9 March 2004 1 RECORDI NG MEDI UM RECORDI NG APPARATUS, AND READI NG
APPARATUS BACKGROUND COF THE I NVENTION 1. Field of the Inventd garchimod
- present. invention relates to a recording nmedium and also to a recording
apparatus and a readi ng -apparatus conpatible with such a recordi ng nmedi um
2. Description of the Related Art As a recordi ng nedium a conpact disc
(CD) is known. Various types of CD-format discs, such as conpact disc
digital audio (CD-DA), conpact disc redd-only nenory (CD- ROV, conpact
di sc recordable (CD-R), conpact disc rewitable (CD-RW, and CD TEXT, al
of which belong to the so-called "CD fam|ly", have been devel oped and are

comonl y _ used. R sONb)D WWhialAr NN A ICRRTUS a
WK i te-on(@m#ﬁ@%ﬁaﬁha@ggéﬁ?c pi 3{52?1‘?%3% a recording |layer, and the
CD-RWis a rewitable nmediumusing a phase change technique. On such

CD-format discs, data, such as nusic, video, and conputer data, are

recorded b JF nHePggProni ndexes, and addresses are recorded as
E@%%%garack

. sub-code nunber 1s a nunmber representing a piece of nusic
2 A B Y o, Lo 2 tracke or vaml e, un

The present_inventién relates to a recording medium,
and also tb a redording apparatus and a reading apparatus
compatible with such a recording medium.

Z. Descriptién of the Related Art

as a recording medium, a compacf disc {CD)} is known.
Various types of CD-format discs, such as compact disc
digital audio {(CD-DA),. compact disc read only memory {CD-

‘ ROM), compact disc recordable {(CD-R), compact disc
rewritable (CD-RW), and CD-TEXT, all of which belong to the
so;called "cD family", have been developed and are commonly
used.

The CD-DA and CD-ROM are read only, while the CD-R is a
write-once medium using an organic pigment on a recording
1&yer, and the CD-RW is a rewritable medium using a phase
change technique.

Oon such CD:format'discs, data, such as music, video,
and computer data, are recorded, énd also, track numbers,
indexes, and addresses are recorded as sub-codes.

The track number is a number representing a piece of
music (track). The indexes are units which form a track,

for example, units which partition the movements of a track.



9 March 2004 2 The addresses include absol ute addresses represented by
consecutive val ues covering the whole disc and relative addgess&s2004

- represented in units of tracks (which are also referred to as "prograns"
represented in units of pieces of nusic). Accordingly, by extracting
sub-codes, the absolute. address and the relative address at each position
of a disc can be identified. The address is represented by a tinme val ue,
such as mnute/second/frame. Thus, in 2the CD format, the "time" can be
synonynmous with the "position (address)”, for exanple, the "absolute tine"
corresponds to the "absol ute address". For exanple, in the CD format, the
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address and the relative address at each position of a disc
can be identified.

The address is represented by a time value, such as
minute/second/frame. Thus, in the CD format, the "time" can
be synonymous with the “"position (address)", for example,
the "absolute time" corresponds to the "absolute address”.

For example, in the CD format, the sub-codg address is
represented by minute/sécond/frame, each having eight bits.
Since the eight-bit address is represented in binary coded
decimal (BCD), it can express a range from 0 to 99.
Accordingly, the "minute" can be designated from 0 to 99
minutes. However, the."second“ is inevitably expressed from
O‘to 59, and the "frame" is expressed from 0 to 74 since 75
frames, such as frame 0 to frame 74 are defined in the CD
format .

On the innermost portion of a disc, sub-code
information, such as table-of-content (TOC) information, is
recorded. The TOC information indicates an address

representing the head and the extent of each track. The

content of the address (type of address) can be identified



9 March 2004 3 by point information. For exanple, if the point information
designates a special value, the information described in thgparch 2004

- correspondi ng sub-code frane indicates the start address of each track or
the first/last track nunmber rather than the absolute address or the

rel ati ve address. In recordable discs, such as a CO-R and a CD-RW a
recording track is fornmed by wobbling grooves. The wobbling waveforns of
t he grooves are fornmed by nodul ati ng wayeforns based on the absol ute
address -information, and thus, the absol ute addresses can be identified by
the wobbling information of the grooves. Since sub-codes are not yet
recorded on a disc without recorded data, the address information is read
by the widbbIRHHPr HoGRTHAERCMata is recorded. In addition to the
above-descri bed various types discs, larger
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capacity di scESH AR - d’e‘ﬁs‘?tf‘?/ %?%“%;}%0%'@@95'%%2‘8?;& B25P&cE having a
| it f . wh - physi.cal ch teristi . di ff t, which-
2; ' ref elTRRFIAL atalVig b, FAE i sEgemaliBnofegoribRa” 4B, dShed” The vari ety
th terial nd f] ti f.di,scs, i | ' ' .
Chder t neterterieRdindcRub PR, Aland 186RERCER (he? R SddNEAREE, |

readi 9 PELLRTBNGE F #nb°ERLUk)9astPRAL Rulil:? AN LIRRPAR U5 1

becones ng
absolute address or the relative address.

In recordable discs, such as a CD-R and a CD-RW, a
recording track is formed by wobbling grooves. The wobbling
waveforms of the grooves are formed by modulating waveforms
based on the absolute address information, and thus, the
absolute addresses can be identified by the wobbling
information of the grooves. Since sub-codes are not yet
recorded on a disc witheut recorded data, the address
information is read by the wobbling groove when data 1is
recorded.

In addition to the above-described various types of CD-
format (CD-standard) discs, larger capacity discs with high
density are being developed, and discs having a plurality of
areas whose physical characteristics are different, which
are referred to as "hybrid discs", are also being developed.
The variety of the materials and configurations of discs is
also being increased.

Under fhese circumstances, in order to achieve
sufficient recording and reading'performanCe of a recording

apparatﬁs and a reading apparatus, it becomes necessary to



9 March 2004 - 4 optimze various settings in accordance wth the physical
characteristics of a |oaded disc. For exanple, the servo gaighatR9664

- power, and access range should be optimzed. It is, however, difficult to

sufficiently determ ne the physical characteristics of the individual
discs loaded in a recording apparatus or a reading apparatus. Certain
calibration may be perforned when a disc is | oaded, and even so, it is
still difficult to precisely determ ne yghe physical characteristics of the

| oaded disc. Additionally, since the burden is increased by the '
calibration operation, the anmpbunt of software and hardware nust be

I ncreased, and_ also, it takes a |longer tine-before ar corqggg_or r eadi ng
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recording apparatus or a reading apparatus. Certain
calibration may be performed when a disc is loaded, and even
so, it is still difficult to precisely determine the
physical characteristics of the loaded disc. Additionally,
since the burden is increased by the calibration operation,
fhe amount of software and hardware must be increased, and
"also, it takes a longer time before a recording or reading
operation is started. |

Accordingly, there is still a demand for easy ahd
precise determination of the physical characteristics of
discs without impairing the compatibility with known CD-
format discs or increasing the complexity of hardware and
sdftware used in a recording apparatus and a reading

apparatus.

SUMMARY OF THE INVENTION

Accordingly, in view of the above background, it is an
object of the present invention to easily and precisely
determine the physical characteristics of recording media

while being compatible with various types of recording media



- 5 and maintaining the conpatibility with known recording nedia. In order
to achieve the above object, according to one aspect of the pngsenboos
“invention, there is provided a recording nediumincluding configuration
information recorded therein, the configuration information indicating a
physi cal characteristics of the recording medium On the recording nedi um
a recording track may be forned by a groove, the groove representing
predeterm ned information by wobbling & 4 he groove., In this case, the
configuration informati on may be recorded as information represented by

t he wobbling of the groove. The wobbling of the groove may be obtai ned by
performn he, f; d |.an. - | ati t roove.
AIternatiggpy%aéﬁﬁ%ﬁgﬁgﬁ%gggﬁEgﬂ#gggﬂﬁ¥l%£fé@g?%?%g8Q§rg%kgﬁggﬂgemggrﬁéd by
a groove, and fnpbkdg§ytgeaeh§é§%r@ﬂé.&ﬂbﬁ%ld%g%&f%*ﬁéﬁb?@%&gegoa%ﬁ cent

grooves. In this case, the configuration informtion may ecorded as

| nf or Bt | ApelRDES AL Puldkdlle fidentd &l NRAYE! Yo PRoLRASHEGOT di N

“medium a recording track may be formed by a groove; an enbossed pit

may be preched Ry el SIRIRIdE NS A LAgutdtibh Si6AEmakhibn
configuration informati on may be recorded as information represented by

t he ‘enbosgedopided HhRrAN,i HHAASHE i AL DA O FEYMEL1 HACONELEaitAng a
|.ead-in area formed on the recording nedium 9 March 2004
physical characteristics of the recording medium.’

AOn the recprding medium; é fecoréiﬂg.tréck may be
formed by a groove, the groove representing predetermined
information by wobbling of the groo§e.' In this case, the
configuration information may be recorded as information
represented by the wobbling of the groove. The wobbling of
the groove may be obtained by performing the fréquency
modulation or the phase'modulation on the groove.

‘Alternatively, on the recording medium, a recording
track may be formed by a grooﬁe,'and a pit may be pre-formed
on a land located‘between adjacent grooves. In this case,
the configuration information may be recorded as information
represented by the pit. |

Alternatively, on the recording medium, a recording
track may be formed by a groove, and an embossed pit may be
pre-formed on a predetermined area. In this case, the
configuration information may be recorded as information
represented by the embossed pit.

The configuration information may be recorded in a

lead-in area formed on the recording medium.



- 6 The recording nediummay further include material information
indicating a material of -a recording |ayer of the recordi nggmRgiKshod he
~material information is recorded according to the sane technique as the
technique for recording the configuration information. According to
anot her aspect of the present invention, there is provided a recording
medi um i ncl udi ng nonent-of- inertia information recorded therein, the
nonment -of -inertia information indicatimgg-a nonent of inertia of the
recording medium On the recording nedium a recording track nay be
formed by a groove on the recording nmedium the groove representing

roove.. The nmonent-of-inertia

d I ned Lnf iqn_b bbl i f..th .
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a 1 ecordi pacokhidsly e edaEb Mo GiommaL A, an embossed pit may be
pre-fornmed on a pfedetermned area. In this case, the 9 March 2004

According to another aspect of the present invention,
there is provided a recording medium including moment~of-
inertia information recorded therein, the moment-of-inertia
information indicating a moment of inertia of the recording
medium.

On the recording medium, a recording track may be
formed by a groove on the recording medium, the groove
representing predetermihed information by wobbling of the
groove. The moment-of-inertia information may be recorded
as information represented by the wobbling of the groove.
The wobbling of the groove may be obta;ned by performing the
frequency modulation or the phase modulation on the groove.

| Alternatively, on the recording medium, a recording
track may be formed by a groove, and a pit may be pre-formed
on a land of “Located between'adjacent grooves. In this case,
the moment-of-inertia information may be recorded as
;nformation represented by the pit.
| Alternatively, on the recording medium, a recording
track may be formed by a groove, and an embossed pit may be

pre~formed on a predetermined area. In this case, the



7 moment-of--inertia information may be recorded as information

represented by the enbossed pit. The nonent-of-inertia infor 4,00 be
- recorded in a lead-in area forned on the recording medium The recording
medi um may further include material information indicating a material of a

recording layer.of the recording nmedium The material information may be
recorded according to the sanme technique as the technique for recording
the monent-of-inertia informati on. According to still another aspect of the
present invention, there is provided a recording apparatus conpatible
with a recordi ng nedi um which stores at | east one of configuration
I nformation indicating a,configuration of the recordi ng nedi um and,
monent - - ofOMRBLT P "'FH%&F&& i IR ioh MRy PedrRTRTGrd | deriprtoppathen
recordi ng_nmedi um é%g recordi apparatus includes a determning unit for
det er ni ni RGPPRYERE @Wé% &ﬁgﬁﬁégﬁzﬁlﬁhe recording medium by reading at
| east one of t@ﬁ confi ﬁ [_a%i_on i r11:f.or rr%tfl on _and_ the ment -og -Plc?ert i a
i nf ormati on. A T&cGPYP 5 BontPEE tafi ¢ ;5’5 e &@tyti_ sr&fco._% eddrii ng
operation ording to.th ysi gal [ eristi eterm ned by the
det erm ni %%%glm‘l : a8 fté’lrﬁ'c?\j\%s] qﬂ]gﬁ}eeg;efcqoﬁ%ﬁ{o%éﬁgﬁf%ﬁ. to be perfornmed. The
det erm ni ng “”iﬂﬁ?”ﬁécB?ﬁﬁn@F m %i%h[ %Sr %tuxltlfl%r Q-{)I{l'nﬂﬂé %é@é}iﬁﬁ ormation
and the nonent-of-inertira ~intormatio roma wo I'ng groove Tormed on the
recordi ng ;9 eMoraR 12204 ndicating a material of a recording layer of

the recordihg medium. The material information may be

recorded according to the same technigque as the technique

for recording the moment-of-inertia information.

According to still another aspect of the present

invention, there is provided a recording apparatus

compatible with a recording medium which stores at least one

of configuration informétion indicating a configuration of

the recording medium and moment-of-inertia information

indicating a moment of inertia of the recording medium. The

recording apparatus includes a determining unit for

determining physical characteristics of the recording medium

by reading at least one of the configuration information and

the moment-of-inertia information. A recording control unit

perfofms settings for a recording operation according to the

physical characteriétics determined by the determining unit,

and allows the recording operation to be performed.

The determining unit may read at least one of the

configuration information and the moment-of-inertia

information from a wobbling groove formed on the recording



- 8 nmedium The wobbling of the wobbling groove may be obtained by
perform ng the frequency nodul ation or the phase nodul ationg@gtihggey oove.
- On the-recording nedium a recording track nay be forned by a groove, and
a pit my be pre-formed on a land |ocated between adjacent grooves. In
this case, the determning unit may read at | east one of the configuration
I nformati on and the nonent-of-inertia information fromthe pit.:

Al ternatively, on the recording nedium ga_recording track may be forned by
a groove, and an enbossed pit may be pre-forned on a predeterm ned, area.
In this, case, the determining unit may read at |east one of the
configuration information_and the nonent-of-inertia information fromthe
embossed PPE1UPhe TBE0NEPRE 188N 0 EhEn WOk NE ITAP R (RRE berrRfet pined
recordi ng, head used for the recording operation on the recording nedium
accor di ngP¥oPERE OpMETC dPec FErIieRaYs Moddiladdody AT ddPRIRE det er ni ni ng
unit. The recordin con& ol unit may set servo paraneters of a spindle
~used for HP&V&RS ﬂeopo &Pi§ﬁ°8ﬁerhe recording nedi um according to the

hosi cal characteristies determ ned  be the d ai t ording y
Corcr o unt 1) FoEL A i BRaEpmcte PheS TR AR B

deter”‘”i%grhE%Fb&h% 5%%%%%hn%ﬂ% %?%ﬁ. %%%4be pre-formed on a land

located between adjacent grooves. In this case, the
determining unit may read at least one of the configuration
information and the moment-of-inertia information f£rom the
pif.

Alternatively, on the recording medium, a recording
track may be formed by a groove, and an embossed pit may be
pre-formed on a predetermined area. In this case, the
determining unit may reéd at least one of the configuration
information and the moment-of-inertia information from the
embossed pit.

The recording control unit may set an access range of
recording head used for the recording operation on the
recording medium according to the physical characteristics
determined by the determining unit.

The recording control unit may set servo parameters of
a spindle used for driving the fotétion of the recording
medium according to the physical characteristics determined
by the determining unit.

The recording control unit may issue warning or eject

the recording medium when determining that the recording



9 nmediymis not a suitable recording nedium based on the physical
characteristics determned by the determning unit. In accorgqmﬁaq?%&p a
- mai n-data recordi ng operation performed on the recordi ng nmedi um e
recording control unit may generate mai n-data nanagenent information by
I ncorporating at |east one of the configuration information and the
nmonent -of -inertia information read fromthe recording nmedium and may
record the generated mai n-data nanagen?nt i nformati on on the recording
medi um According to a further aspect of the present invention, there is
provi ded a readi ng apparatus conpatible with a recording nedi um which
stores at |east one of configuration information indicating a
conf i gur alEBRUB ishaote@osiitgbLte de@arHid hrsHbhasRd 191 1 or mat i on
i ndi cating a nonent of inertia of the recording nmedium The readi ng
appar at usPhYRdrade shargstemiistiitg dateaumefotdr khf e igyrinipg unit.
characteristics of the recordinﬂ medi um hy readi ng at | east .one of the
e

configuration Fﬂf@?ﬁﬁ?ﬁeﬂcﬁnﬁif anﬁﬁ&ﬁfgéfg &R p&?ﬁhfﬁ¥ﬂ%ﬁqﬁﬂﬂ A readi ng
Shysi cal  DERSPEBES) 15 (10 GereAie TR AN N CONEHAL ol | ows
| cast - oneUlAt e SERRTRgt: SRIa T ARt AT HBREH? oFY i nerti 8
| nformati op e A P HAOhd Y Sh b SESHE AR e SBRGE1 6004
and the moment-of-inertia information read from the
recording medium, and may record the generated main-data
management information on the recording medium.
According to a further aspect of the present invention,
there is provided a reading apparatus compatible with a
recording medium which stores at 1eﬁst one of configuration
information indicating é configuration of the recording
medium and moment-of-inertia information indicating a moment
of inertia of the recording medium. The reading apparatus
includes a determining unit for determining physical
characteristics of the recording medium by reading at least
oﬁe of the configuration information and the moment-of-
inertia information. A reading control unit performs
settiﬁgs for a reading operation according to the physical
characteristics determined by the determining unit, énd
allows the reading operation to be performed.
The determining unit may read at least one of the
configuration information and the moment-of-inertia

information from a wobbling groove formed on the recording



- 10 nmedium The wobbling of the wobbling groove may be obtained by
perform ng the frequency nodul ation or the phase nodul ationgggthggss oove.
- On the recording nmedium a recording track may be fornmed by a groove, and
a pit my be pre-forned on a land |ocated adjacent grooves. In this case,
the determning wunit may read at | east one of the configuration

I nformation and the nonent-of-inertia information fromthe pit.

Al ternatively, on the recording nediqnlcp_yecording track may be formed-by
a groove, and an enbossed pit may be pre-formed on a predetermned area. In
this case, the determning unit may read at | east one of the configuration
I nformati on and the nonent-of-inertia information fromthe enbossed pit.
The r eadimgdéumt r oThenwbbbdjngebpfathacwebdliagggroove magadienghissichadsed
for the reading operation on the recording nediumaccording to the

physi cal eWaparfermingcthdefeeqiandy Bpdulatdenecom ibeg piwite The readi ng
control wunit nag set servo paraneters of a spindle used for driving the
rotati on Bedehatieeopi he @F@PUM-according to the physical characteristics
determ ned by the determning unit. The reading control unit.nmay issue
“warning or ej & the reeebaing nedivnm AhERCEELEng KrAagkt Fa¥ Pe recording

medium is not a suitable recordi ng medi um based on the physical 9 March
2004 - formed by a groove, and a pit may be pre-formed on a land

located adjacent grooves. In this case, the determining
unit may read at least one of the configuration information
and the moment-of-inertia information from the pit.

Alternatively, on the recording medium, a recording
track may be formed by a groove, and an embossed pit may be
pre-formed on a predetermined area. In this case, the
determining unit may read at least one of the configuration
information and the momént—of-inertia information from the
embossed pit.

The reading control unit may.set an access range of a
reading head used for the reading operation on the recording
medium according to the physical characteristics determined
by the determining unit.

The reading control unit may set servo parameters of a
spindle used for driving the rotation of the recording
medium according to the physical characteristics determined
by the determining unit.

The reading control unit may issue warning or ejecf the
recording medium when determining that the recording medium

is not a suitable recording medium based on the physical



- 13. .characteristics determned by the determning unit. In a recording
medi um the physical characteristic information of the recogqmﬂa¥g@5glun

- such as the disc configuration (shape and size) and the nonment of I1nertia,
is recorded. Accordingly, a recording apparatus or a reading apparatus is
able to easily and correctly determ ne the physical characteristic of the
disc. It is thus possible to performvarious settings for the recording or
readi ng operation, such as the servo pajaneters of a spindle nmotor and the
access range of the optical pick- up, thereby enhancing the recordi ng and
readi ng performance according to the type of disc. The physical
characteristics of the recording nmedium are not determ ned by a

cal i br at i 6hagpeteriigticsTifiedegnigwd by tihe dfedrezmimkniayg daibe det er ni ned
with 100% precision, and the time required for starting the recording or
readi ng oper at F®BnacBEACBEAIREr MeFdym, 3@@t@§ﬁ§ﬂpﬁﬁ SHFEEGHRT IS cal
characteristic information is recorded as wobbling groove data, the

conpat i bi FREPTRREH O @fn thee ST R ime it b S YRl i Heel. 4iSFe di sc
configuration. and the nmonent of inertia of an_  unrecorded_recording pedi um
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setting for the 4 ecqrding operation. 1o pAriqular,. sinse B ghlysRgeci se
apparatus is able to easily and correctly determine the
physical characteristic of the disc.

It is thus possible to perform various settings for the
recording or reading operation, such as the servo parameters
of a spindle motor and the access range of the optical pick-
up, thereby ehhancing the recording and reading performance
according to the type of disc; |

rThe physical charaéteristics of the recording medium
are not determined by a calibration operation.
Theoretically, therefore, they can be determined with 100%
precision, and the time requiréd for starting the recording
or reading operation can be shortened.

Additionally, since the physical'characteristic
information is recorded as_wobbling groove data, the
compaﬁibility with known recording ﬁedia can be maintained.
The disc configuration and the moment of inertia of an
unrecorded recording medium can also be determined, théreby
making it possible to provide suitable setting for the
recording operétion.

In parficular, since highly precise control of the



- 12 rotation of the spindle is demanded in performng the recording
operation. Thus, if the servo paraneters are suitably set ag rﬁHfﬁ?i‘J t he
- recording nmedium the recording performance can be consi derably enhanced.
Addi tionally, the configuration and the nonent of inertia of a recording
medi um can be determ ned as the physical characteristics of the recording
medi um  Accordingly, the recording nedia which cannot be handled by a
recordi ng apparatus or a reading. apparatus can be determined. In this
case, a warning nmay be issued to the user or the host apparatus, or the

| oaded recording medium may be ejected. In accordance with the main-data

Genr at ST RRRRLORaPS TRRATETENLET o PRIFPORY fot PORRMTE RS it ode, whi ch
forms the Tg?% bX I ncor patating hhe caonfi.guration/ nonent .of inertia
| nf or mat | BRCPESANPr SHEERELPBor ANG et GHC SRENST dFHGIYE e Bohi i gur ati on
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- managemnen ecor ata his enables  a read only

apparat usibbhauhoapdegadad LURGH 83 Yondacadididy YiaNeedd or mati on to

read such rnforma us to provide sui ng for the
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inertia of a recording medium can be determined as the
physical chéracteristics of the recording medium.
Accordingly, the recording media which cannot be handled by
a recording apparatus or a reading,épparatus can be
determined. In this case, a warning may be issued to the
user or the host apparatus, or the loaded recording medium
may be ejected.

In accordance with the main-data recording operation on

a recording medium, the recording apparatus generates main-
data management information (for 'example, sub-code, which
forms the TOC) by incorporating the configuration/moment of
inertia information read from the recording medium.
Adcordingly, the configuration information and the moment-
of-inertia information are reflected in the management
information to be recorded as data. This enables a read
only apparatus without a decoding fﬁnction of decoding

. groove information to read such information, and thus to
provide suitable setting for the reading operation according
to the configuration énd the moment of inertia of the

recording medium.



- 13 BRI EF DESCRI PTION OF THE DRAWNGS Figs. 1A through 1D illustrate
types of discs according to an enbodi nent of the present |ngqm}bﬁg®&flg 2
~fllustrates a standard density disc and a high density disc according to
an enbodi ment; Figs. 3A through 3Cillustrate types of discs according to
an enbodi ment of the present invention; Figs. 4A through 4Cillustrate
types of hybrid discs according to an enbodi nent of the present invention;
Figs. 5A and 5B illustrate types of hybtgd-di scs according to an enbodi nent
of the present invention; Fig. 6 illustrates the layout of a CO-R or CD-RW
disc; Fig. 7 illustrates a wobbling groove; Fig. 8 illustrates ATIP
encoding; Figs. 9 and 10 illustrate ATIP waveforns; Fig. 11 illustrates an
ATIP frane used in an enbodi nent of the present invention; Fig. 12

present 1 AT 8%%%%%% i o a‘iﬂe@@ s of part of t Eﬁ”tAT?L frame
shown in Fig dat a

- wobbl e informa%zgn s A %ﬁrlolulgﬁs Iba tl%r1t|§altlt”];)uesstrféi%jr&ﬁ5 che (ﬂt%/g dat a
cont ai nedto aﬂlh%m%olg?l_rrﬁarhtz%% thelApresent inventlon ‘

Fig. 2 illustrates a standard density disc and a high

density disc according to an embodiment;
Figs. 34 through 3C illustrate types of discs according
to an embodiment of the present invention:;
Figs. 4A through 4C illustrate-types of hybrid discs
according to an embodiment of the present invention;
Figs. 54 and 5B illustrate types of hybrid discs
according to an embodiment of the present invention;
'Fig. 6 illustrates-the layout of a CD-R or CD-RW disc;
Fig. 7 illustrates a wobbling groove;
Fig. 8 illustrates ATIP encoding;
Figs. 9 and 10 illustrate ATIP waveforms;
Fig. 11 illustrates an ATIP frame used in an embodiment
of the present invention;
Fig. 12 illustrates‘the content of an ATIP frame used
in anrembodiment of the present invention;
Fig. 13 Ellustrates details of part of the ATIP frame
shown in Fig. 12;
Fig. 14 illustrates material data contained in the
wobble information shown in Fig; 13;

Fig. 15 illustrates disc density data contained in the



wobbl e i nformation shown in Fig. 13; Fig. 16 illustrates physical structure
data contained in the wobble information shown in Fig. 13; l@@c&%O 4

- Jllustrates disc configuration data contained in the wobble intornation
shown in Fig. 13; Figs. 18A and 18B illustrate circul ar discs represented
by the disc configuration data shown in Fig. 17; Figs. 19A and 19B
illustrate triangular discs represented by the disc configuration data
shown in Fig. 17; Figs. 20A, 20B, and PC.illustrate quadril ateral discs
represented by the disc configuration shown in Fig. 17; Figs. 21A and 21B
illustrate disc dinmensions contained in the wobble information shown in

Fig. 13; Flg 22 |IIustrates an exanpl e of nonent-of-inertia data

cont ai ned¥P bllﬁ’e 15’51"@ |319F’or°‘|?é’t"‘1rbr?‘nsl¥'d\ﬂ1' |1r§"F| g "13; Fig. 23 illustrates
anot her exanpl ment rt ! a tained in the wobble
o mat Lon ShEH- i herigLorirages B By st e et ot e or e

Fig. 25 |IIu rate tra f or.mat : i Just tes a disc format
|nclud|nglP| 3ﬁ§t %k Q§lqﬂgfh |*q S*Qat *the frane structure of

b T, g o L SR L S Lo i o

in the wobble information shown in Fig. 13;

Figs. 18A and 18B illustrate circular discs represented
by the disc configuration data shown in Fig. 17;

Figs. 19A and 19B illustrate triangular discs
represented bY the disc configuratién data shown in Fig. 17;

Figs. 20A, 20B, and 20C illustrate gquadrilateral discs
represented by the disc configuration shown in ¥Fig. 17:

Figs. 21A and 21B illustrate disc dimensions contained
in the wobble information shown in Fig. 13;

Fig. 22 jllustrates an example of moment-of-inertia
data contained in the wobble information shown in Fig. 13;

Fig. 23 illustrates another examp;e of the moment-of-
inertia data contained in the wobble information shown in
Fig. 13:;

Fig. 24 illustrates a recording area format;

Fig. 25 illustrates a track format;

Fig. 26 illustrates a disc format including fixed-
length packets;

Fig. 27 illustrates the frame structure of a disc
according to an embodiment of the present‘invention;

Figs. 28A and 28B illustrate a sub-coding frame of a



di sc according to an enbodi nent of the present invention; Figs. 29A and
29B illustrate an exanple of sub-Q data of a disc according @004
enbodi rent of the present invention; Figs. 30A and 30B il lustrate anot her
exanple of the sub-Q data of a disc according to an enbodi nent of the
present invention; Fig. 31 illustrates the TOC structure of a disc
according to an enbodi nent of the present invention; Fig. 32 illustrates an
exanpl e of the content of the sub-Q dgtsa used in an enbodi ment of the
present invention; Fig. 33 illustrates an exanple of disc size information
contained in the sub-Q data used in an enbodi nent of the present

i nvention; Fig. 34 illustrates an exanple of disc configuration

i nf or mat i @S¢ oncadnédingntehansapboddmeatusdd the presemiodinvemtism:t he
present invention; Fig. 35 illustrates an exanple of nonent-of--inertia

i nformati on cdit®s netPd madhe2 B il yatratiecani axanprlenBédrrbnk 8atehe
present invention, Fig. 36 illustrates an exanple of track pitch

- i nformat i ®¥h 2oHW8FNRECPRALAE $§0b2D gBPAddNERt pfafhceTSHTENt of the
present invention, Fig. 37 illustrates an exanple of linear velocity

“i'nf or mat i BWVERRI@Rhed in the sub-Q data used in an 9 March 2004 - 16

Figs. 30A and 30B illustrate anothe: example of the
sub-Q data of a diéc according to an embodiment of the
present invention:;

Fig. 31 illustratés the TOC structure of a disc
according to an embodiment of the present invention;

Fig. 32 illustrates an example of the content of the
sub-Q data used in an embodiment of the present invention;

.Fig. 33 illustrates an example of disc size information
contained in the sub-0Q data used in an embodiment of the
present invention;

Fig. 34 illustrates an example of disc configuration
informatiqn contained in the sub-Q data used in an
embodiment of the present invention;

| Fig. 35 illustrates an example of moment-of-inertia
information contained in the sub-Q data used in an
embodiﬁent of the present invention;

Fig. 36 illustrates an example of track pitch
information contained in the sub-Q data used in an
embodiment of the present invention;

Fig. 37 illustrates an example of linear velocity

information contained in the sub-Q data used in an



enbodi nent of the present invention; Fig. 38 illustrates an exanpl e of
medi um type information contained in the sub-Q data used ingqm”dggﬁﬂginent
a

- of the present invention; Fig. 39 illustrates an exanple of nmateri ype
i nformation contained in the sub-Q data used in an enbodi ment of the
present invention; Fig. 40 illustrates another exanple of the content of

the sub--Q data used in an enbodi nent of the present invention; Fig. 41
illustrates another exanple of disc sigg/configuration information
contained in the sub-Q data wused in an enbodi nent of the present .

i nvention; Fig. 42 illustrates another exanple of track pitch information
contained in the sub-:Q data used in an enbodi nent of the present

i nvent i onemppgimgnti pfushpabPEssgndt Haveatdmlie of |inear velocity
informati on contained in the sub-Q data used in an __enbadi nent of the
present invent§f+%h: P glliUsTFRESEr aPes*aRBlRe PTe MM JYBfedi um versi on
i nformati gn_contained in the suh-Q.data used jn an %gbpdinent of the
present i APEREMBHLOR; &F’nﬁﬁlpf‘%uginr 3hes Sé’ru%‘t%edﬂ@(dﬁﬁ Yt #edi um type

i nformation cgmtained in. the sub-0O data qged in an enbodi nent of the

d
present i ROBREFBAD CoOkm B PEGFORT Anvention:

Fig. 39 illustrates an example of material type
information contained in the sub-Q data used in an
embodiment of the preseqt invention;

Fig. 40 illustrates another example of the content of
the sub-Q data used in an embodiment of the present
invention;

Fig. 41 illustrates another example of disc
size/configuration information contained in the sub-Q data
used in an embodiment of the present invention;

Fig. 42 illustrates another example of track pitch
information contained in the sub-Q data used in an
embodiment of the present invention;

Fig. 43 illustrates another example of linear wvelocity
iﬁformation contained in the sub-Q data used in an
embodiment of the present invention;

Fig. 44 illustrates another example of medium version
informatiéﬁﬁd;ntained in the sub-Q data used in an
embodiment of the present invention:

Fig. 45 illustrates another example of medium type
information contained in the sub-Q data used in an

embodiment of the present invention;



Fig. 46 illustrates the content of the sub-Q data used in an enbodi nent of
the present invention; Figs. 47A and 47B illustrate access i ng
“to ‘the content of the sub-Q data shown in Fig. 46; Fig. 48”?§ﬁg€@?§%€
diagramillustrating a disc drive wunit according to an enbodi nent of the
present invention; Figs. 49 and 50 are flow charts illustrating the
processi ng executed by the disc drive unit when a disc is inserted
according to an enbodi ment of the presepy _invention, Fig. 51 is a flow
chart illustrating setting processing executed by the disc drive unit
according to an enbodi nent of the present invention; Fig. 52 is a flow
chart illustrating recordingﬁ@grocessing executed by the disc drive unit

according to ant9enb®dihbns ¢hetheesententvefht the; sabg B3R Awe®B3B are
Bode diagrans _ illustrating the servo open |loop for setting the nonent of
inertia usBd3Pn® ﬁOGéWﬁaﬁiHgthSfPFﬁﬁeﬁFe§@MPqﬁ%ﬂﬂﬁtion; and Fig. 54
illustrates |aser dri ul ses._us in an enbodi ment. of the present
i nvention; Fi .l%%'i%%gsg?étgZBtﬁifP§§BﬂFeoP°8399DmﬂﬂPpFqgﬂﬁ-'Qﬂfﬁﬂ Fig.
56 111 ustigLesoandipe RLLSLEl B0 ald lAarliy hE/C 44, ustrate the daia

: ' Fig. 48 is a block diagram illustrating a disc drive

unit according to an embodiment of the present invention;

Figs. 49 and 50 are‘flow charts illustrating the
processing executed by the disc drive unit when a disc is
inserted according to an embodiment of the present
invention;

Fig. 51 is a flow chart illustrating setting procéssing
executed by the disc drive unit according to an embodiment
of the present inventioﬁ:

Fig. 52 is a flow chart illustrating recording
processing executed by the disc drive unit according to an
embodiment of the present inveﬂtion:

Figs. 53A and 53B are Bode diagrams illustrating the
servo open loop for setting the moment of inertia used in an
embodiment of the present invention: and

Fig. 54 illustrates laser drive pulses used in an
embodimeht of the_prgsent invention;

Fig. 55 illustrates the layout of a DVD-RW or DVD-R
disc;

Fig. 56 illustrates land pre-pits;

Figs. 57A, 57B, and 57C illustrate the data structure



formed .by a land pre-pit; Fig. 58 illustrates the field ID of the |and
pre-pit data; Fig.. 59 illustrates the structure of a pre-pigpeskod a
“land pre-pit; Figs. 60A and 60B illustrate physical characteristic

information recorded in a land pre-pit; Fig. 61 illustrates the |ayout of a
DVD-RAM disc; Fig. 62 illustrates the structure of the lead-in area of a
DVD-RAM Fig. 63 illustrates the block structure of a control data zone of

a DVD-RAM Fig. 64 illustrates the cqontignts of the physical fornmat

i nformati on according to an enbodi nent of the present invention; Fig. 65
il lustrates part of the physical format information shown in Fig. 64;

Figs. 66A, 66B, and 66C illustrate the phase nodulation of ADI P units of a
DVD+RW FFQEMed PY| asteREeBTanPALF P uni t of a DVD+RW Figs. 68A an 68B
illustrate the structure of an ADIP word_of _a DVD+RW _and Fi gs. 69A and
69B il lustrat & t%he %my%¥¥%ﬁt¥%ﬁ%%1th¢n?b?%ﬁtFBnofotﬁﬁ {-8e8r BE&-PAtan ADI P
wor d acco&dkgg to an enbodi nent of the present invention. 9 March 2004 -
19 ' :

Fig. 59 illustrates the structure of a pre-pit block of
a land pre-pit:

Figs. 60A and 60B illustrate phjsical characteristic
information recorded in a land pre-pit:

Fig. 61 iliustrates the layout of a DVD-RAM disc;

Fig. 62 illustrates the structure of the leadFin area
of a DVD-RAM;

Fig. 63 illustrates the block structure of a confrol
data zone of a DVD-RAM;

Fig. 64 illustrates the contents of the physical format
information according to an embodiment of the present
invention;

Fig. 65 illustrates part of the physical format
information shown in Fig. 64;

Figs. 66A, 66B, and 66C illustrate the phase modulation
of ADIP unlts of a DVD+RW;

Flg 67 illustrates an ADIP unit of a DVD+RW-

Figs. 68A an 68B illustrate the structure of an ADIP

word of a DVD+RW: and
Figs. 69A and 69B illustrate the physical format
information to be recorded in an ADIP word according to an

embodiment of the present invention.



DESCRI RTI ON OF THE PREFERRED EMBCDI MENTS The present invention is described
below in detail.with reference to the acconpanying draw ngsgq

~kllustration of preferred enbodi nents. Discs provided as recordlng nedla
of the present invention, a disc drive unit provided as a recording
apparatus and a readi ng apparatus of the present invention are discussed
below in the followi ng order. 1. Overview of CD system signal processing

2. Types of CD-format discs 3. Recordable discs and grooves 3-1 Rewitable
di scs 3-2 Wbble information 3-3 Recording area format 4. Sub-code and '
TOC 5. Configuration of disc drive unit 6. Exanples of processing of disc
drive unit 7. Exanples of digital versatile disc (DVD)-format discs 7-1
DVD-RW DVD-R 7-2 DVD-RAM 7-3 DVD+RW 9 Nhrch 2004 - 20 1. Overview of

(I)systenbgb@ﬁ%bﬁy systéﬁﬁgﬁﬂﬂﬁ iven of an overvi ew of

si gnal proce55|ng I SCS suc as a DA, a CD-ROM a
The present invention is described below in detail. with

reference to the accompanying draWings through illusﬁration
of preferred embodiments. |
Discs provided as recording media of the present
invention, a disc drive unit provided as a recording
apparatus and a reading apparatus of the present invention

are discussed below in the following order.

1. Overview of CD-system signal processing
2. Types of CD-format discs
3. Recordable discs and grooves
3-1 Rewritable discs
3-2 Wobble information
3-3 Recording area format
4. Sub-code and TOC
5. Configuration of disc drive unit
6. Examples of processing of disc drive unit
7. Examples of digital versatile disc (DVD)-format
discs
7-1 DVD-RW, DVD-R
7-2 DVD-RAM

7-3 DVD+RW



CD-R, and a CD-RW An overview of the CD system signal processing, and
nore specifically, the recording operation of a stereo audiog }gﬁgﬁmpn a
- disc, is as follows. Audio signals on left and right channeIsNFL- and R-
Ch) are sanpled at a sanpling frequency of 44.1 kHz and are then linearly
quantized with sixteen bits. Sixteen bits of the audio signal data is
determ ned to be one word, and is ‘further divided into eight-bit data
units, and each eight- bit data is detejgrined to be one synmbol (one synbol
= eight bits = 1/2 word). Six sanples for each channel, i.e., 16 bits x 2
channels x 6 sanples = 192 bits = 24 synbols, are extracted, and four '
synbol s of error correcting code (ECC) are added to 24 synbols as
Q~parity,1resQV?FH@eWn°§8CgVﬁB§F§W Bt 9Fd EHOSEFHIEY  Reed- Sol onon. codes
are generated ang added as the ECC. ,To handl e conti nuous buns%@iffects on
a disc substratedSSEREPHEOR 1B ROYHEECR GhaPli VRV &Fe 16 ranged) .

Thereafter, four.synbals, of Reed-Sal onon codes (P- rity) e t her
added 1o PRECSESLIYNOE LRIFYEER AL CHoSHa H5 1% BT T kDAl e

synbol fog.a_control peration (sub-code) is further added. The resulting
signal 9 Eargh 3884a-cglﬁh?s subj ected to eight-to-fourteen nodul ation

(EFM . Accor ding,t9r-big, FoH PRE" BbL 89 t8RIN: gRLLS plBePRAYI e Anl

fourteen bits.

more specifically, the recording operation of a stereo audio
signal on a disc, is as follows.

Audio signals on left and right channels (L-Ch and R-
Ch).are sampled at a sampling freguency of 44.1 kHz and are
then linearly quantized with sixteen bits. Sixteen bits of
the audio signal data is determined to be one word, and is
further divided into eiéht-bit data units, and each eight-
bit data is determined fo be one symbol (one symbol = eight
bits = 1/2 word}.

Six samples for each channel, i.e., 16 bits x 2
channels x 6 samples = 192 bits = 24 symbols, are extracted,
and four symbols of error correcting code (ECC) are added to
24‘symbols as Q-parity, resulting in 28 symbols. In the CD
system, Reed-Solomon codes are generated and added as the
ECC. -To handle continuous burst defects on a disc substrate,
the 28-symbol audio signal is interleaved (rearranged).

Thereafter, four symbols of Reed-Solomon codes (P-
parity) are further added to the 28-symbol audio signal,
resulfing in 32 symbols, and one symbol for a control

operation (sub-code) is further added. The resulting signal



Accordi.ng to the EFM operation, a 16-bit quantized
upper eight bits and | ower eight bits,
- the'smallest unit and is converted into a 14-bit signal. Inthi's case, the
smal | est nunber of consecutive bits is three, and the greatest nunber of
consecutive bits is eleven, i.e., two to ten "O's are inserted between
"1"s. After conversion, "1" represents a polarity inversion (non return to
zero inverted (NRZ-1) recording). Accgrding to the EFM an eight-bit
signal is converted into a 14-bit signal in which two to ten "O's are
inserted between "1"s, and three coupling bits are provided for satisfying
the condition that at least two "O's are inserted between "1"s over
adj acent L§npebiechedoldi ajeht-ta-faarteen nodulatdensi(§iM)s, i.e., in the
recording, data_streans, there are nine types of bit |engths ranging from
the m ni AFOFaiRghtet the)ERMY ppreratipp, oehghtt Bithe amexcrPANGSt® (time)
Tmax = 11T'&3.3 ns). A frame synchronization signal and a control signal,
whi ch f orh@UEE8eRobBEES-are added to the EFM nodul ated data (frame), and
the resulting data streamigs r rded on a disc._  The franme_synchroni zation
Gignal and  ndeirEing B e RSPt fod, S i 6chEt AORRELRD | el ow
Conver sel descri Qve

s doconchipRalnabraYirdatofatp febbhoeroht BitE Y JGRET iEnidtE, 1

and an eight-bit signal is set as the smallest unit and is

signal is divided into
and an eight-bit sigg zn&?Z@ﬁf as

converted into a 14-bit signal. In this case, the smallest

number of consecutive bits is three, and the greatest number

of consecutive bits is eleven, i.e., two to ten "0"s are

inserted between "l1l"s. After conversion, "1" represents a
polarity inversion {non return to zero inverted (NRZ-I)
recording).

rAccording to the EFM, an eight-bit signal is converted
into a 14-bit signal in which two to ten "0"s are inserted
between "1"s, and three coupling bits are provided for

satisfying the condition that at least two "0"s are inserted

between "1%s over adjacent symbols.

EFM-modulated signals, i.e., in the
there are nine types of bit lengths
1ength'(timg1 Tmin = 3T (0.9 ns) to
(time) Tmax = 11T (3.3 ns).

A frame synchronization signal

Accordingly, in the
recording data streams,
ranging from the minimum

the maximum length

and a control signal,

which forms sub-codes, are added to the EFM modulated data
(frame), and the resulting data stream is recorded on a disc.

The frame synchronization signal and the sub-code are



recordicng processing. That Is. the EFM denpdul ation is performed on a data
streamread fromthe disc, and error correcting, delnterlea | 3&@
channel separation are further performed. Then, L and R audlo ) 1gnals
quantized with 16 bits and sanpled at 44.1 kHz are converted into anal og
signals, which are then output as a stereo nusic signal.. 2. Types of
CD-format discs The types of discs inplenented as CD-format discs in this
enbodi ment are di scussed below with refgrence to Figs. 1A through 5B

Figs. 1A through 1D schematically illustrate the types of discs based on
the recording density. Mre specifically, Fig. 1Aillustrates a known disc
wth a standard recordin density. In this exanple, the whole disc is
recor ded %%563559ﬁnaar@egééérbﬁﬁgwden3|ty Currently used discs, such as a
CD-DA, a CO-ROM a CD-R and a CD-RW correspond to this type of di sc.

Fig. 1B |IIustQQH¥%¥%P¥WgHmH@ﬁSF%?dH$Scthﬁl@ﬁtﬁa§tr¢§@eﬁﬁp9r§@€naéeveIoped
and in this exa the whol e di,sc _can be recorded at a-high density. For
- exanpl e, %?Sc§l§gﬁcﬁ o¥B4 1toids dgrpdefsdh WhenTeNerseasdded dicsdhex or 3x

hi gh densij t | scs_have been dey d particul ar, recordabl e high
Gl by areserdiRErohBtas BERR. anina bt neL BEM, Smodulation 18

rerformed on a data stream read from the disc, and error
correcting, deinterleaving, and channel separation are
further performed. Then, L and R audio data signals
quantized with 16 bits and sampled at 44.1 kHz are converted

into analog signals, which are then output as a stereo music

signal..

2. Types of.CD—format discs .

'The types of discs implemented as CD-format discs in
this embodiment are discussed below with reference to Figs.
1A through 5B,

Figs. 1A through 1D schemafically illustrate the types
of discs based on the recording density. More specifically,
Fig. 14 illustrates a known disc with a standard recording
density. In this example, the whole disc is recorded at a
standafd recordiﬁg'density. Currently used discs, such as a
CD-DA, a éb;ROM, a CD-R, and a CD-RW, correspond to this
type of disc.

Fig. 1B illustrates a high density disc which has
recently been developed, and in this example, the whole disc

can be recorded at a high density. For example, by



developed. Fig. 1Cillustrates a hybrid disc whose inner portion is a high
density area and whose outer portion is a standard density gnea. h 004

- Conversely, Fig. 1D illustrates a hybrid disc whose outer portlon 'S

hi gh density area and whose inner portion is a standard density area. The
characteristics/paranmeters of the standard density disc and those of the
hi gh density disc are shown in Fig. 2. Concerning the capacity of user
data (main data to be recorded), the standard density di sc has 650 Mytes
(disc having a dianmeter of 12 cm) or 195 Moytes (disc having a dianeter
of 8 cm, while the high density disc has 1.3 Gbytes (disc having a

di aneter of 12 or 0.4 Goytes (disc_ havi a dia er of 8-cm . Thus,

t he high ﬁ%ﬂg?F§n%Psﬁlggsthﬁ 8§BH§ e gg P&r&én§§gghge§§&ﬁgzrd
density da ositi adlu at _which the

user data T8¢ ﬁ%?ggﬁgggghgﬁg ﬁdar nd?ﬁflﬁf &F§b é@ g%é%h%%rﬁﬁ#%he

center .dis f. th gh den t 15,48 mMm fromthe
center d%ﬂ§1g$ ﬁis$ﬁé %gg%kgpl%cﬁDGP £re gtgﬁﬁa d EEH§=FV’&ﬁsc (standard
enS|ty 6 m while that of the high density disc (high density
&? l%ﬁ$&
area) is- 9 March 2004 - 24 The scanning speed of the standard

e o "ced S THE FHTPERALCR EOhub G188 el Toall bEctten
is a high density area and whose outer portion is a standard
density area. Conversely, Fig. 1D illustrates a hybrid disc
whose outer portion is a high density area and whose inner
portion is a standard density area.-

The characteristics/parameters of the standard density
disc and those of the high density disc are shown in Fig. 2.

Concerning the capacity of user data (main data to be
recofded), the standard—density disc has 650 Mbytes (disc
having a diameter of 12 cm) or 195 Mbytes (disc having a
diameter of 8 cm), while the high density disc has 1.3
Gbytes (disc having a diameter of 12 cm) or 0.4 Gbytes (disc
having a diameter of 8 cm). Thus, the high density disc has
a dapacity twice as large as the standafd density disc.

The program area start position (radius) (area at which
the user data is recorded) of the standard density disc is
50 mm from the center of the disc, and that of the high
density disc is 48 mm from the center of the disc.

The track pitch of the standard density disc (standard
density area) is 1.6 um, while thét of the high density disc

(high density area) is 1.1 pm.



Is 0.9.mMs. The nunerical aperture (NA) for the standard density disc
(standard disc area) is 0.45, while the NA for the high dengmhycﬁ?@ﬁl(high
~density area) is 0.55 or 0.50. As to the error correcting ne hod, e
cross- interleaved Reed- Sol onon code4 (CIRC4) nethod is enployed for the.
standard density disc (standard density area), while the CIRC7 nethod is
enpl oyed for the high density disc - (high density area). The
characteristics and parameters other than the above-described factors,
such as the center hole size, disc thickness, |aser wavel ength, nodul ation
met hod, and channel bit rate, are the sanme, as shown in Fig. 2, for the
standard density disc (standard densjity area) and the high density disc
(hi gh density HeajCanpbRd ofeesf ?ﬁetg?aﬁHQPQaHQngﬁPﬁlGNsa}s§uch as the one
shown in and the hi thGHSity di sc, such as the one shown in Fig.

ig. 1A, A )
1B, is Iogﬁgﬂnﬂﬂrg BPRELEY feedni 3 it 2 £° dele &Sy WS Hd®di sc drive

unit to determne the ty I.sc. When _a hybrid._di sc,. such as the one
- shown in %?ﬁpniﬁgoﬁpefé,Q%S%Lgagé@%iﬂ%&%ﬁ@ﬂJ&iﬁq/ hdh density ad&dkary
for the 9 Nhécg 2204 --25 disc drive unit to determ ne the area type,
i e., whether ”tWSarea on or fromuwhich data is currently recorded or

read, is-a high, daiRLEYoA] ©Ap8htdra! (RET €odeRAbL! ¥+30G3xa density

disc (standard disc area) is 0.45, while the NA for the high
density disc (high density area) is 0.55 or 0.50.

As to the error correcting method, the cross-
interleaved Reed-Solomon codg4 {CIRC4) method is emploved
for the standard density disc (standard density area), while
the CIRC7 method is employed for the high density disc (high
density érea).

-The characteristicé and parameters other than the
above-described factors, such as the center hole size, disc
thickness, laser wavelength, modulation method, and channél
bit rate, are the same, as shown in Fig. 2, for the standard
density disc (standard density area) and the high density
disc (high density area).

When one 6f the standard density disc, such as the one
shown in Fig. 1A, and the high density disc, such as the one
shown in Fig. 1B, is loaded in a disc drive unit, it is
necessary fér the disc drive unit to determine the type of
disc.

When a hybrid disc, such as the one shbwn in Fig. 1C or

1pb, is loaded in a disc drive unit, it is necessary for the



That is, after determning the disc type or the area type, the setting of
the recording/reading operation is changed in accordance m”bmkﬂﬁi

- desi‘gnated paraneters showmn in Fig. 2. Figs. 3A through 4C sche %?call
illustrate disc types according to data recording/reading systens. Fig. 3A
illustrates a read only disc, such as a CO-DA or a CD-ROM which is a disc
on which all the data is recorded-in an enbossed bit form Fig. 3B
illustrates a direct read after wite (BRAW disc, such as a CD-R 1In this
DRAW di sc, a recordi-ng layer is fornmed of an organic pignent, and data is
recorded by utilizing a change in the pignent (change in the index of

reflectio caysed the irradiation wwth laser |ight. Such a DRAW di sc i s
al so ref e?[l] ?d ¢b1ES én]‘WF‘Ped‘BFEEmlP@aE enﬂﬁ?adlt@e( WERG)-" FREEhETce it
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changed in accordance with the designated parameters shown

in Fig. 2.

Figs. 3A through 4C schematically illustrate disc types
according to data recording/reading-systems.

Fig. 3A illustrates a read only disc, such as a CD-DA
oxr a CD-ROM, which is a disc on which all the data is
recorded in an embossed bit form.

'Fig. 3B illustrates a direct read after.write { DRAW)
disc, such as a CD-R. In this ﬁRAW disc, a recording layer
is formed of an organic pigment, ‘and data is recorded by
utilizing a change in the pigment (change in the index of
reflection)'caused by the irradiation with laser light.

Sﬁch a DRAW disc is also referred to as a "write-once, read-
many disc (WORM)" disc since it can be recorded to only once.

Fig. 3C illustrates a rewritable disc utilizing a phase
change technique, such as a CD-RW.

In the DRAW (WORM} disc shown in Fig. 3B and the
rewritable disc shown in Fig. 3C, the recording track is
formed by a spiral groove. In contrast, in the read only

disc shown in Fig. 3A, the recording track is formed by an



makes i.t possible to express information, such as absolute addresses.

Accordingly, in recording data, tracking control is perfor 0
- wobbl i ng groove, and based on the data, such as addresses,nﬁggﬁa?%@%%the

wobbl i ng groove (hereinafter sonmetines referred to as "wobbl e

i nformation”), the recording operation can be controlled. In. contrast, in
read only discs, a recording track is forned by a pit streamin advance,
and data, such as addresses, is recqrdgd by sub-codes. Thus, the provision
of groove data is unnecessary. Accordingly, sone read-only disc drive
units are not provided with a function of reading groove information.

Figs. 4A, 4B, and 4Cillustrate hybrid discs. Mxre specifically, Fig. A4A

i | ust r at @R8PS edcPhhoSEreARer2EbREi §Ran & §rPE¥E&-only area and whose outer

portion is a DRAW(WORM  area, Fig. 4B jllustrates a disc whose_inner
portion is a AewT tdierihed Wnqdakdit beley-. pgFerBasi inathealRHl v area.
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is performed on the wobbling grcove, and based on the data,
such.as addresses, read from the wobbling groove
(hereinafter sometimes referred to as "wobble information™),
the reccrding operation can be contrblled.

In contrast, in read only discs, a recording track is
formed by a pit stream in advance, and data, such as
addresses, is recorded by sub-codes. Thus, the provision of
groo#e data is unnecesséry. Accordingly., some read¥only.
disc drive units are not provided with a function of reading
groove information.

Figs. 4A, 4B, ‘and 4C illustrate hybrid discs. More
specifically, Fig. 4A illustrates a disc whose inner portion
is-a read only area and whose outer portion is a DRAW (WORM)
area. Fig. 4B illustrates a disc whose inner portion is a
rewritable area and whose outer portion is a read only area.
Fig. 4C illustrates-é diéc whose inner portion is a DRAW
(WORM) area and whose outer portion is a rewritable area.

Accordingly, a hybrid disc, that is, a single disc
having a mixture of different areas, such as a read only

area, a DPRAW (WORM) area, and a rewritable area, is



di sc whose inner portion is a read only area, whose internediate portion
is a DRAW(WORM area, and whose outer portion is a rewitaglg, a8 40" a
- hybrid disc whose inner portion is read only area, whose internediate area
is a rewitable area, and whose outer area is a read only area. A hybrid
di sc having four or nore areas is also possible. As discussed above, discs
can be differentiated according to the recording density or the

recordi ng/reading types, that is, accerdi.ng to the physi cal
characteristics. The types:-of discs can be summari zed as shown in Figs. 5A
and 5B. Fig. 5A illustrates the regular disc type, nanely, the whole disc
is formed of. nb rea having one physical . characteristic ("regular disc"
means thaﬁvﬁ+€% f@'not a hybrid disc). Considering that there are two
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HD30 portion is a rewritable area, or a hybrid disc whose inner
portion is read only area, whose intermediate area is a
rewritable area, and whose outer area is a read only area.
A hybrid disc having four or more areas is also possible.

As discussed above, discs can be differentiated
according to the recording density or the recording/reading
types, that is, according to the physical characteristics.

| The types of discs caﬁ Be summarized as shown in Figs. 5A
and 5B.

Fig. 5A illustrates the regular disc type, namely, the
whole disc is formed of an area having one physical
characteristic ("regular disc" means that disc is not a
hybrid disc). Considering that there are two types of
recording densities, such as the standard density and high
density, and there are three recording/reading types, such
as the read only type, DRAW (ﬁORM) type, and rewritable type,
six types of discs, type 1 through type 6, can be considered,
as shown in Fig. 5A.

Fig. 5B illustrates the types of hybrid discs, each

having two areas whose physical characteristics are



whose- i-nner portion is type 6 and whose outer portion is type 5 can be
consi dered. Apparently, if hybrid discs, each having three og Oﬁgeas
- whose physical characteristics are different, are considere nDre ypes
of discs are available. Along with such a variety of discs in view of the
physi cal characteristics, it is necessary for a disc drive wunit to

preci sely determ ne the physical characteristics of a |oaded disc (or

physi cal characteristics of an area anyy - fromwhich data is to be
recorded or read) and to perform processing according to the determ ned
physi cal characteristics. Then, the recording/reading performnce can be
enhanced. _Generally, a "disc" is a disc-shaped nedium. As is discussed
bel ow, ho%@g?reﬁttrlQﬁgHFaﬂ-l‘zapgc'tYBP & tRuEIPR &t SbewM dins @l orayp e

provi ded. @l%hough %uch "dlSﬁ sound contradictory in view of the
shape of &°" ° nﬁﬁpalgt é?cﬁha ToMstYBRapRd WEPISS aHQ%ﬁzﬁ?Pﬁﬁ%ﬂred to
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Apparently, if hybrid discs, each having three or more
areas whose physical characteristics are different, are
considered, more types of discs are available.

Along with such a variety of discs in view of the
physical characteristics, it is necessary for a disc drive
unic to precisely determine the physical characteristics of
a loaded disc (or physical characteristics of an area on or
from'which data is to ba recorded or read) and to perform
processing according to the determined physical
characteristics. Then, the recording/reading performance
can be enhanced.

Generally, a "disc" is a disc-shaped medium. As is
diacussed below, however, a triangular "disc" or a
quadrilaterai "disc" may be provided. Although such "discs"
may soﬁnd contradictory in view of the shape of a "disc",
media other than disc-shaped media are also referred to as

"discs" in this specification;

3. Recordable discs and grooves

3-1 Rewritable discs



as a CD-Ror a CO-RW only a guide groove for guiding laser light is
formed on a disc substrate as a recording track before data mﬁaﬁﬁﬁﬁ%ﬁed on
- the'disc. Wien laser light nodulated with high power is app?ieé e
disc, the index of reflection or the phase of the recording |layer is
changed, thereby making it possible to record data on the disc. In
contrast, a groove as a recording track is not physically forned on a read
only disc, such as a CD-DA or a CD-ROQMz2dn.a CD-R, a wite-once recording

| ayer, which is forned of an organic pignment, is forned. Hi gh-power |aser
light is applied to the disc, thereby making it possible to record data by

punchi ng ( maki its.on the disc). Regarding a rewitable disc, such as a
CD- RW whose é%h%%?i%@’l%y%?“ﬁ&ﬁlﬁ@ ggﬁﬁiPﬁgnanﬁHVQQFnég}rélphase change
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signal is;added;korsvnBaontadigci®c substrate as a recording track
before data is recorded on the disc. When laser light
modulated with high power is applied to the disc, the index
of reflection or the phase of the recording layer is changed,
thereby making it possible to record data on fhe disc. In
contrast, a groove as a recording track is not physically
formed on a read only disc, such as a CD-DA or a CD-ROM.

‘On a CDh-R, a write—bnce recording layer, which is
formed of an organic pigment, is formed. High-power laser
light is applied to the disc, theéreby making it possible to
record data by punching (making pits‘on the disc).

Regarding a rewritable disc, such as a CD-RW, whose
recording layer can be rewritten many times, a phase changé
technique is employed for recording data, and more
specifically, daté is recorded by utilizing a difference in
the index of réfiection between a crystalline state and an
amorphous state.

In terms of physical characteristics, the index of

reflection of a CD-ROM and a CD-R is 0.7 or higher, while

that of a CD-RW is as low as about 0.2. Accordingly, in a



apparatus. In a CD-ROM the |lead-in area at the inner periphery of the
disc is disposed in a range from46 to 50 nrmfromthe centebnﬂﬁcﬁgﬁyfisc,
~and there are no pits farther inwards than the lead-in area. In. contrast,
ina COR and a CD-RW a program nenory area (PMA) and a power calibration
area (PCA) are provided, as shown in Fig. 6, farther inwards than the

| ead-in area. The |ead-in area and the subsequent program area, which is
used for recording user data, are used f@r. performng a recording
operation by a drive unit conpatible with a CO-R or a CD-RW and are al so
used for reading data therefrom as in a CD-DA. In the PMA, a recording

si gnal nndeﬁa time information qf each track, such as the start tinme and
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apparatus.
In a CD-ROM, the lead-in area at the inner periphery of
the disc is disposed in a range from 46 to 50 mm f£rom the
center of the disc, and there are no pits farther inwards
than the lead-in afea.
In contrast, in a CD-R and a CD-RW, a program memory
area (PMA) and a power calibration area (PCA) are provided,
as shown in Fig. 6, farther inwards than the lead-in area.
'The lead-in area and the subsequent program area, which
is used for recording user data, are used for performing a
recording operation by a drive unit compatible with a CD-R
or a CD-RW, and are also used for reading data therefrom, as
in a CD-DA.
| In the PMA, a recording signal mode and time
information of each track, such as the start time and the
end time, are temporarily sfored. ‘When all the tracks
become full with thémiecorded data, the TOC is formed in the
lead-in area based on the data stored in the PMA. The PCA
is an area in which data is temporarily written in order to
obtain the optimal value of laser power when data is

recorded.



Thi s wobbling groove is forned based on a signal nDduIated by i nformation,
such as absol ute addresses. That is, wobble information, g@nqahgﬁﬁplute
- addresses, can be read fromthe wobbling groove. The absol uf & 4

(address) information represented by the wobbling groove is referred to
as "absolute tinme in pregroove (ATIP)"'. The wobbling groove is wobbling
slightly in a sinusoidal waveform as shown. in Fig. 7, and the center
frequency of the groove is 22.05 kHz .angy the anount of wobbling is
approximately 0.03 m In this enbodinent, in the wobbling groove, not only
absolute tinme information, but also other types of information, are
encoded by frequen g nDduIatlon (FM. Details of the wobble |nfornat|on
represented byr® e CRobhirdgd grBokB: otk gFdeR bel 6@rt302 PBBbI e i nfor mati on
According to the wobble information detected at a push-__pull channel” froma
CD- R/ CD- RV gPE8vRy RﬁéﬁtPHE ABtathEnTotating Ofi AdFRIRGHS % L&Y%l I ed so

that th t f f_th I f t 22.05 kHz, the
spindi o nb90apSSFEPEESa upTan) 18P FOrBLPL JaRet (BE R 1o OB Y ch

i'sc) . Fof HOBBLLRB,(apARReT: haRssol uie i me information encoded in
sub- code Q(x”bﬁf%rﬁ%ﬂ§f1HBOBro£Ge igI%gkﬁéd based on a signal
modulated by information, such as absolute addresses. That
is, wobble information, such as absolute addresses, can be
read from the wobbling groove. The absolute time (address)
information represented by the wobbling groove is referred
to as "absolute time in pfegroove (ATIP)".

The wobbling groove is wobbling slightly in a
sinusoidal waveform, as shown in Fig. 7, and the center
frequency of the groove.is 22.05 kHz and the amount of
wobbling is approximately %0.03 pm.

In this embodiment, in the wobbling groove, not only
absolute time information, but also other types of
information, are encoded by frequency modulation (FM).
Détails of the wobble information represented by the
wobbling groove are given below.

3-2 -Wobble information

According to the wobble infogﬁation detected at a push-
pull channel from a CD-R/CD-RW groove, when the rotation of
the spindle motor is controlled so that the center frequency
of the wobble information becomes 22.05 kH;, the spindle

motor is rotated at a linear velocity defined in the CD



CD-RWw t hout data recorded thereon (bl ank disc), however, sub-code is not
yet recorded, and thus, the absolute tinme information is Obb?hﬂag hdsom the
- wobbl e informati on. One sector (ATIP sector) of the wobble in orna?lon S
equi val ent to one data sector (2352 bytes) of the main channel. after data
I's recorded on a disc. Thus, the recording operation is performed while
provi ding synchronization of the ATIP sector with the data sector. The
ATIP information is not encoded in theawohble information as it is.
Instead, it is first subjected to bi- phase nodul ation, as shown in Fig 8,
and then to phase nodulation. This is because the wobble signal is also
used for controJling the rotation of the spindle notor. Mire .
speci fi caYSteRcEeT i $EATRLe hel b? - BRaded "BABI 8PF oR, StaBAGTY dgpeitdate at
predeterqﬁned intervals so that the ratio of the nunbers of 1's and 0's
becones lnﬁ?%%d the average' . frequency of the FM nodul at ed wobbl e signa

b 22.05_, kHz. 111l b ' I n detail below, , not ly the tinm
Fntormation, Bt & S abham IS e iRafike Fifor HREPBRFLPRoet ] ng
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sub-code is not yet recorded, and thus, the absolute time

information is obtained from the wobble information.

One sector (ATIP sector) of the wobble information is
equivalent to one data sector (2352 bytes) of the main
channel after data is recorded on a disc. Thus, the
recording operation is performed while providing
synchronization of the ATIP sector with the data sector.

The ATIP information is not encoded in the wobble
information as_it is. Instead, it is first subjected to bi-
phase modulation, as shown in Fig. 8, and then to phase
modulation. This is because the wobble signal is also used
for controlling the rotation of the spindle motor. More
specifically, according to the bi-phase modulation, 1 and 0
alternate at predetermined intervals so that the ratio of
the numbers of 1's and 0's becomes 1:1 and the average'_
frequencf'bf the FM-modulated wobble signal becomes 22.05
kHz.

As will be discussed in detail below, not only the time
information, but also special information, such as

information for setting the recording laser power, is



of the.wobble information. The ATIP frame is formed of 42 bits, as
indicated by (a) of Fig. 11, and is sequentially provided w M% g b|t

- synchroni zation pattern, a three-bit discrimnator (identifier

wobbl e information, such as the physical franme address, and a 14-bit
cyclic redundancy check (CRC) code. Alternatively, in sone ATIP franes, a
four-bit discrimnator and 20-bit wobble infornmati on may be provided, as
i ndicated by (b) of Fig. 11. As the synghroni zation pattern disposed at the
head of the ATIP frame, "11100011" is provided when the preceding bit is
0, as showin Fig 9, and "00011101" is provided when the preceding bit is
1, as shown in Fig. 10. The three- or four-bit discrimnator is an

i denti fi e‘?n?‘ﬁ@?éa%PnEh?hﬁoéBﬂr?eHPfS*FmPF‘FéOé‘ubsé(ﬁ’ué‘nFDZ@WrorbYZP-’?Hacnd%bl e
informati on, and is_defined as shown in Fig. 12. The 24 hits frombits M3
to MO shobf®i fiPeFyal 3nfegRagdgsng Peyeher %4H&QQ§G&P9b@FJﬁﬁéltlons 5to 28
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the program apea, 8hde information.

The ATIP frame is formed of 42 bits, as indicated by
(a) of Fig. 11, and is sequentially provided with a four-bit
synchronizatibn pattern, a three-bit discriminator
(identifier), 21-bit wobble information, such as the
physical frame address,land a l1l4-bit cyclic redundancy check
{CRC)}) code.

Aiternatively, in some ATIP frames, a_four-bit
discriminator and 20—bif wobble information may be provided,
as indicated by (b) of Fig. 11.

As the synchronization pattern disposed at the head of
the ATIP frame, "11100011" is provided when the preceding
bit is 0, as show in Fig. 9, and "00011101" is provided when
thé preceding bit is 1, as shown in Fig. 10.

The three- or four-bit discriminator is an identifier
indicating the content of the subsequent 20- or 21-bit
wobble information, and is defined as shown in Fig. 12.

The 24 bits from bits M23 to MO shown in Fig. 12
correspond to the 24 bits at bit positions 5 to 28 shown in
Fig. 11.

Bits M23, M22, and M21 (or bits M23, M22, M21l, and M20)



t he | ead-out area. \Wien the value of the discrimnator is "100", the
content of the wobble information (M0 to MO of the corresgepdingnds ane
~indi'cates the address of the lead-in area. The above-nenti oned addresses
correspond to absolute addresses as the above-described ATIP. The tine
domain information as the ATIP is recorded radially outward starting from
the head of the programarea so that it sinply increnents, and is used for
controlling the addresses during the rggording operation. Wen the val ue
of the discrimnator is "101", the wobble information (M20 to MO of the
frame indicates special information 1. When the value of the discrimnator
s "110", the wobble information (M0 to M) of the franme indicates
speci al i AF6r HEEF0ACE. thReALiERELTANGLOFT t REeTyitdhs iR #F i@ 111", the
wobbl e i nformatiQn r sentﬁngecial i nformation
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value is w994k, the content of the wobble information (M20 to MO) of
the corresponding frame indicates the address of the lead-in
area. The above-mentioned addresses correspond to absolute
addresses as the above-described ATIP. The time domain
information as the ATIP is recorded radially outward
starting from the head of the program area so that it simply
increments, and is used for controlling the addresses during
the recording operation;
When the value of the discriminator is "101", the
wobble information (M20 to M0) of the frame indicates
special information 1. When the value of the discriminator
is "110", the wobble information (M20 to MO) of the frame
iﬂdicates special information 2. When the value of the
discriminator is "111", the wobble information (M20 to MO)
of thé frame represents special information 3.
When four bits are used for the discriminator, and its
value is "0010", the wobble information (M19 to MO) of the
frame indicates special information 4.

When the value of the discriminator is "010", the

wobble information (M20 to MO) of the frame indicates



the wobble information (M9 to MO of the frame represents suppl enental

I nformati on. The discrimnators "1000" and "1001" are reser§$ﬂ1$ogpo

- eopyright information in which copyright protection code is % 4The
contents of special information 1 to 4, additional information 1 and 2,
and suppl emental” information are shown in Fig. 13. Special information 1
I ncludes a four-bit target recording power, a three-bit reference
velocity, a seven-bit disc applicatiomgode, a one-bit disc type, and a
three-bit disc sub-type. Three-bit reserve is a reserved area for
expandi ng data in the future. As the target recordi ng power, the | aser

power | evel the reference velocity is recorded. As the disc application
code, theaSGﬁﬁagéa&f1@§8rmaha9naé ‘ge thesivisdde o pde,  specific
applicati n er eag | & QQ&&? or (ﬁgaoke CD), .or comercial audio, is
recor ded Pré“l&‘t Leyinformaddan MARA9 (MDRV)
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supplemental information. The discriminators "1000" and

"1001" are reserved for copyright information in which

copyright protection code is filled.

The contents of special informafion 1 to 4, additional
information 1 and 2, and supplemental information are shown
in Fig. 13.

Special information 1 includes a four-bit target
recording power, a three-bit reference velocity, a seven-bit
disc application code, a one-bit disc type, and a three-bit
disc sub-type. Three-bit reserve is a reserved area for
expanding data in the future.

As the target recording power, the laser power level at
the reference velocity is recorded. As the‘disc application
code, the purpose of use, such as general business purpose,
specific application (for example, photo-CD or karaoke CD),
or commercial audio, is recorded. As the disc type, for
example, "0" represents a DRAW (WORM) disc, while “1“.
indicates a rewritable disc. The disc sub-type represents

the rotational velocity and constant angular velocity

(CAV)/constant linear velocity (CLV).



product. type, and material code. The name of the disc manufacturer is
recorded as the manufacture code. The type of product (typegq mgn§$£004

- product code, etc.) nmanufactured by the manufacturer is recorded as the
product type. In the material code, the material of the recording | ayer of
the disc is recorded. Details of the information of the three-bit material
code are shown in Fig. 14. Material code "000" indicates that the materi al
is cyanine. Material code "001" represgnts that the material s

pht hal ocyani ne. Material code "010" indicates that the material is an azo
conmpound. The above-nenti oned naterials are organic pignents for a CO-R
In contrast, ngterta terial faqr phase change
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reg'Stereﬂroﬁﬁc%fth%CSaﬂﬁ material code. The name of the disc
manufacturer is recorded as the manufacture code. The type
of product (type number, product code, etc.} manufactured by
the manufacturer is recorded as the product type. In the
material code, the material of the fecording layer of the
disc is recorded.

Details of the information of the three-bit material
code are shown in Fig. 14.

Material code "000" indicates that the material is
cyanine. Material code "001" represents that the material
is phthalocyanine. Material code "010" indicates that the
material is an azo compound. The abovg-mentioned materials
are organic pigments for a CD-R.

‘ In éontrast, material code "100" designates a material
for phase change media.

Nbrmally, the material of the recording layer of a disc
can be determined by the manufacturer code and the pfoduct
type. This is based on a system of the media manufacturing
field in which the products and the materials are registered

in correspondence with each other.

That is, by storing the registered information in a



non-regi stered product types or discs manufactured by non- registered

manuf acturers are | oaded after the disc drive wunit has been mﬁﬂggaﬁ&yred,
-the disk drive unit is unable to determ ne the material of the diSC. Thus,
by the provision of the material code as discussed above, the disc drive
unit is able to correctly determne the material of a | oaded disc

regardl ess of the registration status. Accordingly, various settings, such
as |laser power and |aser. emitting pattgrn, can be made according to the
type of material, thereby achieving a high-precision recording operation.
Even when the material of a | oaded disc can be determined fromthe

manuf act ur er cgde and the product type, the material code may be used for
confirmi ng-the T H&Lel it hat FBR W€§GF¥?1AB§iFPSn&PCPFﬁéPﬁaﬂﬁﬂﬁrlqfh@ludes, as
shown in Fi 3,._LnfornmptiQn concerning the rotation of the spindle notor
and | asefog%?érdéﬁﬁt FSPTTBEU&Heﬁgl%HQdI 5%@5% theymapugpgitigrerecode yng he

hi ghest r I.pg,.velocity, power nultiplication factor p, target y

- val ue, aﬁ%ﬁ% ﬁﬁ@éﬁcgoﬁﬁp?-ss erasi ng/recordi ng power ratio. Additional
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the | owesfon-registered product types or discs manufactured by non-
registered manufactufers are loaded after the disc drive
unit has been manufactured, the disk drive unit is unable to
determine the material of the disc.

Thus, by the provision of the méterial code as
discussed above, the disc drive unit is able to correctly
determine the material of a loaded disc regardless of the
registration status.

Accordingly, varioué‘settings, such as laser power and
laser emitting pattern, can be made according to the type of
material, thereby achieving a high-precision recording
operation.

Even when the material of a loaded disc can be
determined from the manufacturer code and the product type,
the material code may be used for confirming the
determination result.

Additional information 1 includes, as shown in Fig. 13,
information concerning the rotation of the spindle motor and
;aser power control, such as the lowest CLV recording
velocity, the hiQhest CLV recording velocity, power

multiplication factor p, target y value, and



recordi-ng velocity and that at the highest recording velocity, the power
mul tiplication factor p at the |owest recording velocity andghfat, 34q4 he
- hi ghest recording velocity, and the erasing/recording power ratio é% t he
| owest recording velocity and that at the highest recording velocity. The
suppl enental information includes inertia (nmonent of inertia), disc
configuration, physical structure, disc density, and so on. Details of the
one-bit disc density information are_ sfgown in Fig. 15. The value "0"
i ndicates that the disc density is the standard density (single density),
while the value "1" designates that the disc density is the high density
(doubl e densltg). By determ ning the type of disc density, the
char act er $E2FLtRIARBCPEFARESt BPYesT TAkdOdi sc can be identified by the table
shown in Fig. 2, Details of the two-bit physical structure information are
shown in Fi g A¥II5HPGL IREOFRATHAR 4t BESPhaPhafBEdABLRIBALEON, 1 egul ar
recordabl e di sc .mhi% t he val ue "%" Ls reserved. 9 March 2004 - 3 9
Details of PR&ETPHB0 ﬁengﬁagaﬁPiﬁ r&hﬁoﬁpFHFéFnEPFSE ande 155 BAYeE g.
17. The vg| "00" _indicates a reqular (circular I §C, mhieﬁ;%%#a*%%ﬂﬂﬂ
di sc or a§°§EE diEBE TRE ggrggtugfcord&ng power)a% The Towes
recording Velocity and that at the highest recording
velocity, the power multiplication factor p at the lowest
recording velocity and that at the highest recording
velocity, and.the erasing/recording power ratio at the
lowest recording velocity and that at the highest recording
velocity.
The supplemental information includes inertia (moment
of inertia), disc configuration, physical structure, disc
density, and so on. |
Details of the one-bit disc density information are
shown in Fig. 15.
The value "0" indicates that the disc density is the
standard density (single density), while the value "1"
designates that the disc density is the high density (double
density). By determining the type of disc density, the
characteristics and parameters of the disc can be identified
by the table shown in Fig. 2.
Details of the two-bit physical structure information

are shown in Fig. 16.
The value "0" indicates that a loaded disc is a regular

recordable disc, while fhe value "1" is reserved.



designates a triangular disc. The value "10" indicates a quadrilateral

di sc. The value "11" represents a disc having a confrguratrgmkggpgathan

- the "above-descri bed discs. Exanples of the disc configuration are s

Figs. 18A through 20C. Fig. 18Aillustrates a 12-cmregul ar disc and Fig.
18B illustrates an 8-cmregular disc. The dianeter of the center hole CH
is 15 mm In figs. 18A through 20C, the access range ACis a range

accessi ble by an optical pick-up of azdisc drive unit, in other words, the
radial range in which a recording track can be forned. Although sone discs
are configured differently fromthe above-nentioned regular di scs, they

can be | oaded, n cor ading o ation. can erforned on
such di scs ?% %soﬁh Qi %pgéﬁg S%oﬁgréﬁﬁaFPBHOBflPﬁ rgesdehcan be
acconnndaé M%ﬁﬂrgna 12-cm.circul ar disc and the center hole CH has a
15- cnrdrane er Eﬁﬂ and*19B illustrate triangular discs represented

by the val ue "f1; 516?9"9650 ﬁgféégggaé Qggﬁlggrﬁgéggﬁ'gk aé#ég Fig. 19A

“illustrates a regu ri angul ST ‘anot her

triangul ag, $8aP¢g9 awﬁbcﬂﬁ ﬁgégHo%Oan %h%@rhﬁéa th%hreQHhﬁka' angle. The

di anmeter of the cente of "such irangul ar di scs mm The

access ra@gglaﬁéggssgcﬂrigh anga?ﬁgbﬁcsTh% %%&hbemldﬁnﬂh&ngtég 4 egul ar

di scs, as shown in Figs.
quadrilateral dlSC. The value "11" represents a disc having

a configuration other than the above-described discs.

Examples of the disc configuration are shown in Figs.
18A through 20C. |

Fig. 18A jillustrates a 12-cm regular disc and Fig. 18B
illustrates an 8-cm reqular disc. The diameter of the
center hole CH is 15 mm. In Figs. 18A through 20C, the
access range AC is a raﬁge accessible by an optical pick-up
of a disc drive unit, in other words, the radial range in
which a recording track can be formed.

Although some discs are cdnfigured_differently from the
above-mentioned regular discs, they can be loaded, and the
recording/reading operation can be performed on such discs
as iong as the size and the configuration of the discs can
be accbmmodatedeithin a 12-cm circular disc and the center
hole CH has a 15-cm diameter.

Figs. 19A and 19B illustrate triangular discs
represented bj the value "01" of the disc configuration.
More specificallf, Fig. 19A illustrafes a regular triangular

disc, and Fig. 19B illustrates another triangular shape



Yet, the triangular discs can be |loaded in a disc drive unit and can be
used for recording or reading data. Figs. 20A, 20B, and 20C bhhﬂéﬁﬁ@ﬁfa

- quadrilateral discs represented by the value "10" of the disc
configuration. More specifically, Fig. 20A illustrates a square disc, Fig.
20B illustrates a rectangul ar disc, and Fig. 20C illustrates another type
of quadrilateral disc. The dianeter of such quadrilateral discs is 15 nm
As In the triangular discs, the access gtange AC of such quadrilatera
discs is smaller than that of regular discs. However, the quadril ateral
discs -can still be loaded in a disc drive unit and can be used for

eror o ek pLACen LR PEC LR, COREONS LR B! il

triangl es an qguadr rr-ater r epres

configuraﬂé D, el §eN &cﬁhgﬁge?hglégiéigﬁgeishggpxﬁg, pent agonal or

hexagonal discs, or diScs an“Six~ sides, or circular discs

having a dianshsl Qdess Nas 4 of2s6th eHhhpbheal dLses. 4aperbineg |y

configured discs, suc ar-shaped di sCs or oud-shaped di scs, can be

consi der egha® MAENCEORAgn14L aPHER,dhSCSneRR ahSeile USed fly neger ding or

reading data as long as"the size and the configurafion of suc I scs can

Pne}] accommpglaf eehdi £hi AnduidrCcAidb8MBhA" b 1628RE ibCa GRREAAYL driid s 15
and can be used for recording or reading data.

Figs. 20A, 20B, and 20C illustrate quadrilateral discs
represented by the value "10" of the disc configuration.
More specifically, Fig. 20A illustrafes a square disc, Fig.
20B illustrates a rectangular disc, and Fig. 20C illustrates
another type of guadrilateral disc. The diameter of such
quadrilateral discs is 15 mm.

As in the triaﬁgular discs, the access range AC of such
quadrilateral discs i1s smaller than that of regular discs.
However, the quadrilateral discs can still be loaded in a
disc drive unit and can be used for recording or reading
data.

Discs having configﬁrations other than triangles and
quadrilaterals, represented by the value "11" of the disc
configﬁrétion, are not shown. In this case, héwever,
rentagonal or hexagonal discs, or discs having more than six
sides, or circular discs having a diameter other than 8 or
;2 cm, elliptical discs, specifically configured discs, such
as star-shaped discs or cloud-shaped discs, éaﬁ he |

considered.



As indicated by the exanples of triangular and quadrilateral discs shown
in Figs. 19A through 20C, they are not limted to regular témgngggézgr

- squares. Thus, if it is. desired that the configuration of o % be
accurately identified, the dinmensions of such discs may be recorded in,
for exanple, part of the reserved area (M9 to M/) of the supplenental
information. Alternatively, as bits representing "a" and "h" shown in
Figs. 21A and 21B, four bits may be useg for each of "a" and "h" as

foll ows. When the four-bit value indicating "a" is represented by Av and
the four-bit value indicating "h" is represented by Hv, a = Av [mm] (0 to
15 mmare indigated_in |ncrenents of = Hv/10 (O to 1.5 mmare

i ndi cated in iPeFRALHESS %?noaﬁsﬂn?e EE?Q QroFeFﬁ€dﬂ%S-8Ftrﬁﬁ@ﬁpﬂa ( noment

t I t al f tion are shown in Fig. 22. Wen the
va|Lgegf|$%E?tﬁg §n%3g2 %g%” al in %Og% i S i ig
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When t he u Lnerti,a,9 .Mar, 2004 | 1" he monent, of inertia
is 0.01 g%gh 839?8893P°88F dlgégﬁéﬁaﬁ 620§mbdﬁ@m%%ﬁﬁ1é%ﬁ?\EQQJ R% inertia
is "10", ertia is 0.02 nm2 or greater but |ess than 0.03
gn. VMenaéﬁgegg ?hr%gr?% %m "11v, ?he nnne%t of

As indicated by the examples of triangular and
quadrilateral discs shown in Figs. 19A through 20C, they are
not limited to regular triangles or squares. Thus, if it is
desired that the configuration of such discs be accurately
identified, the dimensions of such discs may be recorded in,
for example, part of the reserved area (M19 to M7) of the
supplemental information.

Alternatively, as bits representing "a" and "h" shown
in Figs. 21A and 21B, four bits may be used forleach of "a"
and "h" as follows. |

When the four-bit value inditating "a" is represented

by Av and the four-bit value indicating "h" is represented

by Hv,
| a = Av [mm] (0 to 15 mm are indicated in increments of
1 mm)
h = Hv/10 (0 to 1.5 mm are indicated in increments
of 0.1 mm).

Details of the two-bit inertia (moment of inertia) of
the supplemental information are shown in Fig. 22.
When the value of inertia is "00", the moment of

inertia is less than 0.01 g-m2. When the value of inertia



inertia is 0.03 gn2 or greater. \Wien the nonent of inertia i's represented
by J, it is expressed by the follow ng equation: = E(nml Xg rE%g %@? ein

- rl represents the distance fromthe origin (i.e., the center 0 Q

rotation of the disc), and m designates a mnute nmass at the position rj.
According to the above-descri bed equation, the nonent of inertia J is the
sum of the product of the mnute mass m - and the squared di stance ri, and
never becones zero. Accordingly, w thga l.arger disc, the nonent of inertia
J is increased. The physical meaning of the nonment of-Inertia J is an
anount expressed in an equation of the rotation That is, the follow ng
equation hol ds } = T wherein 'a represents a second or der

differenthisl GF tkﬁpermﬁ%ﬁ?Bn%F tRgFEis s %naélarmve?ﬁcQF??tTEnHE¢ o
d f f t T tion reveal s that’ e
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inertia is 0.03 g-m? or greater.

‘When the moment of inertia is represented by J, it is
expressed by the following equation:

J = Z(my x r2)
wherelin r; represents the distance from the origin (i.e.,
the center of the rotation of the disc), and m; designates a
minute mass at the position r;.

Accordihg to the above-described equation, the moment
of inertia J is the sum of the product of the minute mass my -
and the squared distance r;, and never becomes zero.
Accordingly, with a larger disc, the moment of inertia J is
increased.

The pnysical meaning of the moment of ‘inertia J is an

_ameunt expressed in an equation of the rotation. That is,
the following equation holds true:

Jxo="T
wherein o represents a second;order differential of the
rotational angle 6 (= angular velocity), and T designates
the moment of force (torgue).

This equation reveals that the moment of inertia J is

equivalent to the mass m in an equation of the particle



Im= (m x ri ) That is, the inbalance IMis the sumof the product of the
m nute mass m and the squared distance ri. If a disc is peb%ﬁﬁ&ﬂ%o 4

- synmetrical and free fromnon-uniformties in the thickness, the |#%alance
IMis zero. However, although the inbalance IMis zero, the nonent of
inertia J is not zero, and there is no correlation between the nonment of
inertia J and the inbalance Im As is seen fromthe foregoing description,
the monent of inertia of a disc is useg for controlling a spindle notor
which rotates a disc. As discussed above, discs are not restricted to 8- or
12-cmcircul ar discs, and there are various configurations and sizes of

and cont i GRPRLTON- of TPAE L < Ehe ARCBEBEnBFy P67 FAovi AnG™ HOBANRATE of
motor carb e HoAE BEFEatBoF FERBON! ABPy ~DLo50ns Bt0 P Arig i M iro. and
Gain can be s EREHE note TREEERGR L Pa b 4 AP orBrotRedorg. o
epr osent S3° by FhE b e BB D E D aned o thice bits by using bit AP

for the reserwpd=§§ﬂ§lo; Eh? suppl enental information. In this case, the
nonent of inertta my be 1

That is, the imbalance I, is the sum of the product of the
minute mass m; and the squared distance r;. If a disc is
perfectly symmetrical and free from non-uniformities in the
thickness, the imbalance I, is zero.l However, although the
imbalance I, is zero, the moment of inertia J is not zero,
and there is no correlation between the moment of inertia J
and the imbalance I.

As is seén from the-foregoing description, the moment
of inertia of a disc is used for controlling a spindle motor
which rotates a disc.

As discussed above, discs are not restricted to 8- or
l2-cm circular discs, and there are various configurations
and sizes of discs. The moment of inertia of a disc is
different according to the size and configuration of the
disc. ‘Accorﬂingly, by providing the moment of inertia; as
discussed aﬁoﬁe, the rotation driving system of the spindle
motor can be controlled correspondingly (i.e., according to
the size and configuration of the disc). More specificaliy,
the optimal spindle servo gain can be set according to the

size and configuration of the disc.



represented as shown in Fig. 23. The value "000" indicates that the nonent
of inertiais less than 0.004 gn2. The val ue "001" indicate?nhnﬁ%zégﬁ

- ponent of inertia is 0.004 gn2 or greater but less than 0.01 g-n. e
val ue "010" indicates that the nonent of inertiais 0.0l gn2 or greater
but less than 0.022 g-n2. The value "011" indicates that the nonent of
inertiais 0.022 gn2 or greater but |less than 0.032 gn2. The value "100"
i ndi cates that the nonent of inertia +s44.032 gn2 or greater but |ess than
0.037 gnR2. The value "101" indicates that the nonent of inertia is 0.037
g-n2 or greater. The values "110" and "111" are reserved. |If a greater

I f h sl La_i h bove- i.hed .
ot imition is SrraarplothhEhLsohBeRtRERS Eha RERERE SRR (4 ckness.
inition efRre: "Eonste: e ¢ ckne:
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- 120-mm di sc has a nonment of Inertia equlva e
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45 type of material. A disc having a thickness larger t st andar ds,
or a di sCrpte’ended0RsURHowIMifRISif stgibution in the radial direction,

for exanple, a disc in which the mass on the outer periphery is |arger

than that of tyRei #A&Ge "000" indicates that the moment of inertia is
less than 0.004 g-m?. The vaiue "001" indicates that the
moment of inertia is 0.004 g-m? or greater but less than
0.01 g-m?. The value "010" indicateé that the moment of
inertia is 0.01 g-m? or greater but less than 0.022 g-m2.
The value "011" indicates that the moment of inertia is
0.022 g-m? or greater but less than 0.032 g-m2. The value
"100" indicates that the moment of inertia is 0.032 g-m?2 or
greater but less than 0.037 g-m2. The value "101" indicates
that the moment of inertia is 0.037 g-m? or greater. The
values "110" and "111" are reserved. If a greater value of
the moment of inertia is expected, the above-described
definition is effective.

As a examp;e, considering the standard thickness,

configuration, and mass {material), a 60-mm disc has a
moment of inertia equivalent to "000", an 80-mm disc has a
moment of inertia equivalent to "001", a 100-mm disc has a
moment of inertia equivalent to "010", and a 120-mm disc has

a moment of inertia equivalent to "011". The moment of

inertia of some 120-mm discs may be "100" according to the



peri phery, may have a noment of inertia equivalent to "101". In the
exanpl es shown in Figs. 22 and 23, the nonent of inertia isgmﬁﬂ&fﬁﬁﬂfed by
- thepredeterm ned ranges. However, the nonment of inertia nmay be found by
an equation, in which case, the corresponding information is recorded. For
exanple, inertia information is recorded by using four bits, such as Mb to
MB. When the four-bit value is represented by J, [hex), Jcal [g-nRl
(monent of inertia) nay be expressed hys t-he foll ow ng equation. Jcal =
"oval x (1/500) Details of the wobble information contained in the ATIP
frame have thus been discussed. In the foregoing exanple, the value "00" of

i Scs. antivBRcy aPRtRBLaNT T { B SRCaneyi Moas e CHERRT A “xdnsy WA e
diff t] f [ I f th t of_ . Lia.. ND
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- Accordingly al'ue ‘of "t'he di Sc con rgdrationis e val ue
e o 2SRy, S0, pHISE! bRRtBRRY sl st AP abiE e S il
of inertigeksphéty, hBG HbSe bSmAmiAtCHr MeQ¥HEh Uffivalent to "101".

In the examples shown in Figs. 22 and 23, the momenf of
inertia is represented by the predetermined ranges. However,
the moment of inertia may be found by an equation, in which
case, the corresponding information is recorded.

For example, inertia information is recorded by using
foﬁr bits, such as M5 to M8. When the four-bit value is
represented by J, [hex], Jg; [g-m?] (moment of inertia) may
be expressed by the following eguation.

Joa1 = Jya1 X (1/500)

Details of the wobble information contained in the ATIP
frame have thus been discussed.

In the foregoing example, the value "00" of the disc
configuration indicates both 8- and 12-cm regular {circular)
discs, and they are not differentiated. This 1s because
they can be different;gted by referring to the value of the
moment of inertia.

More specifically, the moment of inertia of an 8-cm
regular disc is less than 0.01 g-m?, while that of a 12-cm
regular disc is 0.03 g-'m? or greater. Accordingly, if the

value'of the disc configuration is "00" and the value of



Alternatively, by using part of the reserved area of the supplenental
information, information for differentiating an 8-cmdisc agﬂ a 1%-cn1disc

may-be recorded. 3-3 Recording area format A description is h of

the format when a disc drive unit records data in a recording area of a
recordable optical disc. Fig. 24 illustrates the format of a recording
area of a recordable optical disc, and Fig. 25 illustrates the format of a
track shown in Fig. 24. The disc drive gnit sequentially formats the
recording area, as shown in Fig. 24, such as the PCA the PMA the
| ead--in area, one or a plurality of tracks, and the | ead-out area from
t he inner%gerighe[y to the outer periphery of the disc. Then, the disc

drive uni iRgRFLRt L8ns00as SR6WALSk fisgan 8scrmezegulagcidiisst-o a plurality of

packet s a§%ording to the  packet wite nmethod, and records user data

t hereon. TRBVPERELKowdTi fREi yaldg pof Iheyfdss gopdignsaddon fdetorMfing is
performed_foqr, adjusting the output povyer ,of . laser light. Each track is an

~area in mﬁ?@htﬁgeya HFao'leeﬁ%FéhlfOO - 4 TG QASSIdF ATHE 1PRd- i n area

and the Ifg@-gﬁ} anea store the TOC, such as the start address and the end

address ot “84cHtt MA8R: and various itens of infornation concerning the

cor respondi ng &E@éfﬂétf@éiy,r§§p8§ih¥eb¥rt g@etﬁgﬁrgge%ged area of

the supplemental information, information for
differentiating an 8-cm disc and a 12-cm disc may be
recorded.

3-3 Recording areé format

A description is now given of the format when a disc
drive unit records data in a reco;ding area of a recordable
optical disc. Fig. 24 illustrates the format of a recording
area of a recordable opﬁical disc, and Fig. 25 illustrates
the format of a track shown in Fig. 24.

The disc drive unit sequentially formats the recording
area, as shown in Fig. 24, such as the PCA, the PMA, the
Jead-in area, one or a plurality of tracks, and the lead-out
afea from the inner periphery to the outer periphery of the
disc.

) Then, the disc drive unit partitions, as shown in Fig.
25, each track into a plurality of packéts according to the
packet write.method, and records user data thereon.

The PCA shown in Fig. 24 is an area in which test-
recording is performed for adjusting the output power of

laser light. Each track is an area in which user data is



area in which the TOC of each track is tenporarily stored. Each track is
formed of a pre-gap for recording track information and a Ug ek ggéﬁygrea

- for “recordi ng user data. Each packet shown in Fig. 25 includes A feast one
readabl e user data bl ock, five linking blocks, which are fornmed of one

|l i nk bl ock and four run-in bl ocks, disposed before t he user data bl ock,
and two |inking blocks forned of two run-out bl ocks di sposed after the user
data block. The 1link block is used foraxoupling packets. According to the
fixed-length packet wite nethod, a plurality of tracks are forned in' a
recording area of a rewitable disc, and each track is divided into a

plurality acket The the nunber _of _us ata bIocks bl ock . | ength)
i s made tﬁegégﬁeaamﬁae Egasa&RePEGﬁ Fﬁfintgﬁeiﬁ t eS8 thecor ded

it Qen:telﬁsﬁ' nsfﬁféhrgiﬁf‘ itﬁa‘aa caaREERET B, he t%%sﬂéﬁ%% ' en%é]h 2 1 he d
k
packet eﬂgé?ko ahHev?EgBﬁ E@Emgaﬁﬁe&ﬁfgkﬁgkgoﬁneph?%%ﬁ#ﬁéSﬁle sane, an

t he nunber user e~same  amon |g 26
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di sc fornatted r|ve unit par ormatting the
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recording area is filled wth t |xe I engt _
Each track is formed of a pre-gap for recording track

information and a user data area for recording user data.

Each packet shown in Fig. 25 includes at least one
readable user data blpck, five linkihg blocks, which are
formed of one link block and four run-in blocks, disposed
before the user data block, and two linking blocks formed of
two run-out blocks disposed after the user data block. The
link block is used for doupling packets.

According to the fixed-length packet write method, a
plurality of tracks are formed in a recording area of a
rewritable disc, and each track is diviged into a plurality
of packets. Then, the number of user data blocks (block
1ength) is made the same among the packets within one track,
and data is recorded at one time in each packet.

Thus, according to the fixed-length packet write method,
the recording area is formatted in such a manner that fhe
packet length of the individual packets within one track is
ﬁhe same, and the number of user data blocks is the same

among the packets.

Fig. 26 illustrates the format of a recording area of



4. Sub-code and TOC The TOC and sub-code recorded on the lead-in area of a
CD-format disc are as follows. The mnimumunit of data reCO@iﬂQ#ﬁZ@ﬂla
- €CD-format disc is a frame. N nety-eight franes form one bl ock. e
structure of one frane is shown in Fig. 27. One frame is forned of 5%$8 bits
in which the first 24 bits are synchroni zation data, the subsequent 14
bits are sub-code data, and the remaining bits are data and parity. The 98
frames configured as descri bed above f ggnone bl ock, and sub-code data
extracted fromthe 98 franes are collected so as to form sub-code data
(sub-coding franme) of one block, as shown in Fig. 28A. The sub-code data
extracted_fromthe first and second, franes (franme 98n+l and 98n+2) of the
Phicat 0156, AeRrakEsa: P

98 frames®8r BPELEAL a81SEy HORPE Bnapdifer ASiverhoith r BY: wheddi 9st h

dat o i . coF GRBELBALY (EPETBL LAPORER PFS-BoryRtardonF 010, AXRay Mg 00 i {5,
Sooa - aotxPEeLEnktROPa SRR R Brt s RemadEed ERE0RR LY eger A2 L Rtnel
merely ing%gﬁtg e?Egﬁgﬁﬁ%gghgﬁgg?gké%gg, nore precise control is perforned

by the Q channé he*96-bit Q channel data is configured
as showmn in Fig. 28B.

4. Sub-code and TOC

The TOC and sub-code recorded on the lead-in area of a
CD-format disc are as follows.

The minimum unit of data recordable on a CD-format disc
is a frame. Ninety-eight frames form one block. The
structure of one frame is shown in Fig. 27. _

One frame is formed of 588 bits in which the first 24
bits are synchronizatioﬁ data, the spbsequent 14 bits are
sub-code data, and the remaining bits are data and parity.

The 98 frames configured as described above form one
block, and sub-code data extracted from the 98 frames are
collected so as to form sub-code data (sub-coding frame) of
oné block, as shown in Fig. 28A.

The sub-code data extracted from the first and second
frames'(frame 98n+1 and 98n+2) of the 98 frames are used as
synchroniéation-patterns;. The third through 98th frames
(frames 98n+3 through 98n+98) form a plurality of items of
ghannel data, i.e., sub-code data P, Q, R, S, T, U, V, and W,
each having 96 bits, are formed.

Among these sub-code data, the P channel and Q channel



The four bits, i.e., QL through 4, are used as control data for

i dentifying whether the nunber of audio channels is two or 5 2@& her
- enphasi s processi ng has been executed on the data (rmnusic) reporae oh t he
di sc, whether the disc is a CD-ROM and whether digital copying is

al l oned. Then, the subsequent four bits, i.e., & through @B, are used as
(ADR), which indicates the node of sub-Q data. More specifically, the
foll owi ng nodes (content of sub-Q datajgcan be represented by the four-bit

ADR. 0000: nmode O ... basically, all the sub-Qdata is zero (except for

CD- RW 0001 nDde 1 ... normal node 0010: nDde 2 ... catal og nunber of disc

0011: nod t ernational. .St andard Rec Code | SRC) 0100: node 4
used 85?9 %fﬁi i% 9 a58EF S or else SEUE tYie P such as

Bl T B i, o S0,
R g i N LY LA 8 b

Concer ni nggghe aggleesy LILTRl LHLRR %?%Eﬁ%ﬂ:ﬂycﬁﬁEEfaﬁké% as shown in
Fig. 28B.

Thé four bits, i.e., Q1 through Q4, are used as controi
data for identifying whether the number of audio channels is
two or four, whether emphasis processing has been executed
on the data (music) recorded on therdisc, whether the disc
is a CD-ROM, and whether digital copying is allowed.

Then, the subsequent four bits, i.e., Q5 through Q8,
are used as (ADR), which indicates the mode of sub-Q data.
More'specifically, the following modes (content of sub-Q
data) can be represented by the four-bit ADR.

0000: mode 0 ... basically, all the sub-Q data is zero

{(except for CD-RW)

0001: mode 1 ... normal mode

0010: mode 2 ... catalog number of disc

0011: mode 3 ... International Standard Recording Code
(ISRC)

0100: mode 4 ... used for CD-V

0101: mode 5 ... used for multi-session type, such as

CD-R, CD-RW, and CD-EXTRA
After the ADR, the 72 bits Q9 through Q80 are used as

sub-Q data, and the remaining Q81 through Q96 are used as a



data, the format enpl oyed for known standard density discs, such as CD DA,
is discussed belowwith reference to Figs. 29A and 29B, mhibgﬁﬁa$2&£{nat
- enployed for high density discs, such as CD--R and CD-RW i S dl Scussed
below with reference to Figs. 30A and 30B. In the high density node, it
IS necessary to expand the maxi nrum val ue of the absolute address al ong
with a larger capacity of discs. Accordingly, the address value of the

hi gh density discs is represented by hgur/ m nute/second/frame, while that
of the standard density discs is represented by m nute/second/franme. The
sub-Q data when the ADR is node 1 is described below wth reference to
Figs. 29A through 30B, and the TOC structure of the sub-Q data is

di scussed®®etow with reference to Fig. 31. The sub-Q data stored in the

| ead-in area of di sc ervef as the TOC information. That is, the 72-bit
sub-Q data fr EES?%Scéﬁb%?‘?F% eldraffef fRflarrealiveoridressesdd-in

area contains, informatio ho in Fig. .29A or 30A sub- Q data shown
O o el S RO R Py RAe DY athe: PubGE dAite Waed he, BB HABERE Thr ough

@B0) of th§ %} hannel data 9 March 2004 - 51 shown in Fig. 28B. The sub-Q
data is di' P ed'into eight-bit portions and represents the TCC

DT O bR AR fal ke D Eo AR SERB LR S0 T T O

the |ead-50¢3" epe! BEra®CEmPYT08S For known standard density discs,
such as CD-DA, is discussed below with reference to Figs.
29A and 29B, while the format employed for high density
discs, such as CD-R and CD-RW, is discussed below with
reference to Figs. 30A and 30B. In the high density mode,
it is necessary to expand the maximum value of the absolute
addréss along with a larger capacity of discs. _Accordingly,
the address value of the high density discs is represented
by hour/minute{second/frame, while that of the standard
density discs is represented by minute/second/frame.

The sub-Q data when the ADR is mode 1 is described
below with reference to Figs. 29A through 30B, and the TOC
stiucture of the sub-0Q data is discussed below with
reference to Fig. 31.

The sub-Q data stored in the lead-in area of a disc
serves as the TOC information. That is, the 72-bit sub-Q
data from Q9 to Q80 of the Q channel data read from the
;ead—in area contains information shown in Fig; 29A or 30A.
The sub-Q data shown in Fig. 297 or 30A provides details of

the 72-bit sub-Q data (Q9 through Q80) of the Q channel data



Is set -to "00". The subsequent eight bits QL7 through Q4 indicate point
(PO NT). @5 through @2, @33 through 40, and 41 through %@%ﬂ'sgﬁ@

. havi'ng eight bits, represent the mnute (MN), the second ( ¢ t he
frame ( FRAME), respectively as the absol ute address. "00000000" is set in
Q49 through @6. Further, PMN, PSEC, :PFRAME are recorded in @7 through
B4, 65 through Q72, and Q73 through @O0, respectively. The neani ngs of
PM N, PSEC, and PFRAME are determ neddyy the value of PONT. On the other
hand, in the sub-Q code for the high density disc showm in Fig. 30A by
using each four bits of the eight bits of Q49 through b6, the "time",

which is hlgher conc thap the m.nute/second/frame, is indicated. Mre
spemﬂca‘%‘?W i 1P B reggg gﬁﬁa uByngpﬁﬁ fife dipdGedyint aop ahisitee,
and 62, er. concept than the "M N'," "SEC",

and "FRANEBft%gnSr?B ESEregﬁngglﬁaetﬁgc SREPEPRSPBur bits B3, C54 55,
?ggEg§6’aLge'EEgin§, '8 (?eco{?écflgfl]§ ﬁaﬁg Spﬁg§s§EH Bﬁécsﬁ Oﬁpdata of
U AR, P ORI Ry BB, RO A,
Filg (ngl t#BER hRfv¥e! tens). PEhNEnkS1688093°A¢8Y,Pinddtrddd %%éé’F" 'n
is set to "o0O".
The subsequent eight bits Q17 through Q24 indicate
point (POINT). Q25 through Q32, Q33 through Q40, and Q41
through Q48, each having eight bits,‘represent the minute
{MIN), the second (SEC), and the frame (FRAME), respectively
és'the absolute address. "00000000" is set in Q49 through
Q56. Further, PMIN, PSEC, PFRAME are recorded in Q57
through Q64, Q65 through Q72, and Q73 through Q80,
respectively. The meanings of PMIN, PSEC, and PFRAME are
determined by the value of POINT. .
On the other hand, in the sub-Q code for the high
density disc shown in Fig. 30A, by using each four bits of
the eight bits of Q49 through Q56, the "time", which is a
higher cconcept than the minute/second/frame, is indicated.
More specifically, in the lgad~in area, by using the
‘four bits Q49, Q50, 051, and Q52, the time "HOUR", which is
a higher concept than the "MIN", "SEC", and "FRAME", is
;ecorded. By using the remaining four bits Q53, Q54, Q55,
énd Q56, the time "PHOUR", which is higher concept than the

"PMIN", "PSEC", and "PFRAME", is recorded.



represented by "01" through "FF" in binary code), it neans the track
nunber. In this case, in the PMN, PSEC, and PFRAME the ni?“%ﬁ ﬁgwﬂiﬁ,

- the 'second (PSEC), and the frame (PFRAME) of the start poin aBss

time address) of the track nunber are recorded. Wien the PO NT value is
"AO', the track nunmber of the first track in the programarea is recorded
in PMN The specification (type) of disc, such as CD-DA, CD Interactive
(CD-1), CD ROM (XA specifications), camjxaldentlfled by the value of
PSEC. Wien the PO NT value is "Al", the track nunber of the final track in
the programarea is recorded in PMN Wen the PONT value is "A2", the

i h PM PSEC d PFRANE
N SOREE o n’gh% ot %b rﬁ?%j%n:ié”g‘eg%éaﬂe% ; fh,hig. (ﬁﬁm/e? Y.
h i en t
oa unS S e 0R teneleb TR Ry U BERERGAANN, 48 Hofliol by, 20 R PO

this caseypin Fﬁ%; PSEC, and PFRAME, the start point (absolute
tinme addresé)Pg hénghEpch 2004 - track nunber is recorded as the

he_ f
o (P, 0o 1o (AN i, s6EpL) (E5ECTy 0o ke

t k rogr recomged " e eSS ormat can
g SN R

represented by "0l1" through "FF" in binary code), it means
the track number. In tliis case, in the PMIN, PSEC, and
PFRAME, the minute (PMIN), the second (PSEC), and the frame
(PFRAME) of the start point (absoluté time address) of the
track number are recorded.

When the POINT value is "A0%, the track number of the
first track in the program area is recorded in BMIN. The
specification (type) of'disc, such as CD-DA, CD-Interactive
(CD-I), CD-ROM (XA specifications), can be identified by the
value of PSEC.

When the POINT value is "Al", the track number of the
final track in the program area is recorded in PMIN.

" When the POINT value is "A2", the start point of the
lead-out area is recorded in PMIN, PSEC, and PFRAME as the
‘absolute time address (minute (PMIN), second (PSEC), frame
(PFRAME) ) .

On the other hand, in the sub-Q code shown in Fig. 30A,
when the POINT value is designated by "01" through "9F", it
means the'frack number. In this case, in PHOUR, PMIN, PSEC,

and PFRAME, the start point (absolute time address) of the



nor mal - hi gh density discs, PSECis set to "00". Wien the PO NT val ue is
"Al", the track nunber of the final track in the progran1ar§%m4§h rded
- }Jn PM N Wen the PONT value is "A2", in PHOUR, PM N, PSEC, nd

the start point of the | ead-out area is recorded as the absolute tlne
address (hour (PHOUR), mnute (PMN), second (PSEC), and frame (PFRAME)).
As the PO NT val ues, val ues which have already been defined or to be
defined in the future,. such as "A3"'_- gad-the subsequent val ues, for
exanple, "B*", and "C*", are considered. An explanation of such val ues,
however, is omtted. In this enbodi ment, various types of physi cal

f t ded wh he PO NT I " an expl anation
Lﬂeség? ?@Q $5eﬁu$ﬁg%ef%i¥e%£¥éﬁﬁ qﬁuEhGYﬁgggcﬁ?ﬁgugérnEBebVlPHEesub Q data

xanp| oC f he sub-Q dat
§P°2“dlQCﬁ%ﬁIthiﬁh%.§3$$29E§£aﬁé??§§§¢d£ﬁ r?ma°&?§§eaﬁpta?$2“ca§??g aTOC
3 n ¥ t O e
-;PglfﬁéS?tg%I§ﬁ§3 %J%ﬁ%h# r%%ré@ihtégl = eé?a? t%%ove hthe
‘ t he
Bl ook datarTShbEaa ?,%?f%%ne?%%m"éréﬁe???a%%ﬁéﬁn%h%ﬂ}& Ao th2,

shown i n £4855 G ¢4f4a 2080 %521 hEnt i 828805Y LHE' PERECGT8BSCHbLYERY! OCKs.

The val ues .
normal high density discs, PSEC is set to "00".

When the POINT value is "Al", the track number of the
final track in the program area is recorded in PMIN.

When the POINT value is "A2", iﬂ PHOUR, PMIN, PSEC, and
PFRAME, the start point of the lead-out area is recorded as
the absolute time address (hour (PHOUR), minute (PMIN),
second (PSEC), and frame (PfRAME)).

As the POINT values; values which have already been
defined or to be defined in the future,. such as "A3" and the
subsequent values, for example, "B*", and "C*", are
considered. An explanation of such valges, however, is
omitted.

In this embodiment, various types of physical
information are recorded when the POINT value is "FO", and
an expianation thereof is given in detail below.

Thus, the TOC is formed by the sub-Q data shown in Fig.
29A or 30A. For example, the TOC formed by the sub-Q data
qf a disc on which six tracks are recorded on the program
area can be indicafed by the one shown in Fig. 31.

All the track numbers TNO of the TOC are inevitably



"01" through "06" are indicated for six tracks (pieces of nusic), tracks
#1 through #6, respectively, and the start points of the fibi%ﬂgigﬁkt#l

- through sixth track #6 are indicated in PHOUR, PM N, PSEC, a . The
TOC showmn in Fig. 31 is based on the sub-Q data shown in Fig. 30A, and if
a TOC is created based on the sub-Q data shown in Fig. 29A, PHOUR is not
provi ded. When the value of PONT i's "AO', "01" is indicated in PMN as
the first track nunber. The type of disgqcan be identified by the PSEC

val ue, and since the PSEC value is "20", the disc is a high density CD.
Wien the PO NT value is "Al", the track nunber of the final track ("06")
I's recorded in he PO NT K value .is "A2", the start point of the

| ead- out 5?853F§ntﬁgcggde80|n Pﬁ@UﬁtQQQQQ absgec ey PEeAERUTe%r t he
bl ock n+26 &blo n+27 an e, datﬁﬁlndlcated for the bl ocks

b ouantniBEarEs, Bhel naEe er| ﬁ%{"ﬁ@ mpw ey Jﬁ’hFld wrd g e
k imtied so that the
Lgﬁﬁesdggﬁgégges ogl§ %Oco %&g = L i S I BB - 55 practi ce,

et the. SHiSgnaCrde § Eé§C5§ 390&52%—3? %- F?ﬁ“exﬁe sale] qi 432 o
di scussedréeogﬁtea' b eQ‘eLt?l‘ﬁLeeﬂa:% trsaec;lvgogl ”%a'é%f“ gz%é Lﬁdﬁ&lf

anong discs Ccor i ngl'y, one uni ata is not res
01" through "06" are indicated for six tracks (pleces of

music), tracks #1 through #6, respectively, and the start
points of the first track #1 through sixth track #6 are
indicated in PHOﬁR, PMIN, PSEC, anleFRAME. The TOC shown
in Fig. 31 is based on the sub-Q data shown in Fig. 30A, and
if a TOC is créated based on the sub-Q data shown in Fig.
29A, PHOUR is not provided.

When the value of POINT is "AO", "01" is indicated in
PMIN as the first track number. The type of disc can be
‘identified by the PSEC value, and since the PSEC value is
"20", the disc is a high density CD. _

When the POINT value is "Al", the track number of the
final track ("06") is recorded in PMIN. When the POINT
value is "A2", the start point of the lead-out area is
recorded in PHOUR, PMIN, PSEC, and PFRAME. _

After the block n+26 (blocks n+27 and so on), the same
data indicated for the blocks n through n+26 is repeated.

In the example shown in Fig. 31, only six tracks are

recorded, and the number of blocks is limited so that the

POINT value designates only "A0", "Al", and "a2". 1In



to 27 bl ocks shown in Fig. 31. In the programarea in which pieces of
music, for exanple, tracks #1 through #n, are stored, and |P&h hﬁgg out
. area, the sub-Q data is indicated by the information shown qb B o
Fig. 30B. Fig. 29B or 30B provides details of the 72-bit sub-Q data (@

t hrough @B0) of the Q channel data (QL through @@6) shown in Fig. 28B. In
the sub-Q data shown in Fig. 29B, eight bits @@ through QL6 are used for
recording the track nunber (TNO . Thatsgs, in the tracks #1 through #n,
one of the values "01" to "99" in BCDis recorded. In the | ead-out area,
"AA" is recorded in the track nunber The subsequent eight bits QL7

th h 4 f di n i ndex The index can be used
fo;OSiQW Jﬁ%g gg%ﬁe ?‘ﬁg{é'erQZ %ﬁlfao %2“@%‘3%(’6&?9&?04@3%@9@1 t hr ough

e oL O B S5l B R
0000000kt 2ghel B, gl negLal rdugg%c%%&?s“eass%%ﬁ%ﬁd%%f A
{oice o7 bESVAT ot enahREctl VERUERIGAE % y DA S5,

SUCC?SS' Vei¥cP! Ovheegrﬁiﬁglﬁrbeoﬂgaﬁnﬁtt e fdd Hatld 8%K dt Gestricted
" to 27 blocks shown in Fig. 31. -

In the program area in which pieces of music, for
example, tracks #1 through #n, are stored, and in the lead-
ocout area, the sub-Q data is indicated by the information
shown in Fig. 29B or Fig. 30B.

Fig. 29B or 30B provides details of the 72-bit sub-Q
data (Q9 through Q80) of the Q channel data (Ql1 through Q96)
shown in Fig. 28B. |

In the sub-Q data shown in Fig. 29B, eight bits Q9
through Q16 are used for recording the track number (TNO}.
That is, in the tracks #1 through #n, one of the values "01"
to "99" in BCD is recorded. 1In the lead-out area, "AA" is
;edorded in the track number.

The subsequent eight bits Q17 through Q24 are used for
recording the index (X}. The index can be used for dividing

. each track.

Q25 through Q32, Q33 through Q40, and Q41 through 48,
each having eight bits, represent MIN (minute), SEC (second),
and FRAME (frame) as the time elapsed (relativé address)

within the track. "00000000" is set in Q49 through Q56.



the head of the programarea) to the | ead-out area. Conversely, for the
sub-Q data shown in Fig. 30B, the track nunber (TNO is recggfeqhgﬂvthe
- eight bits @ through Q6. In the tracks #1 through #n, one arg al ues
"01" through "9F" in binary code is indicated. In terns of decim
notation, "0" through "159" can be recorded, and thus, track nunbers up to
159 can be provided. In the lead-. - out area, "AA" is recorded. In the
subsequent eight bits QL7 through Q4, gthe index (X) is recorded. By using
t he i ndex, each track can be divided into snmaller portions. As the index
nunber, one of the values "01" through "9F" in binary code is used. In @5
t hrough @2, 3 through Q40, and 41 through 48, each having eight bits,
M N, SEC, and ArEougly i Rt e ReE tinecugheQ 2 apaed Q78| throwghddr ess)
within the track. By using the subsequent four bits 49 through @2, the
time "HOREO: vpRch Rving ghehtcBitept AMANn ARER:  andr@FRAMEnd @mERAME", s
recorded. Accordin i , the relative address is represented by

- hour/nindY%?%%%Bﬁﬂg %aﬁ%?oﬁé?ddﬁﬁatB?s@%Fu§eth§ﬁ°?§O4and5fraHPFPﬂqa FF

F- for, "M N' ""SEC "FRANME d _"HOUR., that th | ative ti
s not " onpioyBRes  REesadesgn Ea, SBE8LERFoRIHTERSS SaRTeOPICIRARRS | CBO.
cach nav! cELO0Ly DL Spr ol Bbq PG 20d AERAVBr chE REEEY Prkin@' @ 200 ded

the head of the program area) to the lead-out area.

Conversely, for the sub-Q data shown in Fig. 30B, the
ltrack number (TNO) is recorded in the eight bits Q9 through
Ql16. In the tracks #l‘through #n, oﬁe of the values "01"
through "9F" in binary code is indicated. In terms of
decimal notation, "0" through "159" can be recorded, and
thus, track numbers up to 159 can be provided. In the lead-
out area,_"AA" is recorded.

In the subsequent eight bits Q17 through Q24, the index
(X) is recorded. By using thé index, each track can be
divided into smaller portions. As the index number; one of
the values "01" through "9F" in binary code is used.

| In 025 through Q32, 033 through Q40, and Q41 through

Q48, each having eight bits, MIN, SEC, and FRAME are
indicated as the time elapsed {relative address) within the
track.

By using the subsequent four bits Q49 through 052, the
time "HOUR", which is a higher concept than "MIN", "SEC",
and “FRAME", is recorded. Accordingly, the reiative address

is represented by hour/minute/second/frame. For data discs,



of the-absolute address. By using the four bits &3 through 66, the tine
"AHOUR', which is a higher concept than "AM N', "ASEC', and 9"Q¥ﬁ$%@§§ IS

- recorded. Accordingly, the absolute address, as well as the »@ g

address, is represented by hour/mnute/second/franme. The absolute _
addresses are addresses successively provided fromthe head of the first
track (i.e., the head of the programarea) to the |ead-out area. The sub-Q
code of the CD format is represented-ags7 di scussed above. In. the sub-Q
bode, AM N, ASEC, and AFRAME (and AHOUR) areas are provided for
representing the absolute address, and M N, SEC, and FRAME (and HOUR)

areas areg mf ovht.ﬁ:ledf.}f. desi qﬂat‘#h Oﬁeg%iﬁli at i,%gcgddgﬁﬁgﬁﬁn Addi t| onally, as

t he address pointer 1 ridli 2% of td' tracd i 'Lﬁéalﬁgg out
PM, EC, are di spose S

?Lgﬁcate Nﬁéﬁgddfggggb 3§N§ﬁ§%g £ive E%%%dlsaﬂa f?ﬂﬁ%°¥ﬁﬁd hour), each

h ht
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bi ts. Thusgo aceailing, {9y &lobte b1+ B niRe a¥buesns' 8 to "99° can
ﬂ? our én

be represented, nanely, upper i tsrepfesent s location,

and the |ugect o1 ltétéeéé&@ﬁéédtﬂ§ ésmiﬂﬁéé'OQegéﬁﬁorQhﬁngkaour'
bit BCD, the values Trom"0" to can be represente
of the absolute address.

By using the four bits Q53 through Q56, the time
"AHOUR", which is a higher concept than "AMIN", "ASEC", and
"AFRAME", is recorded. Accofdingly,lthe absolute address,
as well as the relative address, is represented by
hour/minute/second/frame.

The absolute addresses are addresses successively
provided from the head of the first track (i.e., the head of
the program area)}) to the lead-out area.

The sub-Q code of the CD format is represented as
discussed above. In the sub-Q code, AM;N, ASEC, and AFRAME
(and AHOUR) areas are provided for representing the absolute
address, and MIN, SEC, and FRAME (and HOUR) areas are
provided for designating the relative address. Additionaily,
as the address pointer indicating thefheads_ofmthe track and
the lead-out area, PMIN, PSEC, and PFRAME (and PHOUR) are
disposed. These values indicate the address by the minute,
second, and frame (and hour), each having eight bits (and

hour having four bits) in BCD.

The BCD is a notation representing "0" through "9" in



In the-exanpl e shown in Figs. 30A and 30B, the track nunber (TNO, the

point (PO NT), and the Index (X) are represented by the elg@%m%ﬁ% 56 ary
- code ranging from"00" to "9F'. More specifically, the track g ‘?TNK»,

for exanple, can be represented by a range from"0" to "9F (=159)" by
taki ng the val ues "00000000" through "10011111", respectively.
Accordingly, the nunmber of tracks which can be managed on the format is
expanded to 159. As in the exanple showg in Fig. 29A, in Fig. 30A it is
determ ned that the track nunber "00" represents the lead-in area and "AA"
(=10101010) designates t he | ead-out area. The point (PCth) and the index

(X) can alsp, be resen ed by a range from"Q0" to "9F" taking th
val ues " Bﬁdﬁﬁ" dﬁbﬁs"lo EﬁllachEQbEStF9e999hFer§ Beis Y S|ble
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In the example shown in Figs. 30A and 30B, the track
number (TNO), the point (POINT), and the index (X) are
represented by the eight-bit binary code ranging from "00"
to "9F". |

More specifically, the track number (TNO), for example,
can be represented by a range from "0" to "9F (=159)" by
taking the values "00000000" through *10011111"“,
respectively. Accordingiy, the number of tracks which can
be managed on the format is expanded to 159.

As in the example shown in Fig. 29A, in Fig. 30A, it is
determined that the track number "00" represents the lead-in
area and "AA" (=10101010) designates the lead-out area.r

| The point (POINT) and the index (X) can also be
represented by a range from "0" to "9F" by taking the values
"00000000" through "10011111", respectively. It is thus
possible to correspond the point (POINT) to the track number
(TNO). By using the index (X}, one track can be divided
into 159 portions.

The reason for representing the track number and the

index number by "00" through "9F" in binary code is as



- *AQ" after "9F" is included to represent the track nunber

~defining actors

nunber - In both the exanples shown in Figs. 29A and 30A, "FO' can be used
as the value of PO NT, which is discussed in detail bel ow. éi%ﬁéﬁb i f
ch is
originally meant for a special code, nust be used when the point (PCth)
represents the track nunber. If the point (PO NT) uses "AO', "A2", "A3"
"B*", "C*", and so on, as the track nunber in binary code, the definition
of "Al" nust be differentiated betweenstshe standard density node and the
hi gh density node, which inpairs the conpatibility. For exanple, in a
recordi ng/ readi ng apparatus, the burden of software and hardware is
i ncreased |{iorder to cope with the different definitions between the
standard d%né?q§ node and the hi gh density node. Thus it is determ ned

tsrt]gtsetqngnz raglé eLHdgr)Sécrnlo and,redlfrg(r;{%/? Q%I’(O%'r;‘g]g f‘g ﬁ) i ﬁagﬁe" ﬁf?ghand the
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Accormlukéﬁ)ﬁﬁg ﬁ&i@@a-P@fNﬁi GRY8s50PbPRTPRhA cates the track
| number. In both the examples shown in Figs. 292 and 304,
"FO" can be used as the value of POINT, which is discussed
in detail below.

Accordingly, if "AO" after “9F“Vis included to
represent the track number, "A0", which is originally meant

‘ for a special code, must be used when the point (POINT)
represents the track number.

If the point (POINT) uses "AQ", "A2", “A3", "B¥", "C#",
and so on, as the track number in binary code, the
definition of "Al" must be differentiated between the
standard density mode and the high density mode, which
impairs the compatibility. For example, in a
redording/reading apparatus, the burden of software and
hardware is increased in order to cope with the different
definitions bgtween the standard density mode and the high
density mode;.

Thus, it is determined that the track number is
gxpanded only up to "9F" (=159), and "AO" and the subsequent
code are not used for the track number. Even in the high

density mode, "AO" and the subsequent code are used for



(PONT), i.e., "00" to "9F" except for the special definitions, "00"
through "9F" in binary code are also allocated to the indexngrhﬁgiph has
- the'sane bit allocation on the sub-code format. Another reason for

restricting the track nunber to "9F" is to enable the use of the track
nunber "AA" in the standard density node, i.e., the definition of the
track nunber representing the | ead-out area, also-in the high denS|ty
node. As di scussed above, in the sub-Qgtat-a in the lead-in area (i. t he

TOC data), the value of the point (PO NT) determ nes the content of_the
i nformati on of the sub-coding franme. The definitions of the sub-coding
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(POINT), i.e., "00" to "9F" except for the special
definitions, "00" through "9F" in binary code are also
allocated to the index (X), which has the same bit
allocation on the sub-code format. |

Another reason for restricting the track number to "9F"
is to enable the use of the track number "AA" in the
standard density mode, i.e., the definition of the track
number representing the‘lead—out area, also in the high
density mode.

As discussed above, in the sub-Q data in the lead-in
area (i.e., the TOC data). the value of the point (POINT)
determines the content of the information of the sub-coding
fréme. The definitions of the sub-coding frames when the
point (POINT) indicates "01" through "9F“,‘“A0“, YAl", and
"A2" have been discussed.

In this embediment, iﬂformation to be recorded in the
sub-coding frame when the value of the point (POINT)
;ndicates "FO" is described below.

Fig. 32 illustrates the content of the sub-coding frame{

i.e., MIN, SEC, FRAME, HOUR, PHOUR, PMIN, PSEC, and PFRAME,



When the value of the point (PONT) Is "FO", physical information of a
mediumis recorded in PMN, PSEC, PFRAME. The sub-codi ng fraﬂf é1ﬂﬁﬂﬁ
- Fig: 32 is based on the sub-Q data structured as shown in Fi g )
is based on the sub-Q data structured as shown in Fig. 29A phyS|caI
information of a mediumcan also be recorded in PM N, PSEC, and PFRAME
when the value of the point (PONT) is "FO'. The content of the physical
information is indicated by (b) of R g1 32. In PMN, PSEC, and PFRAME,
i.e., in @7 through @0, information, such as the material, the nmedium
type, the linear velocity, and the track pitch each having four bits, the
nonment of inerﬁaiag Ehetﬁonfl uratlo and.t disc.size, each _having two
S
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When the value of the point (POINT) is "FO", physical
information of a ﬁedium is recorded in PMIN, PSEC, PFRAME.

The sub-coding frame shown in Fig. 32 is based on the
sub-Q data structured as shown in Fig. 30A. If it is based
on the sub-Q data structured as shown in Fig. 29A, physical
information of a medium can also be recorded in PMIN, PSEC,
and PFRAME when the value of the point (POINT) is “"FO".

The content of the physical information is indicated by
(b) of Fig. 32. 1In PMIN, PSEC, and PFRAME, i.e., in Q57
through 080, information, such as the material, the medium
type,‘the linear velocity, and the track'pitch, each having
fbﬁr bits, the moment of inertia, the configuration, and the
disc size, each having two bits, are recorded, as indicated
by (b) of Fig. 32.

The information of the four-bit disc size is shown in
Fig. 33. The value "0000" indicates that the disc size is
}20 mm. The value "0001" indicates that the disc size is 80
mm. The other values are reserved.

The information of the two-bit disc configuration is



are reserved The two-bit noment-of-inertia information is shown in Fig 35
The value "00" indicates that the nonent of inertiais Iessgm&g

- Thevalue "01" indicates that the nonment of inertia is 0.01 or greater
but less than 0.02 gn2. The value "10" indicates that the nonent of
inertiais 0.02 gn2 or greater but |ess than 0.03 gnR. The value "11"

I ndi cates that the nonent of inertiiais 0.03 gn2 or greater. By referring
to the disc configuration and the nonergy of-inertia information, a disc
drive unit is able to determne them Additionally, various configurations
of discs, details of the information, such as the disc size, the
conflgurat and the of inerti,a, ,and_ .nodificdtions of_ such

i nf or mat i oA gaﬁnbg QOn dergB ?@%@ve 0"t faddcpesoihatatben ddF Wilscussed
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than the above-described configurations. The other values
are reserved

The two-bit moment-of-inertia information is shown in
Fig. 35. The value "00" indicates that the moment of
inertia is less than 0.01 g-m2. The value "0l1" indicates
that the moment of inertia is 0.01 g:-m? or greater but less
than 0.02 g-m2. The value “io" indicates that the moment of
inertia is 0.02 g-m? or Qreater but 1ese than 0.03 g-m?. The
value "11" indicates that the moment of inertia is 0.03 g-m?
or greater.

By referring to the disc configu:ation and the moment-
of-inertia information, a disc drive unit is able to
defermine them. Additionally, various configurations of
discs, details of the information, such as the disc size,
the cohfiguration, and the moment of inertia, and
modifications of such information, can be considered.
However, these factors have'been discussed above while
;eferring to the wobble information. An explanation thereof

is thus omitted.

The four-bit track pitch information is shown in Fig.



"1010"; the track pitch is 1.60 m Wen the value is "1011", the track
pitch is 1.65 m Wen the value is "1100", the track pitch | ? &Fn

- Theother values are reserved. The track pltch indirectly de5|gna es the

di sc density (standard density/high density). That is, "0000" through
"0011" indicates that the disc is a high density disc, while "1000" _
t hrough "1100" indicates that the disc is a standard density. The four-bit
linear velocity information is shown-i®s3 Fig. 37. Wien the value is "0000",
the linear velocity is 0.84 ms. Wien the value is "0001", the linear
velocity is 0.86 m's. \Wen the value is "0010", the linear velocity is
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is 1.40 mis. Wien the value is "1110", "the i near vel oclty Is

"1001", the track pitch is 1.55 um. When the value is
"1010", the track pitch is 1.60 um. When the value is
"1011", the track pitch is 1.65 pm. When the value is
"1100", the track pitch is 1.70 pm. -The other values are
reserved.

The track pitch indirectly designates the disc density
(standard density/high density). That is, "0000" through
"0011" indicates that the disc is a high density disc, while
"1000" through "1100" indicates that the disc is a standard
density.

The four-bit linear velocity information is shown in
Fig. 37. When the value is "0000", the linear velocity is
0.84 m/s. When the value is "0001", the linear velocity is
0.86 m/s. When the value is "0010", the linear velocity is
0.88 m/s. When the value is "0011", the linear velocity is
0.90 m/s. When the value is "0100", the linear velocity is
0.92 m/s. When the value is "0101", the linear velocity is
0.94 m/s. When the value is "0110", the linear velocity is

0.96 m/s. When the value is "0111", the linear velocity is

0.98 m/s. When the value is "1000", the linear velocity is



1.45 mts. The value is "1111" .is reserved. The linear velocity al so

| directly designates the disc densrty (standard densrty/hrghgcﬂﬁﬂali%%%L That

s, ""0000" through "0111" indicates a high density disc, whil
t hrough "1110" indicates a standard density disc. The four-bit nediumtype.
information is shown in Fig. 38. The value "0000" Indicates that the
mediumis a read only nedium The -value "0001" indicates that the nedium
is a DRAW(WORM nedium The value "O®lK"-indicates that the nmediumis a
rewitable medium The value "0011" is reserved. The value "0100"
i ndi cat es that the nediuntis a hybrid - nmedium having a read only area and a
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recording layer, i.e., the material of the réco |ng ayer is amaterial
used for nead apky duymes thberatihe !%lugﬂl ", the linear velocity is
1.45 m/s. The value is "1111" is reserved.
The linear velocity also directly designates the disc
density (standard density/high density). That is, "0000"
through "0111" indicates a high density disc, while "1000"
through "1110" indicates a standard-density disc.
The four-bit medium type information is shown in Fig.
38. The value "0000" indicates that the medium is a read
only medium. The value "0001" indicates that the medium is
a DRAW (WORM) medium. The value '"0010" indicates that the
medium is a rewritable medium. The va;ue "001l" is reserved.
The value "0100" indicates that the medium is a hybrid
medium having a read only area and a DRAW (WORM) area. The
value "0101" indicates that the medium is a hybrid medium
having a read only area and a rewritable area. The value
"0110" indicates that the medium is a hybrid medium having a
DRAW (WORM) area and a read only area. The value "0111"
;ndicates that the medium is a hybrid medium having a

rewritable area and a DRAW (WORM) area. The value "1000"

indicates that the medium is a hybrid medium having a



"1000", the material of the recording |ayer is cyanine used for

(WORM nedia. Wien the value is "1001", the material of the C
- bayer is phtal ocyani ne used for DRAW (WORM nedia. Wen theg&%\ %b%@g

"1010", the material of the recording |layer is an azo conpound used for
DRAW (vmrmo medi a. When the value is "1011", the material of the

recording |layer is a phase change material used for rewitable nedia. The
val ues "0001" through "0111" and "110®5 t-hrough "1111" are reserved. As

di scussed above, the physical information of the nmediumis recorded in the
sub-Q data (TOC) of the | ead-in area. This enables a disc drive unit to
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PM N, PSE(s anflaterial used for read only discs. When the value is
"1000", the material of the recording layer is cyanine used
for DRAW (WORM) media. When the value is "1001", the
material of the recording layer is pﬁtalobyanine used for
DRAW (WQRM) media. When the value is "1010", the material.
of the recording layer is an azo compound used for DRAW
(WORM) media. When the value is "1011", the material of the
recording layer is a phase change material used for
rewritable media. The values "0001" through "0111" and
"1100" through "1111" are reserved.

As discussed above, the physical information of the
medium is recorded in the sub-Q data (TOC) of the lead-in
area. This enables a disc drive unit to easily and
precisely determine the disc size, the configuration, the
moment of inertia, the track pitch, the linear velocity,-the
medium type, and the material of the recording layer.

Instead of the physical information of the recording
medium in the sub-Q data (TOC) of the lead-in area shown in
Figs. 32 through 39, physical information shown in Figs. 40

45 may be employed.



PFRAME, is shown. The information indicated in (a) of Fig. 40 is simlar

to that indicated in (a) of Fig. 32. However, the physical !M ﬁ%ﬁdon of
- a mediumto be recorded in PMN, PSEC, and PFRAME when t he ¥ % he
point (PONT) is "FO' may be recorded as indicated in (b) of Fig. 40
rather than that indicated in (b) of Fig. 32. The sub-Q data indicated in
(a) of Fig. 40, as well as that indicated in (a) of Fig. 32,' is based on
the structure of the sub-Q data shown g Fig. 30A. If it is based on the
structure of the sub-Q data shown in Fig. 29A, and the value of the point
(PONT) is "FO', the physical infornation of the nmediumindicated in (b)
of Fig. 40 can also be recorde i n, PM N PSEC and PFRAME. | n the physica
i nf or mati on de%?gﬁ%?eﬂuPnQ(%?t%f1¥§bcatﬂ6 byn(gheoBaFhor 5386 BREN, PSEC
and PFRANME , ur-bit mediumtype, a faour-bit
ﬁEdIUﬁ]VEFngﬁnt OfoﬁﬁbbﬁPLngt %tgl g?BeAD o toi & 15 ne&PQNQQ¥§ ek a
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val ues ar g-EE3AI UG toPYnlt Lhh kNGt Qﬁer %%?L‘h\f:e%\’fch‘ﬁs,’ iR, the
content of MIN, SEC, FRAME, HOUR, PHOUR, PMIN, PSEC, and
PFRAME, is shown.
The information indicated in (a) of Fig. 40 is similar
~to that indicated in (a) of Fig. 32.. However, the physical
information of a medium to be recorded in PMIN, PSEC, and
PFRAME when the value of the point (POINT) is "FO" may be
recorded as indicated in (b) of Fig. 40 rather than that
indicated in (b) of Fig. 32.

The sub-Q data indicated in (a) of Fig. 40, as well as
that indicated in (a) of Fig. 32, is based on the structure
of the sub-Q data shown in Fig. 30A. If it is based on the
structure of the sub-Q data shown in Fig. 29A, and the value
of the point (POINT) is "FO", the physical information of
the medium indicated in (b) of Fig. 40 can also be recorded
in PMIN, PSEC, and PFRAME.

In the'bhysical information designated in (b) of Fig.
40, in the 24 bits of PMIN, PSEC, and PFRAME, i.e., in Q57
;hrough 080, a four-bit medium type, a four-bit medium
version, a four-bit material type, a two-bit linear velocity,

a two-bit track pitch, a three-bit moment of inertia, and a



ot her disc sizes and configurations nmay be recorded. For exanple, Q79 and
B0 may be used for the disc size information, and Q77 and §§@3n3¥@2¢ used
- for 'the disc configuration. The two-bit disc configuration rg% i ned
as in the information shown in Fig. 34. Mre specifically, when the value
is "00", the disc is a regular circular disc. Wien the value is "01", the
disc is a triangular disc. Wien the value is "10", the disc is a
rectangul ar disc. When the value is %Y ,-the disc has a configuration

ot her than the above-described configurations. Alternatively, if the
nunber of conbination types of the disc size and the disc configuration is

within 16_ _they. be defined_.n the four bits Q77 through Q0 by using

" 0000" th?BHﬁﬁﬁlET%¥Sp ﬁ%zFHQOPﬁFgEFBEEOHDﬁEﬁt;8Fg%ﬁ@ptia i nf or mati on
recorded in thr el he.definition shown in Fig. 23 be used.
Mbr e specificg¥¢3,P?ﬁéggﬁftgiséoﬁlz?ﬁﬁ?%%f%gr? 100t hig §h%ﬁpcﬁnggé§‘- 68
nmoment of shjnertia is less than 0.004 gn2. The value "001" indicates that .
the monment "of inertia is 0.004 g-n2 or greater but less than 0.01 gn2. The

val ue "010" izﬁ%e ggﬁ%nggfﬁ%tgg mggg&t o%h%n§£gga5£§?g%g1}%62m%[ greater

“but less tha e value "011 ndi cat es e nonent of

inertia i gnln02RedyRige 95€a0RH10Ut thes§ikRaRi%e03% 3% mm. The other

vaiues are reserved. By utilizing the reserved values, the
other disc sizes and configurations may be recorded.

For example, Q79 and Q80 may be used for the disc size
information, and Q77 and Q78 may be ﬁsed for the disc
configuration.

The two-bit disc configuration may be defined as in the
information shown in Fig. 34. More specifically, when the
value is "00", the disc is a regular circular disc. When
the value is "01", the disc is a triangular disc. When the
value is "10", the disc is a rectangular disc. When the
value is "11", the disc has a configuration other than the
above-~described configurations.

Alternatively, if the number of combination types of
the disc size and the disc configuration is within 16, they
may be defined in the four bits Q77 through Q80 by using
"0000" through "1111".

As the three-bit moment-of-inertia information recorded
;n Q74 through Q76, the definition shown in Fig. 23 may be

used.

More specifically, the wvalue "QO0O0O" indicates that the



The value "100" indicates that the nonent of inertiais 0.032 gnR2 or
greater but less than 0.037 gn2. The value "101" indicates ment
-of inertiais 0.037 gn2 or greater.. The values "110" and "%¥%%dé?@yﬂn

reserved. The two-bit track pitch information is shown in Fig. 42.

the value is "00", the track pitch is 1.10 an. The other values are

reserved. The two-bit linear velocity information is shown in Fig.
val ue -"00" indicates that the |inear .vglgocity is 0.9 nls. The other val ues
are reserved. As the four-bit material type information from Q5 through

When
43. The

@8, the definition from@7 to 46.0 shown in Fig. 39 nay be used. . The
four.-bit nediumyersiop inforpation is shown i The val ue "0000"
i ndi cat ed"UPERT 1 %%?Egbﬂ 18 ga§s thg JaPlié 90351" ThﬁlE%%B§ t R8¢ "t he

version is

h
i nf or mat i Oh &1%ag%%mﬁh?ﬁ €$3 mo%%ntTﬂ

is a
~valu

ar ea,

vaPh

val ues_are reseryed. The four-bit nediumtype
g ﬁlaobﬁoﬂ PR&i @éﬁes That the disc
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of inertia is 0.022 g-m? or greater but less than 0.032 g-m2.

The value "100" indicates that the moment of inertia is

0.032 g-m? or greater but less than 0.037 g'm2. The value

"101" indicates that the moment of inertia is 0.037 g-m?2 or

greater. The values "110" and "111" are reserved.

The two-bit track pitch information is shown in Fig. 42.

When the value is "00%", the track pitch is 1.10 um. The

other values are reserved.

The two-bit linear velocity information is shown in Fig.

43. The value "00" indicates that the linear velocity is
0.9 m/s. The other values are reserved.

As the four-bit material type information from Q65

through Q68, the definition from Q57 to Q60 shown in Fig. 39

may be used.

The four-bit meqium version information is shown in Fig.

44.' The value “6000“ indicates that the version is 0.9.
The value "0001" indicates that the version is 1.0. The
other values are reserved.

The.four-bit medium type information is shown in Fig.

45. The value "0000" indicates that the disc is a high-



disc drive unit is able to easily and correctly determne the disc size,
the disc configuration, the noment of inertia, the track plbq@a@ﬁgg‘%lnear
~velocity, the nediumtype, the mterial of the recording |ayer, anJ) he
version. As discussed above, in the nmulti-session type, such as CDR
CD-RW CD-EXTRA, etc., the value of the ADR of the sub-Q data may be
"0101", i.e., nmode 5. In this enbodi nent, when the ADR in the sub-Q data
(TOC) in the lead-in area is node 5, theinformation shown in Fig. 46 is
recorded according to the value of the point (PO NT). The information
shown in Fig. 46 is useful for a -hybrid disc having a plurality of areas,

i . o d.al -out_.area, Wwhich are
o orrod Ranatty ekPidtBinag a2 ie%ho?v{aaiﬁfgw{% a%hge@%ﬁewa%@?"qmd (he
f thespal | 5" BO; . ut.e ti e ress
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- March 2004 - 7Q abso!ure'tlne abs _ dr ess)
area of rBariiagheUhhifi?d Fhe! BEndis Gaildll Ses luaeardefl. Vhen the val ue
n 1 O t

of the point (PONT) is "CO',. specia I nformatrion € above-descri bed

wobbl e i nf or mei&88r-ésn r@6OﬁﬂédatavélBkséggbeEF%ﬁgsiéag B rma 1 BHOUR
PM N, PSEC, and PFRAME, the absolute tine (absolute a dressfm%t i ch

of a medium in the sub-Q data (TOC) of the lead-in area, the -

disc drive unit is able to easily and correctly determine
the disc size, the disc configuration, the moment of inertia,
the track pitch, the linear velocity; the medium type, the
material of the recording layer, and the version.

As discussed above, in the multi-session type, such as
CD-R, CD—RW, CD-EXTRA, etc., the value of the ADR of the
sub-Q data may be "0101", i.e., mode 5.

In this embodiment, when the ADR in the sub-Q data
(TOC) in the lead-in area is mode 5, the information shown
in Fig. 46 is recorded according to the.valﬁe of the point
(PCINT). The information shown in Fig. 46 is useful for a
'hybrid disc having a plurality of areas, each having a leadQ
in area, a program area, and a lead-out area, which are
referred to as a "unit area" for a recording/reading
operafioﬁ.

When the value of the point (POINT) is "BO", the
absolute time (absolute address) at which the program area
of the subsequent.unit area starts is recorded in MIN, SEC

I

FRAME, and HOUR. In PHOUR, PMIN, PSEC, and PFRAME, the



the lead-in area of the first unit area of the disc starts is recorded.
When the value of '"the point (PONT) Is "Cl", the above- des@ﬁkﬁﬁﬁF&%QCIa
~information | is copied in MN, SEC, FRAME, and HOUR PHOUR A
and PFRAME are reserved. \Wen the value of the point (PONT) is " , the
absolute tinme (absolute address) at which the | ead-out area of the current
unit area ends is recorded in MN, SEC, FRAME, and HOUR In PHOUR PM N
PSEC, and PFRAME, the absolute tinme (algsol ute area) at which the |ead-in
area of the subsequent unit area starts is recorded. Wen the value of the
point (PO NT) is "CF" in the final unit area, the information in PHOUR
PM N, PS NVE, | t.to ro since there is ng subsequent uplt
ar ea. e?ﬁg Fse 5@ ﬁ8§§8§“68d8 EFSﬁﬁ)lﬂ%wﬁgéﬁhtﬁgegéﬁﬁpiP ¢ ﬂ?ﬁ? is

CF" |s v .describ Qve, enbodi nen y referring
to t he |n o?%%t#gﬁg%féﬁﬁg %%8§ Sgaﬁge ﬁiﬁchﬁgﬁngdﬁ§crecﬁrS§Pt|cular t he

"absol ut e tlrnmﬁg I ch 29 ﬁ#? .
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t he posit | eagdi r an .be
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preci sely determ ned. For exanple, Fi

disc haviggot#eaUupht Mefcage#l ?‘ﬁﬂMﬁ?’ aﬁﬁdH§¥§ Zﬁ %nggﬂt PRAN,Y pSEC,
illustrates a disc having thrée unit areas
and PFRAME, the absolute time (absolute address) at which
the lead-in area of the first unit area of the disc starts
is recorded. |

When the value of the point (POiNT) is "C1", the above-
described special information 1 is copied in MIN, SEC, FRAME,
and HOUR. PHOUR, PMIN, PSEC, and PFRAME are reserved.

When the value of the point (POINT) is “CF“, the
absolute time {absclute address) at which the lead-out area
of the current unit area ends is recorded in MIN, SEC, FRAME,
and HOUR. 1In PHOUR, PMIN, PSEC, and PFRAME, the absolute
time (absolute area) at which the lead—in area of the
-subsequent unit area starts is recorded.

When the value of the point (POINT) is "CF" in the
final unit area, the information in PHOUR, PMIN, PSEC, and
PFRAME is set to zero since there is no subsequent unit area.
Alternatively, the sub-code frame in which the point (POINT)
is "CF" is not provided.

As described above, in this embodiment, by referring to

the information of the sub- Q data of a hybrid disc, in

particular, the "absolute time at which the lead-in area of



Accordirng to the sub-Q data read fromthe lead-in area of a wunit area, the
position of the |lead-in area of the subsequent unit area Ca@h&ﬁ 2

- tdentified, as shown in Figs. 41A and 41B. This enables a disC J}lve uni t
to sequentially access the |lead-in areas of the individual unit areas, as
I ndi cated by the one-dot-chain arrows, thereby easily reading the TOC data
of each unit area. In the sub-code of the lead-in area of each unit area,
the absolute tinme at which the current Alead-out area of the wunit area ends
is recorded. Thus, any gap between the | ead- out area of the current unit
area and the lead-in area of the subsequent unit area can be correctly

dent 1 efhyeSeuCRBLLEHETLHOR aedl SEadtbNeuHEL (ACISSSLPLLORYES g0l ver
pttuhit dred e ooy

of a disc drive uni a recording rea ng opera

accor dancepyiivh) Ee--abevetﬁesgets% oHAbEOUR! B8R0 4265 ol 48 s 2

bl ock diagramillustrating the  configuration o rive unit 70. In

Fig. 48, gugks ugnﬂhﬁﬁEtZQgéa céf b80pkecd sehyf ?bg%&d@d@ﬁ such as a CD-R
a COORW a CD-DA or .a CD-ROM Various types o Iscs, as discussed with

reference to Fr@s. e:léimﬂ)ﬁé OUE:hg5B&?Mc@@mé@ﬁé&ﬂl&nlilﬂﬁsgkﬁﬁesdé' ¥gspnit 70.
The disc 90 is |oaded on a turntable 7, and is rotated at a CLV or a CAV

by a spi ndheingt ewobuduti Bgeas Hecandi Ba/, aadi P9 gOPQ7Y IsdhemHt@ballly data
is read from .
illustrates a disc having three unit areas #1, #2, and #3.
According to the sub-Q data read from the lead-in area of a
unit area, the position of the lead-in area of the
subsequent unit area can be identifiéd, as shown in Figs.
41A and 41B. This enables a disc drive unit to sequentially
access therlead-in areas of the individual unit areas, as
indicated by the one-dot-chain arrows, thereby easilj
reading the TOC data of each unit area. |
In the sub-code of the lead-in area of each unit area,
the absolute time at which the current lead-out area of the
unit area ends is recorded. Thus, any gap between the lead-

out area of the current unit area and the lead-in area of

the subsequent unit area can be correctly identified.

5. Configuration of disc drive unit

A descriétion is now given of a disc drive unit for
performing a recording/reading operation in accordance with
the above-described various types of discs.

Fig. 48 is a block diagram illustrating the

configuration of a disc drive unit 70. In Fig. 48, a disc



the disc 90 by an optical pick-up 1. As the pit data, when the disc 90 is

a CD-RW pits forned by a phase change are read. \Wen the db?ﬁm%? 6@ a
- €D-R, pits forned by a change in an organic pignment (index of ré ? éﬁion)

are read. When the disc 90 is a CD-DA or a CD-ROM enbossed pits are read.
The optical pick-up 1 contains a |aser diode 4, which serves as a |aser

| i ght source, a photodetector 5 for detecting reflected |ight, an
objective lens 2, which serves as an oufput termnal of l[aser |ight, and
an optical system (not shown) for applying the laser light to the
recording surface of the disc via the objective lens 2 and al so for
guiding t 8 lLight reflected hy the disc to the photodetector 5. A

noni t or i ng defeflt 6P 29TRgL AdsSEivENEpast 2o PrRe 1B GR-R%butd AP HPomathe

| aser di ode é hﬁ-alsgﬁgnovidid for th%{ optical pick-up 1. The objective
lens 2 is2h&PaRBY-a YREIRREs tHReRants Hi8CSmofshi ) scssfe tHiddki ng directi on
and the fgcusing direction. -.The . entite qptical  pick- I s novabl e al ong
the radi ugegérﬁg%r &R %&gﬁ'- 1%%h5°&9 %y Hay) bg ﬁ'é’@;%ﬁlsirﬂ ghentbiggser .
diode 4 o ical pick-up 1 is driven by a drive signal (drive
current) éF%ﬁgauﬁggeﬁadriver 18. The reflected light information fromthe

T e S TS T
signal isaihgncsyppld 8dche 3% BF spTRld1l Slotdr 6 during a

recording/reading operation. Then, pit data is read from
the disc 90 by an optical pick-up 1. As the pit data, when
the disc 90 is a CD-RW, pits formed by a phase change are
read. When the disc 90 is a CD-R, pits formed by a change
in an organic pigment (index of reflection) are read. When
the disc 90 is a CD-DA or a CD-ROM, embossed pits are read.

‘The optical pick-uﬁ 1 contains a laser diode 4, which
serves as a laser light socurce, a photodetector 5 for
detecting reflected light, an objective lens 2, which serves
as an output terminal of_laserrlight, and an optical system
{(not shown) for applying the laser light to the recording
sufface of the disc via the objective lens 2 and also for
guiding the light reflected by the disc to the photodetector
5. A monitoring detector 22 for receiving part of the light
output from the laser diode 4 is also provided for the
optical pick-up 1. |

The objective lens 2 is held by a two-axes mechanism 3
movably in the tracking direction and the focusing directioﬁ.

The entire optical pick-up 1 is movable along the radius of



Generally, the RF anplifier 9 is provided with an AGC circuit. This is
because the amount of |ight reflected by a CD-RNVconS|derabb*M§g§ @ﬁf
~according to whether data is recorded on the disc 90 or whether "data
currently recorded on the disc 90 in conparison with a CO-ROVM and also,
the index of reflection of a CD-RWis very different fromthat of a CD ROM
or a CO-R The RF anplifier 9 is also provided with a current-to- voltage
conversion circuit, a matrix-conputing/7aplifying circuit, etc. to cope
with the output currents froma plurality of light receiving devices,
which formthe photodetector 5, thereby generating signals by performng

..d
Tt SIS W O Téhﬁgaia%éﬁﬁﬂm%hegfg&}fﬁﬁii e
r |
gorer e ol BE,51 i paLal ol anis gy U5 5

tracking éﬁfﬁénﬁbgffme g §U89kb89 §8.a 9 March 2004 - 7 4 servo
- processor 14. As descri %ove a groove for QU|d|ng a recording track

i s pre-fornmed @k e hStedOrigive 1@0&&%&%:: W\{ s&N8g Q;LQOVG

wobbl es (neanders) according to a signal orned y perform ng frequency
nodulatloaea@cteaEbylaﬁ@rgnbteaetaet6§tsngnahisa969bg&%eadqn§%$agp the

di sc Accordi ngly, during the recording/readi ng operation,
electrical signal based on the amount of received light.
The electrical signal is then supplied to an RF amplifier 9.

Generally, the RF amplifier 9 is provided with an AGC
circuit. This is because the amount-of light reflected by a
CD-RW considerably changes according to whether data is
recorded on the disc 90 or whether data is currently
recorded on the disc 90 in comparison with a CD-ROM, and
also, the index of reflection of a CD-RW is very different
from that of a CD-ROM or a CD-R.

The RF amplifier 9 is also provided with a current-to-
voltage conversion circuit, a'matrix—computing/amplifying
circuit, etec. to cope with the output currents from a
plﬁrality of light receiving devices, which form the
photodetector 5, thereby generating signals by performing
matrix'computation. For example, an RF signal (read data),
a focus error signal FE and a tracking error signal TE for
performing servo control are generated.

The read RF signal output from the RF amplifier 9 is

supplied to a binarizing circuit 11, while the focus error

signal FE and the tracking error signal TE are supplied to a



referring to the groove information, tracking servo can be perforned, and
t he absol ute address and various physical information can b%!@ﬁ#ﬁbﬁ@?' The
“RF anplifier 9 extracts wobble informati on WOB by perform ng natriXx
conputation, and supplies it to a groove decoder 23. The groove decoder 23
denodul ates the received wobble information WOB so as to extract the

absol ute address and supplies it to a systemcontroller 10. The groove
information is also input into a phase 74 ocked |l oop (PLL) circuit so as to
obtain rotational velocity information of the spindle notor 6. By
conparing the rotational velocity information with éhe éeference vel ocity
I nformati a spindle error signal SPE is generated and out put.
Recordabl%gﬁvgc £°§%EE°ESE%D-R and CD-RW include two types of disc, such

' ' hi. gh ' di . TIh .d d 23
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encoder/ decoder 1%.
information indicating the absolute address on the disc.
Accordingly, during the recording/reading operation, by
referring to the groove.information, tracking serve can be
performed, and the absolute address énd various physical
inférma;ion can be obtained. The RF amplifier 9 extracts
wobble information WOB by performing matrix cémputation, and
supplies it to a groove decoder 23.

The groove decoder 23 demodulates the received wobble
information WOB so as to extract the absolute address and
supplies it to a system controller 10.

The groove information is also input into a phase
locked loop (PLL) circuit so as to obtain rotational
veiocity information of the spindle motor €. By comparing
the rotational velocity information with the reference
velocity information, a spindle error signal SPE is
genérated énd outpﬁt.

Recordable discs, such as CD-R and CD-RW, include two
types of disc, such as a standard density disc and a high

density disc. The groove decoder 23 switches the decode

system according to the density type information output from



The encoder/decoder 12 has both functions, such as a decoder function
required for reading data, and an encoder function required m%ﬁcﬁg&ﬁfding

- data. When data is read, the encoder/decoder 12 perforns EF& e ul ation,
CIRC error correcting, deinterleaving, CD ROM decoding, etc., thereby
outputting CO-ROM formatted data. The encoder/decoder 12 al so extracts the
sub-code from the data read fromthe disc 90 and supplies it to the system
controller 10 as the TOC and address 4 mfor4mati on as sub-code (Q data).
Additionally, the encoder/decoder 12 generates a reading clock in

synchroni zation with the EFM signal by perform ng PLL processing, "and

t - d ' d di ti. based th d
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the spindkgnehk8hisheqak SPE and 9 March 2004 - 76 outputting it. The
'encoder/degoder“lf Is able to switch the processing nethod according to

whet her the digge(85a8NkE gisaalteb@sinaaaﬁnoeﬁaeﬁﬂr§@§1&§iar5563%afd

density disc or a high density disc. During the readi hg operafion, the’

ﬁgﬁg?er/ depsaden z&d int @hes biharakawg desehiited 1deerdad Waty idy AUl der
Y to an eight-to-fourteen (EFM) signal. The EFM signal is
supplied to an encoder/decoder 12.

The encoder/decoder 12 has both functions, such as a
decoder function required for readiﬁg data, and an encoder
function required for recording data. When data is read,
the encoder/decoder 12 performs EFM demodulation, CIRC error
correcting, deinterleaving, CD-ROM decoding; etc., thereby
outputting CD-ROM formatted data. |

The encoder/decoder 12 also extracts the sub-code from
the data read from the disc 90 and supplies it to the system
controller 10 as the TOC and address information as sub-code
(Q data).

Additionally, the encoder/decoder 12 generates a
reading clock in synchronization with the EFM signal by
‘'performing PLL processing} and executes the above-described
decoding operdfion based on the reading clock. In this case,

the encoder/decoder 12 extracts the rotational velocity
;nformation of the spindle motor 6 from the reading clock,

and compares it with the reference velocity information,

thereby generating the spindle error signal SPE and



20. Wen outputting the read data fromthe disc drive unit 70, the data
stored in the buffer nmenory 20 is read and output. An interp%%ﬁfiéﬁké

- eonnected to an external host conputer 80, and recording dafa, 4 at a,
and various commands are sent and received therebetween. As the interface
13, a small conputer systeminterface (SCSI) or an AT attachment packet
interface (ATAPI) is used. Wien reading data, the read data decoded and
stored in the buffer nmenory 20 is trapgferred to the host conmputer 80 via
the interface 13. A read command, a wite conmand, and ot her conmands
fromthe host conmputer 80 are supplied to the system controller 10 via
the.-Interface %3. When recording data, recording data (such as audio data
or CDJ%J??@@%& %Egt+§nsferred fromthe host conmputer 80, and is then

Sor |1 e il SloRIon 20 A LR ke e 20085 T T
o hiho e by 8 GHEBLLEC IR frol SRR ALk Ao BR .5
(77710 RABIOTLaellaiteq e ETUCALAIER SRABLRHCoP L UF FUSRYHO P ooeme! 0
density disc.
During the reading operation, the encoder/decoder 12
stores the above-described decoded data in a buffer memory
20. When outputting the read data from the disc drive uﬁit
70, the data stored in the buffer meﬁory 20 is read and
output.
An interface 13 is connected to an external host
computer 80, and recording data, read data, and various
commands are sent and received therebetween. As the
‘interface 13, a small computer system interface (SCSI) or an
AT attachment packet interface (ATAPI) is used. When |
reading data, the read data decoded and.stored in the buffer
memory 20 is transferred to the host computer 80 via the
interface 13.
A read command, a write command, and other commands
from the host computer 80 are supplied to the system
controller 10 via the interface 13.
When recording data, recording data {such as audio data
or CD-ROM data} is transferred from the host computer 80,
~and is then stored in the buffer memory 20 via the interface

13.



21 in which the waveform of the EFM signal is shaped. Then, the EFM si gnal
Is supplied to the laser driver 18 as a |laser drive pulse (@@k&&1ﬂ§ha
- MWDATA). The wite strategy unit 21 provi des conpensation for recordl ng
data, that is, finely adjusting the optinmal recording power and shaping
the | aser drive pulse waveform according to the characteristics of the
recording |layer, the spot configuration of laser light', and the recording
| inear velocity. The |aser driver 18 applies the |laser drive pul se
supplied as the wite data WDATA to the |aser diode 4, thereby driving the
em ssion of |aser light. Accordingly, pits (phase change pits or pignent
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drive signals, suc ocus, tr I'ng, sTe esrgnal's,  “from
the focugfrg0r signal FE and the tracklng error signal TE output fromthe
RF anplifier 9 and the spindle error ,

The EFM signal obtained by the encoding processing of
the encoder/decodef 12 is supplied to a write strategy unit
21 in which the waveform of the EFM signal is shaped. Then,
the EFM signal is supplied to the laéer driver 18 as a laser
drive pulse (write data WDATA).

The write strategy unit 21 provides compensation for
recording data, that is, finely adjusting the thimal
recording power and shaping the laser drive pulse waveform,
according to the characteristics of the recording layer, the
spot configuration of laser light, and the recording linear
velocity.

The laser driver 18 applies the laser drive pulse
supplied as the write data WDATA to the laser diode 4,
thereby driving the emission of laser light. Accordiﬁgly,
pits (phase change pits or pigment change pits) in
accordance with the EFM signal are formed on the disc 90.

An auto power control (APC) circuit 19 controls the
laser output to be maintained at a constant value without
being influenced by the temperature while monitoring the

laser output power from the monitoring detector 22. Given



si gnal - SPE out put fromthe encoder/decoder 12 or the groove decoder 23.
More specifically, the servo processor 14 generates a focusQQﬁé¥ﬁ2€%§nal

- FD and a tracking drive signal TD based on the focus error sighal and
the tracking error signal TE, respectively, and supplies themto a

two- axes driver 16. The two-axes driver 16 then drives a focus coil and a
tracking coil of the two-axes nmechanism 3 of the optical pick-up 1.
Accordingly, a tracking servo | oop and & f-ocus servo |oop are fornmed by
the optical pick-up 1, the RF anplifier 9, the servo processor 14, the
two- axes driver 16, and the two-axes nechanism3. .In response to a track

| irhed of P7 thkq TabdE A BLET ofRRHEPvnThe! BronErel BT SRR Bant kil °10 ¢
h - ' 16, f t ' qper at.ion. The servo
grgcgggo?iﬁz gbégsggng%ggggtgiépghgﬁgoggi% %gﬁﬁ%%gﬁdfagﬁmilfbsﬂﬁi based

on the spgﬂgl@ag?EQrvghggakgﬁggagﬁgd§upplies it to a spindle notor driver
e

17. In respons o the spindle "drive signal, the spindle nmotor driver 17

appl i es, for gxanplevoapthEEEspRagE HEhULatLONghrsbls! he ol Bdligmtor 6.

which is then rotated at™ a € Servo processor

gener at essagaRIBY! @uehi ¥8 £3aBal tPARRINGT 219R,NAnG kAN AKE HAMJ O
signal fromthe
from the focus error signal FE and the tracking error signal
TE output from the RF amplifier 9 and the spindle error
signal SPE output from the encoder/décoder 12 or the groove
decodexr 23. |
More specifically, the servo processor 14 generates a
.focus drive signal FD and a tracking drive signal TD based
on the focus error signal FE and the tracking erreor signal
TE, respectively, and supplies them to a two-axes driver 16.
The two-axes driver 16 then drives a focus coil and a
tracking coil of the two-axes mechanism 3 of the optical
pick-up 1. Accordingly, a tracking servo loop and a focus
servo loop are formed by the optical pick-up 1, the RF
amplifier 9, the servo processor 14, the two-axes driver 16,
and the two-axes mechanism- 3.
__In rgsponse_to a track jump command from the system
conffdller 10, the tracking servo loop can be turned off,
and a jump drive signal is output to the two-axes driver 16.
?he two-axes driver 16 then performs the track jump

operation.

The servo processor 14 also generates a spindle drive.



system controller 10, and causes the spindle notor driver 17 to start,
stop, accelerate, and decelerate the spindle notor 6. Addltlgm&hbyzod$e
" servo processor 14 generates a sled error signal obtained as a

ow

frequency conponent of the tracking error signal TE, and a sled drive
si gnal based on the access control by the systemcontroller 10, and
themto a sled driver 15. In response to the sled drive signal,
the sled driver 15 drives the sled nmeclni-sm 8. The sled mechanism 8

suppl i es

provided with a main shaft, a sled notor, and a transfer gear (none of

which is

S

shown), for holding the optical pick-up 1. By driving the sled
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ler 10 to transfer certain data recorded™ on th

seek operation to the designated address. That is, the system control
10 instructs The setvo processor 14 avs6aysgeilitesphi splinpiekarive

signal based on a spindle kick/brake control signal from the
system controller 10, and causes the spindle motor driver 17
to start, stop, accelerate, and deceierate the spindle motor
6.

Additionally, the servo processor 14 generates a sled
error signal obtained as a low frequency component of the
tracking error signal TE, and a sled drive signal based on
the access control by the system controller 10, and supplies
them to a sled driver 15. In response to the sled drive
signal, the sled driver 15 drives the s;ed mechanism 8. The
Sled mechanism 8 is provided with a main shaft, a sled motor,
and a transfer gear {(none of which is shown), for holding
the optical pick-up 1. By driving the sled mechanism 8 by
the sled driver 15 according to the sled drive signal, the
optical pick-up 1 slides on the disc 90.

The above-described various operations by the servo

system and the recording/reading system are controlled by

the system controller 10, which is formed of a microcomputer.

The system controller 10 executes the above-described

sc 90,
10 first controls the

t he

m t He "host conput er

e



up 1 to access the address designated by the seek command. Thereafter, the
system controller 10 perforns the operation required for tr qﬁégﬁb?ﬂg t he
-read data to the host conputer 80. That is, the data is rea romthe disc
90, decoded, and tenporarily stored. Then, the requested data is _
transferred to the host conputer 80. In contrast,, in response to a wite
command fromthe host conputer 80, the systemcontroller 10 first noves
the optical pick-up 1 to the address gjgwhich data is to be witten.
Then, the encoder/decoder 12 performs encoding processing, as discussed
above, on the data transferred from the host conputer 80, so as to be
converted into an EFM signal. Subsequently, the wite data WDATA out put
fromthe ORFFFElQPPa98g§68999591 tos coppendsd frem fbe host @ompyters 80.

t hereby r cordln he re uested data on the disc 90. In the exanple shown
in Fig 4B5% fkoHple’ (PPOB GRFELTANG & E6MdecORTARG - MBR LGRS 50,

8 t 70, h audi o CD
E?’Q%?ror‘cfé% PYREpReFontintlRt: Jonto RearSLstur ﬁ&/tﬁé%%ﬁ&:’gﬁgﬁm of the
d t_h e host . conputer
-FﬁefﬁPg caseﬁﬂ%hggggn ?3u?§9poﬁﬁgfhpﬁge On%&? gOIStﬁ§ FFE™®Rnt from t hat
shown in Ebﬂtréﬁle%oﬁo %§§ QOnE?% ﬁffacegé% gﬁ beéPrOVI ed with an

operation "uni dISp ay uni d and
designated address. That is, the system controller 10

instructs the servo processor 14 to cause the optical pick-
up 1 to access the address designate@ by the seek command.

Thereafter,'the system controller 10 performs the
operation required for transferring the read data to the
host computer 80. That is, the data is read from the disc
90, decoded, and temporarily stored. Then, the:requested '
data'is transferred to the host computer 80.

In contrast, in response to a write command from the
host computer 80, the system controller 10 first moves the
optical pick-up 1 to the address at which data is to be
written. Then, the encoder/decoder 12 performs encoding
prbcessing, as discussed above, on the data transferred from
the host computer 80, so as to be converted into an EFM
signal;

Subsequently, the write data WDATA output from the
write strategy unit 21 is supplied to the laser driver 18,
thereby recording the requested data on the disc 90.

In the example showﬁ in Fig. 48, the disc drive unit 70

is connected to the host computer 80. However, the disc



read by the user's operation, and a termnal for inputting and outputting
audi o data may be fornmed. On the display wunit, the currentl s6lpd or

- fead track nunber and the tinme (absolute address or relative address) nmay
be displayed. Various other configurations of the disc drive. unit 70 are
considered, for exanple, a record only apparatus or a read only apparatus
may be provided. 6. Exanples of processing of disc drive unit Various
processi ng exanples of the disc drive- wgut-70 are. discussed below Fig.
49 is a flow chart of an exanple of the processing executed by the disc
drive unit 70 when the disc 90 is inserted. It should be noted that the

TOC f . - ' ded i he |l ead-in area of the disc
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: . g f ¢ h h .

éﬂﬁmﬁr?ﬁe€$%?94332¥%cEﬂ%E£9$e%3%§34%§%89b§$%ﬁ%%%siﬂf é%a@kébivﬁéﬁf SS%BEQ a
i ) . i i i | L as t hrou

L Crocur SAEEERBRNIA0RE GBE-HaRK LBCpE AbliBien o Hlonaft LTCOUSD P2

oaded. | GofpeReF189.  LhOAYS! BALEOTLIQl BnAAQuRBILRNTE RSt ar L up

operation and reads the TOC. Mre specifica e systemcontroller 10
starts thengetpdbe 1B 95 AirFBrEh BEolens®’ LWhoWRCHANFSY.al4s @ for

predeterm ned rotational velocity, starts |aser em ssion,

. example, the interface 13 may be provided with an operation
unit and a display unit. That is, data may be recorded and
read by the user's operation, and a terminal for inputting
and outputting audio data may be forﬁed. On the disp;ay
unit, the currently recorded or read track number and the
time (absolute address or relative address) may be displayed.

Various other configurations of the disc drive unit 70

are considered, for example, a record only apparatus or a

read only apparatus maY be provided.

6. Examples of processing of disc drivg unit

Various processing examples of the disc drive unit 70
aré_discussed below.

Fig. 49 is a flow chart of an example of the processing
executed by the disc drive unit 70 when the disc 90 is
inserted. It should be noted that the TOC formed by the
sub-Q data is recorded in the lead-in area of the disc 90.
if a virgin disc (unrecorded disc) is loaded as a CD-R or a
CD-RW, the processing shown in Fig. 50 is performed rather

than the processing shown in Fig. 49 since the TOC is not



activates and maintains focus servo, and maintains tracking servo so that
data can now be read fromthe disc 90, and then reads the T§§a+@ﬁ§@ﬂption.
- Then, in step F102, the systemcontroller 10 reads the physica

i nformation of the disc 90 fromthe TOC i nformation, thereby determ ning
t he physical characteristics of the disc 90. This operation can be
performed by checking the information shown in Figs. 32 through 39. It is
then .determned in step F103 whether _tlge disc 90 is a hybrid disc. This
can be determined by the nediumtype shown in Fig. 38. If the outcone of
step F103 is no, the process proceeds to step F104 in which the-

recordi ng/readin systemis_set according to the physical information of
t he t.ypgr%(fmf%%gd‘?%cs ‘%ﬂ #1188t ting operation is discussed in detail

Co be perfor MO g APkt BuLdyfEF a5 ok, £ "GSPER ot \BiER- 2684 - o3
oL SIS, 16T Re PRy BT LOE IR LoRRIBIEL 08, and executes
conTRnC,, [ eSP BAEL o |l o W g SLEPL 4GB0 18 (D50 1< 2
et e SRS AOCab 0 0o 4 Sk eERL LR Bt PSRl 0

reads the TOC. More specifically, the system controller 10
starts the spindle motor 6, maintains the servo mechanism at
a predetermined rotational velocity, starts laser emission,
activates and maintains focus servo, and maintains tracking
servo so that data can now be read from the disc 90, and
then reads the TOC information.

Then, in step F102, the system controller 10 reads the
physical information of fhe disc 90 from the TOC information,
thereby determining the physicallcharacteristics of the disc
90. This operation can be perforimed by cﬁecking the
information shown in Figs. 32 through 39.

It is then determined in step F1l03 whether the disc 90
is.a hybrid disc. This can be determined by the medium type
shown'in Fig. 38. If the outcome of step F103 is no, the
process procgeds to step F104 in which the recording/reading
system is set according to the physical information of the
type of the disc 90. The setting operation is discussed in
detail below with reference to Fig. 51.

A'recording/reading operation is now ready to be

performed on the disc 90. In step F105, the system



information of a unit area #(n), nanely, physical infgrgation of, for t
exanple, the unit area #1 shown in Fig. .47A or 47B. Subseq step
- FlogP the variable nis Increnented. Then, in step F109, thg%g%gago%gdress
of the lead-1n area of the subsequent unit area is determ ned. As

di scussed with reference to Fig. 46, In the sub-code franme in which the
ADR is node 5 and the point (PONT) is CF, the start address of the

| ead-in area of the subsequent unit -arsmads recorded. Thus, in step F109,
this Information is checked. If the start address of the |lead-in area of

t he subsequent unit area is re corded in the above-described sub- code

' ticall
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loop processing from steps F107 to F112 is performed.

More specifically, in step F107, the physical
information read in step F102 is stored as physical
information of a unit area #(n}, namély, physical
information of, for example, the unit area #1 shown in Fig.
.47A or 47B.

Subsequently, in step F108, the variable n is
incremented. Then, in étep F109, the start address of the
lead-in area of the subsequent unit area is determined.

As discussed with reference to Fig. 46, in the sub-code

frame in which the ADR is mode 5 and the point (POINT) is CF,
the start address of the lead-in area of the subsequent unit
aréa is recorded. Thus, in step F109, this information is
checked.

If the start address of the lead-in area of the
subsequent unit-area is reéé?ded in the above-described sub-
code frame, the presence of the subsequent unit area can be
'automatiqally confirmed, and thus, the process proceeds from

F110 to F11l1. 1In step F111, the system controller 10

controls the servo processor 14 to access the recorded start



of the- unit area #(n). In this case, the physical information of the unit
area #2 is stored. The above-described processing is repeategh#ﬂgdbodpe

- physical information of the final unit area is incorporated a

the start address of the lead-in area of the subsequent unit area is read
fromthe sub-code frame in which the ADRis node 5 and the point (PO NT)
Is CFin step F109, the address value is zero, or such a sub-code frane
itself does not exist. In this case, -itg4can be determ ned that the current
unit area i-s the final unit area. Accordingly, it is determned in step
F110 that there is no subsequent unit area, and the process proceeds to
step F1 t he. s ten1contro||er 10 waits for a command fromthe
host conég %ggg% % t%?es+%% tﬁg hy5|cal information of all the unit
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recorded. In contrast, en avirgin disc wt Rouf ormation is
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processi ng shown in Fig. ‘
32 thpough 39,

The process then returns to step F107 in which the read
physical information is stored as the physical information
of the unit area #(n). In this case; the physical
information of the unit area #2 is stored.

The above-described proceésing is repeated until the
physical information of the final unit area is incorporated.
That is, when the start address of the lead-in area of the
subsequent unit area is read from the sub-code frame in
which the ADR is mode 5 and the point (POINT) is CF in step
F109, the address value is zero, or such a sub-code frame
itself does not exist. In this case, it can be determined
that the current unit area is the final unit area.

Accordingly, it is determined in step F110 that there
is no Subsequent unit area, and the process proceeds to step
F113.

That is, the system controller 10 waits for a command
from the host computer 80 after storing the physical

information of all the unit areas, and performs a reading or

recording operation in response to the read command or the



In step F201, the systemcontroller 10 starts the spindle. nmotor 6, begins
the em ssion of laser light, and then roughly maintains theg gﬁb@bfervo
~activates and maintains the focus servo, and naintains tracklng SEervo
whil e positioning the optical pick-up 1 on the inner periphery of the disc
90. The readi ng operation can now be perforned on the disc 90.
Subsequently, in F202, wobble information is read from the groove on the
disc 90. The physical information of _tlgg -disc 90 is read fromthe wobbl e
informati on so as to determ ne the physical characteristics of the disc 90.
This operation can be perforned by'checking the informati on shown in
Figs. 13 through 23. J t he Eecordln /[ readi,ng systemis

set accoFdthy TYURAR ph?é?%%?%?ﬁ$%¥nat?5ﬁ BHeTHi BETE6T™H ting
Var on 200 eSS NG e e natpaChPbrAb oRer ﬁ’fl?oﬁYEEfﬁf%ngﬁiFtpgﬁ%g 19 ne
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fromthe ;siby dga£é0& 5%& or the wobble information, and various settings
are made according to.t

In contrast, when a virgin disc without TOC information

is loaded as a CD-R or a CD-RW, the system controller 10
‘performs the processing shown in Fig. 50.

In step F201, the system controller 10 starts the
spindle motor 6, begins the emission of laser light, and
then roughly maintains the spindle servo, activates and
maintains the focus servo, and maintains tracking servo
whilé positioniﬁg the opfical pick-up 1 on the inner
periphery of the disc 90. The reading operation can now be
prerformed on the disc 90.

Subsequently, in F202, wobble information is read from
the groove on the disc 90. The physical information of the
diéc 90 is read from the wobble information so as to
deterﬁine the physical characteristics of the disc 90. This
operatioq can be performed by checking the information shown
in Figs. 13 through 23.

Then, in step F203, the recording/reading system is set
according to the physical information of the disc 90. The
setting information is discussed in detail below with

reference to Fig. 51.



determ ned physical characteristics. The setting operation executed in step
F104 of Fig. 49 or F203 of Fig. 50 is perfornmed by, for exa Q@a
i rst

- processing shown in Fig. 51. In step F301, the disc conflguratlon

checked. That is, in the case of the wobble information, the
configuration. information described with reference to Figs. 17 through
21B, and if necessary, the nonent-of-inertia information shown in Fig. 22
i's checked. In the case of the sub-Q dgta, the configuration informtion
shown in Fig. 34 and the noment-of-inertial information shown in Fig. 35
are checked. The systemcontroller 10 then detern nes whether the
configuration of the disc 90 is suitable to performthe reading or
recordi ng operdtdon e tFrerdingreRerahien 7oan i periarveddencthened by
the desigp, of the disc drive unit 70, such as the structure of the unit
itself, attfthelo Né?cﬁt?50520487th9a?Y§SP@ PaR§ECILeFallowaissr divat @ s,
such as the ser coe ent. If it is found_.in step F301 that the

- confi gur atPBAR f?ﬂ@ §c QﬁtlgoﬁBPt§H|?8bl@ndtﬁée&PG@§s§h&roceeds to F302

p F303, the disc 90 is

whi ch Th
'ePectehC Eﬁﬁofiégér%E%%ggﬁahSggéﬂgéﬁngTﬁgneP?2W§%§§s&Q@m@§dsent to the host
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conput er
90 is loaded, the physical characteristics of the disc 90

are determined from the sub-Q data {(TOC) or the wobble
information, and various settings are made according to the
determined phfsical characteristics.

The setting operation executed in step F104 of Fig. 49
or F203 of Fig. 50 is performed by, for example, the
processing shown in Fig. 51.

In step F301, the disc configuration is first checked.
That is, in the case of the wobbie information, the
configuration information described with reference to Figs.
17 through 21B, and if necessafy, the moment-of-inertia
information shown in Fig. 22 is checked. In the case of the
sub-Q data, the configuration information shown in Fig. 34
and the moment-of-inertial information shown in Fig. 35 are
checked.

The system controller 10 then determines whether the
configuration of the disc 90 is suitable to perform the
reading or recording operation by the disc drive unit 70.
This can be determined by the design of the disc drive unit

70, such as the structure of the unit itself, and the



80, or-may be displayed on a display unit of the disc drive wunit 70.. An
audi o warning may be issued. If it is found in step F301 thay pidien 2004
~configuration of the-disc 90 is suitable, the process proceeds to step
F304 in which the operation node is set according to the disc density. In
step F304, the disc density can be determ ned by the disc density

I nformati on shown in Fig. 15 when using the wobble information. O, when
using the sub-0 data, the nediumtypesgghown in Fig. 38, the track pitch
shown in Fig. 36, or the linear velocity showm in. Fig. 37 can be checked.
Then, the processing node in the encoder/decoder 12 or the processing node

in the grogye gigo%gr 23 i.s_sw.tched accgrding to Mhetgféhthe di sc density
i s high densieytor ToBEENGAr H24dREPt FATAREEPEFNg SEE™ FE d& S ty, the RF
gain and EQSffEEESEEZing characteristics of the RF anplifier 9, various

servo gai NS, such as focusing and tracking gains, and the 9 March 2004 - 88
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di agram of. a servo open | oop When a
disc 90 is ejected, and the processing is ended.
| The error message is sent to the host computer 80, and
may be displayed on the monitor display of the host computer
80, or may be displayed on a display unit of the disc drive
unit 70. An audio warhing may be issued.

If it is found in step F301 that the configuration of
the disc 90 is suitable, the process proceeds to step F304
in which the operation mode is set according to the disc
density. 1In step F304, the disc density can be determined
by the disc density information shown in Fig. 15 when using
‘the wobble information. Or, when using the sub-Q data, the
medium type shown in Fig. 38, the track pitch shown in Fig.
36, or the linear velocity shown in Fig. 37 can be checked.

Then, the processing mode in the encoder/decoder 12 or
the prbcessing mode in the groove decoder 23 is switched
aécording to whether the disc density is high density or
standard density.

According to the‘disc density, the RF gain and the

equalizing characteristics of the RF amplifier 9, various

servo gains, such as focusing and tracking gains, and the



spindle servo gain suitable for a | oaded disc having a | arge nonent of
inertia is set. According to the relationship between the ggi anshjhe

- phase, as shown in Fig. 53A, a sufficient phase margin and gain nargi n can
be obtained. Fig. 53B is a Bode diagramof a servo open |oop when a

spindl e servo gain which is not suitable for a | oaded disc having a small
nonent of inertia is set. In this case, according to the gain and the
phase, as shown in Fig. 53B, a suffi-ciggnt phase nmargin and gain margin
cannot be obtained, thereby inpairing the stability of the system If the
servo gain is reduced fromthe value shown in Fig. 53B to the suitable

' d b
hohi eved Yaskhg O e ouoitati ShrPhe PoiGEerEr g‘t‘ﬁ%‘%gﬁngFgengéﬁifgnégpn °
N .
e LS Lol TR b B 888 B i uBER R E b oL 1 s
to an apgﬁggrtﬁggkéﬁiyghb afge§ % gs%ggchggnenp of !nertla..Thus the

- spindle servo's can’ be y-operared with high precision.
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perform ng the recor is processing T3 ﬂ step
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configuration. .
This is explained in detail below with reference to

Figs. 53A and 53B.

Fig. 53A is a Bode diagram of a servo open loop when a
spindle servo gain suitable for a loaded disc having a large
moment of inertia is set. According to the relationship
between theAgain and the phase, as shown in Fig. 53A, a
sufficient phase margin and gain margin can be obtained.

Fig. 53B is a Bode aiagram of a servo open loop when a
spindle servo gain which is not suitable for a loaded disc
having a small moment of inertia is set.

In this case, according to the gain and the phase, as
shown in Fig. 53B, a sufficient phase margin and gain margin
cahnot be obtained, thereby impairing the stability of the
system.

If the servo gain is reduced from the value shown in
Fig. 53B to the suitable value shown in Fig. 533, a
sufficient phase margin and gaiﬁ margln can be achiéved.

That is, there is a suitable value for the spindle
servo gain according to the moment of inertia of a disc.

Accordingly, in the processing of step F305, the spindle



As described with reference to Figs. 18A through 20C, the access range AC
varies according to the disc configuration. Accordingly, ba§%&”ap2®ﬂ@ di sc
- configuration (and nmaybe the above-described dinensions), it is deternned
where the optical pick-up 1 can access on the outer periphery of the disc
90, thereby setting the sled noving range of the optical pick-up 1. "It is
t hus possible to prevent the erroneous operation of the optical pick-up 1,
i.e., the application of laser Iight t@q@ portion of the disc 90 without a
recording track. Step F307 is perforned only when the disc 90 is a CD-R or
a CD-RW Based on the material data, the processing to bﬁ executedlbyfthﬁ
wite strategy unit 21 is _set. The material data, i.e., the material of the
recordings?ﬁgérgalBaﬁSbﬁeEhgekQH BYPERETAALEr VAL UGa LY SHEGKING mhe 14
contained in t i.nforpation, and hQ ﬂ&he material type shown in

Fig. 39 c%ﬁ?%Pﬁga%?39%%§i§0b~ §5rathe RRIPALS068TY6 Y tee ST (€ strat egy
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effective.

In step F306, the moving range of the optical pick-up 1
is set based on the disc configuration.

As described with reference to Figs. 18A through 20C,
the access range AC varies according to the disc .
configurétion. Accordingly, based on the disc configuration
(and maybe the above-described dimensions}, it is determined
where the optical pick—ﬁp 1 can access on the outer
periphery of the disc 90, thereby setting the sléd moving
range of the optical pick-up 1. It is thus possible to
prevent the erroneous operation of the optical pick-up 1,
i.e., the application of laser light to a portion of the
disc 90 without a recording track. |

Step F307 is performed 6nly when the disc 90 is a CD-R
or a CD—RW. Based on the material data, the processing to
be executed by the write strategy unit 21 is set. The

- material data, i.e., the material of the recording layér,

can be checked by the material data shown in Fig. 14
contained in the wobble information, and by the material

type shown in Fig. 39 contained in the sub-Q data.



recording power. In a CD-R, pulses indicated by (b) and (c) of Fig. 54 may
be conbi ned, thereby synthesizing step-like |laser drive pulg %ﬁyd?ﬂ&ﬂtas
~those indicated by (d) of Fig. 54. According to the step-Ilike Taser
pul ses, the |laser power is increased to PWd in part of the pulse zone in
which pits are generated, and such part is referred to as an "over drive
pul se". By applying the over drive pulses, the laser |evel can be nore
precisely controlled within the pulse qgeriod. In the case of a CD-RWfor
recordi ng data by a phase change technique, as indicated by (e) of Fig.
54, laser drive pulses (pulse train) are generated in which the |aser
power is switched between the recording power PW and cooling power PW in
the pit fornihB3 7o, WEREe ebyrateoYngnitadds asgatatedr phgvehethend period,
t he | aser ﬂ is set to erasing power PWe. 9 March 2004 - 91 By finely
adjustingpﬁ EeIHQEPfHFWvéSpﬁP§E§df§§ dheplrsezndrdvepPRASgecording to the
mat eri al of tgﬁf cordln Iayer t he recording precision can be enhanced.
y,

- More specific = hoﬁu?s wﬁv%?oWH%ghoﬁﬁtFnlﬁl§e°°5§edaéﬁoﬁd|ng to
t he naterlg of .th recong timng adjustnment, (i.e

| aser-pul 8 gﬂ?ﬂic ardse §¥%B§r ﬁﬁ?& b UGN B0 IHHOSE PWQAQé59%]
??Té{?ns ﬁ?d(B?eo%akkb?g5490%%503%nE9%E%%F%%c%%dln n%o Q%e \gﬂg %ﬁ%nEnt
pits/lands to be recorded, such as those indicated by (a) of
Fig. 54, thereby driving the emission of laser light. The
level PWr of the‘laserldrive pulses indicates the laser
recording power.

In a CD-R, pulses indicated by (b) and (¢) of Fig. 54
may be combined, thereby synthesizing step-like laser drive
pulses, such as those indicated by (d) of Fig. 54.

According to the step—like laser pulses, the laser péwer is
increased to PWod in part of the pulse zone in which pits
are generated, and such part is referred to as an "over
drive pulse". By applying the‘over drive pulses, the laser
level can be more precisely controlled within the pulse
pefiod.

In the case of a CD-RW for recording data by a phase
change'technique, as indicated by (e) of Fig. 54, laser
.drive pulses (pulse train) are generated in_which the laser
power is switched between the recording power PWr and
cooling power PWc in the pit forming zone, thereby driving
laser light. During the land period, the laser power‘is set

to erasing power PWe.



| aser power adjustnent) is perforned by controlling the pulse |evel
I ndi cated by 0. The reason for controlling the pul se maveforgmﬂ%&qﬁ ng to
" the pulse width and the |l aser power is as follows. For exanple, I'n e case
of a DRAW (WORM disc, such as a CD-R, in order to record a |onger pit,
the ratio of the recording | aser power to the reading | aser power should
be increased. Accordingly, a |large anmount of heat is accunulated so as to
increase a region in which a chem cal_. gjeaction is caused. As a result, the
pit to be actually recorded becones |onger than a prescribed |ength. This
phenomenon i s nore noticeable when the thernmal sensitivity or the heat
conduction of the_recording |ayer of a disc is  higher. The length of the
pit to be recdi¥ctiRelnl QT rREIRGntRe La§erndrisngPRLerst KeTpre€BdRNg | and.
That is, as thecéagﬁ- | ocated inmediately before the pit to be recorded
becones 9%RBr 8hCBoBY acgoTdipg: ter thenmakexiadc Ofmbihg a@qarding rastesth ng
pit becong %essrgLssiﬁated _therebybenco r%%ing heat interference from
the precelfigBPPTIEBE BX&RHPECMARERY ?oﬁ@gﬁ' €% be recorded, even if
t he | engt hs of e pi re gg sane d the tinme for applying |laser and
power are thelg%%%,g%é%*fl%%}_ En%nt%agﬂ BH ?feVaVﬁﬁarWeEEP i 49onger
pit. S'”C§4Eh§c88§&iﬂgcﬁﬁukﬁg'8Qt%9§ai'%%'%%%'%%d%%&f%% layer, the
‘timing adjustment (i.e., laser-pulse width adjustment) is
performed by controlling the rising portions and the falling
portions indicated by ®, and the level adjustment (i.e.,
laser power adjustment) is performed by controlling the
pulse level indicated by O.
The reason for controlling the pulse waveform according
to the pulse width and the laser power is as follows.
For example, in the case of a DRAW (WORM) disc, such as
a CD-R, in order to record a longer pit, the ratio of the
recording laser power to the reading laser power should be
increased. Accordingly, a 1arge amount of heat is
accumulated so as to increase a region in which a chemical
reaction is caused. As a result, the pit to be actually
recorded becomes longer than a prescribed length. This
phenomenon is more noticeable when the thermal sensitivity
or the heat conduction of the recording layer of a disc is
higher.
The length of the pit to be recorded is also influenced
by the length of the preceding land. That is; as the land

. located immediately before the pit to be recorded becomes



according to the material of the recording |layer, the pulse wdth, the
pul se configuration (laser em ssion pattern), and the pulse9m§¥gﬁ2é6fser
“level) are adjusted according to the material, thereby contributing to the
formati on of a high- precision pit string. As discussed above, according to
t he physical characteristics of the disc 90, the setting operation shown
in Fig. 51 is performed, thereby inproving the recording/reading
performance. If it is found in step F1&3 of Fig. 49 that the disc 90 is a
hybrid disc, the setting operation shown in Fig. 51 is perforned in step
F113 in a unit area into and fromwhich data is recorded or read. The
physi cal -characteristi¢c d terninin% operation shown _in Fig. 49 or 50 and

t he settiﬁgoﬁ 8Fathﬁ @ﬁaﬁnapﬁuEp&_tgg iR fhBePHEFLELREd bsqapaghen a
disc is igagrtﬁg but alsot mhegﬁpomer is turned on while a disc is 1oaded
in the disc9 NBPEAPSSEH .- tHSTehyi GRCGHIAIIBY BPafndRterdshene ifom

gener at ed _ pputer 80. TOC is not initially recorded on a CO-R
“or a CD-R&?gahggcpﬁgkgi?gtdrive unit 70 wites TOC informati on according to

houa 3 oo P eRaRs ! Ol Uond, A TRS APSHCRLANA, BOEFALECY, L

data is regarfefgtlsol’ eHEAR:268ral thResdhiC 88a WeRime for
applying laser and power are the same, a pit adjacént to a
shorter land results in a longer pit.

Since the heat accumulation and dissipation varies
according to the material of the recording layer, the pPulse
width, the pulse configuration (laser emission pattern), and
the pulse level (laser-level} are adjusted according to the
material, thereby contributing to the formation of a high-
precision pit string. |

As discussed above, according to the physical
characteristics of the disc 90, the setting operation shown
in Fig. 51 is performed, thereby improving the |
recording/reading performance.

| If it is found in step F103 of Fig. 49 that the disc 90
is a hybrid disc, the setting operation shown in Fig. 51 is
perﬁo?med in step F113 in a unit area into and from which
data is recorded or read.

The physical-characteristic determining operation Shown
in Fig. 49 or 50 and the setting operation shown in Fig. 51
may be performed not only when a disc is inserted, but also

when power is turned on while a disc is loaded in the disc



serves:as a CD--R or a CD-RW Steps F401 and F402 indicate the recording
operation in response to a command fromthe host conmputer 8@.4/R9Bg04
~conpl etion of the recording of user data, in step F403, the system
controller 10 generates TOC data according to the content of the recorded
data. That is, the systemcontroller 10 generates information, such as the
address of each track, fromthe values stored in the PMA, and al so
generates physical information, such-a®3 the one shown in Figs. 32 through
39. In this case, the physical information is determned fromthe wobble.
information. _ More specifically, the information indicated in (b) of Fig.
32 is gen d,.f & he.physical [.nf tion read fr th bbl e
infornatig%ggghgﬁégrzé'o?gtﬁgéﬁa%ekﬁéagﬂﬁn %rﬁ%??g EF%S%E&F&& i st) of
Fig. 32 igogmgneeatgg based on the material data shown in Fig. 14. The
value of the 9 March 2004 - 94 nediumtype (in this case, whether the disc
is a COR or it 1 SC) ~h el cat ed~jNpfD) Fig.
32 is generaSE%:E%iégpgﬁ&?ﬁ%ﬂ§?§% %%ﬁé¥%§&s owﬁ ?%ngigf %5?btﬁg' %ﬁésica
structur ete8oaistNdrige dRita kS@okY I alsdofsqymtion 1
shown in Fig. 13. The linear gglgg?Fsbaggbtng?%ggﬁggﬁt%%ckgggggﬁg in (b)
of Fig. 3Eheafabe generaing Bﬁéeawant BR #hacqdeBsi t ¥heShOM W thng 15
special information 1 and 4 shown in Fig. .

operation is shown in Fig. 52.

Fig. 52 is a flow chart illustrating processing after
data is recorded in a program area of the disc 90, which
serves as a CD-R or a CD-RW. Steps f401 and ¥F402 indicate
the recording operation in response to a command from the
host computer 80.

Upon completion of the recording of user data, in step
F403; the system controller 10 generates TOC data according
to the content of the recorded data.

That is, the system controller 10 generates information,
such as the address of each track, from the values stored in
the PMA, and also generafes physical information, such as
the one shown in Figs. 32 through 39. 1In this case, the
physical information is determined from the wobble:
information.

More specifically, the information indicated in (b) of
Fig. 32 is generated from the physical information read from
the wobble information. The value of the material

information indicated in (b) of Fig. 32 is generated based

on the material data shown in Fig. 14. The value of the



13, and the setting determ ned when user data is recorded. The nonent of

I nertia represented in (b) of Fig. 32 is generated based ongmmg.wggﬁpt of
“inertia shown in Fig. 22. The configuration designated in (Db) o? rg. 32
is generated based on the disc configuration shown in Fig. 17. The disc
size indicated in (b) of Fig. 32 is generated based on the disc _
configuration shown in Fig. 17 and the nonent of inertia shown in Fig. 22.
It is not essential, however, that the dmformation indicated in (b) of
Fig. 32 be generated as discussed above. Then, in step F404, the sub-code
frame having the generated TOC information is recorded in the lead-in area.
Accor di ng| nent, conc CD-RWw t hout TOC

i nf or mat | %%dl{lﬁertghgs?gg?%bﬁﬁr §eceri ?F‘H% r‘]3%( %P%Fﬁél%r iil%f & Eﬁ’[‘lr‘bhrﬂr fgés uch a
[ ' . bhl e. i nf ti,on., r, rdi ng the
"t or i Bi- R FhACRERE U8R SpelinTerd, 18 csta éﬁﬁﬁﬁgd o dind%
- ' ' cor.ded in t I.sC as t
it or mat i 55, 9er488B, BB Rl a35e BERBIT. sk iy iy 18, e

char act er btLe3-0f stheodise LHAR G TO5. 33 elly 35 AT heyobhl e

I nf or mat i sc drive uni't provided™w th‘a record ng _ _
desi gned éﬁeéﬁﬁﬂdin%BQHbiibﬂfQrgﬁbgﬂninH? veh, sone read- only disc drive
ng

units are not provided with a decodi anction for wobble information.
Thus, by transfgériffedPevelocity and the track pitch indicated in
(b) of Fig. 32 can be generated based on the disc density
shown in Fig. 15, special information 1 and 4 shown in Fig.
13, and the setting determined when user data is recorded.
- The moment of inertia represented in (b) of Fig. 32 is
generated based on the moment of inertia shown in Fig. 22.
The configuration designated in (b) of‘Fig. 32 is generated
based on the disc configuration shown in Fig. 17. The disc
size indicated in (b) of Fig. 32 is generated based on the
disc configuration shown in Fig. 17 and the moment of |
inertia shown in Fig. 22. |
. It is not essential, however, that the information
indicated in (b) of Fig. 32 be generated as discussed above.
Then, in step F404, the sub-code frame having the
generafed TOC information is recorded in the lead-in area.
Accordingly, in fhis embodiment, concerning a CD-R or a
CD-RW without TOC information, the physical characteristics
(physical information) of such a disc can be determined by

wobble information. When recording the TOC information

later, the physical characteristics determined from the



physi cal information of the disc obtained fromthe wobble information into
TOC data, such read-only disc drive units are able to detergips ﬁ?@ﬂ% .

" physical information of the disc, and correspondingly_perforn1tﬁe setting.
7. Exanples of DVD-format discs In the foregoing enbodi nent,' the present

I nvention has been discussed in the context of a CD-R and a CD-RW The
present invention is also applicabl'e to other types of discs, and the
physi cal characteristics, such as the mgment of inertia and the disc
configuration, of the other discs may also be recorded on them In this
case, advantages simlar to those exhibited by the foregoing enbodi nent

. > . o . : b
Focor di g anRiF ot hEo BRaL 2P A rh e R I kol oA ERRs Ener Tohe ot her
| ' ' bel ow. A dabl e
VBT or et M Ema DYk LT ARk 5 HaRER B Cp 8RR R o BB e e TR and a d
. whi.ch iLb I . f hough detail e
cont 1 gur ARTBAECRL BRAERBEERLSRLE 0R EnECATELOFARTIRYE Hic At det s |

compat i bl g5 Wb SHzH g%gblgogﬁghrggaﬁﬁﬂts slightly different fromthat of

the disc drive unit .70 conpati CD-format discs shown in Fig. 48

due to differencepssd nativve dat b f OF SRl ded hﬁtﬂ“&%é&b?&{;ﬂg”?Qtlh@&bﬁniget hod,
‘the optical characteristics, and so on, the basic configuration of a DVD
drive unigesSgned to decode wobble information. However, some read-
only disc drive units are not provided with a decoding
function for wobble information. Thus, by transferring the
'physical information of the disc obtained from the wobble
information into TOC data, such read-only disc drive units

are able to determine the physical information of the disc,

and correspondingly perform the setting.

7. Examples of DVD-format discs

In the foregoing embodiment, the present invention has
been discussed in the context of a CD-R and a CD-RW. The
bresent invention is also applicable to other typés of discs,
and the physical characteristics, such as the moment of
inertia and the disc configuration, of the other discs may
also bé recorded on them. In this case, advantages similar
to those exhibited by the foregoing embodiment can be
obtained in performing a recording or reading operation by a
recording apparatus or a reading apparatus.

As an example-of the other types of discs, DVD-format

discs are'discussed below. As recordable DVD-format discs,



simlar. to that of a CD drive unit. Thus, an explanation thereof is
omtted. As in the operations described with reference to Figggarcf9odfr ough
B4, ‘a.disc drive unit conpatible with DVD discs, which is discussed bel ow
is able to determine the physical characteristics of a |oaded disc,
provide various settings according to the physical .characteristics, and
performthe recording and reading ‘operation correspondingly. The recording
of the physical characteristics of a-D\g disc therein is discussed bel ow
7-1 DVD-RW DVD-R In a DVD-RW which is a rewitable disc using a phase-
change recording technique, and a DVD-R, which is a DRAW (WORM disc using

i G- Qi h hni bbl | is formed as a
pre-formt DUBrRe- 4R BYRSR, S BVE- R o oF‘n@ggé%E”g?’l\%ﬁldsql%Et ed betveen
0 - i_naf. to as a "land pre-pit").
%Lgoxgﬁb??%gé§p8§§é4ﬁ§l§§e89?§? %%% %%ﬁl%% %%%g rotation pf the discfand
[ j T .e-pl.t .1S us or
Gt ernini ng 1 Pa-EiobEORCabta FREh Sbont1 SiKarIOR oR1A HiBebiring, WBEEa ol ng

“determning the acclrate recording pos N
var | ous, | 88508k PLARIGNGONERNII dipaluBte ST Bhor g e 200 e5s

Thus, the physical “characteéri I nformation o
the land ppemBtt aibicd. 185shlihHtikaE8F Fehenka¥ ¥l Fhat UsSGnaMyiadl serves
drive unit 70 compatible with CD-format discs shown in Fig. |
48 due to differences in the data format, the
modulation/demodulation method, the optical characteristics,
and so on, the basic configuration of a DVD drive unit is
similar to that of a CD drive unit; Thus, an explanation
thereof is omitted. As in the operations described with
refe;ence to Figs. 49 through. 54, a disc drive unit
compatible with DVD disds, which is discussed below, is able
to determine the physical characteristics of a loaded disc,
provide various settings according to the physical
characteristics, and perform the recording and reading
operation correspondingly.
| The recording of the physical characteristics of a DVD
dis¢ therein is discussed below.
7-1 DVD-RW, DVD-R
In a DVD-RW, which is a rewritable disc using a phase-
change recording technique, and a DVD-R, which is a DRAW
(WORM) disc using an organic-pigment change technique, a
wobbling groove is formed ﬁs a pre-format on the disc, and a

pre-pit is formed on a land located between grocoves



as a DVvD-RWor a DVD-R The lead-in area on the inner periphery of the disc
is disposed in a range from45.2. to 48 mmfromthe center ngarEI#'EOGH sc.

" The lead-out area is forned at a position away from 116 nmfromthe center
of the disc. The area between the lead-in area and the | ead-out area
serves- as a program area in which real data is recorded. In the

I nformation area including the lead-in area, the programarea, and the

| ead- out area, the groove (guide graeowe), which fornms a data track, is
fornmed in a wobbling (neandering) shape. Additionally, a land pre-pit LPP
Is formed, as shown in Fig. 56, at a predetermned position of a land L
bet ween bbl i n oQve groove G i nformation and the

| and pre- ?re{ %Fo?ﬁﬁ%%ﬁ%ﬁaFg Bﬁtalhgﬁg9y§535815apled pu;hwgulL ;bgzal
b t r -
ggprngngrgplc%%ngah+éﬁilfﬁégﬂ?ey%fu?%€ %CE g%&ﬁﬁ?f%ﬂxﬁa reco?de? as
57A LI t t - pi rame,
wheh ?Qd%@{%f%‘ﬁmﬁf Lche 8PsoPbn!or blneilih tRE 2pEErAIRE KRS ot

R eune PL6RI ! FHETPRRASHLUELYE DL! fof gn%bit 680 16 0hel | 1 g

address and elght |t user: re- p| ranes O t hrough

PF15) f or J0.008a P& er@esramgkposlegoaoaﬁ Q'ar::hr Bhiat bud 2der 88e8indhgt he

i ndi vi dual pre-pit
various items of information concerning the disc, such as

the pre-address. Thus, the physical characteristic
information of the disc is recorded in the land pre-pit.

Fig. 55 illustrates the layout of a disc, which serves
as a DVD-RW or a DVD-R.

The lead-~in area on the inner periﬁhery of the disc is
disposed in a range from 45.2. to 48 mm from the center of
the disc. The lead—out.area is formed at a position away
from 116 mm froﬁ the center of the disc. The area between
the lead-in area and the lead-out area serves as a program
area in which real data is recorded.

In the information area including the lead-in area, the
prbgram area, and the lead-out area, the groove (guide
groove), which forms a data track, is formed in a wobbling
(meandering) shape. Additionally, a land pre-pit LPP is
formed, as shoﬁn in Fig. 56, at a predetermined position'af
a land L between wobbling grooves G, G.

The wobbling groove G information and the land pre-pit
LPP information are obtained by a so;called push-pull signal

representing the light reflected by the disc detected by an



frames*indi cate the addresses of the corresponding pre-pit franes (PFO
through PF15). The pre-pit block is formed of part A consistighg,of shfe SiX
“pre-pit frames PFO through PF5 and part B consisting of the ten pre-pit
frames PF6 through PF15. Since one pre-pit frame has eight-bit user data,
part A has 48-bit (six bytes) user data. Anong the six-byte user data, as
shown in Fig. 57B, three bytes are used as an ECC bl ock address, and three
bytes are used as parity A for part A 9B8art B, which consists of the ten
pre-pit frames PF6 through PF15, has 80-bit (10-byte) user data. The
10-byte wuser data has, as shown in Fig. 57C, a one-byte field ID,

si x-byte Qis£cipf ti;an, and three-byte parity B for part B. The six-byte
di sc infoggat?%% g%??eg?'as shown in Fig. 9 March 2004 - 99 58, according

o the 176l d W ftlienre Gk Lol A5kl Aortil o0 Lhge L1 ELCLRBS oL DG, ot I ce

bytes of the six-byte disc i1nfornmation of pa B are use recorﬁing

the sane yaghdeprelpter.FRCibl gekegddpgss of part A The pre-pit block in
“which the fie?%rIEPIS_LDO 'S forneg gﬁéthe entire area of the disc. The

pre-pit block pigWhfh {iheudtLieed Duigrons: of ehdlle tHHPUAN ILDR is formed in
the lead-in area. In the pre-pit block inh which the field TDis IDl, the
applicatimint®ed® Ghit of the pre-formatted data as the land pre-pit

LPP. The pre-pit frame has twelve bits consisting of a

four-bit relative address and eight-bit user data. Then, 16

pre-pit frames (PF0 through PFl5) form one pre-pit block.

The four-bit relative addresses of the individual pre-pit

frames indicate the addresses of the corresponding pre-pit

frames (PF0 through PF15).

The pre-pit block is formed of part A consisting of the
six pre-pit frames PFO through PF5 and part B consisting of
the ten pre-pit frames PF6 throuéh PF1l5.

Since one pre-pit frame has eight-bit user data, part A
has 48-bit (six bytes) user data. Among the six-byte user
data, as shown in Fig. 57B, three bytes are used as an ECC
blbck address, and three bytes are used as parity A for part
A.

Part B, which consists of the ten pre-pit frames PF6
through PF15, has 80-bit (lbgﬁyte) user data. The 10-byte
user data has, as shown in Fig. 57C, a one-byte field ID,
six—byte disc information, and three-byte parity B for part

B.

The six-byte disc information varies, as shown in Fig.



physi cal data is recorded as the six-byte disc information. |In the pre-pit
bl ock in which the field IDIs ID2, the OPC suggested code 9Wﬁ¥@ﬁ§§b4

" strategy code (WS1) is recorded as the six-byte disc information. In t he
pre-pit block in which the field IDis I1D3, the manufacturer ID (MDI) is
recorded as the disc information.' In the pre-pit block in which the field
IDIs ID4, the manufacturer ID (MD2) is recorded as the disc information.
In the pre-pit block in which the firebd FDis ID5, wite strategy code
(W52) is recorded as the six-byte disc information. Details of the _
structure of the pre-pit block in which the field IDis IDl are shown in

' ) ' | X i ' ' .of . th dat f
oFy tbr oy iy S h%@ﬁtrflﬁ EalilbeniCge e P%ﬁ%e”@%'%?ﬂaﬁep yﬁg“iggl ih & t
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shown in Fig. 60A. Anong the eight bits roug es track

priteh infoy naid aoc Witdeli daddess d20partNR. U6k BEECH: (Sp1BcR01RUN. Vhen
bit b7 is "1", the track pitch is 0.74 pun. Bit b6 represents the reference

vel oci ty whiilith vildlesidi'a 1mdisatss {Hakothear 6hCERECENY¥EHRCA Al §£3. 84 NS,
while the value "1" indicates that the reference velocity is 3.49 nis.
the disc.

The pre-pit block in which the field ID is one of ID1
through ID5 is formed in the lead-in area. 1In the pre-pit
block in which the field ID is ID1, fhe application code or
physical data is recorded as the six-byte disc information..
In the pre-pit block in which the field ID is ID2, the OPC
suggested code or write strategy code (WS1l) is recorded as
the six-byte disc information. 1In the pre-pit block in
which the field ID is ID3, the manufacturer ID (MID1l) is
recorded as the disc information.' In the pre-pit block in
which the field ID is ID4, the manufacturer ID (MID2) is

~ recorded as the disc information. In the pre-pit block in
which the field ID is ID5, write strategy code (WS2) is
recorded as the six-byte disc information.

Details of the structure of the pre-pit block in which
the field ID is ID1 are shown in Fig. 59. In this case, the
six-byte disc information of the user data of. PF7 through -
PFlz of the pre-pit frames is formed of one-byte application
code, one-byte disc physical data, a three-byte last addfess

of the data recordable area, one-byte part version/extension



Bit b5 designates the disc size. The value "0" indicates that the disc
size is 12 cm while the value "1" indicates that the disc §mﬁﬁcﬁ§9§§<ﬂﬂ

" Bit 4 represents the index of reflection. The value "0" indicates that th
index of reflection ranges from45 to 85 % while the value "1" indicates
that the index of reflection ranges from18 to 30 % The nediumtype is
recorded in bit 2 and bit 1. Wiwen bit b2 is "1", the nediumtype is a
phase change nmedium Wen bit 2 is 20jgothe mediumtype is another type.
Wien bit 1 is "0", the mediumtype is a recordable type. Wien bit 1 is
"1", the mediumtype is a rewitable type. The nonent of inertia is
recorded in.bit b3 and bit b0. = When the values of bit 3 and bit 0 are
represent%%ﬁ%y J1 and J2, respectively, the nonent of inertia can be

i i ' ig,.60B. 9 March 2004 -
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descri bed above, he p I nformati on of a‘recording
recorded 9.80 ym. When bit b7 is "1", the track pitch is 0.74 um.

Bit b6 represents the reference velocity. The value "0O"
indicates that the reference velocity is 3.84 m/s, while the
value "1" indicates that the reference velocity is 3.49 m/s.
Bit b5 designates the disc size. The value "0" indicates
that the disc size is 12 cm, while the value "1" indicates
that the disc size>is 8 cm. Bit 4 represents the index of
reflection. The value "0" indicates that the index of
reflection ranges from 45 to 85 %, while the value "1"
indicates that the index of reflection ranges from 18 to

30 %.

The medium type is recorded in bit 2 and bit 1. When
bit b2 is "1", the medium type is a phase change medium.
When bit 2 is "0", the medium type is another type. When
bit 1 is "0", the medium type is a recordable type. 'When
bit 1 is "1", the medium type is a rewritable type.

The moment of inertia is recorded in bit b3 and bit bo.
When the values of bit 3 and bit 0 are represented by J1 and
J2, respectively, the moment of inertia can be defined by

the two bits J1 and J2, as shown in Fig. 60B.



in the lead-in area as the pre-bit block of the land pre-bit LPP. This
enables a disc drive unit to accurately and easily deterninghmgajgb?ﬁ

" size, the nonent of inertia, the track pitch, the linear velocity, e
medi um type, etc. Accordingly, the disc drive unit is able to perform
suitable settings according to the physical characteristics of the disc,
thereby performng a suitable recording/reading operation correspondingly.
7-2 DVD-RAM In a DVD-RAM which is a-Dvprformat rewitable disc using a
phase-change recording technique, high density recording is inplenented by
enpl oying a | and/ groove recording nmethod. In the DVD-RAM the lead-in area

[ | ud tion.in jch control information | recorded as enbossed
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Tornﬁd frofpe 11pnd8nblent of THbrikg ﬁéeﬁ.ﬁﬁtpeﬁﬂ bPegheatalNpateqeand the
ead-out area is used as a programarea in which rea
than 0.03 g-m2. When the values of J1 and J2 are "11", the
moment: of'inertia is 0.03 g-m? or greater.

In the case of a DVD-RW and a DVD-R, as described above,
the physical information of a recording medium is recorded
in the lead-in area as the pre-bit block of the land pre-bit
LPP. This enables a disc drive unit to accurately and
easily determine the disc size, the moment of inertia, the
track pitch, the linear‘velocity, the medium type, etc.
Accordingly, the disc drive unit is able to perform suitable
settings according to.the physical characteristics of the
disc, thereby performing a suitable recprding/réading
operation correspondingly.

&-2 DVD-~-RAM

In a DVD-RAM, which is a DVD-format rewritable disc
using é phase-chaqge recording technique, high density
recording is imblemented by employing a land/groove
recording method. In the DVD-RAM, the lead-in area includes
a portion in which control information is recorded as

embossed pits, and an information rewritable portion. The

physical characteristic information of a disc can be



data is. recorded. The detailed configuration of the lead-in area is shown
in Fig. 62. The lead-in area is largely formed of an enbossed plgtRogsy €a, a
"mrror area, and a rewitable area. In the enbossed data area, an initia
zone, a one-block (ECC block) reference code zone, a 31-block buffer zone,
a 192-bl ock <control data zone, and a 32-bl ock buffer zone are _
sequential |y di sposed. Subsequently, in the rewitable area after a mrror
area (connection zone), a 32-bl ock-guardztrack zone, a 64- block disc test
zone, a 112-block drive test zone, a 32- block guard track zone an 8-bl ock
disc identification zone, an 8-block defect managenent area (DMA)I, and an

8- bl ock tially_di d. Th figurati.on of each of the
192 bl ocke oP=aRa SEVAEneBbpH =t BTt Enp B gieatPofi #h e enpossec
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I nformation (2048
embossed pit area in which control information is recorded.
The lead-in area further extends to the rewritable area in
which data is recorded. The lead-out area is formed from
115.78 to 117.2 mm. The area between the lead-in area and
the lead-out area is used as a progrém area in which real
data is recorded.

The detailed configuration of the lead-in area is shown
in Fig. 62,

| 'The lead-in area is'largely formed of an embossed data
area, a mirror area, and a rewritable area. In the embossed
data area, an initial zone, a one-block {ECC block)
reference code zone, a 3l-block buffer zone, a 192-block
control data zone, and a 32-block buffer zone are
séquentially disposed.

Subsequently, in the rewritable area after a mirror
area (donnection zone), a 32-block guard track zone, a 64-
block disc test zone, a 112-block drive test zone, a 32-
block guard track zone, an 8-block disc identification zone,
an 8-block defect management area (DMA)l, and an 8-block

DMA2 are sequentially disposed.

The configuration of each of the 192 blocks of the



bytes)  recorded in sector O are partially shown in Fig. 64. |In the head
byte at byte position O of the 2048-byte sector, the medi umgtypen t he
“part version is recorded. In the subsequent byte at byte position I, the
nmonment  of inertia, the disc size, and the maximumtransfer rate are
recorded. This information has, for exanple, eight bits of bit 0 to bit 7,
as shown in Fig. 65, in which the maxinmum transfer rate is recorded in
four bits frombOto b3, the disc sizpp3s-recorded in tw bits fromb4 and
b5, and the nonent of inertia is recorded in two bits b6 and b7. '
Concerning the two bits b4 and b5 representing the disc size, the value

00" _cm dj Wi h "01" i ndi cat 8-
di sc, "and TREESEnda o 70T Sy P Srblab o8 ABKE T arrs o Phovy oG the

two bits Hbd and b5, a conbination of the disc size and the disc
configuration may be indicated rather than only the disc size. The two

bits © Nerch 2004 151000 1 7 AL PG, o8 QAL 0L LIS OIERE 1 o1 pertia may be

“represented by J1 an , respectively, nonen nerti a may be

defined ageshounn Fode 80B:oknnEhdz0@d. noteby erRogLLeR 8 (one byte).

the disc structure is recorded as a predeterm ne efrnition. At byte

R G v R R s Rt T e
Concer ni ngaru MG RAMgt herohystsah 187 peaBLEEA. Of 18Beb1ocks
configured as described above are recorded in the control
data zone.
The contents of the physical format information (2048

‘bytes) recorded in sector 0 are partially shown in Fig. 64.
In the head byte at byte position 0 of the 2048-byte sector,
the medium type and the part version is recorded.

. -In the subsequent bfte at byte position 1, the moment

of inertia, the disc size, and the maximum transfer rate are
recorded. This information has, For example, eight bits of
bit 0 to bit 7, as shown in Fig. 65, in which the maximum
transfer rate is recorded in four bits from b0 to b3, the
diéc size is recorded in two bits from b4 and b5, and the

' moment of inertia is recorded in two bits b6 and b7.
Concerhing the two bits b4 and b5 representing the disc size,
the value "00" may represent a 12-cm disc, while the value
"01" may indicate an 8-cm disc, and the other values may be
reserved. Alternatively, by using the two bits b4 and b5, a
combination of the disc size and the disc configuration may

be indicated rather than only the disc size. The two bits



recording mediumis recorded in the enbossed data area of the lead-in
area. Accordingly, the disc drive unit is able to preciselygand.eagid Y

" deternine the disc size/configuration, the nonent of inertia, the nmedium
type, and so on. It is thus possible to provide suitable settings
according to the physical characteristics of the disc and performthe
appropriate recordi ng/readi ng operation correspondingly. 7-3 DVD+tRWIn a
DVD+tRW which is a DVD-format rewitabl@dadisc using a phase-change _
recording technique, various items of information are recorded on the disc
by a phase-nodul ated wobbling groove. Thus, the physical characteristic

| _ _ e physical characteristic
o to be Tocardes Lo FRat i Ag LAE nkeRe bE Brhy s, BoveDes Nar cn 2004 -
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reference to Figs. B, and 66 bblfes formo unit.

The vobbl asedt £atigp phaser1AREUAS! ol $HCR1G mBBASr that positive

wobbl es PWand negative wo S are generated 1n a predeterm ned order.

or 1" dara The nebd o (e s S SR S (PRl TR B PRe i nner
peri pher ysefuéb@rdi £6. robbr8elihgshgagrafiethemigeat Bé®inition. At

byte position 3 (one byte), the recording density is

recorded as a predetermined definition. At byte position 32

(one byte), the disc type ID is recorded.

Concerning a DVD-RAM, the physiéal information of the
recording medium is recofded in the embossed data area of
the lead-in area. Accordingly, the disc drive unit is able
to precisely and easily determine the disc
size/configuration, the mdment of inertia; the medium type,
and so on. It is thus possible to provide suitable settings
according to the physical charactériétics of the disc and
perform the appropriate recording/readipg operation
correspondingly.

7-3 DVD+RW

In a DVD+RW, which is a DVD-format rewritable disc
using a phase—qhange recording technique, various items of
information are recorded on the disc by a phase-modulated
wobbling groove. Thus, the physical éharacteristic
information of the disc is included in address in ADIP
information which is to be recorded as the phase-modulated

wobbling groove.



wobbl e NWdirects toward the outer periphery of the disc. Fig. 66A
Illustrates the synchroni zation pattern (AD P synchronlzatlgmmgghgb011he
“first four wobbles (WO through WB) are negative wobbl es NW and the | ast
four wobbles (W through W) are positive wobbles PW Fig. 66B illustrates
the ADIP data unit indicating "0" data. The first wobble WD is a negative
wobbl e NW which serves as a bit synchroni zation, and the subsequent three
wobbl es (WL through WB) are positive-wppples PW In the Ilast four wobbles,
the two wobbles (W and Wb) are positive wobbles PW and the renaining two
wobbl es (W and W) are negative wobbles NW Wth this arrangenent, the
ADI P data represents "0 . +Fig. 66C i]lustrates the ADI P data unit
i ndi cating " 1" YA "ﬁ‘sel‘ﬁ‘émf‘ﬁag“re%"b‘%ﬂélwiJs“%O%@E%Wel%%F%rdei ch
serves a i t chrenizatio nd th ub uent three 9 _March 2004 -
106 mobz?g%ngﬁi¥ﬁrEﬁgﬁr9%?6a£8 Ebgftigggmogggesa ﬁ/gp 'thglgkist f our
wobbl es, . I ( n ) & ne Lve _wobbl es and the
'renainindﬁgg%iégb g@ %@% %ﬁ%ﬁvg?ygre &§83V?ﬁ§£eﬁosﬁﬁegh i thlsf ]
arrangengqg, r n £ 1 T, _ ycture of the
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one unit shown iIn
Accordingly, the ADIP unit represents a synchronization

pattern, "0" data, or "1" data.

The head of the positive wobble PW directs toward the
inner periphery of the disc, while the head of the negative
wobble NW directs toward the outer periphery of the disc.

Fig. 66A illustrates the synchronization pattern (ADIP
synchronization unit). The first four wobbles (W0 through
W3) are negative wobbleé NW, and thellast four wobbles (W4
through W7) are positive wobbles PW.

Fig. 66B illustrates the ADIP data unit indicating "0"
data. The first wobble WO is a negative wobble NW, which
serves as a bit synchronization, and the subsequent three
wobbles (W1 through W3) are positive wobbles PW. In the
last four wobbles, the two wobbles (W4 and W5) are positive
wobbléé PW, and the remaining two wobbles (W6 and W7) are
negative wobbles NW. With this arrangement,.the ADIP data
represents "0" data.

'Fig.'66C illustrates the ADIP data unit indicating "1"
data. The first wobble W0 is a negative wobble NW, which

serves as a bit synchronization, and the subsequent three



Fig. 67. The two synchronization frames has 93 wobbl es. One wobble has 32
channel bits (32 T), and accordingly, one synchronization f@qmgch?oﬁgual

" to 1488 channel bits. One ADIP unit is formed by eight phase-npdu ated
wobbl es anong the two synchronization frames (93 wobbles).. The remaining
85 wobbl es are nonot one wobbl es, which are not phase-nodulated. Fifty-two
ADI P units formone ADIP word, which is equivalent to four physical
sectors. The structure of the AD P wotdéis shown in Fig. 68A. The AD P
word, which is formed of 52 ADIP units, each having eight wobbles (WO
through W), has 52-bit information. The ADI P word consists of one ADI P

[ j i P Al di , the 52
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"recordi ng the physical address.. The physica ess IS provi for each

~ADI P wor dpofi 8ivebirbebiegmpwdat i bht tR4st ardahgebht31 Akl aApTed aheh
recording supplenmental data. Data bit 32 through data bit 51 are used as
ECC dat a. réponesentsg"thegetght-bit suppl enental data for each

The data structure of the above-described ADIP units is
as follows.

The ADIP unit information recorded as a wobbling groove
is formed of two synchronization fraﬁes as one unit shown in
Fig. 67. The two synchronization frames has 93 wobbles.

One wobble has 32 channel bits (32 T), and accordingiy,

one synchronization frame is egqual to 1488 channel bits.
One ADIP unit is formed'by eight phase-modulated wobbles
among the two synchronization frames (93 wobbles).. The
remaining 85 wobbles are monotone wobbles, which are not
phase-modulated.

Fifty-two ADIP units form one ADIP word, which is
eqﬁivalent to four physical sectors. The structure of the
ADIP word is shown in Fig. 68A.

The ADIP word, which is formed of 52 ADIP units, each
having eight wobbles (WO throuéh ﬁ?), has 52-bit information.
The ADIP word donsists of one ADIP synchronization unit and |
51 ADIP data units. Accordingly, among the 52 bits, as
shown in Fig. 68A, data bit 1 to data bit 51 other than the

word synchronization (data bit 0) can be used for recording



ADI P word, 256 supplenental data are collected from consecutive 256 AD P
data, thereby form ng a 256-byte table. In such a table, the \pysbe
“format information, such as the one shown in Fig. 69A can be recor ded.
Fig. 69A illustrates only byte positions 0 to 30 anong the 256 bytes, and
the renaining bytes frombyte positions 31 to 255 are not shown. One byte
at byte position O is used for recording the disc category and the version
nunber. One byte at byte position 1-isowsed for recording the disc size. |
One byte at. byte position 2 is used for recording the disc structure. One
byte at byte position 3 is used for recording the recording density.

Twel ve byg f fgrm fbﬁlons 4 through. 15 are used for recording the
data zone a oca byte at byte position 17 is used for recordlng

the moment of g4 erég@ ﬁ%ﬁ[%fgé 10N LAY zf:@\.flfé)g%% thtta.v\%ﬁ]btg?g ADI nd AL

byte position 1 -for exanpl e, as s own in b6

are used‘&5fdreop&gﬁ99 0s ﬂ?€§n$r8$ déggrgighzagg ngggbﬁ% BgGand b4 are

used for recording the di'sc configuration and

repr esent@sbdyrdi f@éoﬂéln%rﬁﬁQ hy¥eEY1 a&grEQH?“FTﬂE.hﬁgéab jcan be

defined as showmm in Fig e disc contiguration i on can be
recor ded &yatdes desi prévonesnedh &8chi BpTBAwBYaysi BYghheni vl hihs b5 and

b data bit 24 to data bit 31 are used for recoxding
supplemental data. Data bit 32 through data bit 51 are used
as ECC data.

Concerning the eight-bit supplemental data for each
ADIP word, 256 supplemental data are collected from
consecutive 256 ADIP data, thereby forming a 256-byte table.
In such a table, the physical format information, such as
the one shown in Fig. 693, can be recorded.

Fig. 69A illustrates only byte positions 0 to 30 among
the 256 bytes, and the remaining bytes from byte positions
31 to 255 are not shown.

One byte at byte position 0 is used for recording the
diéc category and the version number. One byte at -byte
position 1 is used for recording the disc size. One byte at
byte pésition 2 is used for recording the disc structure.
One b&ée at byte position 3 is used for recording the
recording density. Twelve bytes at byte positions 4 through-
15 are used for recording the data zone allocation. One
byte at byte position 17 is used for recording the moment of

inertia and the disc configuration.



As di scussed above, in the case of a DVD+tRW the physical information of
the disc is recorded as a phase- nodul ated wobbling groove. §hiscepady es a
“disc drive unit to correctly and easily determ ne the disc size, the disc
configuration, the nonent of inertia, the mediumtype, etc. As a result,
it is possible to performsuitable settings according to the physical
characteristics and thus to performan appropriate recording/reading
operation correspondingly. Wile the pessent invention has been descri bed
with reference to what are presently considered to be the preferred
enbodi nent, various nodifications may be nade to the configuration of the

di dri [ | f h ) f, the st tur f th bbl -
ni ormati on. the P26 RTLFELER T 08 e Bhbae. ofe B0%RTER Boma SoEA
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said configuration information Ircating physical cs of said

(recording; gEEt YA, 2naAthECBLELNGSTRARUBLAGEA! disal (0. CLaldBch sl N 2
recording track is forned by a groove on said recording nediu sai d
groove regygsesbhPigradebar ni ned information by wobbling of said groove,

and sai d configuration information is recorded as information represented
by the wobblifigewibEes DI QY6 3ard FE6PELSEATHERL U AGHAr §hNT to claim

2, wherein the wobbling of said groove Ts obtained by perforning at |east
respectively, the moment of inertia can be defined as shown
in Fig. 60B. The disc configuration information can be
recorded by the definition shown in Fig. 34 by using the two
bits b5 and b4. |

As discussed above, in the case of a DVD+RW, the

| physical information of the disc is recorded as a phase-
modulated wobbling groove. This enables a disc drive unit
to correctly and easily.determine the disc size, the disc
configuration, the moment of inertia, the medium type, etc.
As a result, it is possible to perform suitable settings
according to the physical characteristigs and thus to
perform an appropriate recording/reading operatién
correspondingly.

While the present invention has been described with
refareﬁce to what are presently considered to be the
preferred embodiment, various modifications may be made to
the configuration of the disc drive unit, the operations of
the unit, the structure of the wobble information, the

structure of the sub-Q data, etc.



one of frequency nodul ati on and phase nodul ati on on said groove. 4. A
recordi ng nmedi um according to claim1, wherein a recording bgﬂﬁghbé £ or med
" by a groove on said recording medium and a pit is pre-fornmed on a ?and of
said recording nedium and wherein said configuration information is
recorded as information represented by said pit. 5. A recording nmedi um
according to claim1, wherein a recordiyyytrack is formed by a groove on
said recording 9 March 2004 -- 110 nedium and an enbossed pit is
pre-formed on a predeterm ned area of said recording nedium and wherein
said configuration information is recorded as information represented by
said enbossed pit'. 6. A recording nedéi#iIMgcordi ng to any one of the
precedi ng clainms, wherein said configuration information is recorded in a
| ead-in area fornmed on said recording medium 7. A recording nedium’ _
according to any one,of the ugreceding‘clains, further conprising materi al
i nformation indicatifg a TREPEFFEY of Medismor digrgpirayéng of sahdi §eealidinng
- medium  sai f&ﬁ%aﬁ%%l inforpation being recorded according to a techni que
identical to a techni qhETTeG edbrarty saiadd confifjumattiion | bf o6 Ridion. 8.
A recordin um conpri si.ng, nonment-of-inertia information recorded
t her ei n, sg?%F%%%%SHtPO QVﬁﬂT?%éraFFﬁ¥ﬁﬁﬁ&Fﬁoﬁfiﬁﬁhtaﬁbngdanmnmanhmof inertia
of said recording nmedium

2. A reco;ding medium according to claim 1, wherein a
recording track is formed by a groove on said recording
medium, said groove representing predetermined information
by wobbling of said groove, and said configuration
.informétion is recorded as information represented by the

wobbling of said groove.

3. A recording medium according to claim 2, wherein

the wobbling of said groove is obtained by performing at least

one of frequency modulation and phase modulation on said groove.

4. A recording medium according to claim 1, wherein a
recording track is formed by a groove on said recording
medium, and a pit is pre-formeq on a land of said recording
medium, and wherein said configuration information is

recorded as information represented by said pit.

5. A recording medium according to claim 1, wherein a

recording track is formed by a groove on said recording



9. A recording nmediumaccording to claim8, wherein a recording track is
formed by a groove on said recording nedium said groove regngsgnbhio
" predeterm ned information by wobbling of said groove, and said
nmonment-of -inertia 9 March 2004 - 111 information is recorded as
information represented by the wobbling of said groove. 10. A recording
medi um according to claim9, wherein th bbling of said groove is
obt ai ned by perform ng at |east one of f}égﬁency nodul ati on and phase
nodul ati on on said groove. 11. A recording nmedium according to claimS8,
wherein a recording track is forned by a groove on said recording nedium
and a pit imedienform@damnembbasddopitaid peeordingd BRALUBredaRdWIGRR N
said nonment-of-inertia information is recorded as infornmation represented
by said pitare2 of\ $atdroergrdbtogunedten: dang wherkahms8idwherein a
recording track is formed by a groove on said recording nmedium and an
" enbossed piFOREigiEAtvpebnboraapiedeier neneddedr ea dhfeaimdtienor di ng
" medium and wherein said nonent-of- inertia information is recorded as
i nf or mat i orF SRIF LRI LPY 5258 emepdsederipit. 13. A recording medi um
according to any one of clains 8 to 12, wherein said nonment-of-inertia
information is recorded in a lead-in area forned on said recordi ng nmedi um
14. A recording nediun1accondin%‘tq any one of clainms 8 9 Nhggh 2004

6. A recording medium according to any one of the

preceding claims, wherein said configuration information is

recorded in a lead-in area formed on said recording medium.

7. A recording medium according to any one of the
_preceding claims, further comprising material information
indicating a material of a recording layer of said recording
medium, said material information being recorded according to
a technique identical to a technique for recording said

configuration information.

8. A recording medium comprising moment-of-inertia
information recorded therein, said moment-of-inertia

information indicating a moment of inertia of said recording

medium.

9. A recording medium according to claim 8, wherein a
recording track is formed by a groove on said recording
medium, said groove representing predetermined information

by wobbling of said groove, and said moment-of-inertia



- 112 to 13, further conprising material information indicating a
material of a recording |ayer of said recording nedium said lﬁﬁ%ﬁﬁb@ﬁ
“information being recorded according to a technique |dent|cal
techni que for recording said nonent-of-inertia information. 15 A
recordi ng apparatus conpatible with a recording nediumwhich stores at
| east one of configuration informationlthddrcating a configuration of said
recording nediumand nonent-of-inertia information indicating a nonment

.of inertia of said recording nedium said recording apparatus conprising:
det er mi ni ngnfeARation et eegbREBA aay_s_h%b:ma@ﬁ@ha%%&le%fén%dﬂfbysad'h%
recordi ng medium by reading said at |east one of the configuration
i nf or mat i owowabitgeofosRAE- gebolrBerti a i nformati on; and recordi ng control
means for performng settings for a recording operation according to the
physical .characteristics determ ned by said determ ning neans, and for
allowi ng the recording operation to be perfornmed. 16. A recording apparatus
according to clHim 15, reodeidng sedtudebecording teantalimads whedeah | east
~one of the configuration information and the nonment-of-inertia

i nf or mat i obhé reshldl imgblolfi wgidr gooevd gramedtannsdi Uy rpexfaimigad ahieasf004 -

113 nmedi um . . .
one of frequency modulation and phase modulation on said groove.

11. A recording medium accbrding to claim 8, wherein a
recording track is formed by a groove on said recording
medium, and a pit is pre-formed on a land of said recording
medium, and wherein said moment-of-inertia information is

recorded as information represented by said pit.

1l2. A recording medium according to claim 8, wherein a
recording track is formed by a groove on said recording
medium, and an embossed pit is pfe-formed on a predetermined
area of said recording medium, and Wherein said moment-of-
inertia inférmation is recorded as information represented

by said embossed pit.

13. A recording medium according to any one of
claims 8 to 12, wherein said moment-of-inertia information is

recorded in a lead-in area formed on said recording medium.

14. A recording medium according to any one of claims 8



17. A recording apparatus according to claim 16, wherein wobbling of said
wobbling groove is obtained by performng at |east one of fgguensyos
" fodul ation and phase nodul ation on said groove. 18. A recordi ng apparatus
according to claim15, wherein a recording track is formed by a groove on
said recording nmedium and a pit is pre-formed on a |l and of said
.recording nedium and wherein said determ ning neans reads said at |east
one of the configuration informati on andthe nonent-of-inertia information
fromsaid pit. 19. A recording apparatus according to claim15, wherein a
recording track is formed by a groove on said recording nmedium and an
enbossed pif_. is,preg-formed on a, predeternined, afea of ,sai¢d recording
medi um an ?Mé§%ﬂ€?r§%?ﬂ o1 ?%?##%dﬁ%%%ﬁ%a ehﬁ£°§%?51%? fBdirabmBIoP t he
confi gur at it dAH L0 N6t | DNee @ELNG ﬂ@ﬁ@ﬁtaﬁfgéﬂ&f{»é&rwﬁgfﬂ@&;% fLom;sai d
enbossed pit. 20. A recording apparatus according to any one of clarns 15
to 19, whemstesidl intormhniprdeing neansdsdt scadrditgess aangeéhfique
" recording head nea used for the recording 9 March 2004 - 114 operation
on said rec’rife‘d}‘?fgcarr}éd%rﬁ LSRR e t FPX Heeprrdingl satd apementrefrsnertia
det er m ned MLk Agt er m ning neans. 21. A recording apparatus according
to any one of clains 15 to 20, wherein said recording control neans sets
servo paraneters of spindle neans used for driving the

15. A recording apparatus compatible with a recording
medium which stores at least one of configuration
information indigating a configurafion of said recording
medium énd moment—of-inerfia information indicating a moment
.of inertia of said recording medium, said recording
apparatus comprising:

determining means for determining physicai
characteristics of said recording medium by reading said at
least one of the configuration information and the moment -
of-inertia information; and

recording control meaﬁs for perfofming settings for a

' recording operation according to the physical
characteristics determined by said determining means, and

for allowing the recording operation to be performed.

16. A recording apparatus according to claim 15,
‘wherein said determining means reads said at least one of
the configuration information and the moment-of-inertia

information from a wobbling groove formed on said recording



rotation of said recording nediumaccording to the physical

characteristics determned by said determning nmeans. 22. A iagatdbiss

" apparatus according to any one of ,clainms 15 to 21, wherein said recording
control neans issues warning when determ ning that said recording nedi um
is not a suitable recording nedium based on the physical characteristics
determ ned by said determ ning neans. 23. A recordi ng apparatus according
to any one of claims 15 to 22, wherein 5bBd-recording control neans ejects
said recordi ng nmedi um when determ ning that said recording nediumis not a
sui tabl e recordi ng nedi um based on the physical characteristics determ ned
by said detwzdduvmng neans. 24. A recording apparatus according to any one
of clains 15 to 23, wherein, in accordance with a main-data recording
operation perfornmed on said recording nedium said recording control neans
generates nai n-data managenent information by incorporating said at |east

one of the 9 MaAdh 2@04ecoktBng @yp:gtitald UtedFOIN@t £ ONcBQInt PE
“monment-of-inertia information read from said recordi ng nmedi um and records

'the geneMhExe ikl grerfgenbhtwo b DInAt §H0008 $81 gbrasaedi By medi um
25. A reading apparatus conpatible with a recording nediumwhich stores at

| east one @Eexmming att dreadthfareTaii Axdditindt gL LO0GH gaﬁ@tﬁp@sgf sai d
recording nedium.and nonent-of-inertia information indicating a nonment
modulation on said groove.

18. A recording apparatus according to claim 15,
wherein a recording track is formed by a groove on said
recor@ing medium, and a pit is pre-formed on a land of said

:recording mediun, and wherein said determining means reads
said at least one of the conﬁiguration information and the

moment-of-~inertia information from said pit.

19. A recording apparatus according to claim 15,
wherein a recording track is formed by a groove on said
recording medium, and an embossed pit‘is pre-formed on a
predetermined area of said recording medium, and wherein
said determining means reads said at least one of the
configuration information and the moment-of-inertia

information from said embossed pit.

20. A recording apparatus according to any one of
claims 15 to 19, wherein said recording control means sets an

access range of recording head means used for the recording



of inertia of said recording nedium said reading apparatus conprising:
determ ning nmeans for determ ning physical characteristics ofjiseh€oos
“recording nmedium by reading said at |east one of the configuration

i nformati on and the nonent- of-inertia information; and reading control
means for performng settings for a reading operation according to the
physi cal characteristics determ ned by jjd_determ ning neans, and for
allowing the reading operation to be pertornmed. ' 26. A reading apparatus
according to claim25, wherein said determ ning nmeans reads said at | east
one of the <configuration information and the nonent-of-inertia

i nf or mat i oHemmhivablsaigl grexasel fray MRl A ol &b Hy di@@th@‘é@ﬁf‘@lcgl
March 2004 - 116 27. A readi ng apparatus according to claim26, wherein
wobbl i ng ofcheFaF t3u tivs gefmmmined hnisnidl blepariioringgneans | east’ one of
frequency nodul ati on and phase nodul ati on on said groove. 28. A reading
apparatus according to claim?25, wherein a recording track is fornmed by a
“groove on said recording nedium and a pit is pre-forned on a | and of said

recording rmedi am. and rehordime ApbdeittigTdidia-dRaN:d eatls Ga hat | east
one of the configuration information and the noment- of-irertia 1 nformation
fromsaid ﬁﬂp;ms 15 to 20, wherein =aid recording control means sgets

servo parameters of spindle means used for driving the

rotation of said recording medium according to the physical

characteristics determined by said determining means.

22. A recording apparatus according to any one bf
.claims 15 to 21, wherein said recording control means issues
warning when determining that said recording medium is not a
suitable recording medium based on the prhysical

characteristics determined by said determining means.

23. A récérding apparaﬁus according té any éne of
claims 15 to 22, wherein said recording control means ejects
gaid recording medium when determining that said recording
medium is not a suitable recording medium based on the

physical characteristice determined by said determining meéns.

24. A recording apparatus according to any one of
claims 15 to 23, wherein, in accordance with a main-data
' recording operation performed on said recording medium, said
recording control means generates main-data management |

information by incorporating said at least one of the



29. A readi ng apparatus according to claim?25, wherein a recording track
is formed by a groove on said recording nedium and an enbog@stcRbbod S

" pre-formed on a predetermned area of said recording nedium and erein
said determining neans reads said at |east one of the configuration
information and the nonent-of-inertia information fromsaid enbossed pit.
30. A readi ng apparatus according to anylgge_of claim?25 to 29, wherein
said readi ng control neans sets an accesSS range of readi ng head neans used
for the reading operation on said recording nediumaccording to the
physical 9 March 2004 characteristics determ ned by said determ ning neans.
31. A readiognfpparat ion abeH6 Hiigibe AR 6RE AbmeftabPBiRert9a30, wherein
sai d reading control means sets servo paraneters of spindle nmeans used for
driving thelnfexmatien oread firemcoriidnyesediinyanedivinngahd rheophysthal
characteristj det erm ned, by- said determ ning neaps. 32. A reading

appar at us é%%%ﬁ%ﬁ?ﬁﬁ%%ﬁ%ﬁ?d%%% Brrgepept Q§f85m35}°ﬁh%?eFﬁlgaFﬁcPEQHFﬁg
“control nmeapsgiwsues warning when determ ning that said recordi ng nmedi um
i.s not a suitable recording nmedium based on the physical characteristics
determ ned by said determ ning nmeans. 33. A reading apparatus according to
any one of clainms 25 to 32, wherein said reading control neans ejects said

di di - i D i d [ di [ t
recordi ng medi umgihery Q%ta%gasé;%é{%uss%%rf\ég ftr)fé n@igﬁ éug]ecggdri]gg' 2

sui tabl e recordi ng nedi um P
medium which stores at least one of configuration

information indicating a configuration of said recording
medium and moment-of-inertia information indicating a moment
of inertia of said recording medium, said reading apparatus
'comprising:
determining means for determining physical
characteristics of said recérding médium by reading said at
least one of the qonfiguration information and the moment-
of-inertia information: and
reading control means for pPerforming settings for a
reading operation according to the phfsical characteristics
determined by said determining means, and for allowing the

reading operation to be performed.

26. A reading apparatus according to claim 25, wherein
said determining means reads said at least one of the
configuration information and the moment-of-inertia

" information from a wobbling groove formed on said recording

medium.



characteristics determ ned by said determ ning neans. 34. A reading
apparatus according to any one of claims 25 to 33, further oqiihShss
"recording control means for performng settings for a recording operation
according to the physical characteristics determ ned by said determ ning
means, and for allow ng the recording operation to be performed. 9 March
2004 - 118 35. Apparatus according‘tq_éﬂy one of clains 15 to 34, for use

with a recordi ng nedium according to an Sné of clainms 1 to 14.

RECORDI NG MEDI UM RECORDI NG APPARATUS, AND READI NG APPARATUS ABSTRACT OF
THE DI SCLOSURE In a recording nedium the physical characteristic
informati on of the recording nedium and nore specifically, the
configuration (shape_and size) and the nonent of inertia of the disc, is
recorded. This éhabl Asrgaginer appgradpsarscesding treadiaign arpandidise iro
easily and correctly determ ne the physical characteristics of the disc,
and t hus w™ehldrifngr m$ waiablwhistinqgrdore the olstcoinkd pwrpectointng at

operation. _Figure 13
P 1eéét one of frequency modulation and phase modulation on

said groove.

28. A reading apparatus according to claim 25, wherein
a recording track is formed by a groove on said recording
medium, and a pit is pre-formed on a land of said recording
medium, and wherein said determining means reads said at
_least 6ne of the configuration information and the moment-

of-inertia information from said pit.

29. A reading apparatus according to claim 25, wherein
a recording track is formed by a groove on said recording
medium, and an embossed pit is pre-formed on a predetermined
area of said recording medium, and whefein said determining
means reads said at least one of the qonfiguration
‘information and the moment-of-inertia information from said

embossed pit.

30. A reading apparatus according to any one of
claims 25 to 29, wherein said reading control means sets an
‘accesgs range of reading head means used for the reading

operation on said recording medium according to the physical
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characteristics determined by said determining means.

31. A reading apparatus according to any one of
claims 25 to 30, wherein said reading control means sets
servo paraﬁeters of spindle means used for driving the
rotation of said recording medium according to the physical

characteristics determined by said determining means.

32. A reading apparatus according to any one of claims
25 to 31, wherein said reading control means issues warning
when determining‘that said recording medium is not a suitable -
recording medium based on the physical characteristics

determined by said determining means.

33. A reading apparatus according to aﬁy-oné_of claims
25 to 32, wherein said reading control means ejects said
recording medium when determining that said recording medium
is not a suitable recording medium based on the physical

characteristics determined by said determining means.

34. A reading apparatus according to any one of claims
25 to 33, further comprising recording control means for
performing settings for a recording operation according to
the physical characteristics determined by said determining
means, and for allowing the recording operation to be

performed.
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35. Apparatus according to any one of claims 15 to 34,

for use with a recording medium according to any one of claimsg

1 to 14.
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RECORDING MEDIUM, RECORDING APPARATUS, AND READING APPARATUS

ABSTRACT OF THE DISCLOSURE

In a recording medium, the physical characteristic
information of the recording mediuh, and more specifically,
the configuration (shape and size) and the moment of inertia
of the disc, is recorded. This enables a recording
apparatus or a reading apparatus to easily and correctly
determine the physical characteristiqs of the disc, and thus

'to perform suitable settings for the fecording or reading

operation.

Figure 13



