
j 9 March 2004 1 RECORDING MEDIUM, RECORDING APPARATUS, AND READING
APPARATUS BACKGROUND OF THE INVENTION 1. Field of the Invention The
present. invention relates to a recording medium, and also to a recording
apparatus and a reading apparatus  compatible with such a recording medium.
2. Description of the Related Art As a recording medium, a compact disc
(CD) is known.  Various types of CD-format discs, such as compact disc
digital audio (CD-DA), compact disc read only memory (CD- ROM), compact
disc recordable (CD-R), compact disc  rewritable (CD-RW), and CD-TEXT, all
of which belong to the  so-called "CD family", have been developed and are
commonly  used. The CD-DA and CD-ROM are read only, while the CD-R is a
write-once medium using an organic pigment on a recording  layer, and the
CD-RW is a rewritable medium using a phase  change technique. On such
CD-format discs, data, such as music, video,  and computer data, are
recorded, and also, track numbers,  indexes, and addresses are recorded as
sub-codes. The track number is a number representing a piece of  music
(track). The indexes are units which form a track,  for example, units
which partition the movements of a track. 



9 March 2004 2 The addresses include absolute addresses represented by
consecutive values covering the whole disc and relative  addresses
represented in units of tracks (which are also  referred to as "programs"
represented in units of pieces of  music). Accordingly, by extracting
sub-codes, the absolute.  address and the relative address at each position
of a disc  can be identified. The address is represented by a time value,
such as  minute/second/frame. Thus, in the CD format, the "time" can  be
synonymous with the "position (address)", for example,  the "absolute time"
corresponds to the "absolute address". For example, in the CD format, the
sub-code address is  represented by minute/second/frame, each having eight
bits.  Since the eight-bit address is represented in binary coded  decimal
(BCD), it can express a range from 0 to 99. Accordingly, the "minute" can
be designated from 0 to 99  minutes. However, the "second" is inevitably
expressed from  0 to 59, and the "frame" is expressed from 0 to 74 since 75
frames, such as frame 0 to frame 74 are defined in the CD  format. On the
innermost portion of a disc, sub-code  information, such as
table-of-content (TOC) information, is  recorded. The TOC information
indicates an address  representing the head and the extent of each track.
The  content of the address (type of address) can be identified 



9 March 2004 3 by point information. For example, if the point information
designates a  special value, the information described in the
corresponding sub-code frame indicates the start address of  each track or
the first/last track number rather than the  absolute address or the
relative address. In recordable discs, such as a CD-R and a CD-RW, a
recording track is formed by wobbling grooves. The wobbling  waveforms of
the grooves are formed by modulating waveforms  based on the absolute
address information, and thus, the absolute addresses can be identified by
the wobbling  information of the grooves. Since sub-codes are not yet
recorded on a disc without recorded data, the address  information is read
by the wobbling groove when data is  recorded. In addition to the
above-described various types of CD- format (CD-standard) discs, larger
capacity discs with high  density are being developed, and discs having a
plurality of  areas whose physical characteristics are different, which
are referred to as "hybrid discs", are also being developed.  The variety
of the materials and configurations of discs is  also being increased.
Under these circumstances, in order to achieve  sufficient recording and
reading performance of a recording  apparatus and a reading apparatus, it
becomes necessary to 



9 March 2004 - 4 optimize various settings in accordance with the physical
characteristics of a loaded disc. For example, the servo  gain, laser
power, and access range should be optimized. It is, however, difficult to
sufficiently determine the  physical characteristics of the individual
discs loaded in a  recording apparatus or a reading apparatus. Certain
calibration may be performed when a disc is loaded, and even  so, it is
still difficult to precisely determine the  physical characteristics of the
loaded disc. Additionally,  since the burden is increased by the
calibration operation,  the amount of software and hardware must be
increased, and  also, it takes a longer time-before a recording or reading
operation is started. Accordingly, there is still a demand for easy and
precise determination of the physical characteristics of  discs without
impairing the compatibility with known CD- format discs or increasing the
complexity of hardware and  software used in a recording apparatus and a
reading  apparatus. SUMMARY OF THE INVENTION Accordingly, in view of the
above background, it is an  .object of the present invention to easily and
precisely  determine the physical characteristics of recording media  while
being compatible with various types of recording media 9 March 2004 



- 5 and maintaining the compatibility with known recording media.  In order
to achieve the above object, according to one aspect of the present
invention, there is provided a  recording medium including configuration
information  recorded therein, the configuration information indicating a
physical characteristics of the recording medium. On the recording medium,
a recording track may be  formed by a groove, the groove representing
predetermined  information by wobbling of the groove., In this case, the
configuration information may be recorded as information  represented by
the wobbling of the groove. The wobbling of  the groove may be obtained by
performing the frequency  modulation or the phase modulation on the groove.
Alternatively, on the recording medium, a recording  track may be formed by
a groove, and a pit may be pre-formed  on a land located between adjacent
grooves. In this case,  the configuration information may be recorded as
information  represented by the pit. Alternatively, on the recording
medium, a recording  track may be formed by a groove, and an embossed pit
may be  pre-formed on a-predetermined area. In this case, the
configuration information may be recorded as information  represented by
the embossed pit. The configuration information may be recorded in a
lead-in area formed on the recording medium. 9 March 2004 



- 6  The recording medium may further include material  information
indicating a material of a recording layer of  the recording medium. The
material information is recorded  according to the same technique as the
technique for  recording the configuration information. According to
another aspect of the present invention,  there is provided a recording
medium including moment-of- inertia information recorded therein, the
moment-of-inertia  information indicating a moment of inertia of the
recording  medium. On the recording medium, a recording track may be
formed by a groove on the recording medium, the groove  representing
predetermined information by wobbling of the  groove. The moment-of-inertia
information may be recorded  as information represented by the wobbling of
the groove.  The wobbling of the groove may be obtained by performing the
frequency modulation or the phase modulation on the groove. Alternatively,
on the recording medium, a recording  track may be formed by a groove, and
a pit may be pre-formed  on a land of located between adjacent grooves. In
this case,  the moment-of-inertia information may be recorded as
information represented by the pit. Alternatively, on the recording medium,
a recording  track may be formed by a groove, and an embossed pit may be
pre-formed on a predetermined area. In this case, the 9 March 2004 



7 moment-of--inertia information may be recorded as information
represented by the embossed pit. The moment-of-inertia information may be
recorded in a  lead-in area formed on the recording medium. The recording
medium may further include material  information indicating a material of a
recording layer of  the recording medium. The material information may be
recorded according to the same technique as the technique  for recording
the moment-of-inertia information. According to still another aspect of the
present  invention, there is provided a recording apparatus  compatible
with a recording medium which stores at least one  of configuration
information indicating a configuration of  the recording medium and
moment--of-inertia information  indicating a moment of inertia of the
recording medium. The  recording apparatus includes a determining unit for
determining physical characteristics of the recording medium  by reading at
least one of the configuration information and  the moment-of-inertia
information. A recording control unit  performs settings for a recording
operation according to the physical characteristics determined by the
determining unit,  and allows the recording operation to be performed. The
determining unit may read at least one of the  configuration information
and the moment-of-inertia  information from a wobbling groove formed on the
recording 9 March 2004 



- 8  medium. The wobbling of the wobbling groove may be obtained  by
performing the frequency modulation or the phase  modulation on the groove.
On the-recording medium, a recording track may be  formed by a groove, and
a pit may be pre-formed on a land  located between adjacent grooves. In
this case, the  determining unit may read at least one of the configuration
information and the moment-of-inertia information from the  pit.
Alternatively, on the recording medium, a recording  track may be formed by
a groove, and an embossed pit may be  pre-formed on a predetermined, area.
In this, case, the  determining unit may read at least one of the
configuration  information and the moment-of-inertia information from the
embossed pit. The recording control unit may set an access range of
recording head used for the recording operation on the  recording medium
according to the physical characteristics  determined by the determining
unit. The recording control unit may set servo parameters of  a spindle
used for driving the rotation of the recording  medium according to the
physical characteristics determined  by the determining unit. The recording
control unit may issue warning or eject  the recording medium when
determining that the recording 9 March 2004 



9 medium is not a suitable recording medium based on the  physical
characteristics determined by the determining unit. In accordance with a
main-data recording operation  performed on the recording medium, the
recording control  unit may generate main-data management information by
incorporating at least one of the configuration information  and the
moment-of-inertia information read from the  recording medium, and may
record the generated main-data  management information on the recording
medium. According to a further aspect of the present invention,  there is
provided a reading apparatus compatible with a  recording medium which
stores at least one of configuration  information indicating a
configuration of the recording  medium and moment-of-inertia information
indicating a moment  of inertia of the recording medium. The reading
apparatus  includes a determining unit for determining physical
characteristics of the recording medium by reading at least  one of the
configuration information and the moment-of- inertia information. A reading
control unit performs  settings for a reading operation according to the
physical  characteristics determined by the determining unit, and  allows
the reading operation to be performed. The determining unit may read at
least one of the  -configuration information and the moment-of-inertia
information from a wobbling groove formed on the recording 9 March 2004 



- 10  medium. The wobbling of the wobbling groove may be obtained  by
performing the frequency modulation or the phase  modulation on the groove.
On the recording medium, a recording track may be  formed by a groove, and
a pit may be pre-formed on a land  located adjacent grooves. In this case,
the determining  unit may read at least one of the configuration
information  and the moment-of-inertia information from the pit.
Alternatively, on the recording medium, a recording  track may be formed by
a groove, and an embossed pit may be pre-formed on a predetermined area. In
this case, the  determining unit may read at least one of the configuration
information and the moment-of-inertia information from the  embossed pit.
The reading control unit may set an access range of a  reading head used
for the reading operation on the recording  medium according to the
physical characteristics determined  by the determining unit. The reading
control unit may set servo parameters of a  spindle used for driving the
rotation of the recording  medium according to the physical characteristics
determined  by the determining unit. The reading control unit may issue
warning or eject the  recording medium when determining that the recording
medium  is not a suitable recording medium based on the physical 9 March
2004 



- 13.  characteristics determined by the determining unit. In a recording
medium, the physical characteristic  information of the recording medium,
such as the disc  configuration (shape and size) and the moment of inertia,
is  recorded. Accordingly, a recording apparatus or a reading  apparatus is
able to easily and correctly determine the  physical characteristic of the
disc. It is thus possible to perform various settings for the  recording or
reading operation, such as the servo parameters  of a spindle motor and the
access range of the optical pick- up, thereby enhancing the recording and
reading performance  according to the type of disc. The physical
characteristics of the recording medium  are not determined by a
calibration operation.  Theoretically, therefore, they can be determined
with 100%  precision, and the time required for starting the recording  or
reading operation can be shortened. Additionally, since the physical
characteristic  information is recorded as wobbling groove data, the
compatibility with known recording media can be maintained.  The disc
configuration and the moment of inertia of an  unrecorded recording medium
can also be determined, thereby  .making it possible to provide suitable
setting for the  recording operation. In particular, since highly precise
control of the 9 March 2004 



- 12  rotation of the spindle is demanded in performing the  recording
operation. Thus, if the servo parameters are  suitably set according to the
recording medium, the  recording performance can be considerably enhanced.
Additionally, the configuration and the moment of  inertia of a recording
medium can be determined as the  physical characteristics of the recording
medium.  Accordingly, the recording media which cannot be handled by  a
recording apparatus or a reading. apparatus can be  determined. In this
case, a warning may be issued to the  user or the host apparatus, or the
loaded recording medium  may be ejected. In accordance with the main-data
recording operation on  a recording medium, the recording apparatus
generates main- data management information (for example, sub-code, which
forms the TOC) by incorporating the configuration/moment of  inertia
information read from the recording medium.  Accordingly, the configuration
information and the moment- of-inertia information are reflected in the
management  information to be recorded as data. This enables a read  only
apparatus without a decoding function of decoding  groove information to
read such information, and thus to  provide suitable setting for the
reading operation according  to the configuration and the moment of inertia
of the  recording medium. 9 March 2004 



- 13  BRIEF DESCRIPTION OF THE DRAWINGS Figs. 1A through 1D illustrate
types of discs according  to an embodiment of the present invention; Fig. 2
illustrates a standard density disc and a high  density disc according to
an embodiment; Figs. 3A through 3C illustrate types of discs according  to
an embodiment of the present invention; Figs. 4A through 4C illustrate
types of hybrid discs  according to an embodiment of the present invention;
Figs. 5A and 5B illustrate types of hybrid discs according to an embodiment
of the present invention; Fig. 6 illustrates the layout of a CD-R or CD-RW
disc;  Fig. 7 illustrates a wobbling groove; Fig. 8 illustrates ATIP
encoding; Figs. 9 and 10 illustrate ATIP waveforms; Fig. 11 illustrates an
ATIP frame used in an embodiment  of the present invention; Fig. 12
illustrates the content of an ATIP frame used  in an embodiment of the
present invention; Fig. 13 illustrates details of part of the ATIP frame
shown in Fig. 12; Fig. 14 illustrates material data contained in the
wobble information shown in Fig. 13; Fig. 15 illustrates disc density data
contained in the 9 March 2004 - 14  



wobble information shown in Fig. 13; Fig. 16 illustrates physical structure
data contained  in the wobble information shown in Fig. 13; Fig. 17
illustrates disc configuration data contained  in the wobble information
shown in Fig. 13; Figs. 18A and 18B illustrate circular discs represented
by the disc configuration data shown in Fig. 17; Figs. 19A and 19B
illustrate triangular discs  represented by the disc configuration data
shown in Fig. 17;  Figs. 20A, 20B, and 20C illustrate quadrilateral discs
represented by the disc configuration shown in Fig. 17; Figs. 21A and 21B
illustrate disc dimensions contained  in the wobble information shown in
Fig. 13; Fig. 22 illustrates an example of moment-of-inertia  data
contained in the wobble information shown in Fig. 13;  Fig. 23 illustrates
another example of the moment-of inertia data contained in the wobble
information shown in Fig. 13; Fig. 24 illustrates a recording area format;
Fig. 25 illustrates a track format; Fig. 26 illustrates a disc format
including fixed- length packets; Fig. 27 illustrates the frame structure of
a disc  according to an embodiment of the present invention;  Figs. 28A and
28B illustrate a sub-coding frame of a 9 March 2004 - 15 - 



disc according to an embodiment of the present invention;  Figs. 29A and
29B illustrate an example of sub-Q data  of a disc according to an
embodiment of the present invention;  Figs. 30A and 30B illustrate another
example of the  sub-Q data of a disc according to an embodiment of the
present invention; Fig. 31 illustrates the TOC structure of a disc
according to an embodiment of the present invention; Fig. 32 illustrates an
example of the content of the  sub-Q data used in an embodiment of the
present invention;  Fig. 33 illustrates an example of disc size information
contained in the sub-Q data used in an embodiment of the  present
invention; Fig. 34 illustrates an example of disc configuration
information contained in the sub-Q data used in an  embodiment of the
present invention; Fig. 35 illustrates an example of moment-of--inertia
information contained in the sub-Q data used in an  embodiment of the
present invention; Fig. 36 illustrates an example of track pitch
information contained in the sub-Q data used in an  embodiment of the
present invention; Fig. 37 illustrates an example of linear velocity
information contained in the sub-Q data used in an 9 March 2004 - 16  



embodiment of the present invention; Fig. 38 illustrates an example of
medium type  information contained in the sub-Q data used in an  embodiment
of the present invention; Fig. 39 illustrates an example of material type
information contained in the sub-Q data used in an  embodiment of the
present invention; Fig. 40 illustrates another example of the content of
the sub--Q data used in an embodiment of the present  invention; Fig. 41
illustrates another example of disc  size/configuration information
contained in the sub-Q data  used in an embodiment of the present
invention; Fig. 42 illustrates another example of track pitch  information
contained in the sub-:Q data used in an  embodiment of the present
invention; Fig. 43 illustrates another example of linear velocity
information contained in the sub-Q data used in an  embodiment of the
present invention; Fig. 44 illustrates another example of medium version
information contained in the sub-Q data used in an  embodiment of the
present invention; Fig. 45 illustrates another example of medium type
information contained in the sub-Q data used in an  embodiment of the
present invention; 9 March 2004 - 17  



Fig. 46 illustrates the content of the sub-Q data used  in an embodiment of
the present invention; Figs. 47A and 47B illustrate access made according
to  the content of the sub-Q data shown in Fig. 46; Fig. 48 is a block
diagram illustrating a disc drive  unit according to an embodiment of the
present invention;  Figs. 49 and 50 are flow charts illustrating the
processing executed by the disc drive unit when a disc is  inserted
according to an embodiment of the present  invention; Fig. 51 is a flow
chart illustrating setting processing  executed by the disc drive unit
according to an embodiment  of the present invention; Fig. 52 is a flow
chart illustrating recording  processing executed by the disc drive unit
according to an  embodiment of the present invention; Figs. 53A and 53B are
Bode diagrams illustrating the  servo open loop for setting the moment of
inertia used in an  embodiment of the present invention; and Fig. 54
illustrates laser drive pulses used in an  embodiment of the present
invention; Fig. 55 illustrates the layout of a DVD-RW or DVD-R disc; Fig.
56 illustrates land pre-pits; Figs. 57A, 57B, and 57C illustrate the data
structure 9 March 2004 - 18  



formed by a land pre-pit; Fig. 58 illustrates the field ID of the land
pre-pit data; Fig.. 59 illustrates the structure of a pre-pit block of  a
land pre-pit; Figs. 60A and 60B illustrate physical characteristic
information recorded in a land pre-pit; Fig. 61 illustrates the layout of a
DVD-RAM disc;  Fig. 62 illustrates the structure of the lead-in area  of a
DVD-RAM; Fig. 63 illustrates the block structure of a control  data zone of
a DVD-RAM; Fig. 64 illustrates the contents of the physical format
information according to an embodiment of the present  invention; Fig. 65
illustrates part of the physical format  information shown in Fig. 64;
Figs. 66A, 66B, and 66C illustrate the phase modulation  of ADIP units of a
DVD+RW; Fig. 67 illustrates an ADIP unit of a DVD+RW; Figs. 68A an 68B
illustrate the structure of an ADIP  word of a DVD+RW; and Figs. 69A and
69B illustrate the physical format  information to be recorded in an ADIP
word according to an  embodiment of the present invention. 9 March 2004 -
19  



DESCRIPTION OF THE PREFERRED EMBODIMENTS The present invention is described
below in detail.with  reference to the accompanying drawings through
illustration  of preferred embodiments. Discs provided as recording media
of the present  invention, a disc drive unit provided as a recording
apparatus and a reading apparatus of the present invention are discussed
below in the following order. 1. Overview of CD-system signal processing
2. Types of CD-format discs 3. Recordable discs and grooves  3-1 Rewritable
discs 3-2 Wobble information  3-3 Recording area format  4. Sub-code and
TOC 5. Configuration of disc drive unit 6. Examples of processing of disc
drive unit 7. Examples of digital versatile disc (DVD)-format  discs 7-1
DVD-RW, DVD-R  7-2 DVD-RAM 7-3 DVD+RW 9 March 2004 - 20  1. Overview of
CD-system signal processing A description is now given of an overview of
signal  processing of CD-system discs, such as a CD-DA, a CD-ROM, a  



CD-R, and a CD-RW. An overview of the CD-system signal processing, and
more specifically, the recording operation of a stereo audio  signal on a
disc, is as follows. Audio signals on left and right channels (L-Ch and R-
Ch) are sampled at a sampling frequency of 44.1 kHz and are  then linearly
quantized with sixteen bits. Sixteen bits of  the audio signal data is
determined to be one word, and is  further divided into eight-bit data
units, and each eight- bit data is determined to be one symbol (one symbol
= eight  bits = 1/2 word). Six samples for each channel, i.e., 16 bits x 2
channels x 6 samples = 192 bits = 24 symbols, are extracted,  and four
symbols of error correcting code (ECC) are added to  24 symbols as
Q-parity, resulting in 28 symbols. In the CD  system, Reed-Solomon codes
are generated and added as the  ECC. To handle continuous burst defects on
a disc substrate,  the 28-symbol audio signal is interleaved (rearranged).
Thereafter, four symbols of Reed-Solomon codes (P- parity) are further
added to the 28-symbol audio signal,  resulting in 32 symbols, and one
symbol for a control  operation (sub-code) is further added. The resulting
signal 9 March 2004 - 21  is subjected to eight-to-fourteen modulation
(EFM).  According to the EFM operation, eight bits are expanded to
fourteen bits. 



According to the EFM operation, a 16-bit quantized  signal is divided into
upper eight bits and lower eight bits,  and an eight-bit signal is set as
the smallest unit and is  converted into a 14-bit signal. In this case, the
smallest  number of consecutive bits is three, and the greatest number  of
consecutive bits is eleven, i.e., two to ten "O"s are  inserted between
"1"s. After conversion, "1" represents a  polarity inversion (non return to
zero inverted (NRZ-I)  recording). According to the EFM, an eight-bit
signal is converted  into a 14-bit signal in which two to ten "O"s are
inserted  between "1"s, and three coupling bits are provided for satisfying
the condition that at least two "O"s are inserted  between "1"s over
adjacent symbols. Accordingly, in the  EFM-modulated signals, i.e., in the
recording data streams,  there are nine types of bit lengths ranging from
the minimum  length (time) Tmin = 3T (0.9 ns) to the maximum length  (time)
Tmax = 11T (3.3 ns). A frame synchronization signal and a control signal,
which forms sub-codes, are added to the EFM modulated data  (frame), and
the resulting data stream is recorded on a disc.  The frame synchronization
signal and the sub-code are 9 March 2004 - 22  discussed in detail below.
Conversely, when reading the data stream recorded as  described above, it
is decoded in the reverse order to the  



recording processing. That Is. the EFM demodulation is  performed on a data
stream read from the disc, and error  correcting, deinterleaving, and
channel separation are  further performed. Then, L and R audio data signals
quantized with 16 bits and sampled at 44.1 kHz are converted  into analog
signals, which are then output as a stereo music  signal.. 2. Types of
CD-format discs The types of discs implemented as CD-format discs in  this
embodiment are discussed below with reference to Figs.  1A through 5B.
Figs. 1A through 1D schematically illustrate the types  of discs based on
the recording density. More specifically,  Fig. 1A illustrates a known disc
with a standard recording  density. In this example, the whole disc is
recorded at a  standard recording density. Currently used discs, such as a
CD-DA, a CD-ROM, a CD-R, and a CD-RW, correspond to this  type of disc.
Fig. 1B illustrates a high density disc which has  recently been developed,
and in this example, the whole disc  can be recorded at a high density. For
example, by  9 March 2004 - 23  comparison with the standard disc, 2x or 3x
high density  discs have been developed. In particular, recordable high
density discs, such as a CD-R and a CD-RW, have been  



developed. Fig. 1C illustrates a hybrid disc whose inner portion  is a high
density area and whose outer portion is a standard  density area.
Conversely, Fig. 1D illustrates a hybrid disc  whose outer portion is a
high density area and whose inner  portion is a standard density area. The
characteristics/parameters of the standard density  disc and those of the
high density disc are shown in Fig. 2.  Concerning the capacity of user
data (main data to be recorded), the standard density disc has 650 Mbytes
(disc  having a diameter of 12 cm) or 195 Mbytes (disc having a  diameter
of 8 cm), while the high density disc has 1.3  Gbytes (disc having a
diameter of 12 cm) or 0.4 Gbytes (disc  having a diameter of 8-cm). Thus,
the high density disc has  a capacity twice as large as the standard
density disc. The program area start position (radius) (area at which  the
user data is recorded) of the standard density disc is  50 mm from the
center of the disc, and that of the high  density disc is 48 mm from the
center of the disc. The track pitch of the standard density disc (standard
density area) is 1.6 m, while that of the high density disc  (high density
area) is 1.1 atm. 9 March 2004 - 24  The scanning speed of the standard
density disc  (standard density area) is 1.2 to 1.4 m/s, while the
scanning speed of the high density disc (high density area) 



is 0.9 m/s. The numerical aperture (NA) for the standard density  disc
(standard disc area) is 0.45, while the NA for the high  density disc (high
density area) is 0.55 or 0.50. As to the error correcting method, the
cross- interleaved Reed-Solomon code4 (CIRC4) method is employed  for the.
standard density disc (standard density area), while  the CIRC7 method is
employed for the high density disc (high  density area). The
characteristics and parameters other than the  above-described factors,
such as the center hole size, disc  thickness, laser wavelength, modulation
method, and channel  bit rate, are the same, as shown in Fig. 2, for the
standard  density disc (standard density area) and the high density  disc
(high density area). When one of the standard density disc, such as the one
shown in Fig. 1A, and the high density disc, such as the one  shown in Fig.
1B, is loaded in a disc drive unit, it is  necessary for the disc drive
unit to determine the type of  disc. When a hybrid disc, such as the one
shown in Fig. 1C or  1D, is loaded in a disc drive unit, it is necessary
for the 9 March 2004 - 25  disc drive unit to determine the area type,
i.e., whether  the area on or from which data is currently recorded or
read,  is a high density area or a.standard density area. 



That is, after determining the disc type or the area  type, the setting of
the recording/reading operation is  changed in accordance with the
designated parameters shown  in Fig. 2. Figs. 3A through 4C schematically
illustrate disc types  according to data recording/reading systems. Fig. 3A
illustrates a read only disc, such as a CD-DA  or a CD-ROM, which is a disc
on which all the data is  recorded in an embossed bit form. Fig. 3B
illustrates a direct read after write (DRAW)  disc, such as a CD-R. In this
DRAW disc, a recording layer  is formed of an organic pigment, and data is
recorded by  utilizing a change in the pigment (change in the index of
reflection) caused by the irradiation with laser light. Such a DRAW disc is
also referred to as a "write-once, read- many disc (WORM)" disc since it
can be recorded to only once.  Fig. 3C illustrates a rewritable disc
utilizing a phase  change technique, such as a CD-RW. In the DRAW (WORM)
disc shown in Fig. 3B and the  rewritable disc shown in Fig. 3C, the
recording track is  formed by a spiral groove. In contrast, in the read
only  disc shown in Fig. 3A, the recording track is formed by an 9 March
2004 - 2 6  embossed pit stream rather than a groove. As is described in
detail below, grooves in the DRAW  (WORM) disc and rewritable disc wobble
(meander), which  



makes it possible to express information, such as absolute  addresses.
Accordingly, in recording data, tracking control  is performed on the
wobbling groove, and based on the data,  such as addresses, read from the
wobbling groove  (hereinafter sometimes referred to as "wobble
information"),  the recording operation can be controlled. In. contrast, in
read only discs, a recording track is  formed by a pit stream in advance,
and data, such as  addresses, is recorded by sub-codes. Thus, the provision
of  groove data is unnecessary. Accordingly, some read-only  disc drive
units are not provided with a function of reading  groove information.
Figs. 4A, 4B, and 4C illustrate hybrid discs. More  specifically, Fig. 4A
illustrates a disc whose inner portion  is a read only area and whose outer
portion is a DRAW (WORM)  area. Fig. 4B illustrates a disc whose inner
portion is a  rewritable area and whose outer portion is a read only area.
Fig. 4C illustrates a disc whose inner portion is a DRAW  (WORM) area and
whose outer portion is a rewritable area. Accordingly, a hybrid disc, that
is, a single disc  having a mixture of different areas, such as a read only
area, a DRAW (WORM) area, and a rewritable area, is 9 March 2004 - 27
available.  A hybrid disc having three areas may also be considered, though
it is not shown. For example, there may be a hybrid  



disc whose inner portion is a read only area, whose  intermediate portion
is a DRAW (WORM) area, and whose outer  portion is a rewritable area, or a
hybrid disc whose inner  portion is read only area, whose intermediate area
is a  rewritable area, and whose outer area is a read only area.  A hybrid
disc having four or more areas is also possible. As discussed above, discs
can be differentiated  according to the recording density or the
recording/reading  types, that is, according to the physical
characteristics.  The types of discs can be summarized as shown in Figs. 5A
and 5B. Fig. 5A illustrates the regular disc type, namely, the  whole disc
is formed of an area having one physical  characteristic ("regular disc"
means that disc is not a  hybrid disc). Considering that there are two
types of  recording densities, such as the standard density and high
density, and there are three recording/reading types, such  as the read
only type, DRAW (WORM) type, and rewritable type,  six types of discs, type
1 through type 6, can be considered,  as shown in Fig. 5A. Fig. 5B
illustrates the types of hybrid discs, each  having two areas whose
physical characteristics are 9 March 2004 - 28  different. By utilizing
type 1 to type 6 shown in Fig. 5A,  30 types of hybrid discs, from type HD1
whose inner portion  is type 1 and whose outer portion is type 2 to type
HD30  



whose inner portion is type 6 and whose outer portion is  type 5, can be
considered. Apparently, if hybrid discs, each having three or more  areas
whose physical characteristics are different, are  considered, more types
of discs are available. Along with such a variety of discs in view of the
physical characteristics, it is necessary for a disc drive  unit to
precisely determine the physical characteristics of  a loaded disc (or
physical characteristics of an area on or  from which data is to be
recorded or read) and to perform  processing according to the determined
physical  characteristics. Then, the recording/reading performance  can be
enhanced. Generally, a "disc" is a disc-shaped medium.. As is  discussed
below, however, a triangular "disc" or a  quadrilateral "disc" may be
provided. Although such "discs"  may sound contradictory in view of the
shape of a "disc",  media other than disc-shaped media are also referred to
as  "discs" in this specification. 3. Recordable discs and grooves 3-1
Rewritable discs 9 March 2004 - 29  Generally, a CD-system disc has a
single spiral  recording track starting from the center (inner periphery)
of the disc to the end (outer periphery) of the disc. On a disc on which
data can be recorded by a user, such  



as a CD-R or a CD-RW, only a guide groove for guiding laser  light is
formed on a disc substrate as a recording track  before data is recorded on
the disc. When laser light  modulated with high power is applied to the
disc, the index  of reflection or the phase of the recording layer is
changed,  thereby making it possible to record data on the disc. In
contrast, a groove as a recording track is not physically  formed on a read
only disc, such as a CD-DA or a CD-ROM. On a CD-R, a write-once recording
layer, which is  formed of an organic pigment, is formed. High-power laser
light is applied to the disc, thereby making it possible to  record data by
punching (making pits on the disc). Regarding a rewritable disc, such as a
CD-RW, whose  recording layer can be rewritten many times, a phase change
technique is employed for recording data, and more  specifically, data is
recorded by utilizing a difference in  the index of reflection between a
crystalline state and an  amorphous state. In terms of physical
characteristics, the index of  reflection of a CD-ROM and a CD-R is 0.7 or
higher, while  that of a CD-RW is as low as about 0.2. Accordingly, in a 9
March 2004 -- 3 0 - reading apparatus designed to be compatible with the
index  of reflection of 0.7 or higher, a CD-RW cannot be read in  that
apparatus. Thus, an auto gain control (AGC) function  of amplifying a low
signal is added to such a reading 



apparatus.  In a CD-ROM, the lead-in area at the inner periphery of  the
disc is disposed in a range from 46 to 50 mm from the  center of the disc,
and there are no pits farther inwards  than the lead-in area. In. contrast,
in a CD-R and a CD-RW, a program memory  area (PMA) and a power calibration
area (PCA) are provided,  as shown in Fig. 6, farther inwards than the
lead-in area. The lead-in area and the subsequent program area, which  is
used for recording user data, are used for performing a  recording
operation by a drive unit compatible with a CD-R  or a CD-RW, and are also
used for reading data therefrom, as  in a CD-DA. In the PMA, a recording
signal mode and time  information of each track, such as the start time and
the  end time, are temporarily stored. When all the tracks  become full
with the recorded data, the TOC is formed in the  lead-in area based on the
data stored in the PMA. The PCA  is an area in which data is temporarily
written in order to  obtain the optimal value of laser power when data is
recorded. 9 March 2004 - 31  In a CD-R and a CD-RW, in order to control the
recording position and the rotation of a spindle, a groove  (guide groove),
which is to form a data track, is formed in- a wobbling (meandering) shape.



This wobbling groove is formed based on a signal  modulated by information,
such as absolute addresses. That  is, wobble information, such as absolute
addresses, can be  read from the wobbling groove. The absolute time
(address)  information represented by the wobbling groove is referred  to
as "absolute time in pregroove (ATIP)"'. The wobbling groove is wobbling
slightly in a  sinusoidal waveform, as shown. in Fig. 7, and the center
frequency of the groove is 22.05 kHz and the amount of  wobbling is
approximately 0.03 m. In this embodiment, in the wobbling groove, not only
absolute time information, but also other types of  information, are
encoded by frequency modulation (FM).  Details of the wobble information
represented by the  wobbling groove are given below. 3-2 Wobble information
According to the wobble information detected at a push- pull channel from a
CD-R/CD-RW groove, when the rotation of  the spindle motor is controlled so
that the center frequency  of the wobble information becomes 22.05 kHz, the
spindle motor is rotated at a linear velocity defined in the CD 9 March
2004 -- 3 2  system (for example, 1.2 to 1.4 m/s for a standard density
disc). For a CD-DA or a CD-ROM, the absolute time information  encoded in
sub-code Q can be relied upon. In a CD-R or a  



CD-RW without data recorded thereon (blank disc), however,  sub-code is not
yet recorded, and thus, the absolute time  information is obtained from the
wobble information. One sector (ATIP sector) of the wobble information is
equivalent to one data sector (2352 bytes) of the main  channel. after data
is recorded on a disc. Thus, the  recording operation is performed while
providing  synchronization of the ATIP sector with the data sector. The
ATIP information is not encoded in the wobble  information as it is.
Instead, it is first subjected to bi- phase modulation, as shown in Fig 8,
and then to phase  modulation. This is because the wobble signal is also
used  for controlling the rotation of the spindle motor. More
specifically, according to the bi-phase modulation, 1 and 0  alternate at
predetermined intervals so that the ratio of  the numbers of 1's and 0's
becomes 1:1 and the average'  frequency of the FM-modulated wobble signal
becomes 22.05  kHz. As will be discussed in detail below, not only the time
information, but also special information, such as  information for setting
the recording laser power, is 9 March 2004 - 33  encoded in the wobble
information. In a CD-RW, by expanding  the special information, power and
recording pulse  information for the CD-RW is encoded. Fig. 11 illustrates
the configuration of one ATIP frame  



of the wobble information. The ATIP frame is formed of 42 bits, as
indicated by  (a) of Fig. 11, and is sequentially provided with a four-bit
synchronization pattern, a three-bit discriminator  (identifier), 21-bit
wobble information, such as the  physical frame address, and a 14-bit
cyclic redundancy check  (CRC) code. Alternatively, in some ATIP frames, a
four-bit  discriminator and 20-bit wobble information may be provided,  as
indicated by (b) of Fig. 11. As the synchronization pattern disposed at the
head of  the ATIP frame, "11100011" is provided when the preceding  bit is
0, as show in Fig. 9, and "00011101" is provided when  the preceding bit is
1, as shown in Fig. 10. The three- or four-bit discriminator is an
identifier indicating the content of the subsequent 20- or 21-bit  wobble
information, and is defined as shown in Fig. 12. The 24 bits from bits M23
to MO shown in Fig. 12  correspond to the 24 bits at bit positions 5 to 28
shown in  Fig. 11. Bits M23, M22, and M21 (or bits M23, M22, M21, and M20)
9 March 2004 - 34  are used for the discriminator. When the value of the
discriminator is "000", the content of the wobble  information (M20 to MO)
of the corresponding frame indicates  the addresses of, the lead-in area,
the program area, and  



the lead-out area. When the value of the discriminator is  "100", the
content of the wobble information (M20 to MO) of  the corresponding frame
indicates the address of the lead-in  area. The above-mentioned addresses
correspond to absolute  addresses as the above-described ATIP. The time
domain  information as the ATIP is recorded radially outward  starting from
the head of the program area so that it simply  increments, and is used for
controlling the addresses during  the recording operation. When the value
of the discriminator is "101", the  wobble information (M20 to MO) of the
frame indicates  special information 1. When the value of the discriminator
is "110", the wobble information (M20 to MO) of the frame  indicates
special information 2. When the value of the  discriminator is "111", the
wobble information (M20 to MO)  of the frame represents special information
3. When four bit are used for the discriminator, and its  value is "0010",
the wobble information (M19 to MO) of the  frame indicates special
information 4. When the value of the discriminator is "010", the  wobble
information (M20 to MO) of the frame indicates 9 March 2004 - 35
additional information 1. When the value of the  discriminator is "011",
the wobble information (M20 to MO)  of the frame indicates additional
information 2. When four  bits are used for the discriminator, and its
value is "0011",  



the wobble information (M19 to MO) of the frame represents  supplemental
information. The discriminators "1000" and  "1001" are reserved for
copyright information in which  copyright protection code is filled. The
contents of special information 1 to 4, additional  information 1 and 2,
and supplemental information are shown  in Fig. 13. Special information 1
includes a four-bit target  recording power, a three-bit reference
velocity, a seven-bit  disc application code, a one-bit disc type, and a
three-bit  disc sub-type. Three-bit reserve is a reserved area for
expanding data in the future. As the target recording power, the laser
power level at  the reference velocity is recorded. As the disc application
code, the purpose of use, such as general business purpose,  specific
application (for example, photo-CD or karaoke CD),  or commercial audio, is
recorded. As the disc type, for  example, "0" represents a DRAW (WORM)
disc, while "1"  indicates a rewritable disc. The disc sub-type represents
the rotational velocity and constant angular velocity  (CAV)/constant
linear velocity (CLV). 9 March 2004 - 36  Special information 2 includes
the start address of the  lead-in area. Special information 3 includes the
start  address of the lead-out area. Special information 4 contains a
manufacturer code,  



product type, and material code. The name of the disc  manufacturer is
recorded as the manufacture code. The type  of product (type number,
product code, etc.) manufactured by  the manufacturer is recorded as the
product type. In the  material code, the material of the recording layer of
the  disc is recorded. Details of the information of the three-bit material
code are shown in Fig. 14. Material code "000" indicates that the material
is  cyanine. Material code "001" represents that the material  is
phthalocyanine. Material code "010" indicates that the  material is an azo
compound. The above-mentioned materials  are organic pigments for a CD-R.
In contrast, material code "100" designates a material  for phase change
media. Normally, the material of the recording layer of a disc  can be
determined by the manufacturer code and the product  type. This is based on
a system of the media manufacturing  field in which the products and the
materials are registered  in correspondence with each other. That is, by
storing the registered information in a 9 March 2004 - 37  disc drive unit,
the material of the recording layer of a  loaded disc can be identified
from the manufacturer code and  the product type. However, if new discs are
registered, or if discs of  



non-registered product types or discs manufactured by non- registered
manufacturers are loaded after the disc drive  unit has been manufactured,
the disk drive unit is unable to  determine the material of the disc. Thus,
by the provision of the material code as  discussed above, the disc drive
unit is able to correctly  determine the material of a loaded disc
regardless of the  registration status. Accordingly, various settings, such
as laser power and  laser emitting pattern, can be made according to the
type of  material, thereby achieving a high-precision recording  operation.
Even when the material of a loaded disc can be  determined from the
manufacturer code and the product type,  the material code may be used for
confirming the  determination result. Additional information 1 includes, as
shown in Fig. 13,  information concerning the rotation of the spindle motor
and  laser power control, such as the lowest CLV recording velocity, the
highest CLV recording velocity, power  multiplication factor p, target y
value, and 9 March 2004 - 38  erasing/recording power ratio. Additional
information 2 also contains information  concerning the rotation of the
spindle motor and laser power control, such as target recording power at
the lowest  



recording velocity and that at the highest recording  velocity, the power
multiplication factor p at the lowest recording velocity and that at the
highest recording  velocity, and the erasing/recording power ratio at the
lowest recording velocity and that at the highest recording  velocity. The
supplemental information includes inertia (moment  of inertia), disc
configuration, physical structure, disc  density, and so on. Details of the
one-bit disc density information are  shown in Fig. 15. The value "0"
indicates that the disc density is the  standard density (single density),
while the value "1"  designates that the disc density is the high density
(double  density). By determining the type of disc density, the
characteristics and parameters of the disc can be identified  by the table
shown in Fig. 2. Details of the two-bit physical structure information  are
shown in Fig. 16. The value "0" indicates that a loaded disc is a regular
recordable disc, while the value "1" is reserved. 9 March 2004 - 3 9
Details of the two-bit disc configuration information  are shown in Fig.
17. The value "00" indicates a regular (circular) disc,  which is a 12-cm
disc or an 8-cm disc. The value "01"  



designates a triangular disc. The value "10" indicates a  quadrilateral
disc. The value "11" represents a disc having  a configuration other than
the above-described discs. Examples of the disc configuration are shown in
Figs.  18A through 20C. Fig. 18A illustrates a 12-cm regular disc and Fig.
18B  illustrates an 8-cm regular disc. The diameter of the  center hole CH
is 15 mm. In figs. 18A through 20C, the  access range AC is a range
accessible by an optical pick-up  of a disc drive unit, in other words, the
radial range in  which a recording track can be formed. Although some discs
are configured differently from the  above-mentioned regular discs, they
can be loaded, and the  recording/reading operation can be performed on
such discs  as long as the size and the configuration of the discs can  be
accommodated. within a 12-cm circular disc and the center  hole CH has a
15-cm diameter. Figs. 19A and 19B illustrate triangular discs  represented
by the value "01" of the disc configuration.  More specifically, Fig. 19A
illustrates a regular triangular  disc, and Fig. 19B illustrates another
triangular shape 9 March 2004 - 40  other than the regular triangle. The
diameter of the center  hole CH of such triangular discs is 15 mm. The
access range AC of such triangular discs is smaller  than that of regular
discs, as shown in Figs. 19A and 19B.  



Yet, the triangular discs can be loaded in a disc drive unit  and can be
used for recording or reading data. Figs. 20A, 20B, and 20C illustrate
quadrilateral discs  represented by the value "10" of the disc
configuration.  More specifically, Fig. 20A illustrates a square disc, Fig.
20B illustrates a rectangular disc, and Fig. 20C illustrates  another type
of quadrilateral disc. The diameter of such  quadrilateral discs is 15 mm.
As In the triangular discs, the access range AC of such  quadrilateral
discs is smaller than that of regular discs.  However, the quadrilateral
discs -can still be loaded in a  disc drive unit and can be used for
recording or reading  data. Discs having configurations other than
triangles and  quadrilaterals, represented by the value "11" of the disc
configuration, are not shown. In this case, however, pentagonal or
hexagonal discs, or discs having more than six  sides, or circular discs
having a diameter other than 8 or  12 cm, elliptical discs, specifically
configured discs, such  as star-shaped discs or cloud-shaped discs, can be
considered. 9 March 2004 - 41  Such discs can also be used for recording or
reading  data as long as the size and the configuration of such discs  can
be accommodated within a 12-cm diameter disc and the  center hole CH is 15
mm. 



As indicated by the examples of triangular and  quadrilateral discs shown
in Figs. 19A through 20C, they are  not limited to regular triangles or
squares. Thus, if it is.  desired that the configuration of such discs be
accurately  identified, the dimensions of such discs may be recorded in,
for example, part of the reserved area (M19 to M7) of the  supplemental
information. Alternatively, as bits representing "a" and "h" shown  in
Figs. 21A and 21B, four bits may be used for each of "a"  and "h" as
follows. When the four-bit value indicating "a" is represented  by Av and
the four-bit value indicating "h" is represented  by Hv, a = Av [mm] (0 to
15 mm are indicated in increments of  1 mm) -h = Hv/10 (0 to 1.5 mm are
indicated in increments  of 0.1 mm). Details of the two-bit inertia (moment
of inertia) of  the supplemental information are shown in Fig. 22. When the
value of inertia is "00", the moment of  inertia is less than 0.01 gm2.
When the value of inertia 9 March 2004 - 42  is "01", the moment of inertia
is 0.01 gm2 or greater but  less than 0.02 g-m2. When the value of inertia
is "10", the  moment of inertia is 0.02 g.m2 or greater but less than 0.03
gm2. When the value of inertia is "11", the moment of 



inertia is 0.03 gm2 or greater. When the moment of inertia is represented
by J, it is  expressed by the following equation: J = E(m1 x rig) wherein
r1 represents the distance from the origin (i.e.,  the center of the
rotation of the disc), and mi designates a  minute mass at the position rj.
According to the above-described equation, the moment of inertia J is the
sum of the product of the minute mass mi- and the squared distance ri, and
never becomes zero.  Accordingly, with a larger disc, the moment of inertia
J is  increased. The physical meaning of the moment of-Inertia J is an
amount expressed in an equation of the rotation. That is,  the following
equation holds true: J x a = T wherein 'a represents a second-order
differential of the  rotational angle 6 (= angular velocity), and T
designates  the moment of force (torque). This equation reveals that the
moment of inertia J is  equivalent to the mass m in an equation of the
particle 9 March 2004 - 43  rotation. That is, the moment of inertia J is
an important  physical mass in terms of the rotation of a rigid material.
Generally, the imbalance IM of a disc is expressed by the following
equation.  



Im = (mi x ri ) That is, the imbalance IM is the sum of the product of the
minute mass mi and the squared distance ri. If a disc is  perfectly
symmetrical and free from non-uniformities in the  thickness, the imbalance
IM is zero. However, although the  imbalance IM is zero, the moment of
inertia J is not zero,  and there is no correlation between the moment of
inertia J  and the imbalance Im. As is seen from the foregoing description,
the moment  of inertia of a disc is used for controlling a spindle motor
which rotates a disc. As discussed above, discs are not restricted to 8- or
12-cm circular discs, and there are various configurations  and sizes of
discs. The moment of inertia of a disc is  different according to the size
and configuration of the  disc. Accordingly, by providing the moment of
inertia, as  discussed above, the rotation driving system of the spindle
motor can be controlled correspondingly (i.e., according to  the size and
configuration of the disc). More specifically,  the optimal spindle servo
gain can be set according to the  size and configuration of the disc. 9
March 2004 - 44  Although in this embodiment the moment of inertia is
represented by two bits, it may be expanded to three bits by  using bit M7
for the reserved area of the supplemental  information. In this case, the
moment of inertia may be  



represented as shown in Fig. 23. The value "000" indicates that the moment
of inertia is  less than 0.004 gm2. The value "001" indicates that the
moment of inertia is 0.004 gm2 or greater but less than  0.01 g-m2. The
value "010" indicates that the moment of  inertia is 0.01 gm2 or greater
but less than 0.022 g-m2.  The value "011" indicates that the moment of
inertia is  0.022 gm2 or greater but less than 0.032 gm2. The value  "100"
indicates that the moment of inertia is 0.032 gm2 or  greater but less than
0.037 gm2. The value "101" indicates  that the moment of inertia is 0.037
g-m2 or greater. The  values "110" and "111" are reserved. If a greater
value of  the moment of inertia is expected, the above-described
definition is effective. As a example, considering the standard thickness,
configuration, and mass (material), a 60-mm disc has a  moment of inertia
equivalent to "000", an 80-mm disc has a moment of inertia equivalent to
"001", a 100-mm disc has a  moment of inertia equivalent to "010", and a
120-mm disc has  a moment of inertia equivalent to "011". The moment of
inertia of some 120-mm discs may be "100" according to the 9 March 2004 -
45  type of material. A disc having a thickness larger than the  standards,
or a disc having a non-uniform mass distribution  in the radial direction,
for example, a disc in which the  mass on the outer periphery is larger
than that of the inner  



periphery, may have a moment of inertia equivalent to "101". In the
examples shown in Figs. 22 and 23, the moment of  inertia is represented by
the predetermined ranges. However,  the moment of inertia may be found by
an equation, in which  case, the corresponding information is recorded. For
example, inertia information is recorded by using  four bits, such as M5 to
M8. When the four-bit value is  represented by J, [hex), Jcal [g-m21
(moment of inertia) may  be expressed by the following equation. Jcal =
'oval x (1/500) Details of the wobble information contained in the ATIP
frame have thus been discussed. In the foregoing example, the value "00" of
the disc  configuration indicates both 8- and 12-cm regular (circular)
discs, and they are not differentiated. This is because  they can be
differentiated by referring to the value of the moment of inertia. More
specifically, the moment of inertia of an 8-cm  regular disc is less than
0.01 gm2, while that of a 12-cm  regular disc is 0.03 gm2 or greater.
Accordingly, if the  value of the disc configuration is "00" and the value
of 9 March 2004 - 46  inertia is "00", the disc is an 8-cm regular disc.
Conversely, if the value of the disc configuration is "00"  and the value
of inertia is "11", the disc is a 12-cm  regular disc. 



Alternatively, by using part of the reserved area of  the supplemental
information, information for  differentiating an 8-cm disc and a 12-cm disc
may be  recorded. 3-3 Recording area format A description is now given of
the format when a disc  drive unit records data in a recording area of a
recordable  optical disc. Fig. 24 illustrates the format of a recording
area of a recordable optical disc, and Fig. 25 illustrates  the format of a
track shown in Fig. 24. The disc drive unit sequentially formats the
recording  area, as shown in Fig. 24, such as the PCA, the PMA, the
lead--in area, one or a plurality of tracks, and the lead-out  area from
the inner periphery to the outer periphery of the  disc. Then, the disc
drive unit partitions, as shown in Fig.  25, each track into a plurality of
packets according to the  packet write method, and records user data
thereon. The PCA shown in Fig. 24 is an area in which test- recording is
performed for adjusting the output power of  laser light. Each track is an
area in which user data is 9 March 2004 - 47  recorded. The lead-in area
and the lead-out area store the TOC, such as the start address and the end
address of each track, and various items of information concerning the
corresponding optical disc, respectively.. The PMA is an  



area in which the TOC of each track is temporarily stored.  Each track is
formed of a pre-gap for recording track  information and a user data area
for recording user data. Each packet shown in Fig. 25 includes at least one
readable user data block, five linking blocks, which are  formed of one
link block and four run-in blocks, disposed  before the user data block,
and two linking blocks formed of two run-out blocks disposed after the user
data block. The  link block is used for coupling packets. According to the
fixed-length packet write method, a  plurality of tracks are formed in' a
recording area of a  rewritable disc, and each track is divided into a
plurality  of packets. Then, the number of user data blocks (block  length)
is made the same among the packets within one track,  and data is recorded
at one time in each packet. Thus, according to the fixed-length packet
write method,  the recording area is formatted in such a manner that the
packet length of the individual packets within one track is  the same, and
the number of user data blocks is the same  among the packets. Fig. 26
illustrates the format of a recording area of 9 March 2004 - 48  an optical
disc formatted by a disc drive unit. By wholly  or partially formatting the
pre-format recording area with  fixed-length packets, the formatted
recording area is filled  with the fixed-length packets. 



4. Sub-code and TOC The TOC and sub-code recorded on the lead-in area of a
CD-format disc are as follows. The minimum unit of data recordable on a
CD-format disc  is a frame. Ninety-eight frames form one block. The
structure of one frame is shown in Fig. 27. One frame is formed of 5$8 bits
in which the first 24  bits are synchronization data, the subsequent 14
bits are  sub-code data, and the remaining bits are data and parity. The 98
frames configured as described above form one  block, and sub-code data
extracted from the 98 frames are  collected so as to form sub-code data
(sub-coding frame) of  one block, as shown in Fig. 28A. The sub-code data
extracted from the first and second  frames (frame 98n+1 and 98n+2) of the
98 frames are used as  synchronization patterns.. The third through 98th
frames  (frames 98n+3 through 98n+98) form a plurality of items of  channel
data, i.e., sub-code data P, Q, R, S, T, U, V, and W,  each having 96 bits,
are formed. Among these sub-code data, the P channel and Q channel 9 March
2004 - 49  are used for controlling access. However, since the P  channel
merely indicates a pause between tracks, more  precise control is performed
by the Q channel (Q1 through Q96). The 96-bit Q channel data is configured
as shown in  Fig. 28B. 



The four bits, i.e., Q1 through Q4, are used as control  data for
identifying whether the number of audio channels is  two or four, whether
emphasis processing has been executed  on the data (music) recorded on the
disc, whether the disc  is a CD-ROM, and whether digital copying is
allowed. Then, the subsequent four bits, i.e., Q5 through Q8,  are used as
(ADR), which indicates the mode of sub-Q data.  More specifically, the
following modes (content of sub-Q  data) can be represented by the four-bit
ADR. 0000: mode 0 ... basically, all the sub-Q data is zero  (except for
CD-RW) 0001: mode 1 ... normal mode 0010: mode 2 ... catalog number of disc
0011: mode 3 ... International Standard Recording Code  (ISRC) 0100: mode 4
... used for CD-V 0101: mode 5 ... used for multi-session type, such as
CD-R, CD-RW, and CD-EXTRA After the ADR, the 72 bits Q9 through Q80 are
used as  sub-Q data, and the remaining Q81 through Q96 are used as a 9
March 2004 - 50  CRC. Addresses (absolute addresses and relative addresses)
can be expressed by the sub-Q data when the ADR represents,  model
Concerning the address formats represented by the sub-Q  



data, the format employed for known standard density discs,  such as CD-DA,
is discussed below with reference to Figs.  29A and 29B, while the format
employed for high density  discs, such as CD--R and CD-RW, is discussed
below with  reference to Figs. 30A and 30B. In the high density mode,  it
is necessary to expand the maximum value of the absolute  address along
with a larger capacity of discs. Accordingly,  the address value of the
high density discs is represented  by hour/minute/second/frame, while that
of the standard  density discs is represented by minute/second/frame. The
sub-Q data when the ADR is mode 1 is described  below with reference to
Figs. 29A through 30B, and the TOC  structure of the sub-Q data is
discussed below with  reference to Fig. 31. The sub-Q data stored in the
lead-in area of a disc  serves as the TOC information. That is, the 72-bit
sub-Q  data from Q9 to Q80 of the Q channel data read from the  lead-in
area contains information shown in Fig. 29A or 30A.  The sub-Q data shown
in Fig. 29A or 30A provides details of  the 72-bit sub-Q data (Q9 through
Q80) of the Q channel data 9 March 2004 - 51  shown in Fig. 28B. The sub-Q
data is divided into eight-bit  portions and represents the TOC
information. In the sub-Q data for the standard density disc shown  in Fig.
29A, the eight bits Q9 through Q16 designate the  track number (TNO). In
the lead-in area, the track number  



is set to "00". The subsequent eight bits Q17 through Q24 indicate  point
(POINT). Q25 through Q32, Q33 through Q40, and Q41  through Q48, each
having eight bits, represent the minute  (MIN), the second (SEC), and the
frame (FRAME), respectively  as the absolute address. "00000000" is set in
Q49 through  Q56. Further, PMIN, PSEC, PFRAME are recorded in Q57  through
Q64, Q65 through Q72, and Q73 through Q80,  respectively. The meanings of
PMIN, PSEC, and PFRAME are  determined by the value of POINT. On the other
hand, in the sub-Q code for the high  density disc shown in Fig. 30A, by
using each four bits of  the eight bits of Q49 through Q56, the "time",
which is a  higher concept than the minute/second/frame, is indicated. More
specifically, in the lead-in area, by using the  four bits Q49, Q50, Q51,
and Q52, the time "HOUR", which is  a higher concept than the "MIN", "SEC",
and "FRAME", is  recorded. By using the remaining four bits Q53, Q54, Q55,
and Q56, the time "PHOUR", which is higher concept than the  "PMIN",
"PSEC", and "PFRAME", is recorded. 9 March 2004 - 52  In the sub-Q data of
the lead-in area shown in Fig. 29A  or 30A, the following information is
defined by the value of  the point (POINT). In the sub--Q code shown in
Fig. 29A, when the value of  POINT is represented by "01" through "9F" in
BCD (or is  



represented by "01" through "FF" in binary code), it means  the track
number. In this case, in the PMIN, PSEC, and  PFRAME, the minute (PMIN),
the second (PSEC), and the frame  (PFRAME) of the start point (absolute
time address) of the  track number are recorded. When the POINT value is
"AO", the track number of the  first track in the program area is recorded
in PMIN. The  specification (type) of disc, such as CD-DA, CD-Interactive
(CD-I), CD-ROM (XA specifications), can be identified by the  value of
PSEC. When the POINT value is "Al", the track number of the  final track in
the program area is recorded in PMIN. When the POINT value is "A2", the
start point of the  lead-out area is recorded in PMIN, PSEC, and PFRAME as
the  absolute time address (minute (PMIN), second (PSEC), frame  (PFRAME)).
On the other hand, in the sub-Q code shown in Fig. 30A,  when the POINT
value is designated by "01" through "9F", it  means the track number. In
this case, in PHOUR, PMIN, PSEC,  and PFRAME, the start point (absolute
time address) of the 9 March 2004 - 53  track number is recorded as the
hour (PHOUR), the minute  (PMIN), the second (PSEC), and the frame
(PFRAME). When the POINT value is "AO", the track number of the  first
track in the program area is recorded in PMIN, and the  session format can
be identified by the PSEC value. For the  



normal high density discs, PSEC is set to "00". When the POINT value is
"Al", the track number of the  final track in the program area is recorded
in PMIN. When the POINT value is "A2", in PHOUR, PMIN, PSEC, and  PFRAME,
the start point of the lead-out area is recorded as  the absolute time
address (hour (PHOUR), minute (PMIN),  second (PSEC), and frame (PFRAME)).
As the POINT values, values which have already been  defined or to be
defined in the future,. such as "A3"' and the  subsequent values, for
example, "B*", and "C*", are  considered. An explanation of such values,
however, is  omitted. In this embodiment, various types of physical
information are recorded when the POINT value is "FO", and  an explanation
thereof is given in detail below. Thus, the TOC is formed by the sub-Q data
shown in Fig.  29A or 30A. For example, the TOC formed by the sub-Q data
of a disc on which six tracks are recorded on the program  area can be
indicated by the one shown in Fig. 31. All the track numbers TNO of the TOC
are inevitably 9 March 2004 - 54  represented by "00". As stated above, the
block number  indicates the number of the sub-Q data which is read as the
block data (sub-coding frame) formed of 98 frames. In the TOC data, as
shown in Fig. 31, the same data is  recorded over three consecutive blocks.
The values of POINT  



"01" through "06" are indicated for six tracks (pieces of  music), tracks
#1 through #6, respectively, and the start  points of the first track #1
through sixth track #6 are  indicated in PHOUR, PMIN, PSEC, and PFRAME. The
TOC shown  in Fig. 31 is based on the sub-Q data shown in Fig. 30A, and  if
a TOC is created based on the sub-Q data shown in Fig.  29A, PHOUR is not
provided. When the value of POINT is "AO", "01" is indicated in  PMIN as
the first track number. The type of disc can be  identified by the PSEC
value, and since the PSEC value is  "20", the disc is a high density CD.
When the POINT value is "Al", the track number of the  final track ("06")
is recorded in PMIN. When the POINT  value is "A2", the start point of the
lead-out area is  recorded in PHOUR, PMIN, PSEC, and PFRAME. After the
block n+26 (blocks n+27 and so on), the same  data indicated for the blocks
n through n+26 is repeated.  In the example shown in Fig. 31, only six
tracks are recorded, and the number of blocks is limited so that the  POINT
value designates only "AO", "Al", and "A2". In 9 March 2004 - 55 practice,
however, there may be more blocks so that the  value of POINT designates
"A3" and the subsequent values,  for example, "FO" or "CF", which is
discussed in detail  below. The number of tracks may also be different
among  discs. Accordingly, one unit of TOC data is not restricted'  



to 27 blocks shown in Fig. 31. In the program area in which pieces of
music, for  example, tracks #1 through #n, are stored, and in the lead- out
area, the sub-Q data is indicated by the information  shown in Fig. 29B or
Fig. 30B. Fig. 29B or 30B provides details of the 72-bit sub-Q  data (Q9
through Q80) of the Q channel data (Q1 through Q96)  shown in Fig. 28B. In
the sub-Q data shown in Fig. 29B, eight bits Q9  through Q16 are used for
recording the track number (TNO).  That is, in the tracks #1 through #n,
one of the values "01"  to "99" in BCD is recorded. In the lead-out area,
"AA" is  recorded in the track number. The subsequent eight bits Q17
through Q24 are used for  recording the index (X). The index can be used
for dividing  each track. Q25 through Q32, Q33 through 440, and Q41 through
Q48,  each having eight bits, represent MIN (minute), SEC (second),  and
FRAME (frame) as the time elapsed (relative address)  within the track.
"00000000" is set in Q49 through Q56. 9 March 2004 - 56  In Q57 through
Q64, Q65 through Q72-, and Q73 through  480, each having eight bits, AMIN,
ASEC, and AFRAME, are  respectively recorded as the minute, second, and
frame of  the absolute address. The absolute addresses are addresses
successively provided from the head of the first track (i.e.,  



the head of the program area) to the lead-out area. Conversely, for the
sub-Q data shown in Fig. 30B, the  track number (TNO) is recorded in the
eight bits Q9 through  Q16. In the tracks #1 through #n, one of the values
"01"  through "9F" in binary code is indicated. In terms of  decimal
notation, "0" through "159" can be recorded, and  thus, track numbers up to
159 can be provided. In the lead-.  out area, "AA" is recorded. In the
subsequent eight bits Q17 through Q24, the index  (X) is recorded. By using
the index, each track can be  divided into smaller portions. As the index
number, one of  the values "01" through "9F" in binary code is used. In Q25
through Q32, Q33 through Q40, and Q41 through  Q48, each having eight bits,
MIN, SEC, and FRAME are  indicated as the time elapsed (relative address)
within the  track. By using the subsequent four bits Q49 through Q52, the
time "HOUR", which is a higher concept than "MIN", "SEC",  and "FRAME", is
recorded. Accordingly, the relative address  is represented by
hour/minute/second/frame. For data discs, 9 March 2004 - 57  hFF, FF, FF,
F-are used for "MIN", "SEC "FRAME", and  "HOUR", so that the relative time
is not employed. In Q57 through Q64, Q65 through Q72, and Q73 through  Q80,
each having eight bits, AMIN, ASEC, and AFRAME,  respectively, are recorded
as the minute, second, and frame  



of the absolute address. By using the four bits Q53 through Q56, the time
"AHOUR", which is a higher concept than "AMIN", "ASEC", and  "AFRAME", is
recorded. Accordingly, the absolute address,  as well as the relative
address, is represented by  hour/minute/second/frame. The absolute
addresses are addresses successively  provided from the head of the first
track (i.e., the head of  the program area) to the lead-out area. The sub-Q
code of the CD format is represented as  discussed above. In. the sub-Q
bode, AMIN, ASEC, and AFRAME  (and AHOUR) areas are provided for
representing the absolute  address, and MIN, SEC, and FRAME (and HOUR)
areas are provided for designating the relative address. Additionally,  as
the address pointer indicating the heads of the track and  the lead-out
area, PMIN, PSEC, and PFRAME (and PHOUR) are disposed. These values
indicate the address by the minute,  second, and frame (and hour), each
having eight bits (and  hour having four bits) in BCD. The BCD is a
notation representing "0" through "9" in 9 March 2004 - 58 units of four
bits. Thus, according to eight-bit BCD, the  values from "00" to "99" can
be represented, namely, the  upper four bits represent the tens location,
and the lower  four bits designate the ones location. According to four-
bit BCD, the values from "0" to "9" can be represented. 



In the example shown in Figs. 30A and 30B, the track  number (TNO), the
point (POINT), and the Index (X) are  represented by the eight-bit binary
code ranging from "00"  to "9F". More specifically, the track number (TNO),
for example,  can be represented by a range from "0" to "9F (=159)" by
taking the values "00000000" through "10011111",  respectively.
Accordingly, the number of tracks which can  be managed on the format is
expanded to 159. As in the example shown in Fig. 29A, in Fig. 30A, it is
determined that the track number "00" represents the lead-in  area and "AA"
(=10101010) designates the lead-out area. The point (POINT) and the index
(X) can also be  represented by a range from "0" to "9F" by taking the
values  "00000000" through "10011111", respectively. It is thus  possible
to correspond the point (POINT) to the track number  (TNO). By using the
index (X), one track can be divided  into 159 portions. The reason for
representing the track number and the  index number by "00" through "9F" in
binary code is as 9 March 2004 - 59  follows.  As described above, in the
known CD format, i.e., in the sub-code information shown in Fig. 29A, a
specific  definition, such as "A0", "A2", "A3", "B*" or "C*", is used  for
the point (POINT) unless POINT indicates the track  



number. In both the examples shown in Figs. 29A and 30A,  "FO" can be used
as the value of POINT, which is discussed  in detail below. Accordingly, if
"AO" after "9F" is included to  represent the track number, "AO", which is
originally meant  for a special code, must be used when the point (POINT)
represents the track number. If the point (POINT) uses "AO", "A2", "A3",
"B*", "C*",  and so on, as the track number in binary code, the  definition
of "Al" must be differentiated between the  standard density mode and the
high density mode, which  impairs the compatibility. For example, in a
recording/reading apparatus, the burden of software and  hardware is
increased in order to cope with the different  definitions between the
standard density mode and the high  density mode. Thus, it is determined
that the track number is  expanded only up to "9F" (=159), and "AO" and the
subsequent  code are not used for the track number. Even in the high
density mode, "AO" and the subsequent code are used for 9 March 2004 - 60
defining factors other than the track number.  Accordingly, as the value of
the point (POINT),,"00" through "9F" are used for the track number, and
"A0" and the  subsequent code are used for the special definitions.
According to the allocation of code to the point 



(POINT), i.e., "00" to "9F" except for the special  definitions, "00"
through "9F" in binary code are also  allocated to the index (X), which has
the same bit  allocation on the sub-code format. Another reason for
restricting the track number to "9F"  is to enable the use of the track
number "AA" in the  standard density mode, i.e., the definition of the
track  number representing the lead-out area, also in the high  density
mode. As discussed above, in the sub-Q data in the lead-in  area (i.e., the
TOC data), the value of the point (POINT)  determines the content of the
information of the sub-coding  frame. The definitions of the sub-coding
frames when the  point (POINT) indicates "01" through "9F", "A0", "Al", and
"A2" have been discussed. In this embodiment, information to be recorded in
the  sub-coding frame when the value of the point (POINT)  indicates "F0"
is described below. Fig. 32 illustrates the content of the sub-coding
frame,  i.e., MIN, SEC, FRAME, HOUR, PHOUR, PMIN, PSEC, and PFRAME, 9 March
2004 according to the value of the point (POINT) when the ADR is  1, i.e.,
when the sub-Q data is in the normal mode. As discussed above, various
types of information indicated by (a) of Pig. 32 are recorded when the
value of the point (POINT) is one of "01" through "9F", "A0", "Al",  and
"A2". 



When the value of the point (POINT) Is "F0", physical  information of a
medium is recorded in PMIN, PSEC, PFRAME.  The sub-coding frame shown in
Fig. 32 is based on the sub-Q data structured as shown in Fig. 30A. If it
is based  on the sub-Q data structured as shown in Fig. 29A, physical
information of a medium can also be recorded in PMIN, PSEC,  and PFRAME
when the value of the point (POINT) is "FO". The content of the physical'
information is indicated by  (b) of Fig. 32. In PMIN, PSEC, and PFRAME,
i.e., in Q57  through Q80, information, such as the material, the medium
type, the linear velocity, and the track pitch, each having  four bits, the
moment of inertia, the configuration, and the  disc size, each having two
bits, are recorded, as indicated  by (b) of Fig. 32. The information of the
four-bit disc size is shown in  Fig. 33. The value "0000" indicates that
the disc size is  120 mm. The value "0001" indicates that the disc size is
80  mm. The other values are reserved. The information of the two-bit disc
configuration is 9 March 2004 - 62  shown in Fig. 34. The value "00"
indicates that the disc is circular. The normal circular disc is a 12- or
8-cm disc. .The value "01" indicates that the disc is a triangle. The value
"10" indicates that the disc is a quadrilateral. The  value "11" indicates
that the disc has a configuration other  than the above-described
configurations. The other values  



are reserved The two-bit moment-of-inertia information is shown in Fig. 35.
The value "00" indicates that the moment of  inertia is less than 0.01 gm2.
The value "01" indicates  that the moment of inertia is 0.01 gm2 or greater
but less  than 0.02 gm2. The value "10" indicates that the moment of
inertia is 0.02 gm2 or greater but less than 0.03 gm2. The  value "11"
indicates that the moment of inertia is 0.03 gm2  or greater. By referring
to the disc configuration and the moment- of-inertia information, a disc
drive unit is able to  determine them. Additionally, various configurations
of  discs, details of the information, such as the disc size,  the
configuration, and the moment of inertia, and  modifications of such
information, can be considered.  However, these factors have been discussed
above while  referring to the wobble information. An explanation thereof
is thus omitted. The four-bit track pitch information is shown in Fig. 9
March 2004 - 63  36. When the value is "0000", the track pitch is 1.05 atm.
When the value is 11000111, the track pitch is 1.10 m. When  the value is
"0010", the track pitch is 1.15 m. When the  value is "0011", the track
pitch is 1.20 m. When the value'  is "1000", the track pitch is 1.50 }um.
When the value is  "1001", the track pitch is 1.55 m. When the value is  



"1010", the track pitch is 1.60 m. When the value is  "1011", the track
pitch is 1.65 m. When the value is  "1100", the track pitch is 1.70 Fun.
The other values are  reserved. The track pitch indirectly designates the
disc density  (standard density/high density). That is, "0000" through
"0011" indicates that the disc is a high density disc, while  "1000"
through "1100" indicates that the disc is a standard  density. The four-bit
linear velocity information is shown in  Fig. 37. When the value is "0000",
the linear velocity is  0.84 m/s. When the value is "0001", the linear
velocity is  0.86 m/s. When the value is "0010", the linear velocity is
0.88 m/s. When the value is "0011", the linear velocity is  0.90 m/s. When
the value is "0100", the linear velocity is  0.92 m/s. When the value is
"0101", the linear velocity is  0.94 m/s. When the value is "0110", the
linear velocity is  0.96 m/s. When the value is "0111", the linear velocity
is  0.98 m/s. When the value is "1000", the linear velocity is 9 March 2004
- 64  1.15 m/s. When the value is "1001", the linear velocity is 1.20 m/s.
When the value is "1010", the linear velocity is 1.25 m/s. When the value
is "1011", the linear velocity is  1.30 m/s. When the value is "1100", the
linear velocity is  1.35 m/s. When the value is "1101", the linear velocity
is  1.40 m/s. When the value is "1110", the linear velocity is  



1.45 m/s. The value is "1111" .is reserved. The linear velocity also
directly designates the disc  density (standard density/high density). That
is, "0000"  through "0111" indicates a high density disc, while "1000"
through "1110" indicates a standard density disc. The four-bit medium type.
information is shown in Fig.  38. The value "0000" Indicates that the
medium is a read  only medium. The value "0001" indicates that the medium
is  a DRAW (WORM) medium. The value "0010" indicates that the  medium is a
rewritable medium. The value "0011" is reserved.  The value "0100"
indicates that the medium is a hybrid  medium having a read only area and a
DRAW (WORM) area. The  value "0101" indicates that the medium is a hybrid
medium  having a read only area and a rewritable area. The value  "0110"
indicates that the medium is a hybrid medium having a  DRAW (WORM) area and
a read only area. The value "0111"  indicates that the medium is a hybrid
medium having a  rewritable area and a DRAW (WORM) area. The value "1000"
indicates that the medium is a hybrid medium having a 9 March 2004 - 65
standard-density read only area and a high density read only  area. The
other values are reserved. The four-bit material information is shown in
Fig. 39.  When the value is "0000", embossed pits are formed on the
recording layer, i.e., the material of the recording layer  is a material
used for read only discs. When the value is  



"1000", the material of the recording layer is cyanine used  for DRAW
(WORM) media. When the value is "1001", the  material of the recording
layer is phtalocyanine used for  DRAW (WORM) media. When the value is
"1010", the material  of the recording layer is an azo compound used for
DRAW  (WORM) media. When the value is "1011", the material of the
recording layer is a phase change material used for  rewritable media. The
values "0001" through "0111" and  "1100" through "1111" are reserved. As
discussed above, the physical information of the  medium is recorded in the
sub-Q data (TOC) of the lead-in  area. This enables a disc drive unit to
easily-and  precisely determine the disc size, the configuration, the
moment of inertia,-the track pitch, the linear velocity, the  medium type,
and the material of the recording layer. Instead of the physical
information of the recording  medium in the sub-Q data (TOC) of the lead-in
area shown in  Figs. 32 through 39, physical information shown in Figs. 40
45 may be employed. 9 March 2004 - 66  As the sub-Q data indicated by (a)
of Fig. 32, the  content of the sub-Q data when ADR is 1, i.e., the content
of the sub-Q data in the normal mode, is shown in (a) of Fig.  40. More
specifically, the content of the sub-coding frame  according to the value
of the point (POINT), i.e., the  content of MIN, SEC, FRAME, HOUR, PHOUR,
PMIN, PSEC, and  



PFRAME, is shown. The information indicated in (a) of Fig. 40 is similar
to that indicated in (a) of Fig. 32. However, the physical  information of
a medium to be recorded in PMIN, PSEC, and  PFRAME when the value of the
point (POINT) is "FO" may be  recorded as indicated in (b) of Fig. 40
rather than that  indicated in (b) of Fig. 32. The sub-Q data indicated in
(a) of Fig. 40, as well as  that indicated in (a) of Fig. 32,' is based on
the structure  of the sub-Q data shown in Fig. 30A. If it is based on the
structure of the sub-Q data shown in Fig. 29A, and the value  of the point
(POINT) is "FO", the physical information of  the medium indicated in (b)
of Fig. 40 can also be recorded  in PMIN, PSEC, and PFRAME. In the physical
information designated in (b) of Fig.  40, in the 24 bits of PMIN, PSEC,
and PFRAME, I.e., in Q57  through Q80, a four-bit medium type, a four-bit
medium version, a four-bit material type, a two-bit linear velocity,  a
two-bit track pitch, a three-bit moment of inertia, and a 9 March 2004 - 67
four-bit disc size/configuration are recorded. The four-bit disc
size/configuration is shown in Fig. 41. When the value is "0000", the disc
size is 120 mm. When the value is "0001", the disc size is 80 mm. The other
values are reserved. By utilizing the reserved values, the  



other disc sizes and configurations may be recorded. For example, Q79 and
Q80 may be used for the disc size  information, and Q77 and Q78 may be used
for the disc  configuration. The two-bit disc configuration may be defined
as in the  information shown in Fig. 34. More specifically, when the  value
is "00", the disc is a regular circular disc. When  the value is "01", the
disc is a triangular disc. When the  value is "10", the disc is a
rectangular disc. When the  value is "11", the disc has a configuration
other than the  above-described configurations. Alternatively, if the
number of combination types of  the disc size and the disc configuration is
within 16, they  may be defined in the four bits Q77 through Q80 by using
"0000" through."1111". As the three-bit moment-of-inertia information
recorded  in Q74 through Q76, the definition shown in Fig. 23 may be used.
More specifically, the value "000" indicates that the 9 March 2004 - 68
moment of inertia is less than 0.004 gm2. The value "001"  indicates that
the moment of inertia is 0.004 g-m2 or  greater but less than 0.01 gm2. The
value "010" indicates  that the moment of inertia is 0.01 gm2 or greater
but less  than 0.022 gm2. The value "011" indicates that the moment  of
inertia is 0.022 gm2 or greater but less than 0.032 gm2.  



The value "100" indicates that the moment of inertia is  0.032 gm2 or
greater but less than 0.037 gm2. The value  "101" indicates that the moment
of inertia is 0.037 gm2 or  greater.. The values "110" and "111" are
reserved. The two-bit track pitch information is shown in Fig. 42.  When
the value is "00", the track pitch is 1.10 an. The  other values are
reserved. The two-bit linear velocity information is shown in Fig.  43. The
value "00" indicates that the linear velocity is  0.9 m/s. The other values
are reserved. As the four-bit material type information from Q65  through
Q68, the definition from Q57 to 46.0 shown in Fig. 39  may be used. . The
four.-bit medium version information is shown in Fig. 44. The value "0000"
indicates that the version is 0.9.  The value "0001" indicates that the
version is 1.0. The  other values are reserved. The four-bit medium type
information is shown in Fig.  45. The value "0000" indicates that the disc
is a high 9 March 2004 - 69  density (double-density) read only medium. The
value "0001"  indicates that the disc is a high-density DRAW (WORM) medium.
The value "0010" indicates that the disc is a high density  rewritable
medium. The other values are reserved. According to the above-described
physical information  of a medium in the sub-Q data (TOC) of the lead--in
area, the  



disc drive unit is able to easily and correctly determine  the disc size,
the disc configuration, the moment of inertia,  the track pitch, the linear
velocity, the medium type, the  material of the recording layer, and the
version. As discussed above, in the multi-session type, such as  CD-R,
CD-RW, CD-EXTRA, etc., the value of the ADR of the  sub-Q data may be
"0101", i.e., mode 5. In this embodiment, when the ADR in the sub-Q data
(TOC) in the lead-in area is mode 5, the information shown  in Fig. 46 is
recorded according to the value of the point  (POINT). The information
shown in Fig. 46 is useful for a  -hybrid disc having a plurality of areas,
each having a lead- in area, a program area, and a lead-out area, which are
referred to as a "unit area" for a recording/reading  operation. When the
value of the point (POINT) Is "BO", the  absolute time (absolute address)
at which the program area  of the subsequent unit area starts is recorded
in MIN, SEC,  FRAME, and HOUR. In PHOUR, PMIN, PSEC, and PFRAME, the 9
March 2004 - 70  absolute time (absolute address) at which the lead-out
area  of the final unit area of the disc starts is recorded. When the value
of the point (POINT) is "CO", special  information 1 of the above-described
wobble information is  recorded in MIN, SEC, FRAME, and HOUR. In PHOUR,
PMIN, PSEC,  and PFRAME, the absolute time (absolute address) at which  



the lead-in area of the first unit area of the disc starts  is recorded.
When the value of 'the point (POINT) Is "Cl", the above- described special
information I is copied in MIN, SEC, FRAME,  and HOUR. PHOUR, PMIN, PSEC,
and PFRAME are reserved. When the value of the point (POINT) is "CF", the
absolute time (absolute address) at which the lead-out area  of the current
unit area ends is recorded in MIN, SEC, FRAME,  and HOUR. In PHOUR, PMIN,
PSEC, and PFRAME, the absolute  time (absolute area) at which the lead-in
area of the  subsequent unit area starts is recorded. When the value of the
point (POINT) is "CF" in the  final unit area, the information in PHOUR,
PMIN, PSEC, and  PFRAME is set to zero since there is no subsequent unit
area.  Alternatively, the sub-code frame in which the point (POINT)  is
"CF" is not provided. As described above, in this embodiment, by referring
to  the information of the sub-Q data of a hybrid disc, in particular, the
"absolute time at which the lead-in area of 9 March 2004 - 71  the
subsequent unit area starts" when the value of the point  (POINT) is "CF",
the position of the lead-in area of the  subsequent unit area can be
precisely determined. For example, Fig. 47A schematically illustrates a
disc  having two unit areas #1 and #2, and Fig. 47B schematically
illustrates a disc having three unit areas #1, #2, and #3.  



According to the sub-Q data read from the lead-in area of a  unit area, the
position of the lead-in area of the  subsequent unit area can be
identified, as shown in Figs.  41A and 41B. This enables a disc drive unit
to sequentially  access the lead-in areas of the individual unit areas, as
indicated by the one-dot-chain arrows, thereby easily  reading the TOC data
of each unit area. In the sub-code of the lead-in area of each unit area,
the absolute time at which the current lead-out area of the  unit area ends
is recorded. Thus, any gap between the lead- out area of the current unit
area and the lead-in area of  the subsequent unit area can be correctly
identified. 5. Configuration of disc drive unit A description is now given
of a disc drive unit for  performing a recording/reading operation in
accordance with  the above-described various types of discs. Fig. 48 is a
block diagram illustrating the  configuration of a disc drive unit 70. In
Fig. 48, a disc 9 March 2004 - 72  90 is a CD format disc, such as a CD-R,
a CD-RW, a CD-DA, or  a CD-ROM. Various types of discs, as discussed with
reference to Figs. 1A through 5B, may be loaded in the disc  drive unit 70.
The disc 90 is loaded on a turntable 7, and is rotated  at a CLV or a CAV
by a spindle motor 6 during a  recording/reading operation. Then, pit data
is read from  



the disc 90 by an optical pick-up 1. As the pit data, when  the disc 90 is
a CD-RW, pits formed by a phase change are  read. When the disc 90 is a
CD-R, pits formed by a change  in an organic pigment (index of reflection)
are read. When  the disc 90 is a CD-DA or a CD-ROM, embossed pits are read.
The optical pick-up 1 contains a laser diode 4, which  serves as a laser
light source, a photodetector 5 for  detecting reflected light, an
objective lens 2, which serves  as an output terminal of laser light, and
an optical system  (not shown) for applying the laser light to the
recording  surface of the disc via the objective lens 2 and also for
guiding the light reflected by the disc to the photodetector  5. A
monitoring detector 22 for receiving part of the light  output from the
laser diode 4 is also provided for the  optical pick-up 1. The objective
lens 2 is held by a two-axes mechanism 3  movably in the tracking direction
and the focusing direction.  The entire optical pick-up 1 is movable along
the radius of 9 March 2004 - 73  a disc by a sled mechanism 8. The laser.
diode 4 of the  optical pick-up 1 is driven by a drive signal (drive
current) from a laser driver 18. The reflected light information from the
disc 90 is  detected by the photodetector 5 and is converted into an
electrical signal based on the amount of received light.  The electrical
signal is then supplied to an RF amplifier 9. 



Generally, the RF amplifier 9 is provided with an AGC  circuit. This is
because the amount of light reflected by a  CD-RW considerably changes
according to whether data is  recorded on the disc 90 or whether data is
currently  recorded on the disc 90 in comparison with a CD-ROM, and  also,
the index of reflection of a CD-RW is very different  from that of a CD-ROM
or a CD-R. The RF amplifier 9 is also provided with a current-to- voltage
conversion circuit, a matrix-computing/amplifying  circuit, etc. to cope
with the output currents from a  plurality of light receiving devices,
which form the  photodetector 5, thereby generating signals by performing
matrix computation. For example, an RF signal (read data),  a focus error
signal FE and a tracking error signal TE for  performing servo control are
generated. The read RF signal. output from the RF amplifier 9 is  supplied
to a binarizing circuit 11, while the focus error  signal FE and the
tracking error signal TE are supplied to a 9 March 2004 -- 7 4  servo
processor 14. As described above, a groove for guiding a recording  track
is pre-formed on the disc 90, such as a CD-R or a CD- RW. The groove
wobbles (meanders) according to a signal  formed by performing frequency
modulation on time  information indicating the absolute address on the
disc.  Accordingly, during the recording/reading operation, by  



referring to the groove information, tracking servo can be  performed, and
the absolute address and various physical  information can be obtained. The
RF amplifier 9 extracts  wobble information WOB by performing matrix
computation, and  supplies it to a groove decoder 23. The groove decoder 23
demodulates the received wobble  information WOB so as to extract the
absolute address and  supplies it to a system controller 10. The groove
information is also input into a phase  locked loop (PLL) circuit so as to
obtain rotational  velocity information of the spindle motor 6. By
comparing  the rotational velocity information with the reference  velocity
information, a spindle error signal SPE is  generated and output.
Recordable discs, such as CD-R and CD-RW, include two  types of disc, such
as a standard density disc and a high  density disc. The groove decoder 23
switches the decode  system according to the density type information
output from 9 March 2004 - 7 5 - the system controller 10. More
specifically, the groove  decoder 23 switches the matching pattern of a
frame  synchronization. The read RF signal obtained in the RF amplifier 9
is  binarized in the binarizing circuit 11 so as to be converted  to an
eight-to-fourteen (EFM) signal. The EFM signal is  supplied to an
encoder/decoder 12. 



The encoder/decoder 12 has both functions, such as a  decoder function
required for reading data, and an encoder  function required for recording
data. When data is read,  the encoder/decoder 12 performs EFM demodulation,
CIRC error  correcting, deinterleaving, CD-ROM decoding, etc., thereby
outputting CD-ROM formatted data. The encoder/decoder 12 also extracts the
sub-code from  the data read from the disc 90 and supplies it to the system
controller 10 as the TOC and address information as sub-code  (Q data).
Additionally, the encoder/decoder 12 generates a  reading clock in
synchronization with the EFM signal by  performing PLL processing, and
executes the above-described  decoding operation based on the reading
clock. In this case,  the encoder/decoder 12 extracts the rotational
velocity  information of the spindle motor 6 from the reading clock,  and
compares it with the reference velocity information,  thereby generating
the spindle error signal SPE and 9 March 2004 - 76  outputting it. The
encoder/decoder 12 is able to switch the processing  method according to
whether the disc (or unit area) to be  read or recorded is a standard
density disc or a high  density disc. During the reading operation, the
encoder/decoder 12  stores the above-described decoded data in a buffer
memory  



20. When outputting the read data from the disc drive unit  70, the data
stored in the buffer memory 20 is read and  output. An interface 13 is
connected to an external host  computer 80, and recording data, read data,
and various  commands are sent and received therebetween. As the  interface
13, a small computer system interface (SCSI) or an  AT attachment packet
interface (ATAPI) is used. When  reading data, the read data decoded and
stored in the buffer  memory 20 is transferred to the host computer 80 via
the  interface 13. A read command, a write command, and other commands
from the host computer 80 are supplied to the system  controller 10 via
the.-Interface 13. When recording data, recording data (such as audio data
or CD-ROM data) is transferred from the host computer 80,  and is then
stored in the buffer memory 20 via the interface 13. 9 March 2004 -- 7 7
In this case, the encoder/decoder 12 performs encoding  processing on the
CD-ROM format data (when the supplied data  is CD-ROM data), such as CIRC
encoding, interleaving, sub- code addition, and EFM modulation, thereby
forming CD-format  data. The EFM signal obtained by the encoding processing
of  the encoder/decoder 12 is supplied to a write strategy unit  



21 in which the waveform of the EFM signal is shaped. Then,  the EFM signal
is supplied to the laser driver 18 as a laser  drive pulse (write data
WDATA). The write strategy unit 21 provides compensation for  recording
data, that is, finely adjusting the optimal  recording power and shaping
the laser drive pulse waveform,  according to the characteristics of the
recording layer, the  spot configuration of laser light', and the recording
linear  velocity. The laser driver 18 applies the laser drive pulse
supplied as the write data WDATA to the laser diode 4,  thereby driving the
emission of laser light. Accordingly, pits (phase change pits or pigment
change pits) in' accordance with the EFM signal are formed on the disc 90.
An auto power control (APC) circuit 19 controls the laser output to be
maintained at a constant value without  being influenced by the temperature
while monitoring the  laser output power from the monitoring detector 22.
Given 9 March 2004 - 78  by the target laser output value from the system
controller  10, the APC circuit 19 controls the laser driver 18 so that
the target value is reached. The servo processor 14 generates various servo
drive  signals, such as focus, tracking, sled, and spindle signals,  from
the focus error signal FE and the tracking error signal  TE output from the
RF amplifier 9 and the spindle error  



signal SPE output from the encoder/decoder 12 or the groove  decoder 23.
More specifically, the servo processor 14 generates a  focus drive signal
FD and a tracking drive signal TD based  on the focus error signal FE and
the tracking error signal  TE, respectively, and supplies them to a
two-axes driver 16.  The two-axes driver 16 then drives a focus coil and a
tracking coil of the two-axes mechanism 3 of the optical  pick-up 1.
Accordingly, a tracking servo loop and a focus  servo loop are formed by
the optical pick-up 1, the RF  amplifier 9, the servo processor 14, the
two-axes driver 16,  and the two-axes mechanism-3. .In response to a track
jump command from the system  controller 10, the tracking servo loop can be
turned off,  and a jump drive signal is output to the two-axes driver 16.
The two-axes driver 16 then performs the track jump  operation. The servo
processor 14 also generates a spindle drive 9 March 2004 - 79  signal based
on the spindle error signal SPE and supplies it  to a spindle motor driver
17. In response to the spindle  drive signal, the spindle motor driver 17
applies, for  example, a three-phase drive signal, to the spindle motor 6,
which is then rotated at a CLV or CAV. The servo processor 14 also
generates a spindle drive  signal based on a spindle kick/brake control
signal from the  



system controller 10, and causes the spindle motor driver 17  to start,
stop, accelerate, and decelerate the spindle motor 6. Additionally, the
servo processor 14 generates a sled  error signal obtained as a low
frequency component of the  tracking error signal TE, and a sled drive
signal based on  the access control by the system controller 10, and
supplies  them to a sled driver 15. In response to the sled drive  signal,
the sled driver 15 drives the sled mechanism 8. The  sled mechanism 8 is
provided with a main shaft, a sled motor,  and a transfer gear (none of
which is shown), for holding  the optical pick-up 1. By driving the sled
mechanism 8 by  the sled driver 15 according to the sled drive signal, the
optical pick-up 1 slides on the disc 90. The above-described various
operations by the servo  system and the recording/reading system are
controlled by  the system controller 10, which is formed of a
microcomputer. The system controller 10 executes the above-described 9
March 2004 - 80  operations in response to commands from the host computer
80.  For example, upon receiving a read command, which instructs  the
system controller 10 to transfer certain data recorded  on the disc 90,
from the host computer 80, the system  controller 10 first controls the
seek operation to the  designated address. That is, the system controller
10  instructs the servo processor 14 to cause the optical pick- 



up 1 to access the address designated by the seek command. Thereafter, the
system controller 10 performs the  operation required for transferring the
read data to the  host computer 80. That is, the data is read from the disc
90, decoded, and temporarily stored. Then, the requested  data is
transferred to the host computer 80. In contrast,, in response to a write
command from the  host computer 80, the system controller 10 first moves
the  optical pick-up 1 to the address at which data is to be  written.
Then, the encoder/decoder 12 performs encoding  processing, as discussed
above, on the data transferred from  the host computer 80, so as to be
converted into an EFM  signal. Subsequently, the write data WDATA output
from the  write strategy unit 21 is supplied to the laser driver 18,
thereby recording the requested data on the disc 90. In the example shown
in Fig. 48, the disc drive unit 70  is connected to the host computer 80.
However, the disc 9 March 2004 - 81  drive unit 70, such as an audio CD
player or CD recorder,  which forms the recording/reading apparatus of the
present  invention, does not have to be connected to the host  computer 80.
In this case, the configuration of the  interface 13 is different from that
shown in Fig. 48, for  example, the interface 13 may be provided with an
operation  unit and a display unit. That is, data may be recorded and  



read by the user's operation, and a terminal for inputting  and outputting
audio data may be formed. On the display  unit, the currently recorded or
read track number and the  time (absolute address or relative address) may
be displayed. Various other configurations of the disc drive. unit 70  are
considered, for example, a record only apparatus or a  read only apparatus
may be provided. 6. Examples of processing of disc drive unit Various
processing examples of the disc drive unit 70  are. discussed below. Fig.
49 is a flow chart of an example of the processing  executed by the disc
drive unit 70 when the disc 90 is  inserted. It should be noted that the
TOC formed by the  sub-Q data is recorded in the lead-in area of the disc
90.  If a virgin disc (unrecorded disc) is loaded as a CD-R or a  CD-RW,
the processing shown in Fig. 50 is performed rather  than the processing
shown in Fig. 49 since the TOC is not 9 March 2004 - 82  recorded on such a
disc. The processing indicated by the flow charts of Figs. 49  through 52
is executed by the system controller 10. In. Fig. 49, when the disc 90 is
loaded, in step F101,  the system controller 10 performs the start-up
operation and  reads the TOC. More specifically, the system controller 10
starts the spindle motor 6, maintains the servo mechanism at  a
predetermined rotational velocity, starts laser emission,  



activates and maintains focus servo, and maintains tracking  servo so that
data can now be read from the disc 90, and  then reads the TOC information.
Then, in step F102, the system controller 10 reads the  physical
information of the disc 90 from the TOC information,  thereby determining
the physical characteristics of the disc  90. This operation can be
performed by checking the information shown in Figs. 32 through 39. It is
then determined in step F103 whether the disc 90  is a hybrid disc. This
can be determined by the medium type  shown in Fig. 38. If the outcome of
step F103 is no, the  process proceeds to step F104 in which the
recording/reading  system is set according to the physical information of
the  type of the disc 90. The setting operation is discussed in  detail
below with reference to Fig. 51. A recording/reading operation is now ready
to be  performed on the disc 90. In step F105, the system 9 March 2004 - 83
controller 10 waits for a command from the host computer 80,  and executes
a reading or recording operation in response to  a read command or a write
command, respect:Lvely. If It is found in step F103 that the disc 90 is a
hybrid disc, a variable n is set to I in step F106, and the  loop
processing from steps F107 to F112 is performed. More specifically, in step
F107, the physical  information read in step F102 is stored as physical  



information of a unit area #(n), namely, physical  information of, for
example, the unit area #1 shown in Fig.  .47A or 47B. Subsequently, in step
F108, the variable n is  Incremented. Then, in step F109, the start address
of the  lead-In area of the subsequent unit area is determined. As
discussed with reference to Fig. 46, In the sub-code  frame in which the
ADR is mode 5 and the point (POINT) is CF,  the start address of the
lead-in area of the subsequent unit  area is recorded. Thus, in step F109,
this Information is  checked. If the start address of the lead-in area of
the subsequent unit area is re corded in the above-described sub- code
frame, the presence of the subsequent unit area can be  automatically
confirmed, and thus, the process proceeds from  F110 to F111. In step F111,
the system controller 10 controls the servo processor 14 to access the
recorded start 9 March 2004 - 84  address of the lead-in area. When the
optical pick-up 1 reaches the lead-in area of  the subsequent unit area, in
step F112, the system  controller 10 reads the TOC information. The TOC
information contains the physical information shown in Figs. 32 through 39.
The process then returns to step F107 in which the read  physical
information is stored as the physical information  



of the unit area #(n). In this case, the physical  information of the unit
area #2 is stored. The above-described processing is repeated until the
physical information of the final unit area is incorporated.  That is, when
the start address of the lead-in area of the  subsequent unit area is read
from the sub-code frame in  which the ADR is mode 5 and the point (POINT)
is CF in step  F109, the address value is zero, or such a sub-code frame
itself does not exist. In this case, it can be determined  that the current
unit area is the final unit area. Accordingly, it is determined in step
F110 that there  is no subsequent unit area, and the process proceeds to
step  F113. That is, the system controller 10 waits for a command  from the
host computer 80 after storing the physical  information of all the unit
areas, and performs a reading or  recording operation in response to the
read command or the 9 March 2004 - 85  write command, respectively. Then,
before performing the  recording or reading operation, the system
controller 10  sets the recording/reading system based on the physical
characteristics of the unit area from or into which data is  read or
recorded. In contrast, when a virgin disc without TOC information  is
loaded as a CD-R or a CD-RW, the system controller 10  performs the
processing shown in Fig. 50. 



In step F201, the system controller 10 starts the  spindle. motor 6, begins
the emission of laser light, and  then roughly maintains the spindle servo,
activates and  maintains the focus servo, and maintains tracking servo
while positioning the optical pick-up 1 on the inner  periphery of the disc
90. The reading operation can now be  performed on the disc 90.
Subsequently, in F202, wobble information is read from  the groove on the
disc 90. The physical information of the  disc 90 is read from the wobble
information so as to determine the physical characteristics of the disc 90.
This  operation can be performed by checking the information shown  in
Figs. 13 through 23. Then, in step F203, the recording/reading system is
set  according to the physical information of the disc 90. The  setting
information is discussed in detail below with  reference to Fig. 51. 9
March 2004 - 86  Thus, the recording operation can be performed on the
disc 90. In step F204, the system controller 10 waits for a  command from
the host computer 80, and executes the  recording operation according to
the write command. As discussed above, in this embodiment, when the disc
90 is loaded, the physical characteristics of the disc 90  are determined
from the sub-Q data (TOC) or the wobble  information, and various settings
are made according to the  



determined physical characteristics. The setting operation executed in step
F104 of Fig. 49  or F203 of Fig. 50 is performed by, for example, the
processing shown in Fig. 51. In step F301, the disc configuration is first
checked.  That is, in the case of the wobble information, the
configuration information described with reference to Figs.  17 through
21B, and if necessary, the moment-of-inertia  information shown in Fig. 22
is checked. In the case of the  sub-Q data, the configuration information
shown in Fig. 34  and the moment-of-inertial information shown in Fig. 35
are  checked. The system controller 10 then determines whether the
configuration of the disc 90 is suitable to perform the  reading or
recording operation by the disc drive unit 70.  This can be determined by
the design of the disc drive unit  70, such as the structure of the unit
itself, and the 9 March 2004 - 87  variable range of various parameters,
such as the servo  coefficient. If it is found in step F301 that the
configuration of  the disc 90 is not suitable, the process proceeds to F302
in  which an error message is output. Then, in step F303, the  disc 90 is
ejected, and the processing is ended. The error message is sent to the host
computer 80, and  may be displayed on the monitor display of the host
computer  



80, or may be displayed on a display unit of the disc drive  unit 70.. An
audio warning may be issued. If it is found in step F301 that the
configuration of  the disc 90 is suitable, the process proceeds to step
F304  in which the operation mode is set according to the disc  density. In
step F304, the disc density can be determined  by the disc density
information shown in Fig. 15 when using  the wobble information. Or, when
using the sub-0 data, the  medium type shown in Fig. 38, the track pitch
shown in Fig.  36, or the linear velocity shown in. Fig. 37 can be checked.
Then, the processing mode in the encoder/decoder 12 or  the processing mode
in the groove decoder 23 is switched  according to whether the disc density
is high density or  standard density. According to the disc density, the RF
gain and the  equalizing characteristics of the RF amplifier 9, various
servo gains, such as focusing and tracking gains, and the 9 March 2004 - 88
setting of the computation coefficients used for the seeking  operation,
which-is required to cope with a difference in  the track pitch, are also
switched. Thereafter, in step F305, the spindle servo gain is set
according to the value of the moment of inertia. This is explained in
detail below with reference to  Figs. 53A and 53B. Fig. 53A is a Bode
diagram of a servo open loop when a  



spindle servo gain suitable for a loaded disc having a large  moment of
inertia is set. According to the relationship  between the gain and the
phase, as shown in Fig. 53A, a  sufficient phase margin and gain margin can
be obtained. Fig. 53B is a Bode diagram of a servo open loop when a
spindle servo gain which is not suitable for a loaded disc  having a small
moment of inertia is set. In this case, according to the gain and the
phase, as  shown in Fig. 53B, a sufficient phase margin and gain margin
cannot be obtained, thereby impairing the stability of the  system. If the
servo gain is reduced from the value shown in  Fig. 53B to the suitable
value shown in Fig. 53A, a  sufficient phase margin and gain margin can be
achieved. That is, there is a suitable value for the spindle  servo gain
according to the moment of inertia of a disc.  Accordingly, in the
processing of step F305, the spindle 9 March 2004 - 89  servo gain is set
to an appropriate value by checking the  moment of inertia. Thus, the
spindle servo system can be  stably operated with high precision. In
particular, since  highly precise rotation of the spindle is demanded in
performing the recording operation, this processing is  effective. In step
F306, the moving range of the optical pick-up 1  is set based on the disc
configuration. 



As described with reference to Figs. 18A through 20C,  the access range AC
varies according to the disc  configuration. Accordingly, based on the disc
configuration  (and maybe the above-described dimensions), it is determined
where the optical pick-up 1 can access on the outer  periphery of the disc
90, thereby setting the sled moving  range of the optical pick-up 1. 'It is
thus possible to prevent the erroneous operation of the optical pick-up 1,
i.e., the application of laser light to a portion of the  disc 90 without a
recording track. Step F307 is performed only when the disc 90 is a CD-R  or
a CD-RW. Based on the material data, the processing to  be executed by the
write strategy unit 21 is set. The material data, i.e., the material of the
recording layer,  can be checked by the material data shown in Fig. 14
contained in the wobble information, and by the material  type shown in
Fig. 39 contained in the sub-Q data. 9 March 2004 90  In the write strategy
unit 21, as stated above, the  pulse waveform is shaped as the laser drive
pulse. In the. case of a CD-R on which data is recorded by a  pigment
change, laser drive pulses, such as those indicated  by (b) of Fig. 54, are
generated according to the lengths of  pits/lands to be recorded, such as
those indicated by (a) of  Fig. 54, thereby driving the emission of laser
light. The  level PWr of the laser drive pulses indicates the laser  



recording power. In a CD-R, pulses indicated by (b) and (c) of Fig. 54  may
be combined, thereby synthesizing step-like laser drive  pulses, such as
those indicated by (d) of Fig. 54.  According to the step-like laser
pulses, the laser power is  increased to PWod in part of the pulse zone in
which pits are generated, and such part is referred to as an "over  drive
pulse". By applying the over drive pulses, the laser  level can be more
precisely controlled within the pulse  period. In the case of a CD-RW for
recording data by a phase  change technique, as indicated by (e) of Fig.
54, laser  drive pulses (pulse train) are generated in which the laser
power is switched between the recording power PWr and  cooling power PWc in
the pit forming zone, thereby driving  laser light. During the land period,
the laser power is set  to erasing power PWe. 9 March 2004 - 91  By finely
adjusting the laser drive pulses for a CD-R  and a CD-RW according to the
material of the recording layer,  the recording precision can be enhanced.
More specifically, in each pulse waveform shown in Fig.  54, according to
the material of the recording layer, the  'timing adjustment (i.e.,
laser-pulse width adjustment) is  performed by controlling the rising
portions and the falling  portions indicated by , and the level adjustment
(i.e.,  



laser power adjustment) is performed by controlling the  pulse level
indicated by 0. The reason for controlling the pulse waveform according  to
the pulse width and the laser power is as follows. For example, in the case
of a DRAW (WORM) disc, such as  a CD-R, in order to record a longer pit,
the ratio of the  recording laser power to the reading laser power should
be increased. Accordingly, a large amount of heat is  accumulated so as to
increase a region in which a chemical  reaction is caused. As a result, the
pit to be actually  recorded becomes longer than a prescribed length. This
phenomenon is more noticeable when the thermal sensitivity  or the heat
conduction of the recording layer of a disc is  higher. The length of the
pit to be recorded is also influenced  by the length of the preceding land.
That is, as the land  located immediately before the pit to be recorded
becomes 9 March 2004 - 92  shorter, the heat accumulated in the preceding
pit becomes  less dissipated, thereby encouraging heat interference from
the preceding pit. For example, among some pits to be recorded, even if
the lengths of the pits are the same, and the time for  applying laser and
power are the same, a pit adjacent to a  shorter land results in a longer
pit. Since the heat accumulation and dissipation varies  



according to the material of the recording layer, the pulse  width, the
pulse configuration (laser emission pattern), and  the pulse level (laser
level) are adjusted according to the  material, thereby contributing to the
formation of a high- precision pit string. As discussed above, according to
the physical  characteristics of the disc 90, the setting operation shown
in Fig. 51 is performed, thereby improving the  recording/reading
performance. If it is found in step F103 of Fig. 49 that the disc 90  is a
hybrid disc, the setting operation shown in Fig. 51 is  performed in step
F113 in a unit area into and from which  data is recorded or read. The
physical-characteristic determining operation shown  in Fig. 49 or 50 and
the setting operation shown in Fig. 51  may be performed not only when a
disc is inserted, but also  when power is turned on while a disc is loaded
in the disc 9 March 2004 - 93  drive unit 70, or when a command is
generated by the host  computer 80. TOC is not initially recorded on a CD-R
or a CD-RW, and  the disc drive unit 70 writes TOC information according to
the data recording operation on the disc. The TOC writing  operation is
shown in Fig. 52. Fig. 52 is a flow chart illustrating processing after
data is recorded in a program area of the disc 90, which  



serves as a CD--R or a CD-RW. Steps F401 and F402 indicate  the recording
operation in response to a command from the  host computer 80. Upon
completion of the recording of user data, in step  F403, the system
controller 10 generates TOC data according  to the content of the recorded
data. That is, the system controller 10 generates information,  such as the
address of each track, from the values stored in  the PMA, and also
generates physical information, such as  the one shown in Figs. 32 through
39. In this case, the  physical information is determined from the wobble.
information. _ More specifically, the information indicated in (b) of  Fig.
32 is generated from the physical information read from  the wobble
information. The value of the material  information indicated in (b) of
Fig. 32 is generated based  on the material data shown in Fig. 14. The
value of the 9 March 2004 - 94  medium type (in this case, whether the disc
is a CD-R or CD- RW, and the density of the disc) indicated in (b) of Fig.
32  is generated based on the disc density shown in Fig. 15, the  physical
structure shown in Fig. 16, and the disc type of  special information 1
shown in Fig. 13. The linear velocity and the track pitch indicated in  (b)
of Fig. 32 can be generated based on the disc density  shown in Fig. 15,
special information 1 and 4 shown in Fig.  



13, and the setting determined when user data is recorded.  The moment of
inertia represented in (b) of Fig. 32 is  generated based on the moment of
inertia shown in Fig. 22.  The configuration designated in (b) of Fig. 32
is generated  based on the disc configuration shown in Fig. 17. The disc
size indicated in (b) of Fig. 32 is generated based on the  disc
configuration shown in Fig. 17 and the moment of  inertia shown in Fig. 22.
It is not essential, however, that the information  indicated in (b) of
Fig. 32 be generated as discussed above.  Then, in step F404, the sub-code
frame having the generated TOC information is recorded in the lead-in area.
Accordingly, in this embodiment, concerning a CD-R or a  CD-RW without TOC
information, the physical characteristics  (physical information) of such a
disc can be determined by  wobble information. When recording the TOC
information  later, the physical characteristics determined from the 9
March 2004 - 95  wobble information are recorded in the disc as the TOC
information. This makes it possible to determine the  physical
characteristics of the disc from the TOC, as well as from the wobble
information. A disc drive unit provided with a recording function is
designed to decode wobble information. However, some read- only disc drive
units are not provided with a decoding  function for wobble information.
Thus, by transferring the  



physical information of the disc obtained from the wobble  information into
TOC data, such read-only disc drive units  are able to determine the
physical information of the disc,  and correspondingly perform the setting.
7. Examples of DVD-format discs In the foregoing embodiment,' the present
invention has  been discussed in the context of a CD-R and a CD-RW. The
present invention is also applicable to other types of discs,  and the
physical characteristics, such as the moment of  inertia and the disc
configuration, of the other discs may  also be recorded on them. In this
case, advantages similar  to those exhibited by the foregoing embodiment
can be  obtained in performing a recording or reading operation by a
recording apparatus or a reading apparatus. As an example of the other
types of discs, DVD-format  discs are discussed below. As recordable
DVD-format discs, 9 March 2004 - 96  a DVD-RW, a DVD-R, a DVD-RAM, and a
DVD+RW have been  developed, which are described below. Although a detailed
configuration of a disc drive unit  (recording/reading apparatus)
compatible with such DVD- format discs is slightly different from that of
the disc  drive unit 70 compatible with CD-format discs shown in Fig.  48
due to differences in the data format, the  modulation/demodulation method,
the optical characteristics,  and so on, the basic configuration of a DVD
drive unit is  



similar. to that of a CD drive unit. Thus, an explanation  thereof is
omitted. As in the operations described with  reference to Figs. 49 through
54, a disc drive unit  compatible with DVD discs, which is discussed below,
is able  to determine the physical characteristics of a loaded disc,
provide various settings according to the physical  .characteristics, and
perform the recording and reading  operation correspondingly. The recording
of the physical characteristics of a DVD  disc therein is discussed below.
7-1 DVD-RW, DVD-R In a DVD-RW, which is a rewritable disc using a phase-
change recording technique, and a DVD-R, which is a DRAW  (WORM) disc using
an organic-pigment change technique, a  wobbling groove is formed as a
pre-format on the disc, and a pre-pit is formed on a land located between
grooves 9 March 2004 - 97  (hereinafter referred to as a "land pre-pit").
The wobbling groove is used for controlling the  rotation of the disc and
for generating the recording master  clock. The land pre-pit is used for
determining the  accurate recording position of each bit and for obtaining
various Items of information concerning the disc, such as  the pre-address.
Thus, the physical characteristic  information of the disc is recorded in
the land pre-pit. Fig. 55 illustrates the layout of a disc, which serves  



as a DVD-RW or a DVD-R. The lead-in area on the inner periphery of the disc
is  disposed in a range from 45.2. to 48 mm from the center of  the disc.
The lead-out area is formed at a position away  from 116 mm from the center
of the disc. The area between  the lead-in area and the lead-out area
serves as a program  area in which real data is recorded. In the
information area including the lead-in area, the  program area, and the
lead-out area, the groove (guide  groove), which forms a data track, is
formed in a wobbling  (meandering) shape. Additionally, a land pre-pit LPP
is formed, as shown in Fig. 56, at a predetermined position of  a land L
between wobbling grooves G, G. The wobbling groove G information and the
land pre-pit  LPP information are obtained by a so-called push-pull signal
representing the light reflected by the disc detected by an 9 March 2004 -
98  optical pick-up. The structure of the pre-formatted data recorded as
the  land pre-pit LPP is as follows. Fig. 57A illustrates a pre-pit frame,
which is a  minimum unit of the pre-formatted data as the land pre-pit
LPP. The pre-pit frame has twelve bits consisting of a  four-bit relative
address and eight-bit user data. Then, 16  pre-pit frames (PFO through
PF15) form one pre-pit block.  The four-bit relative addresses of the
individual pre-pit  



frames indicate the addresses of the corresponding pre-pit  frames (PFO
through PF15). The pre-pit block is formed of part A consisting of the  six
pre-pit frames PFO through PF5 and part B consisting of  the ten pre-pit
frames PF6 through PF15. Since one pre-pit frame has eight-bit user data,
part A  has 48-bit (six bytes) user data. Among the six-byte user  data, as
shown in Fig. 57B, three bytes are used as an ECC  block address, and three
bytes are used as parity A for part A. Part B, which consists of the ten
pre-pit frames PF6  through PF15, has 80-bit (10-byte) user data. The
10-byte  user data has, as shown in Fig. 57C, a one-byte field ID,
six-byte disc information, and three-byte parity B for part B. The six-byte
disc information varies, as shown in Fig. 9 March 2004 - 99  58, according
to the field ID. In the pre-bit block in  which the field ID is IDO, three
bytes of the six-byte disc  information of part B are used for recording
the same value  of the ECC block address of part A. The pre-pit block in
which the field ID Is IDO is formed on the entire area of  the disc. The
pre-pit block in which the field ID is one of ID1  through ID5 is formed in
the lead-in area. In the pre-pit  block in which the field ID is ID1, the
application code or  



physical data is recorded as the six-byte disc information.  In the pre-pit
block in which the field ID Is ID2, the OPC  suggested code or write
strategy code (WS1) is recorded as  the six-byte disc information. In the
pre-pit block in  which the field ID is ID3, the manufacturer ID (MIDI) is
recorded as the disc information.' In the pre-pit block in  which the field
ID Is ID4, the manufacturer ID (MID2) is  recorded as the disc information.
In the pre-pit block in  which the field ID is ID5, write strategy code
(WS2) is  recorded as the six-byte disc information. Details of the
structure of the pre-pit block in which  the field ID is ID1 are shown in
Fig. 59. In this case, the  six-byte disc information of the user data of
PF7 through  PF12 of the pre-pit frames is formed of one-byte application
code, one-byte disc physical data, a three-byte last address  of the data
recordable area, one-byte part version/extension 9 March 2004 - 100  code.
The contents of the one-byte (eight-bit) disc physical  code are defined as
shown in Fig. 60A. Among the eight bits bO through b7, b7 indicates track
pitch information. When bit b7 is 110", the track pitch is  0.80 pun. When
bit b7 is "1", the track pitch is 0.74 pun. Bit b6 represents the reference
velocity. The value "0"  indicates that the reference velocity is 3.84 m/s,
while the  value "1" indicates that the reference velocity is 3.49 m/s.  



Bit b5 designates the disc size. The value "0" indicates  that the disc
size is 12 cm, while the value "1" indicates  that the disc size is 8 cm.
Bit 4 represents the index of  reflection. The value "0" indicates that the
index of  reflection ranges from 45 to 85 %, while the value "1"  indicates
that the index of reflection ranges from 18 to 30 %. The medium type is
recorded in bit 2 and bit 1. When  bit b2 is "1", the medium type is a
phase change medium.  When bit 2 is "0", the medium type is another type.
When  bit 1 is "0", the medium type is a recordable type. When  bit 1 is
"1", the medium type is a rewritable type. The moment of inertia is
recorded in bit b3 and bit b0.  When the values of bit 3 and bit 0 are
represented by J1 and  J2, respectively, the moment of inertia can be
defined by  the two bits J1 and J2, as shown in Fig. 60B. 9 March 2004 -
101  When the values of 31 and J2 are "00", the moment of  inertia is less
than 0.01 gm2. When the values of J1 and  J2 are "01"', the moment of
inertia is 0.01 g-m2 or greater  but less than 0.02 gm2. When the values of
J1 and J2 are  "10", the moment of inertia is 0.02 gm2 or greater but less
than 0.03 g-m2. When the values of J1 and J2 are "11", the  moment of
inertia is 0.03 g-m2 or greater. In the case of a DVD-RW and a DVD-R, as
described above,  the physical information of a recording medium is
recorded  



in the lead-in area as the pre-bit block of the land pre-bit  LPP. This
enables a disc drive unit to accurately and  easily determine the disc
size, the moment of inertia, the  track pitch, the linear velocity, the
medium type, etc.  Accordingly, the disc drive unit is able to perform
suitable  settings according to the physical characteristics of the  disc,
thereby performing a suitable recording/reading  operation correspondingly.
7-2 DVD-RAM In a DVD-RAM, which is a DVD-format rewritable disc  using a
phase-change recording technique, high density  recording is implemented by
employing a land/groove  recording method. In the DVD-RAM, the lead-in area
includes  a portion in which control information is recorded as  embossed
pits, and an information rewritable portion. The  physical characteristic
information of a disc can be 9 March 2004 - 102  recorded in the embossed
pit area of the lead-in area. Fig. 61 illustrates the layout of a DVD-RAM.
The lead- in area is formed, as shown in Fig. 61, from 45.2 mm from  the
center of the disc. The area from 45.2 to 48.0 mm is an  embossed pit area
in which control information is recorded.  The lead-in area further extends
to the rewritable area in  which data is recorded. The lead-out area is
formed from  115.78 to 117.2 mm. The area between the lead-in area and  the
lead-out area is used as a program area in which real  



data is. recorded. The detailed configuration of the lead-in area is shown
in Fig. 62. The lead-in area is largely formed of an embossed data  area, a
mirror area, and a rewritable area. In the embossed  data area, an initial
zone, a one-block (ECC block)  reference code zone, a 31-block buffer zone,
a 192-block  control data zone, and a 32-block buffer zone are
sequentially disposed. Subsequently, in the rewritable area after a mirror
area (connection zone), a 32-block-guard track zone, a 64- block disc test
zone, a 112-block drive test zone, a 32- block guard track zone an 8-block
disc identification zone,  an 8-block defect management area (DMA)l, and an
8-block  DMA2 are sequentially disposed. The configuration of each of the
192 blocks of the 9 March 2004 - 103  control data zone in the embossed
data area is shown in Fig. 63. One block is formed of 16 sectors from
sector 0 to  sector 15. One sector has 2048 bytes. In sector 0,'  physical
format information is recorded. In sector 1, disc  manufacturing
information is recorded. 192 blocks  configured as described above are
recorded in the control  data zone. The contents of the physical format
information (2048  



bytes) recorded in sector 0 are partially shown in Fig. 64.  In the head
byte at byte position 0 of the 2048-byte sector,  the medium type and the
part version is recorded. In the subsequent byte at byte position 1, the
moment  of inertia, the disc size, and the maximum transfer rate are
recorded. This information has, for example, eight bits of  bit 0 to bit 7,
as shown in Fig. 65, in which the maximum  transfer rate is recorded in
four bits from bO to b3, the  disc size is recorded in two bits from b4 and
b5, and the  moment of inertia is recorded in two bits b6 and b7.
Concerning the two bits b4 and b5 representing the disc size,  the value
"00" may represent a 12-cm disc, While the value  "01" may indicate an 8-cm
disc, and the other values may be  reserved. Alternatively, by using the
two bits b4 and b5, a  combination of the disc size and the disc
configuration may  be indicated rather than only the disc size. The two
bits 9 March 2004 - 104  b7 and b6 designating the moment of inertia may be
represented by J1 and J2, respectively, and the moment of  inertia may be
defined as shown in Fig. 60B. In Fig. 64, at byte position 2 (one byte),
the disc  structure is recorded as a predetermined definition. At  byte
position 3 (one byte), the recording density is recorded as a predetermined
definition. At byte position 32  (one byte), the disc type ID is recorded.
Concerning a DVD-RAM, the physical information of the  



recording medium is recorded in the embossed data area of  the lead-in
area. Accordingly, the disc drive unit is able  to precisely and easily
determine the disc  size/configuration, the moment of inertia, the medium
type,  and so on. It is thus possible to provide suitable settings
according to the physical characteristics of the disc and  perform the
appropriate recording/reading operation  correspondingly. 7-3 DVD+RW In a
DVD+RW, which is a DVD-format rewritable disc  using a phase-change
recording technique, various items of  information are recorded on the disc
by a phase-modulated  wobbling groove. Thus, the physical characteristic
information of the disc is included in address in ADIP  information which
is to be recorded as the phase-modulated  wobbling groove. 9 March 2004 -
10 5  The phase-modulated wobbling information is described  below with
reference to Figs. 66A, 66B, and 66C. Eight  wobbles form one ADIP unit.
The wobbles are then phase- modulated in such a manner that positive
wobbles PW and  negative wobbles NW are generated in a predetermined order.
Accordingly, the ADIP unit represents a synchronization  pattern, "0" data,
or "1" data. The head of the positive wobble PW directs toward the  inner
periphery of the disc, while the head of the negative  



wobble NW directs toward the outer periphery of the disc. Fig. 66A
illustrates the synchronization pattern (ADIP  synchronization unit). The
first four wobbles (WO through  W3) are negative wobbles NW, and the last
four wobbles (W4  through W7) are positive wobbles PW. Fig. 66B illustrates
the ADIP data unit indicating "0"  data. The first wobble WO is a negative
wobble NW, which  serves as a bit synchronization, and the subsequent three
wobbles (W1 through W3) are positive wobbles PW. In the  last four wobbles,
the two wobbles (W4 and W5) are positive  wobbles PW, and the remaining two
wobbles (W6 and W7) are  negative wobbles NW. With this arrangement, the
ADIP data  represents "0" data. 'Fig. 66C illustrates the ADIP data unit
indicating "1"  data. The first wobble WO is a negative wobble NW, which
serves as a bit synchronization, and the subsequent three 9 March 2004 -
106  wobbles (W1 through W3) are positive wobbles PW. In the  last four
wobbles, the two wobbles (W4 and W5) are negative  wobbles NW, and the
remaining two wobbles (W6 and W7) are  positive wobbles PW. With this
arrangement, the ADIP data  represents "1" data. The data structure of the
above-described ADIP units is  as follows. The ADIP unit information
recorded as a wobbling groove  is formed of two synchronization frames as
one unit shown in  



Fig. 67. The two synchronization frames has 93 wobbles. One wobble has 32
channel bits (32 T), and accordingly,  one synchronization frame is equal
to 1488 channel bits.  One ADIP unit is formed by eight phase-modulated
wobbles  among the two synchronization frames (93 wobbles).. The  remaining
85 wobbles are monotone wobbles, which are not  phase-modulated. Fifty-two
ADIP units form one ADIP word, which is  equivalent to four physical
sectors. The structure of the  ADIP word is shown in Fig. 68A. The ADIP
word, which is formed of 52 ADIP units, each  having eight wobbles (WO
through W7), has 52-bit information.  The ADIP word consists of one ADIP
synchronization unit and  51 ADIP data units. Accordingly, among the 52
bits, as  shown in Fig. 68A, data bit 1 to data bit 51 other than the  word
synchronization (data bit 0) can be used for recording 9 March 2004 - 107
51-bit information. Fig. 68B illustrates the structure of the 52-bit ADIP
word. Twenty-two-bits from data bit 2 to data bit 23 are  used for
recording the physical address. The physical  address is provided for each
ADIP word. Eight bits from  data bit 24 to data bit 31 are used for
recording  supplemental data. Data bit 32 through data bit 51 are used  as
ECC data. Concerning the eight-bit supplemental data for each  



ADIP word, 256 supplemental data are collected from  consecutive 256 ADIP
data, thereby forming a 256-byte table.  In such a table, the physical
format information, such as  the one shown in Fig. 69A, can be recorded.
Fig. 69A illustrates only byte positions 0 to 30 among  the 256 bytes, and
the remaining bytes from byte positions  31 to 255 are not shown. One byte
at byte position 0 is used for recording the  disc category and the version
number. One byte at byte  position 1 is used for recording the disc size.
One byte at  byte position 2 is used for recording the disc structure.  One
byte at byte position 3 is used for recording the  recording density.
Twelve bytes at byte, positions 4 through.  15 are used for recording the
data zone allocation. One  byte at byte position 17 is used for recording
the moment of  inertia and the disc configuration. 9 March 2004 - 108  At
byte position 17,-for example, as shown in Fig. 69B,  two bits b7 and b6
are used for recording the moment of  inertia, and two bits b5 and b4 are
used for recording the  disc configuration. When bits b7 and b6 are
represented by J1 and J2,  respectively, the moment of inertia can be
defined as shown  in Fig. 60B. The disc configuration information can be
recorded by the definition shown in Fig. 34 by using the two  bits b5 and
b4. 



As discussed above, in the case of a DVD+RW, the  physical information of
the disc is recorded as a phase- modulated wobbling groove. This enables a
disc drive unit  to correctly and easily determine the disc size, the disc
configuration, the moment of inertia, the medium type, etc.  As a result,
it is possible to perform suitable settings  according to the physical
characteristics and thus to  perform an appropriate recording/reading
operation  correspondingly. While the present invention has been described
with  reference to what are presently considered to be the  preferred
embodiment, various modifications may be made to  the configuration of the
disc drive unit, the operations of  the unit, the structure of the wobble
information, the  structure of the sub-Q data, etc. 9 March 2004 1. A
recording medium comprising configuration  information recorded therein,
said configuration information  indicating physical characteristics of said
recording medium. 2. A recording medium according to claim 1, wherein a
recording track is formed by a groove on said recording  medium, said
groove representing predetermined information  by wobbling of said groove,
and said configuration  information is recorded as information represented
by the  wobbling of said groove. 3. A recording medium according to claim
2, wherein  the wobbling of said groove is obtained by performing at least



one of frequency modulation and phase modulation on said groove. 4. A
recording medium according to claim 1, wherein a  recording track is formed
by a groove on said recording  medium, and a pit is pre-formed on a land of
said recording  medium, and wherein said configuration information is
recorded as information represented by said pit. 5. A recording medium
according to claim 1, wherein a  recording track is formed by a groove on
said recording 9 March 2004 -- 110  medium, and an embossed pit is
pre-formed on a predetermined  area of said recording medium, and wherein
said  configuration information is recorded as information  represented by
said embossed pit'. 6. A recording medium according to any one of the
preceding claims, wherein said configuration information is  recorded in a
lead-in area formed on said recording medium. 7. A recording medium
according to any one of the  .preceding claims, further comprising material
information indicating a material of a recording layer of said-recording
medium, said material information being recorded according to a technique
identical to a technique for recording said  configuration information. 8.
A recording medium comprising moment-of-inertia  information recorded
therein, said moment-of-inertia  information indicating a moment of inertia
of said recording  medium. 



9. A recording medium according to claim 8, wherein a  recording track is
formed by a groove on said recording  medium, said groove representing
predetermined information  by wobbling of said groove, and said
moment-of-inertia 9 March 2004 - 111  information is recorded as
information represented by the wobbling of said groove. 10. A recording
medium according to claim 9, wherein  the wobbling of said groove is
obtained by performing at least  one of frequency modulation and phase
modulation on said groove. 11. A recording medium according to claim 8,
wherein a  recording track is formed by a groove on said recording  medium,
and a pit is pre-formed on a land of said recording  medium', and wherein
said moment-of-inertia information is  recorded as information represented
by said pit. 12. A recording medium according to claim 8, wherein a
recording track is formed by a groove on said recording  medium, and an
embossed pit is pre-formed on a predetermined  area of said recording
medium, and wherein said moment-of- inertia information is recorded as
information represented  by said embossed pit. 13. A recording medium
according to any one of claims 8 to 12, wherein said moment-of-inertia
information is  recorded in a lead-in area formed on said recording medium.
14. A recording medium according to any one of claims 8 9 March 2004 



- 112  to 13, further comprising material information indicating a
material of a recording layer of said recording medium, said  material
information being recorded according to a technique  identical to a
technique for recording said moment-of-inertia  information. 15. A
recording apparatus compatible with a recording  medium which stores at
least one of configuration  information indicating a configuration of said
recording  medium and moment-of-inertia information indicating a moment
.of inertia of said recording medium, said recording  apparatus comprising:
determining means for determining physical  characteristics of said
recording medium by reading said at  least one of the configuration
information and the moment- of-inertia information; and recording control
means for performing settings for a  recording operation according to the
physical  .characteristics determined by said determining means, and  for
allowing the recording operation to be performed. 16. A recording apparatus
according to claim 15,  wherein said determining means reads said at least
one of  the configuration information and the moment-of-inertia
information from a wobbling groove formed on said recording 9 March 2004 -
113  medium. 



17. A recording apparatus according to claim 16,  wherein wobbling of said
wobbling groove is obtained by  performing at least one of frequency
modulation and phase  modulation on said groove. 18. A recording apparatus
according to claim 15,  wherein a recording track is formed by a groove on
said  recording medium, and a pit is pre-formed on a land of said
.recording medium, and wherein said determining means reads  said at least
one of the configuration information and the  moment-of-inertia information
from said pit. 19. A recording apparatus according to claim 15,  wherein a
recording track is formed by a groove on said  recording medium, and an
embossed pit is pre-formed on a  predetermined area of said recording
medium, and wherein  said determining means reads said at least one of the
configuration information. and the moment-of-inertia  information from said
embossed pit. 20. A recording apparatus according to any one of claims 15
to 19, wherein said recording control means sets an  access range of
recording head means used for the recording 9 March 2004 - 114  operation
on said recording medium according to the physical  characteristics
determined by said determining means. 21. A recording apparatus according
to any one of  claims 15 to 20, wherein said recording control means sets
servo parameters of spindle means used for driving the  



rotation of said recording medium according to the physical
characteristics determined by said determining means. 22. A recording
apparatus according to any one of  ,claims 15 to 21, wherein said recording
control means issues  warning when determining that said recording medium
is not a  suitable recording medium based on the physical  characteristics
determined by said determining means. 23. A recording apparatus according
to any one of  claims 15 to 22, wherein said recording control means ejects
said recording medium when determining that said recording  medium is not a
suitable recording medium based on the  physical characteristics determined
by said determining means. 24. A recording apparatus according to any one
of  claims 15 to 23, wherein, in accordance with a main-data  recording
operation performed on said recording medium, said recording control means
generates main-data management  information by incorporating said at least
one of the 9 March 2004 - 115  configuration information and the
moment-of-inertia  information read from said recording medium, and records
'the  generated main-data management information on said recording  medium.
25. A reading apparatus compatible with a recording  medium which stores at
least one of configuration  Information indicating a configuration of said
recording  medium and moment-of-inertia information indicating a moment  



of inertia of said recording medium, said reading apparatus  comprising:
determining means for determining physical  characteristics of said
recording medium by reading said at  least one of the configuration
information and the moment- of-inertia information; and reading control
means for performing settings for a  reading operation according to the
physical characteristics  determined by said determining means, and for
allowing the  reading operation to be performed. ' 26. A reading apparatus
according to claim 25, wherein  said determining means reads said at least
one of the  configuration information and the moment-of-inertia
information from a wobbling groove formed on said recording  medium. 9
March 2004 - 116  27. A reading apparatus according to claim 26, wherein
wobbling of said wobbling groove is obtained by performing at  least one of
frequency modulation and phase modulation on  said groove. 28. A reading
apparatus according to claim 25, wherein  a recording track is formed by a
groove on said recording  medium, and a pit is pre-formed on a land of said
recording  medium, and wherein said determining means reads said at  least
one of the configuration information and the moment- of-inertia information
from said pit. 



29. A reading apparatus according to claim 25, wherein  a recording track
is formed by a groove on said recording  medium, and an embossed pit is
pre-formed on a predetermined  area of said recording medium, and wherein
said determining  means reads said at least one of the configuration
information and the moment-of-inertia information from said  embossed pit.
30. A reading apparatus according to any one of  claim 25 to 29, wherein
said reading control means sets an  access range of reading head means used
for the reading  operation on said recording medium according to the
physical 9 March 2004 characteristics determined by said determining means.
31. A reading apparatus according to any one of  claims 25 to 30, wherein
said reading control means sets  servo parameters of spindle means used for
driving the  rotation of said recording medium according to the physical
characteristics determined by said determining means. 32. A reading
apparatus according to any one of claims  25 to 31, wherein said reading
control means issues warning  when determining that said recording medium
is not a suitable  recording medium based on the physical characteristics
determined by said determining means. 33. A reading apparatus according to
any one of claims  25 to 32, wherein said reading control means ejects said
recording medium when determining that said recording medium  is not a
suitable recording medium based on the physical  



characteristics determined by said determining means. 34. A reading
apparatus according to any one of claims  25 to 33, further comprising
recording control means for  performing settings for a recording operation
according to  the physical characteristics determined by said determining
means, and for allowing the recording operation to be  performed. 9 March
2004 - 118  35. Apparatus according to any one of claims 15 to 34,  for use
with a recording medium according to any one of claims  1 to 14.
RECORDING MEDIUM, RECORDING APPARATUS, AND READING APPARATUS ABSTRACT OF
THE DISCLOSURE In a recording medium, the physical characteristic
information of the recording medium, and more specifically,  the
configuration (shape and size) and the moment of inertia  of the disc, is
recorded. This enables a recording  apparatus or a reading apparatus to
easily and correctly  determine the physical characteristics of the disc,
and thus  to perform suitable settings for the recording or reading
operation. Figure 13 








