
RECORDING-MEDIUM EVALUATION METHOD,
RECORDING/REPRODUCTION APPARATUS AND RECORDING
MEDIUM  BACKGROUND OF THE INVENTION The present invention
relates to a recording medium  such as an optical disc, a method for
evaluating the  recording medium and a recording/reproduction apparatus
for the recording medium. More particularly, the present  invention relates
to a write-once recording medium onto  which data can be written, a
method for evaluating the  recording medium and a recording/reproduction
apparatus  for the recording medium. An example of a technology for
recording digital  data onto recording media and reproducing digital data
from the recording media is a data-recording/reproduction  technology
using an optical disc such as a magneto  optical disc as recording media.
Examples of the optical  disc are a CD (Compact Disc), an MD (MiniDisc)
and a DVD  (Digital Versatile Disc) . The optical disc is a generic  name of
recording media made of a thin metallic plate  having the form of a disc
protected by plastic and  allowing data recorded thereon to be read out by
radiation of a laser beam thereto. The optical disc can have a read-only
type or  1 recordable type. Commonly known examples of the read-only  



optical disc are the CD, a CD-ROM and a DVD-ROM. The  recordable
optical disc allows user data to be written  thereon. Generally known
examples of the recordable  optical disc include the MD, a CD-R, a
CD-RW, a DVD-R, a  DVD-RW, a DVD+RW and a DVD-RAM. Data is
written onto a  recordable optical disc by utilization of techniques such  as
a magneto optical recording method, a phase change  recording method
and a pigment film change recording  method. The pigment film change
recording method is also  referred to as a write-once recording method.
Since the  write-once recording method allows only data to be  written
onto a recordable optical disc and thus prevents  recorded data from
being rewritten, the disc is suitable  for typically applications to preserve
data recorded  thereon. On the other hand, the magneto optical recording
method and the phase change recording method allow data  already
recorded on a recordable disc to be rewritten and  are thus adopted in a
variety of applications such as  mainly an application to record a variety of
contents  including music, video, games and application programs. In
addition, in recent years, a high-density  optical disc known as a Blu-ray
disc is being developed  and high mass production of the disc has been
planned.  2 A high-density optical disc such as the Blu-ray  



disc has a structure including a cover layer with a  thickness of 0.1 mm in
the direction of the disc  thickness. The high-density optical disc allows
phase- change marks to be recorded thereon and recorded phase-
change marks to be reproduced under a condition of  combining the
so-called blue laser, which is a laser with t a wavelength of 405 mm, and
an object lens with an NA of  0.85. The high-density optical disc uses a
data block  having a size of 64 KB (kilobytes) as a  recording/reproduction
unit. With the high-density  optical disc formatted at an efficiency of 82%,
data  having an amount of 23.3 GB (gigabytes) can be recorded  onto the
disc provided that the disc has a track pitch of  0.32 pm, a line density of
0.12 pm/bit and a diameter of  12 cm. In addition, with the same format, a
high-density  optical disc with a line density of 0.112 um/bit can be  used
for recording data up to 25 GB. On the top of that, if the recording layer
can be  designed into a multi-layer structure, a much larger  recording
capacity can be realized. For example, if the  recording layer can be
designed into a multi-layer  structure, the recording capacity can be
doubled to 46.6 3 GB for a line density of 0.12 pm/bit or 50 GB for a line  



density of 0.112 pm/bit. By the way, in the case of the DVD-ROM
read-only  optical disc, which is one the various optical discs  described
above, for example, data is basically recorded  in advance typically as
emboss pits created on the disc  in error correction block units. As a data
format of or the conventional read-only  optical disc, error correction block
units are recorded  successively without being interrupted by spaces or
gaps. This means that an error correction block unit is a  block used as a
recording/reproduction unit and there is  no linking area created between
any two adjacent blocks. Even in the case of a recordable disc allowing
data  to be recorded thereon and recorded data to be reproduced,
basically, data is recorded onto the disc in error  correction block units and
data already recorded on the  disc is reproduced in same block units in
the same way as  a read-only disc. Since data is written onto the disc in a
random- access recording process, however, a linking area may be
created between blocks in some cases. With a linking area used,
implementation of random  accesses to blocks in a recording/reproduction
apparatus  4 offers a merit of the need to use only simple and  



inexpensive hardware in comparison with a case of  adopting a data
format with no linking area. A technology for a disc format including linking
areas is disclosed in documents such as USP Nos.  5,528,569 and
5,552,896. By the way, when thinking of recording/ reproduction
operations carried out on a multi-layer  recording/reproduction disc such
as a two-layer  recording/reproduction disc having a recording layer
designed into a two-layer structure, it is necessary to  consider a recording
layer far away from the incidence  side of a laser beam for performing the
recording/reproduction operations. To put it concretely,  the transmissivity
of the laser beam through the far  recording layer must be taken into
consideration. Assume for example that, in the recording layer on  a side
close to a recording/reproduction optical system  for generating the laser
beam, an area already containing  recorded data and a free area
containing no recorded data  exist in an alternating manner. In this case,
data may  probably not be recorded onto or reproduced from a  recording
layer on a side far away from the  recording/reproduction optical system
with a high degree 5 of precision due to effects of differences in optical  



transmissivity between areas each already containing  recorded data and
free areas each containing no recorded  data. In order to solve this
problem, in a rewritable- disc system, recorded areas and free areas are
prevented  from being generated in an alternating manner. As described
above, data is recorded in units each  consisting a predetermined number
of bytes. The unit  consisting a predetermined number of bytes is used as
an  error correction block unit and also referred to  hereafter as a cluster.
In addition, a linking area is  provided between any specific cluster and a
cluster  immediately following the specific cluster. In an operation to write
data onto an optical disc  in such cluster units, when a next cluster
physically  following a cluster already recorded on the disc is  written onto
the disc, the front linking area of the next  cluster overlaps the rear linking
area of the cluster  already recorded on the disc. Thus, no partially
unrecorded area is generated between the cluster already  recorded on
the disc and the next cluster. That is to say,  since recorded areas and
free areas are prevented from  being generated in an alternating manner,
the problem 6 described above is solved. 



Then, a new write-once disc is thought of as a disc  to which the same
format as the rewritable disc can be  applied. Naturally, data can be
written only once onto a  write-once disc. So, it is basically meaningless to
consider processing to write data onto a write-once disc  several times.
That is to say, specifications of the  physical format of the disc and
specifications of the  recording/reproduction method are defined only for
one- time recording and it is meaningless as well as difficult  to define
specifications for multi-time recording. For a situation in which a
multi-layer disc  described above is also assumed, however, if the method
for recording a cluster to overlap a linking area an  already recorded
cluster is adopted, in the area  overlapped by the cluster, a write operation
is carried  out a plurality of times in spite of a write-once disc so  that, for
the multi-time recording, media specifications  must be defined by taking a
variety of characteristics  into consideration. The media specifications
cited here  typically include jitter characteristics, degree of  modulation
and push-pull amplitude of a reproduced signal. However, it is difficult to
define media  7 specifications capable of keeping up with multi-time  



recording to be carried on a write-once disc, and such a  definition will
raise the degree of difficulty in the  design and manufacturing of the media
and the  recording/reproduction apparatus for the media. If the overlap
recording mentioned above is carried  out with the media specifications for
the multi-time  recording remaining undefined as they are, on the other
hand, recording/reproduction operations cannot be  guaranteed. For
example, it is quite within the bounds of  possibility that sharp differences
in reflectivity are  generated in the overlap area, or the recording layer of
the disc is damaged. For this reason, there are effects  on a tracking servo
among others and the effects serve as  a system-instability cause such as
a state in which it is  quite within the bounds of possibility that a stable
system cannot be established. SUMMARY OF THE INVENTION
Embodiments of the present invention implement  proper operations while
adopting a recording method  implementing overlapping of linking areas in
a system  using a recording medium of the write-once type. 8 Disclosed
herein is a recording-medium evaluation method  for recording data onto a
write-once recording medium  allowing the data to be recorded thereon in
block units  



each including a main area and linking areas, the  recording-medium
evaluation method comprising the steps  of: a recording step of recording
the block units onto  the write-once recording medium with the linking
areas  overlapping each other; a measurement step of reproducing  the
block units recorded at the recording step and  measuring an error rate;
and a determination step of  determining whether the write-once recording
medium is a  good or bad recording medium on the basis of a result of
the measurement step of measuring the error rate. The write-once
recording medium is determined  to be a good recording medium at the
determination  step if the error rate measured at the measurement  step is
found to be not greater than a predetermined  value. According to a first
aspect of the present  invention, there is provided a
recording/reproduction  apparatus for a write-once recording medium
allowing  data to be recorded thereon in block units each  including a main
area and linking areas, the  recording/reproduction apparatus comprising:
a  recording/reproduction unit for 9 recording the block units onto the
write-once recording  medium with the linking areas overlapping each
other and  



reproducing data from the write-once recording medium; a  control unit for
controlling the recording/reproduction  unit to record the block units onto
the write-once recording medium with the linking areas overlapping each
other and reproduce the recorded block units; and a  measurement unit
for measuring an error rate of the block  units reproduced by the
recording/reproduction unit. Preferably, the recording/reproduction
apparatus  may further comprise a determination unit for determining
whether the write-once recording medium is a good or bad  recording
medium on the basis of a result produced by the  measurement unit as a
result of measuring the error rate. Preferably, the determination unit may
determine  that the write-once recording medium is a good recording
medium if the error rate measured by the measurement  unit is found to
be not greater than a predetermined  value. According to a second aspect
of the present  invention, there is provided a write-once recording medium
allowing data to be recorded thereon in block units each  including a main
area and linking areas wherein block  units recorded at physically
continuous locations on the  write-once recording medium have their 10
linking areas overlapping each other. 



Preferably, media specifications concerning  recording and reproduction
for areas overlapping in a  recording operation are not prescribed.
Preferably, after the block units are recorded  onto the write-once
recording medium with linking areas  overlapping each other, the recorded
block units are read  out whereas an error rate is measured, and a result
of  measuring the error rate is used in determination of  whether the
write-once recording medium is a good or bad  recording medium. That is
to say, embodiments of the present  invention provide a write-once
recording medium allowing  data to be recorded thereon in block units,
which are  each a recording/reproduction unit having linking areas,  with
the linking areas of the block units overlapping  each other. The block unit
is a recording block including  a cluster. The block units recorded at
physically  continuous locations on the write-once recording medium  have
their linking areas overlapping each other. In this  case, since the
recording medium is a medium of the  write-once type, it is feared that
correct operations can  no longer be operated on the overlapping
recording  portions. In order to solve this problem, typically, in 11 an
inspection process right after the process to  



manufacture the media, the media is subjected to a  sampling check
process according to a recording-medium  evaluation method provided by
the present invention to  reject a recording medium exhibiting the incorrect
operations mentioned above. In accordance with the aforementioned
recording- medium evaluation method, a write-once recording medium
completing a process to record data thereon in block units  with the linking
areas of the block units overlapping each  other is subjected to an
inspection process right after  the process to manufacture the medium. In
this case,  typically, recording mediums made at the same  manufacturing
lot are sampled for some specimens to be  subjected to the inspection
process. In the inspection  process, first of all, a plurality of block units is
recorded onto continuous locations on the recording-medium  sample with
their linking areas overlapping each other.  Then, the recorded block units
are reproduced from the  recording-medium sample and an error rate is
measured.  Subsequently, the result of measuring the error rate is  used
as a base for determining whether or not the  recording-medium sample is
a good or bad disc. The area 12 from which the block units are
reproduced includes  linking areas overlapping each other as a result of
the  



recording operation. That is to say, the measured error  rate is a
measured value also reflecting the error rate  of the linking areas
overlapping each other as a result  of the recording operation. Thus, if the
result of  measuring the error rate is used as a base for  determining
whether or not the recording-medium sample is  a good or bad disc, it is
possible to determine whether  or not the recording-medium sample is a
recording medium  on which normal recording/reproduction operations
can be  carried out. To put it more concretely, if the measured  error rate
is found to be not greater than a  predetermined value, the
recording-medium sample is  determined to be a good disc. In addition,
previous experiences reveal that  recording mediums made at the same
manufacturing lot at  the same time are known to have all but identical
characteristics. Thus, if the recording medium selected  as a sample is
determined to be a good disc, the  recording mediums made at the same
manufacturing lot at  the same time as the sample can each be regarded
as a  good disc without raising a problem. That is to say, by evaluating a
manufactured write- 13 once optical disc in accordance with embodiments
of the  present invention, the quality of the disc completing a  



process to record data thereon in block units with the  linking areas of the
block units overlapping each other  can be determined properly and
correctly. A write-once  optical disc with its quality determined to be low
can be  rejected at the evaluation stage so that only good discs  are
shipped and presented to the user. If sharp  differences in reflectivity
result from a process to  record data thereon in block units with the linking
areas  of the block units overlapping each other, or the damaged
recording layer has a bad effect on, among others, the  tracking servo,
making it impossible to establish a stable  servo, for example, the
recording medium is determined to  be a recording medium with an
insufficient quality and,  thus, a medium to be rejected. As a result, only
good  discs are shipped and presented to the user. The
recording/reproduction apparatus provided by  embodiments of the
present invention is capable of  executing such a recording-medium
evaluation method. In addition, a recording medium shipped after  passing
such an inspection process as a medium provided  by embodiments of the
present invention allow adjacent  block units to 14 be recorded thereon
with their linking areas overlapping  each other. Thus, the same recording
method as a  



rewritable recording medium can be adopted. As a result,  from the
system-operation point of view, the recording  medium provided by
embodiments of the present invention  is a desirable medium. The
recording medium provided by  embodiments of the present invention is
also desirable in  that its recorded areas and unrecorded areas are not
mixed so that the medium is a good medium having a  plurality of
recording layers. in addition, the fact that the good state of
overlap-recording portions of the optical disc is  guaranteed by carrying
out an inspection process means  or can be stated in other words that
media  specifications of the overlap-recording portions do not  have to be
prescribed. That is to say, since media  specifications concerning
multi-time recording of a  write-once optical disc do not have to be
defined, it is  possible to avoid difficulties of defining media  specifications
of the write-once recording medium  without increasing the degree of
difficulty or  simplicity of the design and manufacturing of the  recording
media and the recording/reproduction  apparatus. BRIEF DESCRIPTION
OF THE DRAWINGS  15 Figs. 1A and 1B are explanatory diagrams
showing  



the structure of a recording track created on an optical  disc implemented
by an embodiment of the present invention;  Fig. 2 is an explanatory
diagram showing the area  configuration of the optical disc implemented
by the  embodiment; Fig. 3 is an explanatory diagram showing the
internal structures of zones on the optical disc  implemented by the
embodiment; Figs. 4A through 4D are explanatory diagrams  showing the
ECC structure of data recorded on the optical  disc implemented by the
embodiment; Fig. 5 is an explanatory diagram showing the frame
structure of main data recorded on the optical disc  implemented by the
embodiment; Figs. 6A and 6B are explanatory diagrams referred  to in
describing a method of recording RUB units onto the  optical disc
implemented by the embodiment; Figs. 7A through 7C are explanatory
diagrams  referred to in describing a method of overlap recording  applied
to the optical disc implemented by the  embodiment; Figs. 8A and 8B are
explanatory diagrams referred  16 to in describing a method of overlap
recording applied to  



the optical disc implemented by the embodiment; Fig. 9 is a block diagram
showing the configuration  of a disc drive apparatus provided by the
embodiment; and  Fig. 10 shows a flowchart representing a disc
evaluation method provided by the embodiment.  DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENT The following
description explains a write-once  optical disc implemented by an
embodiment of the present  invention, a method of evaluating the optical
disc and a  disc drive apparatus (or a recording/ reproduction apparatus)
for recording data onto the optical disc and  reproducing data from the
disc as well evaluating the  disc. The optical disc of the write-once type is
described in paragraphs arranged in the following order.  1: Disc Structure
2: ECC Format of Data 3: Method of Recording RUBs  4: Disc Drive
Apparatus 5: Disc Evaluation Processing  1: Disc Structure First of all, an
optical disc implemented by an  embodiment of the present invention is
explained. 17 In general, in an operation to record data onto an  optical
disc onto which data can be written by adoption  



of a magneto optical recording method, a phase change  recording
method and a pigment film change recording  method, guiding means for
carrying out tracking  operations on data tracks on the disc is required.
Thus,  grooves are created on the optical disc in advance as  pregrooves.
The created grooves or lands are used as data  tracks. A land is a
member having a cross section  resembling a highland sandwiched by
any two adjacent  grooves. In addition, it is also necessary to record
information on the optical disc as addresses each  indicating a
predetermined location on a data track as a location at which data can be
recorded. In some cases,  these addresses are recorded on the optical
disc by  wobbling each of the grooves. That is to say, each track used for
recording data  is created on the surface of the optical disc in advance  as
a pregroove and the side walls of the pregroove are  wobbled in
accordance with addresses embedded in the  pregroove. By wobbling the
side walls of each pregroove in  this way, an address can be fetched in a
recording or  18 reproduction operation from wobbling information
obtained  as information conveyed by a reflected optical beam. Thus,  



data can be recorded at a desired location indicated by an address or
reproduced from such a location on a track  without creating typically pits
on the track in advance  as data representing the address. By having
addresses embedded in a wobbling groove  in this way, it is no longer
necessary to provide  discrete address areas on the optical disc and
record  addresses in the areas typically as pit data. Thus, the  size of a
recording area used for recording actual data  can be increased by a
difference equivalent to the total  size of the eliminated address areas. An
optical disc 1 implemented by an embodiment of  the present invention is
a disc of the write-once type.  As shown in Fig. 1A, a groove GV is created
to serve as a  recording track. The groove GV has a spiral form extended
from an inner-circumference side to an outer- circumference side. Thus,
as shown in Fig. lB, a cross  section cut in the radial direction of the
optical disc 1  comprises lands L each having a protruding shape and
groves GV each having a dented shape. The lands L and the  grooves GV
are laid out in an alternating manner as shown  in the same figure. 19
Each groove GV created on the optical disc 1 is  wobbled with respect to
the tangential direction of the  



groove GV. The wobbling shape of the groove GV is formed  in
accordance with a wobble signal modulated by  information such as
addresses. Thus, by moving a laser  spot LS along a groove GV serving
as a recording track  and detecting positions of both edges of the groove
GV  from a laser beam reflected by a radiated laser spot LS  on the
groove GV, an optical-disc drive is capable of  extracting components
fluctuating in the radial direction  of the optical disc from the detected
positions of the  edges to reproduce the wobble signal. The optical-disc
drive then demodulates the reproduced wobble signal in  order to
generate information such as addresses. The absolute-time (or the
address) information  expressed by the wobbling shape of the groove is
referred  to as an ATIP (Absolute Time In Pregroove) or an ADIP
(Address In Pregroove). It is to be noted that, while this described
embodiment of the present invention implements an optical  disc having
grooves created thereon each to serve as a  recording track, the scope of
the present invention is  not limited to such an optical disc. For example,
the  present invention can also be applied to an optical disc 20 having
lands created thereon each to serve as a recording  track. In addition, the
present invention can also be  



applied to an optical disc having both grooves and lands  created thereon
each to serve as a recording track. The optical disc 1 implemented by this
embodiment  is a write-once disc allowing data to be recorded thereon  by
adoption of the pigment film change recording method.  As dimensions of
the optical disc 1, the optical disc 1  has a diameter of 120 mm and a disc
thickness of 1.2 mm.  This thickness includes a cover layer with a
thickness of  about 0.1 mm. Thus, from the dimension point of view, the
external appearance of the optical disc 1 is similar to a  disc adopting a
CD (Compact Disc) method or a DVD  (Digital Versatile Disc) method. Fig.
2 is an explanatory diagram showing the area  configuration of the optical
disc 1. As shown in the  figure, the area of the optical disc 1 comprises a
lead- in zone on the inner circumference side, a lead-out zone  on the
outer circumference side as well as a data zone  between the lead-in and
lead-out zones. The lead-in zone is placed on the inner side of a
circumference having a radius of 24 mm. The data zone is  placed
between the circumference having the radius of 24  mm and a
circumference having a radius of 58 mm. The 21 lead-out zone is placed
between the circumference having  the radius of 58 mm and a
circumference having a radius  



of 58.5 mm. As shown in Fig. 3, the lead-in zone comprises  information
areas Infol and Info2 as well as a test write  area OPC. The information
areas Infol and Info2 and the  test write areaOPC are provided between a
circumference  having a radius of 23.235 mm and the circumference
having  the radius of 24 mm. The test write area OPC provided between a
circumference having a radius of 23.278 mm and a  circumference having
the radius of 23.621 mm is an area used for setting recording/reproduction
conditions of  recording marks. The recording/reproduction conditions
include a laser power required for recording/reproduction  operations. That
is to say, the test write area OPC is an  area for adjusting the
recording/reproduction conditions. The information area Infol provided
between a  circumference having the radius of 23.958 mm and the
circumference having the radius of 24 mm as well as the  information area
Info2 provided between the circumference  having the radius of 23.235
mm and the circumference  having the radius of 23.278 mm each include
a defect  management area DMA and a control area. The defect 22
management area DMA is an area used for storing  information on defects
on the optical disc. The  



information on defects on the optical disc can be  reproduced from the
defect management area DMA. The  control area is an area used for
storing various kinds of  control information. It is to be noted that an area
between the  circumference having the radius of 23.621 mm and the
circumference having the radius of 23.958 mm is an area  reserved for
use in the future. The data zone between the circumference having the
radius of 24.0 mm and the circumference having the radius  of 58.0 mm is
an area used for actually recording user  data and an area from which
user data is reproduced. The lead-out zone between the circumference
having  the radius of 58.0 mm and a circumference having a radius  of
5B.5 mm includes a defect management area similar to  the management
area of the lead-in zone. In addition, the  lead-out zone is also used as a
buffer area serving as an  overrun area in a seek operation. The
recording/reproduction density is determined by  a track pitch of 0.32 um
and a line density of 0.12 of  0.12 pm/bit. User data is recorded onto and
reproduced from the  23 optical disc in cluster units each having a size of
64 KB.  With a cluster set at that size, the information 



area Info2, the test write area OPC and the information  area Infol, which
are included in the lead-in zone, can  be used for recording information up
to 256, 2048 and 256  clusters respectively. The data zone, which is used
for  recording user data and recorded user data is reproduced  from, has a
size equivalent to 355603 clusters. Thus, the  recording capacity of the
data zone for recording user  data is 355603 clusters x 64 KB/cluster =
about 23.3 GB. The size of the lead-out zone is 7429 clusters.  It is to be
noted that, in some cases, an area on  the inner side of the circumference
having the radius of  23.235 mm in the lead-in zone shown in Fig. 3
comprises a  first management-information area, a second management-
information area and an other-information area. The first
management-information area is an area used for storing  management
information at a stage prior to finalization.  The second
management-information area is an area used  for storing management
information such as physical  information on the optical disc,
recording/reproduction  conditions and copy control information as
read-only data  typically in the form of emboss pits or a wobbling group.
The other-information area is an area known as a BCA 24 (Burst Cutting
Area) for storing other information such  as a unique ID peculiar to the
disc recording medium in  



the form of a barcode by application of a burn-cut  recording method to the
recording layer. 2: ECC Format of Data An ECC format of main data (that
is, user data and  management data) to be recorded onto an optical disc is
explained by referring to Figs. 4A through 4D and 5. As ECCs (error
correction codes), there are 2 codes,  i. e., an LDC (long distance code)
for 64 KB (= 32 sectors x 2048 bytes/sector) and a BIS (Burst Indicator
Sub-code). 64 KB main data shown in Fig. 4A is subjected to an  ECC
encode process to generate an LDC shown in Fig. 4B.  To put it in detail,
an EDC (error detection code) with a  length of 4 B is added to each 2048
B sector of the main  data. Then, the LDC for 32 sectors is obtained
through  encoding. The LDC is an RS (Reed Solomon) code with an RS
of (248,216,33) meaning a code length of 248, data of 216  and a distance
of 33. A code word of 304 exists. On the other hand, a BIS is obtained by
carrying  out an ECC encode process on 720 B data shown in Fig. 4C  as
shown in Fig. 4D. The BIS is an RS (Reed Solomon) code  with an RS of
(62,30,33), a code length of 62, data of 30  25 and a distance of 33. A
code word of 24 exists. Fig. 5 is an explanatory diagram showing the
frame  



structure of main data. As shown in the figure, the frame structure
comprises BISes and pieces of data of the LDC, which are  described
above. To put it concretely, a frame is a 155 B  (bytes) data structure
comprising data of 38 B, a BIS of  1 B, data of 38 B, a BIS of 1 B, data of
38 B, a BIS of 1  B and data of 38 B. That is to say, one frame comprises
data of 152 B (= 4 pieces of data x 38 B/piece) and an  inserted BIS of 1 B
between two consecutive ones of the  pieces of data. A frame sync FS
serving as a frame synchronization  signal is placed at the beginning of
the 155 B frame. A  block includes 496 frames. As for the LDC data, code
words with even numbers  of 0, 2 and so on are placed in frames with
even numbers  of 0, 2 and so on respectively whereas code words with
odd numbers of 1, 3 and so on are placed in frames with  odd numbers of
1, 3 and so on respectively. The BIS has a code having a very excellent
error  correction power in comparison with the LDC. Normally,  the BIS
corrects almost all errors. That is to say, a  distance of 33 is used for a
code length of 62. 26 For this reason, a symbol of a BIS detecting errors
is used as follows. 



In an ECC decoding process, a BIS is decoded first.  If 2 errors exist in
adjacent BISes or in the frame sync  FS and the first BIS in the frame
structure shown in Fig.  5, the 38 B data sandwiched by the adjacent
BISes or the  frame sync FS and the first BIS is regarded as a burst  error.
In this case, an error pointer is added to this 38  B data. In the LDC, this
error pointer is used for  carrying out pointer erasure correction. In this
way, by correction of the LDC only, the  error correction power is
enhanced. A BIS includes information such as an address.  This address
is used for example in the case of a ROM- type disc or the like in which
address information  embedded in a wobbling groove is not available. 3:
Method of Recording RUBs Data is recorded onto the optical disc 1
implemented by this embodiment in RUB (Recording Unit  Block) units.
The RUB is a unit including 1 cluster of  data. Basically, a RUB comprises
a physical cluster, a  run-in preceding the physical cluster and a run-out
succeeding the physical cluster. As methods of recording  data onto the
optical disc 1 in RUB units, there are a 27 method of recording one RUB
at one time and a method of  recording a plurality of RUBs continuously,
that is, a  



method of recording a plurality of RUBs without interrupting the recording
operation. Fig. 6A is a diagram showing the structure of a RUB  formed in
an operation adopting the aforementioned method  of recording one RUB
at one time. Such a RUB is referred  to as a single written recording unit
block. It is to be  noted that, in the following description, the single  written
recording unit block is abbreviated to a single  written RUB. Data being
recorded is written onto a wobbling  groove of a monotone base. A
wobbling period corresponds  to 69 channel bits (69T). The run-in of a
RUB occupies a period of 40 wobbles  (wbs) The physical cluster
following the run-in occupies  a period of 13888 wbs (496 x 28 wbs) The
run-out following the physical cluster occupies a period of 16  wbs. The
run-in, the physical cluster and the run-out  thus occupy a total period of
13944 wbs. A guard G3 of 8  wbs is added to this total period to form a
RUB. The run-in serves as a linking area to be  overlapped in a recording
process. The run-in is also  used in APC (automatic power control) of a
laser beam, a 28 VFO for bringing over a PLL state, gain control and
offset control to mention a few. 



The physical cluster is main data comprising user  data, an error
correction code and a frame  synchronization signal. The run-out is used
typically for, at a rear end of  PLL, preventing degradation of a data area.
The guard G3 is used as an area of a transition of  a laser power from a
recording power and a linking area  to be overlapped in a recording
process. Fig. 6B is a diagram showing a sequence of RUBs  recorded by
adopting the aforementioned method of  recording a plurality of RUBs
continuously. It is to be  noted that such a sequence of RUBs is referred to
as a  continuous written sequence of recording unit blocks. It  is also worth
noting that, in the following description,  the continuous written sequence
of recording unit blocks  is abbreviated to continuous written RUBs. In this
case, when RUB #1 to RUB #n are recorded  continuously, each of the
continuous written RUBs except  RUB #n has the same structure as a
single written RUB  excluding the guard G3. That is to say, each of the
continuous written RUBs except RUB #n comprises a run-in  of 40 wbs, a
physical cluster of 13888 wbs and a run-out 29 of 16 wbs to form a total
period of 13944 wbs. RUB #n, which is the last RUB, is the same as a  



single written RUB. That is to say, RUB #n comprises a  run-in of 40 wbs,
a physical cluster of 13888 wbs, a run- out of 16 wbs and a guard G3 of 8
wbs. Data can be written onto the optical disc 1 as a  single written RUB
or continuous written RUBs in  dependence on the condition of the data or
in accordance  with a command issued by a host apparatus. In the case of
this embodiment, without regard to  whether data is written onto the
optical disc 1 as a  single written RUB or continuous written RUBs, if the
single written RUB or the first one of the continuous  written RUBs is
written at a location physically adjacent  to an already recorded RUB, the
linking area of the RUB  being written overlaps the linking area of the
already  recorded RUB. To put it concretely, the single written  RUB or the
first one of the continuous written RUBs is  written at the adjacent location
with its run-in  overlapping a guard G3 located at the rear end of the
already recorded area as the guard G3 of the already  recorded RUB at
the rear end of the already recorded area. Figs. 7A through 7C are
diagrams showing a case in  which every RUB is recorded onto the optical
disc 1 as a  30 single written RUB. Initially, RUB #1 is recorded onto the
optical disc  



1 as a single written RUB as shown in Fig. 7A. Then, RUB  #2 is recorded
onto the optical disc 1 as a single  written RUB as shown in Fig. 7B. In this
case, the run-in  of RUB #2 overlaps the area occupied by the guard G3 of
RUB #1 as shown in the figure. Subsequently, RUB #3 is recorded onto
the optical  disc 1 as a single written RUB as shown in Fig. 7C. In  this
case, the run-in of RUB #3 overlaps the area occupied by the guard G3 of
RUB #2 as shown in the figure.  When a sequence of RUBs is written as
continuous  written RUBs at an area following already recorded
continuous written RUBs, the run-in of the first RUB of  the continuous
written RUBs being written overlaps the  guard G3 of the last RUB of the
already recorded  continuous written RUBs. It is to be noted that this
operation is shown in none of the figures. That is to say, as shown in Fig.
6B, the linking  area at the rear end of continuous written RUBs is the
guard G3, which is overlapped by the run-in at the front  end of the
continuous written RUBs being written. In addition, also in an operation to
record a RUB  or RUBs by mixing a single written RUB with continuous
31 written RUBs, the run-in of a newly written RUB overlaps  the guard G3
of the last RUB already recorded on the  



optical disc 1. Assume for example a single written RUB  shown in Fig. BA
as a RUB already recorded on the optical  disc 1 and continuous written
RUBs to be written in an  area following the single written RUB. In this
case, the  run-in of the first RUB of the continuous written RUBs  being
written overlaps the guard G3 of the single written  RUB as shown in Fig.
8B. Conversely, a RUB can be written as a single  written RUB in an area
following already recorded  continuous written RUBs in the same way. As
described above, by recording a new RUB at a  location following an
already recorded RUB with the run- in of the new RUB overlapping the
guard G3 included in  the already recorded RUB as a linking area, a
recording  operation can be carried out without resulting in  recorded
areas mixed with unrecorded areas. That is to say, for a write-once disc
implemented  by this embodiment, it is possible to carry out the same
recording operation as that for a rewritable disc  adopting the phase
change recording method taking a  multi-layer disc such as a 2-layer disc
into  consideration. 32 4: Disc Drive Apparatus By the way, the
overlap-recording operation  



described above is carried out in spite of the fact that  the optical disc 1
implemented by the embodiment is a  write-once disc. By carrying out the
overlap-recording  operation, it is most likely impossible to assure the
recording and reproduction characteristics of the area  subjected to the
overlap-recording operation. That is to  say, it is quite within the bound of
possibilities that  sharp differences in reflectivity are generated in the
overlap area, or the recording layer of the disc is  damaged. It is thus
feared that the sharp differences in  reflectivity or the damaged recording
layer serve as a  cause of system instability. An example of the system-
instability cause is the inability to guarantee servo  stability. In order to
solve the problems, a disc drive  apparatus to be explained below carries
out disc  evaluation processing to be described in the following  paragraph
to reject a bad disc in an inspection process  performed after the process
to manufacture the disc. It is,to be noted that the disc drive apparatus to
be explained below is assumed to be an apparatus not only  capable of
carrying out ordinary recording and 33 reproduction operations, but also
capable of carrying out  the disc evaluation processing to be described in
the  



following paragraph. Thus, the disc drive apparatus is  explained not only
as an ordinary disc drive apparatus,  but also as a special disc drive
apparatus installed at a  factory making discs as an apparatus capable of
carrying  out the processing to evaluate the discs. Fig. 9 is a diagram
showing the configuration of  the disc drive apparatus. The optical disc 1
is mounted on a turntable not  shown in the figure. In recording and
reproduction  operations, a spindle motor 52 drives the optical disc 1  into
rotation at a CLV (constant line velocity). Then, an optical pickup (or an
optical head) 51  reads out data recorded on the optical disc 1. In
addition, the optical pickup 51 also reads out disc  information and ADIP
information embedded in a groove  track as the wobbling shape of the
track. In a recording operation, on the other hand, the  optical pickup 51
writes data onto a groove track as a  pit mark. In the case of an optical
disc 1 implemented as  a write-once disc, the pit mark is a pigment
change mark  but, in the case of an optical disc 1 implemented as a
rewritable disc, the pit mark is a phase change mark 34 The optical pickup
51 comprises a laser diode, a  photo detector, an object lens and an
optical system,  



which are not shown in the figure. The laser diode is a  component serving
as a laser-beam source for generating a  laser beam. The photo detector
is a component for  detecting a laser beam reflected by the recording face
of  the optical disc 1. The object lens is a component used  as the output
terminal of the generated laser beam. The  optical system is a component
for radiating the generated  laser beam to the recording face of the optical
disc 1 by  way of the object lens and guiding the reflected laser  beam to
the photo detector. In the optical pickup 51, a 2-shaft mechanism holds
the object lens in a state of being movable in a tracking  direction and a
focus direction. The entire optical pickup 51 can be moved by a sled
mechanism 53 in the  radial direction of the optical disc 1. A drive current
generated by a laser driver 63 as a drive signal drives  the laser diode
employed in the optical pickup 51 to  generate a laser beam. The photo
detector detects information conveyed by  the laser beam reflected from
the recording face of the  optical disc 1, converts the information into an
electrical signal having a magnitude determined by the  35 light quantity of
the reflected laser beam and supplies  the electrical signal to a matrix
circuit 54. 



The matrix circuit 54 comprises a current/voltage  conversion circuit and a
matrix-processing/amplification  circuit. The current/voltage conversion
circuit converts  the electrical current output by a plurality of light-
receiving devices forming the photo detector into a  voltage, and supplies
the voltage to the matrix- processing/amplification circuit, which carries out
matrix processing on the voltage to generate necessary  signals. The
signals generated by the matrix circuit 54  include a high-frequency signal
(or a reproduced-data  signal) representing reproduced data as well as a
focus- error signal and a tracking-error signal, which are used  in servo
control. In addition, the matrix circuit 54 also generates a  push-pull signal
as a signal representing the wobbling  state of a groove, that is, a signal
representing a  result of detection of the wobbling state. It is to be noted
that the matrix circuit 54 is  embedded in the optical pickup 51 in some
cases. The reproduced-data signal generated by the matrix  circuit 54 is
supplied to a reader/writer circuit 55. The  36 focus-error and
tracking-error signals generated by the  matrix circuit 54 are supplied to a
servo circuit 61. The  



push-pull signal generated by the matrix circuit 54 is  supplied to a wobble
circuit 58. The reader/writer circuit 55 is a component for  carrying out
processing to reproduce data read out from  pit marks on the optical disc 1
and supply the data to a  modulation/demodulation circuit 56. The
processing  includes a binary conversion process performed on the
reproduced-data signal. In addition, the reader/writer  circuit 55 also
carries out a reproduction-clock  generation process using a PLL to
generate a reproduction  clock signal. The modulation/demodulation
circuit 56 has a  functional member serving as a decoder for decoding the
data reproduced from the optical disc 1 and a functional  member serving
as an encoder for encoding data to be  recorded onto the optical disc 1.
As a decoding process  for a reproduction operation, the
modulation/demodulation  circuit 56 carries out modulation processing of
run  length limited codes on the basis of the reproduction  clock signal. An
ECC/scramble circuit 57 is a component for  carrying out an ECC
encoding process for adding error  37 correction codes and a scramble
process in a recording  operation. In a reproduction operation, on the
other hand,  



the ECC/scramble circuit 57 carries out a de-scramble  process as the
inverse processing of the scramble process  and an ECC decoding
process for error correction. In a reproduction operation, data obtained as
a  result of a demodulation process carried out by the
modulation/demodulation circuit 56 is stored in a memory.  Then, the
ECC/scramble circuit 57 carries out the de- scramble process and an error
detection/correction  process on the stored data to generate reproduced
data. The ECC encoding process and ECC decoding process  carried out
by the ECC/scramble circuit 57 are each  processing for the LDC format
using the RS (Reed-Solomon)  code referred to as the aforementioned RS
(248, 216, 33)  having a code length of 248, data of 216 and a distance  of
33. Data decoded by the ECC/scramble circuit 57 into  reproduced data is
read out and output to a host  apparatus not shown in the figure as the
reproduced data  in accordance with a command issued by a system
controller 60. Examples of the host apparatus are an  apparatus and a
personal computer, which operate as an AV  (Audio-Visual) system. 38
The push-pull signal output by the matrix circuit  54 as a signal related to a
wobbling groove of the  



optical disc 1 is processed in the wobble circuit 58. The  push-pull signal
conveying ADIP information is subjected  to MSK-modulation and
HMW-modulation processes in the  wobble circuit 58 to generate a data
stream composing an  ADIP address. The wobble circuit 58 then supplies
the  data stream to an address decoder 59. The address decoder 59
decodes the data stream  supplied thereto in order to obtain the value of
the  address and outputs the address value to the system  controller 60. In
addition, the address decoder 59 also  carries out a PLL process using a
wobble signal received  from the wobble circuit 58 to generate a clock
signal and  supplies the clock signal to other components for example  in
a recording operation as an encoding clock signal. In an operation to
record data onto the optical  disc 1, data to be recorded onto the optical
disc 1 is  transferred from a host apparatus. The data to be  recorded is
stored in a memory employed in the  ECC/scramble circuit 57 as a buffer.
The ECC/scramble  circuit 57 processes the data stored in the buffer as
data to be recorded onto the optical disc 1 by carrying  out ECC encode
processing including a process to add 39 error correction codes to the
data, a scramble process  and a process to add sub-codes or the like to
the data.  



The data completing the ECC encode processing including  the scramble
process is supplied to the modulation/demodulation circuit 56 to be
subjected to a  modulation process adopting an RLL (1-7) PP method.
The  modulation/demodulation circuit 56 then supplies a result  of the
modulation process to the reader/writer circuit 55. In the recording
operation, a clock signal  generated from the wobble signal as described
above is  used as an encoding clock signal, which serves as a  reference
clock signal for the encode processing  described above. Data produced
by the encode processing as data to  be recorded onto the optical disc 1 is
supplied to the  reader/writer circuit 55 to be subjected to recording
compensation processing including a fine adjustment  process to
determine a recording power optimum for  recording attributes and a
process to adjust the waveform  of laser drive pulses. The recording
attributes include  characteristics of the recording layer, the shape of the
laser-beam spot and the recording line velocity. A result  of the recording
compensation processing is supplied to a  laser driver 63 as laser drive
pulses. 40 The laser driver 63 supplies the laser drive pulses  to the laser
diode employed in the optical pickup 51 as a  



signal for driving the diode to generate a laser beam.  The generated laser
beam creates pit marks on the optical  disc 1 as marks representing the
data being recorded on  the optical disc 1. It is to be noted that the laser
driver 63 includes  an APC (Automatic Power Control) circuit for
controlling  the power of the output laser beam to a constant value
independent of surrounding conditions such as the ambient  temperature
while monitoring the power of the output  laser beam on the basis of an
output of the photo  detector employed in the optical pickup 51 as means
for  monitoring the power of the laser beam. The system  controller 60
provides target values of the laser outputs  for recording and reproduction
operations, and the levels  of the laser outputs for recording and
reproduction  operations are controlled to their respective target  values. A
servo circuit 61 is a component for generating a  variety of servo drive
signals including focus, tracking  and sled drive signals from the
focus-error and tracking- error signals received from the matrix circuit 54
to  carry out servo operations. 41 That is to say, the servo circuit 61
generates the  focus drive signal and the tracking drive signal in  



accordance with the focus-error signal and the tracking- error signal
respectively, outputting the focus drive  signal and the tracking drive signal
to the optical  pickup 51 as signals for driving respectively a focus  coil
and a tracking coil, which are employed in the two- shaft mechanism in
the optical pickup 51. Thus, the  optical pickup 51, the matrix circuit 54,
the servo  circuit 61 and the two-shaft mechanism form a tracking  servo
loop and a focus servo loop. In accordance with a track-jump command
issued by  the system controller 60, the servo circuit 61 turns off  the
tracking servo loop and outputs a jump drive signal  to drive the optical
pickup 51 to carry out a jump operation.  In addition, on the basis of
information such as a  sled error signal obtained as a low-frequency
component  of the tracking error signal and access execution control  from
the system controller 60, the servo circuit 61  generates a sled drive signal
for driving a sled  mechanism 53. The sled mechanism 53 has a
mechanism  comprising a main shaft for holding the optical pickup 51,  a
sled motor and a propagation gear. The sled drive 42 signal drives the
sled motor to slide the optical pickup  51 over a required distance. It is to
be noted that the  



mechanism of the sled mechanism 53 is not shown in the  figure. A
spindle servo circuit 62 executes control to  rotate the spindle motor 52 at
a CLV. The spindle servo  circuit 62 obtains a clock signal generated in
PLL  processing for the wobble signal as information on the  present
rotational speed of the spindle motor 52 and  compares the present
rotational speed with a  predetermined CLV reference speed to generate a
spindle  error signal. In an operation to reproduce data from the optical
disc 1, a reproduction clock signal generated by a PLL in  the reader/writer
circuit 55 represents the present rotational speed of the spindle motor 52.
The  reproduction clock signal is a clock signal used as a  reference in
decode processing. The reproduction clock  signal can also be compared
with a predetermined CLV  reference speed to generate a spindle error
signal. Then,  the spindle servo circuit 62 outputs a spindle drive  signal
according to the spindle error signal to the  spindle motor 52 to drive the
spindle motor 52 into  rotation at the CLV. 43 In addition, in accordance
with a spindle  kick/brake control signal produced by the system  



controller 60, the spindle servo circuit 62 generates a spindle drive signal
for carrying out operations on the  spindle motor 52. The operations
include operations to  start, stop, accelerate and decelerate the spindle
motor  52. The system controller 60 based on a microcomputer  controls a
variety of aforementioned operations of the  servo systems and the
recording/reproduction system,  which are described above. In
accordance with commands  received from a host apparatus such as an
external AV  system, the system controller 60 carries out various  kinds of
processing. For example, in accordance with a  write command received
from the host apparatus, first of  all, the system controller 60 moves the
optical pickup 51  to an address at which data is to be written onto the
optical disc 1. Then, the ECC/scramble circuit 57 and the
modulation/demodulation circuit 56 carry out encode  processing
described above on the data received from the  external AV system.
Examples of the data are video and  audio data generated by adopting a
variety of methods  such as the MPEG2 method. Subsequently, the
reader/writer  circuit 55 outputs laser drive pulses representing the 44 data
to be recorded onto the optical disc 1 to the laser  driver 63 to write the
data at the address. 



For example, if a read command requesting a  transfer of data recorded
on the optical disc 1 to a host  apparatus is received from the host
apparatus such as an  external AV system, first of all, the system
controller  60 controls a seek operation to a target indicated by an
address specified in the read command. That is to say,  the system
controller 60 issues a seek command to the  servo circuit 61 to drive the
optical pickup 51 to carry  out an operation making an access to the target
indicated  by the address specified in the read command. An example  of
the data recorded on the optical disc 1 is MPEG2 data. Then, the system
controller 60 controls operations  required to transfer data of a data
segment indicated by  the address to the external AV system. That is to
say,  data is read out from the optical disc 1 and subjected to  processing
such as decode and buffering processes carried  out in the reader/writer
circuit 55, the  modulation/demodulation circuit 56 and the ECC/scramble
circuit 57 before being transferred to the external AV  system. It is to be
noted that, in these data-recording and  data-reproducing operations, the
system controller 60 45 controls accesses and the data-recording and
data- reproducing operations by using an ADIP address detected  



by the address decoder 59 or an address included in a BIS. In such a disc
drive apparatus, the data-recording  and data-reproducing operations can
be carried out on the  optical disc 1 and the apparatus is also capable of
performing a disc evaluation process. For example, the disc drive
apparatus implemented  by the embodiment is installed at a location in a
manufacturing line to produce discs as an apparatus for  carrying out a
disc evaluation process of the discs as  part of inspection processing of
the line. In this case,  the optical discs produced are the write-once discs
implemented by the embodiment. In order to evaluate an optical disc, data
is  written onto the disc. Then, the data is read out from  the disc and an
error rate is measured. Subsequently, a  result of the evaluation is output
as a result revealing  whether or not the error rate is equal to or smaller
than  a predetermined value. In the reproduction operation, the
ECC/scramble circuit 57 produces an error rate, which is  then compared
by the system controller 60 with the  predetermined value. The result of
the comparison is  output to typically a host apparatus as the result of the
46 evaluation revealing an OK or NG state of the disc.  5: Disc Evaluation
Processing 



Disc evaluation processing carried out by the disc  drive apparatus
described above is explained by referring  to a flowchart shown in Fig. 10.
In a process to  manufacture discs, discs made at the same
manufacturing  lot can be considered to have about the same
characteristics. Thus, only a predetermined number of  discs is extracted
from a large number of discs made at  the same manufacturing lot and
subjected to the disc  evaluation processing described below. Fig. 10
shows a flowchart representing the disc  evaluation processing carried out
by the system  controller 60. First of all, an optical disc 1 extracted for
quality evaluation is mounted on the disc drive apparatus.  Then, for
example, when a host apparatus issues a command  to the system
controller 60 as a command requesting the  system controller 60 to carry
out the disc evaluation  processing, the processing represented by the
flowchart  shown in Fig. 10 is started. The flowchart begins with a step
F101 at which the  system controller 60 carries out an operation to write a
cluster (or a RUB) onto the optical disc 1 as a process  47 to record a
single written RUB onto a recording track of  the optical disc 1. It is to be
noted that, in this  



recording operation, data to be written can be supplied  from the host
apparatus to the ECC/scramble circuit 57 or  the system controller 60 may
generate a data pattern for  a test purpose and supplies the data pattern
to the  ECC/scramble circuit 57. By execution of the control of  the step
F101, the processing of the recording system is  carried out to record 1
RUB onto the optical disc 1. The flow of the disc evaluation processing
then  goes on to a step F102 to determine whether or not the  RUB has
been recorded onto the optical disc 1 correctly  and properly. If the RUB
has been recorded on the optical  disc 1 correctly and properly, the flow of
the disc  evaluation processing then goes on to a step F103 to  determine
whether or not a process to record 100 clusters  (or 100 RUBs) onto the
optical disc 1 has been completed.  If the process to record the 100
clusters onto the  optical disc 1 has not been completed, the flow of the
disc evaluation processing goes back to the step F101 at  which control is
again executed to carry out an operation  to write a next cluster (or a next
RUB) onto the optical  disc 1 as a process to record a single written RUB
onto a  recording track of the optical disc 1. It is to be noted 48 that, in the
recording operations, a next single written  RUB is recorded at a physical
location contiguously  



following an already recorded single written RUB. To put  it in detail, as
explained earlier by referring to Figs.  7A through 7C, the next single
written RUB is recorded  with the run-in thereof overlapping the guard G3
of the  already recorded single written RUB. That is to say, the  system
controller 60 records the next single written RUB  in an area starting at the
address of the guard G3 of the  already recorded single written RUB. By
carrying out the pieces of processing of the  steps F101 to F103, 100
RUBs are recorded in a physically  contiguous area of the optical disc 1
with the run-in of  a presently recorded RUB overlapping the guard G3 of
the  single written RUB recorded immediately before. If the determination
result produced at the step  F102 reveals that a RUB has not been
recorded onto the  optical disc 1 correctly and properly before the process
to record 100 RUBs onto the optical disc 1 has been  completed, the flow
of the disc evaluation processing  goes on to a step F108. Assume for
example that, in an  operation to record a single written RUB, the
recording  operation cannot be carried out normally due to an  abnormality
of the tracking servo or the like. In this 49 case, the flow of the disc
evaluation processing goes on  from the step F102 to the step F108 at
which an  



evaluation result indicating that the optical disc 1 is a  bad disc is output.
Then, the execution of the disc  evaluation processing is ended. If the
processing to record each of the single  written RUBs onto the optical disc
1 has been continued  normally till completion of the processing to record
100  RUBs, on the other hand, the flow of the disc evaluation  processing
goes on from the step F103 to a step F104 at  which the series of
recording operations each carried out  to record a single written disc onto
the optical disc 1  is ended. Then, at the next step F105, the 100 recorded
clusters are reproduced from the optical disc 1 and an  SER (symbol error
rate) is measured. That is to say, the  system controller 60 acquires an
error rate obtained by  the ECC/scramble circuit 57 in the process to
reproduce  the 100 clusters from the optical disc 1. Then, the flow of the
disc evaluation processing  goes on to a step F106 at which the SER is
compared with  a predetermined value used as a criterion. Typically, the
criterion value is set at 2 X 10-4. If the SER does not  exceed the criterion
value, the optical disc 1 is  evaluated as good recording media. If the
optical disc 1 50 is evaluated as good media as evidenced by the fact that
the SER does not exceed 2 x 10-4, the flow of the disc  



evaluation processing goes on to a step F107 at which an  evaluation
result of OK media is output to reveal that  the optical disc 1 has been
determined to be good  recording media before the execution of the disc
evaluation processing is ended. If the SER exceeds the  criterion value of
2 x 10-4, on the other hand, the flow  of the disc evaluation processing
goes on to a step F108  at which an evaluation result of NG media is
output to  reveal that the optical disc 1 has been determined to be  bad
recording media before the execution of the disc  evaluation processing is
ended. The disc evaluation processing described above is  carried out to
evaluate the quality of optical discs made  at the manufacturing lot and
reject bad products. That is  to say, if a tracking servo is affected by the
recording  media in an operation to record a next RUB onto the media
with the run-in of the next RUB overlapping the guard of  the immediately
preceding RUB already recorded on the  media, for example, the flow of
the disc evaluation  processing goes on from the step F102 to the step
F108 at  which an evaluation result of NG media is output and the  media
is rejected. 51 In addition, the recording and reproduction  qualities of the
recording media can be evaluated by  



measuring an error rate of a reproduction operation  carried out after the
operations each performed to record  a next RUB onto the media with the
run-in of the next RUB  overlapping the guard of the immediately
preceding RUB  already recorded on the media. If the measured error rate
of the recording media does not meet a standard, the flow  of the disc
evaluation processing goes on from the step  F106 to the step F108 at
which an evaluation result of NG  media is output and the media having
an insufficient  quality can be rejected. On the top of that, if the recording
media has a  bad effect on a tracking error in the overlap area, for
example, a stable tracking servo cannot be established in  the
reproduction operation. Thus, also in this case, the  measured error rate of
the recording media does not meet  the standard either and, by the same
token, the flow of  the disc evaluation processing goes on from the step
F106  to the step F108 at which an evaluation result of NG  media is
output and the media having an insufficient  quality can be rejected. In this
way, bad optical discs made at a  manufacturing lot can be rejected so
that only good discs  52 each indicated by an evaluation result of OK
media can be  shipped as discs of the manufacturing lot. 



In the case of a write-once optical disc  implemented by this embodiment,
a manufactured disc can  be evaluated and it is possible to determine the
quality  of the write-once disc allowing an operation to record a  next RUB
onto the disc with the run-in of the next RUB  overlapping the guard of the
immediately preceding RUB  already recorded on the disc. In the following
description, an operation to record a next RUB onto an  optical disc with
the run-in of the next RUB overlapping  the guard of the immediately
preceding RUB already  recorded on the disc is referred to simply as an
overlap- recording operation. Thus, a bad optical disc can be  rejected and
only good optical discs can be presented to  the user. That is to say, only
good optical discs are  shipped as discs, which each do not raise a
problem even  if the recording method letting the run-in of the next  RUB
overlap the guard of the immediately preceding RUB  already recorded
thereon. Examples of the bad optical  discs are a disc showing a sharp
reflectivity difference  caused by such an overlap-recording operation and
a disc  causing an instable tracking servo due to for example the  bad
effect of a damaged recording layer resulting from 53 such an
overlap-recording operation. Thus, it is possible  to assure stable
operations of a system using a write- 



once disc allowing an overlap-recording operation to be  carried out. In
addition, the fact that the good state of  overlap-recording portions of the
optical disc is  guaranteed by carrying out an inspection process means or
can be stated in other words that media specifications of  the
overlap-recording portions do not have to be  prescribed. That is to say,
since media specifications  concerning multi-time recording of a
write-once optical  disc do not have to be defined, it is possible to avoid
difficulties of defining media specifications of the  write-once recording
medium without increasing the degree  of difficulty or simplicity of the
design and  manufacturing of the recording media and the recording/
reproduction apparatus. The media  specifications include jitter values
including values of  binary data jitters and reproduction-clock jitters, the
degree of modulation, the amplitude of a push-pull signal  and other
quantities. The degree of modulation is defined  as the amplitude of a
post-recording reproduced signal to  the amplitude of a pre-recording
signal. As described above, in this embodiment, the system  controller 60
carries out a determination process at the  54 step F106. It is to be noted,
however, that the disc  drive apparatus may also output an SER (symbol
error  



rate) to typically a host apparatus, which then compares  the SER with a
predetermined criterion to determine  whether the optical disc is a good or
bad disc. As an  alternative, the numerical value of the SER itself is
displayed on a monitor apparatus and an operator checks  the displayed
value to form a judgment as to whether the  optical disc is a good or bad
disc. In addition, the disc evaluation processing like  the one represented
by the flowchart shown in Fig. 10 can  also be carried out by a
recording/reproduction apparatus  owned by the user. On the top of that,
the present invention can be  applied to a system using write-once discs
having a  variety of types or write-once media of another type. 55
CLAIMS:  1. A recording/reproduction apparatus provided for a write-once
recording medium allowing data to be  recorded thereon in block units
each including a main area  and linking areas, said recording/reproduction
apparatus  comprising: a recording/reproduction unit for recording said
block units onto said write-once recording medium with  said linking areas
overlapping each other and reproducing  data from said write-once
recording medium; 



a control unit for controlling said  recording/reproduction unit to record said
block units  onto said write-once recording medium with said linking  areas
overlapping each other and reproduce said recorded  block units; and a
measurement unit for measuring an error rate of  said block units
reproduced by said  recording/reproduction unit. 2. A
recording/reproduction apparatus according to  claim 1, further comprising
a determination unit for  determining whether said write-once recording
medium is a  good or bad recording medium on the basis of a result
produced by said measurement unit as a result of  measuring said error
rate. 3. A recording/reproduction apparatus according to  56 claim 2,
wherein said determination unit determines that  said write-once recording
medium is a good recording  medium if said error rate measured by said
measurement  unit is found to be not greater than a predetermined  value.
4. A write-once recording medium allowing data to  be recorded thereon in
block units each including a main  area and linking areas wherein block
units recorded at  physically continuous locations on said write-once  



recording medium have their linking areas overlapping  each other. 5. A
write-once recording medium according to  claim 4, wherein media
specifications concerning  recording and reproduction for areas
overlapping in a  recording operation are not prescribed. 6. A write-once
recording medium according to  claim 4 or 5, wherein, after said block
units are  recorded onto said write-once recording medium with  linking
areas overlapping each other, said recorded block  units are read out
whereas an error rate is measured, and  a result of measuring said error
rate is used in  determination of whether said write-once recording
medium  is a good or bad recording medium. 57 RECORDING-MEDIUM
EVALUATION METHOD,  RECORDING/REPRODUCTION APPARATUS
AND RECORDING MEDIUM ABSTRACT OF THE DISCLOSURE In a
system using a write-once recording medium,  proper operations are
carried out while applying an  overlap-recording method to front and rear
linking areas.  Each block used as a recording/reproduction unit is
provided with linking portions to overlap in a recording  operation. Each
manufactured write-once recording medium  is evaluated by selecting
several mediums from those made  



at the same manufacturing lot for an inspection purpose.  In the evaluation
process, first of all, data is recorded  onto a selected write-once recording
medium in block  units with the front linking portion of a next block unit
overlapping the rear linking portion of the immediately  preceding block
unit. Then, the recorded block units are  read out from the write-once
recording medium and an  error rate is measured. If the error rate is not
greater  than a predetermined value, the write-once recording  medium is
determined to be a good one. If the error rate  is greater than the
predetermined value, on the other  hand, the write-once recording medium
is determined to be  a bad one and is rejected. Fig. 1A & 1B 


