ 1999
13: 23: 54 page -15- M) 03073 0 | Zews | St of 150 asclors Pregop
PCT/ 1 B97/ 00867 14 reaéﬁﬁﬁ%fuch % sgctgz o 1 and a standard
recordi ng devi ce cannofF——e¢oe+eH et o-s—+A—e—pief¢rred embodi nent the
sectors conprising otﬂgﬁmg i ot sectors having only
the different address [gehggt P 1Tt Wi [P urtfiTutrt—to detect which are
the sectors having t hgord T ey (B UTRR S| val ues_and ich are the sectors
conprising the other Hos@[or S| 1450 | leasl [cadi ng wi11_be¢ i nfluenced by the
conbi ned effects of th§:§3 0l N mq & ¢Chnar
00:01:73 1[0 ] Zeme
00:01:74 1 [ 0] 2Zm
000200 © | 1 | 1 | Zeros | First recble sector on CO-ROM
0020 | 1 [ 1 ] 1 | Zous
000202 2 | 1 | 1 | Zes
T e 1 D | Zeros
000215] 15 [ 1 | 1 [ Zeres
000216 16 | 1 | 1 | PW | Primory Vome Descriptior
000297 17 | 1 1| PO | Primory Volume Descriptior
000218 ] 18 | 1 § 1 [ Zeros | Mo referonce to these sectors
S App— 1 | 0 | Zeros = in the direcory of the CO~ROM
00224 24 |V [ 1 | Zoe
0225] 25 | 1 [ 1 ] Zores
000226 26 | 1 [ 1 | Zews
000000 27 | 1 | 1 | Zeos | Address 00:0227 missing
0000001 28 | 1 | 1 | Zeos | Mddres 00:02:28 miasing
00:0000] 29 | 1 | 1 | Zeos | Address 00:02:20 missing
0002301 30 |t | 1] Zoree
000z ] 31 [ 1] 1] Zes
000232 32 | 1 | 1 | Zees
o m— 110 2w 5
000273] 73 | 1 | 1 | Zeres | WNo referonce io thess sectors
000274 | 7¢ | 1 | 1 | Zero | in the deeclory of thr CO-ROM
0000} 75 | 1 | 1 | Dok User dota
OR0X01[ 76 | 1 | 1 | Dot User doto
000302] 77 | 1 | 1 | Doe User dato
000303 | 78 [ 1 1 | Dobo User doto
E— 1= 1= Dato = User dotg
785073 |36548 ] 1 | 1 | Dot User dota
85074 {35554 | 1 | 1 | Dala User doka
79:00:00 (355350 | 1 | 1 | Zeros Posigep
e NI IN XX Posip
780124 [ 355409 [ 1 | 1 | Zwes Posigop
79:02:00 | 355500 | M Zoos | St Leodout, End of CO

ol Mot tnoex FIG.7
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A malicious party faces various difficulties in creating an operative
illegal copy. The pl ayback apparatus is not able to read the sectors having
said different address val ues and/or the sectors conprising the other
errors, and will generate read errors. A recording apparatus may be forced
by the malicious party to replace such sectors by dummy sectors. 10

However a standard recordi ng apparatus cannot create the different address
val ues or the othwossemnrs, while in operation the absence tWSHBYOR || pe
detected on the playback apparatus. Mdifying the standard recordi ng device
to create said different address values is difficult. Mdifying the
standard recordi ng device even further to7?&§ate the other errors is even
nore difficult. Therefore in practical circunstances an operative copy
cannot be nade. WD 98/ 03973

PCT/ | B97/ 00867 15 CLAI MB: 1. Actgnpumbsr | v Madabl e disc
conprising digital data heirg—arranrged—r—si{bdad+is siad) ¥ espbnding to a unit
of organi sation of the dijgital data and each sector being accessible via an
address [abel stored withh said sector, charpcterized inlthat the address

| abel has an address val ye increasing with pach successilve sector except
for at | east one address |5 | abgiart Bieksch has| a address vdlue different from
t he i ncreasing addregg-+gqtue. 2. 0 An opticdlly readable disc
as clainmed in claim1, wjerein tHE(Eigital data conprisds digita

mai nstream data and digiﬁal subcode data, characterized!in that the address
| abel having said differgnt address value i stored in qhe digital subcode
dat a.
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3. An optically readable disc as claimed in claiml or 2,
characterized in that 10 the address |abel having said different address
value is stored with a sector containing informationless data. 4.

An optically readable disc as clained in claiml1l or 2, characterized in
that said different address value is a zero address val ue. 5.

An optically readable disc as clainmed in claim1l, characterized in that a
15 multiple of womsews ve address | abel s have said differ eREVBIHIOI S

val ue. 6. An optically readable disc as clainmed in claim1,
wherein the sectors are arranged in a pr gﬁ1area starting with a pregap
conprising sectors with informationless , Characterized in that at

| east one address | abel having said different address value is arranged in
the pregap. 20 7. An optically readable disc as clainmed in
claim1l1,,wherein the sectors are arranged in a program area preceded by

| ead-in area and succeeded by a | ead-out area, characterized in at at |east
one address | abel having said different address value is arranged in the

| ead-in area and/or the | ead-out area. 8. Qéﬁi optically

readable disc as clained ing# aim 1, characterizZad in t at 25 | east one
address | abel which has said diffﬁient } pr ecedi ng
or succeeding a sector story cop- protectanl e I niorngt|on 9.

b | h

An optically readable disc ps aihed infcrai on whigh the digital data
is stored according to predetegmmed-Todyl at i d error correction rules,

characterized in that at | one sector es at | east one error
effected by violating the prdgdeterm ned Prijnfed from M nosa 03/ 02/ 1999
13: 23: 54 page’ -17- 97 j?
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(57) Abstract

An optical disc and an optical disc recording apparatus have
provide an improved protection against undesired or illegal copying.

labels increases linearly from the start of the disc or from the start

or .§. the subcode channel of a CD system.

(54) Title: IMPROVEMENTS IN AND RELATING TO OPTICALLY READABLE DISCS AND DISC RECORDING APPARATUS

discs is arranged in sectors, which each has an address label, The address value of the address

the disc. The address labels of specific sectors, which may have an informationless content,
are given different, e.g. 2zero, address values, which prevent copying CD-ROM discs on a
standard CD-Recorder apparatus. Sald address labels may be stored in the main data stream
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