13 April 2004 RECORDI NG MEDI UM RECORDI NG APPARATUS, AND REAE&N . RATUS
BACKGROUND OF THE I NVENTION 1. Field of the Invention The gweﬁﬁé

invention relates to a recording nedium and also to a recordi ng appar at us
and a reading apparatus conpatible with such a recording nedium 2.
Description of the Related Art As a recording nedium a conpact disc (CI»
I's known. Various types of CD-format discs, such as conpact disc digital
audi o (CD-DA), conpact disc read only nenory (CD- ROV, conpact disc
recordable (CD-R), conpact disc rewi lable (CD-RW, and CD TEXT, all of

whi ch belong to the so-called "CD fam|ly", have been devel oped and are
comonly used. The CD-DA and CD-ROM are read only, while the CO-Ris a

wite-on ' ij1gnen
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CD-RWis f e medi umusing a phase change technique. On such
CD-format discs, data, such as nusic, video, and conputer data, are
recor ded, and al so, track nunbers, indexes, and addresses are recorded as

sub- codeg %h WF YEiRe T NVENT TORTher representing a piece of nusic
(track). e I ndexes are units which forma track, for exanple, units

whi ch-pant it QR e f e eRventiich track. 13 April 2004 - 2 -

The present invention relates to a recording medium,
and also to a recording apparatus and a reading apparatus
compatible with such a recording medium.

2. Description of the Related Art

As a recording medium, a compact disc (CD) is known.

- . Various fypes of CD-format discs, such as compact disc
digital audio (CD-DA)}, compact disc read only memory (CD-
ROM), compact disc recordable (CD-R), compact disc
rewritable (CD-RW), and CD-TEXT; all of which belong to the
so-called "CD family", have been developed and are commonly
used.

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

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

The track number is a number representing a piece of

" music (track). The indexes are units which form a track,

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



The addresses include absol ute. addresses represented by CoﬁgﬁﬁHQh*ﬁ
val ues covering the whole disc and relative addresses represented 1h 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

i dentified. The address is represented by a tinme value, such as

m nut e/ second/frame. Thus, in the CD format, the."time" can be synonynous
with the "position (address)", for exa@®ple, the "absolute tine"
corresponds to the "absol ute address". For exanple, in the CD format, the
sub-code address is represented by m nute/second/frane, each having eight

bits. Since the ei.ght-hi LS o S i3, D Safteds wleci mal
(BCD), it can&§§p§8§25§g?§n§gg?§§%18%F8&§3§“§?§§%iéﬁf§¥%?ﬁé "m nute" can
be desig 0 ' HHIVBMES 1e tdEsc ses@NEe 1 aBitveevi t ably
expressegaﬁg%ﬁuﬁ¥Q%)%ﬁ}&ggqu$E?£§qznnf S %ipreé%ed fromO %o 74 since 75

franes, SueheaSdd A bddhid@ M ithars slefinadkd n(dieciCaréoarsd. On the
I nnernost portion of "a disc, sub-code information, such as

t abl e- of vG@ahenta (HPQs I P UfFRinoN, répresapsdeth dhetd GEiplecent bon
I ndi cates an address representing the head and the.extent of each track.

The congRiyidf. t ccskiinssy f e ettt bss)soanchdes dethef abdol8tApri |
20043 addressrand 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,
lthe "absolute time" corresponds to the "absolute address”.

For example, in the CD format, the sub-code address is
represented by minute/second/frame, each having eight bits.
Since the eight-bit address is represented in binary coded
decimal (BCD), it can express a range from 0 to 99.
Accordingly, the "minute®" can be designated from 0 to 99
minutes. However, the ﬁsecond“ is inevitably expressed from
0 to 59, and the "frame" is expressed from 0 to 74 since 75
frames, such as frame 0 to frame 74 are defined in the CD
format. |
| On the innermost porfion of a disc, sub-code
information, such as table—of-content {TOC) information, is
recorded. The TOC information indicatés an address

representing the head and the extent of each track. The

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



by point information. For exanple, if the point information iﬁ gs a
speci al value, the information described in the correspondiﬂg Bﬁ@g@ode
frame indicates the start address of each track or the first/last track
nunber rather than the absolute address or the relative address. In
recordabl e discs, such as a CO-R and a CD-RW a recording track is forned
by wobbling grooves. The wobbling waveforns of the grooves are forned by
nodul ati ng waveforns based on the absol ute address information, and thus,
t he absol ute addresses can be identifigd-by the wobbling information of
the grooves. Since sub-codes are not yet .recorded on a disc wthout
gegorded data,dtge address information is read by the wobbling groove when
ata is _recorded. |In addition to the above-descri bed various types of CD
format (BB PPdR&ardfo OD-arger capacity discs with high de%gity are

being dovel ongd, BataflyBCS 1HOVAI0A B A0l onPtets e, ahys! <2

characteristi are referred to as " 'hybrid discs", are

al so beig%§%§§ﬁL§%(%e"gﬁ%\gﬂ'éﬁﬁ&ﬁgoﬁf&aégyfgé&ufhaﬂqaconfigurations of

discs is g 1'ncteased. r these circunstances, in order to
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pparatus.an readi'ng apparatus, it becones necessary to 13 April 2004 -
each track or the first/last track number rather than the

absolute addfess 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
waveférms of the grooves are formed by moduiating 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
_recordéd on a disc without recorded data, the address
information is read by the wobbling groove when data is
recorded.

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

Under these circumstances, in order to achieve

sufficient recording and'reading performance of a recording

apparatus and a reading apparatus, it becomes necessary to



optim ze various settings in accordance with the physi cal cqiracggfistics
of a | oaded disc. For exanple, the servo gain, |aser power, ﬁﬁ” géss
range should be optimized. It is, however, difficult to sufficiently
determ ne the physical characteristics of the individual discs |oaded in a
recording apparatus or a reading apparatus. Certain calibration may be
performed when a disc is | oaded, and even so, it is still difficult to
precisely determ ne the physical characteristics of the | oaded disc.
Additionally, since the burden is incideased by the calibration operation,

t he amount of software and hardware nust be increased, and also, it takes
a longer tine before a recording or reading operation is started.

Accor di ngpis il &S ot der ARG il RNy if ook pips eeal nal i on of

t he physi aracteristics of ~ discs without inmpairing the conpatibility

Wi th knowp ;CReter8leBlcsdicich Aloddid eBsid\g tHr GOEhENd | Ve Sardyar e and
software used in a recording apparatus and a readi ng apparatus. SUMVARY OF

THE | NVEYREN Accidigilat;, idhd/ iRds @b eteodaT kgs coptimizeds an
obj ect of the present invention to.easily and precisely determne the
physi cal char get g&i, shoeevelr,r ad@rdicug tradi auffiidiediyngiatmmetnd| e t h
various types of recording nedia 13 April 2004 - 5 and nmaintaining the
conpat i bighivief csilt eharagtamsicaridinpiheidia. individual discs loaded in a
iecording 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
phyéical 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
6peration is started.

Accordingly, there is still a demand for easy and
precise determination of the physical characteristics of
discs without impairing the compatibility with known CD-

- format discs or increasing the complexity of hardware and

software used in a recording apparatus and a reading

apparatus.

SUMMARY OF THE INVENTION

| Accordingly, in view of the above background, it is an
6bject of the present invention to easily and precisely
determine the physical characteristics of recording media

while being compatible with wvarious types of recording media



In order to achieve the above object, according to one aspect_of the
present invention, there is provided a recording nediun1incﬂ§&PH§KWﬂin
data and a sub-code recorded thereinwherein physical characteristic
information of the recording nediumis recorded within the sub-code, of a
| ead- in area. Point information representing content types of
predeterm ned informati on may be di sposed within the sub- code, and the
physi cal characteristic informati on may *b& recorded in correspondence with
specific values of the point information. The physical characteristic
information may include information concerning the material, the type, the

linear vghachhYnthhfihfaekePbbPattiBe1aRFERt tOf Khoght FacokB®ng media.
configuration, or the size of the recordi hg medium According to another

aspect of the presedled n¢eMidiNevet RBEE disowd ombledtp neeording rredi snmef or
storing main data and a sub-code. The recordi ng medi umincl udes a

pluralityaspbkctecarfd ndla egsitawentni t iaveasivhpsetplys cdls ghasaicded i shi cs
are different, each of the recording/reading unit areas consisting of a
| ead-i n areaprdipgogesiiuar eayclamting thehd- dataarped. a rsulhecih- coderdédt he
| ead-in area of each of the recording/reading unit areas, physical 13
April 2008hergicwhecgetier i phivsicaflor gharantefrisiidccoinéopnatiing e&cotldeng/
reading unit area is recorded, and start_go$ition

recording medium is recorded within the sub-code, of a lead-

in area.

Point information  representing content  types of
predetermined information may be disposed within the sub-—
code, and the physical characteristic information may be
recorded in correspondence with specific values of the point

information.

The physical characteristic information may include
information concerning the material, the type, the linear
velocity, the track pitch, the moment of inertia, the
configuration, or the size of the recording medium.

According to another aspect of the present invention,
there is provided a recording medium for storing main data
and a sub-code. The recording medium includes a plurality
of recording/reading unit areas whose physical
characteristics are different, each of the recording/reading
unit areas consisting of a lead—in area, a program area, and
a lead-cut area. In the sub-code of the lead-in area of

each of the recording/reéding unit areas, physical



information indicating a position at which the lead-in area gf Lpe
subsequent recording/reading unit area starts is r ecor dedwhd? &PH' 994 he
sub-code of the lead-in area of each of the recording/reading unit areas,
end position information indicating a position at which the | ead-out area
of the corresponding recording/reading unit area ends may be recorded.
According to a further aspect of the present invention, there is provided
a recording apparatus conpatible with a®ecordi ng medi um whi ch stores main
data and a sub-code, the 13 April 2004 - 7 recording nediumincluding a
plurality of recording/reading unit areas whose physical characteristics
are differepiracteasistafc t he igeordhngbheadi REE uni ttpeeas eRAFEHPdIB A a

| ead-in area, a program area, and a |lead-out area. In the sub-code of the
| ead-i n arezxcaldiercireafditrhe uiBcoadeagficeadicirdii,l andastaphyasition
characteristic information of the corresponding. recording/reading unit
area is rdedondedicandirsiiardtiposiai posinfionmatt aorhicldi thei Agaa-iposatean at
which the lead-in area of the subsequent recording/reading unit area
starts isofecthgedsulPRequentor véngrappar aeadingcl udds aarescestacont rivh
unit for determning the position of the |lead-in area of the subsequent
recor di ngkesagdggWhareiar da fihem $we&ede t of pédiet | ppdnior aeRoP T @3tlled

inthe lead-in area of the K6 current recording/reading unit area, and for
al l owi ng &dces$he recording/reading unit’ areas, end position

information indicating a position at which the lead-out area
of the corresponding recording/reading unit area ends may be

1

recorded.

According to a further aspect of the present invention,
there is provided a recording apparatus compatible with a

recording medium which stores main data and a sub-code, the



to the determ ned position. A determning unit reads the ph)ﬁicalzoo4
characteristic information fromthe |ead-in area of each of ﬁ@”
recording/reading unit areas in accordance with the access controlled by
the access control unit, and determ nes the physical characteristics .of
the corresponding recording/reading unit area. A recording control unit
perfornms settings for a recording operation for each of the

recordi ng/reading unit areas according to the physical characteristics
determ ned by the deternmining unit, and -allows the recording operation to
be perfornmed. 13 April 2004 - 8 According to a yet further aspect of the
present invention, there is provided a reading apparatus conpatible wth

a recor difagoFRAing MM it SRR & qﬂdﬁ%%r}gﬂ%%&%ngm ééd‘g%l)?n the

characteristic information of the Tecordin el ng recor

sub- codeunihe J1RAd RthoRPRATAI Al N st - Ut REdN DA PPEL rE0F _
determ ning physical characteristics of the recording nmedium by reading

the physieeeh @ afd i didd)fred@tn P ud 1o tdes ssneoseind of €adi ng
control unit perforns settings for a reading operation according to the
physi cal lebd@r-dei eidesi,i s pritairemriaitsch byaridiaa dedL10uwt Ngraw t BRdti@e | ows the
reading operation to be perfornmed. A recording control neans perforns
set t i ngs sfubr- cadec ot dilieg loget-ain Grec oot diavh taf t#ee physi cal
characteristics determ ned by said determ ning neans and allows the
r ecor di ngFegeaddnagyirdadliyy poriftoramzhs, physical characteristic
information of the corresponding recording/reading unit area
is recorded, and start position information indicating a
position at which the lead-in area of the subsequent
recording/reading unit area starts is recorded. The
recording apparatus includes an access control unit for
determining the position of the lead-in area of the
subsequent recording/reading unit area from the start
position information recorded in .the lead-in area of the
current recording/reading unit area, and for allowing access
to the determined position. A determining unit reads the
physical characteristic information from the lead-in area of
each of the recording/reading unit areas in accordance with
the access controlled by the access control unit, and
determines the physical characteristics of the corrésponding
recording/reading unit area. A recording control unit
performs settings for a recording operation for each of the
recording/reading unit areas according to the physical

characteristics determined by the determining unit, and

allows the recording operation to be performed.



According to a further aspect of the present invention, therg I S gyided
a readi ng apparatus conpatible with a recording nediun1mhicﬂ £¥)¥é§? mai n
data and a sub-code, the recording nediumincluding a plurality of
recording/reading unit areas whose physical characteristics are different,
each of the recording/reading unit areas consisting of a l|ead-in area, a
program area, and a | ead-out area. In the_ sub-code of the |lead-in area of
each of the recording/reading unit aredas?® physi cal characteristic

i nformati on of the corresponding recording/reading unit area 13 April 2004
8a is recorded, and start position information indicating a position at

which the | eadatBoaieagof tbheasubhsequent-theecoadiprgir eadi NGheni pravsemt
starts is recorded. The reading 13 April 2004 - 9 apparatus includes an
access coibhvehtion} ftbrerdeties nppongdetiha posadimg epphlrethisacddmpasriéd eof

t he subsequent recording/reading unit area fromthe start position

i nf or nat i ehthecor dedordinge meehdml nwhaitela sfores cumirntdateecmdi ag/auwdedi ng
unit area, and for allomﬁn% access to the determned position. A

det er m ni @gdeni tthwsidzat hehpipsiteali stélvar biefernstien wfor Baei gisdatsmnihe

| ead-in area of each of the recording/reading unit _areas in accordance
with the M9déEss OGHNDI | RFEDNAeRe ABceddecortBorCafift, andhBet &SFANHEY the
physi cal characteristics of the correspondi.n

apparatus includes a determinin unit for determining
physical characteristics of the recording medium by reading
the physical characteristic information from the sub—codé. A
reading control unit performs settings for a reading
operation  according to the physical characteristics
determined by the determining unit and allows the reading
operation to be performed. A recording control means performs
settings for a recording operation according to the physical
characteristics determined by said determining means and
allows the recording operation to be performed.

According to a further aspect of the present invention,
there 1s provided a reading apparatus compatible with a
recording medium which stores main data and a sub-code, the
recording medium including a plurality of recording/reading
unit areas whose physical characteristicé are different,
each of the recording/reading unit areas consisting of a
lead-in area, a program area, and a lead-out area. In the
sub-code of the lead-in area of each of the
recording/reading unit areas, physical characteristic

information of the correéponding recording/reading unit area



recording/reading unit area. A reading control unit perforni ég%%%@gs for
a reading operation for each of the recording/reading unit ? e ordi ng
to the physical characteristics determned by the determ ning unit and
allows the reading operation to be perforned. Thus, according to the
present invention, in sub-code, the physical characteristics of the
recordi ng nediumare recorded. By reading the sub-code, a recording
apparatus and a reading apparatus can ggsily and accurately determ ne

.the physical characteristics of the disc. It is thus possible to provide
settings suitable for the recording operation and the readi ng operation,
for exanple, the servo gain, the | aser power, the laser driving waveform
the accessgr apgesphetine ORY I GAHlami CholB t ildrer eR¥orpARaBS ngnab@awﬁgrdéng
and readi ng performance according to 13 April 2004 - 10 the type of disc.
The physi galsiGhafactar i sihtsh of thée Lesardhngamed umf arhenotsulsiejuenmed by
a calibration operation. Theoretically, therefore, they can be determ ned
W t h 100%rcpiadisigireshichd henit nere@geitaedsf bs seaprded.t h®heeceadiimg or
readi ng operation can be shortened. Additionally, since the physical
characteristic information is recorded in correspondence with specific

val ues of the point information within the sub-code, the conpatibility

wi th known format di scs can be naintai ned.



, The physical characteristic information is recorded in the _sub-code of
the lead-in area, which is first read when a disc is Ioaded,7%ﬁ€WéEV4
enabling a recording apparatus or a reading apparatus to easily and

speedily obtain the physical Information. The material information of the
recording nmediumis also included in the physical characteristic
information. It is thus possible to optim ze various settings for, for

exanpl e, the |laser power and the |l aser driving waveform in accordance
with the material. Since the informati @h- such as the nmediumtype, the
| i near velocity, and the track pitch, is included in the physical

characteristic information, the servo systemfor the recording/reading

oper at 0RpealRELANANARE arldWhddS MriEdY R GAESS Saeliyifelgr M ned.

13 April nmonment - of -1 nertia 1 nformtion and

confi gur at,i.0 I3 Ml ' . (ﬁyég WL t |.cal

char act e??llgt %ﬁilﬂzﬁcgjrl]pmaotqi!r (;rﬂgltel c%(?g\{ g'lnrc1g Y, ?ﬁg ﬂg{)&; p%?%%‘%lg@ gain and the
access I 229erafi nd)e- R uRiC i R Pand B SE poSttiofs to a disc
having a plurality of unit areas (hybrid disc) whose physical

char act efinForim 3ot HddHRHE 1P AIRS el PRS0 PRdlechrpanthe | ead-1n

area of a unit area to the lead-in area of the subsequent unit area.

Accor di ngleysordd ig/a«d TGy AREAT Al Olard reAdidIJLARNRG JdsGess 86! €héo
determined position. A determining unit reads the physical
charactériétic information from the lead-in area of each of
the recording/reading unit areas in accordance with the
access controlled by the access control unit, and determines
the physical characteristics of the corresponding
fecording/reading unit area. A reading control unit
performs settings for a reading operation for each of the
recording/reading unit areas accprding to the physical
characteristics determined by the determining unit and
allows the reading coperation to be performed.

'Thus, according to the present invention, in sub-code,

. the physical characteristics of the recording medium are
recorded. By reading the sub-code, a recording apparatus
and a reading apparatus can easily and accurately determine
-the physical characteristics of the disc.

It is thus possible to pfovide settings suitable for
the recording operation and the reading operation, for

.example, the servo géin, the laser power, the laser driving
waveform, the access range of the optical pick-up, thereby

enhancing the redording and reading performance according to



easily and speedily read the physical characteristics inforggtiqn of each
of the unit areas, which can be used for settings for a sub @@ 004
recordi ng or reading operation. That is, it is possible to performoptinal
settings according to the physical characteristic of each unit area,

t her eby enhancing.the recordi ng and reading performance. In the sub-code of
each unit area, the end position information of the |ead-out area of the
correspondi ng unit area-ls recorded.. Accordingly, any gap between the

| ead-out area of the corresponding 4nid area and the lead-in area of the
subsequent unit area can be correctly determ ned. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figs. 1A through 1D illustrate types of discs according to an
enbodlneqﬁlof Q@cﬁgeg_ invention; 1 3 April 2004 - 12 Fig. 2

i1l ustrates a‘etandar ensity disc and a high density disc according to

an ermodi ment g ?&zsiéaﬁh[:ﬂﬁgﬁc%g sihlivy e PSR diapnaga ding 1o

an enbodi nent present I nvention; t hrou rate

types of Jhybrj f?ﬁéﬁ%?ﬁi SFdta 1 ﬁhe present invention,
Figs. 5A and SB(qILBtrate types él rid discs %ce%rdlng to an enbodi ment
of the pHeRRIHet BN, Orbhé:ﬁéffox@a ' |ﬂﬁ§} e Sd r@e&éﬁrﬂi&ﬁe@fwﬁt@l&@r CD- RW

disc; Fig. 7 ilTustrates a wobb ling groove; Fig. 8 illustrates ATIP
enCOdlngpre0151on, and the time reguired for starting the recording

or reading operation can be shortened.

Additionally, since the physical characteristic
rinformation is recorded in correspondence with specific
values of the point information within the sub-code, the
compatibility with known format discs can be maintained.
.The physical characteristic information is recorded in the
sub-code of the lead-in area, which is first reaq when a
disc is loaded, thereby enabling a recording apparatus or a
reading apparatus to easily and speedily obtain the physical
information.

The material information of the recording medium is
also inciuded in the physicalléharacteristic information.
It is thus possible to optimize various settings fo:, for
example, the laser power and the laser driving waveform, in
accordance with the material.

Since the information, such as the medium type, the
linear velocity, and the track pitch, is included in the
physical characteristic information, the servo system for
the recording/reading operation can be easily set, and the

~disc type can be easily determined.



Figs. 9 and 10 illustrate ATIP waveforms; Fig. 11 iIIustrateﬁ ?P QQEF franme
used in an enbodi nent of the present invention; Fig. 12 ill 2Py 4 he
content of an ATIP frame used in an enbodi nent of the present invention;
Fig. 13 illustrates details of part of the ATIP frane shown in Fig. 12;

Fig. 14 illustrates nmaterial data contained in the wobble information
shown in Fig. 13; Fig. 15 illustrates disc density data contained in the
wobbl e information shown in Fig. 13; Fig. 16 illustrates physical structure

data contained in the wobble informatipn-shown in Fig. 13; Fig. 17
Il'lustrates disc configuration data contained 13 April 2004 - 13 in the
wobbl e information shown in Fig. 13; Figs. 18A and 18B illustrate circul ar

‘iigifin&e%%slfﬁ%iw%%a‘c[‘ﬁﬁiiéariﬁ%'ﬁﬂf"’“' 39%‘;%% L% s olsc O
SﬁQdL?FQ?@?%EQH%%cé%Q?epFSgeﬁfaiﬁgéﬁﬂ$ E%é%%gh |gura gﬁ%gﬁ%§#££éé£ate
o or o RRHEcEREBLEg uhltfhalsd o 56 ALJERIEANY ° Y dfEnalg 10FvE0 i o

rlfgm%nt Obamerh'da th%afa%o%%t @a@&% idE tdies Wb &ad 'Efé]@ﬁﬁboéaﬁhﬂé‘“ in Fig.

preclsely set.

As to a disc having a plurality of unit areas (hybrid
disc) whose physical characteristics are different, access
can be easily made from the lead-in area of a unit area to
the lead-in area of the subsequent unit area. Accordingly,
a recording‘apparatus or a reading apparatus is able to
easily and speedily read the physical characteristics
information of each of the unit areas, which can be used for
settings for a subsequent recording or reading operation.
Thaf is, it is possible to perform optimal settings
according to the physical characteristic of each unit area,
thereby enhancing the recording and feading performance.

In the sub-code of each unit area, the end position
information of the lead-out area of the corresponding unit
area is recqrded.. Accordingly, any gap between the lead-out
area of the correspoﬁding unit area and theAlead-in area of

~the subsequent unit area can be correcitly determined.

BRIEF DESCRIPTION OF THE bRAWINGS'
Figs. 1A through 1D illustrate types of discs according

to an embodiment of the present invention;



Fig. 23 illustrates another exanple of the nonent-of inertia,dat tai ned
ingthe wobbl e i nformation shomnnPn Fig. 13; Fig. 24 iIIustragzgﬁHﬁﬁﬂ
recording area format; Fig. 25 illustrates a track format; Fig. 26
illustrates a disc format including fixed- |ength packets; Fig. 27

Il lustrates the frame structure of a disc according to an enbodi nent of

the present invention; Figs. 28A and 28B illustrate a sub-coding franme of
a disc according to an enbodi rent of the present invention; Figs. 29A and
29B il lustrate an exanple of sub-Q dath2 ef a disc according to an

enbodi nent of the present invention; 13 April 2004 - 14 Figs. 30A and 30B
illustrate another exanple of the sub-Q data of a disc according to an

embodi ment of pife 2PIIGRLrARENL Qharfitq Ferdiupp U Hd gt ructure

of a disc acco 0 an enbodi nent o e present 1nvention;

i 11 ustratsgs, AR aoddEd ¥ e dibddfnestp- Q data used in an

&
enbodi nent S?‘ he present 1nvention; Fig. 33 illustrates an exanpl e of

disc size infprpati 6l ¢eRAUMEGd 1 ik Sidte QEAIA disefidds HbasRethgent of
the .present invention, Fig. 34 illustrates an exanple of disc ‘
confi gur &g &h embodiment of the present invention;
| Figs. 4A through 4C illustrate types of hybrid discs
according to an embodiment of the present invention;
Figs. 5A and 5B illustrate types of hybrid discs
according to an embodiment of the present invention;
Fig. 6 illustrates the layout of a CD-R or CD-RW disc;
Fig. 7 illustrates a wobbling groove;
Fig. 8 illustrates ATIP encoding;
figs. 9 and 10 illustrate ATIP waveforms;
Fig. 11 illustrates an ATIP frame used in an embodiment
of the present invention;
Fig. 12 illustrates the content of an ATIf frame used
in an embodiment of the present invention;
Fig. 13 illustrates details of part of the ATIP frame
showﬁ in Fig. 12;
Fig. 14 illustrates material data contained ip the
wobble information shown in Fig. 13;
Fig. 15 illustratgé disc density data containéd in thé
wobble information shown in Fig. 13; )
Fig. 16 illustrates physical_structure data contained

in the wobble information shown in Fig. 13;:

Fig. 17 illustrates disc configuration data contained



i nformation contained in the sub-Q data used in an enbodi nme % %
PR,

present invention; Fig. 35 illustrates an exanple of nonent-

i nformati on contained in the sub-Q data used in an enbodi ment of the
present invention; Fig. 36 illustrates an exanple of track pitch

i nformation contained in the sub-Q data used in an enbodi ment of the
present invention; Fig. 37 illustrates an exanple of |inear velocity
i nformation contained in the sub-Q data used in an enbodi nent of the
present invention; Fig. 38 illustratesign-exanple of nediumtype

i nformation contained in the sub-Q data used in an enbodi ment of the
present invention; 13 April 2004 - 15 Fig 39 I1lustrates an exanpl e of

I d i :
erbod e G b&%ﬂé%l?foﬁﬁ%%ﬁ%ﬁdhﬁ‘@ FHFt b aces anot her exanpl e of
h b-Q43t
|t n\?e(r:r?lnt)ﬁnt F?fglgﬂ |]1%ILAU raﬁea;% é‘rsil'gtq"hsl'frkafé%(laarr"‘g;%O di scécelélr};e con%%‘fﬁat i on
|nfornauqxjgﬁgﬂ&ﬁgﬁ%&éﬁ%égﬁ#$y£ §£§-sﬂ iﬂ @ﬂgen? dlnent of the

pr esent ention; Fig trates anofher exanplfe of track pitch

information ceqi@i nqdx %MQQ%J%;QMﬁﬁg%le{h&ﬁar discs
represented by the disc configuration data shown in Fig. 17;
Figs. 20A, 20B, and 20C illustrate quadrilateral discs
represented by the disc configuration shown in Fig. 17;
Figs. 21A and 21B illustrate disc dimensions contained
in the wobble information shown in Fig. 13;
Fig. 22 illustrates an example of moment-of-inertia
data contained in the wobble information shown in Fig. 13;
Fig. 23 illustrates another example of the moment-of-
. inertia data contained in the wobble information shown in
Fig. 13;
Fig. 24 illustrates a recording area format;
Fig. 25 illustrates a track format;
Fig. 26 illustrates a disc format including fixed-
- length packets;
| Fig. 27 illustrates the frame structure of a disc
-according to an embodiment of the présent invention;
Figs. 28A and 28B illustrate a sub-coding frame of a
disc according tq an embodiment of the present invention;
Figs. 29A and 29B illustrate an example of sub-Q data
of a disc according to an embodiment of the present

invention;



enbodi mrent of the present invention; Fig. 43 illustrates another exanple of
linear velocity information contained in the sub-Q data usedSifRprisgPo4
enbodi ment of the present invention; Fig. 44 illustrates another exanple of
medi um version information contained in the sub-Q data used in an
enbodi mrent of the present invention; Fig. 45 illustrates another exanple of
medi umtype information contained in the sub-Q data used in an enbodi nent
of the present invention; Fig. 46 illustrates the content of the sub-Q data
used .in an enbodi nent of the presentl4nvention; Figs. 47A and 47B
Il lustrate access made according to the content of the sub-Q data shown in
Fig. 46; 13 April 2004 - 16 Fig. 48 is a block diagramillustrating a disc
drive unit agegQrdi t n [ I ventd Q.. Figs. 49
£585C Bga QPpusﬁﬁbﬁilﬂéQEaQE EH%tBE%S%Eém%ﬂ¥%3ﬁ%3ﬂF%e

and 50 are flow'charts rlTustrating the processing execu di sc
drive UnighpMeuaaadicC d ildts HdRH-AGRPY M e aidpdi genEpof the

present invention; Fig. 51 is a flow'chart 1llustrating setting processing
execut edphydeli@® dinSferdiiiong unit according to an enbodi ment of the present
invention; Fig. 52 is a flow chart illustrating recording processing

executed by thegdi 3¢ diiustwaitesaeter dodstRudture of a disc
according to an embodiment of the present invention;

Fig. 32 illustrates an example of the content of the
sqb—Q data used in an embodiment of the presént invention;

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

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

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

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

- Fig. 37 illustrates an exambie of linear velocity
information contained in the sub-Q data used in an
embodiment of the present invention:

Fig. 38 illustrates an example of medium type
information contained in the sub-0 data used in an

embodiment of the present invention;



enbodi mrent of the present invention; Figs. 53A and 53B are Bqﬁzp?e' r ans
illustrating the servo open |loop for setting the nonent of i ! sed in
an enbodi nent of the present invention; and Fig. 54 illustrates |aser
drive pul ses used in an enbodinment of the present invention; Fig. 55
illustrates the |ayout of a DVD-RWor DVD-R disc; Fig. 56 illustrates |and
pre-pits; Figs. 57A, 57B, and 57C illustrate the data structure fornmed by
a land pre-pit; Fig. 58 illustrates the field ID of the |and pre-pit data,;
Fig. 59 illustrates the structure of-axpre-pit block of 13 April 2004 - 17
a land pre-pit; Figs. 60A and 60B illustrate physical characteristic

I nformation recorded in a land pre-pit; Fig. 61 iIIustrath éhe | ayout o; a
DVD- RAM di sc; ..Fig.,,62, il lustrates the structure of .the |ead-in area of a
DVD- RAM Fig.Fég‘iPPu%}}gFgga%ﬁg Spog%a@PﬁGCP r@a59r&agoﬁﬁﬁﬁ data zone of

" D ol e e SRR SR e BB B! o
embodiment of the present invention:

Fig. 40 iiiustrates 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 contaiﬁed in the sub-Q data
used in an embodiment of the present invention:

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

- Fig. 43 illustrates another example of linear velocity
information contained in the sub-Q data used in an
emﬁodiment of the present invention;

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

Fig. 45 illustrates another example of medium type
information containéd 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 embodiment of the present invention;
Figs. 47A and 47B iliustrate access made according to

the content of the sub-Q data shown in Fig. 46;



Fig. 65 illustrates part of the physical format information gpewm In Fig.
64; Figs. 66A, 66B, and 66C illustrate the phase nodul ation !'8FPAR¥¥units
of a DVD+tRW Fig. 67 illustrates an ADIP unit of a DVD+tRW Figs. 68A an 68B
illustrate the structure of an ADIP word of a DVD+RW and Figs. 69A and
69B il lustrate the physical format information to be recorded in an ADI P
word according to an enbodi nent of the present invention. DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS The present invention is described below in
detail with reference to the acconpanyéng draw ngs through illustration 13
April 2004 - 18 of preferred enbodi ments. D scs provided as recording
nmedi a of the present invention, a disc drive unit provided as a recording

apparatus andpdql eadl ig appaCRY-aAbrbhe 1RNERENE PN 0o ahG il Scussed

bel ow in the oW ng order. rview o Ssystem si'gnal processi ng

e T e L T R S P
TGC Figs. 49 and 50 are flow charts illustrating the

processing executed by the disc drive unit when a disc is

inserted according to an embodiment of the present

invention;

Fig. 51 is a flow chart illustrating setting processing
‘executed by the disc drive unit éccording to an embodiment
of the present invention:

| Fig. 52 is a flow chart illustrating recording
processing executed by the disc drive unit according to an
-embodiment of the present invention;

Figs. 53A and 533 are Bode diagrams illustrating the
servo open loop for setting the moment of inertia used in an
embodiment of the present invention; and

Fig. 54 illustrates laser drive pulses used in an
embodiment of the present invention;

Fig. 55 jillustrates the layout of a DVD-RW or DVD-R
disc:

Fig. 56 illustrdtes-land pﬁe—pité;_. |

Figs. 57A, 57B, and 57C illustrate the data structure
_formed by a land pre-pit;

Fig. 58 illustrates the field ID of the land pre-pit
data;

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



5. Configuration of disc drive unit 6. Exanpl es of processing %?f%q§@ drive
unit 7. Exanples of digital versatile disc (DVD)-format dis g

DVD-R 7-2 DVD-RAM 7-3 DVD+tRW 1. Overvi ew of CD-system signal processing A
description is now given of an overview of signal processing of CD system
di scs, such as a CO-DA, a COROM a CD-R and a CD-RW 13 April 2004 -- 19
An overview of the CD system signal processing, and nore specifically, the
recordi ng operation of a stereo audio signal on a disc, is as follows.
Audi o signals on left and right channel® {L-Ch 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 determned to be
one mord aggt f& er divided into eight-bit data units, and each

ei ght - b|t aP'§ detdrnined to be one synbol (one synbol ='eight bits =

1/2 word). Si §%§§Wk6§ BH& eapslci&a@%ate By 11:%1b éﬁfdfs *L&I&S nels x 6

sanples = 192 are extra our of error

correcti ggﬁgglﬁt(llgg@re@&d@@gql t-p 144 %’g)_%_& Aas Q pari ty, resul ting in 28
synbols I'n

Flg. 61 illustrates the layout of a DVD-RAM disc;

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

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

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

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

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

Fig. 67 illustrates an ADIP unit of a DVD+RW;

Figs. 68A an 68B illustrate the structure of an ADIP
word of a DVD+RW; and

Figs. 69A and 69B illustrate the physical format
information to be recorded in an ADIP word according to an

embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is described below in detail with

reference to the accompanying drawings through illustration



system Reed- Sol onon codes are generated and added as the ECC. T@KEﬁndle
conti nuous burst defects on a disc substrate, the 28-synbol ik gnal
is interleaved (rearranged). Thereafter, four symbols of Reed- Sol onbn codes
(P- parity) are further added to the 28-synbol audio signal, resulting in
32 synbol s, and one synbol for a control operation (sub-code) is further
added. The resulting signal is subjected to eight-to-fourteen nodul ation
(EFM . According to the EFM operation, eight bits are expanded to

fourteen bits. According to the EFM-od&® ation, a 16-bit quantized 13 Apri
2004 - 20 signal is divided into upper eight bits and | ower eight bits,
and an eight-bit signal is set as the smallest unit and is converted into

a 14-bit _si t hi he smal |l est nunber of consecutive bits is
three, aﬁ% gﬁgkgfgggeg?ﬁﬁﬁﬁégPt%énsecutive bits is eleven, i.e., two to ten

"O's are insepieds c‘!@f&‘e&'éé-ré%f&iﬁ?”z‘ﬂéﬁiaoe N'Eilzl% ;& Geagnts a

polarity inversion (non return to zero Tnverted recordi ng).

Accor di ngnt@pthenEFN agBcehghiebuhitl 9Rdlvildedc RV hRtoddiify @ 14-bit
signal in which two to ten "O's are inserted- between "1"s, and three

coupl i ngappheatn® BHAVhJeHdali®hgSabpSirditg 0Fe ttRNYPridsht hdfvaitigast two
"O"s are 1nserted between "1"s over adjacent synbols. Accordingly, in the

EFM nodubh@tediscggakd, bklew, ibhthle foadomdnkg odder .St reans,

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
1-2 DVD;RAM

7-3 DVD+RW

1. Overview of CD-system signal processing
A description is now given of an overview of signal
processing of CD-system discs, such as a CD-DA, a CD-ROM, a

CD-R, and a CD-RW.



there are nine types of bit lengths ranging fromthe mninmum length (tine)
Tmin = 3T (0.9 ns) to the maxi mum length (time) Tmax = 11T (3A8nx304

frame synchroni zation signal and a control signal, which forns sub-codes,
are added to the EFM nodul ated data (frame), and the resulting data stream
I's recorded on a disc. .The frane synchroni zation signal and the sub-code
are discussed in detail below Conversely, when reading the data stream
recorded as described above, it is decoded in the reverse order to the
recordi ng processing. That Is, the EFM%enodul ation is 13 April 2004 - 21.
performed on a data streamread fromthe disc, and error correcting,

dei nterl eaving, and channel separation are further performed. Then, L and

R audio data g qoalivi@yapki 760 LB 18RI b3qARd SaRBLEd:aL Adnh kit are
converted into analog signals, which are thén output as a“stereo music
signal . gordyBpaceiCR11Y, Mhelrecoriifd Wit aAioH 5 d RSBNLHAS
CD-format discs in this enbodi nent are "di Scussed below wth reference to
Figs. 1Aithaoueh aBaikicysislAst HoQU@fyslD schematically illustrate the

types of discs based on the recordi.ng density. Mre specifically, Fig. 1A
i 11ustrates aalapunsdyse1vi 6N Bestandar ¢1gAEOEHhABe18E78-Th ahd A S

exanpl e, the whole disc is recorded at a

Ch) are sampled at a sampling frequency of 44.1 kHz and are
then linearly quantized with sixteen bits. Sixfeen bits of
the audio signal data is determined to be one word, and is
further divided into eight-bit data units, and each eight—-
bit data is determined to be one symbol (one symbol = eight
bits = 1/2 word). |

Six samples fﬁr 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 ceontinuous burst defecfs on a disc substrate,
the 28-symbol audio signal is interleaved (rearranged).

Thereafter, four symbols of Reed-Solomon codes {P-
parity) are further added to the 28-symbol audio signal,
resulting in 32 symbols, and one symbol for a control
oﬁeration (sub;code) is further added. The resultihg.signal
is subjected to eight—to-fourteen modulation fEFM).
According to the EFM operation, eight bits are expanded to_

fourteen bits.

Accoxrding to the EFM operation, a 16-bit quantized



standard recording density. Currently used discs, such as a gRé 00%
CD-ROM a CD-R, and a CD-RW correspond to this type of dis&. F%? B.
illustrates a high density disc which has recently been devel oped, and in
this exanple, the whole disc can be recorded at a high density. For
exanpl e, by conparison wth the standard disc, 2x or 3x high density

di scs have been devel oped. In particular, recordable high density discs,
such as a CD-R and a CD-RW have been developed. 13 April 2004 - 22 Fig.
1Cillustrates a hybrid disc whose iin® portion is a high density area
and whose outer portion is a standard density area. Conversely, Fig. 1D
illustrates a hybrid disc whose outer portion is a high density area and

whose i i 0N s d i : . :

char act oPi2PPRs  paravited, SR RERO IR SR ¥ domter SR ¢ e

charact ef st I'cs ' e e .

data ( marRoyar, SEaPE A EAGRA 18, £, SR ThRA ISR BRA Aol (vt e
disc  hay | AMRIET, Gfs- | Ha1l95 AP | |  anet

of 5 o Commereed UL Ja b OB dlay 0 PYIRE WS JH g

di amet er ngfubbd P nsdohtE 83 tedissC tHIRE NGl HATRRIa s © MillbedhUS,

the high density disc has a capacity twice as |large as the standard
densi ty @ifs@onEeRutio® Y a3 Hl¥fler0sl td 0N tadid! Yex aress adrarhi ch
| ‘inserted between‘"l“s. After conversion, "1" represents a
polarity inversion (non return to zero inverted (NRZ-I)
recording) .

According to the EFM, an eight—bif signal is converted
info 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. Accordingly, in the
EFM-modulated signals,-i.e., in the recording data streams,
there are nine types of bhit 1eﬁgths ranging from the minimum
length (time) Tmin = 3T (0.9 ns) to the maximum length
_(time) Tmax = 11T (3.3 ns).

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

~ The frame“synchronization signal and the sub-code are
discussed in detail below.
7 Conversely, when reading the data stream recorded as

described above, it is decoded in the reverse order to the

recording processing. That is, the EFM demodulation is



the user data is recorded) of the standard density disc.is §gﬁ¥p1{gﬁanlthe
center of the disc, and that of the high density disc is 48 t he
center of the disc. The track pitch of the standard density disc (standard
density area) is 1.6 m while that of the high density disc (high density
area) is 1.1 butt. The scanning speed of the standard density disc
(standard density area) is 1.2 to 1.4 ms, while the scanning speed of the
hi gh density disc (high density area) is 0.9 ms. 13 April 2004 - 23 The
nunerical aperture (NA) for the standazl 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 nethod, the cross- interleaved

Reed- Sol onon. cod 4 O ensity

di sc (sté’ﬁ&%ﬂf"ﬁ? hSM 5985 | t{}m%%r“l sret%LH) %yﬁgf t(#%'el s errpd?%g%% for the

hi gh den e ¢§E¥EH%§§ paraneters

ot her th%ﬁ é%t%%ﬁévéﬁgéscﬁﬁﬁg ct%%gixgﬁ% as the é%%%gé l e size, disc

t hi cknes | gt i. 908 Fethad b|t rate, are
$uy fﬁ%ﬁ Hg?#? e 21&%9? gl 144y e o Ak £Naeh1s

the sane, as s the standard density disc (standard

densi ty ? A B i thehigh phansidna ghmgiddigh densityz aaﬁét)coﬂ%sﬁt@ae of
[k

the stan density disc, such as the one
into analog signals, which are then output as a stereo music

51gnal.

"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 séhematically illustrate the types
of discs.based on the recording density. More specifically,
Fig. 1A illustrates a known disc with a standard recording
density. In this example, the whole disc is recorded at a
standard recording density. Currehtly used discs, such as a
CD-DA, a CD-ROM, a CD-R, and a CD-RW, correspond to this
type of disc.
| _Fig. 1B illustrates a high density disc which has
recently been Q¢veloped,’and in this example, the thie disc
can be recorded at a high density. For example, by
comparison with the standard disc, 2x or 3x high density
discs have been developed. In particular, recordable high
density discé, such as a CD-R and a CD-RW, have been

developed.



shown in Fig. 1A, and the high density disc, such as the one ha in Fi
g g y QSZ\F’E 4! g

1B, is loaded in a disc drive unit, it is necessary for. th lve
unit to determne the type of disc. Wen a hybrid disc, such as the one
shown in Fig. 1Cor 1D, is loaded in a disc drive unit, it is necessary
for the disc drive unit to determne the area type, i.e., whether the
area on or fromwhich data is currently recorded or read, is a high
density area or a standard density area. That is, after determ ning the
disc type or the area 13 April 2004 - 22 -type, the setting of the
recordi ng/ reading operation is changed in accordance wth the designated
paraneters shown in Fig. 2. Figs. 3A through 4C schematically illustrate

e g SRR BT gtien ...

illustrates a réad on di sc, suc

on whi ch ;@ la &ﬁ%}lﬁ%éi&:&( B A8 Ivhddk &SPass b PEioh 05 M aFisEanRﬁrd

Illustrates a direct read after wite (DRAW disc, such as a CD In this

DRAW di s Gendit§C@@adld lcuteferdesy OB, Oofp al Digerh e di H”ﬁﬁ’briandigét ais

recorded by wutilizing a change in the pignment (change in the index of

reflecti emoseawsaskbpddidon rHadiathofh Widhsi Bpedrea 0hhd whebeaibRRAW disc is
also referred to as a "wite-once, read- many disc (WORM" disc since it
can be rgeondes tis @nlstazrd 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 aata (main data to be
recorded), the standard density disc has 650 Mbytes (disc
having a diameter of 12 cm) or 195 Mbytes (disc having a
diameter of 8 cm), while the high density disc has 1.3
Gbytes (disc having a diameter of 12 cm) or 0.4 Gbytes (disc
having a diameter of 8 cm). Thus, the high density disc has
a capacity twice-as large as-the standard density disc.
The Program area start position (radius) (area at which
the user data is recorded) of the standard density disc is
50 mm from the center of the disc, and that of the high
density disc is 48 mh from the center of the disc.
The track pitch of the standard dénsity'disc (standard
density area) is 1.6 um,lwhile that of the high density disc
(high density area) is 1.1 pum.
| The scanning speed of the standard density disc
(standard density area) is 1.2 to 1.4 m/s, while the
scanning speed of the high density disc (high density area)

is 0.9 m/s.



Fig. 3Cillustrates a rewitable disc utilizing a phase chagggﬁtechgique,
such as a CO-RW In the DRAW (WORM disc shown in Fig. 3B an gl 200
rewitable disc showmn in Fig. 3C, the recording track is fornmed by a
spiral groove. In contrast, in the read only disc shown in Fig. 3A the
recording track is forned by an enbossed pit streamrather than a groove.
As is described in detail below grooves in the DRAW (WORM disc and
rewitabl e disc wobbl e (neander), which nmakes it possible to express

i nformati on, such as absolute 13 Apr+4 122004 - 25 addresses. Accordingly,
In recording data, tracking control is perfornmed on the wobbling groove,
and based on the data, such as addresses, read fromthe wobbling, groove

(hereinafteréﬁ%ge%%ﬂ§$%%$%ggﬁggtﬁgea gé??ggkethgnggﬁéh ."%Bnégk recordi ng

operation ca cont read o I'scs, a recording

track i Sg_-éﬁer (Eda Ha% ggitis%]%%%i &sa%".%%c,?wh%% Ci;‘i{ea"nﬁ%d;gxi— Zl?he ggsses,

IS recor by sub-c : us, the provision o groove

| s-unnecgaagiyYy A95e" ¢hAghY aeh@TRy @ad=0nlis olisic fig/&gnits are not
provided wth a function™of reading groove information,. Figs. 4A, 4B, and

4C illustrateadypsi ¢hdi §680rMBbBresReall MERhbd, Ehe 4Bsddd ustrates a disc
whose inner portion is a read only area and whose outer portion is a DRAW
(VORV)  anear1Bagedt Beld-8ollbtons cdddisas QoMY inditoP A4 | Sifplsyéd

for the standard density disc (standard density area), while

the CIRC7 method is employed for the‘high density disc (high

density area). |

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

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

When a hybrid disc, such as the one shqwn in Fig. 16 or
1D, is loaded in a disc-drive unit, it is necessary for the
disc drive unit to determine the area type, i;e., whether
the area on or from which data is currently recorded or read,

is a high density area dr'a standard density area.

That is, after detéermining the disc type or the area



rewitabl e area and whose outer portion is a read only area. __Fi 29ﬁ§
Illustrates a di sc whose inner portion is a DRAW (WORM are$3éﬂg se
outer portion is a rewitable area. Accordingly, a hybrid disc, that is, a
single disc having a mxture of different areas, such as a read only

area, a DRAW (WORM area, and a rewitable area, is available. A hybrid

di sc having three areas may al so be considered, though it is not shown.

For exanple, there may be a hybrid disc whose inner portion is a read only
area, whose 13 April 2004 - 26 internediate portion is a DRAW (WORM area,
and whose outer portion is arewitable area, or a hybrid disc whose inner
portion is read only area, whose internediate area is a rewitable area,

di sc aV|n9Efour or

“and wh
o VoS B4l 58,978 B kel AdNENIG, dhda )
R o o8 g0 9

di scs caﬁ rlzed as shown in Figs. 5A and 5B. Fig. 5A illustrates
t he regular &ISC t'ype; nanely, the whole disc is formed of an area having

one physi cal Ficgé” aghef:hi‘?@)hﬁ Eegﬁhéfna@&% ?Ea'lilféﬁ'tat@ HidS ﬂl@;
at y g densities,

hybri d disc). nsi dering t there are two pes of recordin

such as %E%oiﬁﬁﬁ@a&@ @R Peditidireading systems.
Fig. 3A illustrates a read only disc, such as a CD-DA
" or a CD-ROM, which is a disc on which all the data_is
recorded in an embossed bit form. ' _ -

Fig. 3B illustrates a diréct read after write {DRAW)

disc, such as a CD-R. In this DRAW disc, a récording layer
~is formed of an organic pigment, and data is recorded by
utilizing a change in the pigment (change in the index 6f
réflection) caused by the irradiation with laser light.

Such a DﬁAW disc is also referred to as a “write—ohce, read—‘
many disc (WORM)" disc since it can be recorded to only once.

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

In the DRAW (WORM) disc shown in Fig. 3B and the
rewritable disé shown in Fig. 3C, the recording track is
formed by a gpiral groove. 1In qontrast, in thg read only
disc shown in Fig. 3A, the recording track is formedvby an
embossed pit stream rather than a groove.

As is described in detail below, grooves in the DRAW
(WORM) disc and rewritable disc wobbie (meander), which

makes it possible to express information, such as absolute



density, and there are three recording/readi ng types, such as the read
only type,. DRAW (WORM) type, and rewitable type, six typed3éPrigidds,
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

physi cal characteristics are different. By utilizing type 1 to type 6
shown in Fig. 5A, 30 types of hybrid discs, fromtype HD1L whose i nner
portion is type 1 and whose outer portion is type 2 to type HD30 whose

i nner portion is type 6 and whose outers portion is 13 April 2004 - 27 type
5, can be considered. Apparently, if hybrid discs, each having three or
nore areas whose physical characteristics are different, are consi dered,

nore types._of discs are available. Along wi.th such a variety of discs in
View of TABECHASST cahCERBHARELT ] o hc TOCPr AT, SEdasalty AT HULTAY ve

' , | sely det | th hysi cal ch tecisti f ded d
(or phystEaroRRAIRRCPP oM s wBPoRR S SHoBN Sar Srft GAYN O i 930 be
ded d f ' di t 0 the det I ned
ohyet cal SRRt achaBPer s HRBR PR SER VAR FELAG VS  or mance can be

ennancednCEBhaEkhy Bondhifios! Bedoficat TARREI LRI % diarl i sed

bel ow, however, a ftrian di'sc uadril'at éra

prOVidedfhéA*ééSHEEn&”SBeEQEiBﬁncan be controlled.

In contrast, in read only discs, a recording track is
formed by a pit stream in advance, and data, such as
addresses, is recorded by sub-codes. Thus, the provision of
groove data is unnecessary. Accordingly,Asome read-only
disc drive units arernot provided with a function of reading
groove information.

Figs. 4A, 4B, and 4C illustrate hybrid discs. More
specifically, Fig. 42 illustrates a disc whose inner portion
is a read only area and whose outer portion is a DRAW (WORM)
area. Fig. 4B illustrates a disc whose inner portion is a
rewritable area and whose outer portion is a read only area.
Fig. 4C illustrates a disc whose inner portion is a DRAW
{WORM) area and whose-outer portion is a rewritable area.

Accordingly, a hybrid disc, that is, a single discr
having a mixture of different areas, such—és a read only
area, a DRAW (WORM) area, and a rewritaﬁle area, is
available.

A hybrid disc having three areas may also be consideredf
though it is not shown. For example, there may be a hybrid

disc whose inner portion is a read only area, whose



may sound contradictory in view of the shape of a "disc", gia.q%g@r t han
di sc-shaped nedia are also referred to-as "discs" In this gﬁ EPH i on.

3. Recordabl e discs and grooves .3-1 Rewitable discs Generally, a
CD-system disc has a single spiral recording track starting fromthe
center (inner periphery) of the disc to the end (outer periphery) of the
disc. On a disc on which data can be recorded by a user, such 13 April 2004
- 28 as a CD-Ror a CO-RW only a guide groove for guiding laser light is
formed on a disc substrate as a record2fig-track before data is recorded on
the disc. Wien laser light .nodulated with high power is applied to the
disc, the index of reflection or the phase of the recording Iayer S

Changed %Q%%Bia%kb%&t'fonpg%s'ab' & %Hﬁ Rhdi& Sou

contrast, groove as"a reécording tra s not physi ca orned on a read
only dis or%EB'ﬂ 3% & %@&ﬁm% MO qu@%l% B y&w%ﬂ@ford' ng

| ayer, Ich is formed of an organic pignment, 1s forne H gh- power | aser

l'ight i spapRhibfd ils0 rell@ éndSs rtR!,eRohdBKi it drind0si df-dp 14 6gord data by
punchlng (making -pits on the disc). Regarding a rewitable disc, such as a

CD-RW WhB2i teeaer dirde,| el Wit U idid TNy Add@on sy RIASL, change
technique is enployed for recording data, and nore ,specifically, data is
r ecor dedabyiybirild diikg &adiiffgefMIC dih more areas is also possible.

As discussed above, discs can be differentiated
according to the recording density or the recording/reading_
types, that is, according to the physical characteristics.
The types of discs can be summarized as shown in Figs. 5A
and 5B.

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

Fig. 5B illiustrates the types of hybrid discs, each.
having two areas whose physical characteristics are
different. By utilizing type 1 to type 6 shown in Fig. 54,
30 types of hybrid discs, from type HD1 whose inner portion
is type 1 and whose outer portion is type 2 to type HD30

whose inner portion is typé 6 and whose outer portion is



the index of reflection between a crystalline state and an 239@@&&@@
state. In ternms of physical characteristics, the-index of r of a
CD-ROM and a CD-Ris 0.7 or higher, while that of a CO-RWis as |ow as
about 0.2. Accordingly, in a reading apparatus designed to be conpatible
with the index of reflection of 0.7 or higher, a CD-RWcannot be read in
t hat apparatus. Thus, an auto gain control (AGC) function of anplifying a
| ow signal is added to such a reading 13 April 2004 - 29 apparatus. 1In a
CD-ROM the lead-in area at the inner B&rrphery of the disc is disposed in
a range from46 to 50 mmfromthe -center of the di'sc, and there are no
pits farther inwards than the lead-in area. In contrast, in a CO-R and a

CD- RW a R RO TRM MBI Y %déxf%) and a power calibration area (PCA) are

provi ded, ~"as shown in Fig. arther inwards than the lead-in area. The

lead-in area apghaas 34bS SRR IVPHINBL! @hctiMHHNind Stsed §P mépgor di ng
user data, are used for performng a recording operation by a drive unit

conpat i blfg-aMd Witodd phy fical GhaMcedsi o £l §8e UgeErépenteadirg data
therefrom as in a A. In the PVMA, a recording signal node and tine

i nf or mat icohdfdeesd, tmeek, tpped @5 dhecstaré svarirapdethe end tine, are
tenporarily stored. Wen all the tracks .

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

Generally, a "disc" is a disc-shaped medium. As is
discussed below, however, a triangular "disc" or a
gquadrilateral "disc" may be provided. . Although such "discs"
may sound contradictory in view of the shape of a "disc",

media other than disc-shaped media are also referred to as

"discs" in this specification.

3; Recordable discs and grooves
-3-1 Rewritable discs |
‘Generally, a CD-system disc has a single spifal
recording track starting from the center (inner periphery)
of the disc to the end (outer periphery) of the disc.

on a disc on which data can be recorded by a user, such



becone full with the recorded data, the TOC is formed in the Ieaggkg area
based on the data stored in the PMA. The PCAis an area in mﬂ?@ﬁ” S
tenporarily witten in order to obtain the optimal value of |aser power
when data is recorded. In a CO-R and a CO-RW in order to control the
recording position and the rotation of a spindle, a groove . (guide groove),
which is to forma data track, is formed in a wobbling (nmeandering) shape.
13 April 2004 - 30 This wobbling groove is fornmed based on a signal
nodul at ed by information, such as absoRa@te addresses. That is, wobble

I nformati on, such as absol ute addresses, can be read fromthe wobbling
groove. The absolute tine (address) information represented by the

WODD1 N0 o QP 158 ST PIdiFshy { oty ' FGRLAR S | PoPTERLEnNE (AILE) - The

wobbl i ng groove i's wobblTng slight nusol as shown in

Fig. 7, ange &8 Mhed [SPW DY HubPerdHONE 4 SrecoPPin§ZeAadkt he amount

of wobbling is approximately 0.03 m In this enbodinent, Tn the wobbling

groove, RAFdH YiattSd Wecd+d@a | oW OFHtdPdl: . bUiméh SPaséPetigipes of .
i nformati on, are encoded by frequency nodulation (FM. Detalls of the

~ wobbl e i Moy ted wEtH aseii gsovdr t1e ap@bidd Ngo JFROVELI8EE Phy¥eandgkow. 3-2
Wobbl e i nformation "
of reflection or the phase of the recording layer is changed,
thereby making it possible to record data on the disc. In
contrasf, a groove as a recording track is not physically
formed on a read only disc, such as a CD-DA or a CD-ROM.

On a CD-R, a write-once recording layer,.which is
formed of'an organic pigment, is formed. High-power laser
light is applied to the disc, theréby making it possible to
record data by punching {(making pits on the disc).

Regarding a rewritable disc, such as a CD-RW, whose
recording layer can be rewritten many times, a phase change
technique is employed for recqrding data, and mofe
lspecifically, data is recorded by utilizing a difference ih
the index of reflection between a crystaliine 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
reading apparatus designed to be compatible with the index
of reflection of 0.7 or higher, a CD-RW cannot be read in

- that apparatus. Thus, an auto gain control (AGC) function

of amplifying a low signal is added to such a reading



According to the wobble information detected at a push- pull gg qg& froma
CD- R/ CD- RW groove, when the rotation of the spindle notor i 43 68999 ed so
that the center frequency of the wobble information becones'22.05 kHz, the
spindle notor is rotated at a linear velocity defined in the CD system
(for exanple, 1.2 to 1.4 mis. for a standard density disc). For a CD DA or
a CD-ROM the absolute tine informati-on encoded in sub-code Q can be
relied upon. In a CDO--Ror a 13 April 2004 -- 31 CD RWwi thout data
recorded thereon (blank disc), howewerzg9 sub-code is not yet recorded, and
thus, the absolute tinme information is obtained fromthe wobble

I nformati on. One sector (ATIP sector) of the wobble information is

equi valent to Qne data sector (2352 bytes) of the main channel after data
i s recor BBEZSAH5di sc. Thus, the recording operation is perforned whi |l e

provi di ng SyfﬁhQOEbzﬁéhontR% %Q$%E%#P5§ggt$£ @hghlhﬂg d §$%%9r The

ATI P |nfornat|on i S not &nco I'nf ormati

I nst ead, 4 SEI LSt dggpbt%%onq&%) QI&P s | Sngq%ult%t |5(U1mg%b whdn Fig. 8,

and then ase ecause e signal is

al so !JSEQP‘EQE: 6eNthel 1ig, tQ‘ﬁdr U0 rd gl it HHAHEN Fnwaltdy ©

speci fi cal according to the bi-phase nodul ation, 1 and O alternate at

predeterﬁhaﬁdth@tq%g@Lgnsgr@ggt the ratio of the numbers of 1's and 0
beconmes 1:1 and the average

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 iead-in area and the subsequent program area,-which
is used for recordiﬁg user data, are used for performing a
recording operation by a drive unit compatible with a CD-R
6r a CD-RW, and are also used for reading data therefrom, as
in a CD-DA.

In the PMA, a recording signal mode and time
information of each track, such as the start time and the
end time, are temporarily stored. When all the tracks
become full with the recorded data, the TOC is formed in the
lead-in area based on the data stored in the PMA. The PCA
is an area in_which data is temporarily written in order to
obtain the optimal value of laser power when data is
-recorded.

Ih a CD-R and a CD-RW, in order to control the
recording position and the rofation of a spindle,'a groove
{guide gfoove); which is fo form a data track, is formed in

a wobbling (meandering) shape.



frequency of the FM nodul ated wobbl e signal becones 22.05 KkHz. wi |

di scussed in detail below, not only the tinme .information, Baﬁ@HV§@4
speci al

power ,

speci al

Apr i

bits,
four-bit -synchronization pattern, a three-bit discrimnator (identifier),

21" -

franmes

bit wobble information, such as the physical frane address, and a

as indicated by

be

i nformati on, such as information for setting the recording |aser

s encoded in the wobble information. In a CO-RW by expandi ng

t he

I nformati on, power and recording pulse information for the CD-RW
Is encoded. Fig. 11 illustrates the configuration of one ATIP franme .
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or

as s ree- or four-b

information represented by the wobbling groove 1is referred
to as "absolute time in pregroove {ATIP)".

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

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

3-2 Wobble iﬁformation

According to the wobble information detected at a push-
pull channel from a CD-R/CD-RW groove, when the rotation of
the spindle motor is controlled se that fhe center frequency
of the wobble informatlon becomes 22.05 kHz, the spindle
motor is rotated at a linear velocity defined in the CD
system (for example, 1.2 tc 1.4 m/s for a standard density
disc).

For a CD-DA or a CD—&OM, the absolute time information

encoded in sub-code Q can be relied upon. In a CD-R or a

é%&rfkémaﬂhédﬁBbbﬁiﬁb g&BQb%at'@ﬁ B8 s6q et it R%%d%%&%ﬂque”t

2004 - 32 of the wobble information. The ATIP frame is forned of 42
(a) of Fig. 1l3gand is sequentially provided with a



wobbl e information, and is defined as shown in Fig. 12. The %g bLf from
bits M3 to MO shown in Fig. 12 correspond to the 24 bits at @Pﬂzgwgitions
5to 28 shown in Fig. 11. Bits M3, M2, and M21 (or bits M3, ‘M2, M1,
and M20) are used for the discrimnator. Wen the value of the
discrimnator is "000", the content of the wobble information (M0 to MO
of the corresponding frame indicates the addresses of, the |ead-in area,
the program area, and 13 April 2004 - 33 the |ead-out area. Wen the val ue
of the discrimnator is "100", the €adtent of the wobble information (MO
to MO of the corresponding frane indicates the address of the |lead-in
area. The above-nenti oned addresses correspond to absolute addresses as

e SOt VL T M,

recorded radialTy ou star prograniatea so

that it ghERlhae 1 GRSt 3L dradiEeddd tg@léi&gs Nee &40 5 ses

during the recording opération. en the val ue the discrimnator is

"101", thgropaBRion RO R Mdal A vdfbid el Rat {5l cates  speci al
information 1. When the value of the discrimnator 1s "110", the wobbl e

information (&RE bectb: QhTibesbeddR) oRdieal GRLLARE Bl 15 2. Wen
the value of the discrim.nator is "I11", the wobble information (MO to
MO of tehaivhaent ap emNidatePetictior NIEIMiNAes) 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 deta sector.

The ATIP information is not encoded in the wobble
information as it is. Insfead, it is first subjected to bi-
phase modulation, as shown in Fig. 8, and then to phase
modulation (FM). 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 rafio
of the numbers of 1's and 0's becomes 1:1 and the average
frequency of the FM-modulated wobble signal hecomes 22.65
lkHz,

. As will be discussed in detail below, not only the time
informaticn, but aleo special information, such as
information ‘for “setting the recording laser power, is
encoded in the wobble information. 1In a CD-RW, by expanding
the special information, power and recording pulse

information for the CD-RW is encoded.

Fig. 11 illustrates the configuration of one ATIP frame



When four bits are used for the discrimnator, and its value_is "0010",
the wobble information (M9 to MO of the frame indicates-spedPd)z004
informati on 4. When the--value of the discrimnator is "010", the wobble
information (M0 to MO of the franme indicates additional information 1.
When the value of the discrimnator is "011", the wobble information (MO
to M) of the frame indicates additional information 2. Wen four bits
are used for the discrimnator, and its value is "0011", 13 April 2004 - 34
the wobble information (ML9 to MO of Bhe-frane represents suppl enental

I nformati on. The discrimnators "1000" and "1001" are reserved for
copyright information in which copyright protection code is filled. The

contents %f (ﬂ%&ﬂb4éﬁfH€§¥éé¥&&nFO 4, additional information 1 and 2,

and. supﬁﬁenen al " 1nformtion ae shown in Fig. 13. Special information 1

| ncl udes T OihebirrpArgaine SECHSAMA RIS AL o Bida il Rle

vel ocity, a seven- I sc application code, a one- sc type, and a

three- bi t¢ aJdicffC_Esl - LVPE anld N B8-S dud SELAVEy | SréviSSE WEFh 85 RohPLlbi t
expanding data inthe future. As the target recording power, the |aser

pover | ewgincirodivht £ 'ReEeMe) 081 trdS-bLE A fedr ifiSndf6rdi sC application

code, the purpose of use, such as general business purpose, specific

appl i cat i(Gradrtore #xenp| £1- PO twokB O i kE6 k1 &h) s such as the
physical frame address, and a 14-bit cyclic redundancy check
(CRC) code.

Alternatively, in some ATIP frames, a four-bit
discriminator and 20-bit wobble information may be provided,
as indicated by (b) of Fig. 11.

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

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

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

Bits M23, M22, and M21 (or bits M23, M22, M21, and MZd)
are used for the discriminator. When the value of the
discriminator is "000", the content of the wobble
information (M20 to MO) of fhe corfesponding frame indicateé

the addresses of, the lead-in area, the program area, and



or commercial audio, is recorded. As the disc type, for exagg H dg
represents a DRAW (WORM disc, while "1" indicates a rewit ABMRADE  The
di sc sub-type represents the rotational velocity and constant angul ar
velocity (CAV)/constant |inear velocity (CLV). Special information 2

I ncludes the start address of the lead-in area. Special information 3
includes the start address of the |ead-out area. Special information 4
contains a manufacturer code, 1 3 April 2004 - 35 product type, and
material code. The nane of the disc -n@Ehufacturer is recorded as the

manuf acture code. The type of product (type nunber, product code, etc.)
manuf actured by the nanufacturer Is recorded as the product type. In the

i al I h '
ggteg:egd ﬁ%e?aa{ﬂ E'hel ?nf or i |one§%]tqin (r’:]:)eﬁ%r ﬁsggkﬁ%lrnd% rl:%%e are
shown i nniriyg %Pe(“:’%gﬁ{ deitle SHRnPWn Hl'ed'ﬁ@o%natﬁq}nt@m&rﬂ@i &f

cyani ne. teria 001" represents that the mater

pht hal ocyagi BerMaRidnd qqeameoa%alld%e%at&% R d e ofBlifL ufaéo 243 ‘?:B gzo

conmpound. The aboveé- nentloned materials are organic pignents

In contrasba.Bield AbciRAnentA@nde Haiidte? JRLYding f@f Mesaatdange

nmedia. Normally, the material of the recording |ayer of a disc
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 M0O) of the frame indicates
special information 1. When the value of the discriminator
is "110", the wobble information (M20 to MO) of the frame
indicates special information 2. When the value of the
discriminator is "111", the wobble information (M20 to MO)
of the frame represents special information 3.

When four 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 tﬁe discriminator is "010", the
wobble information {(M20 to MO) of the frame indicates
addltional information 1. When the value of the
dlscrlmlnator is “011", the wobble information (M20C to MO)
of the frame indicates additional information 2. When four

bits are used for the discriminator, and its value is "0011",



can be determ ned by the manufacturer code and the product H{%?W gis IS
based on a systemof the media manufacturing field in which B”ﬁiiéucts
and the nmaterials are registered in correspondence with each other. That
is, by storing the registered information in a disc drive unit, the
material of the recording |ayer of a |oaded disc can be identified from

t he manuf acturer code and the product type. However, if new discs are

regi stered, or if discs of 13 April 2004 - 36 non-registered product types
or discs manufactured by non- registerdd 4smanuf acturers are | oaded after the
disc drive wunit has been manufactured, the disk drive unit is unable to
determ ne the material of the disc. Thus, by the provision of the materi al

code 25 HboGURER 20Enal Uen B8 LRV B L SO SIS

di'sc gardless o reglg{ration

status. -éﬁggigﬁeﬂk&a ' %b%gta%ht.i N8fhe a&g%rggikﬁsc%&spﬁwooaﬂ% d aser

emtting pattern, can be nade according to t type of material, thereby

achi evi “Gé_@ofﬂ"'gﬁr@ Sel3roR A 2oQ7 @ioﬁg'ri?;ﬁ%r &h%?ma@i% \ﬁzelegnﬁf& material of
e manuf acturer co

a | oaded disc can be determned from uf a e and the product
type, t8gpyRrightapreedetiayn oaused kgnieanfirmng the determ nation

resul t.

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

Special information 1 includes a four-bit target
redbrding power, a three-bit reference velocity, a seven-bit
disc application code, a one-bit disc type, and a three-bit
disc éub—type. Three-bit reserve is a reserved area for

A expanding data in the future.

As the target recording power, the laser power level at

the reference veloqity 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 alDRAW (WORM) disc, while "1"
indicaies a rewritable disq. The disc sub-tYpe represents
the rotational velocity and constanf angular velocity

(CAV) /constant linear velocity (CLV).

' Special information 2 includes the start address of the

lead-in area. Special information 3 includes the start

address of the lead-out area.

Special information 4 contains a manufacturer code,



Addi tional information 1 includes, as shown in Fig. 13, infggg@tion
concerning the rotation of the splndle not or and | aser powe ik such
as the lowest CLV recording velocity, the highest CLV recording veIOC|ty,
power nultiplication factor p,~ target y value, and erasing/recording
power ratio. Additional information 2 also contains information concerning
the rotation of the spindle notor and | aser power control, such as target
recordi ng power at the lowest 13 April 2004 -- 3 7 recording velocity and
that at the highest recording vel oci4y3s t-he power nultiplication factor p
at the |l owest recording velocity and that at the highest recording

vel ocity, and the erasing/recording power ratio at the |owest recording

vel ocity gnguggakggg tg dhﬁg@gﬁ% recordlnggg¥ek90|t £ tﬂ? §¥Q§Ienenta

i nf or mat NCl Udés ‘i n sc con ration,

physi cal bﬁ%ﬁblﬂﬁ%erdﬁ_ﬁcre Bk a%‘ﬂe &a%a%@:gﬁ@ue%pgi é'afta@*% hdl ¢

density |n ormati on are own |n at the

di sc densit e n en d t "1"
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det er mi ni.pg haﬁutae%u%rd&%cr@%mbﬁ dsh@heC RARRIA 1Sfd<LS Yl g anet ers

of the disc can be identif
material code, the materlal of the recording layer of the-

disc is recorded.

betails of the informafion of-the'threé—bit material
code are shown in Fig. 14.

Material code “600" indicates that the material is
cyanine. Material code "001" represents that the material
is phthalocyanine. Material code "010" indicates that the
material is an azo compound. The above-mentioned materials
are organié pigments for a CD-R.

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

Normally, the material of the recording layer of a disc
can be determined by the manufacturer code and the product
type. This is based on a system of tﬁe media manufacturing
field in which the products and the materials are registered
in correspondence'wifh each other.

| That is, by storing the :ggistered information in a
disc drive unit, the material of the recording layer of a
loaded disc can be identified from the manufacturer code and
the product type.

However, if new discs are registered, or if discs of



by the table shown in Fig. 2. Details of the two-bit physica Hﬁ%@
I nformation are shown in Fig. 16. The value "0" indicates t A ded
disc is a regular recordable disc, while the value "1" is reserved.
Details of the two-bit disc configuration information are shown in Fig.
17. The value "00" indicates a regular (circular) disc, whichis a 12-cm
disc or an 8-cmdisc. The value "OLl" 13 April 2004 - 38 desighates a
triangul ar disc. The value "10" indicates a quadrilateral disc.. The value
"11" represents a disc having a configération other than the
above-descri bed di scs. Exanples of the disc configuration are shown in
Figs. 18A through 20C. Fig. 18A illustrates a 12-cmregul ar disc and Fig

198 111 WR3es A %@ﬂgdes{h o M LA TRLRLe SLckbEq GENRSE ol €

nm access range a rang

b t ds,
PheC SRR D el A fodiad %fa%ev*ﬁeﬂ?%r%%e %H"-ﬁ%uéﬁr sone
di scs ar %g&%nfﬂagsuﬁf‘éérﬂ'rﬁeﬁﬁffégﬂdﬁréd 02@91} read@ﬁ‘}i’ﬁé@ﬂﬁﬁfﬂeﬁsrﬁ Hbae gbscs

they can bé 1oaded, and the recordi g operation can e pertornmed
on such dletetmide HHY msrdiiaside @ ddws configuration of the discs can

be acconmmpdated within a 12-cmcircul ar disc and the center
Thus, by the provision of the material code as
. discussed above, the disc drive unit.is able to correctly
determine the material of a loaded disc regardless-of the
registration status.

Accdrdingly, varioﬁs 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 frem fhe manufacturer code and the product type,
the material code may be used for confirming the
determination result.

Additional information 1 includes, as shownlin Fig. 13,
information concerning the rotation of the spindle motor and
laser power control, such as the lowest CLV recording
velocity, the highest CLV recording velocity, power
multiplication factor-pj'tafget Yy value, and
erasing/reeording power ratio.

Additional information 2 also contains information

concerning the rotation of the spindle motor and laser power

control, such as target recording power at the lowest



hole CH has a 15-cmdianeter. Figs. 19A and 19B illustrate tqéapﬂp%ﬁmldiscs
represented by the value "OL" of the disc configuration. Mor p
specifically, Firg. 19A illustrates a regular triangular disc, and Fig. 19B
il lustrates another triangular shape other than the regular triangle. The
di aneter of the center hole CH of such triangular discs is 15 nm The
access range AC of such triangular discs is smaller than that of regular

di scs, as shown in Figs. 19A and 19B. 13 April 2004 - 39 Yet, the
triangul ar discs can be |loaded in a €di3% drive unit and can be used for
recording or reading data. Figs. 20A, 20B, and 20C illustrate quadril ateral
discs represented by the value "10" of the disc configuration. Mre

speci ficall Ei A i [ Il lustrates a
rectangu SF}SEF%(%’,% gﬁégégl#%@ﬁ%tﬁtaﬁg%ee rg" ot Seér: J%,?/cf)oe‘%’(gi:Dh%uadri | at er al
disc. Th ' r +Qf ;HRE ;-1 qat d i | | e
triangul gsq'g?:sq??e tt%‘é.3 ccegs%ﬁg%lg%é?% os[ﬁc q%lzﬁ%g%r%élsl%‘?%%g S

smal | er ?c@%ghg%?g FelRAUWA Tl STat d@%rhi%ﬂl@sﬂ%éi-@iﬁém di scs can
still be loaded 'n a dis¢ drive unit_and can be used for recording or

readi ng vdabithy,s Ehd PH Gl Guradd i Plidet ot 161 a0otes and
quadrilaterals, represented by the value "11" of the disc configuration,

are not bt Weddi@E mASS1dEWEYeind 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 densiéy 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. 1l6.

The value "0" indicates that a loaded disc is a regular
recordable disc, while the value "1" is reserved.

Details of the two-bit disc conﬁigﬁration information
are shown in Fig. 17.

The value "00" indicates a regular (circular) disc,

. which is a 12-cm disc or an 8-cm disc. The value "01"



pent agonal or hexagonal discs, or discs having nore than six q 0
circular discs having a dianeter other than 8 or 12 cm e||l%?Pé§® élscs
specifically configured discs, such as star-shaped discs or cloud-shaped.
di scs, can be consi der ed. Such di scs can al so be used for recording or
reading data as long as the size and the configuration of such discs can
be accommpdated within a 12-cm di aneter disc and the center hole CHis 15
nm 13 April 2004 - 40 . As indicated by the exanples of triangular and
guadril ateral discs shown in Figs. 19A38 hfrough 20C, they are not limted
to regular triangles or squares. Thus, if it is desired that the
configuration of such discs be accurately i dentified, the dinensions of

st 2?%#}%&%2%28% e e A R
for cachagparilat¥in, Rastioring ”’dﬁlﬂﬁie"nlzlt*ﬁe SRk 8%{%%‘? e e
S T epreserlad; #d‘%ﬁi&ﬁ%ﬁﬂ& fi9s Dt Rboife | AR08 ALk S r_epresent_ ed
by Hv, a = f’ to 15 mmare indicated in increnents of 1 nmm h =
Hv/10 (0 to 1E§aﬁ§l@%e oEN¥head8dd tontageFRR DN are shown in Figs.

18A through 20C. ‘

| Fig. 18A illustrates a 12-cm regular disc and Fig. 18B

illustrates an 8-cm regular disc. The diameter of the

center hole CH is 15 mm. In Figs. 18A through 20C, the

access range AC is a range accessible by an optical pick-up

of a disc drive unit, in other words, the radial range in

which a recording track can be formed.

Although some discs are configured differently from the
above-mentioned regular discs, they can be loaded, and the
recording/feading operation can be performed on such discs
as long as the size and the configuraticon of the discs can
be accommodated within a 12-cm circular disc and the center
hole CH has a 15-cm diameter.

Figs. 19A and 19B illustrate triangular discs
represented by the value "01" of the disc configuration.

- More specifically, Fig. 19A-illustrates a regular triangular
disc, and Fig. 19B illustrates another triangﬁlar shape
other than the regular triangle. The diameter of the center
hole CH of such triangular discs is 15 mm.

The access range AC of such triangular discs is smaller

than that of regular discs, as shown in Figs. 19A and 19B.



of 0.1 mm. Details of the two-bit inertia (nmonment of inert| 2

suppl enental information are shown in Fig. 22. Wen the valu 8?”“%@ tiais
"00", the nonent of inertiais less than 0.01 gn2. Wen the val ue of
inertia is "OLl", the nonment of inertia is 0.01 gn2 or greater but |ess
than 0.02 gn2. Wen the value of inertia is "10", the nonent of inertia is
0.02 gnR2 or greater but less than 0.03 gnR2. Wen the value of inertiais
"11", the nonent of 13 April 2004 - 41 inertia is 0.03 gn2 or greater.
When the noment of inertia is represemoed by J, it is expressed by.-the
followi ng equation: J (mL x rl12) wherein ri represents the distance from
the origin (i.e., the center of the rotation of the disc), and nl

o 70 b U Ba h BERPRBN LR e 8 860k s
protuet gl LBk b Soupar ool piEoRUBRAGd, eace 1 and never
e L e L
hol ds trpgprds&nted By the value "10" of the disc configuration.
More specifically, Fig. 20A illustrates a squdre disc, Fig.
_20B illustratés a rectangular disc, and Fig. 20C illustrates
another type of quadrilateral disc. The diameter of such
quadrilateral discs is 15 mm.
| As in the triangular discs, the access range AC of such
gquadrilateral discs is smaller than that of regular discs.
However, the guadrilateral discs can still be loaded in a
disc drive unit and can be used for recprding or reading
data.

Discs having configurations other than triangles and
quadrilaterals, represented by the value "11" of tﬁe disc
configuration, are not shown. In this case, however,
pentagonal or hexagonal discs, or discs having more than six

' sides, or circular discs having a diameter other than 8 or
12 cm, elliptical discs, specifically configured diécs. such
as star-shaped giscs or cloud-shaped discs, can be
censidered. .

Such discs can also be used for reCording or reading
data as long as the size and the configuration of such discs

can be accommodated within a 12-cm diameter disc and the

center hole CH is 15 mm.



wherein a represents a second-order differential of the rotaftio 3&P3ngle 0
(= angul ar velocity), and T designates the nonent of force @ Thi s
equation reveals that the nonent of inertia J is equivalent to the mass m
in an equation of the particle rotation. That is, the nonent of inertia J
Is an inportant physical mass in terns of the rotation of a rigid
material. CGenerally, the inbalance Tmof a disc is expressed by the
followi ng equation. 13 April 2004 - 42 IM=Z(m x ri) That is, the

i tbal ance Imis the sumof the productsgf-the mnute mass m and the
squared distance ri. If a disc is perfectly symmetrical and free from
non-uni formties in the thickness, the inbalance |. is zero. However,

al t hough the _inbalanc ero rtia % i's not zero,

2nd there is Ao CORFBRLERoRY bEbGeBiebREeRorEntrorapRTRE 303 ' 2nd the
i nbal ancg?gﬁzc&ﬁt'e&aaeﬁqg%;gg%%rorﬁa 19 1485 SELRIAN g e dRIPnLe Of

|nert|a I'SC TS usé g-a“spin ‘whi'c

disc. AsniSeURIRAARYY Gedlh e 1HiGadlled 63! 1Sfibild 0 Gml 2Nl reular
di scs, erée are vari ous con tlons Sl zes o dlscs he nonent
of inerthacehed sk the @ofnffarg%%t%ﬁo | Bk dliiRes e dftdhRANfpur ati on
of the disc. Accordingly, by providing t nonment of i1nertia, as

identified, the dimensions of such discs may be recorded in,
- for example, part of the reserved area (M19 to M7) of the
supplemental information.
Alternatively, as bits representing "a" and "h" shown
in Figs. 21A and 21B, four bits may be used for each of "a"
and "h" as follows. |
When the four-bit value indicating "a" is represented

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

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

Details of the two-bit inertia (moment of inertia) of
. the supplemental ipformation are shown in Fig. 22,

‘When the value of inertia is "00", the moment of
inertia is leés fhan 0.01 g-m?. When the value of inertia
is "01", the moment of inertia is 0.01 g-m2 or greater but
1less than 0.02 g-m?. When the value of inertia is "10", the
" moment of inertia is 0.02‘g-m2‘or greater but less than 0.03

g-m2. When the value of inertia is "11", the moment of



di scussed above, the rotation driving systemof the spindle g§%Q{ c%n be
controlled correspondingly (i.e., according to the size and’ i %%%ation
of the disc). Mre specifically, the optinmal spindle servo gain can be set
according to the size and configuration of the disc. Athough in this
enbodi nent the nonment of inertiais represented by two bits, it may be
expanded to three bits by wusing bit M7/ for the reserved area of the

suppl emental information. In this case, the nonent of inertia my be 13
April 2004 - 43 represented as show 4n Fig. 23. The value "000" indicates
that the noment of inertiais |ess than 0.004 g-n2. The val ue "001"

I ndi cates that the nonent of inertiais 0.004 g M or greater but |ess

e O dhgilh 100 YAl A ghegiggtes hat the romenc of inertiz is
that the ”D”Eﬂheﬁ £hBehbhBnitS 0£01022907, " ALEALEG U Hess Gfan 0. 032

gnR2. The val ue I cates that t I nertra i's 2 g-n2 or

greater @%pﬂéEgéé'ﬁy1é%é1¥%ﬁxﬂ%ldg“é ﬂfﬁn.lol" i ndi cates that the nonent
NQ

of inertia or greater. val ues "110" and "ill" are
reserved. If g grgqh :qe of the nDnent of inertia is expected, the
above-descri bed def n|t| nis effective. As a exanple, considering the

st andar d hRirE4RESS, repekiedttsatith@n didRdndRs §roff el Jnigidh q&.@n disc has a
the center of the rotation of the disc), and m; designates a
minute mass at the position r;.

According 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 ry, and never becomes zero.
Accordingly, with a 1a:ger disc, the moment of inertia J is
increased.

The physical meaning of the moment of inertia J is an
amount expressed in an equation of the rotation. That is,
the folleowing equation holds true:

Jxa="T
wherein o represents a second-order differential of the
rotational angle 0 (= angular veloéity), and T designates
the moment of ﬁorce (torque).

This equation reveals that_the moment of inertia J is
equivaient to the mass m in an equationlaf the parficle
rotation., That is, the moment pf inertia Jris an important
rhysical mass in terms of the rotation of a rigid material.

Generally, the imbalance I, of a disc is expressed by

the following equation.



nonent of inertia equivalent to "000", an 80-nmm di sc has a nt. of
inertia equivalent to "001", a 100-nmdisc has a nonent ofnﬁﬁzppﬁéb04
equi val ent to-"010", and a 120-mm disc has a nonment of inertia equival ent
to "011". The nmoment of inertia of some 120-nm di scs nay be "100"
according to the type of material. A disc having a thickness |arger than
the standards, or a disc having a non-uniformmass distribution in the
radial direction, for exanple, a disc in which the mass on the outer

peri phery is larger than that of the-i#&Rer 13 April 2004 -- 4 4 periphery,
may have a nonent of inertia equivalent to "101". |In the exanples shown in
Figs. 22 and 23, the nonent of inertia is represented by the predeterm ned
ranges. However, _ g?ﬁ npnent of inertia may be found by an equation, in
which case, tRe corrésponding information is recorded. For exanple,

inertia iﬂg{&ﬁ! Bl ofhd SidiReRlled ]glglt)@'t@&. JH o0t &S df {1 MB. When

the four-bit value 1s represent y Jv [hex], Jcal "[gn] (nmonent of

i nertia) rﬁﬁﬁiﬁt@%&é@ﬁ@f%@ﬁ Byt RydRldPWing pieatd on. 1dcal giskvals X (1/500)
Details of the wobble infornmation contained in thé ATIP frane have thus

been di squgs@chtily iR OFROOI NEh@X@red eErdhenoisl weif &Bmnieies hendiae
configuration indicates both 8- and 12-cmregular (circular) discs, and.

they are fificiidd<£/ etlid aindshl aites 1,5 iBecalisr Himewan, helthddg egtid at ed by
referring to the value of 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 1is seen from the foregoing description, the moment
of inertia of a disc is used for controlling a spindle motor
which rotates a disc.

As discussed above, discs are not restricted to 8- or
12-cm circular discs, and there are various configﬁrations
and sizes of discs. The moment of inertia of a disc is

' different according to the size and configuration of the
disc. ACcordingly,‘by providing the moment of inertia, as
discussed above, the rotation driving system of the spindler

‘motor can be controlled correspondingiy (i.e., according to

- the size and configuration of the disc). More specifically,
the optimal spiﬁdle servo gain can be set according to the
size and configuration of the disc. )

Although in this embodiment the moment of inertia is
represented by two bits, it may be expanded to thrée bits by

using bit M7 for the reserved area of the supplemental

information. In this case, the moment of inertia may be



nonent of inertia. More specifically, the nonent of inertia 3% a 1f”1
regular disc is less-than 0.01 g-n2, while that of a 12-cm disc is
0.03 gnR or greater. Accordingly;, if the value of the disc configuration
is "00" and the value of inertiais "00", the disc is an 8-cmregular

disc. Conversely, if the value of the disc configuration is "00" and the
value of inertiais "11", the.disc is a 12-cm regular disc. 13 April 2004
- 45 Aternatively, by using part of the reserved area of the

suppl emental information, information f4gr - differentiating an 8-cmdi sc and
a 12-cmdisc may be recorded. 3-3 Recording area format A description is
now gi ven of - the format when a disc drive unit records data in a recording

area of qréé?%%ggﬁég ag $§g%|g|sg%g 24 iIIustrates the format of a

recordi ng dlsc and Fig. 25 illustrates the
;gﬁggtsozhg £g§§¥d|ng areallgglst%%% |H9k§?19%5 éﬁ#ﬁ ?ﬁggﬁ ||¥%e PVA,
the |eadrddls afgan. §N60R" gonP! UrAld tyafife t @f%é@@sléﬁgt e area
fromthe Tnner periphery ?o the outer perip ery 0 di sc. “Then, the
disc dri Vrﬁ‘orh%ﬁ BRI Lh&H0NS. 1850 5H8YNg {2 Rl -greater but less than
0.01 g-m?. The value "010" 1ndlcates 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-m?. The value
"100" indicates that the moment of inertia is 0.032 g-m?2 or
greater but less than 0.037 g-m?2. 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 example, considering the standard thickness,
configuration, and mass (material), a 60-mm disc has a
moment of inertia equivalent to "000", an 80-mm disc has a
moment of inertia equivalent to "001“,‘a 100-mm disc has a
-moment of inertia equivalent to "010", and a 120-mm disc has
a moment of inertia equivalent to "011". The moment of
inertia of some 120-mm discs @ay-be "100" according to the
type of material. A disc having a thickness larger than the
standards,"or a disc having a non-uniform mass distribution

in the radial direction, for example, a disc in which the

mass on the outer periphery-is larger than that of the inner



25, each track into a ,plurality of packets according to the %gcéﬁ} wite
met hod, and records user data thereon. The PCA shown in Fig. 12AP[<299% area
in which test- recording is performed for adjusting the output power of

| aser light. Each track is an area in which user data is recorded. The

| ead-in area and the | ead-out area store the TOC, such as the start
address and the end address of each track, and various itens of

i nformati on concerning the corresponding optical disc, respectively. The
PVA is an 13 April 2004 - 46 area i+ 4di<h the TOC of each track is
tenporarily stored. Each track is formed of a pre-gap for recording track
I nformati on and a user data area for recording user data. Each packet shown

ond SRS B0, 0 SR e e ARV, § bt
i sposed, el gheehbeelsa 08! apblick P30t ) Wl 58 PpBpolph Gl v

for couplhgdRACka! $ephbaRntdicld vy thi® pricxetd:aNgidy RAGHRLs W iHSdRLE0d,

plurality of-tracks are formed in a reCording area o ewr it

and eachtheagbmen tdior do@riti0 mayPhbidr Foun ) PEflaticdenn L diinber of

user data blocks (block Iength) is made the same anobng the packets within
one trackasedndhdalcdrire spRhdiged inlF R thiofe id) readrdcket . Thus,

according to the fixed-length packet wite nethod,

For example, inertia information is recorded by using

four bits, such as M5 to M8. When the four-bit value is
- represented by J, [hex], J,,; [g-m2] (moment of inertia) may
be expressed by the following equation.

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_lz-cm regular (circular)
discs, and they are not differentiated. This is because
they can be differentiated by referring to the value of the
~moment of inertia.

More specifically, the moment of inertia of an 8-cm
regular disc is less than 0.01 g-m2, while that of a 12-cm
regular disc is 0.03 g-m? or greater. Accordingly, if the |
value of the disc Configuratién“is "00" and the wvalue of
inertia is "00", the disc is an 8-cm regular disc. |
Conversgly. if the value of the disc configuration is "00"

- and the value of inertia is "11", the disc is a 12-cm

regular disc.



the recording area is formatted in such a manner that the pgg?@hggﬁﬂgth of
the individual packets within one track is the sane, and th of
user data blocks is the same anong the packets. Fig. 26 illustrates the
format O a recording area of an optical disc formatted by a disc drive
unit. By wholly or partially formatting the pre-format recording area with
fixed-1ength packets, the formatted recording area is filled wth the
fixed--1ength packets. 13 April 2004 - 47 4. Sub-code and TOC The TOC and
sub-code recorded on the lead-in area 48 -a CD-format disc are as foll ows.
The m nimumunit of data recordable on a CD-format disc is a frane.

Ni nety-ei ght frames formone bl ock. The structure of one franme is shown in

G2 n Che, RieEEptal L0y 0T (SRS ! Bevbhgh b {2 it are

synchroni zation equen S arée "'su e data, and the

renaininghgi%gﬁgmgmgygglaggﬂng%E$§ﬁThqﬂ%%rg@ﬁggﬁlqgﬁ;igured as descri bed

above form one “bl ock, and sub-c data extracted fromthe 98 franes are

col | ect ;3¢ A2t a9y S0 BCRAE HAA dod'ly a9didid difs¥aPibe ONe bl ock, as
shown in Fig. 28A. The sub-code data extracted fromthe first and second

frames (‘feddr-g@Nt+tl and 98n+2) of the 98 franes are used as
synchroni zati on patterns.. The third through 98th franes

- 3-3 Recording area format

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

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

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

The PCA'shown in Fig. 24 is an area in which test-
‘:EGording is performed for adjusting the output power of
laser light. Each track ié én area in which user data is
recorded. The lead-in area and the lead-out area store thé
TOC,_such as the start address and the end address of each
track, and various items of informafion concerning the

- corresponding optical disc, respectively. The PMA is an



(frames 98n+3 through 98n+98) forma plurality of itens of. ggwnbé(gﬁta
l.e.., sub-code data P, Q R S, T, U, V, and W each havina q are
formed. Anong these sub-code data, the P channel and Q channel ,are used
for controlling access. However, since the P channel nerely i ndi cates a
pause between tracks, nore .precise control is perfornmed by the Q channel
(QL through @@6). The 96-bit Q channel data is configured as shown in 13
April 2004 - 48 Fig. 28B. The four bits, i.e.., QL through 4, are used as
control data for identifying whethes #afe-nunber of audio channels is two
or four, whether enphasis processing has been executed on the data (nusic)
recorded on the disc, whether the disc is a CD-ROM and whether digital

oo oaa S g e B LR e ey ‘%ﬁ? yon @
fgg(r::afsla(r:]t%!é éégoéu?&blﬁ%dgﬁesao&%g&tﬁ}%e% Ség)ccb qr?,%a%rg aII the sub-Q

data is Zl‘%ffbrn(ﬁ&’ccﬁptaﬂ@ra q%‘&/\)de%g)]arég)dfbﬂ- recof@fﬂ%aﬁ%ﬁj affd0: mode 2

... catalog nunber of disc 0011: node 3 ... Internati andar d
Recordi ng Codgach! pReke?1@Bowi0de Fig.  24S8hNUdSPaY 1east one

readable user data block, five linking blocks, which are

formed of one link block and four run-in blocks, disposed
before the user data block, and two linking blocks formed of
two run-out blocks disposed after the user data block. The
link block 1is used for coupling packets.

According to the fixed-length packet write method, a
plurality of tracks are forﬁed in a recording area of a

. rewritable disc, and each track is divided into a plurality
of packets. Then, the number of user data blocks (block
length) is made the same among the packets within one track,
and data is recorded at one time in each packet.

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

Fig. 26 illustrates the format of a recording area of
an optical disc formatted by a disc drive unit. Bf wholly
oi partially formatting the pre-format recording area with

_.fixed~1ength packets, the'fqrmatted recording area is filled

with the fixed-length packets.



0101: node 5 ... used for nulti-session type, such as gng?%P

CD- EXTRA After the ADR, the 72 bits @ through Q0 are used a Py d% dat a,
and the remaining @B1 through Q6 are used as a CRC. Addresses (absolute
addresses and rel ative addresses) can be expressed by the sub-Q data when
the ADR represents node 1. 13 April 2004 - 49 Concerning the address
formats represented by the sub-Q data, the format enployed for known
standard density discs, such as CD-DA, is discussed below with reference
to Figs. 29A and 29B, while the forsei7enpl oyed for high density discs,
such as CD-R and CD-RW is discussed belowwith .reference to Figs. 30A
and 30B. In the high density node, it is necessary to expand the maxi num
val ue of the absolute address along with a larger capacity of discs.
Accordingly, the address val ue of the high density discs is represented
by hour /g nutg/is¢ while that of the standard density discs is
represented by mnu e/second;frane The sub-Q data when the ADR is node 1

S azscr ! bednEeOy Wil L8 SARCE Lo RIS ond WAl NN A Mo 2k 10 TOC

structure of data i's discusse ow W t erence ig. 31

. The sulQs&lte SRy dvb the deaddd) area of a disc serves as the TOC
information. That is, the 72-bit sub-Q

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 ih Fig. 27.

One frame is formed of 588 bits in which the first 24’
bits are synchronization data, the subsequent 14 bits are“
‘sub-code data, and the remaining bits are data and parity.

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

The sub-code data extracted from the first and second
frames (frame 98n+1 and 98n+2) ef the 98 frames are used as
synchronization patterns. The third through 9§th frames
(frames 928n+3 through 98n+98) form a plurality of items of
channel data, i.e., sub-cede 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
.are used for centrolling access. However, since the P
channel merely indicates a pause between tracks, more
- .precise control is perfdrmed by the Q channel (Ql1 through

Q96). The 96-bit Q channel data is configured as shown in



data from @ to 080 of the Q channel data read fromthe Ieaq-i n.%@%
contains information shown in Fig. 29A or 30A. The sub-Q datgA@H in
Fig. 29A or 30A provides details of the 72-bit sub-Q data (09 through @0)
of the Q channel data shown in Fig. 28B. The sub-Q data is divided into
eight-bit portions and represents the TOC Information. In the sub-Q data
for the standard density disc shown in Fig. 29A, the eight bits @ through
QL6 designate the 13 Agri! 2004 - 5 0 - track nunber (TNO). In the lead-in
area, the track nunber is set to "00"48The subsequent eight bits QL7
through Q24 indicate point (PONT). Q@5 through @2, @3 through 40, and
A1 through 48, each having eight bits, represent the mnute (MN), the
second ( g),z @S the frame (FRAME), respectively as the absol ute address.
" 00000006*9"s in Q49 through 6. Further, PM N, PSEC, PFRAME are

{Sggggf?vgPyCE%ﬁekgégﬁggagﬁg% gﬁ bqr%é%gug%dQégg%ﬁ%yg¥%;H gF%ﬁ%%d‘by t he
P - -
;?sgesﬁomn in- i?@% %bhﬁgglng eaéﬂ1?n%r t%?gé¥xgﬁé£e|% é%ts O%en5|ty

through &G, %o"uff n%}ﬁeefglc%n{ o i N ONGLe SONGS %ﬂh&ecuted

m nut e/ second/franme, is in cate Mor e speC|f|caIIy In the lead-in area,

by usi ng gphqnd dtai (<D, (B r &, ot hd b sd Nayihd FRer HAKR ai¥bi ch is

is a CD~-ROM, and whether digital copying is allowed.

Then, the subsequent four bits, i.e., 05 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 ... nqrmal mode
0010: mode 2 ... cétalog 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 Q86 are used as
sub-Q_data,-aﬁd the remaining 081 through Q96 are used as a
CRC.

Addresses {absolute addresses and relative addresses)
can be expressed by the sﬁb-Q data when the ADR représents

mode 1.



a higher concept than the "M N', "SEC', and "FRAME", is rec?Egedl.qug’% usi ng
the remaining four bits 3, &4, b5 and 456, the time "P A ichis
hi gher concept than the "PM N', "PSEC', and "PFRAME", is recorded. In the
sub-Q data of the lead-in area shown in Fig. 29A or 30A, the follow ng
information is defined by the value of the point (PONT). In the sub-Q
code shown in Fig. 29A, when the value of 13 April 2004 - 51 PONT is
represented by "01" through "9F" in BCD (or is represented by "01" through
"FF" in binary code), it neans the tr@ack nunber. In this case, in the
PM N, PSEC, and PFRAME, the mnute (PMN), the second (PSEC), and the
frame (PFRAME) of the start point (absolute tine address) of the track
nunber are recorded. Wen the PO NT value is "AO', the _track nunber of the
first track iSPRERIBIRG HRe S-S (E0BPAEE TRPPRERMLEHPYs(BE FPafd on
(type) of disc,. such as CD- DA, Cg—lnteractive E&Sgkké, CD-.ROM ( XA
speci fi caPF8nsFheciRrHat| BERLPYPEJERY KROWDy St SEES e SR8 POl NT
value is "A ", Rﬁ Vh ack nynber of tge fingl . track in the programarea is
{ecor decsPrpRENCDahBn - tRedBerRFSoH B 1oy MAsh rRReTehgs SO he
| ead- out ea_isS cor eg I n, PMEN,  PSEC, and BFRANVE.as.t he' olute tine
addr ess f nﬂPg Eé 'Nygl gch8N%3§E8%,eFPgﬁged( FRA .IH%nSf¥§;
' discs, such as CD-R and CD-RW, is discussed below with
reference to Figs. 30A and 30B. In the high density mode,
it is necessary to expand the maximum value of the absolute
address alohg with a larger capacity of discs. Acéordingly,
the address value of the high density discs is represented
by hour/minute/second/frame, while that of the standard
density discs is represented by minute/second/frame.
| The sub-Q data when the ADR is mode 1 is. described
below with reference to Figs. 29A through 30B, and the TOC
structure of the sub-Q data is discussed below with
reference to Fig. 31.
The sub-Q data stored in the lead-in area of a disc
- serves as the TOC information. That is, the 72-bit sub-Q
data from Q9 to Q80 of the Q channel data read from the
lead-in area contains information shown in Fig. 294 or 30A.
The sub-Q data shown in Fig. 29A or 30A provides details of
the 72-bit sub-Q data (Q9 through Q80) of the Q channel data
shown in Fig. 28B. The sub-Q data is divided into eight-bit
portions and represents the TOC information.

In the sub-Q data for the standard density disc shown

in Fig. 29A, the eight bits Q9 through Q16 designate the |



On the other hand, in the sub-Q code shown in Fig. 30A mhen hﬁ&gﬁh
val ue i s designated by "01" through "9F", it neans the track®AR I n
this case, in PHOUR, PM N, PSEC, and PFRAME, the start point (absolute
time address) of the track nunber is recorded as the hour (PHOUR), the
mnute (PMN), the second (PSEC), and the franme (PFRAME). Wen the PO NT
value is "A0", the track nunber of the first track in the programarea is
recorded in PMN, and the 13 April 2004 - 52 session format can be
identified by the PSEC val ue. For thesonermal high density discs, PSEC is
set to 11001t. When the PO NT value is "Al", the track nunber of the final
track in the programarea is recorded in PMN Wen the PO NT value is

"A2", in_P a the_start | Iead out
area is F%%%E §1r fﬁ§ggbso?ﬂtEﬁ?Rﬁgagd&Pearthotﬁ% %EE%%)%E%P it e

(PMN), iSeg PS . and frame (PFRAME)). As the PO NT val ues, val ues
whi ch have a rea een defined or to be defined in the future, such as

c§ﬁ5|32?eéheAn e?%ﬁ%ﬁ%?@8%@g$§§%cfﬂ{t$ﬁgg?l omev% ?gdlgﬁif?ggrein this
Eg)ﬁﬁ' ”Bpéint’aEP@EﬁTt)Ypeézg‘;]tig?%ﬁbﬁabw' ”b@@”%h&-%ﬁgﬁr DabeC e hamhen the
pl anation thereof IS given in detail bel ow.
Thus, t hend&kghsohar medcRynhbengUBighdabatshowepresknd the minute
(MIN), the second (SEC), and the frame (FRAME), respectively
as the absolute address. "00000000" is set in 049 through
056. Further, PMIN, PSEC, PFRAME are recorded in Q57
through Q64, Q65 through Q72, and Q73 through 080,
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 cf Q49 through 56, the "time", which is a
higher concept than the minute/second/frame, is indicated.
More specifically, in the lead-in area, by using the
, foﬁr bits Q49, @50, 051, and Q52, the time “HOUR", which is
a2 higher concept than the "MIN", "SEC", and "FRAME", is
" recorded. By using the remaining four bits 053, Q54, Q55,
and 056, the time "PHOUR", which is higher concept than the
"PMIN", "PSEC", and "PFRAME", is recorded. H
In the sub-0Q data of the lead-in area shown in Fig. 29A
or 30A, the following information is defined by the value~of

the_point‘(POINT).

In the sub-Q code shown in Fig. 29A, when the value of



29A or 30A. For -exanple, the TOC fornmed by the sub-Q data of di $400
whi ch six tracks are recorded on the program area can be ina?38Wé% 6y t he
one shown in Fig. 31. Al the track nunbers TNO of the TOC are inevitably
represented by "00". As stated above, the block nunber indicates the
nunber of the sub-Q data which is read as the block data (sub-coding frame)
formed of 98 frames. In the TOC data, as shown in Fig. 31, the sane data is
13 April 2004 - 53 recorded over three consecutive bl ocks. The val ues of
PO NT "01"' through "06" are indicategifor six tracks (pieces of nusic),
tracks #1 through #6, respectively, and the start points of the first
track #1 through .sixth track #6 are indicated in PHOUR, PM N, PSEC, and

308, - and PN 1R S e e it Or 0 O Gath BHBWOT i o, | 20A
v e RN d TR R i RS uar Pash vt el fied by
donsi ty CH U ARy Vi (S . ' R0 A BRE a0 N O
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After the pP0ks N @6 (Y kS N FdiPd( S0l te L S 38Bdress) of the

track number are recorded.

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

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

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

On thé other hand, in the sub-Q code shown in Fig. 304,
when the POINT value is designated by "Ol" through "9F", it
- means the track numbe;. In this case, in PHOUR, PMIN, PSEC,
and PFRAME, the éfart point (absolute time address) of the

track number is recorded as the hour (PHOUR), the minute
(PMIN), the second (PSEC), and the frame (PFRAME).
When the POINT value is "AO0", the track number of the

first track in the program area is recorded in PMIN, and the



data indicated for the blocks n through n+26 is repeated. g the gnple
shown in Fig. 31, only six tracks are recorded, and the nunb P Abf cks is
limted so that the PO NT val ue designates only "A0", "Al", and "A2". In
practice, however, there may be nore bl ocks so that the value of PO NT
designates "A3" and the subsequent values, for exanple. "FO' or "CF",
which is discussed in detail below The nunber of tracks may al so be
different anong 1 3 April 2004 - 54 discs. Accordingly, one unit of TCC
data is not restricted to 27 blocks_sggwn in Fig. 31. In the program area
I n which pieces of nmusic, for exanple, tracks #1 through #n, are stored,
and in the |l ead- out. area, the sub-Q data is indicated by the information

shown in Fig. 29B.or Fig. 30B. Fig. 29B or SQHngOV|des details of the
2:bi1 s ASSte tqﬁrb@nz@%) Hiied o0 akIC drioe o1 K97 R Qo6)

h h ub-Q d ht b
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can be use ack.
When the POINT value is "A2", in PHOUR,'PMIN, PSEC, and

VPFRAME, 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_"Aj“ and the
- subsequent values, for example, fB*“,-and "C*", are

considered. An explanation of such values, however, is
omitted.

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

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

All the track numbers TNO of the TOC are inevitably
.represented by "00". As stated above, the block number
indicates the number of the sub-Q data which is read as the
block data (sub-coding fréme) formed of 98 frames.

In the TOC data, as shown in Fig. 31, the same data is



@5 through B2, @3 through 40, and 41 through 48, each ?aéLngﬁgight
bits, represent MN (mnute), SEC (second), and FRAME (frané g tinme
el apsed (relative address) w thin the track. "00000000" is set in (49
.through 6. In @7 through 4. @5 through Q72, and Q73 t hrough @80,
each having eight bits, AMN, ASEC, and AFRAME, are respectively recorded
as the mnute, second, and franme of the absolute address. The absol ute
addresses are addresses 13 April 2004 - 55 successively provided fromthe
head of the first track (i.e., the hegg of the programarea) to the

| ead- out area. Conversely, for the sub-Q data shown in Fig. 30B, the track
nunber (TNO) is recorded in the eight bits @@ through Q6. In the tracks

#1 through # f | ues " 01" h "oE" i Ei !
nai cat oBSCPRopd RS thReE S estarivon DLy dligh VB laf HEneT

recorded, and talaGk r t 9 n ovided. In the |ead-
out area, OiAA'tl'llgrlsaHl ecor0 ed?%%m%hdécs%l%ﬁggf&%ntsagﬁ db‘lﬁea ﬁ \s/(I etshr0 gh @4,
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the tine;gliapaedd Hel BHOUR ,2BHT1RESptd Nighd PFRAMIACK The TOC shown

in Fig. 31 is based on the sub-{Q data shown in Fig. 30A, and

if a TOC is created based on the sub-Q data shown in Fig.

29A, PHOUR is not provided. |

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

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

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

In the example shown in Fig. 31, only six tracks are
‘reéorded,,agd the number of blocks is limited so that the
POINT value designates only "A0", "Al", and "A2". 1In
practice, however, there may be more blocks so that the
value of POINT designates “AS" and the subsequent values,
for example, "FO" or "CF", which is discussed in detail

below. The number of tracks may also be different among



By using the subsequent four bits 49 through @2, the tine,” ' which
Is a higher concept than "M N', "SEC', and "FRAME", is recor&%ggH%004
Accordingly, the relative address is represented by
hour/ m nut e/ second/ franme. For data discs, hFF, FF, FF, F are used for
"MN', "SEC', "FRAME", and "HOUR', so that the relative tine is not
enpl oyed. In @7 through Q@4, Q5 through Q72, and Q73 through @0, each
having eight bits, AMN, ASEC, and AFRAME, 13 April 2004 - 56 respectively,
are recorded as the mnute, second, amliyfrane of. the absol ute address. By
using the four bits @3 through 6, the tinme "AHOUR', which is a higher
concept than "AMN', "ASEC', and "AFRAME", is recorded. Accordingly, the
absol ute ,address,, as well. as the relatiyv SS,. 1S represented by
our / m nBREFeacoRTREAIRS o s e ORici o SR 18 Rt BRERETRELsi ver y
rovi ded fr t .rst fsrack (i.e., the head of the program
P tof 97 iSRRG I Pl S .ack pr og

area) to thé'l ea area. code ' of the CD format is represented

s Ji scussedygbane. plBotln 3U8a0i60051 AVNCCBEFGE ARLIAT (and AHOLR)

areas are provid senting the ute address, and M N, SEC,

and FRAMg "@%éggﬁaa{se% HifrRidly #ed S AT ddeche! ddye

addr ess. Add y. as thé address pointer indicating the heads of the

track anguit hgd£Lad1iitsdy-8R.adtd Ns RSGcauh RFRAYR (alsbRidRnare

shown in Fig. 29B or Fig. 30B.

Fig.'29B or 3dB provides details of the 72-bit sub-Q
data (Q9 through 080) of the Q channel data (Q1 tﬁrough 096)
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 fhe lead-out area, “AA" is
recorded in the track number.

The subsequent eight bits Q17 through Q24 are used for
recordipg the index (X). The index can be used for dividing
each track.

Q25 through Q32, Q33 through Q40, and Q41 through Q48,
each having‘eight bits, represent MIN (minute), SEC (second),
and FRAME (frame) as the time elapsed (relative address)
within the track. "00000000" is set in Q49 through 056.

In Q57 through Q64, (065 through Q72, and Q73 through
080, each having eight bits, AMIN, ASEC, and AFRAME, are
respectively recorded as the minute, second, and frame of

the absolute address. The absolute addresses are addresses



di sposed. These val ues indicate the address by the m nute, iﬁ?‘ond nd
frame (and hour), each having eight bits (and hour having f E“%E@ '
BCD. The BCD is a notation representing "0" through "9"-in units of four
bits. Thus, according to eight-bit BCD, the values from"00" to "99" can
be represented, nanely, the upper four bits represent the tens |ocation,
and the |lower four bits designate the ones |ocation. According to four 13
April 2004 - 57 - bit BCD, the values from"0" to "9" can be represented.
In the exanple shown in Figs. 30A and 53)B, the track nunber (TNO, the
point (PO NT), and the index (X) are represented by the eight-bit binary
code ranging from"00" to "9F'. More specifically, the track nunber (TNO,

S TR SRR g R T sl o o
ok ng
pocord b pE TREL, Rlobi i M e e magREG A, (he ol

det dth k . t d "AA"
(210101010)  dSRPEHEreb7 et oBe a0zt ERbRn, 16, ETD m?ﬁgﬁﬁrt?%eai”ndex

\(/;(I) uggn %g%%ggglggib%ﬁlﬁgﬁgtﬁequ%‘le%fﬁ&erlfg;pect I Ve %tr& b%"'_tsl ?93[ }11:3159 p055| bI e
to corregpend the vhQl AracRY WD theouyd Hnac lﬁm@”ﬂfenthe values "01*
through "9F" in binary codg ié 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 24, the index
(X) is recorded. By using the index, each track can be

"dividéd into smaller portions. As the index number, one of
the values "01" through "9F" in binary code is used.

In Q25 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 Q52, the
time "HOUR", which is a higher concept than "MIN", "SEC",
and "FRAME", is ;édorded. Accordingly, the relative address
'is represented by.hour/minute/sécond/frame For data dlSCS,
hFF, FF, FF, F are used for "MIN", "“SEC", “FRAME“ and
“HOUR",‘so that the relative time is not employed.

In Q57 through Q64, Q65.through Q72, and Q73 through

080, each having eight bits, AMIN, ASEC, and AFRAME,



(TNO . By using the index (X), one track can-be divided intg éﬁ%zﬂﬁrtions.
The reason for representing the track nunber and the index % B "00"
t hrough "9F" in binary code is as follows. As described above, in the
known CD format, i.e., in the sub-code information shown in Fig. 29A a
specific definition, such as "A0", "A2", "A3", "B*" or "C*", is used 13
April 2004 - 58 for the point (PO NT) unless PO NT indicates the track
nunber. In both the exanples shown in Figs. 29A and 30A, "FO' can be used
as the value of PO NT, which is discussgd- in detail below Accordingly, if
"AOQ'" after "9F" is included to represent the track nunmber, "AO', which is
originally neant for -a special code, nust be used when the point (PO NT)

represents the track nunmber. If the point (PO NI) uses "AO', "A2" "A311,
B o G hgaye  BE mechAal Amudie T Aty acand - ind Edtent 11 on
of "AI" mus hbe gg%fe&en%ﬁ tedsbetmeen the standard density node and the
hi gh deng't% ffo & %ﬁi@h d%ﬁﬁgirs the conpatibility. For exanple, in a

S o L T S R L U
standar d nglgghly RIS &6 iHHE ey tIREE "aAMIN", "ASEC", and
| ;AFRAME", is recorded. Accordingly, the absolute address,
as well as the relative address, is represented by
hoUr/minute/second/frame.

The absolute addresses are addresses successively

. provided from the head of the first track (i.e., the head of
the program area) to the 1ead-6ut area.

The sub-Q code of the CD format is represented as
discussed above. In the sub-Q code, AMIN, ASEC, and AFRAME
(énd AHOUR) areas are provided for representing the absolute
address, and MIN, SEC, and FRAME {(and HOUR) areas are
provided for designating the relative address. Additionally,
as the address pointer indicating the heads of the track énd
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 5its) in BCD.‘

"The BCD is a notation representing "'O'Al through "9" in
units of four bits. Thus, according to eight-bit BCD, the

' values from "00" to "99" can be represented, namely, the
upper four bits represent'the tens 1ocation, and the lower

four bits designate the ones location. According to four-



Thus, it is deternmined that the track nunber is expanded only ,u Q% 4"9F"
(=159), and "AO' and the subsequent code are not used for tﬂgAPB q@
nunber. Even in the high density node, "AO' and the subsequent code are
used for defining factors other than the track nunber. Accordingly, as the
val ue of the point (PONT), "00" through "9F" are used for the track
nunber, and "AO0" and the 'subsequent code are used for the special
definitions. 13 April 2004 - 59 According to the allocation of code to the
point (PAONT), i.e., "00" to "9F" except-for the special definitions,

"00" through "9F" in binary code are also allocated to the index (X

whi ch has the sane bit allocation on the sub-code format. Another reason

f L Ct i h K Qn E L hl h f th k
o c oL BhE bR U LSRRl LT 0 48, SEUG ARG o (1 1T
t k nb ' - . ' h [ [

rack. ey obkeSEBLRS.! DEchRdsou B 30y bbul MRl Ghoctenst Ly

TOC dat ahanbie. (ki Ok AU RGN aglPlidT Rk N popent of T he

i nformation o ub-codi rame. initions of the sub-coding

frames V"Q@Er&egéntgﬁi By RS 'Xﬁ)gh%t!l‘ii'ict?‘tﬁ%é' ‘cdd¥ iny frod@Foov Al ",

and "A2" have been di'scussed. n this enbodi nent, information to be
recor dedgiph viglp® |

t he

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

As in the example shown in Fig. 29A, in Fig. 304, it is
determined that the tfack number "00" represents the lead-in
area and "AA" (=1010101i0) designates the lead-out area.

The point (POINT) and the index (X) can also be
represented by a range from "0" to "9F" by taking the values
"00000000" through ;10011111“, respectively. It is thus
possible to correspond thé point (POINT) to the t?ack number

- {(TNO). By using the index (X), one track can be divided
into 159 portions. 7 | |

The reason for representing the track number_and_the
index number by "00" through “9F"-in binary code is as
follows. _

As described above, in the known CD format, i.e., in
the sub-code information éhown in Fig. 29A, a specific

“definition, such as "AO0", "A2", "A3", "B%" or “C*", is used



sub-codi ng frane when the value of the point (PO NT) indicahgéiﬂgﬁimis
described below. Fig. 32 illustrates the content of the sub A r ,
i.e., MN, SEC, FRAME, HOUR, PHOUR, PM N, PSEC, and PFRAME, according to
the value of the point (PONT) when the ADRis 1, i.e., when the sub-Q
data is in the normal node. As discussed above, various types of
information indicated by (a) of Fig. 32 are recorded when the value of 13-
April 2004 - 60 the point (PONT) is one of "01" through "9F", "A0", "A",
and "A2". \Wen the value of the point ggPQ NT) is "FO', physical
information of a mediumis recorded in PMN, PSEC, PFRAME. The sub-coding
frame shown in Fig. 32 is based on the sub-Q data structured as shown in
as ,sho in Fi

208 phyEPEalte: REFRatFOREY BOHBRRURCIY P00 CRS SPodbrIdFAar PM N, PSEC
physi cal FPRESrat fon SO iec steaBas® cpvor B £1955 %08 A Sec “and
PERAVE. e bl 67l QUORNGB 01l QB SHGES d fzﬁhg@iaw gl the

medi um type, I near veIOC|t and the tfrack p f our

bits, o] tia, the conflguratlon, and the di sc size, each
haV|ng tmnnggﬁgala%giggiorded as indicated by (b) of Fig. 32. The

i nformation ojcthealAYisybi ifdhﬁﬁ"sﬁi‘éefs"‘éﬁﬁv‘@si fncluded to
represent the track number, "AQ0", which is originally meant
for a special code, must be used when the point (POINT)
represents the‘track humber.

If the point (POINT) uses "AO", "A2", "A3", "B#%",K6 "C*",
and so on, as the track number in binary code. the
definition of "Al" must be differentiated between the
standard density mode and the high density mode, which
impairs the compatibility. For example, in a
recording/reading apparatus, the burden of software and
hardware is increased in order to cope with the different
definitions between the standard density mode and the high
density mode.

Thus, it is determined that the track number is
éxpanded only up to "9F" (=159), and "AO" and the subsequént
code are not used for the track numbef. Even in the high
density mode, "AQ" énd the subsequent code are used for
defining factors other than the track number.

Accordingly, as the value of the point (POINT), "00"
through "9F" are used for.the track number, and "AO" and the

‘subsequent code are used for the special definitions.



Fig. 33. The val ue "0000" indicates that the disc size is 1 The
val ue "0001" indicates that the disc size is 80 mm The oth§8PGE]%R§§ are
reserved. The information of the-two-bit disc configuration is shown in

Fig. 34. The value "00" indicates that the disc is «circular. The norma
circular disc is a 12- or 8-cmdisc. The value ".01" indicates that the
disc is atriangle. The value "10" indicates that the disc is a

quadril ateral. The 13 April 2004 - 61 value "11" indicates that the-disc
has a configuration other than the abhpaye-described configurations. The

ot her values are reserved The two-bit nonent-of-inertia information is
showmn in Fig. 35 The value "00" indicates that the nonent of inertiais

| ess than 0.01 gnR. The value "01" indicates that the nmonent of inertia is
0.01 gn2 or ¢PeaPERingttpetle ahiAcatongofipcodretoalhie PPARY| ndicates that-
the monent of inertia is Q.02 gnR or greater byt less than 0.03 gnR. The
val ue " 1{POINd)cate® rhaf O h&OnoiEnt eDfe fora the @F@§”§ﬁ2 or greater. By

T e B A AR OR I el Bl g, | o o,
conTou 3388530+ 168 1RSI0 0h ler B B Bhng R 25 1o s
such inf grHRLLRGonC3R RRetQ0H-40d2 -Format .

Another reason for restricting the track number to ngE™
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 informatiqn of the sub-coding
frame. The definitions of the sub-coding frames when the
point (POINT) indicates "01" through "9F", "AO0", "A1l", and
"A2" have been discussed.

In this embodiment, information to be recorded in the
sub-coding frame when the value of the point (POINT)
indicates "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,
according to the value of the point (POINT) when the ADR is
1, i.e., when the sub-Q data is in the normal mode. |

As discussed above, various types of information

indicated by (a) of Fig. 32 are recorded when the value of



However, these factors have been di scussed above while referring to the
wobbl e information. An explanation thereof s thus omtted. Fherk0A- bi t
track pitch information is shown in Fig. 36. \Wen the value is "0000", the
track pitch is 1.05 pm Wen the value is "0001", the track pitch is 1.10
pm Wen the value is "0010", the track pitch is 1.15 pun. \Wen the val ue
Is "0011", the track pitch is 1.20 pm Wen the value 13 April 2004 .. 62 -
is "1000", the track pitch is 1.50 pm Wen the value is "1001", the track
pitch is 1.55 m Wen the value is 110", the track pitch is 1.60 M Wen
the value is "1011", the track pitch 1s 1.65 M Wen. the value is

"1100", the track pitch is 1.70 m The other values are reserved. The
track pltch indirectly designates the disc density (standard density/high
densi ty) thehaeipd, (PEIHEY ﬂﬁr@&&hOf'O@if"tpﬁ@ﬁéét §Fihaf7¥H dizld’ 4 s” a high
density disc, while "1000" through "1100" indicates that the disc is a
standardanGenQPty The four-bit linear velocity information is shown in

Fig. 37. W al "0000", the | | m.s. W
The volue 1o st VAo Faliie @8 Tog botpy (EOINFEsS8 ¥l Rg‘é’ﬁgc\%sue e
"0010", l Loci t Q.88 ni " th

| i near véP§8 |n%ar ve OCI 91“mhéﬁ Fﬁ€°§§F§h R@%% fg&?%i ] 'velgcity
is

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 caﬁ also be recorded in.PMiN, PSEC,
and PFRAME when the value of the point (POINT) is "FO".

The contenﬁ of the physical information is indicated by
(b} of Fig. 32. 1In PMIN, PSEC, and PFRAME, i.e., in Q57
through Q80, information, such as the material, the medium
type, the linear velocity, and the track pitch, each having
four bits, the moment of inertia, the configuration, and the
disc size, each having two bits, are recorded, as indicated
by (b) of Fig. 32.

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

The information of the two-bit disc configﬁfation is
shown in Fig. 34. The value 00" indicates that the disc is
circular. The normal circular disc is a 12- or 8-cm disc.
The value "01" indicates fhat the disc is a triangle. The

value "10" indicates that the disc is a quadrilateral. The



0.92 m's. When the value is "0101", the linear velocity is q 26—{?@@ When
the value is "0110", the linear velocity is 0.96 ms. Wen tA&PIADE is
"0111", the linear velocity is 0.98 m's. Wien the value is "1000", the

| i near velocity is 1.15 m's. Wen the value is "1001", the linear velocity
Is 1.20 mls. When the value is "1010", the linear velocity is 1.25 m's.
When the value is "1011", the linear velocity is 1.30 ms. Wen the val ue
is "1100", the linear velocity is 13 April 2004 - 63 1.35 nis. \Wen the
value is "1101", the linear velocity-igy 1.40 ms. Wien the value is
"1110", the linear velocity is 1.45 ms. The value is "1111" is, reserved.
The linear velocity also directly designates the disc density (standard
density/ high densi,ty)...That is, "0000" _ through "0111" indicates a high
Gonst (5l SHEe thagsotes: Fratomne: i6¢ Ditd: bt o SEHY SIHRT Ly

di sc. The four:;bit,nmediumtype information, s _sho in Fi.g. 3 The val ue
"0000" | THFBAtRS ARAVSrHESREARGH COPEhauTq LGy mau A E I VATIRE » 0001

i ndi cates_t hat .t he diumis a DRAW (WORM nedium The val ue "0010"
indicate%th%stggegﬁediun1is a rewitable nedium The value "0011" is

eserves TR Ol ARLGRL b, SHECFRALA 8 2 Y T
oot PR 4 Samd e T dune bgeliompe o8 8
nmedi Um hgyeR4id is less than 0.01 g-m2. The value "01" indicates
that the moment of inertia is 0.01 Q-mz or greater but less
thgn 0.02 g-m?2. The value "10" indicates that the moment of
inertia is 0.02 g-m2 br greater but less than 0.03 g-m2. The
value "11" indicates that the moment of inertia is 0.03 g:m?
or greater.

By referring to the diéc configuration and the moment-
of-inertia information, a disc drive unit is able to
determine them. Additionally, various configurations of
discs, details of the ihformation, such as the disc size,
the configuration, and the moment of inertia, and

- modifications of such information, can be considered.
However, these faciors have been discussed above while
referring to the}wobble information. Aan expianation thereof
is thus omitted.

The four-bit track pitch information is shown in Fig.
36. Whén the value is "0000", the track pitch is 1.05 pm.
When the value is "0001", the track pitch is 1.10 ym. When
the value is "0010", the frack pitch is 1.15 pm. When the

value is "0011", the track pitch is 1.20 pm. When the value



DRAW (WORM) area and a read only area. The value "0111" indicates that the
mediumis a hybrid nmediumhaving a rewitable area and a ng ar ea.
The val ue -"1000" indicates that the nmediumis a hybrid nedi um having a
standard-density read only area and a high density read only area. The

ot her values are reserved. The four-bit material information is shown in
Fig. 39. Wen the value is "0000", enbossed pits are forned on the 13
April 2004 - 64 recording layer, i.e., the material of the recording |ayer
is a material used for read only disese2Wen the value is "1000", the
material of the recording |ayer is cyanine used .for DRAW (WORM nedia.
When the value is "1001", the material of the recording |ayer is

ht al ] d f nedi &, W lue is "1010", th

ot or &l 220t PR o lBP R kapar Tk 29 (ipoliPRICRE (FLIRAD (oM
dia. Vbegohhe yalue s, 10 kh | al of t ing | i

phase” change it SPPal ek ERSE™ A T il o ifier Hihe EPRRE' 18000 1y St

"0111" nh10Q% .t h.% 1" ' , th
a“?gflo 10@he f&&%\é&hgﬂ:ﬁx 1sarle.dcﬁz§r%‘r’§§gmﬁ ﬁé%%%‘?% %Ove N

physi cal information of t medi umis T e _ e sl ta (TOC) of
the | eadwhgqjar e%heﬂl&%cﬁ‘:”%‘ik%% 3 AiSGenine Wildn Hh&EaPAlYe a0 precisely

determ ne the disc.5|ze, the configuration, the nonment of inertia., the
track pitghoothe thieN@dackepatichy id he 70§ UMind & LI JApudBigréal of the

recording | ayer.

reserved.

lThe t;ack 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 wvelocity 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_“OldO“, the linear wvelocity is
0.92 m/s. When the value is "0101", the.linea: 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 linéar velocity is
0.98 m/s. When the valué is "1000", the linear velocity is
1.15 m/s. When the value is "1001", the linear velocity is
1.20 m/s. When the value is "1010", the linear velocity is
1.25 m/s. When the value is "1011", the linear velocity is

1.30 m/s. When the value is "1100%, the linear wvelocity is
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of the physical information of the recording nediunkg LG&EFUb_Q
data (TOC) of the lead-in area shown in Figs. 32 through 39, ng A
informati on shown in Figs. 40 45 may be enpl oyed. As the sub--Q data
ed by (a) of Fig. 32, the content of the sub--Q data when ADRis 1,
he content of the sub- Qdata in the normal node, is shown in (a) of
0. Mre specifically, the content of the sub-coding frame 13 Apri
65 according to the value of the point (PONT), i.e., the content
SEC, FRAME, HOUR, PHOUR, PMN,e#SEC, and PFRAME, is shown. The
information indicated in (a) of Fig. 40 is simlar to that indicated

Fig. 32. However, the physical infornation of a nediumto be

in
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recor In PM N e physi ca

desi gnat gdnkR 40 s@bnba¥a density/high density). That is, *0000"

through "0111" indicates a high density disc, while "1000"
through "1110" indiqates a standard density disc.

The four-bit medium type information is shown in Fig.
38. The value "0000" indicates that thé medium is a read
only medium. The value "0001" indicates that the medium is

a DRAW (WORM) medium. The wvalue "0010" indicates that the

médium is a rewritable medium. The_value "0011" is reserved.

The value "0100" indicates that the medium is a hybrid
medium having a read only area and a DRAW (WORM) area. The
value "0101" indicates that the medium‘is a hybrid medium
having a read only area and a rewritable area. The value
"0110" indicates that the medium is a hybrid medium having a
DRAW (WORM) area and a read only arca. The value 50111"
indicates that the medium is a hybrid medium having a
rewritable area and .a DRAW.(WQRﬁ) area. The value -"1000"

indicates that the medium is a hybrid medium having a

standard-density read only area and a high density read only

area. The other values are reserved.
The four-bit material information is shown in Fig. 39.

When the value is "0000", embossed pits are formed on the

rmatlon



40, in the 24 bits of PM N, PSEC, and PFRAME, |.e., in b7 hgroqu}gﬁ
four-bit nmediumtype, a four-bit nmediumversion, a four-bit ferf<o ype
a two-bit linear velocity, a two-bit track pitch, a three-bit nonent of
inertia, and a four-bit disc size/configuration are recorded. The four-bit
di sc size/configuration is shown in Fig. 41. Wen the value is "0000", the
disc size is 120 13 April 2004 - 66 Wen the value is "0001", the disc
size is 80 mm The other values are reserved. By utilizing the reserved
val ues, the other. disc sizes and conrfg gqurations nay be recorded. For
exanple, Q79 and B0 may be used for the disc size information, and Q77
and Q78 may be used for the disc configuration The two-bit disc
configurati on_na e defined as.in the infor Lon sho i n FI%: 34. More
speci fi cBPFYTIhAEn F‘H%’-‘-vél Ge i thepmaterjalyp the 5“-"?8 199 &% ar di sc.
When the val ue sSc _I.S tri.an ular VMen the, value is
Mor tneearsBarTiatersaf; %Pgr T8RO oMM ATERE VPSR 2 FRLUE HE di sc has
a configy en her _t han ve-des r|be confl uratiqQns.

A Lerna, yph"": PherbakdRian "B TR FRGpraAnty 93?6& t RSRLE 8598 and the

di sc con%gg Eﬁhwoqwbﬁmﬁnhgga througﬁytT%a¥ﬂRﬁed§glnﬁgOlm the dour bits Qr7

t hrough y usi'ng
material of the recording layer is phtalocyanine used for

DRAW (WORM) media. When the value is "1010", the material
of the recording layer is an azo compound used for DRAW
(WORM) media. When the value is "1011", the material of the
recording layer is a phase change matérial used for
rewritable media. The wvalues "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-fhe 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.

As the sub-Q data indicated by (a) of Fig. 32, the
content of the sub-Q data when ADR is 1, i.e., the content
of the sub-Q data in the hormal mode, is shown in {a) of Fig.

40. More specifically, the content of the sub-coding frame



As the three-bit nonent-of-inertia information recorded in ggﬁPtQ{ th
Q76, the definition shown in Fig. 23 nay be wused. Mire speci¥ff QI@?, t he
val ue "000" indicates that the nonment of inertia is |less than 0.004 gn2.
The val ue "001" indicates that the nonent of inertia is 0.004 gn2 or
greater but |ess than 0.01 gnR. The value "010" indicates that the nonent
of inertiais 0.01 gnR or greater but less 1 3 April 2004 - 67 than 0.022
g-n2. The value "011" indicates that the nmonent of inertia is 0.022 gnR2 or
greater but less than 0.032 gn2. The ggalue "100" indicates that the nonent
of inertiais 0.032 gn2 or greater but |ess than 0.037 gn2. The val ue
"101" indicates that the nonent of inertiais 0.037 gn2 or greater. The
val ues "110" and "111" are reserved. The two-bit track pitch_ information is
shown i naprgrding tgpdher Nalugl € ithe' pointi RROENZIK pi-€ch €. 10 m The
ot her values are reserved. The two-bit |linear velocity information is shown
in Fig. c23tenfeofaMil. " §6C.i &AM e ¥OURat PERER) | RMAN. v &PEGt 7% 0.9 m's.
The other_values _ are_reserved. As the four-bit material type information

fr om Q65FFRAMEugASQEB%Phe definition from 057 to Q60 shown in Fig. 39 may

De 12e oo HRAT RELCHEFAOM, YSASLO0oRTIRT 1B} L8P FEg5 0" kMofhdnart: The
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 thah 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 "FO0", the physical information of
the medium indicated in (b) of Fig. 40 can also be recorded
in PMIN, PSEC, and PFRAME.

In the physical information designated in (b) of Fig.
40, in the 24 bits of PMIN, PSEC, and PFRAME, i.e.. in Q57
through 080, a four-bit medium type, a four—ﬁit 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
four-bit disc size/configuration are recorded.

| The four-bit disc size/configuration is shown in Fig.

41.

When the value is "0000", the disc size is 120 mm.



The val ue "0001" indicates that the version is 1.0. The oth$ qukgﬁﬁ are
reserved. The four-bit nmediumtype information is shown in Fié).prI . 'The
val ue "0000" indicates that the disc is a high- density (doubl e-density)
read only nmedium The value "0001" indicates that the disc is a

hi gh-density DRAW (WORM nedium  The val ue "0010" indicates that the disc
Is a high density rewitable nedium The other values are reserved. 13
April 2004 - 6 8 - According to the above-described physical information
of a mediumin the sub-Q data (TOC) ofeg he | ead-in area, the disc drive
unit is able to easily and correctly determ ne the disc size, the disc
configuration, the nonent of inertia, the track pitch, the linear

velocitywaéggﬁgpdiu 3%£§%Qéb%$%"na%%glli§g gg%% L%fgﬁp%leaﬁﬁg,ogﬁgkghe

. va ’ 3
ver si on. uss t'the multi™-séssion"type, such as

CO R CRBMIRAG GRS Qieitiie ARR il 1S op s Qafiidh b

"0101", i.e., nthi's e ment en the dat a

(TOO) in_ & - Ns3ea i oY A T- t égg%gb in Fig. 46 is
recor d_edotgg@%(#r ?la%gd %&QEEea\k}gﬁ t%%gfli{uhe_ pg!n_rngt H Pgel.ilfl']s T e.(}'nf or mat i on
shown in Fig. p48 bgabgeby! 079" afa B¥BI WdydbacuBaw !Elﬁratlﬂleurd@_ls'd ¥%i9fe areas,

each having a lead- in area, a programarea, and a |ead-out area, which are
referredih¢cdtad ioM) andl €37 @l 7RI IRE QRer@idON.

configuration.

The two-bit disc configuration may be defined as in the
information shown in Fig. 34.. More specificaliy, when the
value is "00%, the disc is a regular circular disc. When
the value is “"01", the disc is a trianguldr 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 define& in the four bits Q77 through Q80 by using
"0000" through "1111".

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

_used. ‘

More specifically, the value "000" indicates that the
moment of inertia is less than 0.004 g-m2. The value "001"
indicates that the moment of inertia is 0.004 g-m2 or
.greater but less than 0.01 g-m?2. The value "010" indicates

that the moment of inertia is 0.01 g-m? or greater but less



When the value of the point (PONT) is "BO', the absolute t'§§\if€ ol ute
address) at which the programarea of the subsequent uni t ar %S is
recorded in MN, SEC, FRAME, and HOUR In PHOUR, PM N, PSEC, and PFRAME;
the absolute tinme (absolute address) at which the | ead-out area of the
final unit area of the disc starts is recorded. Wen the value of the point
(PONT) is "CO', special information 1 of the above-descri bed wobbl e
information is 13 April 2004 - 69 recorded in MN, SEC, FRAME, and HOUR

In PHOUR, PM N, PSEC, and PFRAME, t-hesabsolute tine (absol ute address) at
which the lead-in area of the first unit area of‘the disc starts is
recorded. Wien the value of the point (PONT) Is "d", the above- descri bed

PSEC, “antiPERAI 2 € Pocer (o8, VORGR 1 %@a?a%ﬁ?‘?\%ﬁet%%f*nf“#% TN : &
Cur ront O T SF A Cods e Podorod R SER® PRRRE Thed R PHOUR

PM N, PSEGe 9aduBFRAMG" iheiaatalsiiihat! ithe GRRSAIUIGE aRa)rAl ¥ ch the

| ead-in area of the subsequent unit area starts is recorded. \Wen the

val ue of ot bg2pgi-a 6POMNEXtbe bEE" 1EBst BBanf bNBB7UG-h2ar e@net H@ 1Al or mati on
in PHOUR, PM N PSEC and. PFRAME is set to zero since there is no

?uboseq;Jeﬂnoum tlnarle&tegAlthertnemevatomentﬂtefslibrecieiiea firean®e, 03y V@Jrﬁ:h die point
PO NT :

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

The two-bit track pitch information is shown in Fig. 42.
When the vaiue is "00", the track pitch is 1.10 pm. 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 068, the definition from Q57 to Q60 shown in Fig. 39
may be used.

The four-bit medium version information is shown in Fig.
' 44. The value "0000" indicates that the version is 0.9.
‘The value "0001" indicates that the version is 1.0. The
other values are reserved.

The four-bit medium type information is shown in Fig.
45. The value "0000" indicates that the -disc is a high-
density (double-density) read only mediuﬁ._ The value "0001"
indicates that the disc is a high-density DRAW (WORM) medium.
The value "0010" indicates that the disc is a high density

rewritable medium. The other values are reserved.



Is "CF" is not provided. As described above, in this enbodinqgt,r$ 004
referring to the information of the sub-Q data of a hybrid diéL\,p
particular, the "absolute tinme at which the lead-in area of the subsequent
unit area starts” when the value of the point (PONT) Is "CF", the
position of the lead-in area of the subsequent unit area can be precisely
determ ned. For exanple, Fig. 47A schematically illustrates a disc 13 Apri
2004 - 7 0 - having two unit areas #1 and #2, and Fig. 47B schematically
illustrates a disc having three unit- &8as #1, #2, and #3. According 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 can be identified, as shown

in Figs. 41/a888rdiky E@i§ﬁ§n§9$€éféegé§£b8&i%ﬁyéﬂ&&ltﬁnﬁéﬂﬂﬁﬁﬁbﬁ||y
access the lead-in areas of the individual unit areas, as 1ndicated by the

one- dot - plRakNmali aws int RAEERYUbEASGhta (@de)Nart Bl Pealatlidy freRachnait
area. In the sub-code of the lead-in area of each unit area, the absolute

tinme at ghkehdtheeCunigntsl eddeottb @hedal19f ahlde cottielctaredcdie r ecor ded.
Thus, any gap between the | ead- out area of the current unit area and the
| ead- -i ntheeaigkt stihke,sttheequert configaredioan hteC aionegil bi daiddtised. 5.
Configuration of disc drive unit A description is now given of a disc drive
unit for thepérhokrpigch,r ¢ber diingare gdilogidyer dhieo meidivac dypeandehen t h
material of the recording layer, and the version.
As discussed above, in fhe 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-0 data
(TOC) in the lead-in area is mode 5, the information shown
in Fig. 46 is recorded according to the value of the point
(POINT). The information shown in Fig. 46 is useful for a
hybrid disc having a plurality of areas, each having a lead-
in area, a program area, and a lead-out area, which are
referred to as a "unit area" for a recording/reading
operation.
When the value of the point (POINT) is "BO", the
absolute time (absolute address) at which the p:ogrém area
of the éubsequent_qqit area starts is recorded in MIN, SEC,
FRAME,'a;a HOUR.- In PHOUR, PMIN, PSEC, and PFRAME;'the
absolute time (absolute address) at which the lead-out area
of the final unit area of-the disc starts is recorded.

When the value of the point (POINT) is "CO", special

ihformation 1 of the above-described wobble information is



t he above-descri bed various types of discs. Fig. 48 is a blogs r%
illustrating the configuration of a disc drive unit 70. @pm 043 disc
.90 is a CD format disc, such as a CO-R, a CO-RW a CD-DA, or a CD- ROM ‘
Various types of discs, as discussed with reference to Figs. 1A through
5B, may be loaded in the disc drive unit 70. 13 April 2004 - 71 The disc
90 is loaded on a turntable 7, and is rotated at a CLV or a CAV by a
spindle notor 6 during a recording/reading operation. Then, pit data is
read from the disc 90 by an optical- gock-up 1. As the pit data, when the
disc 90 is a CO-RW pits forned by a phase change are read. \Wen the disc
90 is a CD-R, pits formed by a change in an organic pignent (index of

pi s ar G- PERR0 gékif‘*ﬁfaﬁ?aﬁ% cRRBET ia Bofe"s pR Bl arip FEEE S
fl d
iont. aAScFERie Pin,SB¥6fren R0, RABLETLEE %‘19“65552%%%%4el aser

9nt . apfloaloaLigal aXobeMnEne rRouL ! AL, eapeky't G died asidd gt to

the recording sur ace of the disc via't ectlve ens so for
gui di ng §he Ligbhefefl ected by the disc to the'photodetector 5. A
noni tori ng 5etector 22 for receiving part of the light output fromthe

laser di ode 4yhénatse PaPNEdSE £R& HHEntOPPOERYT)PLEK"ER"]. the above-
described special information 1 is copied in MIN, SEC, FRAME,
and HQUR. PHOUR, PMIN, PSEC, and PFRAME are reserved.

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

When the value of the point (POINT) ié "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 ppint.(POINT)
is "CF" is not provided.

'As described above, in this embodiment, by referring to
-the informatidh:of the sub-Q data of.a hybrid disc, in

~ particular, the "absolute time at which the lead-in area of
the subsequent unit area starts" when the value of the point
(POINT) is "CF", the position of the lead-in area of the
:subsequent unit area can be precisely determined.

For example, Fig. 47& schematically illustrates a disc



The objective lens 2 is held by a two-axes nechani sm 3 anaQ%y\}WbddQe
tracking direction and the focusing direction. The entire op €8 p1 ck-up
1 is novable along the radius of a disc by a sled nechanism8. The | aser
diode 4 of the optical pick-up 1 is driven by a drive signal '(drive
current) froma laser driver 18. _. The reflected light information from
the disc 90 is 13 April 2004 - 72 detected by the photodetector 5 and is
converted into an electrical signal based on the amount of received |ight.
The electrical signal is then suppli-ed?@o-an RF anplifier 9. Generally, the
RF anplifier 9 is provided with an AGC circuit. This is because the anount
of light reflected by a CD RWconsiderably changes accordi ng to whet her

data I's nageRbdedootniieatbas 99 QhariolNendla | 9 BlILcRblags Lagy ded on

t he-dis conparison wth'a o, the 1 ndex o | ection

of a CI*Ey!ﬁ§t¥§E¥sdbfEﬁé@nhavihﬁo@hkg%tuﬁ&taaQQhBOMHQr#Q,Cghﬁi:#jthe RF

anplifier 9 is also provided with a current-to- vol tage conversion circuit,

a matrixpee8PHEheotaMehiel ¥ubdo @aitaUidcad®¥Tont ¢neORGaW-tif e OWd W
currents froma plurality of |light receiving devices, which formthe

phot odet gfit or abeal, hehebpoparabal oy thiedN@ad -y BeEEOLH Ate MALTIX
conput ation. For exanple, an RF signal (read data), .a focus error signha

FE and astibssljusgtenndt areadlcahEbleordepariffaed,NésS ehvnCdrt Falgsar e
generated.
41A and 41B. This enables a disc drive unit to sequentially
access the lead-in areas of the individual unit areas, as
indicated by the one-dot-chain arrows, thereby easily
reading the TOC data of each unit area.
In the sub-code of the lead-in area of each unit area,
the absolute time at which the current lead-out area of the
unit area ends is recorded. Thus, any gap between the lead-

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

the subsequent unit area can be correctly identified.

5. Configuration of disc drive unit

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

. Fig. 48 is a block diagram illustrating the
‘configuration of a disc drive unit 70. In Fig. 48, a disc
90 is a CD format disc, such as a CD-R, a CD-RW, a CD-DA, or
a CD-ROM. Various types of discs, as discussed with
reference to Figs. 1A thrbugh 5B, may be loaded in the disc

drive unit 70.



The read RF signal output fromthe RF anplifier 9 is suppliqﬂ to”§
binarizing circuit 11, while the focus error signal FE and t @pPr gﬁing
error signal TE are supplied to a servo processor 14. As described above,
a groove for guiding a recording track is pre-formed on the disc 90, such
as a CD-R or a CO RW The groove wobbl es (neanders) according to a signal
13 April 2004 - 73. forned by performng frequency nodul ation on tine

i nformation indicating the absol ute address on the disc. Accordingly,
during the recordi ng/reading operati-offl by .referring to the groove

i nformation, tracking servo can be perforned, and the absol ute address and
various physical information can be obtained. The RF anplifier 9 extracts

wobbl e i nf or ML ogs MOR, BYs DO SLEEA g "B £y COUPUT AL | 9a_800roRURLh €5 it

to a groove decoder e groove coder nodul ates the recelved

wobbl e jpf gr gpii gp ¥CBAGOpgSal QpexhiachotBe abagkyhg address and supplies
It to a systemcontroller 10. The groove information™is also input into a

phase Ife&sgdhﬁﬁpréa_lathCbbeghtiéﬁ.asThenbe;iitnda%atiisoe:@aa WRIREi Ly
i nformati on of the spindle notor 6. By conparing the rotational velocity

informattpe @itk bbebiyehar epeecayepoektypi 0f or ABt ited, pa tsRiatd e widDr
signal SPE is generated and output. Recordable discs, such as CD-R and
CD-RW iBhéudeéstWwo0 is a CD-RW, pits formed by a phase change are
read. When the disc 90 is a CD-R, pits.formed by a change
in an organic pigment (index of reflection) are read. When
the disc 90 is a CD-DA or a CD-ROM, embossed pits are read.
The optical pick-up 1 contains a laser diode 4, which
serves as a laser light source; a photodetector 5 for
detecting reflected light, an objective lens 2, which serves
as an output terminal of laser light, and an optical system
{not shown) for applying the laser light to the recording
- surface of the disc via the objective lens 2 aﬁd 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
ﬁovably_?n the tracking direction and the focusing Qirection.
The eﬂtire optical-pick~up 1l is movable along the radius of
- a disc by a sled mechanism 8. The laser diode 4 of the
~optical pick-up 1 is driven by a drive signal (drive
current) from a laser driﬁer 18.

The reflected light information from the disc 90 is



types of disc, such as a standard density disc and a high d S|tg2@%
The groove decoder 23 switches the decode system according- t nS|ty
type information output fromthe systemcontroller 10. Mre specifically,
the groove decoder 23 switches the matching pattern of a frane

synchroni zation. The read RF signal obtained in the RF anplifier 9 is 13
April 2004 - 74 binarized in the binarizing circuit 11 so as to be
converted to an eight-to-fourteen (EFM signal. The EFM signal is
supplied to an encoder/decoder 12. The7Zzncoder/decoder 12 has both
functions, such as a decoder function required for reading data, and an
encoder function required for recording data. Wen data is read, the

Cerrrer | Be8uctla By AR oM ST SR 5 A8n i SHS B8 1Y,

dei nterl eavi ng, ng, etc., thereby formatted

data.  The:@eeederdaome! %%s@ds%ne%ra%mo%l}&%%dﬁgehé he data

read fromthe sc 90 an supplies it to the system cont 10 as the

TOC and aqdr @3%dtiiQiBldighaAS iSURNeRd@upp1daf Ao ANHE | AR { Hied N

encoder/ decoder 12 generates a reading clock in synchronization with the
EFM si gnal bycepeth®n#, NehBLRFPEABESEH BG, 9aRd PXOGHERY metra%vméﬁscrl bed

decodi ng. operation based on the reading clock. In this case, th

encoder/ ¢agesdrt .12 Tly as Hddimgedttdld unteldCilight reflected by a
CD-RW considerably changes according to whether data is
recorded on the disc 90 or whether data is currently
récorded on the disc 90 in comparison with a CD-ROM, and
also, the index of reflection of a CD-RW is very different.
from that of a CD-ROM or a CD-R. .

The RF amplifier 9 is also provided with a current-to-
voltage conversion circuit, a matrix-computing/amplifying
circuit, etc. to cope with the output currents froﬁ a
plurality of light receiving deviceé, which form the
photodetector 5, therehy generating signals by performing
matrix computation. - For example, an RF signal (read data),
.a Ffocus error signal FE and é 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 fbéus error
signal FE and the tracking error signal TE are supplied to a
servo processor 14.

As described_above, a groove for guiding a recording

track is pre-formed on the disc 90, such as a CD-R or a CD-

RW. The groove wobbles {(meanders) according to a signal



information of the spindle notor 6 fromthe reading clock, agd

conpares.-It with the reference velocity information, thereby 85H§P§t|ng

the spindle error signal SPE and outputting it. The encoder/decoder 12 is
able to switch the processing method according to whether the disc (or
unit area) to be -read or recorded is a standard density disc or a high 13
April 2004 - 75 density disc. During the reading operation, the

encoder/ decoder 12 stores the above-described decoded data in a buffer
menory 20. Wen outputting the read-d&3a fromthe disc drive unit 70, the
data stored in the buffer nmenory 20 is read and output. An interface 13 is
connected to an external host conputer 80, and recording data, read data,

and var i @4$-metO BB Res RGN F R e&e&el 1%&9&9?%? eAs the interface

13, a small conpater systenrlnter ace or an AT attachnent packet

i nt er f acg nER MBI onS 1%AQa tHh threeedrsmxﬁ@ aadesd el @ aagdecoded and

stored. in the buffer nenory 20 is transferred to the host conputer 80 via

the intadee@idbyly) @Radne0 RN tecdrdingy rer@mnfl opsih ©ide] wpmands
fromthe host conmputer 80 are supplied to the system controller 10 via the
i nt er f aceekrrthen toeabiedigieodel 1nﬂcﬁ:@rﬂitﬂdiﬂ dedacK i s asvaushn siat a
performed and the absolute address and various physical
information can be obtained. The RF amplifier 9 extracts
wobble information WOB by performing matrix computation, and
supplies it to a groove decoder 23.

The groove decoder 23 demodulates the received wobble
information WOB so ae 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 fotational
velocity information of the spindle motor 6. By comparing
the rotational velocity information with the reference
Velocity information, a spindle error signal SPE is
generated and ocutput. |

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 acoofding.to the density type information output ffom
the system controller 10. More specifically, the groove
decoder 23 switches the matching pattern of a frame

synchronization. ' e

The read RF signal obtained in the RF amplifier 9 is



or CD-ROM data) is transferred fromthe host conmputer 80, qg 4a%n
stored in the buffer nmenory 20 via the interface 13. In this éﬁ@'z e
encoder/ decoder 12 perforns encoding processing on the CD-ROM format data
(when the supplied data is CD-ROMdata), such as Cl RC encoding,

I nterl eaving, sub- code addition, and EFM nodul ati on, thereby form ng
CD-format 13 April 2004 - 76 .. data. The EFM signal obtained by the
encodi ng processing of the encoder/decoder 12 is supplied to a wite
strategy unit 21 in which the waveforih of the EFM signal is shaped. Then,
the EFM signal is supplied to the laser driver 18 as a laser drive pul se
(wite data WDATA). The write strategy unit 21 provides conpensation for

recordi ngiflat@zelihah ithe biREkYzadgUsliirBAithe 108 BBl tof YOy RAeer and
shaping the |l aser drive pulse waveform according to the characteristics

of the reeoadi Bdghtyenb-rbhetespol EeoNf saghatli.onrak EFLilgr@t isand the
recording linear velocity. The laser driver 18 applies the laser drive
pul se syppbieddatot-he ehcbéettddacdBATAlIRO the | aser diode 4, thereby
driving the em ssion of laser light. Accordingly, pits (phase change pits
or pi gment. chBngeeptcdderydecadenr ianbasvwbbbht fencEEdhs|, geakhane for ned on
the disc 90. An auto power control (APC) circuit 19 controls the
decoder function required for reading data, and an encoder
function required for recording data. When data is read,

. the encoder/decoder 12 performs EFM demodulation, CIRC error
correcting, deinterleaving, CD-ROM decoding, etc., thereby
6utputting 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/decodef 12 generates a
reading <¢lock in synchronization with the EFM signal by

. performing PLL processing, and executes the above-described
decoding operation based on the reading c¢lock. In this case,
the encoder/decoder 12 extracts the .rotational velocity
information of the spindle motor 6 from the reading clock,
and compares .it with the reference velocity information,
thereby génerating the spindie error signal‘SPE and

- outputting it.
The encoder/decoder 12 is able to switch the processing

method according to whetheér the disc (or unit area) to be

- read or recorded is a standard density disc or a high



| aser output to be nmintained at a constant val ue without bﬁ%gﬂphﬁfhuenced
by the tenperature while nonitoring the |aser output power 0 & 8
nonitoring detector 22. Gven by the target |aser output value fromthe
systemcontroller 10, the APC circuit 19 controls the |laser driver 18 so
that. the target value is reached. The servo processor 14 generates
various servo drive 13 April 2004 - 77 signals, such as focus, tracking,
sl ed, and spindle signals, fromthe focus error signal FE and the tracking
error signal TE output fromthe RF anpl3fier 9 and the spindle error
signal SPE output fromthe encoder/decoder 12 or the groove decoder 23.
More specifically, the servo processor 14 generates a focus drive signal
FD and agéhagkingidei.ve signal TD based on the focus error signal FE and
the tracking error signal TE, respectively, and supplies themto a
t wo- axes dri veudrifg tHéeréadinyespdraveon]bthBeandbideeydadcodeus 120il and a
.tracking coil of the two-axes nechanism 3 of the optical pick-up 1.
Accor di ngtgrea thackbogesdesortibed dedodefdodata der \s0 Hudtfieameraryred by
the optical pick-up 1, the RF anplifier 9, the servo processor 14, the
t wo- axes2@ri vihen6outpndting tive- aeest dadiaafirom Ihd Missspbnsee twnit t rack
jump command fromthe system controller 10, the tracking servo |oop can be
turned off, theddatpumposedydnsithgabuffegumemoryo 2the s ieeadkeandri ver 16.
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 wvia 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.
In this case, the_encoder/decéder 12 performs encoding
processing on the CD-ROM format data (when the supplied data

is CD-ROM data), such as CIRC encoding, interleaving, sub-

code addition, and EFM modulation, thereby forming CD-format



The two-axes driver 16 then perforns the track junp operatiqg. ng¥ﬁervo
processor 14 also generates a spindle drive signal based on ﬁ@” dl e
error signal SPE and supplies it to a spindle notor driver 17. In response
to the spindle drive signal, the spindle notor driver 17 applies, for
exanple, a three-phase drive signal, to the spindle notor 6, 13 April 2004
- 78 which is then rotated at a CLV or CAV. The servo processor 14 al so
generates a spindle drive signal based on a spindle kick/brake control
signal fromthe systemcontroller 10,7@&nd causes the spindle notor driver
17 to start, stop, accelerate, and decelerate the spindle notor 6.
Additionally, the servo processor 14 generates a sled error signal

obt ai nedgagaa | ow frequency conponent of the tracking error signal TE, and
a sled drive signal based on the access control by the systemcontroller

10, and suppl g rfieBiyRad sbedifehvey ihe bﬂcbﬁ%ﬂ@?%&c@éél%95|cﬁd drive
signal, the sled driver 15 drives the sled nechanism 8. The sl'ed nechani sm

8 i's provhéedndoidery diotieshait is2 stippd ild Ao a anditk t4anst &gy a8R(t (none
of which is shown), for holding the optical pick-up 1. By driving the sled.
mechani sg8 iy whiith thed waviedernl faaee G digddle 8 eshabeye sigwa) , the
optical pick-up 1 slides on the disc 90. The above-descri bed vari ous
oper at i othebEFMh&igmedo is supplied to the laser driver 18 as a laser
drive pulse (write data WDATA).
‘The write strategy unit 21 provides compensation for
recording data, that is, finely adjusting tﬁe optimal
recording power and shaping the laser drive pulse waveform,
according to the characteristics of the recording layer, the
spot configuration of laser light, and the recording linear
velocity.
The laser d;iver 18 applies the laser drive pulse
supplied as the write data WDATA to the laser diode 4,
thereby driving the emission of laser light. Accordingly,
pits (phase change pits or pigment change pits)} in
accordance with the EFM signal are formed on the disc 90.
An auto power cdntrol (APC) circuit 19 controls the
laser ouiput to be maintained at a constént value without
being influenced by the temperature while mdnitoring the
laser output power from the moniforing detector 22. Given
By the target laser output value from the system controller
10, the APC circuit 19 controls the laser driver 18 so that.

the target value is reached.

" The servo processor 14 generates various servo drive



system and the recordi ng/readi ng systemare controlled by tﬁs Sﬁ@#@@
controller 10;'which is fornmed of a m croconputer. The syste 58 l er 10

execut es the above-described operations in response to conmands fromthe
host conputer 80. For exanple, upon receiving a read command, which
instructs the systemcontroller 10 to transfer certain data recorded on
the disc 90, fromthe host conputer 80, the system 13 April 2004 - 79
controller 10 first controls the seek operation to the designated address.
That is, the systemcontroller 10 imsthucts the servo processor 14 to
cause the optical pick up 1 to access the address designated by the seek
command. Thereafter, the systemcontroller 10 perforns the operation

requi r edgfighat sanshenr hBgrbbasl eadadRliag, 0slied, s siMENErsiGhalkhat is,
the data is read fromthe disc .90, decoded, and tenporarily stored. Then,

the requegsbmdthdatracus biradsf eigadll T Aadnasle adRuKiglg &rrdimn Ligpidiast, in
response to a wite comand fromthe host conputer 80, the system

control | e dAtbutsEronyehet RE ampliicdlerpioclkendp the epihgibddmsar at whi ch
data is to be witten. Then, the encoder/decoder 12 perfornms encoding
processi sggnal SPEcossedtalfirom the encodeatrd decadserirzedlf ride grhmvost
conputer 80, so as to be converted into an EFM signal. Subsequently, the
wite daBiec¥BaTA28ut put fromthe wite strategy unit 21 is supplied to the
| aser driver 18,
More specifically, the servo processor 14 generates a
focus drive signal FD and a tracking drive signal TD based
on the focus error signal FE and the tracking error signal
TE, respectively, and supplies them to a two-axes driver 16.
The two-axes driver 16 then drives a focus coil and a
. tracking coil of the two-axes mechanism 3 of the optical
pick-up 1. Accordingly, a tracking'servo loop and a focus
servo loop are formed by the optical pick-up 1, the RF
amplifier 9, the servo processor 14, the twp—axes driver 16,
and the two-axes mechanism 3.
In response to a track'jump command from the system
- controller 10, the tracking servo loop can be turned off,
‘and a jump drive signal is output to the two-axes driver 16.
The two-axes driver 16 then performs the track jump
operation.
The servo processor 14 also generates a spindie drive
signal based on the spindle error signal SPE and supplies it
"to a spindle motor driver 17. In response to the spindle

drive signal, the spindle motor driver 17 applies, for

"example, a three-phase drive signal, to the spindle motor 6,



t hereby recording the requested data on the disc 90. In the qg GﬁgﬁhOMﬂ
in Fig. 48, the disc drive unit 70 is connected to the host 2ﬁﬁ r" 80
However, the disc drive unit 70, such as an audio CD player or CD
recorder, which forns the recording/readi ng apparatus of the present

i nventi on, does not have to be connected to the host conputer 80. In this
case, the configuration of the 13 April 2004 80 interface 13 is different
fromthat shown in Fig. 48, for exanple, the interface 13 may be provi ded
with an operation wunit and a display @it. That is, data may be recorded
and read by the user's operation, and a termnal for inputting and
outputting audio data nmay be forned. On the display wunit, the currently

recor dedyfh chead gk '§¥ad‘H¥jéi§y¥tdﬂ“t§¢¢B°|Ute address or relative

address) may be displayed. Various er configurations of the disc drive.

unit 70 are ¢pBSkAeL8dprbeks8¥EMUCa1dof GeRkda?Blsy aARRAMMIES Rive Iead
only apparatus may be provided. 6. Exanples of processing of disc drive

unit Var sagmalll @eRed Rt eXHHReE Ofkildle itk HdiedNidigithl aFfolli gedissed
below. Fig. 49 is:a.flow chart of an exanple of the processing executed by

the di scsg&item Wintréd wiend,herd stadidd Shd ngeiidt ddtehotvyde 1pt ed
that the TOC fornmed by the sub-Q data is recorded in the |lead-in area of
t he di sct®0stahft ,a stiopgi Rodicleaty candaetbalmates toadatindla mekdr or a
6. |
Additionally, the serve 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 dfives the sled mechanism 8. The
sled mechanism 8 is provided with a main shaft, a sled motor,
and a transfer gear (none of which is shown), for holding
the optical pick-up 1. By driving the sled mechanism 8 by
fhe 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
fhe system controller 10;ﬂﬁhich is formed of a microcomputer.
The system controller 10 executes the above-described
operations in response to commands from the host computer 80.
" For example, upon receiving a read command, which instructs
the system contreoller 10 to transfer certain data recorded

on the disc 90, from the host computer 80, the system



CD-RW the processing shown in Fig. 50 is perforned rather tg2§.hﬂ@
processing shown in Fig. 49 since the TOC is not recorded onh g 4di sc
The processing indicated by the flow charts of Figs. 49 through 52 is
executed by the systemcontroller 10. In Fig. 49, when the disc 90 is

| oaded, in step F101', 13 April 2004 - 81 the systemcontroller 10
perfornms the start-up operation and reads the TOC. Mre specifically, the
systemcontroller 10 starts the spindle notor 6, maintains the servo
mechani smat a predeterm ned rotati-org -velocity, starts |aser em ssion
activates and maintains focus servo, and maintains tracking servo so that
data can now be read fromthe disc 90, and then reads the TCC infornation.

Then, ingcshep t%gs &bh%ﬁ)é%t ST O ey sL,%kr %gﬂ;%att&%

|nfornat|on o isc 90 fromthe TOC i nformatlion ereby deternlnlng

the physggsh ghReAC b@GeLisCS Thalthg i $he $9stB TRRGANLN AN be
performed by checking the infornmation shown™in Figs. 32 through 39. It is

then det ghBtraetisn thiletBerid3 piaRicdityort N8 dicSEadide ithed optildad Fisk- Thi s
can be determined by the nediumtype shown in Fig. 38. If the outcone of

step F10dpi 3 Rre, abh:&sspm@eaadﬁres@eaﬂa%ﬁg@a&b@p byl thd Badk onihd.
recordi ng/reading systemis set according to the physical information of

the type of Therdastef(. thibesgsteingonpeoaleeninspdirsonmsedhien det ai
below with reference to Fig. 51.
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 reguested
data is transferred to the host computer 80.

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

Subsequently, the write data.WDATA output from the

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

In the example shown in Fig. 48, the disc drive unit 70
is connected to the host compdter 80. Howevef, the disc
drive unit 70, such as an audio CD player or CD recorder,
which forms the‘recording/reading apparatus of the present

invention, does not have to be connected to the host

computer 80. In this case, the configuration of the



A recording/readi ng operation is now ready to be perforned 95 ﬁﬁgﬂsc 90.
In step F105, the system controller 10 waits for a command f éﬁq host
conputer 80, and executes a reading or recording operation in response to
a read command or a.write comuand, respectively. If it is found in step
F103 that the disc 90 is a 13 April 2004 - 82 hybrid disc, a variable nis
set to 1l in step F106, and the |oop processing fromsteps F107 to F112 is

performed. More specifically, in step F107, the physical information read
in step F102 is stored as physical +n8@rmation of a unit area #(n),
nanely, physical information of, for exanple, the unit area #1 shown in

Fig. 47A or 47B. Subsequently, in step F108, the variable nis
i ncrementigterkiRty 13 & A FAFGSNE Koot ¥HardHARS A fo Agadebp area of

the subsequent unit area is determned. As discussed wt reference to Fig.

46, in theSrcodthe fE fdbaVhi £ hnd f%é%dﬁd&ﬂ%ﬁt@%t@ﬁeﬁétﬂén(Po NT)

Is CF, the start address of the |ead-in area of the subsequent unit area

is recordggdt B .a idisrey il . t st oy RitOmady behesketdedif ahlie start
address of the lead-in area of the subsequent unit area is recorded in the

above- desssddasy sihe winde d raperat ivh prasenc eafminel sEbsequpat tungt ar ea
can be automatically confirnmed, and thus, the process proceeds from
and outputting audio data may be formed. On the display
unit, the currently recorded or read track number and the
time (absolute address or relative address) may be displayed.
Various other configurations of the disc drive unit 70

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

read only apparatus may be provided.

6. FExamples of processing of disc drive unit

Various processing examples of the disc drive unit 70
are discussed below.

Fig. 49 is a flow chart of an examplie 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 iecorded in the lead-in érea of the disc 90.
If a virgin disc (unrecorded &isc} 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
recorded on sﬁch a disc.

The processing indicated by the flow charts of Figs. 49
through 52 is executed by the system controller 10.

In Fig. 49, when the disc 90 is loaded, in step F101,
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step F112, the system controller 10 reads the TOC i nformation.
1 3 April 2004 - 83 information contains the physical information

Figs. 32 through 39. The process then returns to step F107 in

e read physical information is stored as the physical information
nit area.#(n). In this case,-t#e physical information of the unit

I's stored. The above-described processing is repeated until the

i nformation of the final unit area is incorporated. That is,

when
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oes not exist. In this case, it can be determ ned that the current

t there is no subsequent unit area, and the process proceeds to
step Fll3.prdwdtdmiddie rotsteoontvaldEitll st ss fiséer canp@aion, from

~conmputer 80 after storing the physical

activates and maintains focus servo, and maintains tracking
servo so that data can now be read from the disc 90, and
then reads the TOC information.

Then, in step F102, the system controller 10 reads the
physical information of the disc 90 from the TOC information,
thereby deterﬁining the physical characteristics of the disc
90. This operation can be performed by checking fhe
information shown in Figs. 32 through 39.

It is then determined in step F103 whether the disc 90
is a hybrid disc. This can be determined by the medium type
shownn in Fig. 38. If the outcome of step F103 is no, the
process proceeds to step F104 in which the recording/reading
system is set according to the physical information of the
fype 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

controller 10 waits for a command from the host computer 80,
and executes a reading or recording operation in response to
a read command or a write command, respectively.

If it is found in step F103 that the disc 90 is a



information of all the unit areas and perforns a reading or r OLFE
operation in response to the read command or the wite conn&ﬁ&p”
respectively. Then, before performng the recording or reading operation,
the systemcontroller 10 sets the recording/readi ng system based on the
physical .characteristics of the unit area fromor into which data is 13
April 2004 - 84 read or recorded. In contrast, when a virgin disc wthout
TOC information is loaded as a CO-R or a CD-RW the systemcontroller 10
perfornms the processing shown in Fig. &0.-1n step F201, the system
controller 10 starts the spindle notor 6, begins the em ssion of |aser
light, and then roughly maintains the spindle servo, activates and

mai nt ai n f ser i pt.ai LA Kis v i i onin
t he opt.%XFggﬁc%ﬁ%% 1%b&%F %%gﬁggr&%pg%?p%erg 3?gthe&H?géﬂgoéﬁuﬁgﬁ#%adlngg

oper ati o %We%‘%m%e'f%h”%@e%@ F1970ik3C 1942 §léb§>%%1§ﬂ@a in F202,

wobbl e |n ?ngtlon I's read from "the groove on the disc 90 The phyS|caI

i nformation Oﬁofgespgbiﬁlggll? readstepmibe, wehe! ﬁhga&%n:atlon so as to
determ ne the physical charac eristics of the disc This operation can

be perf onpgdraniGeckidaa ihe stRpoFTRb G’ Showad i lﬁrﬁ%iclai t hrough 23.
Then, in step F203, the recording/reading systemis set according to the
phySICaljjﬂﬁﬁﬁmﬂﬁﬂdWWdﬁ d @i 26e304#(HHg§ namely, physical

information of, for example, the unlt area #1 shown in Fig.

47A or 47B.

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

As discussed with reference to Fig. 46, in the sub-code
frame in which the ADR is mode 5 and the point (POINT) is CF,
the start address of the lead-in area of the subseﬁuent unit
area is recorded. Thus, in step F109, this information is
checked.

If the start address of the lead-in area of the
subsequent unit area is recorded in the above-described sub-
code frame, the presence of the subsequent unit area can be
automatically confirmed; and thus, the process proceeds from
F110 to F1ll. In step F11l, the system controller 10
controls the éervo processor 14 to access the recorded sfart
address of the lead-in area. |

When the optical pick-up 1 reaches the lead-in area of
the subsequent unit area, in step F112, the system

controller 10 reads the TOC information. The TOC



setting information is discussed in detai
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In this case, the phy31cal

information of the unit area #2 is stored.
The above-described processing is repeated until the

physical information of the final unit area is incdrporated.

That is, when the start
subsequent unit area is
which the ADR is mode 5

the address value

address of the lead-in area of the
read from the sub-code frame in

and the point (POINT) is CF in step

Fl09, is zero, or such a sub-code frame

itself does not exist. it can be determined

In this case,
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
.frem the host computer 80 after storing the ﬁhysical
information of all the unit areas, and performs a reading or
recordlng operatlon in response to the read command or the
write command, respectively. Then, before performing the
recording or reading operation, the system controcller 10
sets the recording/reading system based on the physical

characteristics of the unit area from or into which data is



This can be determ ned by the design of the disc drive unit 1%% .2@@2 as
the structure of the unit itself, and the variable range of PW
paraneters, such as the servo coefficient. If it is found in step F301
that the configuration of the disc 90 is not suitable, the process
proceeds to F302 in 13 April 2004 - 86 which an error nessage i s output.
Then, in step F303, the disc 90 is ejected, and the processing is ended.
The error nessage is sent to the host conputer 80, and nay be displayed on
the nmonitor display of the host conputsar - 80, or. may be displayed on a

di splay unit of the disc drive wunit 70. An audio warning may be issued. I|f
it is found in step F301 that the configuration of the disc 90 is

sui tabl e e_pr oceeds to step F304 in which the operation node is
set acco?ﬁ%ﬁgogoggﬁé§ggéé density. In step F304, the disc density can be

set_acoof e _ dens _ the y can be
wobbl o 1 nfor el 1 an Lo Gk AR (BTeB oAy ke AR ERRLSh D

in Fig. §§’1698%grgﬁzapbeﬁTEgoﬁﬂcEﬂRﬁlgthe3§gs%%mtE%nkk%ﬁﬁ%xVQbOCity shown

in Fig. 37 can checked. Then, the processifg node in tthe encoder/decoder
12 or tBerphPRESEhAYpEBERsEAnENEnE%WAONR PegRder .23 is switched according

to whether the disc density is high density or standard density. According
to the disc defsitep tHe1 RBAi Syabént B6ntroller 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 sérvo

while positioning the optical pick-up 1 on the inner

periphery of the_disc 90. The reading operation can now be

performed on the disc 90.

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

Then, in step ¥203, the recording/reading system is set
according to the physical infofmation of the disc 90. The
setting information is discussed in detail beiow with
referénce to Fig. 51.

Thus, the recording operation can be performed on the
disc 90. 1In step F204, the system controller 10 waits for a

command from the host computer 80, and executes the

recording operation according-to the write command.



equal i zing characteristics of the RF anplifier 9, various sqévo.ﬁ?ggs,
such as focusing and tracking gains, and the setting of the éﬁ% I on
coefficients used for the seeking operation, which is required to cope
with a difference in the track pitch, are also switched. Thereafter, in
step F305, the spindle servo gain is set 13 April 2004 - 87 according to
the value of the nonent of inertia. This is explained in detail below wth
reference to Figs. 53A and 53B. Fig. 53A is a Bode diagram of a servo open
| oop when a spindle servo gain suitabd® for a | oaded disc having a | arge
monment of inertia is set. According to the relationship between the gain
and the phase, as shown in Fig. 53A, a sufficient phase nmargin and gain

margin can beygbhaknedsofli duoddB i nFadendbAsrANiOf yAcselya gy | 0op

when a spindle servo gain I ch 1's not sl I a1T0a havi ng

a smal | gpmeRt 1L dRE Whd iphyibledin éﬂlﬂlf%&@%%sﬁ%@% Ngd Gidle ggi n and

the phase, as shown in Fig. 53B, a s I cl ent phase margin and gain margin

cannot bgr@blzaiveethi dierel itRAIFyG fdae;aS_t(%idgi Ok ¥hd Robsistem 1T the

servo gain is reduced fromthe val ue shown in. Frg. -53B to the suitable
val ue shawkorhalti®n ,53hd FarSddd Feitli R sh-d R=Hd) AUbA8 iy "B il can be

achieved. That is, there is a suitable value for the spindle
determined physical characteristics.

The setting oﬁeration 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 oflthe wobble information, the
éonfiguration information described with reference to Figs.
17 through 21B, and if necessary, the moment-of-inertia
information shown in Fig. 22 is checked. In the caserf the
sub-Q data, the configuration information shown in Fig. 34
and the moment-of-inertial information shown ih Fig. 35 are
checked.

The system controller 10 then determines whether the
pohfiguration of the disc 90 is suitable to perform the
reading or recording operation by the diéc 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
variable range of various parametérs, such as the servo
coefficient.

If it is found in step F301 that the configuration of

" the disc 90 is not suitable, the process proceeds to F302 in



servo gain according to the nonent of inertia of a disc. QQAglﬂﬂkM I n
the processing of step F305, the spindle servo gain is set

appropriate value by checking the nonment of inertia. Thus, the spindle
servo systemcan be stably operated with high precision. In particular,
since highly precise rotation of the spindle is demanded in 13 April 2004
- 88 performng the recording operation, this processing is effective. In
step F306, the noving range of the optical pick-up | is set based on the
di sc configuration. As described w th g&ference to Figs. 18A through 20C,
the access range AC varies according to the disc configuration.

Accordi ngly, based on the disc configuration (and maybe the

above- degiliedediuIEns] Ginde! 1S oIRTEAT NAerthSie dils, gpidLalupl ok up- 1

can access on e outer perl ery 0 e di'sc y se Tlng the sled

Toving  3uge ol L et i hléop]roéetséfﬁlgt 1 dippgible to prevent the

erroneous operati on he optlca application of

| aser light teng QEEB&:OH QEalEx dbéﬁtg@.ov"'thgo%s% E%&Bh@'e&g g, aGha St ep

F307 is perfornmed only |sc 90 i.s a or a ‘Based on the
mat eri al y@3t de JISPEHERE VN EHO mo@ﬁt@@%ts%ﬁ.zﬁzy dﬂ"‘&:ﬁ@ 'H&@té&ﬁﬁﬂ%’e#m t 21
is set. The material ‘data, i.e., the material "of the recording layer can

be checkgd bwrt iy et didlpidatea 0w dlrs;ﬁeg,z vkt of the disc drive
unit 70. An audio warning may be issued.

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

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

According to the disc density, the RF gdin and the
equalizing characteristics of the RF amélifier 9; various
s5ervo Qéins, such as focusing and tracking gains, and thel
setting of the computation coefficients used for the seeking
operatiqn, which is required to cope with a difference in
the track pitch, are also'switched.

Thereafter, in step F305, the spindle servo gain is set



contained in the wobble information, and by the material. type %gﬁw%4in
Fig. 39 contained in the sub-Q data. In the wite strategy unlﬁ I, "as
stated above, the pulse waveformis shaped as the |aser drive pulse. In
the case of a CD-R on which data is recorded by a pignent change, | aser
drive pul ses, such as those indicated 13 April 2004 - 89 by (b) of Fig.

54, are generated according to the lengths of pits/lands to be recorded,
such as those indicated by (a) of Fig. 54, thereby driving the em ssion of
| aser light. The |evel PW of the l.ager drive pul ses indicates the |aser
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 pulses, such as

th i ndi cated by, (d).of Fig. 54., . A di .the step-lik

bul sos,  EREOFALER FubRS) ¥aifcPEathl FOMBNAOn1BRAELAr & he pul so zone in
whi ch pit . t . ' f d . dri
Ul se By anBryott R beioa P TR ERLL S FALE rtPelErlR.n8ie more
precisel*iggntgghlggdmgggin the pulse period. In the case of a CD-RWfor
recordi ng-daf a“by a phase" change technique, as indicated by (e) of Fig.

54, laser drgye phkgess(p é&’et&ﬂ%&aﬁrngénsé%Sdoi&Qn“ﬂBSP {Aenl @aser
power is swtched between the recordi ng power an coolThng power PW in
the pit E£BiffhAE 48R%o LRSheBUifhbYkN$or a loaded disc having a large

moment of inertia is set. According to the relationship

between the gain and the phase, as shown in Fig. 53A, a

sufficient phase margin and gain margin can be obtained.

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

In this case, according to the gain and the phase, as
shown in Fig. 53B, a sufficient phase margin and gain margin
cannot be obtained, thereby impairing the stability of the
system.

If the servo gain is reduced from the value shown in
Fig. 53B to fthe suitable value shown in Fig. 53A, a
'sufficienf phase margin and gain margin can be achieved.

That-is, there is a suitable value for the spindle
servo gain according to the moment of inertia of a disc.
Accor&ingly, in the brocessing of step F3OS, the spindle
servo gain is set to an appropriate wvalue by checking the
moment of inertia. Thus, the spindle servo system can be

stably operated with high precision. In particular, since

highly precise rotation of the spindle is demanded in



| aser light. During the |and period, the | aser power is set Eéé%ﬁ%éﬁ§ing
power PWe. By finely adjusting the |aser drive pulses for a a é a

CD-RWaccording to the material of the recording layer, the recording
precision can be enhanced. Mre specifically, in each pul se waveform shown
in Fig. 13 April 2004 - 90 .54, according to the material of the recording

| ayer, the timng adjustnment (i.e., laser-pulse width adjustnent) is
performed by controlling the rising portions and the falling portions
indicated by S. and the | evel adjustimgyg (i.e., |aser power adjustnent) is

performed by controlling the pulse |level indicated by 0. The reason for
controlling the pul se waveform according to the pulse width and the |aser
power is as _follows, For exanple, in the case_qf a DRAW (VWORM disc, such
be 8 COPRELPAMGPEENPOTPERERANG PRAGATISRY. tPE PHAESIADE recor ding

| aser power. to.the reading | aser power should be increased. Accordingly, a
| ar ge anb ﬁ?cﬁFvﬁeat I's accunul ated so as to increase a region in which a

chemi cal reafﬁi%ﬁ%ﬁSFgggsegh%ﬁ@°?%ﬁ§f#559ﬁfQ% gh& %ﬁgg%aapgﬁg%%ép necor ded

beconmes | ongert a prescri S enonenon i

noti ceabl g @Q@”b%?%dtgﬁr%ﬁk a&%&i%BWEﬁgafqifaﬂ% heat condgcfion of the

recording |ayer of a disc Is I'gher. "The lTength of the pit-to be recorded

i's al soinflugnC8dscribed with reference to Figs. 18A through 20C,

..the access range AC varies according to the disc
configuration. Accordingly, based on the disc configuration
(and mayhbe the above-~described dimensions), it is determined
where the optical pick-up 1 can access on the outer
periphery of the disc 90, thereby setting the sled moving
range of the optical pick-up 1. It is thus possible to
prevent the erroneous operation of the optical pick-up 1,
ji.e., the application pf 1aser light to a peortion of the
disc 90 without a recording track.
Step F307 is perfbrmed only when the disc 90 is a CD-R
or a CD-?W. Based on the material data, the processing to
‘be executed by the write strategy unit 21 is set. The
material data, i;e., the material of the recording layer,
can be checked by the ﬁaterial data shown in'Fig. 14
contained in the prble 1nfo£mation, and by the material
type shown in Fig. 39 contained in the sub-Q data.
In the write strategy unit 21, as stated above, the

pulse waveform is shaped as the laser drive pulse.

In the case of a CD-R on which data is recorded by a

pigment change, laser drive pulses, such as those indicated



by the length of the preceding |and. That is, as the | and I?ﬁgtgg§p4
i medi ately before the pit to be recorded becones shorter, PR

accunul ated in the preceding pit becones |ess dissipated, thereby
encour agi ng heat interference from the preceding pit. For exanple, anong
sone pits to be recorded, even if 13 April 2004 - 91 the lengths of the
pits are the sane, and the time for applying |aser and power are the sane,
a pit adjacent to a shorter land results in a longer pit. Since the heat
accurul ati on and dissipation varies - ggrarding to the material of the
recording layer, the pulse wdth; the pulse configuration (laser em ssion
pattern), and the pulse |level (laser level) are adjusted according to the
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recording power.
In a CD-R, pulses indicated by {(b) and (c) of Fig. 54
may be combined, thereby synthesizing step-like laser drive
pulses, such as those indicated by (d) of Fig. 54.
According to the step-like laser pulses, the laser power is
increased to PWod in part of the pulse zone in which pits
are generated, and such part is referred to as an "over
drive pulse". By applying the over drive pﬁlses, the laser
level can bg more precisely controlled within the pulse
period.
In the case of a CD-RW for recording data by a phase
change technique, as indicated by (e) of Fig. 54, laser
drivé pulses (pulse train) are generated in which the laser
power 1is switched between the recording power PWr and
cooling power PWc in the pit forming zone, thereby driving
laser 1ight. During the land period, the laser power is set
to erasing power PWe.
By finely adjusting the laser drive pulses for a CD-R
and a CD-RW according to thé material of the recording layer,

" the recording precision can be enhanced.

More specifically, in each pulse waveform shown in Fig.



may be performed not only when a disc is inserted, but also en ris
tuyned gn while a disc ig | oaded in the disc drive unit 70,139WMé§m€
command is generated by the host conputer 80. TOCis not initially
recorded on a CO-Ror a CDORW and the disc drive unit 70 wites TCC

I nformati on according to 13 April 2004 - 92 the data recordi ng operation
on the disc. The TOC witing operationis 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 asgy CD-R or a CO-RW Steps F401 and
F402 indicate the recording operation in résponse to a command fromthe
host conmputer 80. Upon conpletion of the recording of user data, in step

F403, the systemcontroller 10 generates T data accordin tqQ.t he content
of ‘the rabol GEGOHILRS FRathpsHaERELeTsOintBonEPEPFEL IR TG EE-altse
informatjon, sucgh as the address.of each.track, from.the values stored in
the PVA, Eaibrar SIgEREPaE L phys: SEPCFARSARET FORES AT UAEmAt g shown i n
From ¢ nePSEEprace; RrorRREPER AT srbEasRRECrd e olle” ol i 5 Cat e
the wobch = FAPaFnEpbTcBeRA BYR, B (o1 HAKET HaddbaRdm oL dond Trom
laser power adjustment) is performed by controlling the
pulse level indicated by O.
The reason for éontrolling the pulsé waveform according
to the pulse width and the laser power is as follows.
For example, in the case of a DRAW (WORM) disc, such as
:a CD-R, in order to record a longer pit, the ratio of the
recording laser power to the reading laser power should be
increased. Accordingly, a large amount of heat is
accumulated so és 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
fhigher.
'Tﬁe length of the pit -to be recorded is also influenced
by the leﬁgfh af the preceding land. That is, as the land
located immediately before the pit to be recorded becémes
shorter, the heat accumulated in the preceding pit becomes
lesé dissipated, thereby encouraging heat interference from

the preceding pit.

- For example, among some pits to be recorded, even if



information indicated in (b) of Fig. 32 is generated based gm%mﬁgterlal
data shown in Fig. 14. The value of the nediumtype (in thIS C whet her
the disc is a CDORor COO RW and the density of the disc) indicated in (b)
of Fig. 32 is. generated based on the disc density shown in Fig. 15, the
physi cal structure shown in Fig. 16, and .the disc type of 13 April 2004 -
93 special information 1 shown in Fig. 13. The linear velocity and the
track pitch indicated in -(b) of Fig. 32 can be generated based on the
disc density shown in Fig. 15, speci &z i-nformation 1 and 4 shown in Fig.
13, and the setting deternined when user data is recorded. The nonent of
Inertia represented in (b) of Fig. 32 is generated based on the nonent of

[ [ ' i g. 2 Th f d f Fig. 32
o gener ShedieBdtha af %hs Y8581 Fher 8PBn SRGwilEn R, P OTheI di sc
cont | our 80P SROHTEFR FPS 92%%8]?9%@%&%&% it E%S%Eﬁg%*ﬂ%%sﬁ W R g, 22.
nt hat t di cated i b) of
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frame haV|ng éfﬁb °f eﬂ%g%tngéﬁﬁﬁfgggghognasdéﬁggﬁgfgghngégﬁﬁ%ead-in ar ea.

Accordingly, Tn t nment, concernin w t hout TOC

|t or mat aggﬁgthg?ﬁ?ﬁEﬁ%;/ma@aﬁa&eBkstthgs re(:BQ‘)ﬁih%allaiy@cro,”@fei PhQ such a
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
fecording/reading performance.

If it is found in step F103 of Fig. 49 that the disc 90
is a hybrid disc, the setting operation shown in Fig. 51 is
performed in step F113 in a unit area inte and from which
data is recorded or read.

The physical-characteristic determining operatidn shown
ih'FiQ. 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 loéded in the disc
drive unit 70, or when a command is generated by the host
computer 80. '

TOC is not initially recorded on a CD-R or a CD-RW, and

the disc drive unit 70 writes TOC information according to



wobbl e information. Wen recording the TOC information |ater h Qy5|cal
characteristics determned fromthe wobble information are F%é8 in the
disc as the TOC information. This nmakes it possible to determ ne the

physi cal characteristics of the disc fromthe TOC, as well as fromthe
wobbl e information. 13 April 2004 - 94 A disc drive unit provided wth a
recording function is designed to decode wobble infornmation. However, sone
read- only disc drive units are not provided with a decoding function for
wobbl e information. Thus, by transfermriang the physical information of the
di'sc obtained fromthe wobbie information into TOC data, such read-only
disc drive units are able to determ ne the physical information of the
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dlscussed he c t f R apd a CD-RW The present invention is
al so apﬁﬂf d%% g?oggt Wﬁ %@sgg- d?scs and t he physical characteristics,

such as the mypnts fflslgg%;%ﬁ-gggrehf19+%|3 DG BEBLLOD1 I abperot her

di scs may al'so be record advantages simlar to

those exBPAted PuchPachos ROA! RRoSERATLIBA! ogamnBea1gh! donedrienper formng

a recording or reading operation recordi ng apparatus or a reading
appar at UserPss adsexaaBLe ot Eh@Dther b¥pps ehodi ana, FRYR fiaui®hate

the recording operation in response to a command from the
host computer 80.

ﬁpon-completion of the recording of user data,'in step
-F403, the system controller 10 Qenerates 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 alsc generates physical information, such as
the one shown in Figs. 32 through 39. In this case, the
physical information is determined from the wobble
information.

More specifically, the information indicated in (b) of
Fig. 32 is generated from the physical information read from
the wobble information. The value of the material-
information indicated in (b) of Fig. 32 is generated based
on the material data shown in Fig. 14. The value of the

~medium type (in this case, whether the disc is a'CD—R_or CD-
RW, and the density of the disc) indicated in (b) of Fig. 32
is generated based on the-disc density shown in Fig. 15, the

physical structure shown in Fig. 16, and the disc type of



di scs are discussed bel ow. As recordable DVD-format discs,' gAEpgfﬁmv a
DVD-R, a DVD-RAM and a DVD+RW have been devel oped, which a?e de 9 I' bed
bel ow. Although a detailed configuration of a disc drive unit
(recordi ng/ readi ng apparatus) conpatible with such DVD 13 April 2004 -- 9 5
format discs is slightly different fromthat of the disc drive unit 70
conpatible with CD-format discs shown in Fig. 48 due to differences in the
data format, the nodul ati on/denodul ati on nethod, the opti cal
characteristics, and so on, the basi g@acaenfiguration of a DVD drive unit is
simlar to that of a CD drive unit. Thus, an explanation thereof is
omtted. As in the operations described with reference to Figs. 49 through

54, a disc driye.unit Q agibﬁe W th EVD discs, which is discussed bel ow,
i s abl e TBeHRE r?rP%8rf“ﬁ§l§Ry i 4P BhiPattdri é?i'cs of a | oaded disc,

id ' tti i th i . chat i stics, and
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Of e PRKST 81 a2 35! RhhSbRCSeRlr LA balbaC ohNENE! Bylsh denfaityed bel ow

7-1 DVD- In " a D- Chrsarewit I SC using-a phase-

;Eagge'rQBBQHiEﬁ bﬁ%hnhggesgaﬁgai'EMEBEmaWEBPhli%nﬁ QRéﬁbﬂﬁNgﬂWFﬁﬁﬁc usi ng
gani c- pi gnent Change technique, a wobbling groove Is forned™as a
pre-formpg ogplihend $6¢t38¢ Aetermined when user data is recorded.
The moment of inertia represented in (b) of Fig. 32 is
generated based on the moment of inertia shewn in Fig. 22.
The configuration designated in (b) of Fig. 32 is generated
based on the disc configuration shown in Fig. 17. The disc
gsize indicated in (b) of Fig. 32 is generated based on the
‘,disc configuration shoﬁn 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 etep F404, the sub-code frame having the
generated TOC information is recorded in the lead-in area.
Accordingly, in this embodiment, concerning a CD-R or a
. CD-RW withoet TOClinfbrmafion, 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
wobble information are recorded in the disc as the TOC
information. This makes it possible to determine the
physical characteristics ef the disc from the TOC, as well

as from the wobble information.



pre-pit is formed on a | and | ocated between grooves (herein?$ten ﬁpferred
to as a "land pre-pit"). The wobbling groove is used for con AL §4the
rotation of the disc and for generating the recording master clock. The-
| and pre-pit is used for determning the 13 April 2004 - 96 accurate
recordi ng position of each bit and for obtaining various itens of

I nformati on concerning the disc, such as the pre-address. Thus, the

physi cal characteristic information of the disc is recorded in the |and
pre-pit. Fig. 55 illustrates the | aygut ~of a disc, which serves as a
DVD-RWor a DVD-R The lead-in area on the inner periphery of the disc is
di sposed in a range from45.2 to 48 nmmfromthe center of the disc. The

| ead- i s f d |t f f b f
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(rmeander i ng re-npi Pis ormgéd, as shown

in Fig. éﬁnﬁﬁi?‘ﬁefé\ggﬁ%%%nfﬂfB%g:%Lﬁ?éOf Thils!, 2BY e rRakWRen 1P hhieng

grooves : : gr oove rmation and the land pre-pit LPP
i nf or mat hRPs 8681 0RhRaLPREtPYnacfOtha! hedcPUBlaRHbl #h@Relthe wobble

information into TOC data, such read-only disc drive units
are able to determine the physical information of the disc,

and correspondingly perform the setting.

7. 'Examples of DVD-format discs

In the foregoing embodiment, the present invention has
been discussed in the context of a CD-R and a CD-RW. The
present invention is also applicable to other types of discs,
and the physical characteristics, such as the moment of
inertia and the disc cohfiguration,-of the other discs may
also be recorded on them. I¥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 apparatﬁs or a reading apparatus.

As an example of the other types of discs, DVDQformét
discs are discussed below. As recordable DVD-format discs,
a DVD-RW, a DVD-R, a DVD-RAM, and a DVD+RW have been
developed, which are described below. |

Although a detailed configuration of a disc drive unit

(recording/reading apparatus) compatible with such DVD-



representing the light reflected by the disc detected by an 1?E®LﬁﬁJ
pi ck-up. The structure of the pre-fornatted data recorded as i éﬁd
pre-pit LPP is as follows. Fig. 57A illustrates a pre-pit frame, which is a
13 April 2004 - 97 mnimumunit of the pre-formatted data as the | and
pre-pit LPP. The pre-pit frame has twelve bits consisting of a four-bit
rel ati ve address and .eight-bit user data. Then,. 16 pre-pit frames (PFO

t hrough PF15) formone pre-pit block. The four-bit relative addresses of
the individual pre-pit franmes indicatgs the addresses of the correspondi ng
pre-pit frames (PFO through PF15). The pre-pit block is forned of part A
consisting of the six pre-pit frames PFO through PF5 and part B consisting

f h f h h - f h
ol gnt - bi FORUBE BaEgs na FLATRRAY Aeiherend Froy SORtLs e H1%ong e
-b d h Fi. B h d ECC
el Sabife B rorBetpRid glﬁgeéé-;eoma ° U A S "
whi ch COQ§| h% gatgg%?%%gfgr ?hﬁ B%a@% f%rmBQr0491 PF15, has 80- b|t

(10- byte) "user iSer &t a nas, ‘as Shown in Fig. 57C, a

gget byt emtaaﬁ'ﬂtlgn/d%heéaﬁis%l%s heltBlod, n%' O%ﬂ%%f WS- Raridy, B for

and so on, the bas;c conflguration of a DVD drive unit is
similar to that of a CD drive unit. Thus, an explanation
thereof is omitted. As in the operations described with
reference to Figs. 49 through 54, a disc drive unit
compatible with DVD discs, which is discussed below, is able
to determine the physical characteristics of a loaded disc,
provide various settings according to the physical
characteristics, and perform the recording and reading
operation correspondingly;
The recording of the physical characteristics of a DVD
disc therein is discussed below.
7-1 DVD-RW, DVD-R
| In a DVD-RW, which is a rewritable disc using a phase-~
change recording technique, and a DVD;R, which is a DRAW
(WORM) disc using an organic-pigment change ﬁechnique, a
wobbling groove is formed as a pre-format on the disc, and a-
pre-pit is formed on a land located between grooveé
(hereinafter referred to as a “"land pre-pit").
" The wobbiing groove is used for controlling the
rotation of the disc and for generating the recording maéter

clock. The land pre-pit is used for determining the



The six-byte disc information varies, as shown in Fig. 58, aqgghﬁuﬁ%4to t he
field ID. In the pre-bit block in which the field IDIs |IDQ ree bytes
of the six--byte disc information of part B are used for recording the
same value of the ECC bl ock address of part A The pre-pit block in 13
April 2004 - 98 which the field IDis IDOis fornmed on the entire area of
the disc. The pre-pit block in which the field IDis one of ID through
ID5 is formed in the lead-in area. In the pre-pit block in which the field
IDis IDl, the application code or physical data is recorded as the

Si Xx-byte disc information. |In the pre-pit block in which the field IDis

I D2, the OPC suggested code or wite strategy code (WB1) is recorded as

h -b d f h h.the field ID
Eﬁi‘ De ﬁ%%a#%?aé“e%@%b%%m%% ek ol 20 qu#;rd“%%ﬂ%:af%?{[) 'e?&' i
Pecofgéac&%h% tﬁﬁ:egﬁ' I SC |$orma |1(;%n qongct%éli%e ppet (%183@ aé:&(!"ﬁvéf:fch t he

f Id 1Dy t ' h I X- byt
d:gc |nfobna ono alfsrgﬁﬁgﬁeqﬂar C urém% t é§%§é§[ﬂ 'gkszﬁ m%igh

the fiel dplBrmath 'Bln %rfetglféomgdﬁ id FeFadd ﬁhltaec Sﬁhe o plt - byte disc

I nformati on of the user ta of PF7 through PFI2 frames is
formed of onephyt es8pphhgatiaResCefe 1898ukYbe Q'%&s@hY%h%@h‘kﬂﬁ%eéi

t hree-byte | ast address
as a DVD-RW or a DVD-R.

The lead-in area on the inner periphery of the disc is
disposed in a range from 45.2 to 48 mm from the céﬁter of
the disc. The 1ead—out area is formed at a position away
from 116 mm from the center of the disc. The area between
the lead-in area and the lead-out area serves as a program
area in which real data is recorded.

In the information area including the lead-in area, the
program area, and the lead-out area, the groove (guide
groove), which forms a data track, is formed in a wobbling

- (meandering) shape. Additionally, a land pre-pit LPP is
formed, as shown in Fig. 56, ét a predetermined position of
a land L between wobbling grooves G, G.

The wobbling groové G information and fhe land pre-pit

. LPP information are obtained by é so¥callgd push-pull signal
representing the light reflectéd by the disc detected.by an

"obtioal pick-up.

The structure of the pre-formatted data recorded as the

land pre-pit LPP is as follows.

Fig. 57A illustrates a pre-pit frame, which is a



of the data recordable area, one-byte part version/extensiong Q@Hﬁﬂ)ﬂhe
contents of the one-byte (eight-bit) disc physical code are %e |ne8 as
shown in Fig. 60A. Anpbng the eight bits bO through b7, b7 indicates track
13 April 2004 - 9 9 - pitch information. Wien bit b7 is "0", the track
pitch is 0.80 Mn Wen bit b7 is "1", the track pitch is 0.74 pm Bit b6
represents the reference velocity. The value "0" indicates that the
reference velocity is 3.84 mis, while the value "1" indicates that the
reference velocity is 3.49 ms. BitL lay designates the disc size. The val ue
"O0" 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 from45 to 85 %

whi | e t HEIREPYE uRit ofqFRe: BESTharmehtefndak2of s &Pfedtfdh PrEEAL from 18
to 30 % e lumty s recorded,in.bit. 2 and bit 1. We bit b2 is
V0 R ey BESTBES PraBe BASn fuSkeE: BACS GRBSELNS P D', the
T FBe B SR bR aa E8, el phohop T IS BT IRARE e
o Torelkesta) " de, TEEBCPRASGH PRy ) PRIl i palh e e ues of
inertia fRE PSuQQBEEegeQXtive addresses of the individual pre-pit
frames ihdicate the addresses of the corresponding pre?pit )
frames (PF0 through PF15).
The pfé-pit block is formed of part A consisting of the
six pre-pit frames PF0 through PF5 and part B consisting of
the ten pre-pit frames PFé6 through-PF15.
Since one pre-pit frame has eight-bit user data, part A
has 48-bit (six bytes) user data. Among the six-byte user
data, as shown in Fig. 57B, three bytes are used as an ECC
blqck address, and three bytes are used as parity A for part
A,
_ Part B, which consists of the ten pre-pit frames PF6
through PF15, has 80-bit (10-byte) user déta. The 10-byte
user data has, as shown in Fig. 57C, a ohe—byte field ID,
six-byte disc information, and ﬁhree-byte parity B for part
. :
The six-byte diégiinformation varies, as shown in Fig.
58, according to the field ID. In the pre-bit block in
 which the field ID is ID0O, three bytes of the six-byte disc

information of part B are used for recording the same value

- of the ECC block address of part A. The pre-pit block in



the two bits J1 and J2., as shown in Fig. 60B. Wen the vaIu?$ gﬁ“i%4and J2
are "00", the nonent of inertiais less than 0.01 gn2. Wen ﬁ val ues of
J1 and J2 are "01", the nonment of inertiais 0.01 g'n2 or greater but

| ess than 0.02 g-n2. Wen the values of J1 and J2 are 13 April 2004 - 100
"10", the nonent of inertiais 0.02 gnR or greater but less than 0.03 gn®.
When the values of J1 and J2 are "11", the nonent of inertiais 0.0-T,
-g-M2 or greater. In the case of a DVD-RWand a DVD-R, as descri bed above,
the physical information of a recordimg nmediumis 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 determ ne the disc size, the nonent of
inertia, the track. pitch, the_linear velocity, the nmediumtype, etc.
Accordin &?htﬁéed%%gihrFQelﬁnFPOi%SaEPEmFS BéngFnﬁgﬁﬁFEbl ea; 0% i ngs
accordinggto t he physical characteristics of the disc, thereby performng
a sui t abF2€r8&8Pdi ng/ readi ng operation correspondingly. 7-2 DVD-RAM I n a

O, Al LS e P BIER, 16 hL38, ol Epadogpoie BERcimes
) 9 O Eoughe IR 00 IERN | Bk S RIBIEAL e Pl e el e
an i nforgphERN; hewhibAP tBeP2iEh@NTDTE ID1, the application code or
physical data is recorded as the six-byte disc information.
in the pre-pit block in which the field'ID is ID2, the OPC
suggested code or write strategy code (WS1) is recdrded as
the six-byte disc information. In 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 (MIDZ) is
recorded as the disc information. 1In the pre-pit block in
which the field ID is ID5, write strategy code (WS2) is
recorded as the six-ﬁyte disc information.

Details of the structure of the pre-pit block in which
the field ID is ID1 are shown in Fig. 59. In this case, the
six-byte disc information of the user data of PF7 through
PF12 of the pre-pit frames is.formed of one-b&te application
code, oﬁe-bYte disc physical data, a three-byte last address
0of the data recordable area, one-byte part version/extension
code. |

The contents of the one-byte (eight-bit) disc physiéai
code are defined as shown in Fig. 60A.

Among the eight bits b0 through b7, b7 indicates track



physi cal characteristic information of a disc can be recordﬁg inV%Eﬁ
enbossed pit area of the lead-in area. Fig. 61 illustrates t Apy of a
DVD-RAM The lead- in area is formed, as shown in Fig. 61, from45.2 nm
from the center of the disc. The area from45.2 to 48.0 nmis an 13 Apri
2004 - 101 enbossed pit area in which control information is recorded.
The lead-in area further extends to the rewitable area in which data is
recorded. The |ead-out area is formed from 115.78 to 117.2 mm The area .
between the lead-in area and the |eagdgout area is used as a program area
in which real data is recorded. The detail ed configuration of the |ead-in
area is shown in Fig. 62. The lead-in area is largely formed of an
enbossed data _area, a mrror area, and a rewitable area. In the enbossed

data ar iteh IRFOTHAtIQMe, . WheRmePbE Rk FECO bt obRG tFafkrBatEhcdde zone, a
o o o UL e SR RO L8 2005 BRI
R R b RSN B, o o
D 2 Baflifet SOk FedEl, 6 AT e BT e
‘value "1" indicates that the reference veloclty 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 valug "o" in@icates that the index of
reflection ranges from 45 to 85 %, while the value‘“l"
indicates that the index of reflection ranges f£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 isr“O", the médiu% type is a recordable type. When
bit 1 is “;“, 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 represénted by J1 and
J2, réspectively, the moment of inertia can be defined by
the two bits}ji and J2, as shoWn‘in Fig. 60B.
When the values of J1 and J2 are "00", the moment of
inertia is less théﬁ 0.01 g-m?2. When the values 6f J1 and

.J2 are "01", the moment of inertia is 0.01 g-m? or greater

but less than 0.02 g-m2. When the values of J1 and J2 are



The configuration of each of the 192 bl ocks of the control ?§é§m§?ﬁ§ I n
t he enbossed data area is showmn in Fig. 63. One block is fo 6
sectors fromsector O to .sector 15. One sector has 2048 bytes. In sector
0, 13 April 2004 - 102 physical format information is recorded. In sector
1, disc manufacturing information is recorded. 192 bl ocks configured as
descri bed above are recorded in the control data zone. The contents of

t he physical format information (2048 bytes) recorded in sector O are
partially shown in Fig. 64. |In the-hgad byte at byte position 0 of the
2048-byte sector, the nediumtype and the part version is recorded. In the
subsequent byte at byte position 1, the noment of inertia, the disc size,
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size i s recor from the noment of” |nert|a S

recorded bﬁeh@oog'ﬁﬁegﬁlﬁnQSbB g3C§n3§rag EQ@eEMD bits b4 and b5

representlng the disc size, may represent a 12-cmdi sc,
while the val yg tthéaEEyof“Q'ﬁ@beRﬁ”aﬁdCH‘ﬁV§CR apd WReiRIa WAdirs, may

be reserved. Alternatively, by using the two bits b4 and b5, a

conmbi nat ¢,pR phylheadi S&FerA@tadsH Ufeadmo&@&hggweainﬁm {@Yrecorded
in the lead-in area as the pre-bit block of the land pre—bif
LPP. This enables a disc drive unit to accurately and
easily determine the disc size; the moment of inertia, the
track pitch, the linear velocity, the medium type. etc.
Accordingly, the disc drive unit is able to perform suitable
settings according to the physical characteristics of the
disc, thereby performing a suitable recording/reading
operation correspondingly.

7-2 DVD-RAM
In a DVD-RAM, which is a DVD-format rewritable disc
using a phase-change recording technigue, high density
recording is implemented by employing a land/groove
recording méthod. In the DVD-RAM, the lead-in area includes
a portion in which control information is re¢orded as
embossed pits, and an information rewritable portion. The
physical characteristic information of a disc can be
recorded in the embossed pit area of the lead-in area.
Fig. 61 illustrates the layout of a DVD-RAM. The lead-

in area is formed, as shoﬁn in Fig. 61, from 45.2 mm from

the center of the disc. The area from 45.2 to 48.0 mm is an



be indicated rather than only the disc size. The two bits bi gpdgﬂg4
designating the nonent of inertia nay be represented by Jl ﬁ P
respectively, and the nonent of inertia nmay be defined as shown in Fig.

60B. In Fig. 64, at byte position 2 (one byte), the disc 13 April 2004 -
103 structure is recorded as a predeterm ned definition. At byte position
3 (one byte), the recording density is recorded as a predeterm ned
definition. At byte position 32 (one byte), the disc type IDis recorded.
Concerning a DVD-RAM the physical rnft@dnation of the recording mediumis
recorded in the enbossed data area of the lead-in area. Accordingly, the
disc drive unit is able to precisely and easily determ ne the disc

si ze/ conbhgHE AbkoRs t! %egoqﬁnhh%& QiR Uher iRl yiose’reﬁ&dd%gs, !

i s thus possi provi de suitabl e settings according to t
charact efhgat hgaqQfint Beedl %‘ﬁr%ﬁ@r l&%rtfe(i’xrd@ e 1ARP R Al £ T £ CRR&lh Nl 1 eadi ng
operation correspondingly. 7-3 D+tRWIn a DVD+rRW which is a DVD-fornat

rew itabyRidhS@atds u@gr@ca&ﬂéa-.ch%@e RRAIFH N Gt Y Rema@r 0318 |t ems of
i nformati on are recorded on the disc by a phase-nodul ated wobbling groove.

Thus, theiphysi ¢al 1aharagher i ThieC ardfe0bEiWwedh afhd M4l Stn i Srédcand@ed in
ADI P information which is to be recorded as the phase-nodul ated wobbling
the lead-out area is used as a program area in which real

data is recorded.

The detailed configuration of the lead-in area is shown
in Fig. 62.

The iead—in area 1is largely formed of an embossed data

-area, a mirror area, and a rewritable area. In the embossed
data area, an initial zone, a Qné—block (ECC block)
reference code zohe, a 31-block buffer zone, a 192-block
control data zone,‘and a 32-block buffer zone are
sequentially disposed.

Subsequently, in the rewritable area after a mirror
area (connectidn zone), a 32-block guard track zone, a 64-
block disc test zone, a 1l2-block drive test zone, a 32-
block guard track zone, an 8-block disc identification zone,
an 8-block defect management area (DMA)1, and aﬁ 8—blo¢k
DMAZ are sequentially disposed.

The configuration of each of the 192 blocks of the
control data zone in the embossed data area is shown in Fig.
63.

One block is formed of 16 sectors from sector 0 to

~sector 15. One sector has 2048 bytes. 1In sector 0,



groove. The phase-nodul ated wobbling information is describeq3£%ﬁgg%4Mtr1
reference to Figs. 66A, 66B, and 66C. Ei ght wobbles form one unit

The wobbl es are then phase- nodulated in such a manner that positive
wobbl es PWand 13 April 2004 - 104 negative wobbles NWare generated in a
predeterm ned order. Accordingly, the ADIP unit represents a

synchroni zation pattern, "0" data, or "1" data. The head of the positive
wobbl e PWdirects toward the inner periphery of the disc, while the head.
of the negative wobble NWdirects towa2d-t he outer periphery of the disc.
Fig. 66A illustrates the synchronization pattern (ADI P synchronization
unit). The first four wobbles (WD through WB) are negative wobbles NW and
t he | ast . bl WA Qsidiv P ' 66B
illustra ielggé' ﬁéRA%P%ﬁlgg:y\gmun?{m%:{%&ncaﬁsl ?{:}e%' J'GEéd'at ZIIY\?%%?‘?]E s¥\{ \A‘giﬁ%?e WO is
a negati rN“ﬁ i r ' n | Lon, and the
subsequeﬁ?np%?ggg'mn b?%g t(¥§§éﬂ§§%¥ﬂg%g§%ogﬁg?cgiﬁg%%Ies PW In the

| ast fougoleBueed Bie detR W ehdvdt A MRlori&a PAST £h¥ CcodBPB) €S PW
and the remai ning two wobbles. (W and W) are negative wobbles NW Wth
this arr aagamohe .t he ADI P data represents "0" data. Fig. 66C illustrates
the ADIP data unit indicating "1" data. The first wobble WD is a negative

wobbl e NW whyE8 contents of the physical format information (2048

bytes) recorded in seétor 0 are partially shown in Fig. 64.

: Iﬂ the head byte at byte position 0 of the 2048-byte sector,
the medium type and the part version is recorded.

In the subsequent byte at byte position 1, the moment

-of inertia, the disc size, and the maximum transfer rate are
recorded. This information has, for example, eight bits of
bit 0 to bit 7, as shown in Fig. 65, in which the maximum
transfe: rate is recorded in four bits from bG to b3, the
disc size is recorded in two bits ffom b4 and b5, and the
moment of inertia is recorded in two bits b6 and b7.
Concerning the two bits b4 and b5 representing the disc size,
the value "00" may represent a 12-cm disc, while the wvalue
"01" may indicate an 8-cm disc, and the othér values may be
reserved. Alternatively, by using the two bits_b4 and b5, a

: combinatign of the disc size and the Qisc configuration may
be indicated rather than only the disc size. The two bits
b7 and b6 designating the moment of inertia may be
répresented by.Jl.and J2, respectively, and the moment of
inertia may be defined as.shown in Fig. 60B.

In Fig. 64, at byte position 2 (one byte), the disc



serves as a bit synchronization, and the subsequent three |

t hrough WB) are positive wobbles PW In the |last four mobbrgggpﬁﬁgkyﬁo
wobbl es (W and Wh) are negative wobbles NW and the remaini.ng two wobbl es
(W and W) are positive wobbles PW Wth this arrangenent, the ADI P data
13 April 2004 - 105 represents "1" data. The data structure of the
above-described ADIP units is as follows. The ADIP unit information
recorded as a wobbling groove is forned of two synchroni zation frames as
one unit shown in Fig. 67. The two-sypghroni zati on franes has 93 wobbl es.
One wobbl e has 32 channel bits (32 T), and accordingly, one

synchroni zation frame is equal to 1488 channel bits. One ADIP unit is

e by e bt R R A e b S TS S BRI St
or e, % pPPBSBpURLUER! S0 ol ikt AREPMNLRLY BN APE ard, wnich 1s
omorng. crShfnaBi e 8 R ngl T SRS 0 et
o SonEpkenptetne O Biptr e e bt L A et U
bit 51 other ¢h@betRfng a DVD-RAM, the physical information of the

recording medium is recorded in the embossed data area of

the léad—in area. Accordingly, the disc drive unit is able

to precisely and easily determine the disc |

size/configuration, the moment of inertia, the medium type.

and so on. It is thus possible to provide suitable settings

according to the physical characteristics of thé disc and

perform the appropriate recording/reading operation

correspondingly. |

| 7-3 DVD+RW

In a DVD+RW, which is a DVD-format rewritable disc

using a phase-change recording technigque, various items of

information are recorded on the disc by a phase-modulated

.wobbling groove. Thus, the physical characteristic

information of the disc is included in ADIP information

vwhich is to be recorded as the phase-modulated wobbling

groove.

The phase-modulated wobbling information is described
"below with reference to Figs. 66A, 66B, and 66C. Eight

wobbles form one ADIP unit. The wobbles are then phase-

modulated in such a manner that positive wobbles PW and
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chroni zation (data bit 0) can be used for recording §%Eﬁ;h0ﬁo 4

lon. Fig. 68B illustrates the structure of the 52-b

wo bits fromdata bit 2 to data bit 23 are used for recording the
address. The physical } 13 April 2004 - 10 6 - address is provided
ADI P word. -Eight bits from data bit 24 to data bit 31 are used

for recording supplenental data. Data bit 32 through data bit 51 are used

ata. Concerning the eight-bit supplenental data for each ADIP

6 suppl enental data are col lettéd-from consecutive 256 ADI P dat a,

formng a 256-byte table. 1In such a table, the physical format

i on, such as the one shown in Fig. 69A can be recorded. Fig 69A

107 BP0 205, QRN BRI QL

S f el it ver si on
AEngdQn'gi ‘%ﬁe A 1Peend Pepigen gﬂ forw ngﬁﬁq i

e disc size.
ngtegﬁten@@sahkgn dd ¥1#s@difzor recording the disc structure.

yte~at byte position 1 I's use
yte position 3 is used for-recording the recording density.

e allocation. One
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

WB) are negative wobbles NW, and the last four wobbles (W4
through W7) are positive wobbles PW.

Fig. 66B illustrates the ADIP data unit indicating *O"
data. The first ﬁobble W0 is a negative wobble NW, which
serves as a bit synchronization, and the subsequent three
wobbles (Wl through W3) are positive wobﬁles PW. 1In the
last four wobbles, the two wobbles (W4 and WS) are poéitive
wobbles PW, and the remaining two wobbles (W6 and W7) are
negative wobbles NW. With this arrangement, the ADIP data
éepresents "0" data. ‘

Fig. 66C illustrates the ADIP data unit‘indicating e
data. The first wobble WO is a negative wobble NW, which
serves as a bit synchronization, and the subsequent three
wobbles (W1l through W3) are positive wobbles PW. 1In the
last four wobbles, the two wobbleé (W4 and W5) are negative

wobbles NW, and the remaihing two wobbles (W6 and W7) are

positive wobbles PW. With this arrangement, the ADIP data

One



byte at byte :position 17 is used for recording the nonent oqs iﬂﬁﬂkha and
the disc configuration. At byte position 17, for exanple, as sﬁghn I'n Fig.
69B, two bits b7 and b6 are used for recording the monent of inertia, and
two bits b5 and b4 are used for recording the disc configuration. 13 April
2004 - 107 Wen bits b7 and b6 are represented by J1 and J2,

respectively, the nonent 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 d8% b4. As discussed above, in the
case of a DVD+tRW the physical information of the disc is recorded as a
phase- nodul ated wobbling groove. This enables a disc drive unit to
correct!| yoppds@atisl ¥idelggg ne the disc size, the disc configuration, the
nonent of Inertia, the nediumtype, etc. As a result, it is possible to

perform sui t aphge g8thi BE#Fuctasel SFNEnko abbeeRltscsabeahanagt &initd G% and
thus to performan appropriate recording/reading operation

correspopdi Fehowdhi | e the present invention has been described with
reference to what are presently considered. to be the preferred
enbodi ment, vEh&OoABIPDANALCaAnhfoimatdynbeetdddedo ast lae wobnfliigiyy ajdomveof the
disc drive unit, the operations of the unit, the structure of the wobble
i nf or nat ienfotrived of two synchronization frames as one unit shown in
Fig. 67. The two synchronization frames has 93 wobbles.
One wobble has 32 channel bits (32 T), and accordingly,
one synchronization frame is equal to 1488.channel bits. |
One ADIP unit is formed by eight phase-modulated wobbles
among the two synchronization frames (93 wobbles). fhe
remaining 85 wobbles are monotone wobbles, which are not
phase-modulated.
Fifty-two ADIP units form one ADIP word, which is
equivalent to four physical sectors. The structure of. the
ADIP word is shown in Fig. 68A.
The ADIP word, which is formed of 52 ADIP units, each
having éight wobbles (WO through W7),. has 52-bit information.
The ADIP word consists of one ADIP synchronization unit and
51 ADIP data units. Acéordingly, 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
51-bit information.
Fig. 68B illustrates the structure of the 52-bit ADIP
‘word. Twenty—fwo bits from data bit 2 to data bit 23 arel

used for recording the physical address. The physical



structure of the sub-Q data, etc. 13 April 2004 108 CLAIMS 13 sAf&fQr di ng
medi um conpri sing nmain data and a sub-code recorded therein, mﬁ@reln

physi cal characteristic information of said recording nedium is recorded
Wi thin said sub-code, wherein said physical characteristics information is
recorded within said sub-code of a lead-in area. 2. A recording nedi um
according to claiml1l, wherein point information representing content types
of predeterm ned information is disposed within said sub-code, and said
physi cal characteristic information 186recorded in correspondence with
specific values of the point information. 3. A recording nedi um accordi ng
to claim1l or 2, wherein said physical characteristic information

conpri segaghpbasMaki §Rova0CR HoRY e%c@ph@a&&:aho&fd.saiﬂdqﬂtew@ Nrdpedi um 4. A
recordi ng nmedi um according to any one of the preceding clains, wherein

sai d phygheal pi¢hauatbedatld Hithhar il ABeOHVY SREJrfigigrati on concerning
a type of said recording nedium 13 April 2004 109

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 daté are collected from
vconsecutive 256 ADIP data, thereby forming a 256—byte table.
In such a tabie, the physical format information, such as
the one shown in Fig. 69A, can be recorded.

Fig. 69A illustrates only byte positions 0 to 30 among
the 256 bytes, and the remaining bytes from byte positions
31 to 255 are not shown. |

One byte at byte position 0 is used for recording the
disc category and the version number. One byte at byte

_position 1 is used for recdrding the disc size. One byte at
byte position 2 is used for recording the disc structure.
One byte at byte position 3 is used for recording the
recording density. Twelve bytes at byte positions 4 through
15 are used for recording the data zone ailodation. One

- byte at bjte;position 17 is used for recording the moment of
inertia and the disc configquration.

At byte position i?, for example, as shown in Fig. 69B,
two bits b7 and b6 are used for recording the moment of

inertia, and two bits b5 and b4 are used for recording the

disc configuration.



5. A recording nmedium according to any of the preceding claijAg,Mgyei n
. . T . ! . A3 Apri 4 .
sai d physi cal characteristic information conprises information  concerning

a linear velocity of said recording mnedium 6. A recording nedi um
according to any one of the preceding clains, wherein said physical
characteristic informati on conprises information concerning a track pitch
of said recording nedium 7. A recording nedium according to any one of

t he preceding clainms, wherein said physical characteristic information
conprises informati on concerning a- nt of inertia of said recording
medium 8. A recording nedi.um according to any one of the preceding
clainms, wherein said physical characteristic information conprises

information’ wKONGS £ g7 aind FStaBder&hrds&OPdd b aii oanangza size  of
said recording nedium 13 April 2004 110 9. A recording nedi um accordi ng

to any onespéctheepyeceHengombatnss Wheretid sahdbsuletafied as ed@igied in a
CD format. 10. A recording nediumfor storing mai-n data and a sub-code,

sai d recbhndFbg.medBum Thapdiscngoafighuaaliohyinformatidnngancad ng unit
areas whose. :
recorded by the definition shown in Fig. 34 by using the two
bits b5 and b4.

As discussed above, in the case of a DVﬁ+RW, the
physical information of the disc is fecorded as a phase-
modulated wobbling groove. This enables a disc drive unit
to correctly and easily determine the disc size, the disc
confiquration, the moment of'ingrtia, the medium type, etc.
As a resﬁlt, it is possible to perform suitable settings
according to the physical characteristics and thus to
perform an appropriate recording/reading operation
correspondingly.

While the present invention has been described with
reference to what are presently considered to be the
preferred embodiment, various modifications may be made to
the configuration of the disc drive unit, the operations of

the unit, the structure of the wobble information, the

stfucture of the sub-0Q data, etc.



physi cal

characteristics are different, each of said recordH§g$ﬁ
unit areas consisting of a lead-in .area, a programarea, and a’l€a

area, wherein in the sub-code of the |lead-in area of each of said

recordi ng/
correspondi ng recording/readi ng

subsequent
in the,

.4ng
-out

readi ng unit areas, physical characteristic information of the
unit af@h is recorded, and start position
information- indicating a position at which the lead-in area of the
recording/ reading unit area starts is recorded, and wherein,
sub<xadeisof the |l ead-in area of each of said recording/reading

unit areas, ena position information "indicating a position at which the
| ead-out area ofi theacord@sRont Nledi B OOMPH i E8AGI Roh Nl daBie@nands is

recorded. 11. A recording nmediumaccording to claim 10, wherein the

sub-code is 4 ecapdedobin @ CDHOAMR! - A AP! 20Rk.Hhh 1fn,Aikgqording

appar at us conpati

sub-

code,

e Wth a récordi ng medi um whi stores

ata and a

sai d. recar.ding nedi,um conprising a.plurality., of .
“recording/ réa |rr?é: uerﬁJIStéL%eaéngﬁgrsn ggﬁg}siocf;l sa&ﬁar%ec(f%ﬁ%]srﬁ cg'eﬁltlélmdi fferent,
each of said recordjng/reading unjt areas consisting of a |lead-in

progr am ar ed;® &FFFdechdiFiimsaid &%/ in said sub-code of the

Iead-in area of each of said

wherein said physical characteristics
information 'is recorded within said sub-code of a

lead-in area.

2. A recording medium according to c¢laim 1,
wherein point information representing content types
of predetermined information is disposed within said
sub-code, and said physical characteristic
information is recorded in <correspondence with

specific values of the point information.

3. A recording medium according te claim 1 or
2, wherein said physical characteristic information
comprises informatioh concerning a material of said

recording medium,

4. A recording medium according to any one of
the preceding claims, wherein said physical
characteristic information comprises information

concerning a type of said recording medium.

ar ea,

a



recording/ reading unit areas, physical characteristic infoqgg%bﬂﬂmgf t he
correspondi ng recording/reading unit area is recorded, and sta posi tion
information indicating a position at which the lead-in area of the
subsequent recording/reading unit area starts is recorded, said recording
apparatus conprising: access control ne#%s for determning the position of
the lead-in area of the subsequent recording /reading unit area 'fromthe
start position information recorded in the lead-in area of the current

recordi ng/ readi unipt ; sall ow : t d rm ned
posi tion; deter%?ning &ggﬁgzzggfrégg%g% ?%%R%ﬁ?§§§2?§ %ﬁgrggge?ﬁgtic

i nformation E&kaﬁﬂg Ieadéhni%gea ofvﬂ$a%%_of t he Ggfording/rggg&ng unit
areas in accordance withCthé"Zecess EontTal | ed ﬁf ai d aBcé8s““cont rol
means, and fqQr determining the physical 13 ril 2004 112 characteristics
~of the corrégfﬁﬁﬂﬁqﬁf di AGEPERAAG uni FORPELISSENd +BEBFERRGBont r ol

means for performng settings for a recording operation for each of the
recor di ng/ r EENARFUAIE  af easlBeRBr dVRGOCHthe Ofphydatdl EREPHELERI stics
determ ned by said determ ning neans and for allow ng the' recording
operation t oesd yper f or med.

6. © A recording medium according to any one of
the preceding claims, wherein said physical
characteristic information comprises information

concerning a track pitch of said recording medium.

7. A recording medium according to any one of
the preceding claims, wherein said physical
characteristic information  comprises information
concerning a moment of inertia of said recording

medium.

8. A recording medium according to any one of
the preceding claims, wherein said physical
characteristic information comprises information
concerning at least one of a configuration and a size

of said recording medium.



13. A recording apparatus according to claim 12, wherein saggA H
recorded on said recording nediumin a CD-format. 14. Area |ng
conpatible with a recordi ng nmedi um which stores nain data and a
physi cal characteristic. information of said recording nedi um be
-recorded in a sub-code, said reading aﬁﬁhratus conprising:, dete
means for deter® ni n pegsirteding dred b epcsoirdd ngf sai anvecwrali 9§ medi um by
readi ng the physical characteristic information fromsaid sub-c
readi ng conthel mearsdiog perfaims ng whetreings sfadrd a s@adiode opes
according to the physical characteristics determ ned by said 13
113 det er mracagdeBans andpf e6rakkQW ng the readi ng operation to be

per f or med,;

and recording control neans for performng settings f

recordi ng operation according to the physical characteristics de
by said determ ning neans and for allow ng the recording operat

per formed.

sub-code is recorded on sa

15. fo!ea i Qgcgggﬂﬁgt Hl%ggﬁ%orf@rngstto%i%ﬁir%;r?’dat\{\%'egﬁgj
recordal ng nmedium’in ormat.

a sub-code, said recording medium comprising a

plurality of recording/reading wunit areas whose

physical characteristics are different, each of said

recording/reading unit areas consisting of a lead-in

. area, a program area, and a lead-out area, wherein in

the sub-code of the lead-in area of each of said

recording/reading unit areas, phfsical characteristic
information of the corresponding recording/reading
ﬁnit area is recorded, and start position information
indicating a position at which the léad—in area of

the subsequent recording/reading unit area starts is

-recorded, and

wherein, in the sub-code of the lead-in area
of each of said recording/reading unit areas, end
position information indicating a position at which

the lead-out area of the corresponding

" recording/reading unit area ends is recorded.

11. A recording medium according to claim 190,

wherein the sub-code is recorded in a CD format.

pmﬁﬂde i's

appar at us
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rm ni ng
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16. A reading apparatus conpatible with a recording nedlun1mq g%
mai n data and a sub- code,” sajd recordi ng medi um conprising a ura |ty of
recordi ng/ reading unit areas whose physical characteristics are different,
each of said recording/reading unit areas consisting of a lead-in area, a
program area, and a | ead-out area, whertlh, in said sub-code of the Iead-in
area of each of 18ajdA ré@@p@dnggre@MRﬁ}aﬂﬂ& et ighlsi caltbharacteristic
information of the corresponding recording/reading unit area is recorded,
and start pasicorddnignfrozdiaim owhiichdi cabteg aapasidattmn ahdwha cbBubkhe | ead-in
area of the subsequent recording/ reading unit area starts is recorded,

sai d readi ngodieparsalivs reHHdiFidGiedidint\Ebhp 2087nd 14 pagegsscgopkr ol nmeans
for determ ning the p05|t|on of the lead-in area of tﬁe subsequent

.record|ng/r@@@bgglﬁavgegﬁgﬁ romphe starte £@S'tk€¥bsé nfopggg&gglrecorded

in the | ead-in area of current recording/ readi ng uni rea, and for

al | owi ng ter Sition, deternlnlng ans_f.qr reading
t he phy5|ca%%%§%§%§c§§$%§ iC F%P%rnﬁff%% %%%ﬁthe ?ead |nggrea og each of
t he recordlng/regQ|n? unit areas,.in accordance with the access, controlled
by said acc&SSCTEIREY SPAEARs it #hradeCOPRIATAGY: 1R phydFedrin

area, a program area, and a lead-out area, wherein,
in said sub-code of the lead-in area of each of said
recording/reading unit areas, physical characteristic
infbrmation of the corresponding_ recording/réading
unit area is recorded, and start position information
indicating a position at whigh the-lead—in area‘of
.the subsequent recording/reading unit area starts is
recorded, said recording apparatus comprising:

access control means for determining the
position of the lead-in area of the subsequent
recording/reading‘unit area from the start position
information recorded in the lead-in area of the
current-recording/reading unit area, and for allowing
‘access .to the determined position;

determining means for reading the physical
charécteristic information from the lead-in area of
each of the recording/reading unit areas in
Aéccordance with the access controlled by said access

control means, and for determining the physical



characteristics of the corresponding recording/reading unit 1%rl§ﬁii o@hd .-
readi ng control neans for performng settings for a reading operation for
each of the recording/reading unit areas according to the physical
characteristics determ ned by said det ,F%TI ning means and for allow ng the
reading operation to be perforned. 17. readi ng apparatus according to
claimle, hereicherdsitdCsub- codeifs recor 888 on sai BOFEESPENAENImedi um i n
aCD format. 18. A reading apparatus according to claim16 or 17, further
conpri si ng recordiing /cediolg nmedts airea:;13npri| 2004 115 perform ng
settings for a recording operation for each of the recording/reading unit
areas according to theoplyagcal cearart emiesdrics detrer npeedokbyinai d
determ ning neans and for allowi ng the recording operation to be

performed. k3+tARRRS ated ACCREShAGiA® Bp¥raReonl £l BBch2 of 0th8, for use
w th a nmedium according to any one o clainms 1 to 11. RECORDI NG MEDI UM
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physical characteristics determined by said
determining means and for allowing the recording

operation to be performed.

13. A recording apparatus according to claim 12,
wherein said sub-code is recorded on said recording

medium in a CD format.

14. A reading apparatus cpmpatible with a
recoraiﬁg medium which stores maiﬂ data and a sub-
code, physical characteristic  information of said
‘recording medium being recorded in a sub-code, said
‘reading apparatus comprising:

determining means fér determining ﬁhysical
characteristics of said recording medium by reading
the physical characteristic information from said
sub-code; |

readiné ;ontrol means for performing
settings for a reading operation according to the

physical characteristics determined by said



Wthin a sub-code to be recorded in a recordi ng nmedi um the1@%§ii§@d4
characteristics of the recording nediumare recorded. This enables a
recordi ng apparatus or a reading apparatus to easily and correctly
determ ne the physical characteristics t he recordi ng nedi um by. readi ng
t he sub- code. The physical characteri s? c information includes

i nf or mat i on CSREBRILAG t FEEFRE er RE, £RE dil AW thee | KRNl oci ty,
the track pitch, the nonent of inertia, and the size/configuration of the
regor di ng meierAtion it Heuperdessianlie ansl easily and correctly deternm ne

t he physical characteristics of the disc (or unit area) while maintaining
the conpatibility w trhckndingr ecoodtngl nedisandi gulfoer 32performing

~settings for a recording operation according to the
physical characteristics determined by said
determining means and for allowing the recording

operation to be performed.

15. A reading apparatus according to claim 14,
wherein said sub-code is recorded on said recérding

medium in a CD format.

16. A reading apparatus compatible with a
‘recording medium which stores main data and a sub-
code, said recording medium comprising a plurality of
recording/reading unit areas whose physical -
characteristics are different, each of said
recording/readihg unit areas consisting of a lead-in
area, a program area, and a lead-out area, wherein;
in said sub«code of the lead-in area of éach of said
recording/reading unit areas, physical characteristic
ihformation_ of thé corrésponding recording/reading
unit area is recorded, and start position information
indicating a position at which the‘leadéin area of
the - subsequent recording/reading unit area starts is

recorded, said reading apparatus comprising:
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access control means for determining the
position of the lead-in area of the subsequent
recording/reading unit area from tﬁe start position
informatiqn recorded in the lead-in area of the
cﬁrrent recording/reading unit area, and for allowing
access to the determined position;

determining means for reading the physical
characteristic information from the lead-in area of
each  of the recording/reading unit areas in
accordance with the access controlled by said éccess
control means, and for determining the physical
characteristics of the corresponding
recording/reading unit area; and

reading control means for performing'
settings for a reading operation for réach of the
recording/reading unit areas according to the
physical characteristics determined by said
determining means and for allowing the reading

operation to be performed.

17. A reading apparatus according to claim 16,
wherein said sub-code is recorded on said recording

medium in a CD format.:

18. A reading apparatus according to claim 16 or

17, further comprising recording control means for
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performing settings for a recording operation for
each of the recording/reading unit areas according to
the physical characteristics determined by said
determining means and for allowing the recording

operation to be performed.

19. Apparatus according to any one of claims 12
to 18, for use with a medium according to any one of

claims 1 to 11.





