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(700) forms a disk substrate
from a stamper (330) formed
from an optical display blank

H
! T B‘S’D 20 (320) and forms a coating film,
! T T T e.g., arellective ﬁ]m on the c.hsk
; aew I—'l R Hhi substrate to fabricate an optical
! 150 disk (340). An additional
H e 140 recording  apparatus  (200)
; ﬁg‘? 130 additionally records additional
H information on the recorded
; optical disk (340) fabricated
i 200 by the forming/film-forming
[ .| BEAE oo apparatus (700).  Additional
420 230 350 700 information is recorded on
§ 220 § a portion detectable as a pit
’ R I»—I BREHES H mmJ— when a laser beam is applicd
to a predetermined area of the

310...MASTER CFTICAL DISK

410.. .ADDITIONAL RELEVANT INFORMATION
110...RECORDES INFORMATION REPRODUCING UNIT
120. . .MODULATION INFORMATION GENERATING UNIT
140. . .MODULATED SIGNAL CUTPUT UNIT

130. . .MODULATION INFORMATION STORAGE UNIT
600...LASER BEAM RERCORDER

320...0PTICAK DISK BLANK

330...STAMPER

420, .. ADDITICNAL INFORMATION
21C...MODULATION INFORMATZON STORAGE UNIT
226.. .ADDITIONAL RECORDING CONTROL UNIT
23C. . .ADDITIONAL RECORDING UNIT

7¢C. . . FORMINC/FILM-FORMING APPARATUS
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recorded optical disk (340), and
thus an optical disk (350) where
the additional information (420)
is recorded is fabricated. In such
a way, identification information
for identifying the optical disk
(350) is additionally recorded.
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DESCRIPTION
OPTICAL DISC MEDIUM AND DATA

RECORDING METHOD AND APPARATUS

Technical Field

The invention relates to an optical disc medium
and data recording method and apparatus which are applied
to an optical disc of, for example, a read only (ROM) type.
Background Art i

The standard of a compact disc (CD) which is
widespread nowadays is called compact disc audio and based
on the standard disclosed in the Red Book. On the basis
of the Red Book, various formats including a CD-ROM have
been standardized and what is called a CD family is
constructed. In the following description, a mere
denomination "CD" gemerally indicates a disc of various
formats included in the CD family. An optical disc such
as a CD or the like is used in various fields as a recording
medium for recording music data, motion image data, an
application program of a game or a computer, or the like.

A conventional forming system of an optical disc
will be described with respect to the case of the CD as an
example. Fig. 10 is a constructional diagram of an optical
disc forming system which is applied to the CD. The forming
system of the CD mainly comprises: a mastering apparatus
for forming a disc-master of an optical disc by a laser beam;

and amolding and £ilm forming apparatus for forming a number
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of disc substrates by using a stamper formed from the
disc-master of the optical disc and forming a £ilm onto each
disc substrate.

The mastering apparatus to form a disc-master 320
of the optical disc comprises an EFM signal transmitting
apparatus 500 and a laser beam recorder 600. A molding and
f£film forming apparatus 700 molds a disc substrate from a
stamper 330 formed from the optical disc disc-master 320
and forms a coating film, for example, a reflective film
onto the disc substrate, thereby forming a recorded optical
disc 360. The EFM signal transmitting apparatus 500 reads
information data to be recorded from a master optical disc
310 andoutputs an EFMsignal formed by EFM (Eight to Fourteen
Modulation) modulating the read-out signal to the laser beam
recorder 600. The optical disc disc-master 320 is formed
by coating a photoresist as a photosensitive material onto
a glass plate. The laser beam recorder 600 irradiates a
laser beam according to the EFM signal onto the optical disc
disc-master 320. The photoresist film is developed and in
the case of a positive type resist, the photosensitized
portion is melted, a concave/convex pattern is formed on
the photoresist film, and a pit train according to a
predetermined format is formed on the surface of the optical
disc disc-master 320.

Subsequently, on the basis of the optical disc
disc-master 320, a die called the stamper 330 onto which

the pit pattern of the optical disc disc-master 320 has been
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inversely transferred is formed. The molding and film
forming apparatus 700 forms the disc substrate by using the
stamper 330. Further, a coating film such as a reflective
£ilm or the like and a protective film are coated onto the
disc substrate, so that the recorded optical disc 360 is
copied. The concave/convex pattern formed on the optical
disc disc-master 320 is transferred onto the disc substrate
and the pit pattern is formed. A compression molding, an
injection molding, a light hardeninéumethod, or the like
is known as a method of forming the disc substrate.

The recorded optical disc 360 formed by the
conventional cptical disc forming system is not a recordable
filmbut is adisc coatedwith the reflective filmas acoating
film and is a read only type, so that additional information
cannot be recorded after the disc was formed.

In recent years, in order to make management or
the like of the recorded optical disc 360 on which
predetermined information data has been recorded, a method
of recording additional information such as a unique
identification number or the like onto the recorded optical
disc 360 everydiscis demanded. However, since therecorded
optical disc 360 is manufactured by the foregoing forming
gtep, it is difficult to record the additional information
onto the recorded optical disc 360 which is obtained after
it was processed by the molding and film forming apparatus
700andonwhichthepredetermine@informationdatahasbeen

recorded without exerting an influence on the recorded
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information data.

Therefore, the conventional methods proposed as systems for recording the
additional information such as an identification number or the like onto the recorded
optical disc use a method of recording the additional information by a system different
from a recording modulation system of a main signal. However, the recorded optical disc
360 on which the additional information has been recorded by those methods cannot be
read out by drives other than a drive having a dedicated reading function and the
additional information cannot be read out by the existing drives, so that there is a problem
such that compatibility is poor.

A BCA (Burst Cutting Area) has been defined in a DVD-ROM and the
additional information can be recorded there. However, such an area is provided as
another area different from a main signal (EFM + modulation) portion and cannot be read
out by drives other than the drive having the dedicated reading function. The BCA is not
applied to a DVD-Video or the like.

As mentioned above, according to the optical discs such as CD and MD based on
the conventional standard and DVD disc excluding the DVD-ROM or the like, after they
are once recorded, the additional information such as an identification number or the like
cannot be recorded.

Thus, a need exists to provide an optical disc medium on which additional
information has been recorded onto a recorded optical disc on the basis of the

conventional standard and to provide data recording method and apparatus.

SUMMARY OF INVENTION

According to an aspect of the invention, there is provided an optical disc medium
having a substrate on which a shape according to modulated information data and a
coating film are formed. When the modulated information data is formed, a no-
modulating interval is partially provided and predetermined postscript information is
recorded into said no-modulating interval by recording it to said coating film. The
predetermined postscript information is modulated by the same modulating method as
said modulated information data.

According to another aspect of the invention, there is provided an optical disc
medium having a substrate on which a shape according to information data modulated by
a modulating method in which a minimum inverting interval and a maximum inverting
interval have been specified, and a coating film are formed. Predetermined postscript

information is recorded into predetermined recorded information data by recording it to

6R0625_1 ave
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said coating film so as not to contradict said minimum inverting interval and said
maximum inverting interval. The predetermined postscript information is modulated by
the same modulating method as the modulated information data.

According to another aspect of the invention, there is provided a data recording
method of forming an optical disc medium having a substrate on which a shape according
to modulated information data, and a coating film are formed. When the modulated
information data is formed, a no-modulating interval is partially provided and
predetermined postscript information is recorded into said no-modulating interval by
recording it to said coating film. The predetermined postscript information is modulated
by the same modulating method as the modulated information data.

According to another aspect of the invention, there is provided a data recording
method of forming an optical disc medium having a substrate on which a shape according
to information data modulated by a modulating method in which a minimum inverting
interval and a maximum inverting interval have been specified and a coating film are
formed. Predetermined postscript information is recorded into predetermined recorded
information data by recording it to said coating film so as not to contradict said minimum
inverting interval and said maximum inverting interval.

According to another aspect of the invention, there is provided a data recording
apparatus for forming an optical disc medium having a substrate on which a shape
according to modulated information data and a coating film are formed. The apparatus
comprises a modulation information forming unit operable to partially provide a no-
modulating interval in which predetermined postscript information is recorded. The
predetermined postscript information is recorded into said coating film, and the
predetermined postscript information is modulated by the same modulating method as
said modulated information data.

According to another aspect of the invention, there is provided a data recording
apparatus for forming an optical disc medium having a substrate on which a shape
according to information data modulated by a modulating method in which a minimum
inverting interval and a maximum inverting interval have been specified, and a coating
film are formed. The apparatus comprises a modulation information forming unit
operable to record predetermined postscript information into predetermined recorded
information data by recording the information to said coating film in a manner so as not
to contradict said minimum inverting interval and said maximum inverting interval. The
predetermined postscript information is modulated by the same modulating method as

said modulated information data.

680625_1.avc
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BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a constructional diagram of an optical disc forming system according to
an embodiment of the invention.

Fig. 2 is a schematic diagram showing a signal format of a CD.

Fig. 3 is a schematic diagram for explaining a first postscript information
recording method according to the invention.

Fig. 4 is a schematic diagram for explaining a second postscript information
recording method according to the invention.

Fig. 5 is a schematic diagram for explaining the

ITHE NEXT PAGE IS PAGE 10]
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second postscript information recording method according
to the invention.

Fig. 6 is a schematic diagram for explaining a
third postscript information recording method according to
the invention.

Fig. 7 is a schematic diagram for explaining a
fourth postscript information recording method according
to the invention.

Fig. 8 is a schematic diagram showing a
construction of subcoding data:

Fig. 9 is a schematic diagram for explaining a
fifth postscript information recording method according to
the invention.

Fig. 10 is aconstructional diagramof an existing
optical disc forming system.

Best Mode for Carrying Out the Invention

Embodiments of the invention will be described
hereinbelow with reference to the drawings. Since the
embodiments which will be described hereinbelow are
preferred embodiments of the invention, various limitations
which are technically preferable are added to them. However,
the scope of the inventionisnot limited to those embodiments
unless there is particularly a disclosure which limits the
invention in the following explanation.

Fig. 1 is a constructional diagram of an optical
disc forming system to which the invention is applied. The

optical disc forming step according to the invention mainly

10
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comprises: a mastering step of forming a disc-master of an
optical disc by a laser beam; a molding and f£film forming
step of forming a number of disc substrates by using a stamper
formed from the disc-master of the optical disc and forming
a film onto each disc substrate; and a postscript step.

Amastering apparatus to form the disc-master 320
of the optical disc comprises the EFM signal transmitting
apparatus 500 and the laser bheam recorder 600. The molding
and film forming apparatus .7“00 molds a disc substrate from
the stamper 330 made on the basis of the optical disc
disc-master 320 and forms a éoating film, for example, a
reflective £ilm onto the disc substrate, thereby forming
a recorded optical disc 360. A postscript apparatus 200
writes postscript information once cnto an optical disc 340
formed by the molding and film forming apparatus 700.

The optical disc disc-master 320 is formed by
coating a photoresist as a photosensitive material onto a
glass plate. The laser beamrecorder 600 irradiates a laser
beam onto the optical disc disc-master 320 in accordance
withasignal fromamodulationsignal transmittingapparatus
100. The photoresist film is developed and in the case of
the positive type resist, the photosensitized portion is
melted, aconcave/convexpatternisformedonthe photoresist
film, and a pit train, a groove, or the like according to
apredetermined format is formed on the surface of the optical
disc disc-master 320.

Subsequently, on the basis of the optical disc

11
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disc-master 320, a die called a stamper 330 onto which the
pit pattern of the optical disc disc-master 320 has been
inversely transferred is formed. The molding and film
forming apparatus 700 forms the disc substrate by using the
stamper 330. Further, a coating film and a protective film
are coated onto the disc substrate, so that the recorded
optical disc 340 is formed. The concave/convex pattern
formed on the optical disc disc-master 320 is transferred
onto the disc substrate and the pit pattern is formed@. The
compression molding, injection molding, light hardening
method, or the like is known as a method of forming the disc
substrate.

The modulation signal transmitting apparatus 100
comprises: a recording information reproducing unit 110 for
reading information data which is recorded onto the optical
disc from the master optical disc 310 and reproducing it;
a modulation information forming unit 120 for cenverting
the reprcduced informaticn data intc modulation data in a
predetermined format; amodulation informationstoringunit
130 for storing the mcodulation data informat:l.dn; and a
modulationsignaloutputunit 140 foroutputtingamodulation
signal.

The recording information reproducing unit 110
sequentially reproduces the predetermined information data
recorded on the master optical disc 310 from a whole area
and sends the reproduced information data to the modulation

information forming unit 120. The master optical disc 310

12
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is a master media (information scurce) such as a CD-R or
the like and the predetermined information data which is
recorded onto the optical disc disc-master 320 has been
recorded there. The predetermined information data is
arbitrary information data such as music data, video data,
program, or the like. The recording information
reproducing unit 110 executes, for example, an encoding
process of error correction encoding.

The modulation information gﬁrming unit 120
converts the reproduced information data into data in a
predetermined format and, further, executes apredetermined
digital modulating process. For example, data in the data
format of the CD is formed and EFM modulation is executed
to the data. The formed modulation data is stored into the
modulation information storing unit 130 and outputted to
the modulation signal output unit 140. The modulation data
is data of a bit pattern of 1/0 in a predetermined format.
As necessary, the modulation information forming unit 120
refers to postscript related information 410 regarding the
postscript process such as designation or the like of an
area where a postscript process is executed.

The modulation information storing unit 130
stores the modulation data formed by the modulation
information formingunit 120. Themodulaticn signal output
unit 140 forms the modulation signal by outputting the
modulationdata formedby the modulation information forming

unit 120 in response to a predetermined clock and outputs
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it to the laser beam recorder 600.

The laser beam recorder 600 modulates intensity
of the laser beam on the basis of the modulation signal from
the modulation signal transmitting apparatus 100,
irradiates it onto the optical disc disc-master 320, and
records the information data. The stamper 330 is formed
on the basis of the optical disc disc-master 320.

By using the stamper 330, the molding and film
forming apparatus 700 copies the recorded optical disc 340
on which the information data has been recorded. Although
the information data has already been recorded on the
recorded optical disc 340 as mentioned above, this disc is
an optical disc in a state where the postscript infoﬁation
is not recorded yet.

The postscript apparatus 200 comprises: a
modulation information storing unit 210 for storing the
postscript related information 410 or modulation data; a
postscript control unit 220 for controlling a postscript
process; and a postscript unit 230 for performing the
postscript process to the optical disc 340 in accordance
with the postscript control unit 220.

The modulation information storing unit 210 is
astoringunit forstoringthepostscriptrelatedinformation
410 used by the modulation signal transmitting apparatus
100 or the modulation data formed by the modulaticn signal
transmitting apparatus 100. The postscript control unit

220 controls so as to calculate an area for recording

14
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postscript information 420 and write the postscript
information 420 once into this area on the basis of the
postscript related information 410 or the modulation data.
In accordance with the postscript control unit 220, the
postscript unit 230 irradiates a laser beam of a high power
onto the optical disc 340, so that an optical disc¢ 350 on
which the postscript informaticn 420 has been recorded is
formed. The postscript information 420 is, for example,
arbitrary informatio;-such as information regarding the
optical disc 340 or the 1like. 1In the postscript apparatus
200, the postscript information 420 can be alsco changed every
optical disc 340 and, for instance, unique identification
information which enables each optical disc 340 to be
identified can be also postscribed.

The operation of the optical disc forming system
having such a construction and an optical disc forming method
will be described.

In the modulation signal transmitting apparatus
100, the recording information reproducing unit 110
reproduces the information data recorded on the master
optical disc 310 and sends it to the modulation information
forming unit 120. The modulation information forming unit
120 converts the reproduced information data into a
predetermined format with reference to the postscript
related information 410 as necessary, thereby forming.
modulation data. The modulation data is stored into the

modulation information storing unit 130, sent to the
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modulation signal output unit 140, and outputted as a
modulation signal to the laser beam recorder 600.

The laser beam recorder 600 irradiates the laser
beam onto the photoresist of the optical disc disc-master
320 in accordance with the modulation signal. Subsequently,
the optical discdisc-master 320 is developed and the stamper
330 is formed on the basis of the photosensitive pattern.
The molding and f£ilm forming apparatus 700 molds a disc
substrate by using the stamper 330 and, further, forms a
£ilm onto the disc substrate, thereby forming the optical
disc 340. The optical disc 340 on which the information
data has been recorded is formed by the steps so far.

In the subsequent postscript apparatus 200, the
postscript related information 410 or the modulation signal
data pattern used by the modulation signal transmitting
apparatus 100 has previously been stored in the modulation
information storing unit 210. The postscript control unit
220 controls the postscript unit 230 so as to calculate the
area for recording the postscript information 420 and write
the postscript information 420 once into this area on the
basis of the postscript related information 410 or the
modulationdata. Inaccordancewith the postscriptcontrol
unit 220, the postscript unit 230 irradiates the laser beam
whose intensity has been modulated in accordance with the
data of the postscript information 420 onto the optical disc
340, thereby forming the optical disc 350.

Although the postscript related information 410

16
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is referred to as necessary on the modulation signal
transmitting apparatus 100 side as mentioned above, the
modulation signal is formed by a modulating process similar
to the conventional one. The optical disc 340 is formed
on the basis of this modulation signal. In the postscript
apparatus 200, an area for recording the postscript
information 420 is calculatedand the postscript information
420 is recorded in accordance with the postscript related
information 410 or the modulation data. Since the
postscript information 420 can be arbitrarily set,
individual identification information can be inserted into
the recorded optical disc of the conventicnal modulation
system. The postscript information such as identification
information or the like whose recording has been difficult
in the conventional system can be recorded onto the recorded
optical disc as mentioned above, so that use flelds of the
optical disc can be widened.

Since the postscript information which is
postscribed is recorded in the conventional format, it can
be read out without remodeling a reproducing apparatus
{(player, drive, etc.} and without a special circuit.
Further, by adding the postscript apparatuswithout changing
the existing step of manufacturing the optical discs, the
postscript process can be performed.

A specific recording method of the postscript
information will now be described by using an example of

a CD. Fig. 2 shows a data construction of one frame of the
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Cb. In the CD, a parity Q and a parity P each consisting
of 4 symbols are formed froma total of 12 samples (24 symbols)
of digital audio data of 2 channels. One symbol of a subcode
is added to the total of 32 symbols and resultant 33 symbols
(264 databits} are handled as one group. Thatis, 33 symbols
comprising the subcode of 1 symbol, data of 24 symbols, the
Q parity of 4 symbols, and the P parity of 4 symbols are
included in one frame obtained after the EFM modulation.
In the EFM, each symbol (8 data bits) is converted
into 14 channel bits. A minimum inverting interval
(inverting interval in which the number of 0 between 1 and
1 of the recording signal is the minimum) Tmin of the EFM
modulation is equal to 3T. A pit length corresponding to
3T is equal to (.87 pm. A pit length corresponding to T
is the shortest pit length. A maximum inverting interval
(inverting interval in which the number of 0 between 1 and
1 of the recording signal is the maximum) Tmax is equal to
11T. Also in the case of connecting 14 bits and 14 bits,
marginbits (alsocalledcouplingbits) of 3bits are arranged
between the 14 channel bits and the 14 channel bits in order
to satisfy run length restricting conditions of Tmin = 3T
and Tmax = 11T mentioned above. Four kinds of patterns of
(000), {001), (010), and (100) are prepared as margin bits.
Further, & frame sync pattern is added to the head of the
frame. Assuming that a period of the channel bits is equal
to T, the frame sync pattern is set to a pattern in which

11T, 11T, and 2T continue. According to the EFMmodulation

18

18-




10

15

20

25

rule, since such a pattern is not caused, it enables a frame
sync to be detected by a specific pattern. The total number
of bits of one frame is equal to 588 channel bits. A frame
frequency is equal to 7.35 kHz.

98 frames are called a subcode frame {or subcode
block). The subcode frame inwhich 98 frames are rearranged
so as to be continuous in the vertical direction and shown
is constructed by: a frame sync portion to identify the head
of the subcode frame; a subcode portion; anda dat; andparity
portion. The subcode frame corresponds to 1/75 second of
a reproducing time of the ordinary CD.

The subcode portion is formed by 98 frames. Each
of head two frames in the subcode portion is a sync pattern
of the subcode frame and is also a pattern of "out of rule"
of the EFM. The respective bits in the subcode portion
construct P, Q, R, S, T, U, V, and W channels.

Several examples of the recording method of the
postscript information according to the invention will now
be sequentially explained.

The first recording method of the postscript
information is a method whereby in the modulation signal
transmitting apparatus, the modulation signal in which the
no-modulating interval is provided in an arbitrary interval
of the modulation signal is formed at the time of the
modulation of the information data and an optical disc is
manufactured, and the postscript information is recorded

in the no-modulating interval by the postscript apparatus.
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Fig. 3 is a diagram for explaining the first
postscript information recording method according to the
invention.

In the modulatiocon signal transmitting apparatus
100, information regarding the no-modulating interval which
is inserted into the modulaticn data (hereinafter, properly
calledan EFMsignal) iscbtained from the postscript related
information 410. 1In which position of the EFM data the
no-modulating interval is inserted and how many
no-modulating intervals are inserted are arbitrarily set
and are not specified. However, they are set in a manner
such that a tracking servo can be performed to the optical
disc 340 in which the no-modulating intervals have been
inserted, that is, the continuous no-modulating intervals
are set to a band below a band of the tracking servo. A
method for such a tracking is not particularly limited.

In the example of Fig. 3, the subcoding peortion
of 8 bits in the case before the EFMmodulation and 14 channel
bits in the case after the modulation is set to the
no-modulating interval. The no-modulating intervals can
be provided in arbitrary positions in the subcoding portion
and thedataportionexcluding the syncpattern. Aplurality
of no-modulating intervals can be also provided at certain
regular intervals or at random intervals. In accordance
withsuchpostscript related information 410, themodulation
information forming unit 120 forms the EFM signal in which

the no-modulating intervals are provided in a part of the
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EFM data pattern and outputs it to the laser beam recorder
600. A waveform of the EFM signal which is outputted to
the laser beam recorder 600, that is the EFM signal recorded
onto the optical disc disc-master 320 is set so that a signal
level of the subcoding portion is equal to 0. In the optical
disc 340 which is manufactured in accordance with it, no
pit exists in the subcoding portion serving as a
no-modulating interval. That is, the whole area of such
& portion becomes a land af_ea.

In the postscript apparatus 200, the postscript
related information 410 is obtained and stored in the
modulation information storing unit 210. The postscript
control unit 220 executes the EFM modulation to the
postscript information 420, controls the postscript unit
230 for generating the laser beam of a high power so that
the EFM signal is recorded in the interval corresponding
to the subcoding portion, and forms pits into the subcoding
portion. The pits shown as hatched portions in Fig. 3
indicate the pits formed by the postscript information. In
the optical disc 350 as a product te which the information
has been postscribed by the postscript apparatus 200, the
modulation signal of the postscript information 420 has been
recorded in the interval corresponding to the subcoding
portion.

In the example of Fig. 3, a pattern of 14 channel
bits after the postscript process becomes {01001600100100).

The level of the EFM signal is inverted at the position of

21

21-




10

15

20

25

1 of the channel bit. The 14 channel bits are obtained by
EFM modulating the symbol of 8 bits of 40h. h denotes a
hexadecimal notation and a pattern of 8bits is (01000000).
In the decimal notation, 8 bits is equal to a value "647.
An example in which the information bits locating after the
subcoding portion via the margin bits of 3 bits are 00h is
shown.

The postscript information medulated by the same
modulation system can be recorded onto the optical disc¢ in
which the modulation signal of the information data has been
recorded as presence or absence of the pit of the coating
film as mentioned above. By recording different data as
postscript information every disc, it can be read out as
identification information of the optical disc. From the
optical disc as a postscribed product, the modulation signal
of the postscript information can be reproduced together
with the modulation signal of the information data by a
reproducing apparatus corresponding to the conventicnal EFM
modulation. As mentioned above, the individual
jdentification information can be reproduced without the
need to provide a special circuit for reading out the
individual identification information for the reproducing
apparatus.

In the above description, although the
no-modulating intervals have been inserted into the EFM data
of the information data, a servo-dedicated modulating

interval in which modulation only for use of the servo is
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executed can be also used in place of the no-modulating
interval. Inthis case, the postscript related information
410is informationtodesignate themodulatingintervalwhich
is inserted inte an arbitrary interval of the modulation
signal data pattern and in which the servo-dedicated
modulation has been performed. The medulation information
forming unit 120 of the modulation signal transmitting
apparatus 100 forms the modulation signal data in which a
part of the modulation signal data patt;rn is set to the
servo-dedicatedmodulatinginterval only foruse of the servo
in accordance with the postscript related information. The-
postscript control unit 220 of the postscript apparatus 200
makes control so as to postscript the modulation signal of
the postscript information into the servo-dedicated
modulating interval on the basis of the postscript related
information. Intensity of the modulation signal in the
servo-dedicated modulating interval is set so as to lie
within an intensity range where the recorded optical disc
which was postscribed by the postscript apparatus 200 can
be read out.

The second postscript information recording
method according to the invention will now be described.
According to the second recording method, the EFM signal
in which the information data has been modulated is formed
inthemedulation signal transmittingapparatus, theoptical
disc on which the EFM signal has been recorded is formed

by the mastering step and the molding and £film forming step,
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and the postscript information is recorded in an arbitrary
interval by the postscript apparatus with reference to the
EFM data formed by the modulation signal transmitting
apparatus.

Fig. 4 is a diagram for explaining the second
postscript information recording method according to the
inventien.

In the modulation signal transmitting apparatus
100, the EFM modulation is executed to the information data

and the EFMdata is formed and sent to the postscript apparatus

"200. In the postscript apparatus 200, the EFM data pattern

is stored into the modulation information storing unit 210.
The EFMsignal formed by aprocess similar to the convenfional
one is outputted from the modulation signal transmitting
apparatus 100 and the optical discdisc-master 320 is formed.
The pit of the recorded optical disc 340 formed by the optical
disc disc-master 320 corresponds to a portion shown as an
ellipse in Fig. 4.

In the postscript control unit 220 of the
postscript apparatus 200, the area for recording the
modulation signal of the postscript information 420 is
calculated with reference to the EFM data pattern held in
the modulation information storing unit 210. Although an
arbitrary method is used as amethod of calculating the area,
even in the case where themodulation signal of the postscript
information 420 has been postscribed, an area where the run

length restricting conditions of the EFM are not broken is
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selected.

IntheexampleofFig.4,anintervalofthemargin
bits (3 channel bits), information bits (14 channel bits),
margin bits (3 channel bits), and information bits (14
channel bits) is shown. An interval where the pattern of
the channel bits repeats (00001001000100000) is shown.
That is, an interval where 4T = 0, 3T = 1, 47T = 0, and 6T
=1 (T indicates one channel clock and 4T = 0 denotes that
0 continues in a 4T inferval) are repeated is selected.

By performing the postscript process to an area
after 3T = 1, the portions of 3T = 1 and 4T = 0 are changed
to AT = 1 and 3T = 0. That is, by postscribing the pit shown
as a hatched region to the pit of 3T shown as an ellipse,
the ﬁit of 4T is formed. Thus, the EFM signal of the
information bit = 0 is changed to the information bit =192
(l4channelb1tpattern==01000100100000). The postscribed
EFM signal can be normally read out on the reproducing
apparatus side. In the apparatus on the repr§ducing side,
bothoftheinformationdataandthepostscriptinformation
420 can be obtained on the basis of information showing in
which interval the postscript information 420 has been
inserted.

According to the invention as mentioned above,
the information can be postscribed to the optical disc -
recorded in the conventional format.

Although it is assumed in the description that

a process is not particularly executed on the modulation
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signal transmitting apparatus 100 side, the postscript
related information 410 such as conditions, interval, etc.
for recording the postscript information 420 can be also
preset intc the modulation signal transmitting apparatus
100. Thus, at the time of the modulation regarding the
postscriptrelated information410, thatis, theinformation
dataof the interval where the postscript process is executed
later, the modulation information forming unit 120 of the
modulation signal transmitting apparatus 100 can select the
EFM data pattern which takes into consideration of the
execution of the postscript process. The postscript
apparatus 200 side also executes the postscript process of
the postscript information 420 on tﬁe basis of thepostscript
related information 410.

Subsequently, an example of the original EFM data
pattern inwhich the postscript informationrecordingmethod
of changing thedataandrecordingthepostscript information
can be performed as mentioned above will be explained. Fig.
5 shows another example of data towhich the second postscript
information recording method according to the invention can
be applied.

In the postscript apparatus 200, the postscript

information 420 is recorded by forming pits to land portions

* by irradiating the laser beam of the high power. The

postscript apparatus 200 irradiates the high power laser
beam to a land area in the EFM data interval comprising the

pit area and-the land area which are formed con the optical
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disc 340 in accordance with such an EFM signal data pattern,
thereby converting into one pit area. In the EFM, since
the pit area or the land area has to be formed in a range
from 3T to 11T, the original EFM data pattern in which the
postscript information 420 can be recorded becomes a data
pattern such that it has an array of the pit area of 3T,
AT, or 5T, the land area of 3T, 4T, or 5T, and the pit area
of 3T, 4T, or 5T, and the sum of the pit area, the land area,
and the pit area is egual to or less than 11T. In the
postscript apparatus 200, the high power laser beam is
irradiated to the land area of the EM data pattern of such
an array and the EFM data pattern is changed so that the
whole pattern becomes one pit. Specifically speaking, as
anoriginal EFMdatapatterninwhichsuchachange ispossible,
there are the following ten patterns and each of them can
be rewritten as follows.

(1) An EFM data pattern of a 3T pit area, a 3T land area,
and a 3T pit area is set to a 9T pit.

(2) An EFM data pattern of a 4T pit area, a 3T land area,
and a 3T pit area is set to a 10T pit.

(3) An EFM data pattern of a 5T pit area. a 3T land area,
and a 3T pit area is set to a 11T pit.

(4} An EFM data pattern of a 3T pit area, a 4T land area,
and a 3T pit area is set tco a 10T pit.

(5) An EFM data pattern of a 4T pit area, a 4T land area,
and a 3T pit area is set to a 11T pit.

(6) An EFM data pattern of a 3T pit area, a 5T land area,
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and a 3T pit area is set to a 11T pit.

(7) AnEFM data pattern of a 37T pit area, a 3T land area,
and a 4T pit area is set to a 10T pit.

(8) An EFM data pattern of a 4T pit area, a 3T land area,
and a 4T pit area is set to a 11T pit.

(9) AnEFM data pattern of a 3T pit area, a 4T land area,
and a 4T pit area is set to a 11T pit.

(10) An EFM data pattern of a 3T pit area, a 3T land
area, and a 5T pit area is set to a 11T pit.

Intheexampleof?ig.S,intheportioncomprising
the ‘area of the 3T pit area, 3T land area, and 4T pit
areashownbyellipses,byexecutingthepostscriptprocess
to thg land area of 3T by the postscript apparafus 200, the
pit of 10T is formed.

The third postscript information recording
method according to the invention will now be described.
According to the third postscript information recording
method, in a manner similar to the second postscript
information recording method, the EFM signal in which the
1nformati§n data has been modulated is formed in the
modulationsignaltransmittingapparatus100andtheoptical

disc 340 is formed. In the postscript apparatus 200, the

EFMdatapatternformedbythemodulationsignaltransmitting

apparatus 100 is referred to and the information data is
recorded so that an error is generated in the EFM signal
in an arbitrary interval in accordance with the postscript

information 420.
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Fig. 6 is a diagram for explaining the third
postscript information recording method according to the
invention.

In the modulation signal transmitting apparatus
100, by executing the EFM modulation tc the reproduced
information data, the EFM data pattern is formed and sent
to the postscript apparatus 200. In the postscript
apparatus 200, the EFM data pattern is stored into the
modulation information storing unit 210. The EFM signal
formed by a process similar to the conventional one is
generated from the modulation signal transmitting apparatus
100 and the optical disc disc-master 320 is formed. The
pit on the optical disc 340 formed by the optical disc
disc-master 320 corresponds to the portion shown by the
ellipse in Fig. 6. In the postscript control unit 220 of
the postscript apparatus 200, the EFM data held in the
modulation information storing unit 210 is referred to and
the information data is postscribed so that an error is
generated in a predetermined interval. This interval can
be set to an arbitrary interval, that is, a continuous
interval or an interval which is selected in accordance with
predetermined conditions.

In the example of Fig. 6, since the information
bits are equal to "0", as a result of the EFM modulation,
an information bit interval of 4T = 0, 3T = 1, 4T = 0, and
6T = 1 is formed. By performing the postscript process to

the portion of 4T = 0 in the information bit interval, they
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are changed to 1T = 0, 2T = 1, and 1T = 0. That is, a pit
corresponding to 2T = 1 shown by a hatched region is
postscribed to the land corresponding te 4T = 0 between the
pits corresponding to 3T = 1 and 6T = 1.

As mentioned above, since the EFM has been
predetermined so as to satisfy the conditions of Tmin = 3T
and Tmax = 11T, when the inverting intervals are changed
to 1T, 2T, and 1T, an EFM error is generated. In the
postscript control unit 220, whether errors are generated
inapluralityof predetermined intervals in accordance with
the postscript information 420 or not is discriminated,
thereby controlling the postscript process. That is, on
thereproducingapparatusside;whethertheerrorshavebeen
generated in certain predetermined intervals or not is
detected, thereby obtaining the postscript information 420.
For example, the case where the error is generated is assumed
to be 1 and the case where no error is generated is assumed
to be 0. The postscript information 420 is reproduced in
dependence on the presence or absence of the error.

Although the embodiment has been described with
respect to the case of generating the EFMerror, an arbitrary
kind of error can be generated. For example, the postscript
process can be alsc executed sc that an error due to an error
correction code in a certain interval is generated.
Accordingtothe inventionasmentionedabove, the postscript
information can be also recorded onto the optical disc

recorded in accordance with the conventional standard.
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The fourth postscript information recording
methed according to the invention will now be described.
According to the fourth postscript information recording
method, the EFM signal in which the EFM error is generated
in an arbitrary interval of the EFM signal upon modulation
of the information data is formed in the modulation signal
transmitting apparatus 100 and the optical disc 340 on which
theEFMsignalhasbeenrecordedisformed. Inthepostscript
apparatus 200, the EFM data formed by the modulaticn signal
transmitting apparatus 100 isreferred toand the information
data is recerded so that the error in the arbitrary interval
1s correctly recovered in accordance with the postscript
information 420, thereby forming the optical disc 350.

Fig. 7 is a diagram for explaining the fourth
postscript information recording method according to the
invention.

According to this recording method, on the
modulation signal transmitting apparatus 100 side, the
postscript related information 410 such as conditions,
interval, etc. for recording the postscript information 420
is preset into the medulation signal transmitting apparatus
100. The modulation information forming unit 120 of the
modulation signal transmitting apparatus 100 provides a
blank interval {(interval where no pit is formed) for a part
of the EFM data upon modulation regarding the postscript
related information 410, that is, the information data of

the interval where the postscript process is executed, and
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forms the EFM data such that the EFM error is generated.
In the example of Fig. 7, an interval of 2T = 1 is set to
a position after the blank interval of 8T = 0 and the EFM
signal such that the EFM error is generated is formed. The
optical disc disc-master 320 is formed on the basis of the
EFM signal. The optical disc 340 is formed by the optical
disc disc-master 320. On the optical disc 340, a pit
corresponding to 2T = 1 is formed.

In the postscript apparatus 200, the postscript
related information 410 is referred to and the postscript
process is executed so as to correct the EFM error in
accordance with the postscript information 420. In the
example of Fig. 7, in the interval of 4T, a pit is postscribed
as shown by a hatched region before the pit which forms 2T
= 1, thereby changing 2T =1 to 6T = 1. Thus, the EFM error
is corrected. 1In the postscript control unit 220, whether
the EFMerrors are correctedinapluralityof error intervals
which have previously been formed in accordance with the
postscript information 420 or not is discriminated, thereby
controlling the postscript process. That is, in the
reproducing apparatus for reproducing the postscribed
optical disc 350, whether the EFM error has been generated
in a certain predetermined interval or not is detected.
thereby obtaining the postscript information 420. For
example, by allowing the case where the EFM error is not
corrected to correspond to 1 of the postscript information

and allowing the case where the EFM error has been corrected
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to correspond to 0, the postscript information 420 is
obtained in dependence on the presence or absence of the
error.

The fifth postscript information recording
method according to the invention will now be described.

According to the fifth postscript information
recording method, in the modulation signal transmitting
apparatus 100, the EFM signal such that predetermined data
isgeneratedintheEFMdatacorrespondingtofheinformation
data in a predetermined interval is formed, and the optical
disc 340 in which the predetermined data has been recorded
is manufactured. In the pestscript apparatus 200, the
postscript process is executed so as to rewrite data in an
arbitraryareawhere the predetermined datahas beenrecorded
in accordance with the postscript information 420, and the
optical disc 350 is formed.

For example, in the signal format of the CD, as
described in Fig. 2, the subcoding of one symbol is recorded
in one frame. The subccdings of 98 frames are collected,
thereby forming one subcoding block. Fig. 8 is a
constructional diagram of the subcoding bleck. The data
of 8 bits is set to P, Q, R, S, T, U, V, and W, respectively.
For example, by presetting all data in the P to W channels
excluding the Q channel data in the subcocding block to 0
and by presetting only the Q channel data to 1 or 0 in
accordance with the postscript information, the postscript

information can be recorded onto the optical disc. That
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is, either a state where 8 bits of P to Ware set to (00000000)
or a state where they are set to (01000000) can be selected
by the postscript process.

Fig. 9 is a diagram for explaining the fifth
postscript information recording method according to the
invention.

After the modulation by the modulation signal
transmitting apparatus 100, information data is preset so
that the subcoding portion is set to 40h ((01000000) in the
pattern of 8 bits). 14 channel bits of the EFM signal
corresponding to 40h are set to (01001000100100). In
correspondence to those 14 channel bits, pits are formed
on the optical disc 340. Inthe Qchannel data at this sta;ge,
all 96 bits of the subcoding block are equal to 1.

In the postscript apparatus 200, the postscript
process is executed so that arbitrary bits among the 96 bits
of the Q channel data are set to 0 in accordance with the
postscript information 420. Specifically speaking, the
laser beam is irradiated to the land between the pit of 3T
and the pit of the margin bits, thereby forming the pit of
6T. TheEFMdata after completion of the postscript process
becomes (01001000100000). It corresponds to 00h in the case
of the dataof 8 bits. That is, the Q channel data is changed
froml to 0" D}:/ the postscript process. In this manner, 96
bits of the Q channel data can be set to arbitrary data and
the postscript information 420 can be recorded.

Particularly, since the subcoding data of the channels other
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than the Q channel is not changed, only the Q channel data
can be changed. Besides the example of changing 40h to 00h,
47h can be also changed to 07h.

The invention is not limited to the embodiments
or the like of the invention mentioned above but various
modifications and applications arepossible within the scope
without departing from the spirit of the invention. For
example, although the molding and film forming apparatus
and the postscript apparatus have been constructed as
different apparatuses in the foregoing description, the
postscript apparatus can be also assembled into the molding
and film forming apparatus. Further, it is also possible
to provide a plurality of postscript apparatuses and execute
the postscript processes in parallel. Although the pits
are formed by the high power laser as recording of the
postscript information in the above description, it is alse
possible to construct in a manner such that a change in
reflectance is caused on the surface of the optical disc
by the high power laser and, when the optical disc is
reproduced by the reproducing apparatus, a reproduction
signal which is equal to the pit is obtained.

As described above, in the optical disc forming
system of the invention, the postscript information
modulated in amanner similar to the format of the information
data can be recorded to the recorded optical disc formed
in the molding and film forming apparatus. As mentioned

above, according to the invention, the postscript
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information can be recorded to the recorded optical disc
formed in the coptical disc producing step similar to that
of the existing system. Since arbitrary information can
be used as postscript information, for example,
identification information can be recorded tc the optical
disc. Thus, useapplicationsof theopticaldisciswidened.
According to the invention, there is an advantage such that
there is noneed tochange the existingoptical disc producing
step. Further, there is an advantage such that the
postscribed infermation can be read out without remodeling
the reproducing apparatus or using a special circuit and

the compatibility is not lost.
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The claims defining the invention are as follows:
1. An optical disc medium having a substrate on which a shape according to
modulated information data, and a coating film are formed, wherein

when said modulated information data is formed, a no-modulating interval is
partially provided and predetermined postscript information is recorded into said no-
modulating interval by recording it to said coating film, said predetermined postscript
information having been modulated by the same modulating method as said modulated

information data.

2. An optical disc medium according to claim 1, wherein

said information data is main information.

3. An optical disc medium according to claim 1, wherein

said information data is secondary information for control.

4. An optical disc medium according to claim 1, wherein

said postscript information is disc identification information.

5. An optical disc medium having a substrate on which a shape according to
information data modulated by a modulating method in which a minimum inverting
interval and a maximum inverting interval have been specified, and a coating film are
formed, wherein

predetermined postscript information is recorded into predetermined recorded
information data by recording it to said coating film so as not to contradict said minimum
inverting interval and said maximum inverting interval, said predetermined postscript
information having been modulated by the same modulating method as said modulated

information data.

6. An optical disc medium according to claim 5, wherein

said information data is main information.

7. An optical disc medium according to claim 5, wherein

said information data is secondary information for control.

8. An optical disc medium according to claim 5, wherein

680625_1.avc
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said postscript information is disc identification information.

9. A data recording method of forming an optical disc medium having a substrate
on which a shape according to modulated information data, and a coating film are formed,
wherein

when said modulated information data is formed, a no-modulating interval is
partially provided and predetermined postscript information is recorded into said no-
modulating interval by recording it to said coating film, said predetermined postscript
information having been modulated by the same modulating method as said modulated

information data.

10. A data recording method of forming an optical disc medium having a substrate
on which a shape according to information data modulated by a modulating method in
which a minimum inverting interval and a maximum inverting interval have been
specified, and a coating film are formed , wherein

predetermined postscript information is recorded into predetermined recorded
information data by recording it to said coating film so as not to contradict said minimum
inverting interval and said maximum inverting interval, said predetermined postscript
information having been modulated by the same modulating method as said modulated

information data.

11. A data recording apparatus for forming an optical disc medium having a
substrate on which a shape according to modulated information data and a coating film
are formed, said apparatus comprising:
a modulation information forming unit operable to partially provide a no-
modulating interval in which predetermined postscript information is recorded, wherein
said predetermined postscript information is recorded into said coating film, and
said predetermined postscript information is modulated by the same modulating method

as said modulated information data.

12. A data recording apparatus for forming an optical disc medium having a
substrate on which a shape according to information data modulated by a modulating
method in which a minimum inverting interval and a maximum inverting interval have

been specified, and a coating film are formed, said apparatus comprising:

680625_) ave
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a modulation information forming unit operable to record predetermined
postscript information into predetermined recorded information data by recording said
information to said coating film in a manner so as not to contradict said minimum
inverting interval and said maximum inverting interval, wherein

s said predetermined postscript information is modulated by the same modulating

method as said modulated information data.

DATED this seventeenth Day of July, 2007
10 Sony Disc & Digital Solutions Inc.
Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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DESCRIPTION OF REFERENCE NUMERALS
MODULATION SIGNAL TRANSMITTING APPARATUS
RECORDING INFORMATION REPRODUCING UNIT
MODULATION INFORMATION FORMING UNIT
MODULATION INFORMATION STORING UNIT
MODULATION SIGNAL OUTPUT UNIT
POSTSCRIPT APPARATUS
MODULATIGN INFORMATION STORING UNIT
POSTSCRIPT CONTROL UNIT
POSTSCRIPT UNIT
MASTER OPTICAL DISC
DISC-MASTER OF OPTICAL DISC
STAMPER
RECORDED OPTICAL DISC
OPTICAL DISC AS A PRODUCT
POSTSCRIPT RELATED [NFORMATION
POSTSCRIPT INFORMATION
LASER BEAM RECORDER

MOLDING AND FiLM FORMING APPARATUS
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