(12) STANDARD PATENT (11) Application No. AU 2004203400 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

Title

A recording medium, method of configuring control information thereof, method for
recording or reproducing data using the same, and apparatus thereof

International Patent Classification(s)

G11B 27/00 (2006.01) G11B 7/26 (2006.01)
G11B 5/09 (2006.01) G11B 20/10 (2006.01)
G11B 7/005 (2006.01) G11B 7/00 (2006.01)
G11B 7/007 (2006.01) G11B 7/0045 (2006.01)

G11B 7/24 (2006.01)
Application No: 2004203400 (22) Date of Filing:  2004.06.21
WIPO No:  WO05/004134

Priority Data

Number (32) Date (33) Country
10-2003-0045825 2003.07.07 KR
10-2003-0048747 2003.07.16 KR
10-2003-0056540 2003.08.14 KR
Publication Date: 2005.02.03

Publication Journal Date: ~ 2005.02.03
Accepted Journal Date: 2009.01.08

Applicant(s)
LG Electronics Inc.

Inventor(s)
Suh, Sang Woon;Kim, Jin Yong

Agent / Attorney
Davies Collison Cave, 1 Nicholson Street, Melbourne, VIC, 3000

Related Art
EP 1308942
US 2003/0058771




10

53

Abstract

A method of recording control information in a recording

medium, such as an optical disc, including at least one

reéording layer is provided Velocity information and per

" recording velocity write - strategy (write strategy

parameters) is included in control information, such that
Sténdérdized control inforﬁation'can be-uniformiy applied
tc.cope with the playbédc of a récorded opticalAdisc.
The  method includes‘stépS'of recording,,per‘appliéable

recording velocity, the control information“ within a

maragement area of the at least one recording layer of

the ‘optical disc; and recording at. least. one write
gtrategy information per the applicable Yrecording

velocity within the control information.
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The present invention relates to a method of recording
control information on a recording medium, such as a
recordable optical disc, having at 1least one recording
layer, and more particularly, to a method in which record
velocity information and write strategy parameters are

included in the control information.

A high density optical recording medium, known as HD-DVD, is
widely used to record and store high-definition wvideo data
and high-quality audio data. The Blu-ray disc represents
next-generation HD-DVD technology.

Technological specifications are now being established for
the global standardization of the Blu-ray disc, including

standards are for the write-once Blu-ray disc (BD-WO).

Meanwhile, a rewritable Blu-ray disc, known as the 1x-speed
BD-RE and now being discussed, should be compatible with BD-
RE discs expected to have higher recording velocities, i.e.,
the 2x-speed BD-RE and beyond. BD-WO specifications for high
recording velocity are also in progress. Efficient solutions

for coping with the high recording wvelocity of a high-

density optical disc are urgently needed, and the
specifications established should ensure mutual
compatibility.

It is desired to address or ameliorate one or more of the
above difficulties, or at least provide a useful

alternative.
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In accordance with the present invention, there is provided
a method of recording control information on a recording
medium having at 1least two recording layers, the method
comprising steps of:

providing control information for at least two
recording layers, the control information including
information units usable for reproducing or recording data
from or on the recording medium, each information unit for a
specific recording layer and recording speed, the
information units being arranged first according to
increasing recording layer number and second according to an
increasing recording speed applicable to the recording
layer; and

recording the control information within a specific

area of the recording medium.

The present invention also provides a method of recording
data on a recording medium having at least two recording
layers, comprising the steps of:

providing control information for the recording layers,
the control information including information units usable
for recording data on the recording medium, each information
unit for a specific recording layer and recording speed, the
information units being arranged first according to
increasing recording layer number, second according to an
increasing recording speed applicable to the recording
layer; and

recording data on the recording medium based on the

control information.
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The present invention also provides a recording medium
storing a data structure for managing recording oOr
reproducing on or from the recording medium, comprising:

a specific area of the recording layer storing control
information for at least two recording 1layers of the
recording medium, the control information including
information units usable for reproducing or recording data
from or on the recording medium, each information unit for a
specific recording layer and recording speed, the
information units being arranged first according to
increasing recording layer number and second according to an
increasing recording speed applicable to the recording

layer.

The present invention also provides an apparatus for
recording data on an optical recording wmedium having at
least two recording layers, the apparatus comprising:

an optical pickup configured to record data on the
recording medium; and

a controller, operatively coupled to the optical
pickup, configured to control the optical pickup to record
the data on the recording medium based on control
information for the recording layers of the recording
medium, the control information including information units
usable for recording data on the recording medium, each
information unit for a specific recording layer and
recording speed, the information units being arranged first
according to increasing recording layer number and second
according to an increasing recording speed applicable to the

recording layer.
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The present invention also provides an apparatus for
recording control information on a recording medium having
at least two recording layers, the apparatus comprising:

an optical pickup configured to record data on the
recording medium; and

a controller, operatively coupled to the optical
pickup, configured to control the optical pickup to record
the control information on a specific area of the recording
medium, the control information including information units
usable for reproducing or recording data from or on the
recording medium, each information unit for a specific
recording layer and recording speed, the information units
being arranged first according to an increasing recording
layer number and second according to an increasing recording

speed applicable to the recording layer.

Brief Description of Drawings

The accompanying drawings, which are included to provide a
further understanding of the invention and are incorporated
in and constitute a part of this application, illustrate
embodiment (s) of the present invention only and together

with the

THE NEXT PAGE IS PAGE 11
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descriptiocn serve to explain the principle of the inVention.

In the-draWings:

- FIG. l is~a diagrah of a single-layer disc applicable to the

present invention;

FIG. 2 .is a diagram of a dual-layer disc applicable'to'the

© 'present invention;

10

20~

¥

FIG. 3 is a diagram of a management area where disc control
information of the preésent invention is recorded, in which a

" format of recording the disc information in a corresponding

area is schematically shown;

FIGES. 4A to 4C are diagrams~.of disc information :ééorded

‘aceording to a first embodiment of 'the present invention;

FIGS.. SA to 5¢ are diagrams of disc information .recorded

according to a second embodiment of the present invention;

" FIGS. 6A to 6E are diagrams - 6f'fdisc informatién : recorded
- according to a third embodiment ofithevpresént»inVehtion;
. FIGS. 7A and 7B are diagrams of disc information recorded

'*aéCdfding‘to a fourth embodiment of the present. invention; and

h o)

IG.,B-is a block diagram-of an optical disc-rééordiﬁg-énd

freprddgcinglapparatus using disc control ‘information according

" : to the present invention.
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Best;Médeffor Carrying Out the Ihyeﬁtioa

Reference will now be made in detail to the preferred

~ embodiments of the present’ invention, examples of which are

- illustrated in the accompanying drawings. Wherever. possible,

the same reference numbers will be used throughout the

,drawingtho refer to the same or like parts;

‘A Blu~ra§- disc is taken as an 'example' of an optical disc

according to the present invention. Yet, the conéept,of'the_

present invention, characterized inl.an optical disc having its

disc cortrol information recorded thereon, is applicable to

DVD-RAM, DVD-RW, DVD+RW, DVD-R, DVD+R, and similar such discs.

“Although the terminology used herein is-well known for the

:mbst'part,hsome terms - have béenvchCSenjby the appiicant},such

that the present invention should _be understood with the.

fntended meanings of the ;efmindlogy.as used-by‘thenappliéant.

For example, the "disc control information" of a° disc is
‘recorded in' a specified .area, i.e.,'a recordable area of the
‘dis¢ or a prerecorded area (sometimes ‘known as an embossed

area, in.which manufacturer data is recorded and where no

fdrther' recording’ is péséibie), and includes 7inform3tidn

'jnecessary}for‘thé playback -of a recorded. disc. Disé'ééntrbl
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information is called "disc information" or "DI" in relation
tofBlu-ray disc technology but is typically referred to as

rphysical format information" for DVD-RAM, .DVD-RW, DVD+RW, -

‘DUD-R, and DVD+R discs. Hence, it.should be apparent that the
‘technical background of the present invention iS"eqdally

'applicabie to physical format information.

Moreover, the disc information according to the present

-invention is recorded as an unspecified. unit of information,

‘which may be counted, for example, as a -first or second

information.

' FIGS. 1 and 2 illustrate the structure of optical discs
;acéordiﬁg to the present invention, in which any recordable

' ‘optical. disc may be applicable to the present invention. The

recbrdable disc may be, for examblé)_a rewritable optical disc

or a write-once optical “disec. .

Reféﬁring,tbAFIG. 1, illuétrating an optical -disc haVing one

léébordiﬁg}iayer, a léad—in'éféalis provided aé a-mahageméqt
1;érea ‘oﬁ_ an'"inner circumference‘”aréa of anvgoptiﬁéi- disc,'
,:Wheréaé“g iéaafout aré& is provided as a managémenﬁ afeafon:ah '
 ou§e;'cir¢gmferegce areé’of-the optiCal disc. 'In:tﬁe iﬁﬁer

_circumference area, a pre-recorded area and a reéewritable (or
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‘write-once) area are provided separately. In BD-RE and BD-WO

technology, the pre-recorded area is called the PIC area,

‘where permanent information -and control data is recerded, and

disc inﬁbrmatidn ig recorded in the PIC area. A data area is

made up of a user data area where  user data is recorded and.

' inner and outer spare areas ISA and OSA, which are'used in the

-fépiaceﬁent of the data of a defective area. In the case of a

BD-WO disc, a temperary defect management  area (TDMA) is
provided fér recording information of a defect and for gdeneral

tnénagement. - The TDMA is _unnecessary in the case of BD-RE-

discs;'which have a corresponding area designated as reserved. -

The:preéent invention intends to provide a method of recording

- dise information (DI) as disc control information required for

record,pléyback of>é disc in a. pre-recorded or-recordéble-ére;

It is apparent that a recording method in,the'pre~recofd area .

is differently appliéd to each kind:of disc. In théfcase of
~BD-RE-.and BD-WO discs;' the pre-recorded area ‘is. the PIC ‘area
, reqbrded using a biphased high-frequency modulated signal

reprodiced aécording to a speéifié-plgybaCk method; to acquire

the disc information.
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CFIG. 2 illustrates an optical disc having dual -recording'

layers, in which an inner circumference -area of the disc has a

lead-in of a first recording layer (Layer 0) corresponding to

a lead-out of a second recording layer (Layer 1). in this

case, one PIC area is provided in each of the-leadéih and

lead-out areas, and the same disc information is recorded in.

each PIC area.

FIG. 3 ‘illustrates a PIC area formatted -according .to - the

present ‘invention. In configuring the disc information of the

PIC ‘area-of a BD-RE or BD-WO disc, the minimum recording unit
is one élﬁster{ 544 clusters-constitute~0ne»frégment , and

five . fragments make. up the PIC area. Disc information is

"réééraed:in.a front head cluster of a first. fragment IF0. The
4 diséiiﬁfofmatidn is plurally féééfded'per-reCOrdihg léyer and
_:%écoxdiﬁg-leoCity permitted by thé'coﬁrespondiﬁg §§tiéal disc.
ﬂéne diSc‘inférmation.includes 112 bYteé/ sometimes referred to
fééé a foframe. To cope with'a-ldsﬁ*ﬁf’diSc infdématiOnLAthe
',4éame'p6ﬁﬁénﬁs of the.disc informa;ion;are reéeatgdly'reEOrded
_#h eaéh_ffpnﬁ head c¢luster of the,rémaindef‘of the:f?agments.
&iﬁformAt;on ~represen§ing the corresponding recording layef,

_information representing recording . velocity,  and  write
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strategy information corresponding to the recording velocity
are included in each disc information. Such- information is

utilized in recording and reproducing the optical disc, to

‘:provide"an optimal condition per recording layer -and per

. recording velocity. .

The .disc information of the present invention is characterized

in providing specific recording velocity information supported

by ‘the dis¢ and associated write strategy information, and
'more spedifically, in providing’.épecific recording veloecity

supportéd . for each recording layer and aSsociated write

stfategy information via a specified method for discs havihg a

':p}ﬁrality qf recording layers.

'?hé specifié configuration,dethéidisq-infprmation is for a
'lBlu-fay.aiSC,,which'may differ frpm‘the configu;atiéﬁ,of a
HQVD—basedvdisc. Specificaily, the' recording DI'yolu@e for a
xélufray disc isjllz'bytes'of eqﬁivéieﬁt;"By fofmﬁiating the
 disé‘_iﬁf§rmation of the Samé areCQrdihg~ iéyéf‘?as one
‘;infofmatioﬁ, i.e., without'repéating'any-common infbrmétion,
' §hé‘1write'-strategy' configunaﬁidﬁﬂfmay diffef -pér_.féCQrding

fvelodity.
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~ FIGS. " 4A-4C illustrate the recording of disc information

according to a first of four embodiments of the present

“invention, in  which disc information is configured in a

specific sequence per recording layer and recording velocity.

" Referring to FIG. 4A, each disc information séquénce is

determined by a sequence number and is recorded using one byte.

" 'For- instance; the information is recorded in a fifth byte

:(i.e.,fthé “DI frame . sequénce number in DI block," which can

' be represented as 00h, 01lh, 02h, 03h, 04h, 05h, 06h, or 07h)
.Qf:the'disc‘information,'where a ﬁifth byte of 0Ch or 07h
indicaﬁesﬂa first or eighth disc'informapién, respectively.

'Mdpeovér,'redording layer informatien and_recording‘velocity

information, which will be use&A'by the corresponding disc

' information, are represented by specific bits and recorded in
 asspe¢ifié area (N*' byte) within. the disc information. For

‘instance, the recording layer information and theV:ecordiﬁg

velocity- ‘information are respectively recorded in the upper

 and lower four bits of the N byte, where a recordirg layer
”LinfqrmééiOn of 00005, 1000b,‘o: 1001b as the upper four bits
'indicatesVa:single'layer, é'ddél‘layer Lo (firstjléyer); or a

"dhal layer L1 (second layer), réspectiveiy, and,a:récordiﬁg



R -

Vélocity.inﬁormation of 0000b, 0010b, 0100b, 10060b, cr 1111b

as the lower four bits indicates a 1x-speed, 2x-speed, 4x-

speed, 8x-speed, or 16x-speed recording velocity, reSpéCtively.

' By,alldéating one byte thusly, the recording layer information

and- the recording velocity information can be »&éfined

according to a system or specification’ enactment.

. fﬁél-rééofding layer information -and the recordihg_-Vélocity_
information are recorded in & reserved spécific:'iocation
 éofréSpoﬁding to their sequence hﬁmber} as éhown-in-FIG. 4A,
:tﬁeréby:f facilitating to conﬁifm ~ the recbfdinga»'layér
'inférﬁétiahﬂand the'récordipé'véiécitf:information.ihcludedvin‘

' the corresponding disc information:. By recérding write power

or writeiparameters as write strategy information fitting the

corresponding recording lajér.and4fécording velocity in detail
lusing'the'rémainder of.the”bytes.within the disc‘infoimdtion,

namely, the 44*-111"" bytes, the recorded inforMatiph enables

éfficiéntfrécording‘and rebfbdﬁting.of,anVOpticaI'disc;' The

. information recorded in the 44°"-111"" bytes is referred to as

o the write stfategy parameters;

FIG. 4B exemplarily shows -disc .information 'recbrded’ in .a

single layer when representing the. disc information shown in
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FIG. 4A. When an optical disc  requires four different
‘recording velocity  information,  four disc information
corresponding to the -four' recording velocities are needed

‘within a PIC area. 1In each disc information, its ééquencé

ﬁumber-is-recorded in a fifth byte and corresponding:recording

layer information and recording velocity information are

E récordéd-iﬁ an N*! byte by allocating four bits tb‘eaéh of the
. corresponding recording- layer information and the
- corresponding recording velocity information. For imstance, a

. representation of recording velocities as 1x-speed, 2x-speed,

4x-speed, and 8x-gpeed corteéponds;CO the case of the éingle

iayer‘in FIG. 4B. Hence, théluppef four bits of the N** byte

- i& 0000b to designate the'single layer and the lower fdur bits

indicate eéch-recording velocity:informationh Spedifically,

0000b indicating 1x-speed is weitten in the first disc

'information,, 0010b indicating 2xfspeed “is written :in the

second disc information, 0100b indicating 4x-speed is written

© 'in the third disc information, and 1000b indicating 8x-speed

20

i'ié written in. the fourth disc information.

FIG. 4C exemplarily shows disc information recorded ih_a dual

layer when representing the disq'infofmation shown in FIG. 4A,
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in which each disc information corresponding to recording

_velocity information per recording layer is configured in

configuring disc information in ‘case that at least two

recording layers exist. Namely, disc information is mainly

configured per recording layer and another disc information

accordirig'to .recordirig velocity of a corresponding recording

lay_e'r is'.then configured. In the aé-p.ect of a seguence of

. eonfiguring. disc information, - disc . information is

preferentially configured on a recording layer; another disc

information, according to a corresponding recording - velocity

in the corresponding recording layer, is then configured.
Hence, if an optical disc includes two recording. layers and

'each recording . layer requires " four - .different "_‘r’écording

velocity information, eight disc information aJ_:‘_e_neéded to

_ cope Wwith: each recording velocity per recording layer within a

_PIC area. - In each of the disc information, a sequence number

is written in a £ifth byte and reécording layer information and

‘recording velocity information are respectively written in
four allocated bits of an N byte.
.For 1instance, if the recording vel-_ocitieé to behrepr-esente'd

. péer 're¢o,rding. layer are 1x-speed, 2x-speed,’ 4x-s'-peed.,‘-'fand, 8%~
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speed, first through fourth disc information are configured

with disc information of a first recording layer (layer 0),

: thé‘uppér four bits of the_bﬁh-byte are 1000b to designate the

first recording layer, and the lower four bits of'th-e‘Nth byte
indicate- ;he respective recording velocity iﬁfofmatioﬁ.
Spécifically, 0000b indicating 1x-speed is written in the
firstfdiéé information, 0010b indicaﬁiné 2x~speed;is written

in the second disc information, 0100b indicating 4x-speed is

‘written in third -disc information; and 1000b indicating 8x-

dpeed is written in the fourth disc information.

Moteover} fifth through'eighth'disc.informétion ére configured~

with'disb information of a2 second recording layer (layer 1) of

”~,.the dual layer. The upper four bits of the N®® byte are 1001lb

15

to designate the second recording layer, and the lower‘four
‘bits of the NB byte indicate ~ the réspective.‘rééording

Velocity_information. Specifically, OOOOb‘indicating,lx<9§eed

';is writ§éh‘in the fifth disc infdrmation,u0010b'indiCabing 2x-
. gpeed is written in the sixth disc informationm, 0100b

indicating 4x-speed is written in the .seventh. disc information, -

and 1000b indicating 8x-speed is written in the eighth'disci

. information.
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'In the first embodiment, disc information is: separatéd for

each recording velocity in each layer. In accordance with
another embodiment, disc information is separated for each

recording layer, and each recording velocity per recording

layer can be included in one DI. .In this case, there_ié one’

DI per recording layer and the Arecorded' DI volume varies

according to the number of'supported recording velocities.

' FIGS. 5A to.5C illustrate the recording of disc information

acCording_:to a second of four. embodiments of the present

invention. In contrast to the first embodiment, the recording

layef information and recording'veldCity informatiqﬁ'of the

'vséc§nd émbodiment are recordéd idga.fifth byte répresentiﬁg a
,AsequénceQnﬁmber‘of diSc inforﬁétion.
viﬁégead, of simply indicating é_ sequehce of contiﬁu§ﬁsj disc
iinfofmaticg,v‘é» sequence number within 'disc',informétiOn.
 3indicatés phat the disé information is reCorded-iﬁ‘a_Specifiq
-Eéﬁuenée;byiwriting recording'iAyér infdrmatién-énd recording

" velocity " information of ;he.present'invention.in the above

area.

FIG. 5B illustrates the second embodiment applied to a single

- layer, in which recording layer information and recording
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‘velocity information are recorded in the same mannexr ‘as .the

first embodiment (FIG. 4B) but are written in the fifth byte.

instead of N®%.
" For instance, a representation of recording velocities as 1x-

speed, 2x-speed, #4x-speed, and 8x-speed 'corresponds, to the

cése_of'the single layer in FIG. 5B. . Hence, the upper four

. bits of the fifth byte are'OQOOb:designating‘the‘Singlé:laYer,

 and “the lower four bits of the fifth byte indicate each

recording velocity  information.  specifically, 0000b

indicating 1x-speed is written in the first-disc information,

_‘OQlOb' indicating 2x-speed  is .writpén. in the second disc

information, 0100b indicating 4x-speed is written in-the third

disc-information, and 1000b. indicating 8x-speed is Writtenrin

‘the fourth disc information. -

FIG. 5C illustrates the  second embodiment~applied'to“é,dual

layer, in ‘which recording layer = information and . recording -

~velocity information are recorded: in the same ménnér as. the

first émbodiment (FIG. 4B) but are written in-a fifth byte

~ instead dfkthe NER, For ;netanéé,(if the recording velocities

to. be ;epresented_per recdrdingzléygr are 1x—speed, Zkaspeed,

4;45§e§d3 and. -8x-speed, ' the fixét ~€hrough foﬁrth disc
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information are configured with disc information of a first
recording iayer {layer 0) of the dual layer. Hence, the uéper
féur bits of the fifth byte are 1000b to designate the first
recordiné layer, énd the lower four bits of the fifth b}te

means indicate each recording = velocity information.

-Speéificé}ly;' 0000b indicating 1x-speed 1is written in theé

first disc information, 0010b indicating 2x-speed. is written

in the second disc information, 0100b indicating 4x?89eéd is

wriéten'in-the‘third‘disc infotmation,-and '1000b indicating

‘gx-speed is written in the-fourth_diSc'informatioh...Meahwhile,
'the:fiﬁth through eighth disc information are configured with
‘disc information of a second recording layer (layer 1) of the

Adual 1ayer. ”Thé:upper*fog; bits of the fifth byte are 1001b

to'désignate the second recording layer,  and the lower fbur.

'bits, of.;the fifth byte ‘indicate each recording velocity

iﬁfqrhation. Specifically, . 0000b indicating . 1x-speed is

‘written in -the fifth disc information, 0010b ‘indicating 2x-
,speed‘ is written in. the sixth' disc information, 0100b
:indicaqihg‘4x—speed‘is written in the seventh disc'informatioﬁ,

‘and 1000b- indicating 8x-speed is written in the eighth disc

information.
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FIGS.VGA.to»GE illustrate the recording of disc information

_according to a third of four embodiments of the  present

invention.

In the third embodiment,, a.plurality.of disc informafion.are

'tecorded.in a disc, a record sequence of each disc information

is détermined by a sequence number, and the record sequerice is

recorded in one byte. For instance, the -corresponding

information is recorded in a fifth byte (i.e., the‘ﬂbllf:ame

‘sequence number in DI block," which. can. be represented as 00h;
01h, 02h, 03h, 04h, 05h, 06h, or ¢7h) of the disc information.

:;Héré;_fér_example, a fifth byte of 00h ;ndicates'thé'first

disc infermation as well as disc information of lxjspééd'of a

}first'recqrding layer (Layer 0), a fifth byte of 01h indicates

the second disc information as well as disc information of 2x-

speed of ;he first recdrdihg lafér, and a fifthfbite of 07h
. ihdicatés: the eighth disc infprﬁation ~as iWell:'as disc.
- ﬂiﬁféfmaﬁ;qn of 8x~spéed‘of’a.sécond'recéraihg iayér;(ﬂéyer i);
fHénCe; the disc‘informationvis'preferéﬁtiaily_agrangédfin a
'1#ecordi§gf1ayér Sequeﬁqe-and is configured to foiibw .a per

_ recording 'velocity information' sequence,
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 Writé's;rategy, interoperatiﬁé with recording veléciﬁ&fmeant
" by the corresponding  disc information, is recorded in  a
specificréfea, €.g., & write strategy parameters'field.(fhe
lﬂﬁ”kllithﬂbYtes), within the. disc information. Identif;cation
 ihformatiqn for identifying.ﬁhe reqérded write‘strategy.type
'ié'reéérdéd in another specific area, e.g., a wri;e strategy
' ébdé field (the N*" byte), within tﬁe disc informatiocn. If
there'éfe;N'kinds of write strategy (WS);,the idéntificapion'

information -allocates a specific recognition. value to. each

wfite.strategy, setting, for instance, 0000 0001b to indicate

. ayfirSt write strategy (WS-1), 0000 0010b to indicate a ‘second

write strategy (WS-2), and XXXX XXXXb to indicate an N°® write

iﬁdicate ‘that no  specific WS- type -exists as wéllf as WS
~p§ram§tg#s; ‘Namely, thev}WS code’ ‘information of ﬁﬁg N byte
'éah be uﬁilized to indiéaﬁé that ;here'is no WS'as‘Well as
ii#féf@étioﬁ designating thé>WS type.-

FIG. 6B shows an example of recording disc information for a

. specific write strategy,  in which a disc manufactdref}selects

to record WS-1 from varigus specifications in recording ‘a

Write.gtfategy.for.lxéspeed:within‘lX—speed disc information-
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of a first recording layer. Namely, a write strategy code
field. (N®® .byte) of 0000 0001b indicates a first write

strategy, 'and parameter values corresponding to WS-1 are

written in the write strategy parameters field (the L®Pi111°%"
‘bytes) .

1f a disc manufacturer selects to record in WS-2, 0000 0010b

is written in the write strategy .code field and WS-2

'1paraméters will be written in the L'-111'" bytes. These write

strategy - parameters have different valuas acdordiﬁg to the

'kind of. write strategy. " The corresponding 'write‘ sﬁrétegy
4-pérémétéfs are predeterﬁined,'as-épecified information -fitting
© the charaéteriStics of the disq;,and madg availaﬁle'to”a diéq
'méﬁﬁfadtﬁgér or a system. designér.i As such, the’ write
-sﬁratng‘Parameters have~arb;trary'values with no reléyaHCeftc
Jthéfpfeéehﬁ invghtiqn.

'FIGS. 6C to 6E show specific embodiments Ffor including the

write strategy in the disc 'infprmation of the :present

.iﬁvéntibn,iassuming a dual-layer disc in which 1x-speed and
:QX7s§éed.areuapplied to the»two_re¢6rding layers,'respectiVely,
Here, . FIGS. 6C and 6D show a ’wfitev.strategy-fdptionallyz

' éelected3Eo-béfrecorded for all’récording.layers'énd'rebéfding'
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velocities on manﬁfacturing' a disc, and FIG; 6E shows a
recofded IWrite strategy - predetermihed ‘based on a mandatory
recordiné_at a specifie recording'velocity.

FIG. 6C shows a case of optionally recording the write

:stra;egy'fef all recording 1ayers and recording velocities.

For instance, 00h is recorded to indicate disc information of

-lespeed for a first recording layer, and WS-1 is Sselected as

the Write strategy; O0lh 1is recorded to indicate disc.

:informatieh of 2x-speed for the first recording layer, and WS-

2 isl'selected .as  the write strategy; 02h is feéefded: to -
:iﬁdicate‘aisc information. of .1x-speed for a second recording’
:;leYer; éﬁd'WS—l is selected as.the:write s;ratngi end 03k is
lfecorded ‘toV'indicate disc informetion of 2x-speed for the
‘séédﬁai recording layer; arid WS-N is_‘selecEed as; the write’
‘eétratégye'

FIG. 'SD:.shows another example _of”*optionally redordiﬁg the

" write strategy, in which the same write strategy is applied to

30

. the' disc information of every recording layer and recording

'velocibyaf,SinCe-write strategy can be optionally recorded, a
- disc  manufacturer - may apply the entire disc information

idenbiéeliy for one most reliable write strategy. ‘FIG:. 6D
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illustrates a case that WS-1 is written for every disc
information.

FIG. 6E  shows a  method of recording a write Strategy

- previously determined in a -mandatory manner in case of a
- specific recording veélocity and write strategies optionally
for all other recording velocities. The write strategy for

~ . 1x-speed is considered primary, where -a specific method is

predetermined, and a ‘disc manufacturer can optionally .record

'éilzothet recording veloCitieé. For inétance, if,tﬁélwrite.
ﬁStrategyjmandatofy for the 1x-speed is WS-1, bohnié recorded
'to3indiCate diéc informatior of.1x4épeed for a first recofding
'-'1aye;;‘énd'ws-1-isyset as[#he'méndéﬁory wfiﬁe,strétégyJ Then,
;Oih islteCCrded-to iﬁdicate'disc'inﬁormationlof 2£~speéd'for

fthe?firstrrécording layerh'and’ws—z is selected -as the write

Stfétégy that can be optionally recorded; 02h isireCor@ed<td

.iﬁdicéﬁe:disé_information;§f 1x-speed for a Secopd';ecofding'
.layer;'andlwésl is;selectgafasfthg ﬁaﬁdatbiy write.étrateéyé
.a@df03h is recorded to"indicaté digé infprmatioh*of~?xjspeed
ffd# thé:second-récording'layer; WS-2 is selected as the.writé

'sﬁré;egyfthat‘can be optionéliy“recbrded{
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in applying the case of FIG. 6E, one of a plurdlity of

specified write strategies is uniformly written as the 1x-
;spee@ write strategy in & mandatory manner, thereby enabling
' to secure recording characteristics of the disc more. A disc

manufacturer can optionally record one of a plurality of the

specified write strategies wuniformly for all recording

velocities besides the lx-speed, whereby a disc manufacturing

. process time can be shortened.  Here, the mandatory' write

vstrategy for 1x-speed can be recorded and a disc manufacturer

can Ao?tionally' record another write strategy for  1x¥speed

separately,  in which case the disc information for 1x-speed 1is

"made up - of one disc information including the specified

- ‘mandatory  write strategy ‘and another disc  information

15

‘including the optional write strategy.

FIGS. 7A and 7B illustrate the fééordinglof'disc7infdﬁhatibn

dccording to a fourth of four embodiments of the present

-inventidn; First of all, a plurality of disc informarion rare

' _recorded. in a disc, a récord sequence of each disc information

20

ig. détermined by a-sequence number, and the record sequence is.
:‘written  in one Dbyte. - For -instance, the coxreéponding

information -is recorded in a fifth byte (i.e., the “DI frame
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sequence rnumber in DI block,™ which can be represented as 00h,

01h, 02h, 03h, 04h, 05h, 06h, or 07h) of the disc informaticn,

where a fifth byte of 00h, 01h, or 07h indicates a first disc

information of 2x-speed for a first recording layer, a second

" disc information of 2x-speed for thée first recording layer, .or

an eighth disc information'of-BX-Speéd'for a second recording

layer, . respectively. Hence,  the disc information is

. preferentially arranged in a recording layer sequence and is

configured to follow a per recording  velocity "information

‘sequence.

 15 a  s§eéific area withinl.thé .diéd‘ information, récording
’veloéity information .désignated'lbyf the corresponding disc
'.“inférmation and writevstrategy coping wiﬁh the éorfe#pqnding 
4jré¢ordiﬁg~velocity are written in,éfreéervgd.specifi§ ;o¢ation3

For -instance, the  recording velocity information of the .

corresponding disc information is written in the - N~ (N+4)t

'stytes,fénd the write stratégy coping with the corresponding

20" disc finformation copihg with highl recording vélo@ity, ‘the

- recording velocity is written in the M™-111%® bytes.

- For theé fourth embodiment of the ﬁrééent invention to provide

_reCOréing;velocity information and writefstfategylére_wfittén'
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for each of a plurality of 'recording velocity information,
i.e., a nominal recording velocity (Vnom), a maximum recording

velocity (Vmax), a minimum recording velocity (Vmin), and an.

intermediate recording velocity (Vint). Here, the nominal

recording velocity is a Dbasic recording velocity of a

. corresponding disc and is generally written as information
" associated with 1x-speed; the maximum recording velocity is an

_applicable = maximum recording velocity (e.g., 3x-speed)’

associated with the optimal recording . velocity; the.- minimum

recording. - velocity 'ins an- applicable minimum recording

. véldcity - le.g., Vmax/2.4) associated = with the joﬁtimal

récording velocity; and the intermediatéArecordingﬁvéIOCity'is

\fanﬁappliCéble intermediate reéording'velocity (e.g., 1.7xVmin).
asso;iatéd! with the 'optimal.vreCOrding' velocity. The  above

:,ieiatioh-of'fecording velocity values has- been determined . by

considering a radius ratio betwéen inner = and . outer

;. circumferences of a Blu-ray .disc applicable to the present -

invention. It is apparent that' such a relation can be

*/yétiably',applied',to other .kindsl of ‘discs -and that the

20

 recording velocity. values can be -set to different values

-according to dis¢ characteristics.
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Relatihg éo the optimal recérding velocity (1x-speed), the
same information is preferably .reCQrded' in eachl disc
information. Preferably, the maximum, minimdm; and
intermediate recording velocities are differently deﬁe?mined;
according to the maximum recording velocity vélue as - far as
the corresponding-infofmatioh is ébplicable.

Though ‘any number of intermediate recording velocities can be:

‘established, the present invention is characterized in having
'ét least one- intermediate recording vélocity. At léast four

- recording .velocity . information are included  in. one . disc

4info%mation,' with system opération benefiting from: larger

" humbers of recording velocity information. - By utilizing a

. recordable area within disc information to the maximum, many

intermediate recording velocity information can be provided.

"FIG. 7B schematicaliy-shows disc ihﬁdrmation recorded in the,

case of FIG. 7A, and more particularly, in the case of a dual

' layer. -For instance, when an optical disc requires three

different .recording velocity infdrmatidn-per'recofdiné:layéryn'

' $ix disc information corresponding to the respective recording

veloéitiesA are needed within a PIC area. Each disc

. information is. allocated to . write .a sequence number,
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corresponding recording velocity informaticn, and

corrésponding write strategy to a predetermined area.

' For instance, if the recording velccities to be represented

are lx-speed, 2x-speed, and 6x-speed, the disc .infoermation for

a first recording layer includes first, second, ahd-third disc

-information. Here, the first disc information is 1x-speed

‘disc information of the first recording layer, its - sequence

number_corresponding to 60h, and the corresponding recording.

velocity and write'strategyﬁare‘writtén in a reserved location,

i.e., thé NP-(N+4)™ bytes and = the M®-111% . bytes,
‘respectively; the second disc information is 2x-gpeed . disc

information of -the first. recording layer, its sequence number

cérrésponding'to 01h, ‘and the corresbondihg recordingfvelocity

*_aﬁdi,Write strategy ' are. written- in  similarly  reserved

wlobatiéns;,énd the :hird~diéc informatioq is 6x-speed: disc

iﬁfq;maticn.bf'the first recording layer, its Sequencé number<

B fCOrrespOndihg:to.Ozh, and the‘chresponding'reccrdiﬁg3velccity

20

anderite”strategy dre written in similarly réserved:lécdtiOhs;
:-,LikeWise,.fourth, fifth, and sixth disc information are for é‘

.se€cond recording ‘layer, where the fourth disc information .is

1x-speed disc information of ‘the second recording layer and
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its sequence number'corresﬁonds to 03h, where the fifth disc

information is 2x-speed disc information . of the second
" recording léYer and its sequence number corresponds to 04h,
and. where ‘the sixth disc information is 6x-speed_fdi3c
' inforhétion. of the second recording layer and its 'sequence
 ﬁumber ‘corresponds to 0Sh. In this case, corresponding

recording velocity and write strategy are written in the same

location as in the case of the first recording layer.

./ In the fourth embodiment of the present invention, a plurality
of recdrdihg velocity information are all includEd in one disc

information, but one write strategy associated with specific

. -recording velocity information can be written in one disc

15

_information with the remainder written in another disc
information. .For instance, regarding four kinds: of .recording:
veIOCity'information, the number of required disc infdérmation

‘will be four times more than that. oflﬁéhe above-explained

'fjémbbqimenﬁi Yet, the PIC area, 'in which the disc.iﬁfdfmatiqn

f of 112 ’'bytes is written, is an area providing ‘for" a
‘sufficdiently large number of diScfinformétion to bé written

“informatiorn.
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' FIG. 8 illustrates an optical disc recording and reproducing

apparatus using disc control information according to the

pfeéent invention. The recording and .reproducing apparatus

comprises a recorder/reproducer 10 for receording data on and

reproducing data from an optical disc and a cohtroller 20 for
‘contrOIling the recorder/reproducer 10. The controller 20.

- generates a record or playback command for a specific area,

and the_recdrder/reproduéér_lo caries out the record/playback

function  for - the specific area accordingly. The
recorder/reproducer 10 includes' an. interface 12 for
communicating with an external device, i.e., the controller

lor host); a pickup 11 for performing read . and write .

operations with respect to the optical disc; a datavprocessor

13 for modulating the pickup's input signal for performing .a.

reproduction -operation‘ and for ~demodulating the ‘pickup's

output- ‘signal for performing a record operation; .a servo 14
for .conttrolling the read and write operations of the pickup; &

‘Mémdry;ls.for temporarily storing-diéq control inf@rmatién;‘

and’ a wicrocomputer 16 for respectively controlling each

'elemeht'df-the'recorder/reproducer.
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In a recording data on an optical disc according to the

‘present invention, the optical disc recording and reproducing

apparatus first reads the éntire disc management area of an
inserted. optical disc, the read information being disc

information of the present invention, which is. temporarily .

stored in the memory 15. Thus, the recording layer
information, recording velocity information, and write

‘strategy fitting the corresponding recording velocity are read

- -out and temporarily stored.

If.intending to perform a writing on a specific area within .

the ~optical disc, the controller 20 renders such an intent

into' a writing command and then delivers . it to the

recorder/reproducer 10 together with data for writing location

f?iﬁformaﬁiohi to be recorded. Afte;"receiving ‘the eriting'
'féémﬁéﬁd} ithe_ micrOcompute£ 16‘ decides tbe: Eorﬁeéé¢nding*
'§§c¢rding -velocity applied to . an. intended recOrding:.layer;
,within thé opgiéal-disc from’thé mgﬁageméﬁt.informéti§ﬁ stored
f.iﬁ the méﬁé;y 15 and then perfdrms the writing command usingi'
'{ﬁhé ﬁostjbptima1 write strategy by feferfing ﬁo‘the decided -

Zeécording. velocity.
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Industrial Applicability

'Accordingly, the present invention provides _methods of
formatting"disc control"infofmationr for coping .with"highér
recording- velocities in a high-density. optical disc, épabling,

 standardized . disc control information to be wused when

recording and reproducing.

Tt will Be apparent to thoée,skilled‘in the art thatfva;iou53

modifications and variations can be made in the present

in?eﬁtionﬁ Thus, it is intended that the présent‘iﬁventiong

covers ‘the modifications and. variations of this invention

provided ‘they come within,theyscbpefoffthe'appendéd claims and.

their .equivalents.
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Throughout this specification and claims which follow,
unless the context requires otherwise, the word "comprise',
and variations such as "comprises" and "comprising", will be
understood to imply the inclusion of a stated integer or
step or group of integers or steps but not the exclusion of

any other integer or step or group of integers or steps.

The reference in this specification to any prior publication
(or information derived from it), or to any matter which is
known, is not, and should not be taken as an acknowledgment
or admission or any form of suggestion that that prior
publication (or information derived from it) or known matter
forms part of the common general knowledge in the field of

endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of recording control information on a
recording medium having at least two recording layers, the
method comprising steps of:

providing control information for at least two
recording layers, the control information including
information units usable for reproducing or recording data
from or on the recording medium, each information unit for a
specific recording layer and recording speed, the
information wunits being arranged first according to
increasing recording layer number and second according to an
increasing recording speed applicable to the recording
layer; and

récording the control information within a specific

area of the recording medium.

2. The method of claim 1, wherein the specific area is
an area of a specific recording layer among the recording

layers.

3. The method of claim 2, wherein the specific area is

a lead-in area of the specific recording layer.

4., The method of claim 1, wherein the control
information includes at least one information unit for write
strategy information usable for recording the data on the

recording medium.

5. The method of claim 4, wherein the write strategy
information includes write strategy parameters, and the

write strategy parameters include a recording speed, a
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maximum read power, an indicative write power, a write pulse

duration and a write pulse start time.

6. The method of claim 5, wherein the write strategy
information includes at least one of basic write strategy

information and alternative write strategy information.

7. A method of recording data on a recording medium
having at least two recording layers, comprising the steps
of:

providing control information for the recording layers,
the control information including information units usable
for recording data on the recording medium, each information
unit for a specific recording layer and recording speed, the
information units being arranged first according to
increasing recording layer number, second according to an
increasing recording speed applicable to the recording
layer; and

recording data on the recording medium based on the

control information.

8. The method of claim 7, wherein each information unit
includes write strategy information usable for recording
data for recording the data on the recording medium, the
write strategy information includes write strategy
parameters including a recording speed, a maximum read
power, an indicative write power, a write pulse duration and

a write pulse start time.

9. The method of claim 8, wherein the write strategy
information includes at least one of basic write strategy

information and alternative write strategy information.
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10. The method of claim 7, further comprising reading
the control information at least one of a lead-in area of
the recording medium or a data storage for storing the

control information.

11. A recording medium storing a data structure for
managing recording or reproducing on or from the recording
medium, comprising:

a specific area of the recording layer storing control
information for at least two recording 1layers of the
recording medium, the control information including
information units usable for reproducing or recording data
from or on the recording medium, each information unit for a
specific - recording layer and recording speed, the
information units being arranged first according to
increasing recording layer number and second according to an
increasing recording speed applicable to the recording

layer.

12. The recording medium of claim 11, wherein the
specific recording area is a lead-in area of a specific

recording layer among the recording layers.

13. An apparatus for recording data on an optical
recording medium having at least two recording layers, the
apparatus comprising:

an optical pickup configured to record data on the
recording medium; and

a controller, operatively coupled to the optical
pickup, configured to control the optical pickup to record

the data on the recording medium based on control
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information for the recording layers of the recording
medium, the control information including information units
usable for recording data on the recording medium, each
information wunit for a specific recording layer and
recording speed, the information units being arranged first
according to increasing recording layer number and second
according to an increasing recording speed applicable to the

recording layer.

14. The apparatus of claim 13, further comprising a
data storage for storing the control information, and

wherein the controller is configured to control the
optical pickup to record the data based on the control

information read from the data storage.

15. The apparatus of claim 14, wherein the optical
pickup is configured to read the control information from a
specific area of the recording medium, and the controller is
configured to control the optical pickup to record the data
based on the controcl information read from the recording

medium or the data storage.

l6. The apparatus of any one of claims 13 to 15,
wherein the information wunit includes write strategy
information usable for recording the data on the recording
medium, the write strategy information includes write
strategy parameters including a recording speed, a maximum
read power, an indicative write power, a write pulse
duration and a write pulse start time, and the controller is
configured to control the optical pickup to record the data

based on the information unit.
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17. An apparatus for recording control information on a
recording medium having at least two recording layers, the
apparatus comprising:

an optical pickup configured to record data on the
recording medium; and

a controller, operatively coupled to the optical
pickup, configured to control the optical pickup to record
the control information on a specific area of the recording
medium, the control information including information units
usable for reproducing or recording data from or on the
recording medium, each information wunit for a specific
recording layer and recording speed, the information units
being arranged first according to an increasing recording
layer number and second according to an increasing recording

speed applicable to the recording layer.

18. The apparatus of claim 17, wherein the controller
is configured to control the optical pickup to record the
control information on the lead-in area of a specific

recording layer.

19. The apparatus of claim 17 or 18, wherein the
information unit includes write strategy information usable
for recording the data on the recording medium, the write
strategy information includes write strategy parameters
including a recording speed, a maximum read power, an
indicative write power, a write pulse duration and a write
pulse start time, and

the controller is configured to control the optical

pickup to record the data based on the information unit.
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20. The apparatus of any one of claims 17 to 19,
further comprising a host device operatively coupled to the
controller via an interface, the host device configured to

transmit a command via the interface.

21. A method, recording medium, or apparatus
substantially as hereinbefore described with reference to

the accompanying drawings.
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Ltolll -
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