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ABSTRACT OF THE DISCLOSURE
A method of recording data includes: a first 

recording step of recording data in a condition that, 
within a certain error correction block in a data format

5 in which error correction blocks with n rows and m columns 
including at least main data, error detection code, and 
error correction parity are formed, an allocated location 
of additional supplementary information is set in a 
location in the same column as an allocated location of

10 the error detection code, and an additional recording area 
is formed for recording additional information containing 
the additional supplementary information and the error 
detection code and the error correction parity necessary 
to be recorded according to the recording of the

15 additional supplementary information; and a second 
recording step of recording the additional information in 
the additional recording area after the data recording at 
the first step is executed.

20

N:\Melboume\Ceee8\Patent\77000-77999\P77623.AU\Specie\P77623.AU_CH spec! doc 28/04/08
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AUSTRALIA
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Applicant(s):
SONY DISC & DIGITAL SOLUTIONS INC.

Invention Title:
Method of recording data, method of manufacturing read-only
optical disc, and read-only optical disc

The following statement is a full description of this invention, 
including the best method for performing it known to me/us:
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METHOD OF RECORDING DATA, METHOD OF MANUFACTURING READ­
ONLY OPTICAL DISC, AND READ-ONLY OPTICAL DISC

CROSS REFERENCES TO RELATED APPLICATIONS
5 The present invention contains subject matter

related to Japanese Patent Application JP 2007-155278 
filed in the Japanese Patent Office on June 12, 2007, the 
entire contents of which being incorporated herein by 
reference .

10
BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a method of 

recording data. Further, the invention relates to a
15 method of manufacturing a read-only optical disc using the 

method of recording data and a read-only optical disc. 
Specifically, the invention relates to a technology that 
enables provision of additional supplementary information 
in a read-only optical disc medium to be manufactured.

20 2. Background Art
JP-A-2001-135021, International Publication 

01/008145 Pamphlet, and International Publication 
02/101733 Pamphlet are cited as references.

In read-only optical disc media such as ROM (Read
25 Only Memory) type CD (Compact Disc), DVD (Digital 

Versatile Disc), BD (Blu-ray disc: Registered Trademark), 
and HD-DVD (High Definition DVD), a lead-in area, a main 
data area, and lead-out area are formed from the inner 
circumference side toward the outer circumference side on

30 the optical disc.
Information data of music, images, games,

application programs, etc. is recorded in the main data
area according to a predetermined recording modulation

N:\Melboume\Ca8ee\PatenL\77000-77999\P77623.AU\Specl8\P77623.AU_GH opeci-doc 28/04/08
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method. Further, in the lead-in area, various kinds of 
management information such as information for 
reproduction management of information data recorded in 
the main data area and physical information of the disc

5 are recorded.
For example, these read-only optical disc media are 

utilized as means for providing contents by many content 
holders because of low production cost from their 
excellent mass productivity.

10 By taking DVDs (DVD-ROMs) as an example, the
manufacturing process of read-only optical disc media is 
roughly divided into a mastering step of fabricating a 
master of optical discs with a laser beam, a molding and 
film-forming step of fabricating many disc substrates

15 using a stamper fabricated from the optical disc master 
and forming films on the disc substrates, and a bonding 
step of bonding paired two 0.6-mm-thick optical discs with 
an adhesive having a predetermined thickness to form 1.2- 
mm-thick DVD discs.

20 At the molding and film-forming step, a concavo-
convex pattern formed on the stamper is transferred onto 
the disc substrates in mass-production using the stamper. 
That is, recording data rows (pit rows) of embossed 
pits/lands as a concavo-concave shaped pattern are formed

25 in a part as an information recording surface, and the 
recording data rows are formed in spiraled or coaxial 
recording tracks. On the information recording surface on 
which the pits/lands have been formed, the concavo-concave 
shape is coated with a metal alloy reflecting film.

30 After the disc is completed, a laser beam applied by
a reproduction device is reflected by the reflecting film
in the pits/lands part.

N:\Melbourne\CaeeB\Patent\77000-77999\P77623.AU\Specie\P77623.AU_GH apeci doc 28/04/08
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SUMMARY OF THE INVENTION
The read-only optical discs are not intended for 

additional information recording after manufactured. 
However, recently, for management of read-only optical

5 discs in which predetermined information data has been 
recorded or the like, a method of recording additional 
information (additional supplementary information) such as 
unique identification numbers with respect to each 
manufactured read-only optical disc and identification

10 information according to contents has been desired.
Here, for additional information recording, it is 

conceivable that an area in which pits are not formed is 
provided as an additional recording area on the optical 
disk, an additional recording mark is formed in the

15 additional recording area, and information is recorded 
thereon. However, it may be impossible to realize 
additional recording simply by recording additional 
supplementary information such as identification 
information.

20 In a DVD-ROM, the status in which additional
supplementary information is recorded in the additional 
recording area should be adapted to the data format of the 
DVD-ROM.

For example, in the data format of the DVD-ROM, an
25 error correction block (ECC block) is considered. The 

error correction block includes a plurality of sector 
data, and column-wise parity (hereinafter, referred to as 
"PO parity") and row-wise parity (hereinafter, referred to 
as "PI parity") as error correction codes. Further, the

30 sector data includes main data (user data) and an error 
detection code (EDC) for the main data.

Here, the case where an area on the optical disc
corresponding to a partial area of user data within a

N:\Melbourne\Caeea\Petenc\77000-77999\P77623 AU\Specie\P77623. AU_GH spec! doc 28/04/08
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sector is used as an additional recording area and 
additional supplementary information is recorded in the 
additional recording area is considered.

When the additional supplementary information is
5 written, the value of EDC within the sector naturally 

changes from the value before writing. Further, with 
respect to each ECC block, values of the PI parity and PO 
parity also change.

Since the read-only optical disc in which data is
10 recorded with pit rows is obviously not rewritable, and 

thus, the EDC, PI parity, PO parity taking values that 
change when the additional supplementary information is 
written should be written when the additional 
supplementary information is written.

15 That is, in the case where additional supplementary
information is written on the optical disc after pit rows 
are formed, additional information to be written includes 
not only additional supplementary information such as 
identification information but also EDC, PI parity, PO

20 parity affected by the additional supplementary 
information.

Accordingly, it is desired that the efficient 
additional recording is executed in consideration of error 
detection code and error correction parity.

25 Furthermore, it is desired that a proper additional
recording mark is formed while constrains are overcome on 
the data format such that the data rows corresponding to 
the additional recording mark written in the additional 
recording area satisfy the run length condition specified

30 in the DVD system. However, very complicated calculation
processing is necessary for satisfying the format
constraints according to individual pieces of additional
supplementary information, and the processing is a major

N:\Melbourne\Ce8ee\Patent\77000-77999\P77623.AU\Specii\P77623.AU_GH epeci doc 28/04/06
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factor to make additional recording of information very- 
difficult .

Accordingly, there is a need for an additional 
recording technology, when additional information

5 (additional supplementary information, and error detection 
code and error correction parity affected by additional 
recording) is recorded on a read-only optical disc on 
which pit rows of embossed pits have been formed, that can 
efficiently and easily realize adaptability to a data

10 format.
According to a first aspect of the invention there 

is provided a method of recording data, the method 
comprising:

(a) a first recording step of recording data in a
15 condition that, within a certain error correction block in 

a data format in which error correction blocks with n rows 
and m columns including at least main data, error 
detection code, and error correction parity formed, and 
allocated location of additional supplementary information

20 is set in a location in the same column which includes the 
error detection code, and an additional recording area is 
formed for recording additional information containing the 
additional supplementary information and the error 
detection code and the error correction parity necessary

25 to be recorded according to the recording of the 
additional supplementary information; and

(b) thereafter, a second recording step of recording 
the additional information in the additional recording 
area, wherein:

30 (i) the data format is a data format of a DVD-
system read-only optical disc; and

(ii) the first recording step is executed to
provide an immediately preceding part of the additional

3138646,1 (GHMeCtere) P77623.AU 17/02/12
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recording area with a code word of a data symbol "47" or 
"54" determined by an EFM+ conversion table.

Further, the data format is a data format of a DVD- 
system read-only optical disc, and the first recording

5 step is executed to provide an immediately preceding part 
of the additional recording area with a code word of a 
data symbol "47" or "54" determined by a EFM+ conversion 
table .

Furthermore, a synchronization signal is formed by a
10 SYNC ID and a SYNC body, and, at the second recording 

step, the SYNC ID part of the synchronization signal is 
recorded as the additional information at an ending part 
of the additional recording area.

According to a further aspect of the invention there
15 is provided a method of recording data, the method 

comprising:
(a) a first recording step of recording data in a 

condition that, within a certain error correction block in 
a data format in which error correction blocks with n rows

20 and m columns including at least main data, error 
detection code, and error correction parity formed, and 
allocated location of additional supplementary information 
is set in a location in the same column which includes the 
error detection code, and an additional recording area is

25 formed for recording additional information containing the 
additional supplementary information and the error 
detection code and the error correction parity necessary 
to be recorded according to the recording of the 
additional supplementary information; and

30 (b) thereafter, a second recording step of recording
the additional information in the additional recording
area, wherein:

3138646-1 (GHMactere) P77623.AU 17/02/12

P77623.AU
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(i) a synchronization signal is formed by a
SYNC ID and SYNC body; and

(ii) at the second recording step, the SYNC ID 
part of the synchronization signal is recorded as the

5 additional information at an ending part of the additional 
recording area.

Further, the pit row is formed in a concavo-convex 
shape coated with a reflecting film on the optical disc 
and the additional area is formed as a flat shape area

10 coated with a reflecting film, and the additional 
information (the additional supplementary information and 
the error detection code and error correction parity 
affected thereby) is recorded with the additional 
recording mark row including the additional recording

15 marks formed by eliminating or reducing the reflecting 
film of the additional recording area and the lands as 
flat portions coated with the reflecting film.

Furthermore, the additional information is recorded 
with the additional recording mark row having a head of

20 the land in the additional recording area.
Specifically, in the case where the data format of 

the DVD-system read-only optical disc is considered as the 
data format, the pit row is formed to be a pit row 
according to a code word of a data symbol "47" or "54"

25 determined by an EFM+ conversion table in an immediately 
preceding part to the additional recording area. This is 
for recording the additional information with the 
additional recording mark row having a head of the land in 
the additional recording area.

30 Further, a synchronization signal is formed by a
SYNC ID and a SYNC body, and the SYNC ID part of the
synchronization signal is recorded as the additional

3Ϊ3Β646_1 (GHMatterel P77623.AU 17/02/12
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information at an ending part of the additional recording 
area.

Furthermore, the pit row is formed with a head of 
the pit row immediately following the additional recording

5 area fixedly unified into either an embossed pit or land. 
According to a further embodiment of the invention 

there is provided a method of manufacturing a read-only 
optical disc including a pit row including embossed pits 
and lands with which information is recorded, the method

10 comprising the steps of:
regarding recording data in a data format in which 

error correction blocks with n rows and m columns 
including at least main data, error detection code, and 
error correction parity are formed, within a certain error

15 correction block, setting an allocated location of 
additional supplementary information in a location in the 
same column which includes the error detection code as a 
location within the error correction block;

forming the pit row based on the recording data on
20 the optical disc, and forming an additional recording area 

on the optical disc as an area in which the pit row is not 
formed for recording additional information containing at 
least the additional supplementary information and the 
error detection code and the error correction parity

25 necessary to be recorded according to the recording of the 
additional supplementary information; and

recording the additional information in the 
additional recording area with an additional recording 
mark row including additional recording marks and lands

30 after forming the pit row, wherein:
(i) the data format is a data format of a DVD-system

read-only optical disc; and

3139646_1 (GHMettera) P77623.AU 17/02/12

P77623.AU


10

20
08

20
18

48
 

21
 Fe

b 
20

12

(ii)the pit row is formed to be a pit row according 
to a code word of a data symbol "47" or "54" determined by 
an EFM+ conversion table in an immediately preceding part 
of the additional recording area.

5 According to a further aspect of the invention there
is provided the method of manufacturing a read-only 
optical disc of the above type, wherein:

(a) the pit row is formed in a concavo-convex shape 
coated with a reflecting film on the optical disc;

10 (b) the additional recording area is formed as a
flat shape area coated with a reflecting film; and

(c) the additional information is recorded with the 
additional recording mark row including the additional 
recording marks formed by eliminating or reducing the

15 reflecting film of the additional recording area and the 
lands as flat portions coated with the reflecting film.

According to a further aspect of the invention there 
is provided a method of manufacturing a read-only optical 
disc including a pit row including embossed pits and lands 

20 with which information is recorded, the method comprising 
the steps of :

regarding recording data in a data format in which 
error correction blocks with n rows and m columns 
including at least main data, error detection code, and

25 error correction parity are formed, within a certain error 
correction block, setting an allocated location of 
additional supplementary information in a location in the 
same column which includes the error detection code as a 
location within the error correction block;

30 forming the pit row based on the recording data on
the optical disc, and forming an additional recording area
on the optical disc as an area in which the pit row is not
formed for recording additional information containing at

3138646_1 (GHMattere) P77623.AU 17/02/12
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least the additional supplementary information and the 
error detection code and the error correction parity 
necessary to be recorded according to the recording of the 
additional supplementary information; and

5 recording the additional information in the
additional recording area with an additional recording 
mark row including additional recording marks and lands 
after forming the pit row, wherein:

(i) a synchronization signal is formed by a SYNC ID
10 and a SYNC body; and

(ii) the SYNC ID part of the synchronization signal 
is recorded as the additional information at an ending 
part of the additional recording area.

The embodiments of the invention include the
15 following technical elements.

First, the allocated location of the additional 
supplementary information is set in a location in the same 
column as the allocated location of the error detection 
code (EDC) as the location within the error correction

20 block. This reduces the error correction parity (PO 
parity) affected by the recording of the additional 
supplementary information and improves the additional 
recording efficiency.

Further, since the additional information is
25 recorded with the additional recording mark row having a 

head of the land in the additional recording area, the 
difficulty when the additional recording marks are formed 
is overcome.

Further, in the case of a DVD-ROM, the immediately
30 preceding part to the additional recording area is a pit

row according to the code word of the data symbol "47" or
"54" determined by an EFM+ conversion table, the head of

3138646_1 (GHMactereJ P77623 AU 17/02/12
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the additional recording area can be surely started with 
the land.

Furthermore, in the case where the synchronization 
signal is formed by a SYNC ID and a SYNC body as in a DVD­

5 ROM, also the SYNC ID may be included in the additional 
information and the pit row immediately following is 
started from the SYNC body. Thereby, matching in 
synchronization signal between the additional mark row and 
the pit row can be obtained at the ending part of the

10 additional recording area. Specifically, since the pit 
row is formed with a head of the pit row immediately 
following the additional recording area fixedly unified

313B646_1 (GHMaccers) P7762J.AU 17/02/12
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into either an embossed pit or land, the SYNC ID pattern 
can be easily selected when the SYNC ID is recorded as the 
additional information.

According to the embodiments of the present
5 invention, in the case where the additional information is 

recorded in the additional recording area after data 
recording is executed, for example, in the case where the 
additional information is recorded in the additional 
recording area after the pit row is formed, formation of

10 the additional recording mark row can be realized 
efficiently and adaptively to the data format without 
exception regardless of additional information contents. 
Further, complicated arithmetic processing for adaptation 
to format is unnecessary.

15 Thereby, the additional recording of information in
various optical discs and recording of additional 
supplementary information such as identification 
information with respect to each individual in read-only 
optical discs can be performed more easily. Further, the

20 embodiments are preferable for widespread use of the 
information additional recording technology for read-only 
optical discs.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 is a diagram for explanation of a

manufacturing process of a disc of an embodiment of the 
invention.

Fig. 2 is a diagram for explanation of a stage of a 
bonded optical disc in the manufacturing process of the 

30 embodiment.
Fig. 3A is a partially enlarged view of a read-only 

optical disc of the embodiment.

N:\Melboume\Ca8ee\Patent\77000·7?999\P77623-AUXSpeci e\P77623-AU_GH cpeci doc 28/04/08
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Fig. 3B is a schematic sectional view of the read­
only optical disc of the embodiment.

Fig. 4A is a partially enlarged view including an 
additional recording area of the read-only optical disc of 

5 the embodiment.
Fig. 4B is a schematic sectional view including the 

additional recording area of the read-only optical disc of 
the embodiment.

Fig. 5A is a partially enlarged view including the
10 additional recording area before additional information 

recording of the read-only optical disc of the embodiment.
Fig. 5B is a schematic sectional view including the 

additional recording area before additional information 
recording of the read-only optical disc of the embodiment.

15 Fig. 6 is a diagram for explanation using an SEM
photograph of an additional information recording part of 
the read-only optical disc of the embodiment.

Fig. 7 is a block diagram of an additional 
information recording device of the embodiment.

20 Fig. 8A is a diagram for explanation of a sector
structure of a DVD.

Fig. 8B is a diagram for explanation of a ECC block 
structure of the DVD.

Fig. 9 is a diagram for explanation of the ECC block 
25 structure after interleaving.

Fig. 10 is a diagram for explanation of an allocated 
location of additional supplementary information within 
the ECC block of the embodiment.

Fig. 11 is a diagram for explanation of an
30 additional recording area in a recording sector of the

embodiment.

N; \Melboume\Caee8\Patent\77000-77999\P77623 -AU\Speci8\P77623,AU_GH epeci doc 29/04/08
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Fig. 12A is a diagram for explanation of an improper 
situation of a head part of the additional recording area 
following a pit row.

Fig. 12B is a diagram for explanation of an improper 
5 situation of the head part of the additional recording 

area following the pit row.
Fig. 13A is a diagram for explanation of the case 

where data symbol "54" is recorded immediately preceding 
to the additional recording area.

10 Fig. 13B is a diagram for explanation of the case
where data symbol "54" is recorded immediately preceding 
to the additional recording area.

Fig. 14 is a diagram for explanation of a main
conversion table for EFM+ modulation.

15 Fig. 15 is a diagram for explanation of a sub-
conversion table for EFM+ modulation.

Fig. 16 is a diagram for explanation of a SYNC code
Fig. 17 is a diagram for explanation of kinds of

SYNC codes of the DVD.
20 Fig. 18A is a diagram for explanation of a recording

status at the ending part of the additional recording area 
of the embodiment.

Fig. 18B is a diagram for explanation of a recording 
status at the ending part of the additional recording area 

25 of the embodiment.
Fig. 18C is a diagram for explanation of a recording 

status at the ending part of the additional recording area 
of the embodiment.

Fig. 19A is a diagram for explanation of a recording
30 status at the ending part of the additional recording area 

of the embodiment.

N: \MelbOume\C«8e8\PatenC\770C0-77999\.P77623 AU\Specie\P7?633 .AU_GH epcci .doc 28/04/08
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Fig. 19B is a diagram for explanation of a recording 
status at the ending part of the additional recording area 
of the embodiment.

Fig. 19C is a diagram for explanation of a recording 
5 status at the ending part of the additional recording area 

of the embodiment.

DESCRIPTION OF PREFERRED EMBODIMENTS
Hereinafter, an embodiment of the invention will be

10 explained by taking a DVD-system read-only optical disc as 
an example. Specifically, regarding an read-only optical 
disc as a DVD-ROM, the case where information having 
relatively low capacity such as an individual ID (e.g., 
about 100 bytes) is recorded as additional supplementary

15 information will be described. The explanation will be 
made in the following order.
[1. Manufacturing Process of Read-only Optical Disc and 
Additional Recording with Perforated Marks]
[2. ECC Block Configuration and Allocation of Additional

20 Supplementary Information]
[3. Matching at Starting Part of Additional Recording 
Area]
[4. Matching at Ending Part of Additional Recording Area] 
[5. Advantages of Embodiment and Modified Examples]

25
[1. Manufacturing Process of Read-only Optical Disc and 
Additional Recording with Perforated Marks]

First, a manufacturing process of a read-only 
optical disc 90 of the embodiment will be described with

30 reference to Fig. 1.
Fig. 1 shows a manufacturing process of a read-only

optical disc as a DVD of the embodiment. The
manufacturing process in this example is roughly divided

N:\Melboume\Ce8e8\Patent\77000-77999\P77623 .AU\Specia\P77623 .AUGH epeci doc 28/04/08
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as shown in the chart into a mastering step of fabricating 
an optical disc master with a laser beam, a molding and 
film-forming step of fabricating many disc substrates 
using a stamper formed from the optical disc master and

5 forming films on the disc substrates, a bonding step of 
bonding paired two 0.6-mm-thick optical discs with an 
adhesive having a predetermined thickness to form 1.2-mm- 
thick DVD discs, and an additional recording step of 
recording additional information on the individual bonded

10 optical discs. The additional information includes 
additional supplementary information as information 
desired to be individually added such as identification 
information, for example, and error detection code (EDC) 
and error correction parity necessary to be recorded

15 according to the recording of the additional supplementary 
information.

As below, the respective steps will be explained.
The mastering step is a step of manufacturing an 

optical disc master 192 based on information data recorded 
20 on a master disc 191. At the step, a mastering device 

having a recording modulation signal generating unit 100 
and a laser beam recorder 110 is used.

The recording modulation signal generating unit 100 
reproduces the master disc 191, reads information data to

25 be recorded, EFM+ (Eight to Fourteen Modulation plus)- 
modulates signals of the read information data, and 
outputs the generated EFM+ signals to the laser beam 
recorder 110.

The optical disc master 192 is formed by applying a
30 photoresist as a photosensitive material on a glass plate.

The laser beam recorder 110 applies a laser beam onto the
optical disc master 192 according to the supplied EFM+
signals for exposure of a pit pattern based on the EFM+

N:\Melbourne\CB8e8\Pecent\77000-77999\P77623.AU\Speci8\P77623.AU_GH epeci.doc 28/04/08
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signals. Then, the photoresist film is developed, and, 
with a positive resist, the exposed portions are melted 
and a concavo-convex pattern is formed on the photoresist 
film and a pit pattern (concavo-convex shapes of

5 pits/lands) according to a predetermined format is formed 
on the surface of the optical disc master 192.

As described above, the recording modulation signal 
generating unit 100 generates EFM+ signals based on the 
signals read out from the master disc 191 and sends them 

10 to the laser beam recorder 110, and further, unmodulated 
signals are inserted into certain durations of part of the 
continuously sent EFM+ signals according to instructions 
from an additional recording management unit 160.

During the durations of unmodulated signals, the
15 laser beam is off in the laser beam recorder 110 is off.

That is, through insertion of unmodulated signals into the 
EFM+ signals, unexposed sections are formed on the optical 
disc master 192. All of the sections become lands and 
flat shape areas on which no concavo-convex shape is

20 formed, and the areas are used as additional recording 
areas, which will be described later.

On the basis of the optical disc master 192, a mold 
called a stamper 193 onto which the pit pattern of the 
optical disc master 192 has been reversely transferred is 

25 fabricated. Naturally, the flat shape areas as additional 
recording areas are also formed on the stamper 193.

Then, at the molding and film-forming step, a 
molding device 120 fabricates an optical disc substrate 
194 using the stamper 193. On the optical disc substrate 

30 194, the concavo-convex pattern formed on the optical disc
master 192 is transferred and the pit pattern is formed.

N:\Mclbourne\Caeeo\Patent\77000-77999\P77623-AU\Specia\P77623-AU_GH epeci.doc 28/04/08



17

20
08

20
18

48
 

28
 A

pr
 2

00
8

As a method of fabricating the optical disc 
substrate 194, compression molding, injection molding, 
light curing, etc. are known.

On the optical disc substrate 194 onto which the pit
5 pattern has been transferred from the stamper 193, a film 

forming device 130 sequentially deposits a coating film 
such as a reflecting film, and thereby, an optical disc 
substrate with reflecting film 195 is formed.

Then, at the bonding step, the above optical disc
10 substrate with reflecting film 195 and a bonding substrate

196 are bonded.
As the bonding substrate 196, the optical disc 

substrate with reflecting film fabricated in the same 
process as above, or an optical disc on which a semi- 

15 transmissive reflecting film has been formed, or a dummy 
optical disc substrate with no reflecting film coating is 
used.

A substrate bonding device 140 bonds one of the 
bonding substrate 196 of them to the optical disc

20 substrate with reflecting film 195 to manufacture a bonded 
optical disc 197.

As an adhesion technique when bonding, a technique 
using an ultraviolet curing adhesive, a technique using a 
sheet with adhesive, etc. are known.

25 In a DVD of the related art, the bonded optical disc
197 is a DVD as a completed product. However, in this 
example, additional recording areas with no pit pattern 
are provided on the partial sections on the recording 
track on which the pit pattern (pit rows including

30 embossed pits and lands) have been formed.
Fig. 2 schematically shows the bonded optical disc

197. As the area configuration on the disc, from the
inner circumference side, lead-in area Ll in which
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management information has been recorded, main data area 
MA in which content data has been recorded, and lead-out 
area LO are formed.

These lead-in area LI, main data area MA, and lead-
5 out area LO are areas in which information is basically 

recorded with pit rows including embossed pits and lands. 
That is, a recording data row of pits/lands according to 
the EFM+ signals is formed as a spiral recording track, 
for example.

10 Here, a certain track TK within the main data area
MA in which additional recording areas 10 are partially 
formed is shown. Though the schematic view is only for 
explanation and the practical allocation and size along 
the line of the additional recording areas 10 are not

15 necessarily the same as those shown in the drawing, the 
additional recording areas 10 are formed as flat shape 
areas with reflecting film in part of the recording track 
of the pit rows.

In which area within the main data area MA the
20 additional recording areas 10 are formed is not especially 

limited. Further, the additional recording areas 10 may 
be formed within the lead-in area LI or the lead-out area 
LO. Furthermore, it is also conceivable that the 
additional recording areas 10 are provided at the inner

25 circumference side of the lead-in area LI, or at the outer 
circumference side of the lead-out area LO.

In the case of the example, the bonded optical disc 
197 is not a completed DVD because unrecorded areas are 
left as the additional recording areas 10 as described

30 above. Accordingly, the additional recording step is 
executed on the bonded optical disc 197.

At the additional recording step, an additional
information recording device 150 writes additional
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information in the additional recording areas on the 
bonded optical disc 197. For example, identification 
information, error detection code, error correction 
parity, etc. different from one optical disc to another 

5 are written as additional information.
In this case, the additional information recording 

device 150 is instructed on location information (address) 
from the additional recording management unit 160 and 
provided with additional information to write, and writes 

10 the additional information.
The additional information recording device 150 

performs writing by the method of EFM+-modulating the 
additional information, applying high-power laser pulse 
for recording according to the EFM+ signal, and

15 eliminating or reducing the reflecting film in the 
additional recording areas to form a perforated mark.

The configuration of the additional information 
recording device 150 will be described later with 
reference to Fig. 7.

20 When the additional recording step is completed, the
manufacturing of the read-only optical disc 90 is 
completed. The read-only optical discs 90 mass-produced 
in the above described process are optical discs in which 
the same contents (music, images, games, application

25 programs, etc.) are recorded, but unique additional 
information is individually recorded.

The additional recording step may be performed 
within the manufacturing factory where the molding and 
film-forming step and the bonding step are executed, or in 

30 another facility, store, etc.
For example, a content holder (a dealer who provides

contents and requests fabrication of discs or the like)
may request delivery of the bonded optical discs 197 and
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the content holder may record additional information using 
their additional information recording device 150.

Further, it is also conceivable that, in a store, 
the bonded optical discs 197 are displayed for sale and,

5 when a customer buys the discs, additional information are 
written therein by the additional information recording 
device 150 installed in the store and the discs are handed 
to the customer.

The embossed pit rows and perforated marks formed on
10 the read-only optical disc 90 manufactured as above will 

be explained.
Fig. 3A is a partially enlarged view showing a part 

in which recording tracks are produced as typical pit rows 
of embossed pits/lands, and further, Fig. 3B is a

15 schematic sectional view of the part shown by the broken 
line in Fig. 3A.

As seen from Fig. 3B, each read-only optical disc 90 
is formed by bonding the optical disc substrate with 
reflecting film 195 made of polycarbonate having a

20 thickness of 0.6 mm and the bonding substrate (dummy 
optical disc substrate) 196 with an adhesive 5 (e.g., an 
ultraviolet curing resin or adhesive sheet), for example, 
and has a thickness of 1.2 mm.

In this case, one principal surface of the optical
25 disc substrate with reflecting film 195 is used as 

information recording surface L0, and the information 
recording surface L0 is formed as a concavo-convex pattern 
of pits 2 and lands 3. Further, reflecting films 4 are 
formed on the surface of the pits 2 and lands 3.

30 The concavo-concave relation between the pits 2 and
lands 3 may be opposite.

The bonding substrate 196 to be bonded to the
optical disc substrate with reflecting film 195 is a dummy
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optical disc substrate (a disc substrate with no 
reflecting film coating) in Fig. 3B, however, as described 
above, an optical disc substrate on which a reflecting 
film has been formed or an optical disc on which a semi-

5 transmissive reflecting film has been formed may be used 
as the bonding substrate 196.

The adhesive 5 is generally transmissive, but may 
not be transmissive depending on the structure. When the 
bonding substrate 196 bonded to the optical disc substrate 

10 with reflecting film 195 has a reflecting film or semi­
transmissive reflecting film, the bonding surface becomes 
a surface having the reflecting film or semi-transmissive 
reflecting film formed thereon.

Fig. 4A is an enlarged view of a part in which
15 perforated marks are formed, and further, Fig. 4B is a 

schematic sectional view of the part shown by the broken 
line in Fig. 4A.

In the example of Fig. 4A, a partial area within one 
track formed by a pit row of embossed pits and lands is

20 used as an additional recording area 10, and a recording 
data row of perforated marks 6 formed at the above 
described additional recording step is formed therein. 
That is, additional information unique to the disc is 
recorded as the recording data row of the perforated marks 

25 6.
For convenience of explanation, the recording data 

row of the perforated marks 6 and the lands 3 is referred 
to as "additional recording mark row" for distinction from 
the pit row of the embossed pits 2 and the lands 3.

30 As shown in Fig. 4B, the part where the additional
recording mark row is formed basically has the same layer
structure as that shown in Fig. 3B, but the perforated
marks 6 are formed on part of the information recording
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surface L0. That is, the perforated marks 6 are formed 
with little reflecting films exist thereon by elimination 
or reduction of the metal alloy reflecting films 4.

Fig. 5A and 5B show the status corresponding to
5 Figs. 4A and 4B before additional information is recorded 

at the above described additional recording step.
As shown in Fig. 5A, the additional recording area

10 is a flat shape area as an unmodulated section in which 
no concavo-concave pattern of pits 2 and lands 3 is

10 formed. As seen from Fig. 5B, the additional recording 
area 10 exists in the same plane as that of the lands 3 
and forms a so-called mirror portion coated with the 
reflecting film 4.

In the additional recording area 10, additional
15 information is recorded at the additional recording step.

That is, the above described additional information 
recording device 150 is prepared as a dedicated recording 
device using a high-power red semiconductor laser, for 
example, and has a function of emitting high-power laser

20 pulse for recording in a desired section. The device 
performs recording in the additional recording area 10 in 
the status of Figs. 5A and 5B and forms perforated marks 6 
as in Figs. 4A and 4B. For the modulation of light 
emission pattern in this regard, EFM+ signals are used as

25 the same modulation method as the modulation corresponding 
to the embossed pit rows.

Fig. 6 shows a sample on which perforated marks 6 
are formed as recording of additional information in the 
additional recording area 10 in the read-only optical disc

30 90 by entering a high-power laser. This is an SEM
(scanning electron microscopic) observation photograph of 
the additional recording area 10 with the perforated marks 
6 formed therein.
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For SEM observation, the optical disc substrate with 
reflecting film 195 and the bonding substrate 196 (dummy- 
optical disc substrate) are separated at the bonding 
surface and an electron beam is entered into the part

5 where the reflecting films 4 are bared. For the 
reflecting film 4, an Al alloy of an Al-base alloy 
containing about 1 atomic percent Fe and about 5 atomic 
percent Ti is used.

As seen from Fig. 6, the metal alloy reflecting
10 films formed on the additional recording area 10 are 

eliminated or reduced according to the modulated signals 
of the additional information and oval holes are 
perforated, and perforated marks 6 corresponding to the 
pits are neatly formed.

15 A configuration example of the additional
information recording device 150 for recording an 
additional recording mark row of the perforated marks 6 
will be explained with reference to Fig. 7.

Fig. 7 is a block diagram of the additional
20 information recording device. The additional information 

recording device 150 has an additional recording control 
operation unit 21, a writing pickup 22, a reading pickup 
23, a spindle motor 24, a writing control unit 25, a 
reading control unit 26, and an operation input unit 27.

25 The bonded optical disc 197 in which additional
information is to be written at the additional recording 
step is mounted on a turntable (not shown) and 
rotationally driven by the spindle motor 24.

In and from the bonded optical disc 197, the
30 additional information is recorded by the writing pickup

22 and the recorded data is read by the reading pickup 23.
The writing pickup 22 outputs a laser having a

wavelength of 660 nm, for example. The laser power can
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be changed according to the instruction from the writing 
control unit 25, and the maximum output is about 100 mW, 
for example. By the laser from the writing pickup 22, the 
perforated marks 6 with eliminated or reduced reflecting

5 films 4 are formed on the bonded optical disc 197.
The reading pickup 23 outputs a laser having a 

wavelength of 635 or 650 nm, for example. The laser power 
is about 0.2 mW. The reading pickup 23 receives the 
reflected light of the output laser and obtains signals of 

10 the information read from the bonded optical disc 197 from 
the received reflected light information.

The writing control unit 25 controls the operation 
of the writing pickup 22 to write the supplied data in the 
bonded optical disc 197 by the writing pickup 22. That

15 is, the unit generates a laser drive signal based on the 
supplied data (encode data of the additional information) 
and executes the laser output of the writing pickup 22. 
Further, simultaneously, the unit controls the laser power 
according to the instruction from the additional recording

20 control operation unit 21. Further, the writing control 
unit 25 controls writing position, focus, and the like of 
the writing pickup 22 and executes recording of perforated 
marks 6 in predetermined positions according to the 
instruction from the additional recording control

25 operation unit 21.
The reading control unit 26 allows the reading 

pickup 23 to execute laser output for reading information 
from the bonded optical disc 197, performs decoding 
processing of the information read as reflected light

30 information, and thereby, obtains decode data as 
additional information. Further, the reading control unit 
26 controls reading position, focus, and the like of the
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reading pickup 23 and executes reading of information from 
the bonded optical disc 197.

The additional recording control operation unit 21 
performs drive control of the spindle motor 24, operation

5 control on the writing control unit 25, and operation 
control on the reading control unit 26 as control of trial 
writing and additional information recording operation 
executed as the additional information recording device 
150.

10 As described above with reference to Fig. 1, the
additional information and area information to be written 
in the additional recording area 10 are supplied from the 
additional recording management unit 160, and the 
additional recording control operation unit 21 loads them

15 and controls execution of the operation at the additional 
recording step. In this case, the area information is 
location information (address) of the additional recording 
area 10.

The additional recording control operation unit 21
20 controls execution of the trial writing recording and 

additional information recording operation according to 
the information from the additional recording management 
unit 160 and operation input of an operator using the 
operation input unit 27.

25 When recording the additional information, the
additional recording control operation unit 21 instructs 
the writing control unit 25 to access the additional 
recording area 10 and moves the writing pickup 22 to the 
additional recording area 10. Then, the unit 21 encodes

30 the additional information and supplies the encode data to
the writing control unit 25, and also gives an instruction
for recording conditions of the laser power for writing or
the like. Thereby, the writing control unit 25 drives the
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writing pickup 22 to form the perforated marks 6 in the 
additional recording area 10 based on the encode data as 
the additional information.

Further, when recording the additional information,
5 the additional recording control operation unit 21 also 

instructs the reading control unit 26 to access the 
additional recording area 10 and instructs reproduction by 
the reading pickup 23. That is, the unit 21 gives an 
instruction for reproduction of the part of the perforated 

10 marks 6 recorded by the writing pickup 22. Thereby, the 
additional information is read by the reading pickup 23 
and the decode data is loaded in the additional recording 
control operation unit 21 by the reading control unit 26. 
The additional recording control operation unit 21 makes

15 evaluations of the decoded data by detecting the error 
rate or the like, and determines whether the additional 
information has been properly recorded or not.

[2. ECC Block Configuration and Allocation of Additional
20 Supplementary Information]

As described above, the read-only optical disc is 
manufactured as a DVD in which additional information is 
recorded. As below, a method for properly realizing the 
additional information recording will be described in view 

25 of the data format of the DVD system.
First, here, ECC block configuration and allocation 

of additional supplementary information will be explained.
Fig. 8A shows a structure of a sector as the minimum 

unit of a data structure in the DVD data format.
30 The sector is a data unit of 2064 bytes in 172 bytes

x 12 rows. One sector includes a sector header of 12
bytes, user data of 2048 bytes, and EDC (error detection
code) of four bytes.
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In the sector header of 12 bytes, attribute 
information such as sector format type, tracking system, 
area information (distinction among lead-in area LI, main 
data area MA, and lead-out area LO), data type, and layer

5 number, address information, etc. are recorded.
The user data area of 2048 is used for recording 

main recording data.
The EDC of four bytes is an error detection code 

within the sector.
10 An ECC block as one recording unit is formed by

gathering 16 of such sectors. Fig. 8B shows an ECC block 
structure .

To 16 sectors of sectors SCO, SCI ... SC15, PO 

parity of 172 bytes x 16 rows is added as column-wise
15 parity.

Furthermore, to sectors SCO, SCI ... SC15 and the 
respective rows of the PO parity, row-wise parity (PI 
parity) of 10 bytes for each is added.

The 182 bytes x 208 rows form the ECC block.
20 The ECC block is interleaved as shown in Fig. 9.

That is, the respective 16 rows of the PO parity are 
incorporated into the last rows of the respective sectors 
SCO to SC15 as shown by the shaded parts in the drawing. 

The respective sectors of 182 bytes x 13 rows in which the
25 rows of the PO parity have been incorporated are used as 

recording sectors rSCO, rSCl ... rSC15.
Furthermore, Fig. 11 shows a part of the recording 

sector rSCO. In the respective recording sectors rSCO, 
rSCl ... rSC15, one row of 182 bytes is divided into

30 groups of 91 bytes, and 32-bit synchronization signals SY 
(SY0 to SY7) are added to the units of 91 bytes.
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The status in Fig. 11 is a data structure to be 
finally recorded in a disc. That is, each one byte (8- 
bit) data symbol of the data structure in Fig. 11 is 
converted into 16 bits by EFM+ modulation, and pit rows

5 are formed based on logic inversion of NRZI format of the 
EFM+ modulation signals.

The structure in Fig. 11 includes the respective
rows sequentially continuous in the track line direction 
on the optical disc. That is, on the optical disc, data

10 is recorded in the track line direction in the sequence 

that the synchronization signal SY0 in the first row 91 

bytes containing the sector header of the first row -> the 

synchronization signal SY5 in the first row -> 91 bytes 

containing the PI parity of the first row the

15 synchronization signal SY1 in the second row —> 91 bytes of 

the second row —> the synchronization signal SY5 in the 

second row -> 91 bytes containing the PI parity of the 

second row —> the synchronization signal SY2 in the third 

row -A . . . .
20 Here, the allocation of additional supplementary

information within the ECC block will be described. Fig.
10 shows the ECC block configuration in Fig. 8B by byte 
locations .

The ECC block of 182 bytes x 208 rows has byte
25 locations of B0,0 to B207,181.

The data of the first sector SCO within the ECC 
block is allocated in the byte locations B0,0 to Bll,181 
including the PI parity.

The B0,0 to B0,11 are used for the sector header.
30 Further, 2048 bytes of B0,12 to B0,171, Bl,0 to

Bl,171, B2,0 to B2,171, ... ΒΙΟ,Ο to B10,171, Bll,0 to
Bll,167 are used for user data.
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Further, Bll,168 to Bll,171 are used for EDC.
Then, each 10 bytes of PI parity are allocated as

BO,172 to Bll,181 in the respective rows.
In the byte locations from B12,0, the sectors SC1 to

5 SC15 are allocated in the same structure. Further, each
16 bytes of PO parity are allocated in byte locations 
B192, 0 to B207,171 in the respective columns.

In the example, the recording area for additional 
supplementary information is secured within the user data 

10 of one or some certain sectors. In this case, the 
recording area for additional supplementary information is 
secured within the shaded part in Fig. 10. The shaded 
part is a range from 168-column to 171-column, and 
locations in the same columns in which EDCs (error

15 detection codes) are respectively allocated in the 
respective sectors (SCO to SC15) within the ECC block.

The additional supplementary information is recorded 
within the shaded part for the following reasons.

First, because of the structure of the ECC block,
20 arbitrary data can be recorded in the user data area.

However, even if the additional supplementary 
information to be recorded is about 100-byte data (not 
limited to about 100-byte data as a matter of course), it 
is actually necessary to rewrite EDC, error correction

25 parity PI, PO according to the recording of the additional 
supplementary information. As a matter of course, if an 
embossed pit pattern is once formed, rewriting is no 
longer enabled. Accordingly, if the additional 
supplementary information is to be recorded, the parity

30 etc. affected by the recording is recorded with the above
described perforated marks 6 as additional records.

For example, the case where additional supplementary
information is additionally recorded in a certain byte

N:\Melboume\Case8\Pacenc\77000-77999\P77623.AU\Speci8\P77623.AU_GH epeci.doc 28/04/08



30

20
08

20
18

48
 

28
 A

pr
 2

00
8

location as user data within a certain sector is 
considered.

Then, four-byte EDC of the sector is affected. 
Accordingly, it is necessary to set the part of four-byte

5 EDC in the additional recording area (without forming an 
embossed pit pattern) and records the EDC as an additional 
record.

Further, since the PO parity in the same columns as 
those of the byte location where the additional

10 supplementary information has been recorded and the EDC is 
also affected, it is also necessary to record them as 
additional records.

Furthermore, since the PI parity in the same rows as 
those of the byte location where the additional

15 supplementary information has been recorded and the EDC, 
and the PI parity in the rows of the PO parity are also 
affected, it is also necessary to record them as 
additional records.

As described above, when the additional
20 supplementary information is recorded with perforated 

marks using a part corresponding to a part of the user 
data as an additional recording area 10, it is necessary 
to form the affected parts of EDC, PO parity, and PI 
parity of the sector as additional areas 10 and record

25 them with perforated marks in addition to the additional 
supplementary information.

Here, minimization of portions for additional 
recording is considered.

Hypothetically, the case where additional recording
30 is performed in the byte location B2,0, for example, other

than the shaded part within the sector SCO in Fig. 10 is
considered.
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Regarding the PO parity, it is necessary to record 
the 16 bytes in the 0-column (B192,0 to B207,0) that is 
the same row as that of the byte location B2,0 as 
additional records. Further, also the EDC of the sector 

5 SCO becomes an additional record, and thereby, the 
respective 16 bites of 168-column to 171-column of the PO 
parity become additional records.

That is, regarding the PO parity, the same column as 
that of the recording location of additional supplementary 

10 information and the same columns as those of the EDC are 
affected and it is necessary to additionallly record the 
columns with perforated marks. However, from the opposite 
point of view, if the recording location of additional 
supplementary information is allocated in the same column 

15 as that of the EDC column, only the 168-column to 171- 
column of the PO parity in the same columns as those of 
the EDC are affected. That is, as shown by the shaded 
part, when the recording area of additional supplementary 
information is set within the range in the same columns as 

20 those of the EDC, the affected range of the PO parity can 
be minimized. Specifically, the affected range of the PO 

parity can be held within only the 4 x 16 bytes of 
B192,168 ... B207,171 surrounded by the broken line as the 
range in the same columns as those of the EDC of the

25 sector.
That is, in the sector for recording of additional 

supplementary information, the affected portions within 
the ECC block can be reduced by recording the information 
in the same columns as those of the EDC.

30 In this case, within one sector, additional

supplementary information of 44 bytes of 4 bytes x 11 rows
as the shaded part can be recorded at the maximum.
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With respect to one ECC block, additional 

supplementary information of 704 bytes of 44 x 16 sectors 
can be recorded at the maximum.

Practically, the allocated location of additional
5 supplementary information may be set according to the data 

size (number of bytes) of identification information and 
the like to be recorded as the additional supplementary 
information, and it is not necessary to allocate all 44 
bytes of the shaded part within one sector for recording

10 of the additional supplementary information. For example, 
only four bytes (one row) may be allocated for recording 
of additional supplementary information within one sector, 
and 64 bytes of the 16 sectors may be used for recording 
in one ECC block.

15 As a matter of course, the number of sectors for
recording of additional supplementary information may be 
arbitrary within an ECC block. Further, additional 
supplementary information may be recorded across plural 
ECC blocks.

20 The data size of additional supplementary
information and the way of using sectors for recording are 
completely arbitrary. In any case, additional 
supplementary information may be recorded using a byte 
location in the same column range as that of EDC in each

25 sector.

[3. Matching at Starting Part of Additional Recording 
Area]

Next, matching at the starting part of the
30 additional recording area 10 is considered.

As described above, the pit row as an embossed pit
pattern has already been formed on the bonded optical disc
197 to be supplied for the additional recording step, and
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part of the row is flat shape area as the additional 
recording area 10.

Here, what should be considered is how the data of 
additional recording information is formed in order that

5 an arbitrary additional recording mark is additionally 
recorded without problem regardless of the status of the 
pit row already provided adjacently to the additional 
recording area 10 (e.g., whether the adjacent part 
immediately preceding to the additional recording area 10

10 is a land or pit, or a changing point of land/pit).
Fig. 11 shows locations corresponding to the 

additional recording area 10 in the case where all of four 
bytes in the respective rows in the same columns as those 
of EDC are used for recording of additional supplementary 

15 information in a certain recording sector rSCO.
In this case, the area on the optical disc (bonded 

optical disc 197) corresponding to the shaded part in Fig. 
11 is used as the additional recording area 10.

That is, the parts of four bytes in the same columns
20 as those of the EDC of the user data in the respective 

rows from the first row to the 12th row, four-byte EDC in 
the 12th row, four-byte PO parity in the same columns as 
those of the EDC of the PO parity in the 13th row formed 
by interleaving, and 10-byte PI parity of the respective

25 rows from the first row to 13th row are contained in the 
additional recording area 10, and these are recorded in 
the additional recording mark row with perforated marks 6.

As will be described later, the location of part of 
the synchronization signal SY (10-bit SYNC ID) immediately 

30 following the PI parity may be contained in the additional 
recording area 10, and the 10-bit data is recorded with 
perforated marks 6.
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Therefore, one additional recording area 10 is an 
area for recording four-byte user data (or EDC or PO 
parity) and 10-byte PI parity, and 10-bit SYNC ID, and, 
because one symbol (one byte within the sector structure)

5 is recorded as 16 bits because of EFM+ modulation, becomes 
a 234-bit area on the optical disc.

Here, the immediately preceding locations to the 
starting part of the additional recording area 10 are 
locations with "54".

10 In this example, the immediately preceding pit row
to the additional recording area 10, i.e., the last pit 
pattern of the part from the pit row to the additional 
recording area 10 is defined by a code word "54" or "47". 
Accordingly, "54" is written immediately before the

15 additional recording area 10 as the shaded part in the 
drawing, however, "47" may be replaced.

As below, the reason for this will be explained.
First, in the case of additional recording in the 

additional recording area 10, it is desired that the
20 immediately preceding embossed pit row ends at the land 3 

and recording of perforated mark row is started with 
connection to the land 3.

Hypothetically, a situation as in Fig. 12A is 
considered.

25 In Fig. 12A, it is assumed that code word
"0010000010000100" formed by EFM+-modulation of a data 
symbol is an end of a pit row as an embossed pit pattern, 
and the pit row including pits 2 and lands 3 is formed as 
shown in the drawing.

30 Here, it is also assumed that recording is started
from a certain code word "0100..." in the additional
recording area 10.
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In this case, on the basis of logic inversion of
NRZI format, a perforated mark 6 continuing from the pit 2 
should be formed at the head of the additional recording 
area 10 as in the drawing. Further, for logic inversion

5 at "1", the perforated mark 6 should have a length of 2T.
For example, in such a situation, a perforated mark

6 continuing from the immediately preceding pit 2 is 
formed at the start of writing of the additional recording 
area 10.

10 In the example in Fig. 12A, the first perforated
mark 6 has a length of 2T. Even if the length is less 
than 2T or 3T or more, when the perforated mark 6 
continuing from the pit 2 is formed, it is necessary to 
well-treat the connection part. For example, it is

15 necessary to prepare a special light strategy that starts 
laser emission slightly earlier for producing an 
overlapping portion between the mark and the immediately 
preceding pit 2.

However, good connection between the pit 2 and the
20 perforated mark 6 may not completely be ensured due to the 

complication in processing because the special light 
strategy should be executed at the start of writing in the 
additional recording area 10 and the writing for producing 
an overlapping portion.

25 Further, as in Fig. 12A, in the case where the first
perforated mark 6 should be formed to have a length of 2T, 
laser emission less than 2T is necessary at the start of 
writing in the additional recording area 10. However, it 
is difficult to accurately control the formation of

30 perforated mark/land in a short time such as IT or 2T in 
additional recording.

If any laser emission less than 2T is not allowed to
be generated at the start of writing in the additional
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recording area 10, it is necessary to select one that is 
not inversed at the leading three bits as a symbol at the 
start of writing. However, very complicated processing is 
necessary for this.

5 For the reasons, it is desired to avoid recording
starting from the perforated mark 6 in the additional 
recording area 10. Therefore, in the case of additional 
recording in the additional recording area 10, it is 
desired that the immediately preceding embossed pit row

10 ends at the land 3 and recording of perforated mark row is 
started with connection to the land 3. For example, as 
shown in Fig. 12B, if the immediately preceding row ends 
at the land 3, the writing of the additional recording 
area 10 can be started with the land 3.

15 For example, if there is such land connection, it is
not necessary to prepare the special light strategy or 
select one that is not inversed at the leading three bits 
as a symbol at the start of writing.

Accordingly, the case where the head of the
20 additional recording area 10 starts with land connection 

is considered. In other words, the case where the 
immediately preceding pit row to the additional recording 
area 10 ends at the land 3 is considered.

In still other words, a situation that the pit row
25 ends at the land 3 can be selected as the last code word 

of the immediately preceding embossed pit row to the 
additional recording area 10.

In order to start the additional recording area 10 
at the land 3, the pit row according to the immediately

30 preceding code word of the data symbol to the additional 
recording area 10 may end at the land 3. However, the way 
of ending of the immediately preceding code word to the 
additional recording area 10 is affected by the way of
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ending of the further immediately preceding code word of 
the data symbol. That is, because of NRZI format that H/L 
logic is inverted at "1", depending on whether the initial 
part of the immediately preceding code word to the

5 additional recording area 10 is "H" or "L" (i.e., whether 
the further immediately preceding code word ends with "H" 
or "L"), whether the last part is the pit 2 or land 3 is 
uncertain. This is because numbers of reversal of 
polarity of code word vary from one data symbol to another

10 and the polarity at the end may change depending on 
whether the number is odd or even.

In this case, in order to ensure that the 
immediately preceding row to the additional recording area 
10 ends at the land 3, it is proper that the immediately

15 preceding data symbol to the additional recording area 10 
has a code word in which whether the number of reversal of 
polarity is odd or even can be selected according to the 
further preceding data symbol. That is, it is necessary 
that whether the data symbol has a code word with an even

20 number of reversal of polarity or a code word with an odd 
number of reversal of polarity can be arbitrarily selected 
(polarity can be manipulated) at the time of EFM+ 
modulation.

Here, a conversion table of EFM+ modulation is
25 considered.

In the DVD data format, regarding EFM+ modulation, a 
main conversion table partially excerpted and shown in 
Fig. 14 and a sub-conversion table partially excerpted and 
shown in Fig. 15 are specified.

30 First, the main conversion table in Fig. 14 will be
explained.
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In the main conversion table, 16-bit code words for 
converting data symbols "0" to ”255" as 8-bit (1-byte) 
data values by EFM+ modulation are defined.

Further, four kinds of code words of state 1, state
5 2, state 3, and state 4 are defined as code words

corresponding to one data symbol.
Furthermore, one of "1" to "4" is determined as the 

next state for each code word.
The next state indicates which state of code word is

10 used for the next data symbol.
For example, the case where a data row of data 

symbols of "0", "88", "49", and "255" is EFM+-modulated is 
considered.

First, the data symbol "0" is converted into the
15 code word in state 1 "0010000000001001", for example.

Which state of code word is used is arbitrary for the 
first data symbol of recording data.

"1" is the next state of the code word in state 1 of 
the data symbol "0". Accordingly, the next data symbol

20 "88" is converted into the code word in state 1
"0001000100010000".

Further, "3" is the next state of the code word in 
state 1 of the data symbol "88". Accordingly, the next 
data symbol "49" is converted into the code word in state 

25 3 "1000000010001000".
Furthermore, "2" is the next state of the code word 

in state 3 of the data symbol "4 9" . Accordingly, the next 
data symbol "255" is converted into the code word in state 
2 "0100001000010010".

30 As described above, in EFM+ modulation, a code word
of each data symbol is selected in the state determined by
the next state. This is for adapting the connection part
of the respective data symbols to run length limitation.
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Here, regarding data symbols "0" to "87", a sub­
conversion table shown in Fig. 15 is specified.

In the sub-conversion table, four kinds of code 
words of state 1, state 2, state 3, and state 4 are also

5 defined as code words corresponding to one data symbol.
Further, one of "1" to "4" is determined as the next 

state for each code word.
Regarding data symbols "0" to "87", the sub­

conversion table is provided and a total of eight code 
10 words are selectable. The code words in the sub­

conversion table may be used together with the main 
conversion table.

For example, as described above, when the next state 
"3" is designated by the cord word of the data symbol "88" 

15 and the next data symbol is "49", not only the code word 
in state 3 "1000000010001000" of the main conversion table 
but also the code word in state 3 "1001000000010001" of 
the sub-conversion table may be selected.

The sub-conversion table is provided for adjusting
20 an average ratio of pit/land to regulate the DC offset 

component of a reproduction RF signal.
That is, with respect to the same data symbol and 

the same state, the number of inversions (the number of 
"1") are different in even or odd number between the main 

25 conversion table and the sub-conversion table. Thereby, 
for the recording data in which there are more areas of 
pits 2 than areas of lands 3 on the recording track using 
only the main conversion table, for example, the land part 
and pit part may be made equal by partially utilizing the

30 sub-conversion table to adjust the number of logic 
inversions .

EFM+ modulation is performed using the main
conversion table and the sub-conversion table. Here, the
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above described data symbols on which polarity 
manipulation can be performed are considered.

In order that the immediately preceding pit row to 
the additional recording area 10 ends at the land 3, the

5 last code word of the immediately preceding pit row may 
have the number of logic inversions (the number of "1") 
that can be selected from an even number or odd number. 
This means that the code word may be selected from the 
main conversion table and the sub-conversion table.

10 Therefore, the last data symbol of the immediately
preceding pit row may be a value within a range from "0" 
to "87".

Here, the state information is further considered.
As described above, in EFM+ conversion, the state of

15 the code word of the data symbol is determined and 
selected by the next state of the immediately preceding 
code word.

Naturally, this should be applied to the last code 
word of the embossed pit row, the perforated mark 6, and 

20 the first code word.
Then, if writing is to be performed in the 

additional recording area 10, the additional information 
recording device 150 should grasp information of the next 
state of the last code word in the immediately preceding

25 embossed pit row that has been already formed, and select 
the state based thereon and perform EFM+ conversion. This 
makes the processing in the entire manufacturing system 
complicated and makes the versatile usage that the 
additional information recording device 150 is used not

30 within the factory for manufacturing process in Fig. 1 but
in another place and at another time difficult.

However, if the state of the first code word of the
additional recording area 10 may be surely set to a
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certain state, it is no longer necessary for the 
additional information recording device 150 to consider 
the information of the next state of the last code word of 
the immediately preceding embossed pit row.

5 This means that there should be eight states that
have the same next state in the main conversion table and 
the sub-conversion table.

"47" and "54" framed in Figs. 14 and 15 satisfy the 
condition. Regarding the "47" and "54", the next state 

10 "1" is designated in all of the code words shown in the
main conversion table and the sub-conversion table.

If the immediately preceding data symbol to the 
additional recording area 10 is "47" or "54", state 1 may 
surely be selected as the state of the code word of the 

15 start of writing in the additional recording area 10.
As described above, when the state at the start of 

the additional recording area 10 is unified into state 1, 
it becomes unnecessary to transmit the state information 
at the starting part of each additional recording area 10 

20 to the additional information recording device 150. For 
example, if the last symbol of the immediately preceding 
pit row to the additional recording area 10 is other than 
"47" or "54", the additional information recording device 
150 can properly select the state only after acquiring the 

25 information of the next state of the last code word of the 
pit row. However, the state is unified as state 1, and it 
is not necessary for the device to receive the designation 
information of the next state from the additional 
recording management unit 160.

30 This is preferable not only for simplification of
the processing of the additional information recording
device 150 but also for system expansion.
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Consequently, when the last symbol of the 
immediately preceding pit row to the additional recording 
area 10 is "47" or "54", data recording matching with the 
immediately preceding pit row at the starting part of the

5 additional recording area 10 can be performed without 
especially complicated processing or transfer of state 
information, and the perforated mark row having stable 
shapes can be formed with the land 3 as its head.

In the main conversion table and the sub-conversion
10 table of EFM+ conversion, the code words in state 1 of all 

data symbols have first 2 bits of "00", and thereby, the 
head of the additional recording area 10 is started from 
the land 3 having a length of 2T or more.

Figs. 13A and 13B show statuses when the code word
15 of the data symbol "54" is the last code word of the 

immediately preceding pit row to the additional recording 
area 10.

Figs. 13A and 13B show cases where the code word in 
state 1 is selected for the data symbol "54" . These are

20 the cases where the state 1 has been designated in the 
further preceding code word. As a matter of course, a 
code word in state 2 to state 4 may be selected for the 
"54" .

Here, Fig. 13A shows the case where the code word of 
25 "54" is started by "L" logic because the last of the

further preceding code word is "L".
On the other hand, Fig. 13B shows the case where the 

code word of "54" is started by "H" logic because the last 
of the further preceding code word is "H" .

30 If started by "L" logic, in order to end the pit row
at land 3, the code word of "54" may be selected from the
main conversion table. The code word in state 1 of "54"
in the main conversion table is "0010000010010010", and
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the number of inversions is an even number. Accordingly, 
as shown in the drawing, the pits 2 and lands 3 are formed 
and the ending part is the land 3.

On the other hand, if started by "H" logic, in order
5 to end the pit row at land 3, the code word of "54" may be 

selected from the sub-conversion table. The code word in 
state 1 of "54" in the sub-conversion table is 
"0000001000100001", and the number of inversions is an odd 
number. Accordingly, as shown in the drawing, the pits 2 

10 and lands 3 are formed and the ending part is the land 3.
For the data symbol on which polarity manipulation 

can be performed, the main conversion table or the sub­
conversion table is selectable and the even/odd number of 
inversions is also selectable. Thereby, regardless the 

15 preceding data symbol, the pit row may be ended at the 
land 3 (i.e., recording in the additional recording area 
10 can be started with land connection).

As a matter of course, even when the state 2, state
3, or state 4 is designated according to the immediately 

20 preceding code word for the "54", the code word may be 
selected from the main conversion table and the sub­
conversion table according to the starting logic for 
ending the ending part at the land 3.

Here, the data symbol 54 has been illustrated, and 
25 the same applies to the "47".

Therefore, as shown in Fig. 11, when the immediately 
preceding pit row shown by the shaded part to the 
additional recording area 10 is data symbol "54" or "47", 
proper additional recording can be performed at the

30 starting part of the additional recording area 10.
More specifically, in the case where the head of the

additional recording area 10 is the byte location B0,168
or Bl,168 in Fig. 10, for example, the sector data may be
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set so that the immediately preceding byte location BO,167 
or Bl,167 may be the data symbol "54" or "47".

Further, in the case where the perforated mark 6 is 
recorded by the light emission of a laser or the like in

5 the additional recording area 10, the polarity of the data 
symbol starts from a land, the light emission less than 2T 
is suppressed, and thus, advantages such that ranges of 
the frequency characteristic of the laser drive circuit of 
the additional information recording device 150 and the

10 MTF design of the optical system become wider, and the 
consideration for light strategy of IT and 2T is no longer 
necessary are obtained.

[4. Matching at Ending Part of Additional Recording Area]
15 Subsequently, matching at the ending part of the

additional recording area 10 will be described.
As shown in Fig. 11, in the structure of the 

recording sector, synchronization signal SY is added with 
respect to each 91 bytes.

20 Eight kinds of synchronization signals SY of SY0 to
SY7 are defined, and the synchronization signal SY is 
added to each data of 91 bytes in the sequence

(SY0—>SY5—>SY1—>SY5—>SY3—>SY5—>SY4—> ...) shown in Fig. 11.
The sequence of the respective synchronization

25 signals SY0 to SY7 is unique within a sector. For 

example, the respective sequences of "SY0->SY5", 

"SY5—>SY1", and "SY1->SY5" appear at once within the 
sector. Accordingly, the position within the sector can 
be detected according to the anterior and posterior

30 sequence of the synchronization signals SY.
Here, when additional supplementary information and

EDC, and affected PO parity, PI parity are written as
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additional information within the sector, the shaded part 
in Fig. 11 is the additional recording area 10 as 
described above .

Since the synchronization signal SY is allocated
5 subsequently to the PI parity, the synchronization signal 

SY immediately follows each additional recording area 10. 
Here, in this example, the first 10-bit part of the 
synchronization signal SY is contained in the additional 
recording area 10 as shown by the shaded part in Fig. 11

10 and recorded with the additional recording mark row, and 
thus, proper matching at the ending part of the additional 
recording area 10 may be obtained.

Here, the synchronization signal SY in the DVD data 
format will be explained.

15 The synchronization signal SY is formed by a 32-bit
SYNC code as shown in Fig. 16. Further, the first 10 bits 
of the 32 bits are used as a SYNC ID and the other 22 bits 
are used as a SYNC body.

The SYNC ID is an identification code for
20 identifying the synchronization signals SY1 to SY7. 

Further, the SYNC body is a 22-bit pattern 
"0001000000000000010001" that is common among the 
synchronization signals SY1 to SY7, i.e., a code 
containing a 14T pattern specific to the synchronization

25 signal.
Four patterns are defined for the respective 

synchronization signals SY1 to SY7 as shown in Fig. 17.
First, for the immediately preceding code word to 

the synchronization signal SY, the next state is "1" or
30 "2" is designated, the primary SYNC code or secondary SYNC

code in the upper half of Fig. 17 is used.
Further, for the immediately preceding code word to

the synchronization signal SY, the next state is "3" or
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”4" is designated, the primary SYNC code or secondary SYNC 
code in the lower half of Fig. 17 is used.

Regarding the relation between the primary SYNC code 
and the secondary SYNC code, as is the above described

5 case of the relation between the main conversion table and 
the sub-conversion table, the number of logic inversions 
may be selected as an odd number or even number.

As also seen from Fig. 17, the 22-bit SYNC body is 
common among all SYNC codes and the respective

10 synchronization signals SY1 to SY7 are defined in four 
patterns with the first 10-bit SYNC IDs.

In the case where the ending part of the additional 
recording area 10 is properly connected to the pit row, it 
is preferable that the SYNC ID and the SYNC body are

15 separately considered.
That is, since the part of SYNC ID is to be selected 

according to the designation of the next state of the 
immediately preceding code word, it is not selectable 
until the additional information is recorded.

20 On the other hand, the part of SYNC body has the
same code pattern regardless of the selected SYNC code.

On this account, it is understood that the thing to 
do is to end the additional recording area 10 at the SYNC 
ID and start the pit row continuing to the additional

25 recording area 10 from the part of SYNC body.
That is, at the stage of the bonded optical disc 197 

in Fig. 1, the additional recording area 10 is formed to 
include the part of the SYNC ID as a flat shape area, and 
the embossed pit pattern of the SYNC body is formed to

30 continue from the flat shape area.
Note that, in this case, it may be impossible to

form the SYNC body if it is unknown whether the embossed
pit row of the SYNC body starts with a land 3 or pit 2,
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however, to put it other way around, if whether the head 
of the SYNC body is a land 3 or pit 2 is determined in 
advance, matching can be obtained by the selection of the 
pattern of the SYNC ID (the selection between the primary 

5 SYNC code and the secondary SYNC code).
For example, when the head of the SYNC body 

immediately following the additional recording area 10 
(i.e., the 11th bit of the SYNC code) is determined to be 
a land 3, regarding the SYNC body from 11th bit to 32nd 

10 bit, the 14th bit to 27th bit may be created as a 14T pit.
On the other hand, when the head of the SYNC body 

immediately following the additional recording area 10 is 
determined to be a pit 2, regarding the SYNC body from 
11th bit to 32nd bit, the 14th bit to 27th bit may be 

15 created as a 14T land.
Regarding the case where the SYNC body immediately 

following the additional recording area 10 is determined 
to start from a land, the statuses of the ending part of 
the additional recording area 10 are shown in Figs. 18A to 

20 18C.
Fig. 18A shows a status in which recording is not 

yet performed in the additional recording area 10 (i.e., 
the stage of the bonded optical disc 197), and, as the pit 
row following the additional recording area 10, the 11th 

25 and subsequent bits of the SYNC code start from the land 3 
and the pit 2 of 14T is formed.

In this case, it is assumed that the additional 
recording mark row is recorded in the additional recording 
area 10 and the SYNC ID of the synchronization signal SY1 

30 is recorded in the ending part thereof.
Further, it is also assumed that the next state is

"1" or "2" for the code word additionally recorded
immediately before the synchronization signal SY1. Then,
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the SYNC code of the synchronization signal SY1 in the 
upper half of Fig. 17 is selected. Here, the pit row has 
been already formed to start with the land 3, and the part 
of the SYNC ID may be continued to the SYNC body at the

5 land 3.
That is, if the SYNC ID starts with "H" logic, as 

shown in Fig. 18B, the primary SYNC code "0000010000" of 
the synchronization signal SY1 is selected. Thereby, the 
perforated mark 6 and the land 3 are formed as shown in

10 the drawing and connected to the immediately following 
SYNC body without logic inconsistency.

On the other hand, if the SYNC ID starts with "L" 
logic, as shown in Fig. 18C, the secondary SYNC code 
"0000010001" of the synchronization signal SY1 is

15 selected. Thereby, also in this case, the perforated mark
6 and the land 3 are formed as shown in the drawing and 
connected to the immediately following SYNC body without 
logic inconsistency.

Alternatively, the SYNC body immediately following
20 the additional recording area 10 may be determined to 

start from a pit, and the statuses of the ending part of 
the additional recording area 10 are shown in Figs. 19A to 
19C.

Fig. 19A shows a status in which recording is not
25 yet performed in the additional recording area 10 (i.e., 

the stage of the bonded optical disc 197), and, as the pit 
row following the additional recording area 10, the 11th 
and subsequent bits of the SYNC code start from the pit 2 
and the land 3 of 14T is formed.

30 In this case, it is assumed that the SYNC ID of the
synchronization signal SY1 is recorded at the ending part
of the additional recording area 10 as is the case shown
in Fig. 18A. Further, it is also assumed that the next
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state is "1" or "2" for the code word additionally 
recorded immediately before the synchronization signal SY1 
and the synchronization signal SY1 in the upper half of 
Fig. 17 is selected.

5 In this case, the pit row has been already formed to
start with the pit 2, and the part of the SYNC ID may be 
continued to the SYNC body at the pit 2.

That is, if the SYNC ID starts with "H" logic, as 
shown in Fig. 19B, the secondary SYNC code "0000010001" of

10 the synchronization signal SY1 is selected. Thereby, also 
in this case, the perforated mark 6 and the land 3 are 
formed as shown in the drawing and connected to the 
immediately following SYNC body without logic 
inconsistency.

15 On the other hand, if the SYNC ID starts with "L"
logic, as shown in Fig. 19C, the primary SYNC code 
"0000010000" of the synchronization signal SY1 is 
selected. Thereby, the perforated mark 6 and the land 3 
are formed as shown in the drawing and connected to the

20 immediately following SYNC body without logic 
inconsistency.

That is, the SYNC ID is to be additionally recorded 
in the additional recording area 10 and whether the 
immediately following SYNC body as the pit row starts with 

25 a land or pit is determined, and thereby, the SYNC body 
can be formed in an embossed pit pattern in advance and, 
at the time of additional recording, matching between the 
ending part of the additional recording area 10 and the 
following pit row can be obtained by properly selecting

30 the SYNC ID at the ending part of the additional recording 
area 10.

[5. Advantages of Embodiment and Modified Examples]
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According to the above described embodiment, when 
additional information is recorded in the additional 
recording area after the pit row is formed, formation of 
the additional recording mark row can be realized

5 efficiently and adaptively to the data format without 
exception regardless of additional information contents. 
Further, complicated arithmetic processing for adaptation 
to format is unnecessary.

Specifically, since the allocated location of
10 additional supplementary information is set to be in the 

same column of that of the EDC within the sector in the 
ECC block, the part to be additionally recorded as PO 
parity can be minimized and the efficiency of additional 
recording can be improved.

15 Further, since the immediately preceding pit row to
the additional recording area 10 is the code word of the 
data symbol "47" or "54", writing of the additional 
recording area 10 can be started because of the land 
connection, and the formation of the perforated mark 6

20 continuing from the pit 2 and the control of IT and 2T can 
be solved at the head part of the additional recording 
area 10. Furthermore, since the state of the code word at 
the head of the additional recording area 10 is unified 
into state 1, it is unnecessary to grasp the next state of

25 the immediately preceding code word. As a matter of 
course, the run length at the connection part between the 
pit row and the additional recording mark row may be made 
proper because the relation between the immediately 
preceding code word and the next state is held. For the

30 reasons, proper recording of perforated mark row can be
easily realized.

Further, since the SYNC ID is recorded at the ending
part of the additional recording area 10, the ending part

N;\Melboume\Ca8ee\Patent\77000-77999\P77623 AU\Specie\P77623.AU_GH epeci.doc 28/04/08
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is connected to the SYNC body as the embossed pit pattern, 
and the head of the SYNC body is determined to be a land 3 
or pit 2, the connection at the ending part of the 
additional recording area 10 can be properly realized.

5 Thereby, the technology of the embodiment becomes a
preferable technique, when additional information is 
recorded on the bonded optical disc 197 to form a 
completed product of read-only optical disc 90 (DVD), for 
completing the read-only optical disc 90 without violation 

10 of DVD standards or errors.
Further, since additional supplementary information 

such as identification information with respect to each 
individual in a read-only optical disc as a DVD-ROM can be 
recorded more easily, the embodiment is preferable for 

15 widespread use of the information additional recording 
technology for read-only optical discs.

In the embodiment, an example embodying the 
invention has been described as the read-only optical disc 
90 of the DVD system, however, the concept of the

20 invention is applicable to read-only optical discs of 
other disc systems and the manufacturing methods according 
to the data formats thereof.

Furthermore, one embodiment of the invention may be 
preferable as a method of recording additional information 

25 including additional supplementary information not only in 
the read-only optical discs but also in write-once optical 
discs in which pigment films are formed and data is 
recorded with pigment change mark rows and rewritable 
optical discs in which phase-change films are formed and 

30 data is recorded with phase-change marks.
It should be understood by those skilled in the art

that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
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and other factors insofar as they are within the scope of 
the appended claims or the equivalents thereof.

In the claims which follow and in the preceding 
description of the invention, except where the context

5 requires otherwise due to express language or necessary 
implication, the word "comprise" or variations such as 
"comprises" or "comprising" is used in an inclusive sense,
i.e.  to specify the presence of the stated features but 
not to preclude the presence or addition of further

10 features in various embodiments of the invention.
It is to be understood that, if any prior art 

publication is referred to herein, such reference does not 
constitute an admission that the publication forms a part 
of the common general knowledge in the art, in Australia

15 or any other country.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of recording data, the method comprising:
(a) a first recording step of recording data in a

5 condition that, within a certain error correction block in 
a data format in which error correction blocks with n rows 
and m columns including at least main data, error 
detection code, and error correction parity formed, and 
allocated location of additional supplementary information 

10 is set in a location in the same column which includes the 
error detection code, and an additional recording area is 
formed for recording additional information containing the 
additional supplementary information and the error 
detection code and the error correction parity necessary

15 to be recorded according to the recording of the 
additional supplementary information; and

(b) thereafter, a second recording step of recording 
the additional information in the additional recording 
area, wherein:

20 (i) the data format is a data format of a DVD-
system read-only optical disc; and

(ii) the first recording step is executed to 
provide an immediately preceding part of the additional 
recording area with a code word of a data symbol "47" or 

25 "54" determined by an EFM+ conversion table.

2. A method of recording data, the method comprising:
(a) a first recording step of recording data in a 

condition that, within a certain error correction block in 
30 a data format in which error correction blocks with n rows 

and m columns including at least main data, error 
detection code, and error correction parity formed, and 
allocated location of additional supplementary information

3138646_1 iGHMattere) P77623.AU 17/02/12
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is set in a location in the same column which includes the 
error detection code, and an additional recording area is 
formed for recording additional information containing the 
additional supplementary information and the error

5 detection code and the error correction parity necessary 
to be recorded according to the recording of the 
additional supplementary information; and

(b) thereafter, a second recording step of recording 
the additional information in the additional recording

10 area, wherein:
(i) a synchronization signal is formed by a

SYNC ID and SYNC body; and
(ii) at the second recording step, the SYNC ID 

part of the synchronization signal is recorded as the
15 additional information at an ending part of the additional 

recording area.

3. A method of manufacturing a read-only optical disc 
including a pit row including embossed pits and lands with

20 which information is recorded, the method comprising the 
steps of :

regarding recording data in a data format in which 
error correction blocks with n rows and m columns 
including at least main data, error detection code, and

25 error correction parity are formed, within a certain error 
correction block, setting an allocated location of 
additional supplementary information in a location in the 
same column which includes the error detection code as a 
location within the error correction block;

30 forming the pit row based on the recording data on
the optical disc, and forming an additional recording area
on the optical disc as an area in which the pit row is not
formed for recording additional information containing at
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least the additional supplementary information and the 
error detection code and the error correction parity 
necessary to be recorded according to the recording of the 
additional supplementary information; and

5 recording the additional information in the
additional recording area with an additional recording 
mark row including additional recording marks and lands 
after forming the pit row, wherein:

(i) the data format is a data format of a DVD-system
10 read-only optical disc; and

(ii) the pit row is formed to be a pit row according 
to a code word of a data symbol "47" or "54" determined by 
an EFM+ conversion table in an immediately preceding part 
of the additional recording area.

15
4. The method of manufacturing a read-only optical disc 
of claim 3, wherein:

(a) the pit row is formed in a concavo-convex shape 
coated with a reflecting film on the optical disc;

20 (b) the additional recording area is formed as a
flat shape area coated with a reflecting film; and

(c) the additional information is recorded with the 
additional recording mark row including the additional 
recording marks formed by eliminating or reducing the

25 reflecting film of the additional recording area and the 
lands as flat portions coated with the reflecting film.

5. The method of manufacturing a read-only optical disc 
of claim 3, wherein the additional information is recorded

30 with the additional recording mark row having a head of
the land in the additional recording area.
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6. The method of manufacturing a read-only optical disc 
of claim 3, wherein the pit row is formed with a head of 
the pit row immediately following the additional recording 
area fixedly unified into either an embossed pit or land.

5
7. A method of manufacturing a read-only optical disc 
including a pit row including embossed pits and lands with 
which information is recorded, the method comprising the 
steps of :

10 regarding recording data in a data format in which
error correction blocks with n rows and m columns 
including at least main data, error detection code, and 
error correction parity are formed, within a certain error 
correction block, setting an allocated location of

15 additional supplementary information in a location in the 
same column which includes the error detection code as a 
location within the error correction block;

forming the pit row based on the recording data on 
the optical disc, and forming an additional recording area 

20 on the optical disc as an area in which the pit row is not 
formed for recording additional information containing at 
least the additional supplementary information and the 
error detection code and the error correction parity 
necessary to be recorded according to the recording of the 

25 additional supplementary information; and
recording the additional information in the 

additional recording area with an additional recording 
mark row including additional recording marks and lands 
after forming the pit row, wherein:

30 (i) a synchronization signal is formed by a SYNC ID
and a SYNC body; and

313BC46_1 tCHMettere) P77&23.AU 17/02/12
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(ii)the SYNC ID part of the synchronization signal 
is recorded as the additional information at an ending 
part of the additional recording area.

5 8. The method of any one of the preceding claims, and
substantially as herein described with reference to the 
accompanying drawings .
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FIG. 3A
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FIG. 3B
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FIG. 8A

SECTOR STRUCTURE

FIG. 8B

ECC BLOCK STRUCTURE

182 BYTES
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FIG. 9

AFTER LOW INTERLEAVING

208 ROWS
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