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 eval RRGRRIMEN GedBHE HIMN BYRGHTATI @ e M EHOPre production
apparatus for the recording medium. An example of a technology for
recFARRRANGIE/ BERRONBTEEONIAF FRRISIAIR AR oBECAGRIG G MERI UM
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)
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recording media made of a thin metallic plate having the form of a disc |
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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 ezample 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 & generic
name of recording media made of a thin metallic plate
having the form of a disc protected by plastic and
allowing data recorded therecn to be read ocut by

radiation of a laser beam thereto.

The optical disc can have a read-only type or



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
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Since tggc \gr,ite-once recordinﬂ method allows only data to he Writterlm1
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it it SRR L s e S

e do(?“d tE%£Q§§§g§%@%&%§%@lﬂ%@%@‘Ogd@'lQM’ed%tgcglf%%% e

recorded on a recor sc to be rewritten and are thus a opte

wpuiety of applications sysh as, maiply ap appligation yeegrd a viaishkof .

contents including music, video, games and application programs. In
afditian, inJeesyears.ahighrdensiyvoptieal disciknayn as a&Blurfay a

disc is being developed and high mass production of the disc has been
plappedaZiA highrdensityapiicabgisgsuch astheBlufay echniques such
as a magneto optical recording method, a phase change
recording method and a pigment f£ilm change recording
meﬁhod. The pigment film change recording method is also
referred to as a write-once recording method. 8ince the
write-~cnce 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 toc 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 additicn, in recent years, a high-density
cptical disc known as a Blu-ray disc is being developed

and high mass production of the disc has been planned.
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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 blo hav'gl_g da size of 64 I%B ékili)bé{tes as a recordink%regﬁoduction

unit. Wit trpelﬁlgh-oee%%ij&yopcf al §isc formatted é:th ant 8ffi%|ency 0111""85%,
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ISC provided tha ISC has a'tra pm, a line density of

0,12 pm/hit ang adiameterof 12 cms |- additign. with the, same format, a

high-density optical disc with a line density of 0.112 um/bit can be used

for regarding data Wpie 2R-GRrQ0the top otthatjf the recowling jayese -

can be designed into a multi-layer structure, a much larger recording
caRaCty ean-he realized. Facexample: Hdhe Jecaring lyer6an bghase~

designed into a multi-layer structure, the recording capacity can be

doubled ta46k6 3:GBier aline densigtoifda pra/bit@idOGBiond line
combining the so-called blue laser, which is a laser with
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 éf 64 KB (kilobytes) as a
recording/reproduction unit. With the highmdensity
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 ym, 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 pm/bit can be
used for recording data up to 25 GB.

Cn the top of that, if the recording layer can be
designed into a multiflayer 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



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
aps. This means that an error correction block unitis a block used as a,

ofditg/fegrobficisihanit ind thérelié WEHidhy Grea reated Bétvieeht e

any two adjaegceat Brlg%ljs Egﬁen in the case of a recordable disc allowing
BStoe Fecorded thetB6R Bnd recorded data to be reproduced,

basically, data js recorded. onto the disc in error, correction.hlock units
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data alrea sc is reproduced in same block units in

trggéfgaewama afeadionly disc. Singe %%&W@%@Q%T%ﬁ%@ a

dom- access recording process, however, a linking area may be

¢ieatedibetweep blacksdp.some gases, With @ linking Area1sed, recorded
implementation of random accesses to blocks in a recording/reproduction
appasatysné offersadneritofibe aeed e use oalysiBpieandn the disc
in error correction block units.

As a data format of or the ccnventional read-only
optical disc, error cerrection 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/reproducticn 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 blcock units in the same way as
a read-cnly disc.

Since data is written ontoc 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



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 necessar)t]/J to consider a recording

REEFEP atvdyarorm th indiGemee dideCof P RseF LarfGP peErfBiifiing the

recordin /reproigcti? oEeraIions. To gut.it concretcegy, the transmissivity
SFRBRSEE bean tHrdlgh the Tar“reddrding Ty el mustbe aken Tto

consideration, Assume [or exanple fhat nthe yegqraing layer on a side
8655 to A TedordingTreproduction optical system fof generating the laser

beam, angrea alrgady contgining recarded data.and A freg 81681 i nking

containing no recorded data exist in an alternating manner. In this case,

datadmay probably not hesrgcarded-ante or sspraducedsiomya srecording
layer on a side far away from the recording/reproduction optical system
\gi;dg adigirdegrae 5 of precisign due to effects of differences in optical

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, 1t 1s 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 layver must be taken into consideration.

Assume for example that, in the recording laysr 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

recerding layer on a side far away from the

recording/reproduction optical system with a high degree



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.
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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 ang theqaextciisten: Fhat isite sayoisinee, recardedrarpas eaedl o -
free areas are prevented from being generated in an alternating manner,
thesproblem &jesesibed ahovede selvedd 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 folliowing 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



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
SgeGfiddRmsFOP HuIt-EmErEESFHing. For a situation in which a

multi-layer disc described above is also assumed, however, if the method

for recordiR§arclastBRIb Bveridh 2 TMenghfca af &FerffrecBldef @ disc
cluster js adopted, in the area overlapped bﬁ/ the ,cll%%ireaa write operation
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tc_pe ulti-time recording, media specifications must be defined by taking a

vatie 31/%? characteristics into consideration. The media specifications

cited here typicall pelule ites sharseteristics dedree of medulation
and push-pull'amp |ﬁ’1de o% a reproduced signal. However, it is difficult to
definemedia Gspecificalions;capable,afkeeping up st myliime o
consider processing to write data ontc 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 alsc assumed, however, if the method
for recording a cluster to overlap a linking area an
already recorded cluster 1s 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
modulaticn and push—pulﬁ amplitude of a reproduced signal.

However, it is difficult to define media



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 muJLIi-tlme. recordlnﬁ remaining undefined as t@ﬁ{gr%uqqthe ather

RAnd, recording)reproduction oparations cannot bé guarahteed. For
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In reflectivity are generated in the overlap area, or the recording layer o

the-dis¢ is damaged. Eqgr tis reason. there are effects; on-a-tragking servo

among others and the effects serve as a system-instability cause such as
acstaterin aviich i s, eite within the beads,afipassibility:that a stable
system cannot be established. SUMMARY OF THE INVENTION
Embodimenis-ettheduresentinyeption tglement tpropaeaperations while
adopting a recording method implementing overlapping of linking areas in

a systemItsihgsa recording medioniahthenariteioneeitysec8Diselosedried
herein is a recording-medium evaluation method for recording data onto a
write-gnéé redoedingdnediape allbhiryg: thedatd ¢o betrecordedithérewn in
block units

recording remaining undefined as they are, on the other
hand, recording/reproduction operaticns cannct 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

guite within the bounds of possibility that a stable

system cannct be established.

SUMMARY O THE INVENTION

Fmbodiments of the present invention implement
proper operations while adopting a recording method
implementing overlapping cf linking areas in a system

using a recording medium of the write-once type.



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

ock units recorded at the recording step and measuring an error rate;
S SRR T Gep ot e g TR tib R GHes SEcdaiepd
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the 'measurement step of measuring the error rate. The write-once
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determination step If the error rate measured at the measurement stepis

found ta benpt greater thana predetermined yalye. Agcording,tp a first

I
aspect of the presént invention, there is provided a

recordingiepraduction apparatus for awritesaneeregordingmedidnt o s
allowing data to be recorded thereon in block units each including a main

area anddinkingiareass thep recordingfrepiedyctins apparaiuseomprising
a recording/reproduction unit for 9 recording the block units onto the

wutite -ondecreeording raedini withribd linking iareas beerlapping.eagheas
other and

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
gocd 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 1f the error rate measured at the measurement
step 1s 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 reccrded thereon in block units each
including a main area and linking areas, the
recording/reproduction apparatus comprising: a

recording/reproduction unit for



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

fol measurind an efror [ate of the block unils reproduced by.the. . 4in
rec‘ér&n@ﬁ%proﬁjc ion tnit-Pre era%ly“,?hé’ recoraing?reproﬁcﬁgﬁo “ing

%%%?;%@“%ﬂ?ﬁ’ urthey co '%icliea%cg%tg r%‘%@fgg‘é‘itrf%;%gt@eﬁgggﬂ%r and

€ write-once reco g medium Is a good or Ing

madium, ou:the basis,ofd fesult proguced by the, measyrament Y asa o

result of measuring the error rate. Preferably, the determination unit may

determine \thatthewrite:oncedecording medium is-3 9oa/eeRding:+ 1 on
medium if the error rate measured by the measurement unit is found to

be not geeaterthan a predelernuned ivaluerAccording4e areecondaspect
of the present invention, there is provided a write-once recording medium

akewing datatetéuscorier thereoninibleock unitsseachyincluging agmakch
area and linking areas wherein block units recorded at physically
camtinuousdocationscancthet ingite-encedecordingrhediuit havethieie 10
linking areas overlapping each other.

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 reccrding 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 errcor 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 1s provided a write-once reccrding medium
allowing data to be recorded thereon in block units each
including a main area and linking areas wherein block
units recorded at physically continucus locations on the

write-once recording medium have their
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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

g'f{’%i‘ﬂ%?ﬂ%é%a%&é‘%T’%é%?fgﬁ%ggﬁr6%tﬁé'%fneaswed’ and a result

measuring the error rate’i in determination of whether the

write-once feeording edium 5.2 good of had tecording.medium, Jhat is

to say, embodiments of the present invention provide a write-once

recorsing mediun allowing; data o be secarded dhereontin HlaGkunits, 4

which are each a recording/reproduction unit having linking areas, with

thedimking areas«t dhe blocknits ovepapping: eaeh other. The block unit

is a recording block including a cluster. The block units recorded at
physicallyr coftinaaus/locations-on the wiite=ance:tecording medivntiddave
their linking areas overlapping each other. In this case, since the

recording emediumds @medivaTofthenwritednoe typs; fit is fearedghatreas
correct operations can no longer be operated on the overlapping
reeerliAgriordorsdh ordéret ,solethieproblerd, pically tiniisagre read

inspection process right after the process to
out whereas an error rate is measured, and a result of

measuring the errcor rate is used in determination of
whether the write-once recording medium 1s 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 plock unit is a recording block including
a cluster. The block units recorded at physically
continuous locations on the write-once recording medium
have thelr 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
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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
Lecording. mediym evaluation method, aurite;gnee regording medium
co‘mpIIleSf nga brolce%s?o record data thereon in block URTTS -with the linking
Alsazal b plodk unifs ouerlanping fach othe is sublecadiaan »
inspection process right aftef the process to manutacture the medium. In

this,case,typically, recording mediums;made at the same smagufactyring

lot are sampled for some specimens to be™ subjected to the inspection
Bracesscihednspection-Brecess; first ofall, g-Rldality abkleek units is;

recorded onto continuous locations on the recording-medium sample with
thejlinking aeasevailappingieach-otheni Ther, theaeceordedhieek units

are reproduced from the recording-medium sample and an error rate is
oeasyredbnSubsequently itheresult of measuring the error rate is used

as a base for determining whether or not the recording-medium sample is

a good orlbac:discrThearea’l2 fronihwhichctheristodki onitsSares cording -
reproduced includes linking areas overlapping each other as a result of
fiedium evaluation method, & 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 prccess 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 cther.
Then, the recorded block units are reproduced from the
recording-medium sample and an error rate 1s measured.
Subseqguently, 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
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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
Eanmevbdirird iR, PO pEkit MHGrETORERIEIPPF B ARASUFSH WifF rate
is found to be not greater than a predetermined value, the
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previous experiences reveal th%t rec,ordin(% medium&rgade at the same .
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characteristics. Thus, if the recording medium. selected a lei
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g’?ﬂ%ﬁ&%ﬂ&'&ﬁf 40e same time gsrgﬁgag@&%@ﬁ@sh be regarded: «

as a good disc without raising a pro hat is to say, by evaluating a

manufactyred yriter 13 gace-optical dise in accardange withgmbodiments
of the present invenfion, the quality of the disc completing a

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 cperations 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, 1f the recording medium selected
as a sample is determined toc 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 problemn.

That is to say, by evaluating a manufactured write-
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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

hi sented to the user. If sharp dff rences in reflectivit
IR rork S o0 Bt T kA B o BOEI SR he Tk
areas of the bloc unltso rlap mqeach otIher ort edama edl no a
fecordini Iayer%asagéd %ect n, amgng others the tracﬁ«ngserv gl

@gggtggglm%oasggggeggpgs %L%BE% P&V 1?9&19 ?th the

fecording mediumis determined e a recor |ng medium W|t

insyfficient guality and, eﬂesb@w@'wﬂﬁe beselect %%&%1@ f%%lt!h O0Bhe r

good discs are shipped and presented to the user. T

resardingrrprodirctioniappanatus proyided-by- embodimentsgfithe-once

present invention is capable of executing such a recording-medium
eyaldation methodyinladditiongadecardingameditnmshippediaiter cpassitg be
such an inspection process as a medium provided by embodiments of the
pre$enttindeation: akovwe adjacent dilock-unts tecdl4-be tecoriled therdodiscs
with their linking areas overlapping each other. Thus, the same recording
methathagaed 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 blcck units overlapping each other, or the damaged
recording layer has a bad effect on, among others, the
tracking servo, meking it Iimpossible to establish a stable
servo, for example, the recording medium is determined to
be a recording medium with an insufficient guality and,
thus, a medium tec be rejected. As a result, only good
discs are shipped and presented to the user.

The recording/reproduction apparatus provided by
embcediments of the present invention is capable of
executing such a recording-medium evaluation method.

In addition, a recording medium shipped after
prassing such an inspection process as a medium provided

by embodiments of the present invention allow adjacent

block units to
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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

50 desirabe n thal its reearded areas and uprecorded areas are ot
ixed SO thiat the meadium ida goo medium ﬁavina a pélm’urality ot ~EPPIRg

E%’c‘?ﬁﬁdig%%&e 'S additqn, “%%ﬁ%?%%é'%%%ﬁ%d plate of

: s a .
overlap-recording portions of the optical disc is guarantéed %y carrying

out,an INSPection. pIacess means; g can be stateq inother wards that, )+,

media_ spemflcatl_ons of the _overlap-rfacording_por_tlons do not _have to be
presgriped That isto sy since mediay spegifications, cancernitgo rding

multi-time recording of a write-once optical disc do not have to be

gefineds itis (possibie ke, aveid difficulties of definingpnedianspeeifieationsn

of the write-once recording medium without increasing the degree of
dificulty @ 1 staplieitynetthendesigr: and manifaciutiag dhthe recdrding by
media and the recording/reproduction apparatus. BRIEF DESCRIPTION
OFRCOHERRAWING S 1S EigsstAandniBare explapatohydiadgamsable in
showing

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-cnce 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.

BRIEEF DESCRIPTION OF THE DRAWINGS
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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 hy the
embodimterSrig 18 IS8R exPldiators Hragram-SHowifg $H& #ame oW 1ng
structure of main data recorded an the ggticall(disc iarlq:%gmented bg the

BRfbGihBAE Higs. B And BBPAE EPlanatory didgrame reterréd toan ical

ibj thod of di UB. uni tot ' '
descig e oiscaing B o s i doc

eem through 7C are explanatory
dixgl %lp%qneferred to in describing a method of overlap recording applied

;
fo'the optical disc implemented by the embodiment; Figs. 8A and 8B are

explanatery fliagrams referged 1161019 desgrbigg a-methad apovaiaprea
recording applied to

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 cn 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 explanatcry 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
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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

HRClh S SEEE ARG FbPafitds fors réRdingPrerT6aFGhcaar ey t°

for recording data onto the optical disc and  reprodycing. data from the
bike a%p\Eéﬁ%‘\L/aﬂfaFfiﬁgltW@]tg Wﬁ%doé%ai:agceo Oél%/‘vfﬁ?&%hce type is

described, in paragraphs arran éd in the following.qrdet., 1: Di {r re;
2: ECC l%)lr%at Ig’até)atfgf_)satza‘—f1 3:g|[\L/f)e %odd (:)Lfalgggclﬁdﬁl%clgbq%% Hbéis%%lr%eé{%%&on
Apparaus o: Qﬂ%%é‘%?f%%?ﬁ%ﬁ?&gi&é@'%ﬁ%@ué‘%_ﬁwﬁ%&% aNand
optical disc implement y an embodiment of the present invention is

explained, ;17 I general, in an ppgiation o reeerrdata ontyyan entical

disc onto which data can be written by adoption
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 gvaluating 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 Reccrding RUBs
4: Disc Drive Apparatus
5: Disc Evaluaticn Processing
1: Disc Structure

First of all, an optical disc implemeﬁted by an

embodiment of the present invention is explained.
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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. Aland is a
member having a cross section resembling a highland sandwiched by
any two adjacent grooves. In addition, it is also necessarhy to éecord

informatida oRtRE bptical dis@ls GRGRREEEBalR NGBl Q22 onte an

predetermined location on g data track as a lgcation.at which data,can be
RROtGEd. IHSdmé B&?es"?ntﬁgge %ﬁ% fesses a%g réqc%lr%é:& %npﬁ\‘n’e Sptiear "

i P oibingcagh of e gopues gl o agh el

eCO?dI a Is e surrac the optl'ca c In advance as

2 é%%@%e% a&ﬁéﬂsc%ida%wauﬁ gfi Iegaoye arg Wehbleddn raing
t edd

accordance with addresses em ed in the pregroove. By wobbling the

sideyalls of pach pregrogye in Jhisway.Amaddigss ean deifetrhed in a
recording of 18 reproduction operation from wobbling information
ehlained: asdnformation cenveyes yna rellectadeptical beaini s, Thus,
grooves are created on the cptical 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
lsacation 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
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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 )
HREFORCEE4GIVaRRE iR heBtal F&i%e 8?9@&%@{@%%%5&%@2&%&“

optical disc 1 implemented by an embodiment of the recsen%n ention is
§Poolv%

& i SCSAFBAMRCO Y& S AsShotun i Fig “TA " S Seated S

iS Created

(9,992 85 & Jecoling Iack e arogve S s aspia torm extended,

=) a on
ence side to an outer- C|rcumtférence side. Thus,

as Sgg%?ei@ Fi%r'Br%S%%Sgsﬁgggi%%&g in the, radial ditection ofthe, +rack

Sptica sc I compri each having a protruding shape and

%&Qyﬁ%%v £achhaying.a deptedh shape, The lands.L and the 197ogues e

are laid out in an alternatinig manner as shown in the same figure. 19

Each groove.GY.created:on the.onlifaldiss 1 is wobbled with respect to

the tangential direction of the
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 1s 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, &3 shown in Fig. 1B, 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.
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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 fthe edgey e feprodecethe wobblasigraliTee optct-discl
drive then demodulates the reproduced wobble signal in order to
Jepierdtednfolinatisn 2ReR astaldrbssesa THEHbbB et lof the ©F the
address) information expressed by the wobbling shape of the groove js
refePrete tFds art ﬂsr“lly((’gii?%diﬂfé FRER Iﬁ’rEchngﬁ/eg%?%ﬁeA |p s formed

(Address In Pregroove). It is to hbe noted that, while this described
ehhbAfimehEaRtHe ﬁ“rjeégnﬁinvgﬁl}f’gheinfﬁlgfﬁ%méngé %g?%éﬁ&d?sjg having

groqves created thereon each.tp serve as a,fecording track,.the sco
tHE pradid %n%%nﬁ%ﬁ??s ansot%%nc%e%stg%ﬁéh artfrrlhggﬁcagf%isﬁs o%%xéfm%%es,oér

the d&{ei%“g vention %%%8% heapplied 1g an.gptical disg.20:having.,
Iar‘? S

créated thefeon 8ach to serve as a recording track. In addition, the

pgﬁﬁ”ﬁé@@%@?ﬂé*ﬁb@§%f@hs_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 Pregrocve).

It is to be nocted 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
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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
BREHTE abpeararcesariRie dpieardise E3EBintiRr 36 87 Bist adbplifiga 4479
CD (Compact Disc) method or a DVD (Digital Versatjle Disc) method. Fig.
518 5K explEh&6R - diagram ShBWITG R Hred "dSritigtirAidiior & So%ti}é’gg
disc 1, As shown in the, figure, the area of the gptical disc 1 comprises a
AR H5ond ol th& M %cliircﬁifﬁ Stehce Side, g%&d%ﬁ? Zone oa{r)int%eiands

%%;gg%"%“%ee@gﬁ% Seig%g s yell as deatggogerg%wﬂhlgeé%%@. and

-out zones. The | in zone Is placed on the inner sidé of a

circumferipl%e BB\@QQ aaﬁ.racgi.lé%qflzﬁwle%g%@ zaneis; plaggd odiment

between the circumference having the radius of 24 mm and a

qircumfgrence having asradiusiof 3@mm. The2k leadeoyizaneds glacesr eon
between the circumference having the radius of 58 mm and a
@ylﬁagﬁﬂﬁﬁﬁ%WP&ﬂéaﬁﬂ§ment film change recording method.
As dimensions of the optical disc 1, the optical disé 1
has a diameter of 120 mm and a disc thickness of 1.2 mm.
This thickness includes a cover layer with a thickness ocf
about 0.1 mm. Thus, from the dimension point of wview, the
external appearance of the optical disc 1 is similar to a
disec adopting a CB (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 zones 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 radiué of 24

mm and a circumference having a radius cof 58 mm. The
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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
£6RAITIBHS OF YBEorHMPIRFRE W%%%Miﬁ%ﬁaaﬁ%ef&ﬁ ord%avmg

include a laser power required for recording/re roductign oplerations. That
A %f aving a radius

R LRAMS st wite TFed B G iSat & FAdjisting the
recor ing/re roduction conditions. The information area Infol provided
Bétween a“ Circumference having the radius of 23.958 mm and the

circumfer}gnce hgeg/ilg]githE@g.i_us?)orf 24, mm as well as the informationarea

Info2 provf:lea etween the Circumference having the radius of 23.235

f-ﬂgefmattz%&Hcgfpé%n%ﬁf'a%viagl&hez%@ af23,278 nyp eachdaelugdete
a deftect

management area DMA and a control area. The defect 22
managgeent afga DMAJsaRarea usedder stareg infesmation Dredefectse

on the optical disc. The

test write area OPC are provided between a circumference
having a radius of 23.235 mm and the circumference having
the radius of 24 mm.

The fest 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
nsed for setting recording/reproduction conditions of
recording marks. The recording/reproduction cenditions
include a laser powér 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
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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 havirég c%he radius of 58.0 mm is
n

BAHESTIREH f6r &Gually retdrdifig TEEF dAtSand 3h ate8Frond which

us%_rodata |§Lé%prgguae% 'I;hce Iead-o&ggone between,the cwcti‘r}gference

ﬁgvmﬁmﬁ{ce radius of 58.0 7m and a cwc&%?’e%gﬁce ﬁé\%ﬁg aradius of

B g]%!%d%%a88?&9%3’@:93@%%“%%%8i£'1i'az5£%_éh8£ﬁa%%gemem

area of t ead-In zone. In addition, the léad-out zone is also used as a

PURLAIGALVING RSN QYSHUBARa N 3 SAEk OPSIUIONEIRE The

recording/reproduction density is determined by a track pitch of 0.32 um

and adine density:of 0:32 gt £:12 pavibitddsesdafa isrecarded.entpiants of
reproduced from the 23 optical disc in cluster units each having a size of
B84KB- o Withha shisteriset at that size, the 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-ocut zone between the circumference having
the radius of 58.0 mm and a circumference having a radius
of 58.5 mm includes a defect management area similar to
the management area of the lead-in zone. In addition, the
lead-out zone is al§0 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 1s recorded conto and reproduced from the
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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. Itis to be
ABtedaRat, H 56MEtaSas SR areddrl $he fifier BRIBIGIINE cRdFRf?én&d KB-
having the radius of _23.235 mm in the lead-in zone shown in Fig. 3 |
comprise¥ Bt first raritfereritShfoiralion brés 2seddid &ﬁﬁgﬁ}‘%ﬁﬁn
information area and an other-information ar§§gThe§|r_%le i nformat

hRagemeRtmfoifaticiareXis ah 4155 Tised for Storing managementi en

informa_ILig]?Oai: a %tggelprlg{fteo gl..r;'laclllzgg%% jquet egorﬂgad—in zone can
MAR&gemeRtinformation area’is an area used ToF storing management

iBEO”%éaéiS”J%thx%sc%@yéi information pp.the opficabdigc, 2048 and 256

recording/reproduction conditions and copy control information as

readzanly.data, dypicallyip the form of gmboss pifs orawehbling gross. for

The other-information area is an area known as a BCA 24 (Burst Cutting
Area) ferisigring ethes dnformation suehr fsa usigredRrpeculiartotheduced

disc recording medium in

from, has a size eguivalent 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.

T+ 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
maﬁagement~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/reproductiocn
conditions and copy control information as read-only data
typically in the form of emboss pits or a wobbling group.

The other-informaticn area is an area known as a BCA
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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
difeotiepoetts 1 gBnemte HATDC SKHoWA i Fip BBinfe Bugfk P befHCh
an EDC (error detection code) with a length of 4 B is added to each 2048
B Sedtobf ME nidin Besta L TAén, the TIFC for 32 SRAORI4 BBtdifeum 10
through encoding. The LDC is an RS (Reed Solomon) code with an RS
$(248 278, $3) MeBAMG U Eody IeHyBT 6F248; Yatd of 216 Hrtl § distance
of 33. A code Wor%of 304 ex{lsts. On thedothergand, a BIS is obtained by
CHRARGIOIH APEELerébde 5r0E8SS6R 728 B @dta shown in Fig. 4C as
sg_owggéFi%ég.tThoefB%'s an RS (Reed Solomon) code with an RS of
(62 ), a code length o 32, data of 30 25 and a distance of 33. A

fcr‘;‘;'r‘feWOf%z?f ghexistshig. 5 s an explanatory diagramshowing th& ta and
management data) to be recorded onto an optical disc is
explained by referriﬁg 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.
Te put it in detail, an EDBC (error detection code) with a
length of 4 B is added to sach 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
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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, aBIS 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
s8Ry 48 Afrane syhcirdnizaticrP SRynaPishigded 4t frét8ginning of

the 155 B frame. A block includes 496 frames. As for the LDC data, cade
words with-8verrndbars %?B}?%H%oﬁé?@ﬁ%eﬁl?ﬁﬂéﬁ%st\%ﬁh rrame

even numbers of 0, 2 and so on respectively whereas code words with

BHY HuSts Of 1m8HRd8 6 are placed in frames with odd numbers of
1,3 and g0 on especively, The BIS fies a.codg bayino yapvsxcellnt
150 :

error cofr&ction POWEr in comparison with'the L ormally, the BIS
SOMRT AILOSILAAlN, 1DRLED S8y, Boiatanee Al ddipUsediah are
coglgfeng?h of 62. 26 For this reason, a symbol of a BIS detecting errors
§é§%¥g%%gm9ﬂ§ve. 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 fréme synchronization
signal is placed at the beginning of the 153 B frame. A
block includes 496 frames.

As for the LDC data, code words with even numbers
of 0, 2 anﬁ so on are placed in frames with even numbers

of

0, 2 and sc 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 compariscn 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 6Z.
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In an ECC decoding process, a BIS is decoded first. If 2 errors exist in
adjacent BlISes 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@ ok BiBiiacludes imformmatioméuch asfan ddbifesic THHUS Hodregsrors
i.s used for example in the case of a ROM- type disc or the like in which
addmessdnfesmation cembedded in a wobbling groove is not available. 3:
Method of Recording RUBs Data is recorded onto the optical disc 1 ,
implemerftad &y i eRBoamiEst iR RUAS tRecdtditunt BIBER ARt 13t
The RUB is a unit including 1 cluster of data. Basically, a RUB_comprises
AphysRAFOhSte?¥d Stunti GtECERRT the prifsicdl tluster & & FaR-out Y™ ¢
succeeding the physical cluster. As methods of recording data onto the ...
Eﬁtiﬁ?ﬁis‘%ﬁ RUB uAits tﬁé’re‘%‘r% aZrmetRod %Fgé%:%?diﬁ%%”ﬁ% rUB"™ 9"

al one e a8 method of ESRING. AYE A RILES AR che
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 1s 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 webbling 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 methoeds of recording

data onto the optical disc 1 in RUB units, there are a
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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
webbling périse comdspandsto BOREhakneMHsTBYT). 2k Auritimtdred of
RUB occupies a period of 40 wobbles (wbs) The physical cluster |
EHOMITELBE Nk weelpled 8HeRBE Bf 33884 WHIEE x 38'Fbs) The?
run-out following the physical cluster o¢cupies a period of 16 wbs. The
RAERCthePphySGa chidtsr andPiierfmhiduf fRis S¢kapy A8 beriod of

13944 wbs. A guard G3 of 8 whbs is addeeda;[ :{%irsi total period to form a
RUETHETuhH seles 85 8TMKING at8a 16 be “Overlapped in a recording

e IS A e gl g«

laser beam,%’ over a ate, gain control and
%@%%égnyglanSB@y$§£8W'adopting the aforementioned method

of recording one RUB at cone time. Such a RUB is referred
to as a single written recprding 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
wbhs. The run-in, the physical cluster and the run-out
thus occupy a total period of 13944 wbs. A guard G3 of 8
whbs 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

uged in APC {automatic power control) of a laser beam, a
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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
FoKtintmuslyr itrig io be ovsted ah & Suchite SequercbrofRUBS ¢ refdffed to
as a continuous written sequence of recording unit blocks. It is also worth
wathitethatdn the folleimpaéd&iptont fKe continuous written sequence
of recording unit blocks is abbreviated to continuogus written RUBs. In this
case, wheRRUB ¥2 16 RUS #1ir& Te st dBa ot uSH BACH bPthe S
continuous written RUBs except RUB #n has the same structure as a
SAgR whlte F RUB e&%ﬁﬁﬁ’?gt% ng&a?g%ﬁ%a? isgﬁ)aénfy, each of the

contiC uogsifvrciit%enoRUBs exg(ipt RUB #n comprises a run-in of 40 wbs, a
ﬁﬁ%i tistéror T38885W5s and a run-out 29 of 16 wbs to form a total

period of 13944 wbs, RUB #n, whighis he.last RUB, s the.same as,a ena o

PLL, preventing degradatiocn 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 o¢f RUBs is referred to as a
continucus written sequence of recording unit blocks. It
is also worth noting that, in the following description,
the continucus written sequence of recording unit blopks
is abbreviated to continuous written RUBs.

In this case, when RUB 41 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
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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
Sihgluitish RUE BEtheirsPbhe of elhtinfiods WAtéPRUBS is

written at a location physically adjacent to an already recorded RUB, the

linking ar&% Bf fHe REBL BRingPwhilten 03&fape the Iking &red®8tihéS 2

already recorded R To put it.concretely, the single written RUB or the
T GG oF T EINTURS WhiE FRUmSR. Siten B e Bomeanio o

‘;%i}ﬁgli—é%rﬁu%’ Ayejapping a%Hé%%r{j %%'%?ﬁ%@%%th&refﬁ §é‘§8331£@e a run-

ady recorded area’as the dguar already recor RUB at

the rearend of the already recordedsareg, Figs, Z4 through 7C are

diagrams showing a case in” which every RUB is recorded onto the optical

disc 1 as §,3Q single witiepRYByINtially, RYB #bisitecordadsento the 5
optical disc

single written RUB or continuocus 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 1s 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 continuocus
written RUBs 1s 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 1t concretely, the single written
RUB dr the first one of the continuocus 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 cnto the optical disc 1 as a
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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 RUBSs is written as

edminumusrwriten RAUBs at an area following already recorded

continuous written RUBS, the run-in of the first RUB of the continuous ,

written RUBSBeidd- WrittBHBvEHapS tHeE RERFE 36T Re FG RBE e d15C

already recorded continuous written RUBSs. It is to be noted that %Sﬁ 2 RUB
in Fig.

dp@atiBn T B TH AbhE o BIPriguTeS ANt i b &3y as’éhow
6B, the linking area at the rear end of coatirgj.ous v;[ritten RUBs is.the

§Eart T3 SHAEATE o¥E S pat by theTth+in 4t Bie front ehdor the -
AT R i R o
S vuien U BSJbeun - of agiewdy Yeiigp B gyerians dhe.auard Gk
Sfthé last RUB already recorded on the

RUB #1 as shown in the figure.

Subsequently, RUB #3 is recorded ontc 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
continucus written RUBs, the run-in of the first RUB of
the continucus 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 continuocus
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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 continugus written RUBS in the %@me Waey.fs
rlaps

Wed&Hsa BhEVe, by YecoMing B rietv RUBHEY 18Eation-folldwing an

already recorded RUB with the run-.in of th RUB lapping. th
jhsrFextfchided n the aﬁ%ﬁ’dy%&%r%%5%a§eacl?g{%é§ gr%g?%thg

fecording goeration cfLige caried oL ithons resuling in. resareed, rus

as mixed with unrecor eas. That Is to say, write-once disc

g%@%gﬁ?%ﬁ%ﬂgf”@%GQQOQ"Q%E’Ef%BQS?MEéB&EHEéngﬁh%§%”6@tica1

recording operation as that for a rewritable disc adopting the phase

changs, regosding,method iaking f suti-dayes dise such,asia 2eayendiss
into consideration. 32 4: Disc Drive Apparatus By the way, the
Qveriapeiecosdingpperatiatingle written RUB. In this case, the
run-in of the first RUB of the continucus written RUBs
being written cverlaps the guérd 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.
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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
feareBibat heistRrpERfRF& cES in reflectivity or the damaged recording
layer serve as a cause of system instability. An example of the system-

instabilityausass ¥ inabllity R§iaraRieeS NV R0 FRGRT to
solve the problems, a disc drive, apparatus to be explainfd l?]eéo%é:g{ri% ot

SREHEE BRI GRS rbte SR 6 Be AdEcribe PR thE fSitowing paragrap
T RAREGER D (38 e 11T B HOT oY 1 ot Poa B

t'IS,to be no Ive apparatus to

i xaneg ooy sopyneg o e apatl ot
Gapaple ebeary'eo £ut e dise:QAlNAtioRIREesdan tobe descdbed
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 reccording layer serve as a
cause of system instability. An example of the system-
instability cause 1s 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 d:ive apparatus to
be explained below is assumed to be an apparatus not only

capable of carrying out-ordinary recording and
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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
pRatioriacE DhY @onsEint HRE veloeiy )2 Then cak dbticalPickepry ahe out
optical head) 51 reads out data recorded on the optical disc 1. In

AAditioH, 3Fe DPACAATcKIp BT ARvIRAAS obiPdRE MfsiTTatioRcand A

information embedded in a groove track as the wobblin shaBe of {he

fFRAL B A BT A& Ation” DRIMe bifertand, the bpticR) paigl?upuglis

writes data Qnto a groqve track as a_pit mark. In.the case of an opti
S Temeied 42 R R RS poa e,

as an o
%. write-once

hange_ mark_but, in the case qf.an opfj isc.1 i
%uac abg%is%s,ttjﬁelgﬁ%:a{?ﬁﬁ 81%1% %%%%LQ' &%@B@Hﬁer&ﬂ%géfled at a

rewrita Is a phase change mark 34 The optical pickup

%&%’?9 IS6s, 9 Jaser diade, &, photo defector. a1 obieghiens and & rrying
optical system,
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 & turntable not
shown in the figure. In recording and reproduction
operations, a spindle motor 52 drives the optical disc 1
into retation at a CLV (constant line velocity).

Then, an optical pickup (o: an optical head} 51
reads out data recorded on the optical disc 1. 1In
addition, the optical pickup 51 also reads out disc
informatién and ADIP informaticn embedded in a groove
track as the wobbling shape of the track.

In a recerding 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
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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 photoTiete stk lifiahe RpEEHDIGU SRR 2-SREft InddRiisA Hlgs 2
the object lens in a state of being movable in a tracking direction and a
BeDs PlirdeiGE e eAfreBptRaFpitRIF 52 Can e MBVeF by Sdig§e™

mechanism 53 in the radial direction of the optica| dis¢ 1. A driefe current
YOS a5y B PasethiRr 63 a{%h&dﬁo\]rggiﬁﬁal d?i@gs%'[ﬁs thserdicde *° ©

employed in the optjcal pickup 51 to_geperate a laser beam. The photo.
FABROP TRtects ﬁ\%&ﬁﬁat?osn §o§lvae§/%g i it § o> ©

source or e
by fhe 1aser beam Teflécted From

té;e recorllglé!naqnf_ac(31,%1;a thghggt(i)cag g'secg]gt&pnxgrt t %%rgéq{pnﬂgp an

&&ffica signal having‘a magnitude determined by the™ 35 light quantity of

‘e veliadieg laser beap pud-pupplas e leslicehsopatoaMmA ¥ ace o
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
wayrof the obiject lens and guiding the reflected laser
beam to the photo detector.

In the optical pickup 51, a 2-shaft mechanism holds
the object 1ens.in a state of being movable in a tracking
direction and a focus direction. The entire cptical
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 emplioyed in the optical pickup 31 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
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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
105& e POttt F¥ats s@h%l)rr%%igs%ﬁﬁgigﬁr%ﬁﬁgg laa?éq §s We a% a

e 1 gl and o 1 g Ve e n v

afrix circtit 54 also génerates a push-pull signal

as a siongl LeRiepening hewaRolig Siale, ke groaves haldsd s ge

representing a resu etection of the wobbling state. It is to be noted

that fhe matrix cireyit 54 is, ambeddad in the optical Dickyp-5b i $amet 1on

cases. The reproduced_—data_ signal generated by the matrix circuit 54 is
supplied-to aygaderiwrer eirquit BaqEhe cibioeysefot anduit converts

tracking-error signals generated by the matrix circuit 54 are supplied to a
SEOLikctit Bl dhecurrent output by a plurality of light-
recelving devices forming the phéto detebtor into a
voltage, and supplies the voltage to the matrix-
processing/amplification circuit, whiéh carries out
matrix processing on the voltage to generate necessary
signals.

The signals generated by the matrix circuit 54
include a high-freguency signal {(cr 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
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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 t.
%%ﬁ‘é?é‘tggfpelbr%@cti%ﬁa8%%E%T%nrafafhes %% %?a?io%?dlemg%é‘tigﬁ the
circuit 56 has a functional member, serying as.a decoder for.decadipg theqy,
Hara %é(prgéﬁgéldl #o(rén&t)haeroeptlsc%?%ﬂé%%&a??do a?ungctional Crrr?ergl%%%sgrvi'ng ©

%zsg{‘a%mdeﬁ%%qw&é%ga@e@ be, regarded ontg the optical dise .

coding process for a reproduction operation, the

nodulatiop/demodylation «CikGUI-SE garsies out modulation processing of
run length limited codes on the basis of the reproduction clock signal. An

ECC/scramblereiEuit:5Riisia 6emponet for IRryingoeanp it for
encoding process for adding error 37 correction codes and a scramble

PEQGESSHH adietotshing cxpel aton.dn vefepeatiuctiod Dperatiat ovithefrom
other hand,

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 modulaticn/demodulation
circuit 56 carries out modulation processing of run
length limited codes on the basis of the reproduction
clock signal.

An BECC/scramble circuit 57 is a component for

carrying out an ECC encoding process for adding error
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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
fatr THEEOCHRDBIRT fratesS BRTEEC HEEGGRT prcdsst Carisd- oG

by the ECC/scramble circuit 57 are each processin% for the#xDC format 4
GERGIRS WS (REBASIGRIONT b TR R0 T the dtbreméntioned RS2

248, 216, 33) having a code |ength of %4%,idata 05 1g agg_a girstan%eof
§?D§%CJ§MWh%%EE}SCFamee difcuit 57t Feproduced data is

%grzgg%ﬂécsggggg%gt 0,3 host. 3998%%%% Q%tr%saf%?gvi% inthe figure 25 the o cess

ta In accordance with a com ssued by a system

coniraller 60~ Examplas of the host appayatys.are.an- appagatys.and a

personal computer, which operate as an AV (Audio-Visual) system. 38
The pushypullsignal uipet by, thematrixciresit ok as acsigralielated taa

wobbling groove of the
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 enceding process and ECC decoding process
carried out by the ECC/scramble circuit 57 are each
processing for the LDC format using the RS (Reed-Soclomon)
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 cutput to a host

apparatus not shown in the figure as the reproduced data

in accordance with a command 1ssued by a system

~controller 60. Examples of the host apparatus are an

apparatus and a personal computer, which cperate as an AV

(Audio~Visual) system.
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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, Hecadirebs BeeddE ST a0 OB4ES oY a BIT. Proceis usig s>t
wobble signal received from the wobble circujt 58 to generate a clock
Sifn&isarid SHPPRds ﬁ'f”elt%@lgsibﬂaﬁo“ﬁﬁ?rléﬁﬁpgﬁgﬁg%rggxa ple in

a recording operatjon as an encoding clock signal. In an operation_to
REbrd Bata’onts the bﬁti@ﬁoﬁﬁéS_L"?{gatlantol%glegre\%%? §de or%%rt%%%pti%gf

disc 1 is transferred from a host appar. . 2co j
O S TR R TR S R T
The EGClReamtle saicul By piagessen.ihe.dala sioreddn iny bylieras
ata to be recorded onto the optical disc 1 by carrying out ECC encode
Rrosessing inclyding agorogess0-24d 39 211k carrestigodesiodieng an

data, a scramble process and a process to add sub-codes or the like to
thedatagaress. The wobble circuit 58 then supplies the

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 systenm
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 coptical 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
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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
SRR SIGRA T b BhCBAEFroLE NG dREAbed aB6TE Da SroaGEsd

by the encode processing as data to be recorded ontq the optical disc, 1 is
3l PpRed i iR fedderAltite PHRLTTSE T BE sugj%ct%@i% rgg?)# ing Sea.

famneneation pacessing Inelddng.a e adisment. BUGesS {Bc1uding

r mearecgrdlng power optimum for recording attributés and a

process foadiust e waveforn ghjgser diive puises: The recording

ributes inclu aracteristics of the recording layer, the shape of the

lassr-beam spetandihe yecarding ling, velosiy A results gbiedesardiag a

compensation processing is supplied to a laser driver 63 as laser drive
RUIsES 40 Jhedasprdiver §3suppies thexlaser drive puisesderibe Jasehe

diode employed in the optical pickup 51 as a
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 ontoc the optical disc 1 is supplied to the
reader/writer circuit 55 to be subjected to recocrding
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 veleccity. A result
of the recording compensation processing i1s supplied to a

laser driver 63 as laser drive pulses.
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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 qn the basis of an
output of1hE phetS HeRECBEEmbloyRbaR e Spticdt ptddp B Lad hfedhs! 53

for monitoring the power of the laser heam, The S)ésteml contrgller %

bRovitis tAGEtvATEs st HEAASSESUtAtts T FoF rSEotiiy afkd repraducticn:
operatens and e levgls RLNGaser QUPYEIOLECOING. AL, pean.

Il .
sptoduction operations are controlied to their respective target values. A

sgrvo circuit 61 is a coponent for generating a, varety of Servodrive 5 cal

signalsiincluding focus, tracking and sled drive signals from the

facus-arrorand yackingerarsignals resgiverk ram ihiemarcicail ddon
to carry out servo operations. 41 That is to say, the servo circuit 61
gereraigs the) fogusdrive signal and the tracking drive signal in

It is to be noted that the laser driver 63 includes
an APC (Rutomatic 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 ocutput of the photo
detector employed in the optical pickup 51 as means for
monitoring the power of the laser peam. The system
controller 60 provides target values of the laser outputs
for recording and reproduction operaticns, 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 &
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.



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 tr,ackz%'ump command

issued by i systerfPcSitiolier 88, eV erctit 61 tdmissteTRe €S the
tracking servo loop and. outpyts a jump drive signal to drive the optical
FRRUS 5370 Can3 UL B op RGN TR o the Bage o
nlormation sah.as,a sled srior siangl galned 89 2 N ISEnEY oy s g -
componerrﬁ of the trac INng error signal'and access execution control }?ro

%f%nﬁ%ﬁ a&éﬂggogﬁ%ersg%!eweeﬂgrc'&%%%@srfﬂéﬁa agsled drive signal

anism 537 The sled mechdhism 53 has a

mechanisay, gomptising.amalp shaftder haldingthe optigal pigkup-a1, a

sled motor and a propagation gear. The sled drive 42 signal drives the
sled metoxto slidestherepticak pickup 574 aver @ opiredwistange dbisiio

be noted that the

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-sgshaft mechanism form a tracking
servo loop and a focus servo lcop.

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 serve circuit 61
generates a sled drive signal for driving a sled
mechanism 53. The sled mechanism 53 has a mechanism
comprising & main shaft for holding the optical pickup 51,

a sled motor and a propagation gear. The sled drive
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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
dis812 b epiddtibh TSGR geheFated by IEPEL fn FRE Jrf—fgge fape

circuit 55 represents the present rotation?l:speedt%f tgg sp

indl 5
The FERFoductioR IS signalie A ock Signaruséd as a %fg%ar:l]%qé%% tne
decade processing, Ihe teproduetion.clogk ional capalsgbe compared
Wi

a predetermine reference speed to generate a spindle error
%gcggg'el'hen, the spindle servo circuit 62 outputs a spindle drive signal
ccordin

g to the spindle error signal to the spindle motor 52 to drive the

spindle motar 52, inQ rotatinn atithe Gly. 43 lg.additians inaceordanee
with a spindle kick/brake control signal produced by the system

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.
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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 hqstgtpgaratus gijgh as an

external AV 878terin” it sydte ACONtIoMEFS0 HarriasoutvARBUS kinds of

piocessing, Eorexample. In ecordanceniin  yrite gammand received
rom the host apparatus, first'of all,"the system controller 60 moves the

8%%%38&%&9 S fo éﬂead%ﬁ%%%w@&?.\qé‘t?‘c @ggm;vaﬁea&@m@es a

optical disc 1. Then, the ECC/scramble circuit 57 and the

modylation/denyadulation, ¢irgyit-56 carry oytencade, PLRGESSING on the

described above on the data received from the external AV system.

Examples gfdhe data are videognd- audihdatagenesatedhyr-adopting ao
variety of methods such as the MPEG2 method. Subsequently, the

reagler/writelo sircuit b Deipits lagen dive pulsesteprasentpg thd d4miata r
to be recorded onto the optical disc 1 to the laser driver 63 to write the
data at the address.

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 syétem 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
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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
HEp R e b Rk e s e o

the,data recorded on.the qptical disc 1_is MPEG2 data. Then, the system
gontrol I‘ér%% c%%tr"éFslc%e?ﬁgﬁ%ng aré%uﬁgd Foht?ar?s 5%82% of a data

segment adicated by e address .t sxiemal AVsysiem, Thatis 0

say, datais rea rom the optical disc 1 and subjected to processing

sych,asdecode and buffering procesges carrisd: oukin thedeaderwriternost

circuit 55, the modulation/demodulation circuit 56 and the ECC/scramble
gifsuit 54 before beingdransierred o thesextemal AMp systens Ikisde hes an

noted that, in these data-recording and data-reproducing operations, the
systemrcontrellers§e 4ereontrolsaceessas and the datastesnrdingandl lex
data- reproducing operations by using an ADIP address detected
60 controls a seek operation to a target indicated by an
address specified in the read command. That is to say,
the system éontroller 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 MPEGZ data.
Then, the system controller 60 controls operations
reqguired 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 subiected 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-reprcducing operations, the system controller 60
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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 di i i i
(oS Cé<'a¢_54%)%:)art of |nséP.ect|on ro%%sg,érlg of

FRAELHT RS TaSE ° thBhtical it Brodiedrara tHe Witte Shee discs
impl ted by th bodi t | der t | ical di
g s SRy R (L fiakae Ahanley A doiaa

hen, t rom the disc an

glror ate ?d@?@%‘érege 2uhsequantly. a resulhatthe evaluafionds OSFPPUé BIS.

as a result revealing whether or not the error rate is equal to or smaller

than a predetermined value. [thedepraouicton eperationgies -recording

ECC/scramble circuit 57 produces an error rate, which is then compared

By thessystemgontalien 66 vithther pdeterained valuer The residt o the
the comparison is output to typically a host apparatus as the result of the
4 evalyatign sevenliaganQK eriiersiate=of ke diseo Seddis® Ewaluation

Processing
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 1s measured. Subsequently, a
result of the evaluation is ocutput 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 toc typically a host apparatus as the result of the
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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. Eig. 10
SRBWSH AORCH&TY FébraBenttiy t(#eg églé"c%g’banu%aEf%)ﬁ pc?gtcjztsgs“r’ngdggﬁiéd out
?yt System ci‘ontgoller 60, First of all, an optical disc 1 extracted for

M 13C v 112 Clon X,

quality évaluaton Is mountedoocne%sélorlllgc drive apparatus. Then, for

example Juen A h0S| 2PPRLAS 1RSUES A OBTIARMI BESYSIEMne 6t sc

controller 60 as a command requesting the™ system controller 60 to carry

Qut the disg evaluation Juoeessing «1hgR0gessing reprasenteq bydherring

flowchart” shown in Fig. 10 is started. The flowchart begins with a step

F403 at which the: sysienn cortrolley 601carries0u; apapesatior:t write a
cluster (or a RUB) onto the optical disc 1 as a process 47 to record a
singlerweitend UB ©piq adeearsingatackof theoptined disenl: fhisttobieng
noted that, in this

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 i1s 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
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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
beer PEcOTHed obid theoptidd! bR REGr&dtC aRd PRGSEIRI HEhE FaGE ©F
has been recorded on the optical disc 1 correctly and properly, the flow of
ﬁ%edige?té\fé?ﬁat%}?ﬁro}:ess%g then'gdeRD 1B ESteb! P03 " datttfine
whether or not agprocess to record 100 1glusters.4_ or 100 RUBSs) onto tEe q
GBicHi 4idi91 RBS HReh Bomplated. PR prScedd e retdrd fthe TO0P—*©
lusters onta the_ optical disc 1 has nat be mpleted, the f . the,
o El B o RB g S5 P A csion PrD Tt which il s

g%%i“sel%sfeg}?dct&n%afw%&a%epﬁfgyoge@éﬂf@e@ nex}.pluster(or g next

UB) onto the optical disc 1 as a process to record a single written RUB

antoA regording wack of he-pptical disgd - ds 10 Be Hoked 48 thatpin the
recording operations, a next single written RUB is recorded at a physical
locati eaniguousircuit 57. By execution of the control of
the step F101l, 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 F1l02 to determine whether or not the
RUB has been recorded onto the optical disc 1 correctly
and properly. If the RUB has beenrrecorded 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 ontc 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 operaticn
to write a next cluster {or a next RUB) onto the optical
disc 1 as a process to record a single written RUB ontc a

recording track of the optical disc 1. It is to be noted
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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 aré redorded araphiRitafy contigooss arearciilie dpticdldise 1t ten
with the run-in of a presently recorded RUB overlapping the guard G3 of

tRE Esihgle WAREBIFRY B Fe cor8&d iR adiatchFBERPE. IF HE deferifitdiion
result produced at the step F102 reveals that a RUB has not been

reBdrtet igiio #e DpiRardist AurRietly 8A Hrépeth ididfe Hi&PprodedsPut

to record 100 RUBs onto the optical disc 1 has been completed, the flow
o the Bist EVANIOA DIOEBLAG e T S ot2p FIOE HskifheHfor: 25

exgmple e, a0 aperalion (o recorda spgle wltea BUB e, o g
recording ogeratlon cannot be carrieaout normally due to an” abnormality

e e o LIRS e gl 15 of one
Vﬂﬂ@ééay receorded single written RUB. That is to say, the
system controllier 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 Fi08. 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 iike. In this
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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 RUBSs, 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

frsSepticaR 8ist 1oHs BAdEARSTIER Gt FHErResa Step FRO8 CheStgtPredofded”
clusters are reproduced from the optical dis¢ 1 and an SER (symbol error
(e TheasiireR. ThArs TG shffthe taREm b riroliBré6 aciiires an

error. rate obtained by the ECC/ ble circujt 57 in t t .
AL Tho 186 TSNS O B A e E TR AR fRaot the 1 2

dq eyaluation pragessing ges on 19 SIep 108 aputieh e SERJS

S N
Compared with a predetérmined Vallie used as a criterion. Typic

%@S'ii%%%_’?lc's‘ﬁ_ lgrg _éggg_% 0-4, Ifég%éﬁl? does not exceed the criterion

value, the optical disc 1 is évaluated as good recording media. If the
optical disce1 5Qds gvaliated ag gead media aseyidenceddyethe faetithat

the SER does not exceed 2 x 10-4, the flow of the disc

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 fliow 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 contrcller 60 acgquires 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 evaluaticn 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 107%. If the SER does not

exceed the criterion value, the optical disc I 1s

evaluated as good recording media. If the optical disc 1
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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 h
fetotdiRg YREdia todRE SRtufiosf t%‘éﬁ?@%%%l?é’ﬁotﬁrb%fgs%néc [t

ended Theydes cabiaton racessng sog abovg s At a

isCs made &t the manufacturing Iot an

@@%Cfé'?s&%fggga%}ﬁcg Q%&k%r%ttfg%%vs ifo%trgskiag senvo is pffected by the, .,

recording me an ope n to record a next RUB onto the media

with i%%@i’?sﬂ‘ %fetQSP@X&E%O}ﬁ%ﬁ%@i%t%&fgﬁﬁ of thedmmadiately

preceding RUB already recorded on the media, for example, the flow of

thedisc evalyation fprogessiag goes ondram ihe,stepflG2:tathestep

F108 at which an evaluation result of NG media is output and the media
isdeissteth § Idaadditian she racosding angd eprodsetion equalisies of the

recording media can be evaluated by
evaluation processing is ended. If the SER exceeds the
criterion value of 2 x 107%, 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 evaluaticn
processing goes on from the step F102 to the step FIO0B at
which an evaluation result of NG media is output and the

media is rejected.
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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 insufficier? SGtidipBan beSreftted BRRH o"f?ﬁ&t‘?#ﬁﬁg T8Cording

media has a bad effect on a tracking eryor in_the qverlap area, f
BT 5o Bbl TR SR Canlet bB cSthplighed 17 e " °¥

e

K{r}%[:'%)lr]glclig%i[{i:{)ﬁng(é)l;%eration. Thus, aI%%in thj:se a}[ségéir%%t#%a%ggg £reor rate of

TrOor race
ecor me(ﬁa d%es not meet the stan er and, by the same

%%(1536[] ; 1he flow of é?%ld i%%%@ﬁ%@%%?%sgﬁ 819958 onframdthesteR cord

to the step 8 at which an evaluation result of NG media is

guput andithe madia having.an insyfficient rqualify,cam be rejectechdnhisus
way, bad optical discs made at a manufacturing lot can be rejected so

that only.gaodidises %2:8aeh idieated byrascavateatiproresslidi QK RUB
media can be shipped as discs of the manufacturing lot.
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
guality 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 reccrding 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
guality can be reijected.

In this way, bad optical discs made at a

manufacturing lot can be rejected so that only good discs
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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 immediatel
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a disc causing an instable trac
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effectinf adamaged recodivng layersesylingdropp53sueB@anto record a
overlap-recording operation. Thus, it is possible to assure stable

aperatinos ob atsystate usingca wiitér the run-in of the next RUB

overlapping the guard of the

already recorded on the disc.

description, an operation to
optical disc with the run-in

the guard of the immediately

immediately preceding RUB
In the following

record a next RUB onto an

of the next RUB overlapping

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
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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 tp avoid

GBI GTERHiRY fRaRF SELHiCGRS bf te- writéHhce'recartiing =S +P1e

medium without increasing the degree qf difficulty or simplicity of the.
HE5iGT SRRt AR St PSor Aing mEda: 2Rt e FREonifg ==

reproduction apparatus, The media ,specifications include jitter value
i%lc%%%incgl\?aﬁues o?vbllﬁlgryadjatgﬁﬁé:rls&ndr r%%?o&i%% nf}cﬁ}oéci%ﬁ%e%,t 8 be

degree of modulation, the anplitude of.a pughspullisignaland,ather i ate of

quantities. The degree of modulation is defined as the amplitide of a

RestFecqrding repsoduced signalie the amplitude ofg pre-fecording

signal. As described above, in this embodiment, the system controller 60
cares gut-adeterminatiqn process akthe: hésiep FAQ6pltisctode netedls or

however, that the disc drive apparatus may also output an SER (symbol
&I be stated in other words that media specifications of
the overlap-recording portions deo 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 aveoid
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-cleck 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, tfhe system

controller 60 carries out a determination process at the
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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 art shown in Fig. 10 can also be carried out .
%ﬁ%?di%%\%g’groiﬁti%ﬁ a%%a%’aﬁug Ogv%%d 39 e Gser. %?ha??]/e%t%s O?Jfﬁa(ft,
the.present invention can be lied.to a _syste &in Miig-gn%q:g'ggs
ﬁéﬁﬁ& aaegﬁéct?/tolf?y&%yorav%%?%o-§r€ct r%%d%o:‘ganoth% typg. 55
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recording medium allowing data to be recorded thereon in block units

each igetuding a maip aLea randdinking areps. saidyecerding/taproduction
apparatus comprising: a recording/reproduction unit for recording said

klaek HBits PALO Said WrHe-anceFeceyding;medium Withd saiddinking areas
overlapping each other and reproducing data from said write-once
reteeding metiymthe numerical value of the SER itself is

isplayed 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
alsc be carried out by a recording/reproduction apparatus
owned by the user.

Cn 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.
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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 meastsement-upit ageckesul ofpmeasuringsaid-eqen
rate. 3. A recording/reproduction apparatus according to 56 claim 2,
wherein said determimaticreomitl determedes that 1said vuritessrice recording
medium is a good recording medium if said error rate measured by said
messtEstpent initigfolnde Yeknsrgreaterahania predkBemmdth Valge e a
4. A write-once recording medium allowing data to be recorded thereon in

bR uhit'edth iRERRNg & IidinT &R And AnKing Heas WidrePHIOER =S

units recorded at physically continuous locations on said write-once
COmMPrisings

a reccording/reproduction unit for recording said
block units onto said write-conce recording medium with
said linking areas cverlapping each other and reproducing
data from said write-once recording medium;

a contrcol unit for controlling said
recording/reproduction unit to rececrd said block units
onto said write-once recording medium with said linking
areas overlappling 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 saild error rate.

3. A recording/reproduction apparatus according to
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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 gyerlapping-eash other, said recorded Hloek sunitsare readQut: ha
whereas an error rate is measured, and a result of measuring said error
rateniscused ine determination®f whether said Wwrite-opeeirecordingi ng
medium is a good or bad recording medium. 57 RECORDING-MEDIUM
EVAEUATION METHED;oRECOR DINGIRERR OD UCTIO MARRARATIS
AND RECORDING MEDIUM ABSTRACT OF THE DISCLOSURE In a
sysierh using 8Wistelon & récordinganbaiunt progerrdisstaticns ared
carried out while applying an overlap-recording method to front and rear
linkingareas. Each block used as a recording/reproduction unit is
provided with linking portions to overlap in a recording .operation.,Each
anfacturbt! (ribrge Tachrding ot e SualL Aty seednng =

5%&?“&%@89&@83€ﬁ£94885§6nﬁﬂ%ck.units each including a main

area and linking areas wherein block units recorded at
physically continucus locations on said write-once
recording medium have thelr linking areas overlapping
each other,

5. A write-once recording medium according to
claim 4, wherein media specificaticons 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 erryor rate ls measured, and
a result of measuring said error rate is used in
determination of whether said write-once recording medium

is a gocd or bad recording medium.
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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 rgcorded blogkunits\are. seadout fromythe,write-once
recording medium:and,an ek rale issmeasuregytf the. exon fale isnt i

greater than a predetermined value, the write-once recording medium is
determined to be a gop@ oneatfthe erronmate isgreaterthan the
predetermined value, on the other hand, the write-once recording medium
is determified 0 bgsadaduene:and isitejéetednEig. AR AB ng medium,
proper operations are carried out while applying an
overlap-recording method to front and rear linking areas.
Fach 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 purpocse.
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 wrife—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
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