METHOD OF RECORDING/REPRODUCING DATA ON/FROM
OPTICAL RECORDING MEDIUM CROSS-REFERENCE TO RELATED
APPLICATIONS [0001] This application claims the benefit of Korean
Patent Application No. 10-2004-0029589, filed on April 28, 2004, in the
Korean Intellectual Property Office, the disclosure of which is

- incorporated herein in its entirety by reference. BACKGROUND OF THE
INVENTION 1. Field of the Invention [0002] The present invention relates
to an optical recording medium, and more particularly, to a method of
recording/reproducing data on/from an optical recording medium and an

apparatus for recording/reprodui%@o l,«g&eﬁr\;ﬁgo
%ﬁﬁ% ﬁfﬁm ﬂ%ﬁ rage media, suc aUCING
ely

iﬂcﬂrscs are wi used In an optical pickup apparatus, which
records data on or reproduces data from the optical data storage media
without physically contacting the optical data storage media. Optical discs
are classified into compact discs (CDs) or digital versatile discs (DVDs)

CROSESHERBIER HIEFS REANG ERRASEIGE AR XY Ies of an optical disc, on

which data can be recorded and from which data can be erased and

oo SO AR RLGR B A R YRR O Bl conse,
filed oemp?és?&oénlamﬁ;m@@, W&Hﬁdﬁ%ﬁ%@&h@ﬁﬁ@t Bie sigdasirrietwhich is

incorpardyeBaeesIrOielusashtirgjusiererédd¥B CD and a 4.7 GB DVD- ROM.
Development of high density (HD) DVDs or Blu-ray (BD) discs with a

BAC@@r@g@ge@gq@@maﬁm@QS GB is almost accomplished, and

development of super-resolution near-field structure (super RENS) discs
on héliegraftrdidogeniitnan even higher storage capacity than HD DVDs or
BD discs is now under way. [0004] An apparatus for

[0002} ¢ c JhfiRyAeHIAVRGHERZ 16 M0 5 2Rt tr BEP'H15E TRGE Rs A diER I ARkicularty, to
a method e lécordireorelsaitergdata epiifcaindisccblicap pyindisghighlieneagy Bglapparatus
for re&%ﬁ 0 %ﬁusrﬂ_&#“cﬂtg'éﬁrﬁ&)%‘}t‘%ﬁ@a PhNGHGRL Chagagteristics of a

reco ing layer ot the optical disc can 1 change, and reproduces data from

the epigriddisc by applying a light beam whose energy is not high enough

, to cause the physical characteristics of the recording layer of the optical
[0003}jisdngeneral, optical storage media, such as optical discs, are widely used in an optical

pickup apparatus, which records data on or reproduces data from the optical data storage media
without physically contacting the optical data storage media. Optical discs are classiﬁed into
compact discs (CDs) or digital versatile discs (DVDs) according to their storage capacities.
Examples of an optical disc, on which data can be recorded and from which data can be erased
and reproduced, include a 650 MB CD-R, a CD-rewritable (RW), a 4.7 GB DVD+R/RW, a DVD-
random access memory (RAM), and a DVD-R/RW. Examples of an optical disc, from which
data cannot be erased but can only be reproduced, include a 650 MB CD and a 4.7 GB DVD-
ROM. Development of high density (HD) DVDs or Blu-ray (BD) discs with a storage capacity of
at least 15 GB is almost accomplished, and development of super-resolution near-field structure
(super RENS) discs or hologram discs with an even higher storage capacity than HD DVDs or

BD discs is now under way.

[0004] An apparatus for recording/reproducing data on/from an optical disc, such as a disk
drive or the like, records data on an optical disc by applying a high energy light beam on the

optical disc such that the physical characteristics of a recording Iayer‘ of the optical disc can



change to the optical disc. In other words, when recording data on the

optical disc, a laser diode included in such an apparatus is driven with

such a high recording power that pits can be formed on the optical disc.

Formation of pits with predetermined lengths on the optical disc is called

write strategy. [0005] An apparatus for recording/reproducing data on/from

an optical disc performs optimum power control (OPC) to determine an

optimum power for recording data on an optical disc, such as a

CD-R/RW. Thus, a power calibration area (PCA), which contains

information, may be defined in a lead-in area of the optical disc to
changéeterinimeraiucgstidatairosc treliogtipalwleciby abelyingiedidiiseed0006pSEhenergy is not

high eNSHGAWES RLACRRHLRARLARUCR FER dinddmeciviihyilyer S986T3pREAI disc to
more fully with reference to FIG. 1, FIG. 2 and F|G. 3 aﬁb%ollows 0007]
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diode Ojphagiteitrackh pathpf@ER)sopticaktrneetdhdinghnadighreasetfinbinayenihgt @its can be
formel \GRRHY QERANARPTRSHHIAR PEERs T BRIdBMERIY RBRGRTEIRE tReFdftickl disc is
the conventional double recording layered OTP optical recording medium
called Wit $6a% %o recording layers, i.e., first and second recording layers LO
and L1. The first recording layer LO includes a lead-in area 10, a user
[0005H ot B ieRparBlum T aRIdIRO/HrBEducinthdata 05ftPre cAramtiGabyier pgriorms
optimii¢ lples: 2snifiliRERd demsat datapirean foastlfar teactding detadiban optical
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disc, sl:l).ugﬁ:aa Sar %ﬁ?—r i .n'llﬁgscg %\6%?%@%%%89 Eri%‘i‘ﬂfé%m/&{ %gn%-irrlzs) information,

optical ‘recording medium in an opposite track path (OTP) manner.
may bgslefiirinyadrad-is ARDRILE SRR dirsiPSRIMIGIARIRIO HBAPERTdiNgerower for
the opgtitauaMerential portion to outer circumferential portion of the first

recording layer LO, and on the second recording layer L1 from an outer

[OoosfirCWEH%Elﬁlilq&le B@gigég%éliﬂﬁﬁél@ﬁﬂémf@@wﬂd}ﬁ” EiMmohihesesssibed Imore fully
.. recording layer L F Is a diagram illustrating a conventiona
with rﬁsm%erg’cgﬁr?g Igléegead'ﬂﬁf%gl ?rsa?(:olﬂof)%lth (PTP) optical recording
medium useful in gaining a more thorough appreciation of the present
bkt s

(0007} diifor. RedAgHEMHTSe g Re e PelGSREFLUBRIAYG e apagste track
path (BTP)@ptical reecatidingedediunsefohipgsiesprmecsttinguglyerpreégationof the

presemq\%%%BHq £ 8&%89&%3{@!% ,HQe%véHﬁ%@JHﬁﬁl@%mgdWré&)TP optical

includes a lead-in area 10, a user data area 11, and a middle area 1

recor . TOERU BB BT NG e f it AR A°F ST GOBF g pyers LO anc
L1. Taectrst4ecndinglapad-0ircirdes thieBdin seedOrdedsondaie ama/thtinds middle

area FPUBIR [RCOFYNSLIFYRIS hfeF D1ORtGRIes a middle area 13, a user data area 14, and a

lead-out area 15. Data is recorded on the conventional double recording layered OTP optical

recording medium in an opposite track path (OTP) manner. Specificaily, data is recorded on the
first recording layer LO from an inner circumferential portion to outer circumferential portion of
the first recording layer LO, and on the second recording layer L1 from an outer circumferential

portion to inner circumferential portion of the second recording layer L1.

[0008] FIG. 2 is a diagram illustrating a conventional double recording layered parallet track
path {PTP) optical recording medium useful in gaining a more thorough appreciation of the
present invention. Referring to FIG. 2, the conventional double recording layered PTP optical
recording medium comprises two recording fayers, i.e., first and second recording layers 1.0 and
L1. The first recording layer LO includes a lead-in area 10, a user data area 11, and a middle

area 12. The second recording layer L1 includes a middle area 13, a user data area 14, and a



recording medium in a parallel track path (PTP) manner. Specifically, a
direction in which data is recorded on the first recording layer LO is the
same as a direction in which data is recorded on the second recording
layer L1. [0009] FIG. 3 is a diagram illustrating the structure of a lead-in
area of a conventional optical recording medium. Referring to FIG. 3, the
conventional optical recording medium includes a lead-in area 20, which
is located near the inner circumference of the conventional optical
recording medium, a lead-out area 40, which is located near the outer

circumference of the conventional optical recording medium, and a user
lead-cgthrear 4 4. 30AwISOIe bobesh st anpantionalslayble serprding-yeme BRI Bgptical
recordMIERRA ima\’ﬂéiﬁmgl$@ch%&gi(mmﬁiaﬁ;‘\@o@@éam@@%&gﬁe@% #0which data is

contains e-recqrded zo on which predetermine ta_has
recordg S B R SR GG P A AL LS Qo ggpordec on
the segrmdagdaundivgrayanl-be reproduced, and a recordable zone 31, on which

data can be written or overwritten and from which data can also be
[0009Fraseq. 306 RJiddrarpiéustatirtethe stracRiresodalieadpnoahaei bfea anod \satticem! optical

recor da%anfé%@.' ﬂ@t@%ﬁé%wmg%&%ﬁ%%t@ﬂﬁcﬁ?%g%g RREARERE udes a

a Includes disc type and version information 23, disc size information

lead-ip aren 0 sWHISH % RHRIRH R8RS NRIFR SIERER RIdRS SaBYEB RO NG| gPtical
recordiagaraidigrpaddeadtors &¢a[80,12hiThés lecatethbéaziee Gkicittetominedfefi the

conveliRat opRFEE MR AR LRES (B fdtded BELATRR 34odated between the
drive/disc state information area 3%)013%%{2} byffer aggga32 serves as a

lead-ip and leadkRmteRreRs 7 and 45884 10 MU USHILAR '$8863H85ke zone 31.
The DMA 33 stores defect management information, which is information

[0010bn dételradtinerma 200eiiARg FPIRTASErmhEang 4. 30 iHenetgdgisymyned data
has alfébayaréasiemtdarasteteminiing aneqpttetemimearding qower bd leeatest but can only

aren 34 s also, calle 3 poerFRIRRA, EAR AL WSS from

alle
be reprqduced, an ;
p|n ormation areac’% stores state information on a drive or the

which dlat eAf @RS BHBERISEcording medium. [0014] As described above, a PCA

is provided for determining an optimum recording condition, i.e., an
[0011Dptiftenpreecenaivrer zone 2 1/is ey cepreduriplrcaen GelyA® BR0RI et \iate area 22,
in whieR/EERTRPR-RPHCRIEE0Hd ITH RS Ak I A GRRRI 8sUiRE Bfpeeapt e dikR information
25 oS P 8 S R oL rmaton 2, v
recording parameters 27,

[0012] The recordable zone 31 includes a buffer area 32, a defect management area (DMA)

33, a test area 34, a drive/disc state information area 35.

[0013] The buffer area 32 serves as a buffer between the pre-recorded zone 21 and the
recordable zone 31. The DMA 33 stores defect management information, which is information
on defects that have occurred in the user data area 30. The test-area 34 is an area tested for
determining an optimurmn recording power. The test area 34 is also called a power calibration
area (PCA). The drive/disc state information area 35 stores state information on a drive or the

conventional optical recording medium.

[0014] As described above, a PCA is provided for determining an optimurn recording
condition, i.e., an optimum recording power. An apparatus for recording/reproducing data

on/from an optical recording medium, such as a disk drive or the like, spends a long time to



because such an apparatus must sequentially apply various sets of
recording/reproducing conditions to the optical recording medium, and
then determine one of the various sets of recording/reproducing
conditions as the optimum recording/reproducing conditions for the
optical recording medium. Thus, the optimum recording/reproducing
conditions are highly dependent upon the characteristics of the optical
recording medium and the apparatus for recording/reproducing data
on/from an optical recording medium. In addition, the optimum
recording/reproducing conditions are also highly dependent upon focusing
deterpinei iptirtuatkiegrdingiepny ducing aenditioih far@ ol eptical negriicgonseftivther his is
becauSdtFS-Al HHAPHBISRIYG M@ﬁm@ appy W@@é@ RCRAAGIRIIRISD ARShg
a blnaré&?hce level, which are re ce sgs%ﬁ&ocessm conditions.

conditiggg & &%WB?&%H@H&EF&E{ tﬂ%' Rfs3p O the various sets of
 recordingtetinglucipgchrsiiigniass tlne/tmmman wotcdingAeprdiisineomnditionarieeibe
optlcaﬁ%%ﬁdﬂﬂ{rrﬁQMHC'ﬁ%Oﬂ@%ﬂﬁ\&H?@c@%ﬂiﬂﬁ@p%&@lﬁ@%n&@% are highly

conditions, and re duce SI roc ssm conditions an
A e e b A b e Ve T
recordipgfushiedubing deta ooitoa BT epdirding sasiiarmesistm dardriiem the optimum
recordIbGHE, RHIRIREERSRY lﬁlﬂms@tﬁ@rﬂkﬁ&rﬁ@%ﬂm%ﬁ%cusmg posutlon trécking

g epiodicns condipns. Hercalen dta = e B eparstns,
positif,; e #5€°0p |mum recording/reproauc

and eq@ﬁiﬁ@hﬂmcmemﬁmﬁll@sm%@é&laﬁmﬁhﬁﬂj@t@*mmlﬁ@ W‘%ﬂiﬁﬁ%ﬂgf‘a' processing
conditisg@rding/reproducing conditions must be always performed before the
apparatus for recording/reproducing data on/from an optical recording

[0015F6¢Hmeﬁvgmﬁe9§%gﬂé€eﬂr IRe alik8rdReatiSE e RYRET SRIGR ¥ERBn/from

he optical recording medium, which undeswablal increases the tota
g

an opgfahwwng @Pﬂﬂ%ﬁ%ﬂ?ﬂ?ﬁﬁ&?rfﬂéwramaﬂ’é% oﬁ?aﬂ'aoaﬁtémf?&%ﬁ?
condititic akrecauliditione dindrejdod 6¢drsigdeithorcas sivg cptidiionscanditigpn test-records

data JH%WBHM%IQ@%P&HS%%E%HIUFﬁ*ﬂﬁ@élﬁ%?‘%r@w&rﬁﬂb@wﬁbm the optical

recording/reproducing conditions must edetermlned or each of t
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recordihgleragducyersniitionse sTiteeaiteandetmis ok opdedpanthsoriisal seeatsting medium

underf e SpRline/LeBrafyr R YRR Oﬂg(‘éﬂl‘eé@ﬂoﬂﬁl age!mi@wm etermining
etermine optimum recqrding/reproducin co dltlons g g ? enaal aratus
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for reeprdingkeprodusing dataodnifram spevntiepl trreerdnar aadivst. such as a dlSC drive or the

like, ré%@ﬂfgﬁ@gm%l{ﬁm%@rﬁ’m@@ﬁh@él pRiraINEREEINGg, MBRKIOhdesirably

mcrear%eq%e){]am?:%et?ﬁg%%ry trlren%ocrngmglarleo g?éjtgg I%g re%%?&}%‘?%;@?{,éﬂgr?f gaf% on/from an

optical recording medium.

[0016] In addition, if the optical recording medium is comprised of a plurality of storage layers,
optimum recording/reproducing conditions must be determined for each of the storage layers by
test-recording data in a test area on each of the plurality of storage layers. As a result, the
amou_ht of timé spent by the apparatus for récording/reproducing data on/from an optical
recording medium to determine optimum recording/reproducing conditions may be proportional
to the number of storage layers of the optical recording medium. For example, the amount of
time spent by the apparatus for recording/reproducing data on/from an optical recording medium

to determine optimum recording/reproducing conditions for the optical recording medium



4 comprised of the plurality of storage layers is greater than that used to
determine optimum recording/reproducing conditions for an optical
recording medium comprised of a single storage layer. Therefore, a user
must wait for a long time before an apparatus for recording/reproducing
data on/from an optical recording medium, such as a disc drive or the like,
records user data on the optical recording medium comprised of the
plurality of recording layers. [0017] Moreover, in a case where an
apparatus for recording/reproducing. data on/from an optical recording
medium can only reproduce data from an optical recording medium, for
compesethaf thevphealifuehstoragstiesere soadate Mbaiuimidised tralsiscmior onimum

recordiRg/RBRAALIRE @BnkBIE T8 & E’S\{ﬁ%ﬁl $§§$P@lﬁgQﬂ%@ﬂ]rFﬁ€&fﬁiﬂ§bm@m%¢fe storage
t rotected, it is still ces 8 rmlneo timum re rodu 8

ayer HHIBIS TV MG AT ISR LR L8 R Ll cindreproducing

data dnéfeprameyoptinalotagadingonedivror feeusg denrioreSw MR Yreerdgser data on

the o hEYFREDANJ ARELRIA RempaseabinvepignRiagdvarisaemshnerevides an

optical recording medium, a method of recording/reproducing data

[001 7?n/ f é%@ﬂ 99“%5@&%&?&9éﬂ%g%t@@%ﬁ%éﬁem&%'ﬁrgeﬂcmg data onffrom an

recor eproducing data on/from an optical recording medium, such as
opticah BRAIM ETBH N CﬁﬁeOWi%W%‘é‘r‘FﬁﬁﬁfﬁlF %t%?%fiﬁ'ﬁ&@rﬂm"wﬂmw@m
exampliee e reqhiradojaticalicicendiappaediiurs iscagaitecanhe tdise twrthasaireatty been

finaliz88, W@Hc&léﬁﬁﬂrgﬂﬂsamggé%gl%ém%% %@W@He@ﬂf@gﬁ] necessary to

recording/reproducing conditions for the optical recording medium. [0019]
detempgesteiiy ' '&RFQQH@B%P{P%“BF@JBH hRRBliBH eSRTBBs e fiFRy e
equalizedidiufretpigneyvidettolvigaia denbrdreafemudiagredotanice signal area, in

which reference signals are recorded based on optimum recording

sSUMMARY oM detRERgdder optimally recording/reproducing data on/from
the optical recording medium. [0020] The reference signals may satisfy

[0o1sPredeiepringd mwg&mﬁs@@ﬁqgnﬁgwﬂ@%ﬂw@éﬁa&wng medium, a

predetermined jitter cond (fg he re
arR4

et R ELHATAS PSR AL oY Rl B0 A pgeerats
for recxtlivel/ rerordsicigondet im0 2] optiead priceiHieg oreifigmedthrasaalisaldave or the

like, WARKES-ORGAiFBY BISCAHANS, Iaver svirmiil m&&emméafﬁﬁegm] sigagharatus

s arranged on each g the rdln layers, and the re
10 GetTRA O R UTAHAR PP ST A AR, e R S erpinin
optimizy cesdrdivadreamodiinasanditondifey iberrtie Sererdingmerivhna
corresponding recording layer.
[0019] According to an aspect of the present invention, an optical recording medium is

provided with a data area; and a reference signal area, in which reference signals are recorded
based on optimum recording conditions determined for optimally recording/reproducing data

on/from the optical recording medium.

[0020] The reference signals may satisfy predetermined amplitude modulation conditions
and/or satisfy predetermined jitter conditions. The reference signal area may be arranged in a

recordable area of a lead-in area or a lead-out area on the optical recording medium.

[0021] The optical recording medium may also include one or more recording layers, in which
case, the reference signal area is arranged on each of the recording layers, and the reference
signals are recorded in the reference signal area on each of the recording layers based on

optimum recording conditions determined for a corresponding recording layer.



5 [0022] The reference signals may be recorded on the optical recording

medium by an apparatus for recording/reproducing data on/from an

optical recording medium, such as a disc drive, in which the optical

recording medium is loaded for the first time. [0023] According to another

aspect of the present invention, a method of recording data on an optical

recording medium is provided, including recording reference signals in a

recordable area of the optical recording medium based on optimum

recording conditions determined for optimally recording/reproducing data

on/from the optical recording medium. [0024] During the recording of the
[0022]efeTdraefsignadssitnalrofere hesasiognias ondesoniitel ieeuidirgmieitm by an
apparIPHIHASSRAAY LR ERMI RaRSANFAAT SAbPhcEr RdRIRAYHRSHILFRT such as a disc

~conditions. The refereéaﬂ_ce s&%nal ar,ezil er%?%/ t?e gwagnrged in a recordable -

drive, iphigh 4h8 QRY FRLFRSPEHNg BT S, iRag e Tt NS IIRA % ording medium,

[0025] During the recording of the reference signals; if the optical )
[0023}ecAeratring tnancibesanaTsetiien srroeit iMupBtR A dNRYRE BFseareEding data on
an optieie FeBeRIpig Ralgi RS beoratal dadiaingaebwiithestecandingdayiers hasedrdable
area o‘?%%%k[ﬁ&’%ﬂé%SP&%%%&@W%%&jSI%BHH%W%%rﬁﬂ{{;ec%‘?]‘aﬂfém& determin%d for

recording layer. ( e reference signals may also be recorded on th

OPﬁm%'b‘ti@ﬂqrgﬁ'&/&h%Om@mﬁﬁ?fﬂ/%ﬁr%{ﬁﬁa?aﬁ%cﬁif?éﬁfﬂ’ﬂﬁﬁﬁgb%ducing data
on/from an optical recording medium, such as a disc drive, in which the

[0024p ptiBuiriathelregatiintntine Ksierende signakdheaiatenearsisiqoas may satisfy

predeRFFRIEINSMBIRRRISS AFRRFH QrifedresriiolMRRADPreadnadE Djitter conditions.
pcordingenroducing daia ondion an, gelical fecordiBp MediumnE UdESeaa.out

The rg 285G rétd RCER AU ST signal area Gefined oh-an

area @pthcappicdripydingdingdivme reference signals being recorded in the
reference signal area based on optimum recording conditions determined

[0025for @niingliyer esandiing/of pre defereg adadimua A drihehep gzl catoediogdimggium is

compiﬁsa'Hf%héisﬁ%m@@%ﬁ'ﬁ&ﬁﬁ@@ﬁ&?&@%&%ﬁggm sendilipasd’eh each of
the optimum recording medium based on t%e, rea refer_er%[a;;f sll‘%%als and di

the reroeding iRyREH RABALIAY LRLTR SR APSRHRE ERLP Ve ReIRRY RAdAT AR RRROding

recording tseeTmined optimum recording/reproducing conditions. [0028] If the
optical recording medium is comprised of one or more recording layers,
[o026ihe TRéGETBRM SlonaINMRPsisedd fraotdedalenbaantighaiarengefintian by an
apparg{bgj(i'hrég?tr ih r?rCOFng]#irlg)é%@’oWWghr@&%'%&ﬁﬂﬁg%&%, such as a disc
conditions tor each of the recording layers may be ) )
drive, in which the optical recording medium'is loaded for the first time therein.

[0027] According to another aspect of the present invention, a method of
recording/reproducing data on/from an optical recording medium includes: reading reference
signals from a reference signal area defined on an optical recording medium, the reference
signals being recorded in the reference signal area based on optimum recording conditions
determined for optimally recording/reproducing data on/from the opticai recording medium;
determining the optimum recording/reproducing conditions for the optimum recording medium
based on the read reference signals; and recording/reproducing data on/from the optical

recording medium under the determined optimum recording/reproducing conditions.

[0028] I the optical recording medium is comprised of one or more recording fayers, the
reference signals may be read from a reference signal area defined on each of the recording

layers, optimum recording/reproducing conditions for each of the recording layers may be



6 determined based on the reference signals read out from a

corresponding recording layer, and data may be recorded/reproduced

on/from each of the recording layers under the optimum

recording/reproducing conditions for the corresponding recording layer.

[0029] According to another aspect of the present invention, a method of

recording/reproducing data on/from an optical recording medium includes:

determining whether reference signals are recorded in a reference signal

area arranged on an optical recording medium; recording reference

signals in the reference signal area under optimum recording/reproducing
deterroimeditiessddmidne neézteoceopinaddiyeastovt rey @rotermy dirgaeneming layer, and

data 3§ PRl ARarelinsHRd YAk edefeiEnea siaRMmY Rifere eARAHE dhBmum
reference signal argﬁé%%{drrﬁﬁadin the rgference i nF’l|S from the
r

recorqinRlrRpogg fhfitg BBt RT FCErdhg reproducing
conditions for the optical recording medium based on the reference

[0029% g igsOeBrSRREIPRIASPIRSAEIRG BERSEBhAHSRIER S PRAPFRLrding

recordm@lierovnelag tita dalﬁ!amiaedampﬁmmntﬁng nadisxt)ireprotiideingl etendititngsywhether

refereﬁ\t,rg gq .Q%eaﬁéw%% c?ert?iHeeg%ﬂaggn'&tg@né?g%%%ﬁmﬁ@r@o&%coming

~According to another aspect of the présent invention, an apparatus for
mediupe BERRENY selsrrarecTioRalP iBABRIRIGTRISGGIANR BrERitRLEFHARI D Whter
record&rly.lrbmﬁdonﬂ*igct@immpﬁhdmpﬂnmbdéooo@hgaﬂmmimftbarodnﬁogﬂeiata on/from
the OP\éYf%f %88%%%@&% L LRSI LSIEFRICE SRRl th IR HRREIRELRMal area;

e optical recording medium under optimum recording conditions

and regclipeiRdaIREERIRiFKIRISEEBL SR 5PE0R EIABRY A5 MATET TR PR RtmUm
recordi@agfregingluocigicomd06:3: fof e opiital lecondipe oreddinthecagitentthegedeence

signalg]%ﬁﬁf@%ﬁ%ﬁm%ﬁmf&g@oﬂﬁ%’ﬁtﬁféﬂﬁﬁ&ﬁ@éﬂiﬂlq& AHRtRBer the
conditions in the recordable area of the optical r cordln%,l%rrn}glggém. éoo?ézeld in the

detempRedaPHBYE: FRA NS HIRHT IS RITEP IS e LB ThESr SighRa
referesati sy apeadetermined jitter conditions in the recordable area of the
optical recording medium. [0033] The controller may control the writer to

[00301ECREcHIdTg T ancmaiGRpiTinaRe posdah] mvartinam iagpkiatos fearkaurting data

on an%ret%a ﬁ'gggr ing meedmi?sal FSﬁgég'%H%‘%ﬂ}Hé? v\[FhQﬁ‘.%éBFHS @ﬁHQﬁl the optical
reor ing Medrum-is compPrlse of one or more recording layers, the

recordipa msiumiAPE Sreastelieiish er Rt st iR FRePEJRiLBAFSIPAlS N @
recordBBIerasdinghiaysisalledappimetrecodding thonditrensrdateconditidior a

detern%%régsfgp Q&%Prgaﬁ??@égiﬂﬁ;\éﬂgﬂoducing data on/from the optical recording medium.

[0031] The controller may control the writer to record the reference signals satisfying
predetermined amplitude modulation conditions in the recordable area of the optical recording

medium.

[0032] The controller may also control the writer to record the reference signals satisfying
predetermined jitter conditions in the recordable area of the optical recording medium.

[0033] The controller may control the writer to record the reference signals in a recordable

area of a lead-in or lead-out area defined on the optical recording medium.

[0034] f the optical recording medium is comprised of one or more recording layers, the
controller may control the writer to record the reference signals on each of the recording layers

under optimum recording conditions determined for a corresponding recording layer.



7 [0035] According to yet another aspect of the present invention, an
apparatus for recording/reproducing data on/from an optical recording
“medium is provided with a reader/writer unit which records/reproduces
data on/from the optical recording medium; and a controller which
controls the reader/writer unit to read reference signals from a recordable
area of the optical recording medium, to determine optimum
recording/reproducing conditions for the optical recording medium based
on the read reference signals, and to record/reproduce data on/from the
optical recording medium under the determined optimum
[0035]ecokdingdiep todetanpitenditimet of fhe erepeckhinvect adingnrappivatuis for
recor@iRGMRIRESL BhE MR A AT 8RR RYBFSING M EQUHALSS B LRRE al rgb%erlwrlter
writer to read the reference signals, fr %‘gm ar feren@ﬁﬁrﬂqngl area rran%e I
unit WB}F'&&%?PW’{ﬁB"P&‘BF& at ?/g%gorpot &ﬁji;ﬁﬁi 8BE ium; and a controller
whichreanirdls ¢fisersathubiniteconitihors diesterenne diévelk foonessontiabe area of the
opticdiGE5HI lméeﬁuﬁqnﬂaf@eisﬁﬁmﬂr@@rmdwemr@m@mm&%ge&e&m@a&he optical
recording layer upder the d ter ined optimum r ord| ?%JF%? #] % ta onff
recordE MEA 7] AL 5rERAE 6 SOe Ae St e AR PSS it gvfrom
the ompphmgwm medirli vgfrephedirtprg e aimram reaaspinedeiredvding condltlonS-
If the H}%&l%&ﬁi i%@.wﬂmazaﬁﬁﬁeawﬂtehmwmmésmﬁ@s&wsod«ece&qtrouer may
t j@? frogm ?ﬁtlcaf regordlnﬁam rc%n%l refer da ConIrOII?rre’%ihellrran ed pn each of
Contr O A Wi QR ATHOP SR R I AT A &St feference Signal
the regpegingcifwecs.da c@&apmm@m.r@magéwmﬁmmmwﬁimﬂ@ed fora
correésé\dﬂﬁéy\/r@wr&ﬁg téyéewd t@feéerwepﬂﬁnu@@dﬁtﬁ@rﬁfmﬁaﬁee&w&@bm
E tlm mﬂggc ol |ﬂg/refp u0|rrr1] gé)oqgf’glop leémlngdg ar the
recor OB? Gedord ing medium, 1 Sference sSig als are recorded in the
reference signal area. In addltlon the controller also determines the

[0036} i ARor iR AMPARSS RRRFSHY HnerBosR RSP SR ARSI
recordingdieprobasied datdhe/fefarancptighaisordung meditomishpeoddecbnite a reader/writer

unit WWQH%@6&%:@5%89655%%@84/%9@{%%&!@%6&5%) FRURRRO eead@Rtroller

on/from theéﬂftlcal recordln ‘medium under the dete mlnedQ

ti
which deter s G f<IF e S SV ER IS A, A AT B SR A ey fgTined on
an optiefe rencalisig nadiven. T@@&?pmtb@mm@mtsm egesterévriiepaoit &6 riseord reference

signaRRIRB FLAYRIAIRR: wmwearemme@dm@@%meﬂy%mm determined

data area and a refe ence S §§? | area; and dlsk drive ac;raqﬁe re%grence

f°”“%8?é%'.ﬁ%°wﬂa%g} D 3%03%% AAEdTRTRE Y Elerence i nals'gnal
area. dreadddinethegahicolstoptagedatennings amontmemem@rﬁewgma@em conditions

for thEQPAWAP ALl HIRd FRBEIADH 8RR RIRAre PRI GraRI IS UL from the reference
signal Sren g R 109 SRR AR S el G HR A S cal
recording medium under the determined optimum recording/reproducing conditions, if reference

signals are recorded in the reference signal area.

[0037] According to yet another aspect of the present invention, a system is provided with a
storage medium having a data area and a reference signal area; and a disk drive arranged to
determine whether reference signals are recorded in the reference signal area defined on the
storage medium, and, if the reference signals are recorded in the reference signal area,
determine optimum recording/reproducing conditions based on the reference signals and then
record/reproduce data on/from the data area on the storage medium under determined optimum

recording/reproducing conditions. If the reference signals are not recorded in the reference



record/reproduce data on/from the data area on the storage medium

under determined optimum recording/reproducing conditions. If the

reference signals are not recorded in the reference 8 signal area defined

on the storage medium, the disk drive is further arranged to determine

optimum recording/reproducing conditions by test recording test data in a

test area on the optical recording medium under a set of

recording/reproducing conditions, and to record reference signals in the

reference signal area on the optical recording medium under determined

optimum recording/reproducing conditions, prior to recording/reproducing
signaldata defifiehoiibalsierage medithe the digledivedie furt{@d 28kMbedr tsfelelatrine

optim SRR RRERGEERGIIRTS Bt leaiidngiea ane i IsaskoseAaNe

optca AU R SR G W e B
refereaceaignotssrofie rafeiemepsignahaserl o tidquicpanesandisatspdivgn under
deterrﬁfﬁééﬁésﬂmm%%&!&ekkgﬂsam%i@ieaneﬂmgiqmoﬁmé&o%ﬁ%@;smmg data

jitter conditions. [0039] Additional aspects and/or advantages of the
on/frofp B% AEIARIFH RS SIRARE SLFEIH e description which follows and, in

art, will be obvious from the description, or may be learned by practice

p ! N, or :
[0038} b rbpiEoRe SIRNRFArsR SeRhs REXAesHA I HredeaiNG Arfacu) alead-out
area dieligedndemiandirooftibdqisenen; imibetitoragt becme dppddiitrirdm reference

signal%ﬁgwgﬁe&ggéﬂ?ﬁqu%gngg gi&éa@%ﬁ#o‘ﬁ@@?&' i@%ﬁ] %ﬁénﬁﬂ@imique

1 read In connection with the‘accompanying drawings, all forminga =
patterp3atifying Aedsiairenad ARRHVESBAIVAIRE BRacHinRaRg QiRtaASiREined jitter
conditibustrated disclosure focuses on disclosing example embodiments of the

invention, it should be clearly understood that the same is by way of

[0039]/lUSK@diasrandspysi® Qlflﬁjrr&ﬁ@ﬂﬁbﬁb%tdhmmﬁ%ﬁiﬁm i@iﬂ@bﬁﬁéﬁ&ﬁhlﬁhﬁ g4t in the
The spirit scope of the present inventiqn_ are limit
s G T 0 A TGy e e R Re o A Bame by
practieg Qithg &I%eREPRIN: FIG. 1 is a diagram illustrating a conventional double
recording layered OTP optical recording medium useful in gaining a more
BRIERDEQGRIRPIOINCRRIdH B TIRAWIBEES It invention; FIG. 2 is a diagram
illustrating a conventional double recording layered PTP optical recording

[0040nedivaies efuddrs@atmingon theoseeSent dugntiwpndiCiaiiome diyeapreatsicom the
followirqg %%Faﬂ%;d description of example embodiments and the claims when read in connection
with the accompanying drawings, all forming a part of the disclosure of this invention. While the
following written and illustrated disclosure focuses on disclosing example embodiments of the
invention, it should be clearly understood that the same is by way of illustration and example
only and that the invention is not limited thereto. The spirit and scope of the present invention
are limited only by the terms of the appended claims. The following represents brief

descriptions of the drawings, wherein:

FIG. 1 is a diagram illustrating a conventional double recording layered OTP optical
recording medium useful in gaining a more thorough appreciation of the present invention;
FIG. 2 is a diagram illustrating a conventional double recording layered PTP optical
recording medium usefu! in gaining a more thorough appreciation of the present invention;
FIG. 3 is a diagram illustrating the structure of a lead-in area of a conventional optical
recording medium useful in gaining a more thorough appreciation of the present invention;
FIG. 4 is a diagram illustrating a process of determining optical recording/reproducing



FIG. 3 is a diagram illustrating the structure of a lead-in area of a
conventional optical recording medium useful in gaining a more thorough
appreciation of the present invention; FIG. 4 is a diagram illustrating a
process of determining optical recording/reproducing 9 conditions for an
optical recording medium according to an embodiment of the present
invention; FIG. 5 is a diagram illustrating an example single recording
layered optical recording medium according to an embodiment of the
present invention; FIG. 6 is a diagram illustrating an example double
recording layered optical recording medium according to an embodiment
conditisin éoprEsentidmventisting e divm acerseingagiasMbosime fighe present
,nvenmparatus for recording/reproducing data on/from an optical recording
rding tp a bodi f r V,
e g e A B e Sl el Ctofting

mediuppaEaPIERegiRg ATaRRdimeri Y Hingresent Bt@Mment of the present
e 608 - Al il $Ma g XM I© dolblie febbB(rg IsNDS o Ik cording

medlut-lr-nhg RresRaty ”%%%d:Hlé‘n‘?‘é{f?ﬁeﬁ:‘?%géﬁ‘?wﬂﬁf“"y with reference to

2CC0 anylng rawings, in w examgg} embodiments of the
infAShtToR ardagkslirgraonabamREamAle RRRAF M fIUSEAHiRpASHGdusng data
onffrof4eropidagregstalng menardingsienig t amnantiosdiitienisofthaprepticbinvention; and

reaerding Medivm i & » ALARIES @é&éﬂgﬁs&%ﬂ&qg}%g@ smmq'mﬁamal

the present invention. Reterring to FIG. 4."an optical recording medium

recordifgyRsin SisseE gsto 30, ARRCE prbekibs RISy PRIiple

DETAfY utsw%éﬁfq@ﬂ% BB Mﬂﬁ?éa onfirom an optical recording

1.,C|Ium such as and second disc drives 41 and 42, to determine

optimum record /re roducing conditiops for o
10041] R RO ETGTAEL SIS S it TR SO ISR L
accontpsoyiny dradvinusy |bevnu@eammeemwnspntﬁ @ffire dorentigreaisaions for
an optical disc 50 and to record reference data on the optical disc 50

[0042yndErGhe igefaragined iptiring seeotdingot datitiomngfdpéroptical disc 50
record] rqg?!rre]zl% né&%@:ngﬁﬁﬂoﬁﬁg Qﬂg;ﬂh’?& vy muithen ke éﬁ%ﬂtf&al disc 50

eo um recording/réproducing conditions based on

accor@gmememmb%we@mdwawo&?ésma%@&5 {doRapAtal recording
mediunpacificallyn bsicptited disabd ftespsborsn malf IGquirdnolutiids aprardtuses for

recorcﬁﬁ%ﬁ'e%mﬁg data on/from an optical recording medium, such as first and second disc
drives 41 and 42, to determine optimum recording/repraducing conditions for optimally

recording/reproducing data on/from an optical disc 50. For example, a first disc drive 41 may be
used to determine optimum recording conditions for an optical disc 50 and to record reference
data on the optical disc 50 under the determined optimum recording conditions, if the optical
disc 50 has never been used. A second disc drive 41 may then be used to determine optimum
recording/reproducing conditions based on the reference data previously recorded on the optical
disc 50.

[0043] Specifically, the optical disc 50, as shown in FIG. 4, includes a lead-in area, which is
comprised of a test area 58 and a reference signal area 56. The test area 58 is an area
provided for a test of determining optimum recording/reproducing conditions, with which a first
disc drive 41 can optimally record data on the optical disc 50 loaded therein. The reference

signal area 56 is an area, in which reference data is recorded under the optimum

10



comprised of a test area 58 and a reference signal area 56. The test area
58 is an area provided for a test of determining optimum
recording/reproducing conditions, with which a first disc drive 41 can
optimally record data on the optical disc 50 loaded therein. The reference
signal area 56 is an area, in which reference data is recorded under the
optimum 10 recording/reproducing conditions. [0044] Supposing that the
optical disc 50 has never been used, the optical disc 50 is loaded in the
first disc drive 41. The disc drive 41 records data in the test area 58 on the
optical disc 50, while applying various sets of recording conditions, and
recordifgnejebairaimge soppitonsn recording conditions for the optical disc 60.
Thereafter, the first disc drive 41 records the reference data in the

e e
in e RCHA B R ol Bt A AL BB A A, 58 9 4 R i 50,
while appigitionsrirosriedfireacsdivermeniiionsiand end LerpE YRRtV eeprding
conditf&kY @&L\ﬁ@%ﬁﬂ@g&i@@@@&f@@é@ﬁ ﬂ(’j@?f@ﬁ@@é ?}lﬁfé 24, idetedmineseference data in
ptimum _recording/reproducir nditions for the "
e R A R T e ory LA S S g
disc 50 under the optimum recording/reproducing conditions, such as

10045} SEhersfitioHheRIFR AR RIS b TR 18 (RICL°EfH SR BrRR bE Yy ecorded
underc¢hadifttmsn{0846YiAg clestitidred iwitadetbireacetonddsadriveyithéhfirsectind disc

drive ﬂi}/@p@dd&ymgt}é@%ﬂe&%ka%ﬁﬂé%ﬂ?ﬁgﬁﬂgf@%h@é{g?ﬁmg1dBﬂFF\QFm5
optimum power control (QPC), there% de

) \ 1 ] . rmining optim
recordglsRRTRgN SRR SR b Toa S RPHSR LIS B0 RS R e RIS eRg O, and
recordiret plistudey datil argTon sheebptiat dista bl kmnties theferdinsensigeardinggepsoducing
conditméhgﬁn%tm@é%m thevordnaBhEc eREriBgrsanEediHRbprocessing

_conditions. Then, the second disc drive 42 obtains the optical
condifigRyding/reproducing conditions for the optical disc 50 by simply reading

the reference data from the reference Sl'lf?nal area 56 on the optical disc .
[0046}0 VisrisseriRediei fefesRisR iDFAGIAPHY (e Tedidizedms 41 (b he optica
disc 50iRCIGdHctiTus b disetmad shgorditvepta an guetbecalisol ¢ORE dhereby determining

optim{) %W%%%ﬁ%ﬁ%}éérggﬁﬁ'aﬁﬁ é@ﬁgﬁ%ﬁsr%q W@%‘&gﬁé%@@@?fh@@ﬁ@khe first disc drive

recor ucing~ conditions for the optical disc 50 quite
41 recasp RAERERSISS [ERA 1) %rrﬁffg%mma@r?; 3 i SRISA glac B andiRgthe
optimimyesecraiptitabredociioganditions: Theusthaseuombdissl dtize 52 cideioming optical

record R@TLEBRQANY RBh QLM RIS YIRS HIQSE BUsHBIP Feading the reference data
from the reference signal area 56 on the optical disc 50 without the need to test-record data in
the test area 58 on the optical disc 50. Thus, the second disc drive 42 or another disc drive can
advantageously reduce the time required to determine the optical recording/reproducing

-conditions for the optical disc 50 quite considerably.

[0047] Turning now to FIG. 5, an example single recording layered optical recording medium
for use as an optical disc 50 according to an embodiment of the present invention is itlustrated.
Referring to FIG. 5, the single recording layered optical recording medium 50 includes a lead-in

area 51, a user data area 52, and a lead-out area 53.

[0048] The lead-in area 51 includes a recordable zone 54. The recording zone 54 includes a

buffer area 55, a reference signal area 56, a defect management area 57, a test area 58, and a

11



Referring to FIG. 5, the single recording layered optical recording medium

50 includes a lead-in area 51, a user data area 52, and a lead-out area

53. [0048] The lead-in area 51 includes a recordable zone 54. The

recording zone 54 includes a buffer area 55, a reference signal area 56, a

defect management area 57, a test area 58, and a 11 drive/disc state

information area 59. [0049] The structure of the single recording layered

optical recording medium 50 is similar to the structure of the conventional

double recording layered PTP optical recording medium, shown in FIG. 3,

except that the reference signal area 56 is provided in the recordable zone
drive/didc eftledrfanhaticaresed Baf the single recording layered optical recording

medium 50. Here, in the reference signal area 56, reference signals are
[0049]ecqnﬁ’@6tutu&dﬁg eptiWingleGendidhg it sptivd it GrtindatRsaninesbly similar to

test-recording data.in the test ar H r ' :
the s e A B S e,
shownpire 633 [Goseptthet taaefRtanseytianshaces a8 dsinrayidrsténdhr eespyrable zone 54
of the 368a-htarse s5efuhéosisgtingobdiHglizalion spnaitieasrdiegaaimdisonsiere, in the

binary canditiops, Ise. it i , . .
retere AN LSS, AT RN R SRR ptimum recording onditons,
whichiae AeiergriberRyiast HeringrdRia BHRdeskRIRR RECIEMAEPEFSEB A dapording
conditi@eOrding reveckvce sinaihaedise siaglseresiiding taydsed-optmal G3cording

medium 50 is loaded in a disc drive for the first time. Preferably, but not

[0050]'€CERSFEYreHR SRIRERNRAGNPIR fRlItRhiRAsHRRGRIZIBE EREQWETG! for setting
three con%itjons. First, the reference sﬁlé%plghsl should be recordc‘a on
[

izati ] | on |(|jons ftcpreo timum
equalizgtion candens) PaNe e Il R R S A A P RS S SRR ST ©P
recordipgOegiragiecing itientiiiouhich are determined through optimum power

control (OPC). Next, an amplitude modulation level of the reference
[0051 BigrrRvisfalzbiicbhensighearctvaril(). hehisfatiyn cthegredfisrerce siptadosHbelsingle

recorc](?)rﬁé{[ Eagepggﬂﬁl\é%‘ L%ﬁ%?&lﬁmgg{&ﬂ-rg@, Cﬂf@ﬁ%&%ﬁ@@g&mxgb% ERGOHRal

) single recor layered optical recording medium 50 s |sgin "
rocorchRRELBY B RS NBIRIGFNYP AR AT S BTGP AR RS o2
the refaarie sighslicshliyiappkegstiate of detdotiining thpeememdidurdifigst, the reference
signalF%mlaI%%ﬁ%H?&eﬁ'Bﬂ'fhéesqﬂéfii,WQM%%%@%P@&&f%dWmH%ﬁ%O under

~[0052] Here, the reference signals may have a different amplitude
oty PG ORI ARSI AR ORI HETHIR ELIPERHER SPafED! (OPC)
Next, dependitgemidelistietiteatiohitbefafescsirriignals should be higher than 0.3. Finally,

the reference signals should have a jitter leve! lower than 7%. The reference signals may be
recorded on the single recording layered optical recording medium 50 satisfying only one of the
three conditions. In addition, the second or third condition can be satisfied by appropriately
determining optimum recording conditiéns for the single recording layered optical recording

medium 50.

[0052] Here, the reference signals may have a different amplitude modulation level and a
different jitter level from those set forth herein, depending on the specifications of the single

recording layered optical recording medium 50.

[0053] In addition, the reference signals are preferably, but not necessarily, recorded in the
reference signal area 56 in a random pattern. However, for a specific purpose, such as

measurement of the degree to which the amplitude of the reference signals is modulated, the
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recording layered optical recording medium 50. [0053] In addition, the

reference signals are preferably, but not necessarily, recorded in the

reference signal area 56 in a random pattern. However, for a specific

purpose, such as measurement of the degree to which the amplitude of

the reference signals is modulated, the 12 reference signals may also be

recorded in the reference signal area 56 in a unique pattern. For

example, in the case of run length limited (RLL) (1-7) modulation, the

reference signals may be recorded in the reference signal area 56 only

‘using 2T and 8T, where "T" in 2T and 8T denotes the cycle of a reference
referentackighals spacilsqhrpeswdesichhagefesgnomeigpairras i@ inenghigue pattern. For

exam[%‘l'r ]}I-@ Jastele Hﬁﬂﬁ%ﬁﬁfﬁﬁﬁﬁ%%ﬁ[ﬁl%ﬂf? (FRRANERSh UGIB GefretiRd §igrills may be
e reterence signal area 56. Reference signal eq sin .ﬁ héj[r
recordsg iyt RHBERNGE RALATER> %ﬂa'vf}'amgtﬁfaé@ ;fa@a? né“.% a“%f denotes
the cyalecbBd rétsgnumelogk caorbpenifiapurpdsesnsuhl aie@i%@mhemﬁn@m in
RLL(1f§g%@%%nere@1& RRFILRNGH feepdbe LP&%%’TOQW gAtREN&tERhce signal

4] FIG. 6'is a diagram illustrati mple oy ble reco
area E\[ﬁy(ﬁ%@@ﬁﬁﬁﬁ'gaﬁﬁrﬁﬁﬂ dRfeURINg ?fr%@e aé%%%ﬁ?cgfﬁfﬁh c#a(:(:Or f from the
eye pdtisanativaistingoiifiand @MiHespremetyimzapmeFufedingndhel @ﬂ%the

repreéé%ﬂh&ﬁ&ﬁ%g% IaMEs R P RHGE I FRFR AN IR AHE B leinel U8 DA of 8T.

recordlng layers LO and L1. In general, an optical recording medium

[0054 g;l- ()jOf g 'PJ.?!'%% %oéq'anlﬁ}ﬁg%aﬂﬁed!'g&mgsgfefgoo&%&%cordmg
ecording

repro cing con |t| for the plurality of recording layers
mediuphBref6raaR BRI SRR AFRPIINE S BEPHIR] i’i!tzﬁdfm?%??ﬁ!? REEsratigvention-
ReferfimygeteeH| GPBCHer eoabkingamelliy taysteid optites raqwfiingnoedsignaDanekudss, two

recorc| é& A Eéﬁﬁq_el SIHYRISME SRepred Haslan Hﬂ@b‘ﬁ%r&ﬁﬁ l:EIQ:iofa plurality of

ons r a corresponding recording layer. [0055] Specificall

recordegdAIRTG TaSH RPHIcER SHURUTErR B8/ et 5%[}%'80&% e pluraity
of recoiistiacaeas. GPhdséfollarkachef teoretingliny tayk s inglantbk leofithizitablearecording

, Iayere% 8%55%&9@1 SFRERSy 3BGhlRRd Q%féfé?cégig}ﬁm%%g‘@ﬁm‘\hlﬁch reference

layered optical recording medium 50.is loaded in a first
sl 58/ 8RRETEH F6EARUTHURH BTGP SAREURTROR, 3 UEHER HaEaargong ver

medium, such as a first disc drive 41, as shown, for example, in FIG. 4, for
[00551he Bracifinellwrberifapoting daves U ineisieniAdeadifRigm60. a user data area 61,

and arﬁW@%%E\GMOQIﬁiMEQQHQiMWﬁQ tageracoitingdayemidddyrea 65, a user data
&co st-re ta ORI
T A

50 is lnsdedrica §r@h@@ﬁﬁ%k@ﬁ8§°§f§'ﬂ%{r upipqeizAALPIREbpRtiaHECording
mediliRCeldingsconeitions danehe resasbag, fyrasxathpld) énfiFsb.distodthecfirst time, the first

disc drive 41 determines optimum recording/reproducing conditions for the recording layer LO by
test-recording/test-reproducing data on/from test area #0 (63}, which is defined in the lead-in
area 60 on the recording layer LO, and then records reference signals in reference signal area -
#0 (64) under the optimum recording conditions for the recording layer LO. The first disc drive
41 also determines optimum recording/reproducing conditions for the recording layer L1 by test-
recording/test-reproducing data on/from test area #1 (63), which is defined in the lead-out area
67 on the recording layer L1, and then records reference signals in reference signal area #1

{64} under the optimum recording conditions for the recording tayer L1.

[0056] Thereafter, when the double recording layered optical recording medium 50 is loaded
in a second apparatus for recording/reproducing data on/from an optical recording medium,
|
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41 also determines optimum recording/reproducing conditions for the
recording layer L1 by test- recording/test-reproducing data on/from test
area #1 (63), which is defined in the lead-out area 67 on the recording
layer L1, and then records reference signals in reference signal area #1
(64) under the optimum recording conditions for the recording layer L1.
[0056] Thereafter, when the double recording layered optical recording
medium 50 is loaded in a second apparatus for recording/reproducing
data on/from an optical recording medium, 13 such as a second disc drive
42, as shown, for example, in FIG. 4, the second disc drive 42 obtains the
such asrisrRaeNcdiSEdiy A d8rasutiPyredrroRianP B rie&tE & the seedidifigasyuesd2
obta|nb(ﬁ]é"&g’uh%ﬁ%é@&@%%ﬁ&lf@f%&ﬂﬂ%ma&fﬂ@m Rk &roafgnanee LO and

L1 by 5 area he re ede#%e(gls?'\a?'sop 5m] eac;\er? na$f| are grégl{si}ft& andqﬁ (63).
AR Srea0R each rédor ayer ot an optlcal recording

medlum 50 having one or more recording Iayers [0058] FIG. 7 is a block

10057}y dsfereRceeigEhPERAS TBRY &R AR giFaRtsd RGeS Bi5A R PaRN recording
layer aficabtieabrelinglime diadiuacto fdinipgoae @mizoe ireenmtivbtkygsesent
invention. Referring to FIG. 7, such an apparatus may represent either a

* [oosefirstrdiscrds weofbbiosiagiarporbelispsiivtis i stevamiireptoddciny datamn/from an
op’uca?%pcor IUS In des & g}ﬁndl%mmor gg Ia%rﬂptll%ﬁ% t’ﬁiso%r %%Y&J;'mg to

a Se 0 Con rO er n am 4 an eq ual zer Inar circult
FIG. 776uehdtaraainivd lm@wrepve%%&ﬁh?ro%ﬁlaftémsifﬁepﬁis@@o?ﬁ?@ﬂ@rdm’ drive 42,
showrﬁmCFﬂ}:qntBl”ﬂf an dfarppaliniudctuatbpiniiiemdes A0, an optical head 71, a laser

driver %ford'”.gffe f? %C%gmgn.aﬁw%ya u¥YQb‘?h753 Q%BHFSM 365848t

ohdifion se an equaliz tl0n condition setter 2 ablnar)ﬂé:on ition

demo@@ﬁ@r 3 Taﬁd“at%m@@u'égﬁc? foh RéaR FoNobieOTens SpiralERlishtor e apparatus
furtheFhetesean: eptisalrljseHododag ddnditienagyttvigusit, TWrécicantootiemised of a servo

condltgzoonnyg{grtq]e éHSaﬂPé} [RARSahian data podulatey Z&Bﬂf&\ﬁe{éﬁ%a&ﬁ’dbfpmse

recorded bn he optical disc 50 into a record signal. The pulse controller
conditian &§H&otks the pulse of laser by following predetermined pulse
conditions. The laser driver 72 drives a laser diode based on a signal

[0059butPinefapindiecmitsd € soimtstrerry optivab digniba lorded i thRoRRP IRESasdre
contrdﬂlé}@d&ﬁﬂfﬂahé%ﬁﬂlF&ﬂd&&ﬁa@u@a@@aaﬁ@nﬂfcmmsfaesowammwmigmatorded

on thegs%rﬂgm §'S m Oeéaerr%%ﬁ t%‘érgg]uﬁ? rface ?roWer ?Q%Sﬁ{rgig ?h%oﬂa%e of laser by

generate a reprod
foliowisig rmd@eaomw@@émpeéﬁmleﬁg 'éé?ﬁﬂi!&%%%%‘@ﬁﬁdaﬁabﬂ%e based on a

signal RRFaLIAEM AheNRuRBLILALRMBETY. The optical head 71 having the laser diode records
data on the opticat disc 50, or generates a reproduce signal from a laser beam reflected from
the surface of the optical disc 50 by focusing a laser beam on the optical disc 50 to generate a

reproduce signal.

[0060] The servo controller 73 controls focusing and tracking operations of the optical head
71 based on a signal output from the amplifier 74 by following predetermined servo conditions.
The amplifier 74 amplifies a signal output from the optical head 71. The equalizer 75 modifies
the frequency characteristics of a reproduce signal output from the amplifier 74. The binary
circuit 76 converts a signal output from the equalizer 75 into a binary signal. The data
demodulator 77 demodulates binary data output from the binary circuit 76.

[0061] The servo condition setter 1 sets the predetermined servo conditions in the servo
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71 based on a signal output from the amplifier 74 by following

predetermined servo conditions. The amplifier 74 amplifies a signal

output from the optical head 71. The equalizer 75 modifies the frequency

characteristics of a reproduce signal output from the amplifier 74. The

binary circuit 76 converts a signal output from the equalizer 75 into a

binary signal. The data demodulator 77 demodulates binary data output

from the binary circuit 76. [0061] The servo condition setter | sets the

predetermined servo conditions in the servo 14 controller 73. The

eqgualization condition setter 2 sets predetermined equalization conditions
contrdliertiie. eThmbnealiZatidhedvidition cetteitsetetrddtsetinadavpuglizditen eopdlitions in
the e Uaﬁ%%%arﬁ@rﬁngz@onm%nqQlﬁ?epg%@@%bﬁ%@%h%tlévéﬁﬁ tmaebmary CIrCUl‘l 76.

termined pulsé conditions in the pulse controller 79 ﬂ
The pUlsp,GROVIIPO SRR G SPIRIGATRGHETTIRRIERGSEH2NGIAFSHD 4 G&BH%%F“W”EF

79. recording medium according to an embodiment of the present invention.
Referring to FIG. 8, in operation 81, an optical disc 50 is loaded in an

[0062Pppﬁf@t183§(¥ ﬂ@@@ﬁdhﬂgf@lai@ﬂ%aiag rdabrdiRyGBpRe ecilig date \@Mbrarafptical
recordS ?Jri] caefé(ljlsc %Bc J Crﬁ ?d gnsgmrgjl Or'EP 51‘ tgt,f &%ﬁeﬁﬁ&v@ﬁﬁ&nfoﬁé@ rmfto FIG. 8, in

hen an op ical fead Isc drive applies a
operatigned hearariisahdissit i 'epdedin 3napprcas {anhfesRIdiNgH R Aspgidafa, such
as a ds@Rk: whishiis seeardroFiGadedddn, arspiraflcthioptiocadfdiss &€k ddve rotates the

optlc:aiglsat.‘.C Ce]:sosre hégn%%a 'Htljég?héa% 7'1:@ "tr?e hﬁsrgéﬁkrglgp Ik)e%"%tl%%&% %ﬁacqe optical

In area of the optical disc 50. The optical head
disc 58bt&ﬁ§lﬁ%mmﬁ@@rgnafﬁaﬁﬁ@'@f@fﬁ&é&mﬂ@ﬂ@&éﬂ%ﬁdtﬁbadﬁﬁwp area of

the opﬂi@éﬂ Eﬁcwmmﬁcﬁmﬁﬁﬁtdﬂlﬁ (e ohiFta by és aazplifatsatien the optical head
71 acc 08 e WEEISIONAl ANAREHE ?ﬂﬂé?& ey “’rﬁéjb?ﬁ:é?él\f%%d“rwbﬂ%ns a reproduce

|nede ualization conditions are set, modifies the frequenc

S'Q"aicﬂﬁfh%ﬂé‘ﬁ%h%%‘ﬁ ﬂ?ﬂeﬁﬁfbfrﬁéafhs&%%é'gﬁ%l Thegralier c?fbalf'%"g'f fAet the
disc deliacahiMEids thvihiebraduedsitaianinad imranyaizicd fevbthis diet, dromvartwvitien

prede el @%Sﬂaﬁ%%%r%%ﬂti ERILIES SIHFREs tﬁé’ﬁ@q@éﬂ@?@ﬁaﬂgﬁ@‘s’tm of the

ereafter, a data demodulator 77 of the disc drive demodulates

amplifigRARPEIGHES, w%ﬁw&mm&?@%&ﬁd&%ﬁﬂwb'm&’w%]&%rﬁﬁoz%?fm'"ed binary
slice isesViz eet)icoleertStod thedifisatamnvesiliheupahfouotiedctpraiidecdhtinixsa binary

signal CTHEGRN L ERRK NG, RRGIANPTT of the &%l@ﬁb@%@quzéumdw@rsaaa@gr@qlal and
output from'the amthler 74 by foIIowwEéoredetermlln erV§F§nd|§6V9 The

then teansiitidie defmary'aied RRARFRERRHAFSHR SR EPIRE
servotcansotiétets tooatcus fomileing ehthisacking dpemtions of the optlcal head 71 based on a

signal output from the amplifier 74 by following predetermined servo conditions set therein.
Finally, the identification information of the optical disc 50 is transmitied to a controlier 5 of the

disc drive.

[0063] In operation 82, a reference signal area, which is defined on the optical disc 50, is
accessed. Such a reference signal area may be provided in the recordable zone 54 of a lead-in
area 51 of the single recording layered optical recording medium 50, as shown in FIG. 5, or
alternatively, in a lead-in area 80 or a lead-out area 87 of the double recording layered optical
recording medium 50, as shown in FIG, 6. Moreover, such a reference signal area may also be
arranged in a middle area on each recording layer of an optical recording medium having one or
more recording layers. In the reference signal area, reference signals may have been recorded

under optimum recording conditions determined according to example embodiments of the
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[0063] In operation 82, a reference signal area, which is defined on the

optical disc 50, is accessed. Such a reference signal area may be

provided in the recordable zone 54 of a lead-in area 51 of the single

recording layered optical recording medium 50, as shown in FIG. 5, or

alternatively, in a lead-in area 60 or a lead-out area 67 of the double

recording layered optical recording medium 50, as shown in FIG. 6.

Moreover, such a reference signal area may also be arranged in a middle

area on each recording layer of an optical recording medium having one

or more recording layers. In the reference signal area, reference signals
presemhinyéntion bdbe refevedes sighdisroayiRrireaceut diog tenwittsarcdsionaiaess in the
same RAEHEIRE RSYaRRRla RN RTEMaits of the chidiasentiwenian olbfom the lead-in
reference signals may be read out from the reference signal area in the
same manner as the identification information of the optical disc 50 are
read out from the lead-in area. [0064] When the reference signal area is
[0064], o c¥éhagrthm EefBERTSR § B3I AERG Bpaeafsh BPdosugipac FRcking preration of the
opticaChedebite dsarsarsliag dodbrelipgetdeter mravetesainedcsmrditicorsitishinsitdan the servo
controﬁgp'?% rl‘?i'b%gllqbe@?&g?%mg%@ ﬁ@ﬂ%@@?é%gafﬁ? @f@&é@?ﬂnpm;mcal disc

reflected from the oFtlca disc 50 is amplified by the amplifier 74, and

50 is grapfifieddy dhaAradHetES: mg‘amﬁ%cvmaat@é'sgf@rfmta?@m@mﬁ@aeproduce
signal e Ineodifiedllnethézqualidacighie practeteemmdetemiadid orlzatiditicorslitions are

set. Tﬂ@m‘?ﬁf&r&l%mgtﬁ%k%ﬂtr IHQUIRUL AR ROMAKES ol SR Y?%ﬁﬂai by the

into a binary signal binary circuit 76, in which the predetermlne

binarygifehi Sficld nab@ih@geqfeﬁ'ﬁéeﬁma?g BjarR el YRR RR o HR PIREH ignal s
demodulpfecbantbttien tonipplied 5o [BE&SHMrvibgyeration 83, the controller 5

determines whether reference signals are recorded in the reference
[0065]5igﬂﬁ|0®@§t@vﬂ Bmmatmlt.@iw 5Qetpanicalether coletnitey Sorateeminesorded in

hether .the referenc reco i

the rey%'gr(')c%sélgpa S0 rbase%p[ ablrciagr[g/ %% H%éﬁ%f%t erf:((a)(-iiogIl 006 %Fﬁlﬂjgg
wheth@p@\%fﬁfﬁf@&ﬂ%%?&@r@d@é%%& Q%r?éﬂsm&&wm@f@e% ogiiFhdisc 50
basedaiea binatpsighiicslspredifietb controller 5 determines optimum

recording/reproducing conditions for the optical disc 50 by test-recording

[OOBGFat%'B&F@%r@ﬁaIPH&P&&EH@@%@ﬁQI@QrH'F%r&éﬂ'%ﬁé%‘ﬁe@énce 5|gnal area on

oducm 09 10Nns. 006 r}-n Followin dltlons reV|ou
the oplGR R AR B e LTS S PAIBHAR S A g g orhe
opticabdnlseaﬁummmgmtém dela iha {ort @eeeron H@aqml@ @l@ﬁ@ﬁuyngeihwwus sets of

recording/reproducing conditions.

area.

[0067] Following conditions previously set or designated by the identification information of
the optical disc 50, a pulse condition setter 4 sets the predetermined pulse conditions in the
pulse controller 79, a servo condition setter 1 sets the predetermined servo conditions in the
servo controller 73, an equalization conditions setter 2 sets the predetermined equalization
conditions in the equalizer 75, and a binary condition setter 3 sets the binary slice level in the

binary circuit 76.

[0068] Test data, which is to be recorded in the test area on the optical disc 50, is output from
the controlier 5 and then is converted into a record signal by a modulator 78 of the disc drive.
Similar to the reference signal area, the test area may be provided in the same recordable zone

54 of a lead-in area 51 of the single recording layered optical recording medium 50, as shown in
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pulse controller 79, a servo condition setter 1 sets the predetermined
servo conditions in the servo controller 73, an equalization conditions
setter 2 sets the predetermined equalization conditions in the equalizer
75, and a binary condition setter 3 sets the binary slice level in the binary
circuit 76. [0068] Test data, which is to be recorded in the test area on the
optical disc 50, is output from the controller 5 and then is converted into a
record signal by a modulator 78 of the disc drive. Similar to the reference
signal area, the test area may be provided in the same recordable zone
54 of a lead-in area 51 of the single recording layered optical recording
FIG. anadihennalyelg, shopyimalédd G. deabalterattadbytsrapl§iiniieatbible recording
Iayere%rgﬁ'trggl Qéc%rjgiﬁg ﬁr‘éh%rrﬁaj§7a9fs%qqrr' 'ﬁ*r%r%CGFHé'FQaﬁe}'%%drM&%'.gnar is

recording medium 50, as shown in FIG. 6. Thereatfter, the record srégna is

conveglgd\alect fs arweaeéﬁnﬂh@%ﬁaﬁ%\rﬁﬁar%%w@%qr@aa@?rﬁ%& ISt in the
pulse contidiien3 Sehimsbedpdsdroen ol it didddses dibds drizssrdiodetbighe optical

head ?'ﬁsﬁa%é{%ﬁ‘iw&%éeta&%ffj%gf ﬂ?ﬁé)%'l‘f@l n@&’jﬂ]\r\m@%%‘aﬂéhﬁ 13%8Facking

driving signal. The optical’ head 71 whase focusing and tracking
operasfreéreﬁ%@*@ﬂ%ﬁ%&ﬁ%@@@&fd T3 180S1EF PR RBARES SRR futhe optical
disc 5t suemomineaphiztlealiss &thavisinchatesharer thdbéeentasladisadl by focusing a

asor BAEPEHAIEA FUhiAABLSRLLES O dasupiag a laser beam ermitted from

the laser diode on the test area. [0069] A reproduce srgnal obtained from

roosoj"® K ?8‘@&% ampl] %ga%g}f AMRUTEL (ka0 dr%@f%ea%rﬁﬂ@f 74,

harhCtensucs orthe am reproduce srgnal ar
Thefeéﬁ%ﬁﬁ@rfr'?BUWré'aﬁ‘féPt%ﬁéﬁﬁﬁo%ﬂl%ﬁm?'rﬁ% ﬂeemsa‘f%ﬁrahéreq'ﬂeﬂiﬁeﬁ by the
equar|Zérl$5:01weréedenum@ntwaemmgrreku“rfhﬂreaﬂeusnatuaealmreborme bonagyted into a

bmary n%rll IS"Imer% He?d 55%&?%9&”&%%‘8 E)ﬁ\awqggﬂ%?%%%%%é'rte‘ardﬁ’ﬁe &mtroller 5. The

ared wr etermined reference value. If the measured |jitter
measmveu@aﬁ% 'Er@H@E’éfﬁﬁ & SopeARiReninabrefprgRep iR ilbike MaRB WS Jitter
level siidREisitbainal caiaivvas, recordied/repratlstericontitmsthevdesiieathe test

data vHE & %@Hqé%g g&H%BHfH rerﬁ%rra&%rsgrgﬂér&gr&&Mte%mn?

optica drsc erwise, the pulse conditions, servo conditions,
fecor@ﬂﬁlﬁiifé?ﬁ'éﬁ"a%ﬁaﬂ‘i’éﬁ'%‘safﬁB*Bﬁw%W@ﬁ@ésFe%l Sberttribaryisringdions. servo
condrmbasf,eaiuwmtrmremmniedsagambunahestest!avebamrada@pnmIlyartherrgfemehe test data

is rec&?éééjg&ﬁ Fﬁestﬂg?greg]%ﬁ@ a[ﬁfﬂ&e\?ﬁﬁé 8f %@r@%@&%@é&%@%ﬂ?@&' Uil

itter leve test data satis predetermined condjtions i I%'?e

PFOwB%ﬂérﬁédeRﬁ?ﬁﬁ’YrPﬁﬁB?é}ﬁaﬁ‘Bg %@F&féﬁ&@ gidha s e HENG

predetef@ined esiditiahaisainnitied.

[0070] In operation 85, reference signals are recorded in the reference signal area on the
optical disc 50 under the optimum recording conditions determined in operation 84.

[0071] Specifically, the optimum recording conditions are set in a condition setting unit of the
disc drive, which is comprised of the pulse condition setter 4, the servo condition setter 1, the
equalization conditions setter 2, and the binary condition setter 3. In other words, the pulse
condition setter 4 sets optimum pulse conditions in the pulse controlier 79 with reference to the
optimum recording conditions, the servo condition setter 1 sets optimum servo conditions in the
servo controller 73 referencing the optimum recording conditions, the equalization conditions
setter 2 sets optimum equalization conditions in the equalizer 75 with reference to the optimum
recording conditions, the binary condition setter 3 sets an optimum binary siice level in the

binary circuit 76 with reference to the optimum recording conditions.
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optical disc 50 under the optimum recording conditions determined in
operation 84. [0071] Specifically, the optimum recording conditions are set
in a condition setting unit of the disc drive, which is comprised of the
pulse condition setter 4, the servo condition setter 1, the equalization
conditions setter 2, and the binary condition setter 3. In other words, the
pulse condition setter 4 sets optimum pulse conditions in the pulse
controller 79 with reference to the optimum recording conditions, the
servo condition setter 1 sets optimum servo conditions in the servo
controller 73 referencing the optimum recording conditions, the
[0072kquBkEBonecsigaiimnehiskiies @ detseopritedin beusfiersnicn sondidoeron the

optical WsE GRS H P WHR FPIREQTR4RNS, QRUTIMaFE eBHIEHLE MEIHGBERIEignal by
binary condition setter 3 sets an o&é%%ﬂ_um bln%{% sllcfe Iﬁvel in,the binar
)

the meslafor &8, ifineesaendas SapRibRERRLIR FRRFHRR NS RIRRH M4 BYFaT! that
satisfiRefezendiensigralsewhiciitians telio theordksicentralecfSehbe migtanegsignals are

preferaBY GUHHFRARG MY, RE QI e T iI8 R Yigharare Ao hat e pattern.
converted intg a record S% al by the modulfft??r 78. Thereafter tIIe rec

Howe e 1or R RERIS RUTARES SHEDASGRRY SO BlAP s IRRRE Lo hiams

amplitodésef the difienescesigndie helsefersngebiona Mak aiske kerecuiahin thereference

signaldRLIRRIVinRiteNRRACE FERERAMBROTHERE BAEE defaNe (1Le)SiEAIATeR thereference
.___random pattern. Ho ever, for a sgegllféc‘%%urﬁlose,ir?u ?ggdrgr?asurement

signalg Ry %ﬁ%@%ﬁ%@%éﬁgﬁeﬁﬁ% nplitade v theré erence ‘signals, the

reference signals may also be recorded in the reference Eﬁl?nal areain a
[0073] i fulegsisindle BV dmiprords fhe refeienaerignels ) R IRIRIABRS fignal arsa on
the opferaiscssiysath maahecranat theden thaadfiTehe eefigeralensgmalifeadingriving

the lader %ﬁeBthL%OZ&]cél Assy Aosladiivani2LesPiiiiesigiarence signals in

the reference signal area on the optical disc 50 in such a manner that

leaves a mark ip_the reference signal,area by driving, t r.di
10074] o R R (e A A NY SR80 COLES e 50 under
the or8iB)uRerChItinG seeditivad delgrntisedntaraEiahthebpliRmRfGYSIS [rRiefuced

from HEEURRHBHALFBS UHBOIRE BEiiAGG dehesaliting doruiwsasiastéined in operation 84.
alternatively, is reproduced from the user data area under the optimum

‘[0075iE P RANEINGi GO BYItPRTAS L BIRRAI AP BLRTIPBrRAal0R BBl vane mieaPEeen

If reference signals turn out in operation 83.to have alread been e reference
recordgl i) faei FISIRIFEIATRLETER 106 SPERISTRE FISBRLS e Lopregcad ffom the re
signalrefachrebthérotnethptirefenaacerdgigfrabradacing dodifionfeasd datemmined based on

the regg@{(ggrgyé%pducing conditions are determined based on the reference
signals.

[0076] In operation 86, the user data is recorded in the user data area on the optical disc 50
under the optimum recording conditions determined in operation 87, or alternatively, is
reproduced from the user data area under the optimum reproducing conditions determined in

operation 87.

[0077] As described from the foregoing, the present invention advantageously provides
several techniques in which optimum recording/reproducing conditions of an optical recording
medium are determined in advance so as to reduce the amount of time required by an
apparatus for recording/reproducing data on/from an optical recording medium, such as a disc
drive, to record/reproduce data on/from such an optical recording medium. Once reference

signals are recorded in a predetermined portion of a lead-in or lead-out area or a middle area of
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[0076] In operation 86, the user data is recorded in the user data area on
the optical disc 50 under the optimum recording conditions determined in ~
operation 87, or alternatively, is reproduced from the user data area
under the optimum reproducing conditions determined in operation 87.
[0077] As described from the foregoing, the present invention
advantageously provides several techniques in which optimum
recording/reproducing conditions of an optical recording medium are
determined in advance so as to reduce the amount of time required by an
apparatus for recording/reproducing data on/from an optical recording
an opticelliecording madiandishetirie aptivat retirejngtheditaisleardin sdite drive for the
first tify Qt'ﬁ‘%rr?o%’ £QHBE{Q'HU’TE %@eﬁﬂ@@ﬁﬁnﬁmQ@!ﬁ?&ﬁﬁdﬁ@&r&ﬁﬁlﬁb%ondltlons for

pre etermlned portion of a [ead-in or lead-out area or a middle area of 18

the OPQH%MF!%%HF%W@&RRH wWihent the BRTdie ANSiaRRdYREHRIM RPHEAYRpOweT
contrdn(@RIC Moredariiegefiistttinense isf mepvquoskibldata foivkiyedatticahiiegording
medlu‘ﬂptméJ ms@ﬁeégﬂg/f@iam%%Q{%fﬁrom%mld’&ﬁ%%ﬂ%ptlmum

medium later on without the need to additionall orm optimum power,
focusigg BT RORES B BB EITE0ER SO (AR 7945 R RGN Redum-
optical recording medium, it is also possible to perform equalization gain
e%@\C@(ampiﬁa

[0078br frakile thsre dawebeeD lisitaiecrapd SIasrrBRt vk LRI R TINe TR
embo8ignRals &wqﬁés@ﬁtﬁheecnpaﬁaﬁ el eE ingiersidbiby 048 skibiartierart and as

technolg ﬁ\égo C?Q/e?or{lol,:: ?%gl ﬂ§§§v' Sﬁd"\ﬁh‘é‘& t%ﬂqﬁgﬁgqr@dgea%aéag%lents may

Pihe present invention, it will be undeérstood by those

be SUWMGQH%@'WM%%&HH@BWB@UQ@H§%Hi%§?l6[@”&1%ﬁ?@@soﬁm present
mventiﬁﬁdllﬁmvoﬁdaﬂﬁyalﬂenmﬁ@ NGl RRUiY aldaisthecyabamsost iheaquekmant invention to a

paﬁnc&ar’é?uéﬁ&ﬁ%vrﬁ%u %’g | IH%FH'?HJ%%HEQ%F 3y MEIQth%r computer

present Invention. d| ications may be made to adapt the
reacabla s BIANEHSEN (RWLAISR 56 bP POARRITA LR CITHS AAREE, may be uliized
as londepadfagfrensifraiscopedtatzal tHeve@xameliecodpi meonmpateding adaditions. In
addltlgﬂegf%hﬁ%ﬁgé??g Wiars(BIRb IR Qe HOHABBGHAISSIERYR SIPYIARS recording

e ut as long as reference signals are recorded thereon o

medwﬂmmem P@EB’PH}ﬁE!; o ARSI TR MG RRSIPLBLR Iedd aﬁeéeséﬂafsafea ora
mlddléal?eb&)feﬁm‘mnmangdmwm ahetilafathesiicHl ¢ae brlimglemedlathas a

chups%'?ﬂ Girfbat H@@%Qw@l?@@@@r@]'ﬂ?%@@ﬁ uipbadeadrip@er programmed
-out area or a middle area of an optical o%iwg gé Slm arl}/ itis
re

to perfRETCPR Methasts AR SRTARRES AR RIHRNEINENG 1
intendalte thatfety, mgehembeempemmpnnwﬂwllwm@méh@h@gmm@d‘m@
emboeﬁ‘ﬁ@{@ﬂ@!é)’@@mgg{ﬁﬁé despriedivvilareipreririi’ EtGmbadmhélfe fAling within

Accordingly, it is
the scope of the appended claims.

ccording
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intended, therefore, that the present invention not be limited to the various

example embodiments disclosed, but that the present invention includes

all embodiments falling within the scope of the appended claims. 19 What
clalrped isy 1. A method of recording data on an optical recording

iS
What K
, ing: recording reference signals in a recordable area of

the optical recording medlum based on optlmum recording conditions

deter, eﬁ_l o tlmall JeR C|n dat m the tlcal cordln
' medﬁm e O metho or (El%lme 4 a8 "% oerrelrg thngrﬂﬂe ognprlsmg

reotmchmlrrgferemmereaigrmiselmgneespmiabﬁewaaeomghelepmmecord|ng medium
bag«#gdgﬁef)m am T&Eﬁereﬁ 8§Hcﬂ 18h ngt%'ﬁr%me TP 8 P? Sgrodqcing data
| ignals,

aimed uring he recording of e ke ere
frothéhe@pdanaérsgnmimgane&medetermlned jitter conditions. 4. The
method as claimed in claim 1, wherein, during the recording of the
reference signals, the reference signal area is defined in a recordable
2. area Dfia meeiitdd arsadkaiskrhdroviaireal owbitheinsideriig thtaracsadng of the

refg?gr%%t'gf’énquo Hlénﬂafg? %@s%[r-]% eregg)f"ésdgl@fﬂﬁﬁ 88&%‘ lithde modulation

wherein urlng he recording o e signals e op Ica
comddmraing medium comprises one or more recording layers, the reference
signals are recorded on each of the recording layers based on optimum

recording conditions determined for a corresponding recording layer. 6.
3. The ﬁhmamedsodaaaedmﬁmmldmﬁeréin wieereferedusrggitiags weording of the

refbTEREeS RB%?& 8ﬁ8édé 918 L4 AYLORR A?ﬁ?ﬁ'é‘a fiter conditions.
recording me

recor repro ucmg ata on/ om an opti ium, in which
the optlcal recording medium is loaded for the first time in the apparatus.

4. - A mgthpolaf sgcgud %%‘Fﬁ@ﬁ%‘%%ﬂa‘ia QUER g}}a’aBHHrﬁe ﬁ%@é@lﬂ@mg of the
medium, comprising: 20 reading re erence signals from a reference signa

refar@aqeemgn;alm Hheopfesence signal area is defined in a recordable area of a

lead-in area or a lead-out area, on either side of a data area, on the optical

recording medium.

5. The method as claimed in claim 1, wherein, during the recording of the
reference signals, if the optical recording medium comprises one or more recording
layers, the reference signals are recorded on each of the recording layers based on
optimum recording conditions determined for a corresponding recording layer.

6. The method as claimed in claim 1, wherein the reference signals are
recorded on the optical recording medium by an apparatus for
recording/reproducing data on/from an optical recording medium, in which the
optical recording medium is loaded for the first time in the apparatus.

7. A method of recording/reproducing data on/from an optical recording

medium, comprising:
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recording medium, the reference signals being recorded in the reference
signal area based on optimum recording conditions determined for
optimally reproducing data from the optical recording medium;
rea terrrru the o§tlm ecordlng éoro]d:ucm ndltrlggs 9 Ithe an optical
opt%u reCording nedium base e reattererénce srgnai% and P
reo(m:tunglmgé@pmdﬂmgtmmoe/ﬁlgnatbé)emgzeecemdmg ttmedaﬂmrenummgnal area
base det% g"rﬂﬁ(rjn J{BPA’@WE%‘%H f SR e?ecmﬁecd) d|t|onts Eérllylree rrrrg ucrng data
28 claimad h Clainy ein e optic recordlng ium”’ comprises
froontheroptwalmmﬂmgglammmie reference signals are read from a
ot SIS AL RIS LR ARS AR LSS AT RITHIE optimum

recor reproducing con eac ecordin ayers are
recdecingimedilpasesased e trefeeadt ecdgyraleremhalst 1ot a correspondlng

recgr(o?ngmgri?dc?ucﬁ% %1{1 '%ﬁ?ﬁ8FHe‘?Heepf39 ed |%Q,j JPT? under the

recor ayers u e optimum recor repro ucrn cond |ons for
detdrmninec spdining recording/ teperdacihgnenhdidiofsecording/reproducing

data on/from an optical recording medium, comprising: determining

whether reference signals are recorded in a reference signal area
8. arranies method@icalateeddingclaaitimwheterdirt trefevptical sigerildiing medium

reference sig r 0

col SIS SR TR PP, ST LB STIRS om o
refestnenceigigablacge retgiided irothe eaffrerde Hignaterewingd layating optimum

rec%ir é?@@@radang%gﬁmmrsf%?r Sdeh %9'??} ar”&é‘or‘?;‘?ﬁ‘?%{e@ylﬂg % determined

repro ucing conditions for the optical
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the reference signal area is provided in one of a lead-in area and a

lead-out area arranged at either side of a data area, on the optical
9. recordingetresuraf 21ecording/reproducing data on/from an optical recording

medium, comprising:

determining whether reference signals are recorded in a reference signal area
arranged on an optical recording medium;

recording reference signals in the reference signal area under optimum recording
conditions determined for optimally reproducing data from the optical recording
medium, if no reference signals are recorded in the reference signal area; and
reading the reference signals from the reference signal area, determining the
optimum recording/reproducing conditions for the optical recording medium based
on the reference signals, and recording/reproducing data on/from the optical
recording medium under the determined optimum recording/reproducing conditions,
if the reference signals are recorded in the reference signal area.

10. The method as claimed in claim 7, wherein the reference signal area is

provided in one of a lead-in area and a lead-out area arranged at either side of a
data area, on the optical recording medium.
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11. The method as claimed in claim 10, wherein the reference signals are
recorded in the reference signal area in one of a random pattern and a
unique pattern, satisfying predetermined amplitude modulation conditions

and/ redeteranlnedéllttenrqc ndltlon dl'herrneérlir(])d ascafier nc si nals are
cIa| , wherein eopt‘?n m recor@ng/reﬁrovc\i 8lng C(I)ndltl NS forthe !9
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a on the F}ptical recordin medlum Llﬁ?eerde\ set of onditio and/or

pat?géo,rd”e& e nguu%e(cjgn orn%d 13. method gg L(j:%tl'r%gd iRaaim BS

predbtesimnbd jifereocdisignal area is provided in one of a lead-in area and

a lead-out area arranged at either side of a data area, on the optical

recording medium. 14. The method as claimed in claim 13, wherein the
12referéhee sigediodre ascordadhiedhe referetasmsigiial avdzeireione i optimum

t
SR BRSNS AR SR ORI RGAR v
tesmetmndlaig dedhdatdncaitesd adre @irihié optiofd rauedinmatediem under a set of
reck %%gpégﬁﬁﬂf renee: Fdﬂ@al area, the optimum recording/reproducing
conditions fort

r ptlcal recordlng medium are obtained by test recording
test data in a test area on the optical recording medium under a set of

3reC°‘§Hég S RdLomAgO 'ci’aﬂqG hd Hefels eesig ignal area is

recor he reference S|gna area e metho as cla
provjadtkieinnieeakefelendasigraasand méeddmpéﬁoemiagm@izetnemrmiside of a

dat% 5?%‘&”‘6’& %B;@am%?npgwg rIr‘Fed‘iﬁ'Htg control. 17. The method as

aimed |n rence signals are used in performing
equalization gain or frequency control or optimum focusing control. 22

14. The method as claimed in claim 13, wherein the reference signals are
recorded in the reference signal area in one of a random pattern and a unique
pattern, satisfying predetermined amplitude modulation conditions and/or

predetermined jitter conditions.

15. The method as claimed in claim 9, wherein, if no reference signals are
recorded in the reference signal area, the optimum recording/reproducing conditions
for the optical recording medium are obtained by test recording test data in a test
area on the optical recording medium under a set of recording/reproducing
conditions, before the reference signals are recorded in the reference signal area.

16. The method as claimed in claim 1, wherein the reference signals are
used in performing equalization gain or frequency control or optimum focusing

control.

17. The method as claimed in claim 7, wherein the reference signals are
used in performing equalization gain or frequency control or optimum focusing

control.
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