RECORDI NG MEDI UM EVALUATI ON METHOD
RECORDI NG REPRODUCTI ON APPARATUS AND RECORDI NG MEDI UM
BACKGROUND OF THE | NVENTI ON The present invention
relates to a recording nedium such as an optica
disc, a nethod for evaluating the recording nmedium
and a recordi ng/reproduction apparatus for the
recordi ng medium Mre particularly, the present
invention relates to a wite-once recordi ng nedi um
onto whi ch REQORDING-MEDAUM EYALUATIONHMETHOD,
‘evaluating the recording nediumand a

I e REQEORIYNGYREPRODUICTI OND RRPARATUS) ANDt RECORDANGI NEDIUM
medi um An exanpl e of a technology for recording
digital data onto recording nedia and reproducing
digital data fromthe recording nedia is a
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optical disc such as a magneto optical disc as
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Cbnnnn g known exaqPIes of the read- onhy
invention relates a write-once recording medium onto
which data can be written, a method for evaluating the
recording medium and a recording/reproduction apparatus

for the recording medium.

An example of a technology for recording digitai

‘data onto recording media and reproducing digital data
from the recording media is a data-recording/reproduction
technology using an optical disc such as a magneto
optical disc as recording media. Examples of the optical
disc are a CD (Compact Disc), an MD (MiniDisc) and a DVD
(Digital Versatile Disc). The optical disc is a generic
name of recording media made of a thin metallic plate
having the form of a disc protectéd by plastic and
.aliowing data recorded thereon to be read out 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 DVvD- ROM The
recordabl e optical disc allows user data to be witten
t hereon. Cenerally known exanples of the recordable
optical disc include the MO, a CO-R, a CO-RW a DVD-R
a DVD-RW a DVDtRWand a DVD-RAM Data is witten
onto a recordable optical disc by utilization of
techni ques such as a magneto optical recording

nmet hod, a phase change recording nethod and a plgnent
fetardabhgetyeeor digmgnomist HothwiT ek agimgreentof ithe cteatyenl
recording nethod is also referred to as a wite-once
vetbcdlndiset Aod. tBenCR, t AeCDWRON eandce DEReRAVng The
met hod allows only data to be witten onto a
recordable optical disc ablovhusser ed®bs storiesondedten
data frombeing rewitten, the disc is suitable for
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method. The pigment film change recording method is also
referred to as a write-once recording method. Since the
write-once recording method allows only data to be
written onto a recordable optical disc and thus prevents
recorded data from being rewritten, the disc is suitable
for typically applications to preserve data recorded
_thereon. On the other hand, the magneto optical recording
method and the phase change recording method allow data
already recorded on a recordable disc to be rewritten and
are thus adopted in a variety of applications such as
mainly an application to record a variety of contents
including music, video, games and application programs.
In addition, in recent years, a high-density
-optical disc known as a Blu-ray disc is being developed

and high mass production of the disc has been planned.




.disc has a structure including a cover layer with a
thickness of 0.1 nmin the direction of the disc
t hi ckness. The hi gh-density optical disc allows phase-
change marks to be recorded thereon and recorded
phase- change marks to be reproduced under a condition
‘of conbining the so-called blue |laser, which is a

| aser with a wavel ength of 405 mm and an object |ens
with an NA of 0.85. The high-density optical disc
uses a Adtghrdrnsitaverigierkidiesaiswh i (Kie dbyiusy

as a recordi ng/ reproduction unit. Wth the
ﬁﬁgh-ueﬁsatytruptucalidtéudingnatcemeatlaneefWitheacy
of 82% data having an anmount of 23.3 GB (gi gabytes)
thnckresecofdédl mmt dnt hkeddsceptbondefl thatdibe disc
has a track pitch of 0.32 pm a line density of 0.12
phibkheand &rith anbferdaisith? qpiiddl atiid =0 owd tghddee-
same format, a high-density optical disc with a line
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data up to 25 GB. On the top of that, if the recording
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much™ | arger recording capacity can be realized. For

ééﬂﬂphfm?'Ehéh§o EELPEE BPud aYELe £AN RECKHESE aRer, L0 Oys ch

a multi-Tayer ~structure, the recording capacity can
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t or
0.85. The high-density optical disc uses a data block

having a size of 64 KB (kilobytes) as a
recording/reproduction unit. With the higﬁ—density
optical disc formatted at an efficiency of 82%, data
having an amount of 23.3 GB (gigabytes) can be recorded
‘onto the disc provided that the disc has a track pitch of
0.32 pym, a line density of 0.12 pum/bit and a diameter of
12 cm.

In addition, with the same format, a high-density
‘optical disc with a line density of 0.112 um/bit can be
uséd for recording data up to 25 GB.

On 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 pmbit. By the way, in the case of

the DVD-ROM read-only optical disc, which is one the
various optical discs described above, for exanple,
data is basically recorded in advance typically as
enboss pits created on the disc in error correction

bl ock units. As a data format of or the conventiona
read-only optical disc, error correction block units
are recorded succeSS|ver wi t hout being interrupted
6P $pacesldnegdpnsithi efnBahd umdbisnoer bBrGBofpecei dane
bl ock unit is a block used as

dénecdaydiofigOr. @pRodudbibn unit and there is no |inking
area created between any two adjacent blocks. Even in
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recorded thereon and recorded data to be reproduced,
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correction block units and data already recorded on
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optical disc, error correction block units are recorded
successively without being interrupted by spaces or gaps.

‘This meéns that an error.correction block unit is a
block used as a recording/reproduction unit and there is
no linking area created between any two adjacent blocks.

Even in the case of a recordable disc allowing data
to be recorded thereon and recorded data to be reproduced,
basically, data is recorded onto the disc in error
correction block units and data already recorded on the
.disc is reproduced in same block units in the same way as
a read-only disc.

Since data is written onto the disc in a random-
access recording process, however, a linking area may be
created between blocks in some cases.

With a linking area used, implementation of random

accesses to blocks in a recording/reproduction apparatus




I nexpensi ve hardware in conparison with a case of
adopting a data format with no linking area. A
technol ogy for a disc format including |inking areas
is disclosed in docunents such as USP Nos. 5,528, 569
and 5,552,696. By the way, when thinking of
recordi ng/ reproduction operations carried out on a
mul ti-layer recording/reproduction disc such as a
two-| ayer recording/reproduction disc having a
pécerdi agmbayer of deségneddi htouaet wolyagbmpberamdur e,
it is necessary to consider a recording |layer far
anaypenetivthRairdebadente csinderbson waskrabeasefof
perform ng the recording/reproduction operations. To
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beam t hrough the far recording |ayer nust be taken

into copsidesdioyy Assweiffr exan e ddiididdg) tihtking
recording layer on a side close to a
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aser eam an area alread y contal ni ng recor ded

data a§@9aaﬁﬁe§ aesagggntaining no recorded data
e&i'’s n~an al t er naflng manner. In this case, data my
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ggéggggng/reproductlon disc such as a two-layer
recording/reproduction disc having a recording layer
designed into a two-layer structure, it is necessary to
consider a recording layer far away from the incidence
side of a laser beam for performing the
" recording/reproduction operations. To put it concretely,
the transmissivity of the laser beam through the far
. recording layer must be taken into consideration.

Assume for example that, in the recording layer on
a side close to a recording/reproduction optical system
for generating the laser beam, an area already containing
recorded data and a free area containing no recorded data -
exist in an alternating manner. In this case, data may
probably not be recorded onto or reproduced from a

recording layer on a side far away from the

recording/reproduction optical system with a high degree




transm ssivity between areas each al ready containing
recorded data and free areas each containing no
recorded data. In order to solve this problem in a
rewitable- disc system recorded areas and free areas
are prevented from being generated in an alternating
manner. As descri bed above, data is recorded in units
each consisting a predeterni ned nunber of bytes. The
unit consisting a predeterm ned nunber of bytes is
ofedrasiabon eduertcoeffetivnodl dckfemncendinl eptical
referred to hereafter as a cluster. In addition, a
traksngs &1 ebt v Sbe Piosn dete het aveen slne spe otdnica Dhirsg er
and a cluster inmediately follow ng the specific
ebust@Ed dAtANaPeffdd OdrdHs WEddie citta iy fd recorded
optical disc in such cluster units, when a next
- gLuster physically following a cluster already
recorded on the disc is witten onto the disc, the
front Al Akeh Lf) JdEmex e gbhlal, o1 O iHeARS teftl -
rear linking area of the cluster already recorded on
di h ri] y. rged ar [
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doscyi Bed dapbyatie ahrsy. Shen 1o e rert S0l ta sgeh
égnéig%§gg éﬁpéghé%eégfgéd number of bytes. The unit

consisting a predetermined number of bytes is used as an
error correction block unit and also referred to
hereafter as a cluster. In addition, a linking area is
‘provided between any specific cluster and a cluster
‘immediately following the specific cluster.

In an operation to write data onto an optical disc

in such cluster units, when a next cluster physically
following a cluster already recorded on the disc is
written onto the disc, the front linking area of the next
cluster overlaps the rear linking area of the cluster
already recorded on the disc. Thus, no partially
unrecorded area is generated between the cluster already
recorded on the disc and the next cluster. That is to say,
since recorded areas and free areas are prevented from

being generated in an alternating manner, the problem




to which the sane format as the rewitable disc can be
applied. Naturally, data can be witten only once onto
a wite-once disc. So, it is basically neaningless to
consi der processing to wite data onto a wite-once
disc several tines. That is to say, specifications of
the physical format of the disc and specifications of
the recording/reproduction nmethod. are defined only
for one- time recording and it is meaningless as well
dssdribedubbovéoidesoheedpeci fications for nulti-tinme
recording. For a situation in which a nmulti-Ilayer disc

descri batkraboy erdvs watise -assaeil, sddweidloudHt tdf®e as a disc
method for recording a cluster to overlap a |inking
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area overlapped by the cluster, a wite operation is

[ 51&@@_ out a plurality of times in spite of a
Ite-once disc so that, for the nmulti-tine
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Shysical format of the disc and specifications of the
recording/reproduction method are defined only for one-
time recording and it is meaningless as well as difficult
to define specifications for multi-time recording.

For a situation in which a multi-layer disc
" described above is also assumed, however, if the method
for recording a cluster to overlap a linking area an
already recorded cluster 1s adopted, in the_area
overlapped by the cluster, a write operation is carried
out a plurality of timés in spite of a write-once disc so
that, for the multi-time recording, media specifications
must be defined by taking a variety of characteristics
into consideration. The media specifications cited here
typically include jitter characteristics, degree of

modulation and push—pull amplitude of a reproduced signal.

However, it is difficult to define media




" on a tracking servo among others and the effects serve as

definition will raise the degree of difficulty in the
desi gn and manufacturing of the nedia and the
recordi ng/ reproducti on apparatus for the nmedia. If the
overl ap recording nentioned above is carried out wth
the nmedi a specifications for the nulti-time recording
remai ni ng undefined as they are, on the other hand,
recordi ng/ reproducti on operations cannot be
guaranteed. For exanple, it is quite within the bounds
gpecpbssibirnsycapablehafpkaspiedeneesith reifecktinety
are generated in the overlap area, or the recording
kagerdofhg thebdi sgrirsedanngedvribe-ohis déaspnandhepeh a
are effects on a tracking servo anong others and the
defentisisrrwelasralaesybtedegnseéabi| di yftauseysimhtlas
a state in which it is quite within the bounds of
gessighi hhtymbéhafaatatableof Sysé emedhanahdbehe
establ i shed. SUMVARY OF THE INVENTION It is thus an
erseaiﬁé/kaﬁr@aﬁéembni@pp@ih@@st@oriﬂnéem@aiaprODer
oper ati ons ile adopting a recording nethod
| npl enent i 4} QKRS BRP I Kl P kidit RIRAS ddbwe iy HhPied
using a recording nediumof the wite-once type.
AGEOLYEATLHO AelitkSEpasPeELa Pl ohberf eeRIMB] ti—time
Invention, there iIs %YOVIded a recordi ng- medi um
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ﬁggé?ogecording/reproduction operations cannot be

guaranteed. For example, it is quite within the bounds of
pogsibility 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

a system-instability cause such as a state in which it is

guite within the bounds of possibility that a stable

system cannot be established.

SUMMARY QF THE INVENTION

It is thus an object of the present invention to
implement proper operations while adopting a recording
method implementing overlapping of linking areas in a
system using a recording medium of the write-once type.

According to a first aspect of the present
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in block units each including a main area and |inking
areas, the recording-nedi um eval uati on net hod
including: a recording step of recording the bl ock
units onto the wite-once recording nediumwth the
i nki ng areas overl apping each other; a nmeasurenent
step of reproducing the block units recorded at the
recording step and neasuring an error rate; and a
determ nation step of determ ning whether the
inveatdnoe theaedisgpredidali s ascgodidngrmbddum
recordi ng nediumon the basi's of a result of the
geasunenent metapdoforeasubrignyh@aenar entbabkewrite-once
Preferably, the wite-once recording nediumis
geteraiAgdmbaibe alderdngeenediaganedi Bm abcbh8ed thereon
determnation step if the error rate neasured at the

nRagtheRreRhisteRath AU Aghs AQEngkeBLCAnENBMnRI ng
predet erm ned val ue. According to a second aspect of
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recor di ng/ r epr oduct aratus for a wite-once
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areas, the recor%Ln /reproduction. . apparat us
FREFRAPRGS BSFRESHITNEPT LRt oltEl  BRELRFERHES 35897 di ng
t he ?Iock units on%o the wite-once recordin nedign1.
GPERLERELPNRARD AFESS’ oFaPFaPT HECRACRCOENSE HpkFoducing
reproduci ng data fromthe wite-once recording nedi um
shecBherk tnbe reFoEdntraf| thyg feeording step an

recor di ng/ reproducti on . ]
measuring an error rate; and a determination step of

determining whether the write-once recording medium is a
good or bad recording medium on the basis of a result of
the measurement step of measuring the error rate.

Preferably, the write-once recording medium is
determined to be a good recording medium at the
determination step if the error rate measured at the
measurement step is fbund to‘bé.hdt greater than a
Ipredetermined value.

According to a second aspect of the present
invention, there is provided a recording/reproduction
apparatus for a write-once recording medium allowing data
to be recorded thereon in block units each including a
'main area and linking areas, the recording/reproduction

apparatus including: a recording/reproduction unit for




unit to record the block units onto the wite-once
recording nediumw th the |inking areas overl appi ng
each other and reproduce the recorded bl ock units;

and a neasurenent unit for nmeasuring an error rate of
the block wunits reproduced by the -
recordi ng/ reproduction unit. Preferably, the
recordi ng/ reproducti on apparatus further includes a
determ nation unit for determ ning whether the
necbeddngethecbidchgunietdsuonts thgoedibe-bade recording
recordi ng nediumon the basis of a result produced by
tnbaiuneasuhetrat Linkinasaacaesolérbdppkagueanly thieer and
error rate. Preferably, the determ nation unit

depebaunesgt hata FhemWehéewpNee-6L0E0r desgratdy unedsum; a
good recording nediumif the error rate neasured by
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‘a predeterm ned val ue. Accofding to a third aspect of
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recording nediumallowng data to be recorded thereon
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Preferably, the recording/reproduction apparatus
further includes a determination unit for determining
whether the write-once recording medium is a good or bad
recording medium on the basis of a result produced by the
measurement unit as a result of measuring the error rate.

Preferably, the determination unit determines that
"the write-once recording medium is a good recording
medium if the error rate measured by the measurement unit
ris found to be not greater than a predetermined value.

According to a third aspect of the present
invention, there. is provided a write—oncé recording
medium allowing data to be recorded thereon in block
units each including a main area and linking areas

wherein block units recorded at physically continuous

locations on the write-once recording medium have their
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Preferably, after the block units are recorded onto
the wite-once recording nmediumw th |inking areas
over | appi ng each other, the recorded block units are
read out whereas an error rate is neasured, and a
result of neasuring the error rate is used in

determ nation of whether the wite-once recording
mediumis a good or bad recording nmedium That is to
say, the present invention provides a wite-once
léokidongreesi onenlapping dach obhee. recorded thereon
in block units, which are each a o

r ecor di Ty Fembdduc trieghl au rd e dviaidi asd- il drrsk iatg caradsig Wi t h
the |linking areas of the block units overl appi ng each
ekherdiigeaid ockpddiict §oa feecoartay dveckapmihydimgaa
cluster. The block units recorded at physically
Q‘@&bkﬁﬂﬁﬁsoﬂaéﬁﬁti@ﬂsa@@ hbe wreserdmee. recording

medi um have their |inking areas overl appi ng each

ot her. pfeddiiahl Lastert MO B JIeeRidN G e ddddrided onto
medi um of the wite-once type, it is feared that
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whether the write-once recording medium is a good or bad
recording medium.

That is to say, the present invention provides a
write-once recording medium allowing data to be recorded
"thereon in block units, which are each a
recording/reproduction unit having linking areas, with
the linking areas of the block units overlapping each
other. The block unit is a recording block including a
cluster. The block units recorded at physically
continﬁous locations on the write-once recording medium
have their linking areas overlapping each other. In this
case, since the fecording 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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reject a recordi ng medi um exhi biting the incorrect
operati ons nentioned above. In accordance with the

af orenenti oned recordi ng- medi um eval uati on net hod
provided by the present invention, a wite-once
recordi ng nmedi um conpleting a process to record data
thereon in block units with the |inking areas of the
bl ock units overl appi ng each other is subjected to an
i nspection process right after the process to
annufispéot tob heroeessinrignt tdfsecastes prypesalty,
recordi ng nedi uns nade at the sanme nmanufacturing | ot

- aseusaophed tloe moedEa specd mansid ol besulsidgtesd edb tad t he
I nspection process. In the inspection process, first

Simplingachbokapréye9f Moskdimytisoi s réesodtieg-roaddum
conti nuous | ocations on the recordi ng-" medi um sanpl e

Wt Pushebh &éﬂk&@gp%@fée@wlm@i@ﬁe@w ikdefion to
Then, the recorded bl ock units are reproduced from

recor de | _ _
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sure equently, the result of neasuring the
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recor di ng-medi um sanple is a good or bad
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r epr oduce i FGdes i I'ng areas oveﬁ1app|ng eaé%
S8l LSR8, oA PRI T8, LR Tht 1o
fﬁ?gﬁ{fgéfcéiﬁ i%gﬁzggécgeé§¥§ing medium completing a
process to record data thereon in block units with the
linking areas of the block units overlapping each other
is subjected to an inspection process right after the
process to manufacture the medium. In this case,
 typically, recording mediums made at the same
manufacturing lot are sampled forlsome specimens to be
subjected to the inspection process. In the inspection
process, first of all, a plurality of block units is
recorded onto continuous locations on the recording-
medium sample with their linking areas overlapping each
other. Then, the recorded block units are reproduced from
the recording-medium sample and an error rate is measured.
Subsequently, the result of measuring the error rate is

used as a base for determining whether or not the

recording-medium sample is a good or bad disc. The area

12




of the linking areas overl appi ng each other as a
result of the recording operation. Thus, if the
result of neasuring the error rate is used as a base
for determ ning whether or not the recordi ng-nmedi um
sanple is a good or bad disc, it is possible to
determ ne whether or not the recordi ng-nedi um sanpl e
is a recording nedium on which nornal _ .
recordi ng/ reproduction operations can be carried out.
fooRUkhithmohe vooecketrlys afetheprmaseeedinelrudesrat e
is found to be not greater than a predeterm ned
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be a good disc. In addition, previous experiences
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manufacturing lot at the sane tine are known to have
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gg Pﬁeal%glgg 'z§£ea%2§v%%f£§¢£ﬁ€9e£®9!é‘{ﬁ§e@9ﬁ Atrd t

Sane man rrng ane tine as the sanple

" can_each be regarded. as. di it t i S
SPorfarfelRrRar S50k ars By 9AMEL A Wi Bllohd) Heng 2
wite 13 once optical disc in accordance mﬁ%h the disc
BOAP U5 DO Neet REOT TGS bl BSRG 1A (ff &Rt TRVent i on)

the qualit f the di | eti i t .
REehEtd fherbaf ohotaf o e - PR ORI hamere 1o

areas of the block units . )
a good or bad disc, it is possible to determine whether

or not the recording-medium sample is a recording medium
on which normal recording/reproduction operations can be
carried out. To put it more concretely, if the measured

error rate is found to be not greater than a

' predetermined value, the recording-medium sample is
determined to be a goocd disc.

In addition, previous experiences reveal that
recording mediums made at the same manufacturing lot at
the same time are known to have all but identical
characteristics. Thus, if the recording medium selected
" as a sample is determined to be a good disc, the
recording mediums made at the same manufacturing lot at
the same time as the sample can each be regarded as a
good disc without raising a problem.

That is to say, by evaluating a manufactured write-
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" establish a stable serveo, for example, the recording

over | appi ng each other can be determ ned properly and

correctly. A wite-once optical disc with its quality

deternmined to be |l ow can be rejected at the eval uation

stage so that only good discs are shipped and

presented to the user. If sharp differences in

reflectivity result froma process to record data
thereon in block units with the |inking areas of the

- block units overlappi ng each other, or the damaged

pacer dphdgckaydishasnaabadrdbheet wohh theodfsotéeaspation

the tracking servo, naking it inpossible to

meshall bgbvadstiabletser poesként exasptéont heheegoatlihg of

..mediumis determned to be a recording nmediumwth

aRe uasef tbgbestifgyahi p¥oasds tbusecaraedats thebeon in

rejected. As a result, only good discs are shipped

andcRr asentedita thBel1uaRingThech8COEUILRE/ HERERAURLEON
apparatus provided by the present invention is

BQQ?QEFPQBgeéQEHtBEHe§UEQnaberS&Qéghﬂﬂéaegféﬂéﬁly and

evaluatton”nethod. In addition, a recording nmedi um

%geesélgﬂeﬁ ‘ﬁé-i‘gﬂceép A1 NPRGCI AN [ ORR PP

I'um provide y esent” i nvention a

Adiassihhl ogkpuniby Loy 1o bect ecorded: thRrean Lh; oo

I Ag areas overl appi ach ot
same recording thod as.a rewitable recordin
SEaFansahioe ahop dodaalach eibe, SFLFREh THe Fresented
%%S%gg}g SE?t'f¥'§§QJH égffgégﬁcéguaﬂw¥é¥f£é¥{vity result

from a process to record data thereon in block units with

the linking areas of the block units overlapping each
other, or the damaged recording layer has a bad effect on,

among others, the tracking servo, making it impossible to

medium is determined to be a recording medium with an

insufficient guality and, thus, a medium to be rejected.
As a result, only good discs are shipped and presented to
the user.

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

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

by the present invention allows adjacent block units to
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medi um provi ded by the present invention is a
desirable nedium The recording nmedi um provi ded by
the present invention is also desirable in that its
recorded areas and unrecorded areas are not m xed so
that the nediumis a good nmedium 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
bespecbirdedptbeessnnmeahs bheirahibkisgaeedas novehbapping
words that nedia specifications of the

e¥ehl apheecortihng, piitd i amse doedmtdway endtthdak as a
prescri bed. That is to say, since nedia specifications

¢eneerabng mekbirdihfeméecandeag bé advptée: 0Mee a result,
optical disc do not have to be defined, it is

Bosal khe %93%&&'—6pegh£ibﬁuigéhﬁ§ ] G%hﬂlﬁﬂe negédrding
specifications of the e-once recordi ng nmedi um

ﬁ%ﬁgpﬂtPEBQE agi By the ﬁ?@é@ﬁt QnghEEbﬁuiéyaoﬁeSLrable

si np ty of the desig manuf acturing of the
HEESLE, o AE e R O o S BRATE s 38 epﬁegnst

SEvABEAPE T TR ARG R FL Y B Y Pt

recor |ng Created on an op
R BT B L P R e D P
ghSog&egedlum having a plurality of recording layers.

In addition, the fact that the good state of
overlap-recording portions of the optical disc is
guaranteed by carrying out an inspection process means or
can be stated in other words that media specifications of
“the overlap-recording portions do not have to be
prescribed. That is to say, since media specifications
concerning multi-time recording of a write-once optical
disc do not have to be defined, it is possible to avoid
difficulties of defining media specifications of the
write—once recording medium without increasing the degree
of difficulty or simplicity of the design and

manufacturing of the recording media and the

recording/reproduction apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS
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configuration of the optical disc inplenented by the
enbodi nent; Fig. 3 is an explanatory di agram show ng
the internal structures of zones on the optical disc

i mpl ement ed by the enbodi nent; Figs. 4A through 4D are
expl anatory di agrans showi ng the ECC structure of
data recorded on the optical disc inplenented by the
enbodi ment; Fig. 5 is an explanatory di agram show ng
the frame structure of main data recorded on the

opti calFidisc 1A rpicerighteect: mxplsnamgdidisgrans Bhgsiing
6A and 6B are explanatory diagrans referred to in
trecstbiioguae nef hadreforérng di ngcRUBreat¢d omtan tdetical
optical disc inplenented by the enbodi nent; Figs. 7A

thEeughp Y &nenhte@Xpl amat efiyodinghanst teéepresed® in
describing a nethod of overlap recording applied to
theeAPtbgal disc inplenmented by the enbodinent; Figs.
8A and BB are explanatory diagrans referred 16 to in

descri bing : M I ' RRRIHEd HeO
t he opﬁlgl azdi%;cr%}?rpél%%r%nt ed&k@]y t:]ég%nn‘g%di mentg§3 Fi g.argea

i ' . i H . n . .
(pndLeEkichagt et ety SoTOUERLLOR: i e
Q%QOd%Qe§@9“5 a flowhart representing a disc

Fig. 3 is an explanatory diagram showing the
internal structures of zones on the optical disc
implemented by the embodiment;

Figs. 4A through 4D are explanatory diagrams
showing the ECC structure of data recorded on the optical
disc implemented by the embodiment;

Fig. 5 is an explanatory diagram showing the frame
structure of main data recorded on the optical disc
implemented by the embodiment;

Figs. 6A and 6B are explanatory diagrams referred
to in describing a method of recording RUB units onto.the
optical disc implemented by the embodiment;

Figs. 7A through 7C are explanatory diagrams
referred to in describing a method of overlap recording
applied to the optical disc implemented by the
embodiment;

Figs. B8A and 8B are explanatory diagrams referred
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eval uati on nmet hod provi ded by the enbodi nent. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The fol | owi ng
description explains a wite-once optical disc

i npl enented by an enbodi ment of the present

i nvention, a nmethod 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 fromthe disc as well eval uating
theinddsscrihenop insthaod sef ofvehinpwides ooy tagreligl to
descri bed in paragraphs arranged in the foll ow ng
phdesptidal Disec Simpltdmet &4 ICQ Horemdodifmebdata 3

Met hod of Recording RUBs 4: Disc Drive Apparatus 5:

Di sc Evalglatd A B e0essd i agkanDistowdngueher echifigturafion
all, an optical disc inplenmented by an enbodi nent of
bhea P s ri AW efiph £ 185 E¥Pb i dedl . byl Al i) Bhent /1 and
an operation to record data onto an optical disc onto

whi ch data QQPs%%d@wét#?&d@ha@@@E%k&%seﬁ&iﬁg”%g@ﬁ%@

optical recording nethod, a phase Change récording

g@&%ﬁ?&f&@ r@e@r;moméa o%gﬁr@?e r &G Higeh Met hod,

gur ding means for ‘carrying out tracking operations on
data tracks on the disc is required. Thus,

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 reqording data onto the optical disc and

“reproducing data from the disc as well evaluating the

disc. The optical disc of the write-once type is
described in paragraphs arranged in the following order.
1: Disc Structure
2: ECC Format of Data
3: Method of Recording RUBs
4: Disc Drive Apparatus
5: Disc Evaluation Processing
1: Disc Structure
| First of all, an optical disc implementedlby an

embodiment of the present invention is explained.
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grooves are created on the optical disc in advance as
pregrooves. The created grooves or |ands are used as
data tracks. Aland is a nmenber having a cross
section resenbling a highland sandw ched by any two
adj acent grooves. .In addition, it is also necessary
to record information on the optical disc as

addresses each indicating a predeterm ned |ocation on
a data track as a location at which data can be

recor deth denesoae, chsesy opdwssEe addre ssesorad elatec arded an
on the optical disc by wobbling each of the grooves.
thatchs Hossaynteanhithacktsdsednfbe weLdtenngydaieptisn
created on the surface of the optical disc in advance

8% 28 RLBHEe8VEpaNdalhecsbdaimgl hetvbdf he pregeoengngse
wobbl ed”i n accordance with addresses: enbedded in the

REEd-QOUE- mg¥h$8b9hﬁng phgmshderyvah! enghgeagBeording
pregrooveé in his way, an address can be fetched in a

in dugti L at yRbbling
it b BeTSSe ojzeveit Lo Crooovaph
ESEESg 08£ QLab§§gbk£h8§ Ehga&fs aﬂsbfe%SEQ&gngﬂus,
desire Ioca ioh rndrcate an addr ess
roduced from catipn o rack t
gF@SFFﬁgaF‘?prg??‘?gpP?s R R SIS
g%ggrggegesenTtl*Ilengcgehfteacpdéreosoves or lands are used as data
tracks. A land is a member having a cross section
resembling a highland sandwiched by any two adjacent
grooves.
In addition, it is also necessary to record

information on the optical disc as addresses each

" indicating a predetermined location on a data track as a

location at which data can be recorded. In some cases,
these addresses are recorded on the optical disc by
wobbling each of the grooves.

That is to say, each track used for recording data
is created on the surface of the optical disc in advance
as a pregroove and the side walls of the pregroove are
wobbled in accordance with addresses embedded in the
pregroove.

By wobbling the side walls of each pregroove in

this way, an address can be fetched in a recording or

18



By havi ng addresses enbedded in a wobbling groove in
this way, it is no |longer necessary to provide

di screte 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

equi valent to the total size of the elimnated

address areas. An optical disc 1 inplenmented by an
eabodineni onf opthet poeséntmi weleint ing isfarnkstomfoktmwined
wite-once type. As shown in Fig. 1A, a groove GV is
gseahedrhat senveonsegedriegoadiaglécacd. ophicgt obwen GV Thus,
has a spiral formextended from an

HBPEN c&hl BUNt8EEREEd Shtleat Qe @lr &8It BScatl st U@l €ced by
side. Thus, as shown in Fig. 1B, a cross section cut

kA Lheréadi g gé%ﬁ@&ﬁ@@dof;éﬁes@@ﬁi&aiogéﬁﬁoﬂ on a track
conprises | ands each having a protrudi ng shape and

?%gﬂgﬁtC@%géfbngaﬂgﬁ?célﬁfﬂéfgsS@@p@heT@ﬁaéﬁnﬂ§ Adfdkke

grooves GV ar aid out in an alternating manner

as égg%“%%g;g%g&g&%@@g?ﬁg ggagﬁegg_ Each groove GV

Ccrea e di sc Is wobbled with respect
wobbl | Y S DS onatar (3 RyerBynl Groove
PR CPFa Yo stont BeRaqirRasaa T By ok G481 aser
| gggct:r{la_tse aégcrl]gesas garlgggse c%/ gir?er Vci);g] igasl ad:{s?goa{rgé nrgeéorgc?k
addresses in the areas typically as pit data. Thus, the
size of a recording area used for recording actual data

can be increased by a difference equivalent to the total

size of the eliminated address areas.

An optical disc 1 implemented by an embodiment of
the present invention is a disc of the write-once type.
As shown in Fig. 1A, a groove GV is created to serve as a

recording track. The groove GV has a spiral form extended

from an inner-circumference side to an outer-
circumference side. Thus, as shown in Fig. 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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and detecting positions of both edges of the groove GV
froma | aser beamreflected by a radi ated | aser spot
LS on the groove GV, an optical-disc drive is capable
of .extracting conponents fluctuating in the radi al
direction of the optical disc fromthe detected
positions of the edges to reproduce the wobble
signal. The optical-disc drive then denol ates the
reproduced wobble signal in order to generate

i nf or rekacn gredva G dehr esised . ol hehea bspod dutael td e (loris
the address) information expressed by the wobbling
sbapecal wiha geepueti sor eher teflgehdias ahrédFtPon of the
(Absolute Tinme In Pregroove) or an ADIP (Address In

k865a0%e). . Tﬁeiﬁbﬁﬁ&fﬁ?fgﬂéﬁbt$ﬁﬂthdwﬁﬂdbﬁdﬂGﬂ is formed
escri bed enbodinent of the present invention

hppLepehbsnAR QRthcal wolbse BayhAag H6QQYEE-4T Bt ed
thereon each to serve as a .recording track, the scope

giﬁ;ﬁgglﬁeglsggghﬁhnxsngaa eb§teﬁ-én0fhd§,mﬁ§e%6ﬂr§d“%r‘ Blser

or exanpl e, present” i nvention can
. . . 0. havi q

Sh35, U5 AREhCH beR%e Bl Bk Shacasl ol A0ty
I n dition, th t o] [ I b
aBEI PGPS aR B L Eanthi 86 Ravt i Bes obr shvedrarge OV
£Paea TheSEoPrel FaPlatRsl KD Aotididfed [RSCE Dk 1s
enbodinent is a wite-once.disc allomﬁng dat a tf be
PBcbRBeHrPREEeBNK, an optical-disc drive Is capable of

extracting components fluctuating in the radial direction
of the optical disc fiom the detected positions of the
edges to reproduce the wobble signal. The optical-disc
drive then demcdulates the reproduced wobble signal in
‘order to generate information such as addresses.

The absolute-time (or the address) information
egpressed by the wobbling shape of the groove is referred
to as an ATIP (Absoluﬁe Time In Pregroove) or an ADIP
(Address In Pregroove).

It is to be noted that, while thisAdescribed
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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by adoption of the pignent film change recording

nmet hod. As dinensions of the optical disc 1, the
optical disc 1 has a dianeter of 120 nmand a disc
~thickness of 1.2 nm This thickness includes a cover

| ayer with a thickness of about 0.1 mm Thus, from

t he di nensi on point of view, the external appearance

of the optical disc | is sinmlar to a disc adopting a
CD (Conpact Disc) nethod or a DVD (Digital Versatile
Desthgniéthdd. cFegted thenmomxphanatoryedvagram shewnging
the area configuration of the optical disc 1. As
shawk.i ni# heddifiigin,e tHhepmremofittetdpt caln dilse be
conprises a |lead- in zone on the inner circunference
spptiecd teadnouvptzeae dDscthevony eboth r§omdesenoed slaeds
as well as a data zone between the |ead-in and

Leadt oyt tBeREsSn dAEn| €3dséPvE0AS & SrPtGE@Th@N: tdek.
inner side of a circunference having a radius of 24

mm  Thepglat §,zQ08 'ﬁs@lla%%l@ﬁé’iﬁ%ﬁ L t33lC WHiRI B e t
havi ng the radius of 24 mmand a circunference having

8780419008 AT THELZH heads Ut Lo iSePldeshnereon

tween t clrcu erence i ng e radi us of

é”da§o§£‘§H”é§r€ﬁ§ﬁ%ﬂﬁxéﬁg flLﬁdﬁﬁén ré%%éﬁfﬂ@ ﬁ%&hod

ad-i'n zoné co r
%x?fﬁirgg%%ié‘\nare G S B oA of oot T S 752
ggg a Siameter of 120 mm and a disc thickness of 1.2 mm.
This thickness includes a cover layer with a thickness of
about 0.1 mm. Thus, from the dimension point of view, the

external appearance of the optical disc 1 is similar to a

disc adopting a CD (Compact Disc) method or a DVD

" {Digital Versatile Disc) method.

Fig. 2 is an explanatory diagram showing the area
éonfiguration of the optical disc 1. As shown in the
figure, the area of the optical disc 1 comprises a lead-
in zone on the inner circumference side, a lead-ocut zone
on the outer circumference side as well as a data zoné
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 of 58 mm. The
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test wite area-OPC are provi ded between a
circunference having a radius of 23.235 nm and the
circunference having the radius of 24 mm The test
wite area OPC provided between a circunference
having a radius of 23.278 mmand a circunference
having the radius of 23.621 nmmis an area used for
setting recording/reproduction conditions of

recordi ng marks. The recording /reproduction
teadi-biibnsonentk upkaced aserwpenethe eqif eemf¢pgnce having
recordi ng/ reproduction operations. That is to say,

the restuwrbfesaraa ORC & scancumferncfioe ayirsyiamgradius
recordi ng/ reproduction conditions. The information
areagl pf@h. provi ded between a circunference having
the radius of 23.958 mm and the circunference having

the radigissifw2dinmeas. Wl ltas tdhel- imfnatdonp drses
Inf02 provi ded between the circunference havi ng t he

byﬁae oﬁ3a2§§snﬁh§@ﬂ 1he £hesHnierQace abayitgst herite
Ius o 278 mm each include a defect managenent

ggsg @gﬁ afﬁ%@ SO LR R A e GEfECtaee THRZIYRN i he

IS an area use or storlng |nformat|on on

ggf cLs.on ﬁgaoeﬁ %e%ﬁ&vlg&ﬁ bLAGOLIBL | 0N Qlknference

cts~on é optica SCc can be "reproduced from

05,951 L aRIRISETR), 213 Phna The, EOMLLR. AR, aving
%nggggghgnof 24 mm.

The test write area OPC provided between a
circumference having a radius of 23.278 mm and a
circumference having the radius of 23.621 mm is an area
used for setting recording/reproduction conditions of
‘recording marks. The recording/reproduction conditions
include a laser powér required for recording/reproduction
operatioﬁs. 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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It is to be noted that an area between the

ci rcunference having the radius of 23 .621 nm and the
ci rcunference having the radius of 23.958 mmis an
area reserved for use in the future. The data zone
between the circunference having the radius of 24.0
mm and the circunference having the radius of 58.0 mm
is an area used for actually recording user data and
an area fromwhich user data is reproduced. The
mendgeuentzoavehebPMbehst Ar ereguntedehee $iorhgy t he
radius of 5B.0 mm and a circunference having a radius
ohf68mstimmi oul dedéschs dehethe nepgeakndiac ea Wiam | ar
to the managenent area of the lead-in zone. In
addorinaniohhen defidebst czotkei spalsal udsktsk asam belf f er
area serving as an overrun area in a seek operation.

Thproaaesdi ppimeprodacteon densgénens deiermmaed Mye a
track pitch of 0.32 pmand a line density of 0.12 of

CoRZ2r8T Btéa is Useraflah aubsdr £6PT Sesh- i Ov@ifous kinds of
reproduced fromthe 23 optical disc in cluster units

ggﬁgrgﬁviﬁgogm§¢g&nof 64 KB. Wth a cluster set at
that size, the information area Info2, the test wite

t I I
~area O?Lg: el ttLoh%e' o el A %%ea”fb%t Yé!?xo%'heare

i nclud d-in zone, can be use

EPERG QRS SPA R 00200 02048 008 80ung e
'cfrcumference having the radius of 23.958 mm is an area
reserved for use in the future.

The data zone between the circumference having the
radius of 24.0 mm and the circumference having the radius
of 58.0 mm is an area used for actually recording user
"data and an area from which user data is reproduced.

The lead-out zone between the circumference having
the radius of 58.0 mm and a circumference having a radius
of 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 also used as a buffer area serving as an
overrun area in a seek operation.

The recording/reproductionrdensity is determined by
a track pitch of 0.32 pym and a line density of 0.12 of
0.12 pm/bit.

ﬂser data is recorded.onto and reproduced from the
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recordi ng 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/ cl uster = about 23.3 GB. The size of the | ead-out
zone is 7429 clusters. It is to be noted that, in
some cases, an area on the inner side of the
circunference having the radius of 23.235 mmin the
lpadcan Zdse dmowlusteld ginidscayuh Sesring fd rstze of 64 KB.
managenent -i nformati on area, a second managenent -

i nf or mewiem &reruansr ageOtderthaf ofimd | otharasfofie-ion
first managenment-information area is an area used for

skQbl RAfoNRNageMeRLti RretBBLireR BbcaafliagBePih8brh@tion
finalization. The second nmanagenent-information area

' b%e%nlﬁfgﬁ UgBYchf QreSt ki 1dcARRAYEABNE o LAL QAMBELEN can
such as physical information on the optical disc,.

LeCsdlngs Eeeéegyaghgnﬁn%geﬁgkaeﬂsugachgex cgaagognd 256

I'nformation as rea ata typl y int orm

%@H%@Begsre%gceavel bbfﬁé]gtjgl{r'-?uf)or}(er{o%lch i3, ysed, for

ér-i'nf or i'sS. an area Wwn as a

sertbdd begh dald ﬁefé%:?%?é‘?o@%%%? oIk Rlagoces

P IS 8B BPNGHLL RGP L oEpnao7 BLd: BERGLREgor ﬂfkbﬁf"f the
ECC Format of Data An ECC fornat of pamin data gﬁhaﬁser
ngoggépgdggaagﬁgy of the data zone for record g
data is 355603 clusters x 64 KB/cluster = about 23.3 GB.

The size of the lead-out zone is 7429 clusters.

It is to be notéd 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/reproduction
conditions and copy control information as read-only data

typically in the form of emboss pits or a wobbling group.

The other-information area is an area known as a BCA
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managenent 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, 1. e., an-LDC (long distance code) for 64 KB
(= 32 sectors x 2048 bytes/sector) and a BI S (Burst
I'ndi cator Sub-code). 64 KB main data shown in Fig. 4A
is subjected to an ECC encode process to generate an
LDC shown in Fig. 4B. To put it in detail, an EDC
(eutet detechiyoRnreafiefoni sboaind enghdr ofnfoBnasiaudadch
to each 2048 B sector of the main .data. Then, the

LBCaf 9hiddesent pesul Sapbtai tied dhsougbco £ATHG megdidiein
LDC is an RS (Reed Sol onon) code with an RS of

(R48¢21RI 38) a"BAPESGe A §OSSpl £08t Yoo 248, peahacef 216
and a di stance of 33. A code word of 304 exists. On

E%%C’%Eﬁé RaPnda BoBLSei ScOBtALAGd Dyeparrying out an

encode process on /20 B data shown in Fig. 4C as
2 iy st 5295 3). 2 code Tengin of 62, data
oxi ot's e e E B ia BN, Hadk dae and
FRGSPFERBESOFLE| UPe DRORGYT Saed Arese And i eceh Gres s
data of the LDC_ which are ,gggc%éﬁkckgggwqu.agg gyt
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As ECCs (error correction codes), there are 2 codes,
i. e., an LDC (long distance code) for 64 KB (= 32
sectors x 2048 bytes/sector) and a BIS (Burst Indicator
Sub-code) .

64 KB main data shown in Fig. 4A is subjected to an
ECC encode process to generate an LDC shown in Fig. 4B.
To put it in detail, an EDC (error detection code) with a
length of 4 B is added to each 2048 B sector of the main
data. Then, the LDC for 32 sectorsris obtained through
encoding. The LDC is an RS (Reed Solomeon) code with 'an RS
of (248,216f33).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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(bytes) data structure conprising data of 38 B, a BI S
of 1 B, data of 38 B, a BIS of 1 B, data of 38 B, a
BISof.1 B and data of 38 B. That is to say, one
frame conprises 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 frane sync
FS serving as a frame synchronization signal is

- placed at the beginning of the 155 B frame. A bl ock
hngl Hdgss#9fckr afess. AA faidd he ddDG @ a, exciodes wor ds
Wi th even nunbers of 0, 2 and so on are placed in

frames pMd h eved Jpbgiisnafo éﬁ?&ﬁﬂbﬂﬁking the frame
respectlJ%Iy wher eas code MD:§? i odd nunbers of

1 r§c@ggesgf0ﬁa§ﬁedg£§ced in franmes with odd nunbers
F nd so on respectively. The Bl S has a code

- h I

cﬁxgg?.%oﬁﬁmrﬁ‘?fﬁ T S Y A R

I t _all t
PePRELathop ERE L LRae BRbeHS %%@%@Em £he | PEES BhLSK are
T¥EER Rl Salhf oﬁfﬁa%t” oD o (e i & 195 B
I f 2 t d f Bl'S f
SyneeS b Fhatet e BTt the o the bt i oL 4Ers of |
shown in Fig. 5, the 38 B data sandMAcheg bg t he
éd?ac@ﬁFaBPge§80$rtﬁeBIS of 1 B, data of 38 a BIS of 1

B and data of 38 B. That is to say, one frame comprises

data of 152 B (= 4 pieces of data x 38 B/piece) and an

inserted BIS of 1 B between two consecutive ones of the

pieces of data.
A frame sync FS serving as a frame synchronization

'signal is placed at the beginning of the 155 B frame. A

block includes 496 frames.

As for the LDC data, code words with even numbers
of 0, 2 and so on are placed in frames with even numbers
of 0, 2 and so on respectively whereas code words with
odd numbers of 1, 3 and so on are placed in frames with
‘odd numbers of 1, 3 and so on respectively.

The BIS has a code having a very excellent error
correction power'in comparison with the LDC. Normally,
the BIS corrects almbst all errors. That is to say, a

distance of 33 is used for a code length of 62.
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frame sync FS and the first BISis 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 i s enhanced. A BIS includes information such as
an address. This address is used for exanple in the
case of a ROW type disc or the |like in which address

i nf or ngid,0nnienbedded, B aywdbhl bFJagBlgvaetechohg errors
avai | abl'e. 3: Method of Recording RUBs Data is

{gcggggdagnf@lj% optical disc | inplenmented by this
enbodi ment in RUB (Recording Unit Block) units. The

RUB is @ unif ddmae%gﬁﬁgglp§b%%%%r %fBIQaEQ dBasheadl kY rst.

a RUB conprises a physi cluster, run-in

g%c%i%%? theég%%;;F%g A#gﬁ? ?ﬁlggkaframe sync

e L

%On*fli?%ﬁ%gﬁ??pao{qqa{aelﬁgg'dl negq.rgza)g ral Icij)éaccge{:&R%?%es or the
IR IR o R

of a RUB formed in an operation adoptlng t he
efppement ahde @asBedan error pointer is added to this 38

B data. In the LDC, this error pointer is used for
carrying out pointer erasure correction.

In this way, by correction of the LDC only, the
error correction power is enhanced.

A BIS includes information such as an address.
This address is used for example in the case of a ROM-
type disc or the like in which address information
embedded in a wobbling groove is not available.
3: Method of Recording RUBs

Data is recorded onto the optical disc 1
implemented by this embodiment in RUB (Recording Unit
'Block) units. The RUB is a unit including 1 cluster of
data. Basically, a RUB comprises a physical cluster, a
run-in preceding the physical cluster and a run-out
succeeding the physical cluster. .As methbds of recording

data onto the optical disc 1 in RUB units, there are a
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of recording one RUB at one tinme. Such a RUBis
referred to as a single witten recording unit bl ock.
It isto be noted that, in the follow ng description,
the single witten recording unit block is abbreviated
to a single witten RUB. Data being recorded is
witten onto a wobbling groove of a nonotone base. A
wobbl i ng period corresponds to 69 channel bits (69T).

- The run-in of a RUB occupies a period of 40 wobbl es

- period o

1(@#b5dd . o Thee pbysingl ond USIRraf obhewi trge tdred raimétrhod of
occupies a period of 13888 wbs (496 x 28 wbs) . The

f@BoQ&ln?0é|pMMBQli PhysiBal cohtshiesuoDeupiiest ais, a
16 wbs. The run-in, the physical cluster

ﬁ@gh&&eofUBeegidlﬁ@U§ §@&f§&i@yt@faRU®@fWEEh§ﬁt13944
. A guard wbs is added to this total

_Px‘?’&é?ﬁuﬁgufl&r%é‘ %&r&h@g YPstSehves as a linking

rea to over | apped in a trecordi ng process. The

[N 10 % A0 5 150G 100 AR il gggteh% RARI R 16 ) RUB

a | aset beam  a ing over a PLL

t I d
FLhea, 0Ly L L) L0k L) SIS o

an_err t d d f
| gé‘naw%@a%g?é%g"%ﬁ;# ‘%%fmaguﬁa 1 Ge&IB i Esiteyred

for, at a,rear end of
to as a single written recordlng 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 whs (496 = 28 wbs). The run-out

following the physical cluster occupies a period of 16

- wbs. The run-in, the physical cluster and the run-out

thus occupy a total period of 13944 wbs. A guard G3 of 8
wbs is added to this total period to form a RUB.

The run-in serves as'a linking area to be
overlapped in a recording process. The run-in is also

used in APC {(automatic power control) of a laser beam, a
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PLL, preventing degradation of a data area. The guard
&3 is used as an area of a transition of a |aser
power froma recording power and a linking area to be
overl apped in a recording process. Fig. 6Bis a
di agram showi ng a sequence of RUBs recorded by
adopting the aforenenti oned nethod of recording a
plurality of RUBs continuously. It is to be noted
that such a sequence of RUBs is referred to as a
voot fprobsingihyebveequente staterogdingcontiobl ands.
It is also worth noting that, in the follow ng
desekkpbbRtro1t B meRtibHOHST¥k| tten sequence of |
recording unit blocks is abbreviated to continuous g
W | ”enﬁf@%}{é{béi"&&@@@r mhems RUB Al t BB dih@rser
recorded continuously, each of the continuous witten
exge RUB,#n.has hheo5anBe, st L UEL as a single |

ﬁg??fen R roexc?ugFEg ?he auardn%B. %h%%éis to say, |

h .cont i S witten RUBs except RUB #n |
Egﬁgp?égéggt%ﬁﬁ_%%833?-40 wbs, a physical cluster of
13888 s and a runzout 29 of .16 S fao ot al
peri od Of° 13854 Wost® RUE h?ypvﬁ]ﬁaclﬁoyf séqt%fe é{{ans - end of
the sane as_a single Ltten_ RUB, That is to say, RUB
BRTcoRPFTSREIRS PRAEFASHEOR0 R0R, SREPRYEFRal cf ust er
of 13888 wbs, a run- out of 16 wbs and a guard G3 .of 8
wbs. Dafhe PR Gt i 11 PSP (e GiRa Al i@ s | ©F

a laser power from a recording power and a linking area

to be overlapped in a recording process.

Fig. 6B 1s a diagram showing a sequence of RUBs
recorded by adopting the aforementioned method of
recording a plurality of RUBs continuously. It is to be

noted that such a sequence of RUBs is referred to as a

continuous written sequence of recording unit blocks. It
is also worth noting that, in the following description,
the continuocus written sequence of recording unit blocks
is abbreviated to continuous written RUBs.

In this case, when RUB #1 to RUB #n are recorded
continuously, each of the continuous written RUBs except
RUB #n has the same structure as a single written RUB
excluding the guard G3. That is to say, each of the

continuous written RUBs except RUB #n comprises a run-in

of 40 wbs, a physical cluster of 13888 wbs and a run-out
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single witten RUB or continuous witten RUBs. in
dependence on the condition of the data or in
accordance wth a command i ssued by a host apparatus.
In the case of this enbodi nent, w thout regard to

whet her data is witten onto the optical disc 1 as a
single witten RUB or continuous witten RUBs, if the
single witten RUB or the first one of the continuous
witten RUBs is witten at a |ocation physically

adj 2éenbst boafoahr aatigteécpededd RUB, 13H€4 | ¥ipki ng ar ea
of the "RUB being witten overlaps the |inking area
of the RUB eady whistoridedRUB.asfo RIR, iits ddrecrsstmed \gs a
the single witten .RUB or the first one of the

gdAtl suvustenht RER. RUBsat Sis Wd tdzan &RUR Her adjingoeides a
| ocation with its run-in overlapping a guard G3
kasaigdoat 40 hgbspas pRUsOfal helusteeasly 188V defls ar£arun-—
as the guard G3 of the already recorded RUB at the

bgar oeNsofibkhenal kegdyraegordeds afsa. Figs. 7A
through 7C are diagrans showing a case in which every

- RUB i s gRGOTAR 1t {fiee PR Rl 1l %%tllc%sa #is01 as a
single witten RUB. Initially, RUB #1 is recorded onto

%Eﬁ 9Qtwggﬁt$%S§UBl Sc@aﬁiﬁ@&@éw% Hi e, R &s; ghown

I's recorded onto t e optlca

g'ﬁsg%&eﬁée ot oL ecoxaligigﬂfﬁggﬁ ghomne L 0 i 8 cdfance

'S Case 2 over aps the area
wggUpledomMaégelgggég by a host apparatus.

In the case of this embodiment, without regard to
whether data is written onto the optical disc 1 as a
single written RUB or continuous written RUBs, if the
single written RUB or the first one of the continuous
written RUBs is written at a location physically adjacent

to an already recorded RUB, the linking area of the RUB

being written overlaps the linking area of the already
recorded RUB. To put it concretely, the single written
RUB or the first one of the continuous written RUBs is
written at the adjacent location with its run-in
overlapping a guard G3 located at the rear end of thg
already recorded area as the guard G3 of the already
recorded RUR at the rear end of the already recorded area.
Figs. 7A through 7C are diagrams showing a case in

which every RUB is recorded onto the optical disc 1 as a
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RUB 41 as shown in the figure. Subsequently, RUB 43 is
recorded onto the optical disc 1 as a single witten
RUB as shown in. Fig. 7C. In this case, the run-in of
RUB #3 overl aps the area occupied by the guard G3 of
RUB 42 as shown in the figure. Wen a sequence of
RUBs is witten as continuous witten RUBs at an area
foll owi ng already recorded continuous witten RUBs,
the run-in of the first RUB of the continuous witten

RUBg1bewngtweht ReB. overl aps the guard G3 of the |ast
RUB of the already recorded continuous witten RUBs.

It is tefeidoted fimtt hiss rRiddd Whtics ghowptiRal disc
none of the figures. That is to say, as shown in Fig.

thshhgtﬁéngmé‘E@ﬁ @@Bt£@ §6&%n end PigComi| NuoKs,, RUB
MW|tten RUBs is the guard G3, which is overlapped by

%BSE UpzLBrabgt Bﬁtéfeﬂé d&@f'c&i é{@c CONgk Nyoys T Tt en

berng witten. tron, also in an operation

Ecﬁhﬁggn%ﬁye’shg{m FP%% RU%S ﬁL%g'é%s‘M' tl:tl'l‘:z‘an run in

rnuous "3 e run-1n of

tt UB I
ee%éﬁé?“% oy PPEtractitn i &‘-“c 30 B o
f I l e It RUB h Fi 8A
%8&UE ! af egﬁswgégg g&ﬁ% optlia?mnd:gc hgand o
continuous witten RUBs tQ he witten jn an area_ .
SOl bwrtbadtas e KU (o srus cara et o3 Bpgoal

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 segquence of RUBs is written as continuous
written RUBs at an area following already recorded
‘continuous written RUBs, the run-in of the first RUB of
the continuous written RUBs being written overleps tﬁe
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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run-in of the first RUB of the continuous witten RUBs
being witten overlaps the guard G3 of the single
witten RUB as shown in Fig. 8B. Conversely, a RUB

can be witten as a single witten RUB in an area
foll ow ng already recorded continuous witten RUBS in
the sane way. As descri bed above, by recording a new
RUB at a |ocation follow ng an al ready recorded RUB
with the run- in of the new RUB overl apping the guard

. @BithehuBBBsi ntheheuntiratl 2 ceevedvRUB e RUB | ok Mgps
area, a recording operation can be carried out

theé hguardesBl tinghénlasechiblesll ceady meceddedtdn the
unrecorded areas. That is to say, for a wite-once
dbstchnpliesent ed adnuriahi Rorerbadinients, singlse poasigitiine RUB
to carry out the same recording operation as that for
nbRMr ihapl . dgscas aglopts NGl t&ed Phaseo £ded gen rasorsihtnigal
method taking a multi-layer disc such as a 2-1ayer

‘dise 1nkAdg eaﬂﬁm%@é | 9R1 t 82n RUEY S€o Db er APPSd atiSan
By the way, the overlap-recordi ng operation described

é?@é(ef ﬂ&@{ﬂieéh@um@lé%&@ntmsfaqtn thals dahRe, the

tical disc I mpl enented by the enbodinent is a
mtf ngetﬁ%Sfir@ [ 41 N O o e QYL | PPr ¢ B0
opéerati on I'S nost er i mpossi ble to assure the

being written overlaps the guard G3 of the single written
RUB as shown in Fig. 8B.

Conversely, a RUB can be written as a single
. written RUB in an area following already recorded
continuous written RUBs in the same way.

As described above, by recording a new RUB at a
“location following an already recorded RUB with the run-
in of the new RUB overlapping the guard G3 included in
the already recorded RUB as a linking area, a recording
operation can be carried out without resulting in
recorded areas mixed with unrecorded areas.

That is to say, for a write-once disc implemented
by this_eﬁbodiment, 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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recordi ng and reproduction characteristics of the area
subjected to the overlap-recordi ng 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 recordi ng
| ayer serve as a cause of systeminstability. An
@xanpiec obrihe mysdemeusnstability cause is the
inability to guarantee servo stability. In order to
sol ve the tHObIeRS, tite dbeer Thp-vite cofriatatafse daot
expl ai ned bel ow carries out disc evaluation

Beeece3bbndabevheidesgkirhbed biatt hg Epitevbngrhparagtaphat
to reject a bad disc in an inspection process

REE! opRedaaf 1oL t DeippoeRantba BRNHhACEHESaihendi $6. a
I't is ,to be noted that the disc drive apparatus to

g%ﬁ;%’ieh%gﬁgsée' % L%ﬁ%ﬁ%’r{?%ﬁ@ 196 a &P —afé-{;sbr_rlg!ng

capabl'e” of ordi nary recordi ng an

%ge&sreﬁgﬂucycog OﬁggéthgﬁaF bgfn gL o, £aral! ssgﬁr the
carrying 6u Re'drsc eva Ha |8n processing fo %e
d i.bed in,th foll pw h..Th di
GFEOEOLRGar Bt Eep e Sy AT AR e R RAPE SR e S0 Sor o ThRE
di s¢ drive gggggatus, but al sQ.as a special disc
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as an apparatus capable of carryin L
say, itpgs quite wgthin the bou%d gf possibilities that

sharp differences in reflectivity are generated in the
overlap area, or the recording layer of the disc is
damaged. It is thus feared that the sharp differences in
reflectivity or the damaged recording layer serve as a

" cause of system instability. BAn example of the system-
instability cause is the inability to guarantee servo
stability.

In order to solve the problems, a disc drive
apparatus to be explained below carries out disc
evaluation processing to be described in the following
paragraph to reject a bad disc in an inspection process
performed after the process to manufacture the disc.

It is.to be noted that the disc drive apparatus to
be explained below is assumed to be an apparatus not only

capable of carrying out‘ordinary recording and
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out the processing to evaluate the discs. Fig. 9 is a
di agram showi ng the configuration of the disc drive
apparatus. The optical disc 1 is nounted on a
turntable not shown in the figure. In recording and
reproduction operations, a spindle notor 52 drives
the optical disc | into rotation at a CLV (constant
l'ine velocity). Then, an optical pickup (or an optical
head) 51 reads out data recorded on the optical disc

fepkbduaddohi oper&bgonpt i bat plskupapdbhé sofreadsybug out
disc infornmation and ADI P i nformati on enbedded in a

ghaouMesct edgkuasibhepywebbkEnggshapee oflesbeibeackn thea
recordi ng operation, on the other hand, the optica

Bb&kHRind %‘ék&&:ﬁaﬂﬁt a pNL®, aHE QMR ddicke appardtids is
mark. In"the case of an optical disc 1 inplenmented as

%gpggﬁgﬁg?ﬁﬁgd%ﬁfy LheaRi brARRKr i SaBs Pl GPBPE £PPRBS S,

e case of an optical disc 1
B, STEH, £ 2" aBrolg  HiSE Rr ke apbifafll TREkalsed or o
sarteny G5Etaf o BRP R b ibRea Bl TabERL {05 B P
PEctBRcRRPERtrLeSr B GERLPALT G S C1508r beam The
photo detector, is a conponent for etecti{¥£zal aser

beam r ef1®cted HyP tHAFerD iy Faddeont 1guration of

the disc drive apparatus.

The optical disc 1 is mounted on a turntable not
shown in the figure. In recording and reproduction
operations, a spindle motor 52 drives the optical disc 1
into rotation at a CLV (constant line velocity).

Then, an optical pickup (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 information embedded in a groove
track as the wobbling shape of the track.

In a recording operation, on the other hand, the
optical pickup 51 writes data onto a groove track as a
pit mark. In the case of an optical disc 1 implemented as
a write-once disc, the pit mark is a pigment change mark
but, in the case of an optical disc 1 implemented as a

rewritable disc, the pit mark is a phase change mark
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the optical disc 1. The object lens is a conponent

used as the output term nal of the generated | aser
beam The optical systemis a conponent for radiating
the generated |aser beamto the recording face of the
optical disc 1 by way of the object |ens and guiding
the reflected |aser beamto the photo detector. In
the optical -pi ckup 51, a 2-shaft nechani sm holds the
object lens in a state of being novable in a tracking
di rect i®fe afpsk A4 Dopiscidid et i Qmp it £ i Tasdaptdicrle, a
pi ckup 51 can be noved by a sled nechanism53 in the

@ﬁetél dg{:ESEbkonagf oBS‘@cQF’iéﬁ‘@ afiisgn 1o 3p€1Q£lV§ystem,

urrent génerated by a laser drlver 63 as a drive

%hgg g% ¥8§ sh8&n! ﬁe{h?asegugeanl ldkéf“afﬁgé‘¥§ a

; genera é phot o
et ect tect f
AR B AR ST AL SRR, B «

isc 1, converts the i tion into an ct |ca
LR 3g e bREOT e it i aias’ Thohet SRS Ta ot
uantity of the reflected_| aser beam and s Lies .the
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circuit 54 conprises a current/voltage conversion
shecoaptiant dimat fi x-Proaaly e i3 GuGBponent used
circuit. The current/voltage conversion circuit

senveet gutphe beEBinatapbtctire cotnotped bysar preddi i thre

of |ight-
optical system is a component for radiating the generated

laser beam to the recording face of the optical disc 1 by
wayrof the object lens and guiding the reflected laser
beam to the photo detector.

In the optical pickup 51, a 2-shaft mechanism holds
the ébject lenslin a state of being movable in a tracking
direction and a focus direction. The entire optical
pickup 51 can be moved by a sled mechanism 53 in the
radial direction of the optical disc 1. A drive current
generated by a laser driver 63 as a drive signal drives
the laser diode employed in the optical pickup 51 to
generate a laser beam.

The photo detector detects information conveyed by
the laser beam reflected from the recording face of the
bptical disc 1, converts the informétion into an

electrical signal having a magnitude determined by the
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recei ving devices formng the photo detector into a
vol tage, and supplies the voltage to the matri x-
processi ng/anplification circuit, which carries out
matri x processing on the voltage to generate necessary
signals. The signals generated by the matrix circuit
54 include a high-frequency signal (or a
reproduced-data signal) representing reproduced data
as well as a focus- error signal and a tracking-error

$ignal quabtchyape tRedreflesesd Ol £9081 riobam! anadshibpoies
the matrix circuit 54 also generates a push-pul

$henal c8racsi 992k EPEESENhd 8 £ hei oDt | gy, state of
a groove, that is, a signal representing a result of

det ect ik Qfs e Wobhling st dlgpdilsdss 4 Glia-ditRbltage
that the matrix circuit 54 is enbedded in the optica
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generated by the matrix <circuit” 54 1s supplie
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ERECALARPALRLE PUIBLLPS Lo S50 4 PULL s Ml
SUPRL) £ 0ROk Sl LA, ShoThe et L e,
ggléggé?dggg ggégl£§gdt€gtv£{égge 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-frequency signal (or a reproduced-data
signal) representing reproduced data as well as a focus-
error signal and a tracking-error signal, which are used
in servo control. |

In addition, the matrix circuit 54 also generates a
push-pull signal as a signal representing the wobbling
state of a groove, that is, a signal representing a
result of detection of the wobbling state.

Tt 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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pit marks on the optical disc 1 and supply the data to
a nodul ati on/denodul ation circuit 56. The processing

i ncludes a binary conversion process performed on the
reproduced-data signal. In addition, the reader/witer
circuit 55 also carries out a reproduction-clock
generation process using a PLL to generate a
reproduction clock signal. The

nodul ati on/ denodul ation circuit 56 has a functiona
fenbereseoyi agd asrackiongderrdors tevald ngendatetty the
reproduced fromthe optical disc 1 and a functiona

netbexr serying B8 are esopslkied oro encoshing ciate@uiiio dle. The
recorded onto-the optical disc 1. As a decoding

puoEeps1lf oighal egendst é@bPPEi@tmdit heircuit 54 is
nmodul ati on/ denodul ation <circuit 56 carries out

anguh 8k 0fo P5 0REISIS1 A0 Pfci i 54 ength linited codes on
the basis of the reproduction clock signal. An
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out an ECC encodi ng process for adding error 37
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SCr anbl e process as ~processing
S 5, D50 PUBASBL G057 LA £CC R0y gess
ggéfﬁ ggaéqggnggyaConversion process performed on the
reproduced-data signal. In addition, the reader/writer
circuit 55 alsc carries out a reproduction-clock
generation process using a PLL to generate a reproduction
clock signal.

The modulation/demodulation circuit 56 has a
functional member serving as a decoder for decoding the
data reproduced from the optical disc 1 and a functional
member serving as an encoder for encoding data to be
recorded onto the optical disc 1. As a decoding process
for a reproduction operation, the modulation/demodulation
dircuit 56 carries out modulation prodessing of run
length limited ches on the basis of the repréduction
clock signal.

An ECC/scramble circuit 57 is a component for

carrying out an ECC encoding process for adding error
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result of a denodul ati on process carried out by the
nodul ati on/ denodul ation circuit 56 is stored in a
menory. Then, the ECC/ scranble circuit 57 carries out
the de- scranbl e process and an error
detection/correction process on the stored data to
gener ate reproduced data. The ECC encodi ng process and
ECC decodi ng process carried out by the ECC/ scranble
circuit 57 are each processing for the LDC format
usirte cthenRScReedn&oh osonimbiedproeéesred & orascotding
af orenenti oned RS (248, 216, 33) having a code |length

- 8be248icdat arwfa 246 asuh e tbst apeeat Ddn 33n Dai@ other hand,
decoded by the ECC/scranble circuit 57 into

LeRr eeduoed dabaci 8118aHt 05y BRIrQUEPYLLLY @ehoStamble
apparatus not shown in the figure as the reproduced
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ontroller 60. Exanples of the host apparatus are an
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%Een, the ECC/scramble circuit 57 carries out the de-
scramble process and an error detection/correction
process on the stored data to generate reproduced data.

The ECC encoding process and ECC decoding process
carried out by the ECC/scramble circuit 57 are each
processing for the LDC format using the RS (Reed-Solomon)
code referred to as the aforementioned RS (248, 216, 33}
having a code length of 248, data of 216 and a distance
of 33.

Data decoded by the ECC/scramble circuit 57 into
reproduced data is read out and output to a host
apparatﬁs not shown in the figure as the reproduced data
in accordance with a command issued by a system
~controller 60. Examples of the host apparatus are an

apparatus and a personal computer, which operate as an AV

(Audio-Visual) system.
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ADI P address. The wobble circuit 58 then supplies the
data streamto an address decoder 59. The address
decoder 59 decodes the data stream supplied thereto

in order to obtain the value of the address and

out puts the address value to the system controller

60. In addition, the address decoder 59 also carries

out a PLL process using a wobble signal received from
the wobble circuit 58 to generate a clock signal and
suppl i eehé¢ heush-gokl i gitplalt ouwither gonpenemty iforcircuit
exanple in a recording operation as an encodi ng cl ock
sugnal a kNgaAlopelatéantboaresbptidat aroove dfiethe -
optical disc 1, data to be recorded onto the optica
dbs€cali iskr @n%e@fséeég@aﬂ anhesé wppplat gsrcdbe @t aThe
to be recorded is stored in a nenory enployed in the

EGchspriambkeghhiclbhvayiag ApbHf{gfordhe: EOU scsapPéetred

circult 57 processes the data stored in the buffer as

dat Asko mBSuiSEE%ngnQngﬂwlﬂ8d893t£é£ Hké@e%s@g in the

carryl ng out encode processi ng i ncl ud Ing a
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to the,d The .d I
éﬂig EﬁrsgaSS%atvﬁoabloe IR AR Gl S e
lied to %he nDd at|on/de duI ion circuit 56 to

uBFEE?@d P02l 2AdHGFaL fore ?50 5 adopting an RLL

(1 7) PP nmethod. The
: The address decoder 59 decodes the data stream

supplied thereto in order to obtain the value of the
address and outputs the address value to the system
controller 60. In addition, the address decoder 59 also

carries out a PLL process using a wobble signal received

" 'from the wobble circuit 58 to generate a clock signal and

supplies the clock signal to other components for example
in a recording operation as an encoding clock signal.

In an operation to record data onto the optical
disc 1, data to be recorded onto the optical disc 1 is
transferred from a host apparatus. The data to be
recorded is stored in a memory employed in the
ECC/scramble circuit 57 as a buffer. The ECC/scramble
circuit 57 processes the data stored in the buffer as
data to be recorded onto the optical disc 1 by carrying

out ECC encode processing including a process to add
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nodul ati on/ denodul ation circuit 56 then supplies a
result of the nodul ation process to the reader/witer
circuit 55. In the recording operation, a clock signa
generated fromthe wobbl e signal as described above is
used as an encodi ng cl ock ‘signal, which serves as a
reference clock signal for the encode processing
descri bed above. Data produced by the encode
processing as data to be recorded onto the optica
8- 86r lcbBrseppbh edodl@s the theadkerd Wwa t st rams el prdiedo
be subjected to recording conpensation processing
ARGl MObREcasE i B8 Ad UShiRddde P OE ESFe L1 etes NEle data.

recordi ng power optinmumfor recording attributes and
A Pr QLS5 Scbfp BEE U8E tHe Meyelidle Wrd Asesim | Mecluding
pul ses. The recording attributes include

r L8 i he, r ' Y, t he shape of
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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 zbove.

Data produced by the encode processing as data to

be recorded onto the optical disc 1 is supplied to the

reader/writer circuit 55 to be subjected to recording
compensation processing including a fine adjustment
process to determine a recording power optimum for
recording attributes and a process to adjust the waveform
~of laser drive pulses. The recording attributes include
characteristics of the recording layer, the shape of the
laser-beam spot and the recording line velocity. A result

of the recording compensation processing is supplied to a

laser driver 63 as laser drive pulses.
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It is to be noted that the |laser driver 63 includes

an . APC (Automatic Power Control) circuit for
controlling the power of the output |aser beamto a
constant value independent of surrounding conditions
such as the anbient tenperature while nonitoring the
power of the output |aser beamon the basis of an

out put of the photo detector enployed in the optica
pickup 51 as nmeans for nonitoring the power of the

| aser bgamidder sysiwm EOHUpleds Ghepriaddtesdtiarggiulses
val ues of the laser outputs for recording and

eeprpduchbep gpeyat EaPsoyaldihhend eygt scaPfpibrRup aSEras a
out puts for recording and reproduction operations are
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circuit 61 is a conmponent for generating a variety of
% [ .

SFLuBgfELees, Suoke bOgk Lp.Locks: ioekiBY clptbpicar

LLor.sign ecej t ' ' ]

Bh B Sh" B R P O e TR L LTS on
rvo circ i&.Gl enerates the focus drive signal and

fﬁ g ﬁg arfv “signal in

g PPhek? accordance with the
focus-error signal and the tracking- error. si |,
r espect?fvellsy,t%[}iepd'toﬁ‘ﬁﬁg tteq’?é" ftgieug R/éﬁflé’leg%&% amgludes
the tracking drive_signal to the optical _pickup 51 as
anghBF s (RBFOBRFHF nBoYes ferR Rty Gl ¥oetls for controlling

the power of the output laser beam tq a constant value
independent of surrounding conditions such as the ambient
temperature while monitoring the power of the output
laser beam on the basié of an output of the photo
detector employed in the optical pickup 51 as means for
'monitoring the power of the laser beam. The system
controller 60 provides target values of the iaser outputs
for recording and reproduction operations, and the levels
of the laser outputs for recording and reproduction
~operations are controlled to their respective target
values.

A servo circuit 61 is a compconent for generating a
variety of servo drive signals including focus, tracking
and sled drive signals from the focus-error and tracking-
error signals received from:the matrix circuit 54 to

carry out servo operations.
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coil and a tracking coil, which are enployed in the

two- shaft nechanismin the optical pickup 51. Thus,

the optical pickup 51, the matrix circuit 54, the

servo circuit 61 and the two-shaft nechanismforma
tracking servo |loop and a focus servo |oop. In
accordance with a track-junp conmand i ssued by the
system controller 60, the servo circuit 61 turns off

the tracking servo | oop and outputs a junp drive

signal Thetdisveotdeyoptheadeprekerdiit sk areneites the
junp operation. In addition, on the basis of

irpokmatiioe sighadsadd shedtehERingl @Rake0bighaedias a
| owfrequency conponent of the tracking error signa

akeoreEaSe %&%ﬁukh@nféeﬁéﬂékroirQﬂ?h@@ S¥8UERE tracking-
controller 60, the servo circuit 6 generates a sl ed

drive signah fac driyingya ﬁh@?utﬁ?ﬁ aphs M 33us 181 ve
sl ed 5 a ﬁec a

mechani sm 53 "has nism conprising a main

S15F 3500 DR PRk BB, 28,0, spefoet o

ropagati on gear: ve 4
§r5 Sioqd! SYoMRLET AL 8L10eateagRLLERL P, okUPy sl
mechani sm of the.sled mpchanism 53 is npt shown in the
PG hr BhS L rRARE ECr b Lol TRUED 85° cSBBAPESS chh 07 16
ég% %emgggaggggdgg Eﬁgcgpgfcg{ Sig%g% g?? %ﬁﬂﬂgl%he
optical pickup 51, the matrix circuit 54, the servo
circuit 61 and the two-shaft mechanism form a tracking
éervo loop and a focus servo loop.

In accordance with é track-jump command issued by
the system controller 60, the servo circuit 61 turns off
the tracking servo loop and outputs a jump dfive signal
to drive the optical pickup 51 to carry out a Jjump
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 a main shaft for holding the optical pickup 51,

a sled motor and a propagation gear. The sled drive
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circuit 62 obtains a clock signal generated in PLL
processing for the wobble signal as information on the
present rotational speed of the spindle notor 52 and
conpares the present rotational speed with a
predeterm ned CLV reference speed to generate a
spindle error signal. In an operation to reproduce
data fromthe optical disc 1, a reproduction clock
signal generated by a PLL in the reader/witer

@lilgRuilt 423 vieeprasentiedt hetpresentlideathenaptspaedptkup
the spindle notor 52. The reproduction clock signa

i53 dvelroek reiggRzeduagdtanca. ref efenes b Kleeddechat the
processi ng. e reproduction clock signal can also be

%%@E%h%@meEhtﬁeP%QgetﬁéﬁhﬁﬁQsﬁLy%hﬁgfﬁb?ﬂ%ﬁoﬁﬁeﬁﬂ t8e
en,

generate a spindle error signal. e spindle

§8L@eCircuit 62 outputs a spindle drive signa
ac orging to the spindle error signal to the spindle

at the ALtPLiSl Y Cethi PPLREN A B i &f e it 68
indl ki ck/ br.ak t ' d_ b
ZSLRE Ry CBEnePORTer BOCOFne2spr vl CLler viire: TRARd (€ porvo
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i ncl ude ,operations to _start, stop, accelerate and
BECEFEFraPE £RE §PPnUPRPABt §tgnal 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 c10ck 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 sexrvo circuit 62 cutputs 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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52. The systemcontroller 60 based on a m croconputer
controls a variety of aforenentioned operations of the
servo systens and the recordi ng/ reproducti on system
whi ch are described above. In accordance with comrands
received froma host apparatus such as an external AV
system the systemcontroller 60 carries out various
ki nds of processing. For exanple, in accordance with a
wite conmand received fromthe host apparatus, first
of allIntaddsysdem tondcobtdindd wilesa t hieimopte cal
pi ckup 51 to an address at which data is to be
Wiiclid/@ta@et echliecloptighall grs@utedThenththeystem
ECC/ scranble circuit 57 and the
Reitiratiier/ denpdukatbender edirtooBieanty 6ot geneedees a
processi ng descri bed above on the data received from
ke nd@¥t 8-k AYq¥st ¢dr Eééﬂ?hﬁ% ehitt B?egéﬁﬁoﬁéepn the
video and audi o data generated by adopting a variety
et ho u a e NMPE; ﬁﬁﬂﬁﬁﬁﬁ
% é@égdgﬁf\%ﬁii fggr' STCIF‘?C% 55 %%%B%?%l‘%:%er ri vie(yns £o
l.ses es ' dat. r r o)
PeiSs PEBprorEkL b ep, dinsak et Graley €ER PRl notor
gge data at the address. For exanple, if a read
rmand requesting a transfer of data recorded on the
optical_disc 1 to a host.. app tus is received from
Uhe hosTIepPer SRS Qticre LS hre) BATRhA™ A/ Tysekasarbiter

first of all, the systemcontroller
contro?s a vargety g% aforementioned operations of the

servo systems and the recording/reproduction system,
which are described above. In accordance with commands
received from a host apparatus such as an external AV

system, the system controller 60 carries out various

"kinds of processing. For example, in accordance with a

write command received from the host apparatus, first of

al;, the system controller 60 moves the optical pickup 51
to an address at which data is to be written onto the
optical disc 1. Then, the ECC/scramble circuit 57 and the
modulation/demodulation circuit 56 carry out encode
processing described above on the data received from the
external AV system. Examples of the data are video and
audio data generated by adopting a variety of methods
such as the MPEG2 method. Subsequently, the reader/writer

circuit 55 outputs laser drive pulses representing the

44



60 controls a seek operation to a target indicated by

an address specified in the read command. That is to
say, the systemcontroller 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 conmand. An exanple of the data recorded on the
optical disc | is MPER data. Then, the system
cdantr aldl e Gecoederdobstopehat bphdcallediiscedl to the laser
‘transfer data of a data segnent indicated by the

agddress 630 tbherexkernal dAVasyst eAe. adbaksks to say,
data is read out fromthe optical disc 1 and subjected

to Pfopéﬁséﬁamﬁy@h.ﬁﬁzﬂ&&&ﬂﬁ_éﬁﬁhiﬁdfﬁ§Qﬁgbﬂ&' egses
carried out in the reader/witer circuit 55, the

QQQHEQEEOB&d@gQQUE@EBQHeSiBEUEEe5§p€@ga1h§isc 1 to a host
ECC/ scranble circuit 57 before being transferred to
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ata-recor ata-repro ng operations,
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servo circuit 61 to drive the optical pickup 51 to carry
cut an operation making an access to the target indicated
by the address specified in the read command. An example
of the data recorded on the optical disc 1 is MPEG2 data.
Then, the system controller 60 controls operations
reguired to transfer data of a data segment indicated by
the address to the external AV system. That is to say,
data is read out from the optical disc 1 and subjected to
processing such as decode and buffering processes carried
out in the reader/writer circuit 55, the
modulation/demodulation circuit 56 and the ECC/scramble
circuit 57 before being transferred to the external AV
system.

It is to be noted that, in these data-recording and

data-reproducing operations, the system controller 60
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performng a disc evaluation process. For exanple, the
di sc drive apparatus inplenented by the enbodinent is
installed at a location in a nmanufacturing line to
produce discs as an apparatus for carrying out a disc
eval uation process of the discs as part of inspection
processing of the line. In this case, the optica

di scs produced are the wite-once discs inplenented
by the enbodinment. In order to evaluate an optica

diont rodat acicesswsi bhadnthet datherdicsedifheandt Hetdat a
is read out from the disc and an error rate is
regsuHadingubpequeibhy, bg usesayl bnohDibeaadakbyat Hobetsed
output as a result revealing whether or not the error

b @ heS RAURs st AeodeRldErod kD addfuedetgmided in a BIS.
value. In the reproduction operation, the

ECC scranblecki & Coi §c Sdr PHOAUGESr 20 € Mo @ €a- MU SMing
is then conpared by the systen1contro||er 60 with the

BBédGE%EHEQ§§o&ﬁEFﬁg 3E3r5€§5hg abntBE €QUPRLLSE t'é? the

output to t ost apparatus as the resu

ép%légle&§ Haﬁ'gﬂdrﬁﬁg hB rQEugklgr g? %%&Puatlon

al ua roceSS|ng
car,ft. isc..drive apparatus

g %GSSIH ¥
EEPpad a809és e&%%F% ﬁ%ﬁ B§°F8?%rr|ng to a
flowcharte shonn {0 FLg Mo 10 A Prosess O, inplenented

nanufacturl
by the embodlment 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

'1mplemented by the embodiment.

In order to evaluate an optical dlSC, data is
written onto the disc. Then, the data is read out from
the disc and an error rate is measured. Subsequently, a
result of the evaluation is output as a result revealing
whether or not the error rate is equal to or smaller than
a predetermined value. In the reproduction operation, the
ECC/scramble circuit 57 produces an error rate, which is

then compared by the system controller 60 with the

predetermined value. The result of the comparison is

output to typically a host apparatus as the result of the
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| ot can be considered to have about the sane
characteristics. Thus, only a predeterm ned nunber of
discs is extracted froma |arge nunber of discs made
at the sanme manufacturing | ot and subjected to the
di sc 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 rsveaubhedannokher dits cstlits eofipplas afllisc.
Then, for exanple, when a host apparatus issues a

6OMB KL tlyd e st emcdiald er 60 as a conmand
requesting the systemcontroller 60 to carry out the

di sc evgd diatdo u A RGE S b sdiliRy RIAGESH Mt by the disc
represented by the flowhart shown in Fig. 10 is

§%§%EGQ%%§P§t££0&QQé££b géﬂév@”i@ & 51 £MEI0y Aeferring

system contro carri'es out an
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optica roces 47 to re
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his “recor

‘£ﬁerat|on data witten %§$ be squlled from

b fidtPapparat 98 Thohatey Sumari AR 57 or
the system control |l er 60 generate data pattern
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t he
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

mtewthe.Systemmcontroller_ﬁotasWaacommandwrequestingwthe””mmwm_“m_mm_é

system controller 60 to carry out the disc evaluation
processing, the processing represented by the flowchart
shown in Fig. 10 is started.

The flowchart begins with a step F101 at which the
system controller 60 car;ies out an operation to write a

cluster (or a RUB) onto the optical disc 1 as a process
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ECC/ scranble circuit 57. By execution of the contro

of the step F101l, the processing of the recording
systemis 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 determ ne
whet her or not the RUB has been recorded onto the
optical disc 1 correctly ‘and properly. If the RUB has
been recorded on the optical disc 1 correctly and

poopeebyd kheihbdw WiitbendREBB ofval datéO8rPingesshdly of
then goes on to a step F103 to determ ne whether or

88t appiesesgite 1ecord D0 sintstdtted (1Hatl 00 RuBs)s
onto the optical disc 1 has been conpleted. |If the

PERGEASnL00pEEQE dohN1eadBl ebUSLENS; AR bR HOPLAGE e

disc 1 has not been conpleted, the flow of the

mﬁ%“%éoﬁog{:o&gﬁék&@ugo% Pﬁ&kEé@/éé‘farﬁleé’ g%P&uf‘E 57 or

Ich contro agal n executed to carry out
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foll owi ng_an_ al ready recorded sin Ie witten RUB. To
ble SFEPi Rkt afle BEOGSPILRAH et i EFCHYAIRT FYFiRm is
to Figs. 7A through 7C,_the next single witten RUB

FarFEedr el Lo ¥eCeR® } URUB ronberidil Wettabpiiic the

guard G3 of the
The flow of the disc evaluation processing then

goes on to a step Fl02 to determine whether or not the
RUB has been recorded onte the optical disc 1 correctly
and properly. If the RUB has been‘recorded on the optical
‘disc 1 correctly and_properly, the flow of the disc
evaluation processing then goes on to a step F103 to
.determine whether or not a process to record 100 clusters
(or 100 RUBs) onto the optical disc 1 has been completed.
If the process to record the 100 clusters onto- the
optical disc 1 has not been completed, the flow of the
disc evaluation processing goes back to the step F101 at
which control is again executed to carry out an operation
to write a next cluster ({(or a next RUB) onto the optical:
disc 1 as a process to record a single written RUB onto a

recording track of the optical disc 1. It is to be noted
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al ready recorded single witten RUB. That is to say,

the systemcontroller 60 records the next single
witten RUB in an area starting at the address of the
guard G3 of the already recorded single witten 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 | with the run-in

of a presently recorded RUB overl apping the guard G3
ahatthe irsithg eamdridien BYBraedendedal mewdi atiehYe written
before. If the determ nation result.produced at the

RUgp 1sFHZoreerlag bhahyaiBEYB hasafabnbeentrgeeude
onto the optical disc { correctly and properly before

EQQlBMQ%ﬁs%n %Qr%%@9r§eé99d893§1 fpte theterhi &k, diBe put
has beén conpletéd, the flow of the disc eval uati on
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Grany netonata, pingle et EhRucRbBl FESH s fa sy the
out ut. Then, _.the execution of the disc. eval uation

FYSEEUSCRETESL4RTR] FPCPRES pFBBeRERgSEBIL BCBF YT EERNRUB

of the single .
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
:wa_presently recorded RUB overlapping the guard G3 of the
éingle 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 recoxrd 100 RUBs onto the optical disc 1 has been
completed, the flow of the disc evaluation processing
goes on to a step F108. Assume for example that, in an
~operation to record a single written RUB, the recording
operation cannot be carried out normally due to an

abnormality of the tracking servo or the like. In this
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witten RUBs onto the optical disc 1 has been

continued normally till conpletion of the processing
to record 100 RUBs, on the other hand, the flow of

the disc evaluation processing goes on fromthe step
F103 to a step F104 at which the series of recording
operations each carried out to record a single

witten disc onto the optical disc 1 is ended. Then,

at the next step F105, the 100 recorded clusters are
cepepdunedffiowmtheheptiisal edasealiandpanice SERM G syodo| on
error rate) is neasured. That is to say, the system

¢ophr ehbest8f RTORI t6StRE Steprrioseadbiiai cedady the
ECC/ scranble circuit 57 in the process to reproduce

eﬁrB@u&QQoﬁ' vekere {remibengpthsel tHésspdicdhedistéhe is a
flow of the disc evaluation processing goes-on to a

BLEP4T106; at WhLEh t R SER die camRaledbidd i disc

predeternined value used as a criterion. Typically,

EDE1uGEIbAT pOBYRLIS,| PoSERRY. 2 X 10-4. I the SER

0€S no cee crlterlon val ue, the opt|cal di sc

Lis evelual sas g, reoqidiong Tdia o d fofhSing1e

opti cal™di sc

the fact that h d 2
SEABEAS RuBY vt ofSt nePhrcel "Gsr Rlada%ﬁ% %%’%%Séér?ﬁmed
Srrert huaPalt st he Lt s pEULET RHoRSSsHIS oHt | ERTOH shO

1 has been determned to be good recording nedia
BEB8r eoRhBhexeeleT opedi- t e gf kew 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 tolsay, the
system controller 60 acquires an error rate obtained by
~the ECC/scramble circuit 57 in the process to reproduce
the 100 clusters from the optical disc 1.

Then, the flow of the disc evaluation ?rocessing
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 1 is

~evaluated as good recording media. If the optical disc 1
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eval uati on 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 nedi a

is output to reveal that the optical disc |I has been
determ ned to be bad recording nedia before the
execution of the disc evaluation processing is ended.
The di sc eval uati on processing described above is :
dar eiveduetiedt eseyabdamedtiheagqueakitignofbdopyi the faststhat
made at the manufacturing | ot and reject bad

phed $ERS dogbahotsexteedag, xi 10& /t caekifigws erfvahies disc
affected by the recording nedia in an operation to

eRe0idtacAeytoBUBsOAfogble BRAEE awstbpt FeQTuAti AhoEh an
the next RUB overl apping the guard of .the

bm@h@&@hyr@é@@@dbﬁgoﬁtﬁeah5e@9yoﬁ§§95d@e p8vEAE that
medi a, for exanple, the flow of the disc evaluation

EE%C% %&89198§§c0@ hEOMEBR §E€Qrﬁiﬁgdt90tﬂé §teq F108

an evaluation result of medi a i s” out put

@E@o‘rg na”ﬁggi‘?' BeEEFECLAM- oRd h&@ﬂdb%'ﬁ’ﬁe &hec

recor epr oduct 1 on qua Ities o recordi ng

”%gi%a% nPg sualuaf £d; By, AEGSU dif_“gcth SER Oet%creaetc?s YPhre

UCt on operation carrie
SRSLALLSIe REGD Lol TR ocesni e, %%ékaggér Pspig"
t?etggadlsgfeggfulgygglgigé sg£§geg$gg 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 isl
to say, 1f a tracking servo is affected by the recording
media in an operation to record a next RUB onto the media
with the run-in of the next RUB overlapping the guard of
the immediately preceding RUB already recorded on the
media, for example, the flow of the disc evaluation
. processing goes on from the step F102 to the step F108 at

which an evaluation result of NG media is output and the

media is rejected.
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al ready recorded on the nedia. If the neasured error
rate of the recording nedia does not neet a standard,
the flow of the disc evaluation processing goes on
fromthe step F106 to the step F108 at which an

-eval uation result of NG nedia is output and the nedia
having an insufficient quality can be rejected. On
the top of that, if the recording nedia has a bad
effect on a tracking error in the overlap area, for
exanpl gn adiiadlen,t raekinmgeeing aathatepedesttdon shed
in the reproduction operation. Thus, also in this

%@é_ﬁitié@ offegsdll e eF d Diig rmd @i HDf cdhebe e tiaigedragt a
oes not neet the standard either and, by the sane

hOk8hrihfeah | OWOF rdhe o & LU SRIEOTOR SS@ESE Tsh
goes %% r%nwthe st%p F106 to the step F108 at which

éﬁ%ﬁ?ﬁé@%uﬂt ORrEE Ut e NG ¢ IR Bed Sh PU P rR0d dd&recora |

~having an insufficient quality can be rejected.

ARGF B i | o N B 1 Gt B Sort Tt ol P RO
R AN e R e B
PRSP ETe . SR | 1 TR RSeEn el Grégy Tate
RarHEy ST s BT RS dT 04 i S i ov
ég {ﬁgQéfsg'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 reproductign operation. Thus, also in this case, the
measured error rate of the recording media does not meet
the standard either and, by the same token, the flow of
the disc evaluation processing goes on from the step F106
to the step F108 at which an evaluation result of NG
media is output and the media having an insufficient
gquality can be rejected.

In this Way, bad optical discs made at a

‘manufacturing lot can be rejected so that only good discs
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next RUB onto the disc with the run-in of the next RUB
over | apping the guard of the imedi ately precedi ng RUB
al ready recorded on the disc. In the follow ng
description, an operation to record a next RUB onto an
"optical -.disc with the run-in of the next RUB

overl apping the guard of the inmmedi ately preceding
RUB al ready recorded on the disc is referred to
sinmply as an overl ap- recording operation. Thus, a bad
epthcahdilcgtedanyban eepbetebomndesnly gbodKopedtalcan be
di scs can be presented to the user. That is to say,
shiypgdodsopgiscal ofli sles mieufsdt ppech asodi scs, which
each do not raise a problemeven if the recording

met hod iretiiengdde gfuny ivriafe-tdieenexiti dAIB divwey | ap the
guard of the imedi ately preceding RUB already

I RS 0EHEAL EACH O EXaPb&sm&ht | e hath Pttt €abd dis€scan
are a disc showing a sharp reflectivity difference

Séuéw‘?QlQé{té&CQnéleVfé ' H@@séﬁ&}?é d&@gd@@@fxﬁ‘iﬂlé’ntl?@dq@fallty
|sc causi ng an instable tracking servo due to for

Jsewl“b Qﬁvg%ecﬁ;{§ o Pf o SRMRYESh L £OL G NG | AYESrd a

t|ng such an overT ap-recording operation.

Tg)y\?e%lj%sérﬁtgoﬁéb £sc L9 AT SHE f‘t?r?bir? QPeEr?é | 90 Ay
gawilite once di'sc a oW ng

SHSTL P L S50LA 0,900 L0, 0 ERLT LS4 ks o
Siradl e phandrol e ¢ oz %L .Iﬁs%@aptfeﬁ% G8s means
description, an operation to record a next RUB onto an
optical disc with the run-in of the next RUB overlapping
“the guard of the immediately preceding RUB already
recorded on the disc is referred to simply as an overlap-
recording operation. Thus, a bad optical disc can be
rejected and only good optical discs can be presented to
the user. That is to say, only good optical discs are
shipped as discs, whiéh 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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can be stated in other words that nedia specifications

of . the overl ap-recording portions do not have to be
prescri bed. That is to say, since nedia specifications
concerning nulti-time recording of a wite-once

optical - disc do not have to be defined, it is

possible to avoid difficulties of defining nedia
specifications of the wite-once recording nmedi um

wi t hout increasing the degree of difficulty or

siugpl iagi oyeaflapheedeosdgnganteragiohact Unisg of idepossible
recordi ng nedia and the recording/reproduction

appasaturs. stheleedparaspenisf odati egstenclhindegj at wedte—

val ues including values of binary data jitters and
bepeodicid anlekoal pht beeslapheecdeging opeppdibat tonbe
the anplitude of a push-pull signal and other

guaRtiicld e%t . Then degdeei &, modl aitonchst defd neshd astate of
the anplitude of a post-recordi ng reproduced signal to

bhe rampl-irdeedeqehgpBEeioh8CEdiRe 8pgnaki ASsdeseri bed
above, "in this enbodi nent, the system controller 60

g%%ggﬁﬁﬁgg;b?oéggfgg§gg§hggaﬁreﬁsﬁgﬁeioﬁggrééeéé cans or

wever , at t di sc rive

?BB%@F %%Fl‘t?g)ﬁ iy 38F88£F’HB:?QSE‘E%:”(@%H‘?%'eﬁﬁééfficéé‘lﬁ% of

0 typica a host  apparati conpar es
TS Beb g EOBL AL B LTI AP GRS
Skggégg ie\c/i?’ %Ipaet niusrregci Csaa{y,vasljl_'lr?ceg fmet 1ea Sé%%cllt ieclgtiiosns
concerning multi-time recording of a write-once optical
disc do not have to be defined, it is possible to avoid
difficulties of defining media specificatiéns of.the
write-once recording medium without increasing the degree
-~ of difficulty or simplicity of the design and
ménufacturing of the recording media and the
‘recording/reproduction apparatus. The media
specifications include jitter wvalues including values of
binary data jitters and reproduction-clock jitters, the
degree of modulation, the amplitude of a pughnpull signal
and other gquantities. The degree of modulation is defined
as the amplitude of a post-recording reproduced signal to
the amplitude of a pre-recording signal.

As described above, in this embodiment, the system

controller 60 carries out a determination process at the
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di spl ayed on a nonitor apparatus and an operator
checks the displayed value to forma judgnent as to
whet her the optical disc is a good or bad disc. In
addi tion, the disc evaluation processing |like the one
represented by the flowhart shown in Fig. 10 can

al so be carried out by a recording/reproduction
apparatus owned by the user. On the top of that, the
present invention can be applied to a system using
vatiape Fdfige discsshhvi hg notedri boyevér: ypegtothe disc
write-once nedia of another type. 55 WHAT | S CLAI MED
I&ive appesadnd mgymedisemeenalutaino ISERet(sythbbdr error
recording data onto a wite-once recordi ng nmedi um
aldtew @ 2Jicd @Ala 20 e tr egppaded ushewddrh mhehockmpares
units each including a nmain area and |inking areas,
SHed sSHReGARU BRI pFRdict@reM ladaicraf efB bROE oC aRREkalinE
the steps of: recording said block units onto said

Wt ¢Be LHRAICHING iFRdiiumW g%dsatrdblaun@lga .ar £8San
over | appi ng each other; reproducing said block units

a%%&%f%@l% saihd o 5&%‘%&@' 210 (3HGR: oFERRM! BEQ 3R 580k s
rate of said reproduced block units; and

displayed on a monitor apparatus and an operator checks
.the displayed value to form a judgment as to whether the
optical disc is a good or bad disc. |

In addition, the disc evaluation processing like
the one represented by the flowchart shown in Fig. 10 can
also be carried out by a recording/reproduction apparatus
owned by the user.

On the top of that, the present invention can be
applied to a system using write-once discs having a

variety of types or write-once media of another type.
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determ ni ng whet her said wite-once recording nedium
is a good or bad recording nediumon the basis of a
result of said neasurenent step of neasuring said
error rate. 2. A recording-nmedium eval uati on met hod
according to claiml1, wherein said determ ning step
conprises determning that said wite-once recording
mediumis a good recording mediumif said error rate
neasured at said neasurenent step is found to be not
$Hadt 6 ChAAMED gbedet ermi ned value. 56 3. A
recordi ng/ reproduction apparatus provided for a

wri t e- ohee & esratidigiareidimmaldvadiveg idat anettdidse for
recorded thereon in block units each including a main
aeeardidgl dakiengnépeaswriaedoneeordcngtlepr mdddtimon
apparatus conprising: a recording/reproduction unit
Batlowengr datig saitd tbl bekrenbrde@nthesabd Whi beoeRCanits
recording mediumw th said |inking areas overl appi ng

each ehbeundand hephodusirBE adat aihkoAySakda¥ri tai@nce
recordi ng nediunt a control unit for controlflng sai d

ﬁ:@ea&ehﬁg%ea&aﬁluetra@aaumbh ﬁl@tﬁ@@oﬁgmﬁﬁhglmgoﬁﬁeUBtEﬁs
onto sal wite-once record I Ng mediumwi th said

Lirnki ng areas overl appi ng each other and reproduce
said recorded block units; and

recording said block units onto said write-once
recording medium with said linking areas overlapping each
other;

reproducing said block units recorded at said
recording step;

measuring an error rate of said reproduced block
‘units; and

determining whether said write-once recording
medium is a good or bad recording medium on the basis of
a result of said measurement step of measuring said error
rate.

2. A recording-medium evaluation method according
to claim 1, wherein said determining step comprises
determining that said write-once recording medium is a
good recording medium if said error rate measured at said
measurement step is found to be not greater than a

predetermined value.
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a nmeasurenment unit for nmeasuring an error rate of

said block units reproduced by said
recordi ng/ reproduction unit. 4. A
recordi ng/ reproducti on apparatus according to claim
3, further conprising a determ nation unit for
determ hi ng whether said wite-once recordi ng nedi um
is a good or bad recording nmediumon the basis of a
result produced by said neasurenent unit as a result
of nmeadurihgreziriigrg/orepradictson apparatus provided for
recordi ng/ reproducti on apparatus according to 57 claim
4, wii¢eeioncsaireécdeténg natiiom adlbwdegedaitaesot hat
said wite-once recording nediumis a good recording
redioweld§ t3@iréosr iar blatk oRassr edchy isailddamgsHr aEEAL
unit is found to be not greater than a predeterm ned

wakde and. 1AnMingeaeaee,r eaeudiregorBdhymr-abkewingidat a
to be recorded thereon in block units each including

apPRiratudl edmpRdskhgki ng areas wherein block units
recorded at physically continuous |ocations on said

Wit €- ONCEe b LERRE e{@&@&%@%ﬁﬁ@%ﬂfé& i ) &85 g

over |l appi ng each ot write-once recordi ng

TR A U108 L1kt o S BLLTEH R i
EgﬁdaifgﬁiggegkgggiQgeLEaSping each other and reproducing
data from said write-once recording medium;

a control unit for controlling said
recording/reproduction unit to record said block units
onto said write-once recording medium with said linking
areas overlapping each other and reproduce said recorded

"block units; and

a measurement unit for measuring an error rate of
said block units reproduced by said
recording/reproduction unit.

4. A recording/reproduction apparatus according to
claim 3, further comprising a determination unit for
determining whether said write~once recording medium is a
good or bad recording medium on the basis of a result
produced by said measurement unit as a result of

measuring said error rate.

5. A recording/repioduction apparatus according to
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recording operation are not prescribed. 8. A
write-once recordi ng nedium according to claimé6 or

7, wherein, after said block units are recorded onto
said wite-once recording mediumw th [linking areas
over | appi ng each other, said recorded block wunits are
read out whereas an error rate is nmeasured, and a
rEsult dof wheasini ngidaddtermomatabe umsl sttt dmmines that
determination of whether said wite-once recording
reedidumr iite-angeodeabriafdgr meof dinngs nedievrl B8cording
medium if said error rate measured by said measurement
unit is found to be not greater than a predetermined
value.

6. A write-once recording medium allowing data to
be recorded thereon in block units each including a main
area and linking areas wherein block units recorded at
physically continuous locations on said write-once
recording medium have their linking areas overlapping
each other.

7. A write-once recording medium according to
claim 6, wherein media specifications concerning
recording and reproduction for areas overlapping in a
" "recording operation are not prescribed.

8. A write-once recording medium according to
claim 6 or 7, wherein, after said block units are
recorded onto said write-once recording medium with
linking areas overlapping each other, said recorded block
units are read out whereas an error rate is measured, and
a result of measuring said error rate is used in

determination of whether said write-once recording medium

is a good or bad recording medium.
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