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. OPTI CAL RECORDI NG MEDI UM METHOD OF RECORDI NG REPRODUCI NG DATA

"ON FROM OPTI CAL RECORDI NG MEDI UM AND APPARATUS FOR

RECORDI NG REPRODUCI NG DATA ON FROM OPTI CAL RECORDI NG MEDI UM

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application
clainms the benefit of Korean Patent Application No. 10-2004-0029589,
filed on April 28, 2004, in the Korean Intellectual Property Ofice,
the disclosure of which Is incorporated herein in its entirety by
reference. BACKGROUND OF THE INVENTION 1. Field of the Invention
(0002] The present i nvention relates to an optical recording nedi um
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discs, are w der used in an optical pi ckup apparatus, which records
data on or reproduces data fromthe optical data storage nedia

wi t hout physically contacting the optical data storage nedia. Optical
di scs ar@ROFEREFFRENCRITE REGATRR APFLEGATIORBs) or digital versatile
di scs (DvDs) according to their storage capacities. Exanples of an
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DVD- R/ R\Mc&pﬁﬁaﬁhm‘ér@rﬁ inbits eBitate By reférghice. f r om whi ch - data cannot be
erased but can only be reproduced, include a 650 MB CD and a 4.7 (B

DVD- SO%A(B? W&FT?—TE m\gﬁﬂﬁﬁsmy (HD) DVDs or Blu-ray (BD) discs

W th orage capaClity o east 15 GB is al nbost acconplished,

and devel opmgntg SRS hvdrRsR! ution near-field structure (super
RENS) di scs or H%ngram d‘él’ngcs with an even higher storage capacity

than HD[BYR Ofrhe B\nghﬁﬁﬁaﬂt@n Feived AR opt@X:: re&@@ﬁé}neﬁfhnﬁ%ﬁah%ré'Earﬁ@ﬁiarly, to
recordi ng/r@produm ng data on/froman optical disc, such as a disk
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characteristics of a recording |ayer of the optical disc can 1

change, and remaatedds data fromthe optical disc by applying a |ight

beam whose energy is not
[0003] In general, 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 cI?ssiﬂéd 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-resciution 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 Iayerl of the optical disc can
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. high enough to cause the physical characteristics of the recording

| ayer of the optical disc to change to the optical disc. In other

wor ds, when recording data on the optical disc, a |laser diode

i ncluded in such an apparatus is driven with such a high recording
power that pits can be forned on the optical disc. Formation of pits
with predetermined I engths on the optical disc Is called wite
strategy. [0005] An apparatus for recording/reproducing. data on/from
an optical disc perfornms optinmm power control (OPC) to determ ne an
opti mum power for recording data on an optical disc, such as a
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medi um waRddirite BtrgRGRi Ng a nore thorough appreciation of the present

invention. Referring to FIG 1, the conventional double recording
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Speci fi cal data is recorded on the first recording Iayer LOfrom
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The 111 9008hcof e HEpus 8F 5 BoveRtena, APIRBeeTEaT BB il SR,y e e fuly

from an watHtrefereicé EUIRICE N SFIG. 2land PEG.t3 @ Yolldvg. nner  ci r cunf er ent i al
portion of the second recording layer L1. [0008] FIG 2 is a diagram .
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and a 2 @rea 12, The second recording ayer includes a mi dle area a user data area 143 and a
tead-out area 15. Data is recorded on the conventional double recording layered OTP optical
recording medium in an opposite track path (OTP) manner. Specifically, data is recorded on the
first recording layer LO from an inner circumferential portion to outer circumferential portion of
the first recording layer LC, 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 parallel 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 layers, 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




. lead-out area 15. Data is recorded on the conventional double
recording |layered PTP optical recording nediumin a parallel track
path (PTP) manner. Specifically, a direction in which data is
recorded on the first recording layer LOis the same as a direction
in which data is recorded on the second recording |ayer L1. [0009]
FIG 3 is a diagramillustrating the structure of a lead-in area of a
conventional optical recording nedium Referring to FIG 3, the
conventional optical recording mediumincludes a |ead-in area 20,
which is |located near the inner circunference of the conventional
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stores state information on a drive orthe conventional optical

r ecor di lRPIitkdi The prpgeardedizongeticip cpkrderiBéncible anpeavessasn evntivbdats grea 22,

det er m §H PR Borftitl LA FeR6RieH] Fle c6ARA bhiaGibiudes Risc tie #RIVePIER information
recordi ng c?ower. An apparatus for recordi ng/reproducing data on/from
i

an opt i @4 Jise¥zER-wforyatieth fisclitRuERnforaREan ¢ rerording sReed infrignatiep @R gand
a long véddrdihgparameters 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-arsa 34 is an area tested for
determining an optimum 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 recerding medium.

[0014] As described above, a PCA is provided for determining an optimum recording
condition, 1.e,, an optimum recording power. An apparatus for recording/reproducing data

onffrom an optical recording medium, such as a disk drive or the like, spends a long time to
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. determ ne optinmum recordi ng/ reproduci ng conditions for an opti cal
recording medium This |Is because such an apparatus nust
sequentially apply various sets of recording/reproducing conditions
to the optical recording nmedium and then determ ne one of the
various sets of recording/reproducing conditions as the optinmm
recordi ng/ reproduci ng conditions for the optical recording nmedi um
Thus, the optinmum recording/reproducing conditions are highly
dependent upon the characteristics of the optical recordi ng nmedi um
and the apparatus for recordlnglreprodUC|ngvdata on/froman optical
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[0016] Hata@ddintdptical redordihg mepiunt alhe @mabtydif signale déproducsd donpthe opticabf  a

| | ; i |
Eo:ﬂi?t ' Iéérﬁ;gﬂf mf%@%@ﬂa I:@Mﬁ]é amtﬁmtné gﬁmw &?@f&%’negé gﬁﬂé qd ‘Flg H'@eterng}ne optimum
t est - r etsseuiingfregeaducing conditess. Jhergatier. datels r@ﬁorﬂﬁfé%ghwmﬂp@lyewdlng medium

st or age @ o tiﬁ%n?réc%ﬁii‘rﬁg}!vep%&ﬁcnn&@@hﬂ?ﬁon@f Ats 'a%s@@ﬁﬂb?@rﬁtxém@f determining

apparatus for recordl n? repr aduci na@data on/froman_o |c?£
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increases the total standby time of the apparatus for recording/reproducing data 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
amount of timé spent by the apparatus for récordingfreproducing data onffrom an opfical
recording medium to determine optimum record!ingfreproducing 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 recordingfreproducing data on/from an opfical recording medium
te defermine optimum recording/reproducing conditions for the optical recording medium



.tinme spent by the apparatus for recording/reproducing data on/from an
optical recording nmedium to determ ne optinmum recording/reproducing
condi tions for the optical recording nedium4 conprised of the
plurality of storage layers is greater than that used to determ ne
opti mum recording/reproducing conditions for an optical recording
medi um conprised of a single storage |ayer. Therefore, a user nust
wait for a long tine before an apparatus for recordi ng/reproducing
data on/from an optical recording nedium such as a disc drive or the
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refer e”‘f{f'm 9] 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 condifions
andfor 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.



.signals are recorded in the reference signal area on each of the
recording |layers based on optinmumrecording conditions determ ned
for a corresponding recording layer. 5 [0022] The reference signals
may be recorded on the optical recording nmedium by an apparatus for
recordi ng/ reproduci ng data on/froman optical recording nmedium such
as a disc drive, in which the optical recording nmediumis | oaded for
the first time. [0023] According to another aspect .of the present
invention, a nethod of recording data on an optical recording medium
i's prOV|ded including recording reference signals in a recordable
area of [0022] opT he eafereBeasianaie MeE e ieroresan the optinal rsaidinagBediimdy an
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optical _recording nmedium such as a disc drive, in which the optical
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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 optical recording medium;
determining the optimum recording/reproducing conditions for the optimum recording medium
based on the read reference signals; and recording/reproducing data onffrom the optical
recording medium under the determined optimum recording/reproducing conditions.

[0028] [f the optfical recording medium is comprised of one or more recording {ayers, the
reference signals may be read from a reference signal area defined on each of the recording
layers, optimum recording/reproducing condiilons for each of the recording layers may be



.reference signals nay be read froma reference signal area defined on
each of the recording |ayers, optinmumrecording/reproducing
conditions for each of the recording |ayers may be 6 determ ned based
on the reference signals read out froma correspondi ng recordi ng

| ayer, and data may be recorded/reproduced on/from each of the
recording | ayers under the optimum recording/reproducing
conditions,forthe correspondi ng recording |ayer. [0029] According to
anot her aspect of the present invention, a nethod of

recording/ reproduci ng data on/from an optlcal recordi ng medi um

i ncl ude§€tegaingd biagechep fisseissance signalp &padou frgfaa or@seo iegergingriayer, and
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recor di ng re erence signals in the reference sigpal area under

opt i mun®4e WWW@QPSBWE?W%%&PW%’H@“'BM%’P inglavaror optimal |y
recordi ng/ reproduci ng data on/from the optical recording nedium if
no ref e{@20p sAgadisg a:razdtmasmdoﬂ tnebmemteiﬁmhema métgaenbf area; and

di th f
et er i AT RSP EBE R LBt QP I b S Be GuTry dsredgtaymipipg whether
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di . . y
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refer ené@os:luggiwpso@p@g icendiiiehsdistarminsd foraptimatintseordingfraproducinag dath00s0OMm
Accor di gg d&dﬁcéﬂ@&ﬂ@ ihg ARRRRS, itlo lret"&?er&%‘r%?ms dré‘Yé%BFdean th@%&?é?‘%@:%fg{ﬁ%i area;

for recor on an op tical reco diumis prOVI

writer ad Eedingdoe meraRESSIGNAS fremdha fefrpr e sn geAgieiemining therqptimum.

control Pé%brth_j!&Brcfd@Bnhb Qbﬁd:ﬁcﬂ% o thé Sbtsdapreb@rambdnéoﬁﬁrﬁ hessEorpihgnaleferc® a
recordabl e are th ical recor

r ecor di AGNEBR "PB‘HQ'"Q’& ’85"1‘ﬁ‘ 13 6’1“'9' gh%ﬁ’q"g’i‘mﬁ&‘&’g&“ W@?@HP%@JR‘? ng

dat a onaéttaﬁmnédﬂepmﬁanmea&orﬂ[ﬁgxﬁarmdn@ng&dmmns if e hoel¥ignatoaterretdraéed imehie
control Ei%? wrlterI to record the reference signals satisfying

pr edet efFiF B AP i MHe nodul ation conditions in the recordabl e area
of the optical recording nedium [0032] The controller may al so

cont r ol [60R€] wrAccerdingtorascthedasiest efdheprened iiegiicll. en eaparstugifergecording data
predet epin %guéan F’écﬁfd&@@?ﬂihﬁqggrdvﬂea bt %%ﬁérd«aﬁérﬁeafr@@ d8fa dritRe eBﬁda@al

recordlng e ontr ol contro he witer
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| ead- oUtecafRBIcdfEL eﬂ@le%nwﬁeceﬂﬁﬁgcmbd.nmmaghmnnadaeumd.dg%aéﬁmﬁd‘ t he

optical recording nediumis co nore re

| gyer s, detgemined for optimally raoordmg!ngproguclng Jata on/from the optical rec:orgmg%edlum
[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.

[06033] 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] If 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.




. controller may control the witer to record the reference signals on

“each of the recording |ayers wunder optinumrecording conditions

-

determ ned for a corresponding recording layer. 7 [0035] According to
yet anot her aspect of the present invention, an apparatus for
recordi ng/ reproduci ng data on/froman optical recording mediumis
provided with a reader/witer wunit which records/reproduces data
on/fromthe optical recording nmedium and a controller which
controls the reader/witer unit to read reference signals froma
recordabl e area of the optical recording nedium to determ ne

opt i mumIP@Hdr dAseprdiap toveicinatiet asigct ¢f dimsspresent intventiyt, Ao abparakwie dordi ng
medi um o remr .
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may —control. the witer to read the reference signals froma
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correspgn ecordln a to rec /re roduce data on/from
She. cor T welftal dESrangiBedi Grier RS soimuReC fal JairepiseuReconditons.
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of the pr i nve an. apparatus .for recordi.ng/reproducin

Gat o on P rEshiie WEF PR B0 nelr BPRE RloHR o 2 i RE Y PRR G th each of
r eader / \iing IteeordlnMayerswto deterraine pdinhnmpecudiog'ss pdatuaing mohditonst dederoyimaddat a

recor di ng-nedium andyn fa&?’ééﬁé {o%cor%%ﬁg'd&@tdﬁ{arﬂmiﬁn %eécn%eg?nndé@ on

ref erence S|gna arer n-a reference signal area
an opt i cegordieg syen unglenthwi determined apgmumgererding/senredcing dpaditions.
reader/witer unit to record reference signals in the reference

signal qom%] unﬂ@éor@ﬁ@ théHBtﬁe@%QﬁéHt BOhE PRIsRAUR Mo, ARG phERATR fﬁlﬁt erm ned
for the oc%tlc recordin if no referen esl nhal s ar

r ecor de EFAIPHEEPrRAUSINg 2 %‘T ‘i’fﬁla" °£F"é‘érecPW"Ed'B‘? IS "PN’QE‘EB’HF ARadsy/writer
al so df%'fuﬂit %mseédﬁasfm@mdmgés 48 onstoghe: e?ﬂdad@eomgagoml rhj @Sa cdridfolléhe
optlca Leco n 0 e rerer £ sjignals read out 0O
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record/ ee pptmhll czxoddingmediuf. ometdoetraisr Dm’ttols theo&addrIWQteanﬁ tomecord esfetehee
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area; and a disk drive arrang ed det er m ne whet her erence

si gnal s feiitae pRicat @eerding "t‘?fi!”rf‘ @P%?‘ia?fb@e sefgreare sipeals fradiavd Howrihe rrierence

signal area, and controls the reader/writer unit to record/reproduce data onffrom the optical

recording medium under the determined optimum recording/repreducing 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 fo
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



. storage nmedium and, if the reference signals are recorded in the
reference signal area, determ ne optinmum recording/reproducing
condi tions based on the reference signals and then record/reproduce
data on/fromthe data area on the storage medi um under determ ned
opti mum recording/reproducing conditions. If the reference signals
are not recorded in the reference 8 signal area defined on the
storage nedium the disk drive is further arranged to determ ne

opti mum recordi ng/ reproduci ng conditions by test recording test data
in.a test area on the optical recording nmedi umunder a set of

r ecor di @gyhab@re@daﬁmmborcﬂsln@iqramediamdthediakehﬁm & funtkedrerranged ©idpterinine n
the ref eLeRaRH r%b&ﬂﬁm};;fr@ér% é&?ﬁnﬂﬁé bkt Hé@é‘rgshg Y dHth Hr{ééf '&Pe’%fon the
det erm ned optinu ecor reproduci ng con i ons,
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| ead-in area_an d-out area arran at either side he data
area, ofleteRBingd GREREMREEPGIRg/reRTodirnS: GopRitions, arierde &acoriea/reprosivaing datay

be recobfgfdn theldata sk OheRE Stoftige ddiimi €a i n one of a random pattern
and a uni que patter n, satisfying predeterm ned anplitude rmdul ation
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i n the adesarrangedabeiitier sidefobtHeaiata aed, on the plardge médilm bén aduitico, thefreferance
t he des 0, C tLon, ..
R EF DECRAPIHVAS GO R IEREARS: BErIRrATh i ofa iraBrlER) ¢ priaue

t he pr egatgmi safisfyirgameddteiminescanpitudsraedutation conditidns anﬁ@lr Pregetegmined jitter
det ai | edoQififdrisi Ption of exanpl e enbodi nents and the claims when read

in connection wth the acconpanyi ng dravm ngs aII form ng a part of
t he dlsclosure of this invention. gwrltte an

i 11 ust r $4058] i ARG %Sﬂ‘eﬁﬁﬁé’@@réﬁvad‘it@ﬁBEthﬁdﬁ‘@%ﬂﬁ)‘P"ﬂ Eblarthémpat 'Bfthe

the i nvesdripfen which $6TRWs @nBEn pheaill Ye bbdsUsSton® thetdeatrigtion, sran®y heleied by
way of |Ilgstrf§t_li on aléd exanple only and that the invention is not
i mi t ed PETEFRYG YNE™SPY rit and scope of the present invention are

limited only by the terms of the appended clains. The foll ow ng
r epr eseBRIEDHPESCRIGEEHY Dt THIMBRAWINGS dr awi ngs, wherein: FIG 1 is a
diagramillustrating a conventional double recording |ayered OTP

opt i cal rogagf O AlbeerTREbENTE of thel fledit MU4HEioR WilteRohRQIpRE Rt from the

appr eci at ion of the present Invention
following detailed descripfion 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 ifllustrated 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 useful 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 opfical
recording medium useful in gaining @ more thorough appreciation of the present invention,;
FIG. 4 is a diagram lllustrating a process of determining optical recording/reproducing



_FIG 2 is a diagramillustrating a conventional double recording

| ayered PTP optical recording medi umuseful in gaining a nore

t horough appreciation of the present invention; FIG 3 is a diagram
illustrating the structure.of a lead-in area of a conventi onal
optical recording nmediumuseful in gaining a nore thorough

appreci ation of the present invention; FIG 4 is a diagram
IllTustrating a process of determ ning optical recording/reproducing
9 conditions for an optical recording nediumaccording to an

enbodi nent _of the present invention; FIG 5 is a diagram

i |1 ustr ﬁpmgor&rf%%ﬂ&ﬂcal reporging medign apwgd'm%veﬁwmmer&wf thegwpeanhg

medi um @aeeAtigH:Ng to an enbodi ment of the present invention;, FIG 6 is
a diagramil trati I e doubl e regordin ayer | cal
o 2 R Plar Bl A0S ofihs BgeE Bl fecBhang

i nvenéI ! @rﬂa}didﬂl Gcco?dmgtca%rbltamekdmhe?tgﬁam Wésétm!rﬁéiﬁlmt e apparatus for
recording/re ng da roman opti recordi ng nedi ym .
hocording. 0PI Rt s R Rarferine SR Gees Faoorang,
f | owchamtedofm aceoeding tb m‘iembudjmdntrrgkrreqpesumwg:glodat a on/from an

Chventi on. - Bt A BB AR ok i oY [T st pES

pr esent ohiireanan opfical fekonding rhedicre scedrdiagl tonar embadimgniwif the present iveetianpand
the acconpa dr Hﬁ‘?ﬁq

i nvention ar g}@s %\s/vn ﬁwf@%%gﬁqm% g@l:l%hre%z%[ﬁgl rgprrgam | u@%ﬁ/g@%ﬂém&tml

pr ocess resordiag Bedivm Wﬁmg embodirent ﬁ@hﬁ@fﬁsﬁﬂUﬁYﬁrﬂy%ondl tions for

an optical_ recordin an optical disc 50 according to
2 enboBETRHETOPERRBIRFIALAE THREMBPEIMERES or 1 ng o FI G 4. an

optical recording rredl um may be an optical disc 50, and the process
may r eq@oo4a) muttid @’eeeranrp,@nﬂtﬁmmloﬁrd»e des@ibed diang fulle pith seferenge thatha

on/from.an optical, recordi ng nedi u BhLan eco d di sc
' vee Batbrny58 ardy R I HRTBHR afbrlg i o bR nf el B
conditions for optimally recording/reproducing dat a on/ f rom an
opti cal [WM8L SOIG. i a dirarapt dustepting pprocgesef deterpiniugi optgiimbe  used to

det erm Flf‘coR:‘?ﬁle@dPBcfu@i%BrcghdﬁﬂorFs(f&déﬁépﬁi@ﬁ réé&dlﬁ%m@a&hp% dh %ﬁt.é@daaéot 0

record reference data _on the optical disc under the determ ned

opt i MuNPFEEGP IR E'BH@F:"'E“PB%@“ the pregeit inypRtiaRa RefRiTiag taf G anRRlice! reerEding
used. Anﬁeamnﬁhasi |b§(énd:fpt|%!aﬁ dﬂsl: soBand the ﬂrd@esm@gdretqmr@l fultiphs AiHariilideion

Lreg\?lr ghgq%ﬁ odu ngﬂ Fi‘eé Or{n] %agat?ceaprecordmg mercf3 urg rsex.lr«‘]: as(ilrst and second disc

drives 41 and 42, to determine optimum recordingfreproducing conditions for optimally
recording/reproducing data on/from an optical disc 50. For example, a first disc drive 41 may be
used to determine optimuim 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 fo determine optimum
recording/reprodusing 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 iest area 58 is an area
provided for a test of determining optimum recording/reproducing conditions, with which & 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



_disc 50. [0043] Specifically, the optical disc 50, as shown in FIG
4, includes a lead-in area, which is conprised of a test area 58 and
a reference signal area 56. The test area 58 is an area provided for
a test of determ ning optinmmrecording/reproducing conditions, with
which a first disc drive 41 can optinmally record data on the optica
di sc 50 | oaded therein. The reference signal area 56 is an area, in
whi ch reference data is recorded under the optinmm 10
recordi ngl reproduci ng conditions. [0044] Supposing that the opti cal

di sc 50 has never been used, the optical disc 50 is loaded in the
first diresrdingfveprdducingroenditiers.dri ve 41 records data in the test area
58 on the optical disc 50, while applying various sets of recording

condi t i T0Pa1 2" uﬁ,kgﬁmrg %t%é*b g&rst [REPH nqgedqﬂafa}éﬁ&a@a@c%@is bdifed

opti gal ter |sc rive 41
r ef er endrethgdirst dise drived?r Eh@ﬂ@n éeves4*gwaprdaﬂeta i iedpstiarea ghen B opgeal gisc 50,

50 undey, é‘ﬁl@%pﬂghb @Hmds%&rglra&r&ﬁ@eaﬁdm% -and[tRSH MterflIfsLaHtihRIm récardtdge

opti cal he reference data has been recorded under
t he opt icradiiensder e Rgticed Aigr £P.o Maerepiler; tha fstdish drvesticGRerda tharefrense data in

42, the yseeaiendt Signal BFda\i® dhhé 8plititis€60 Ltertief SHtRNGE retaidng doPaitibhe
opt| cal disc 50, determ nes opt| nmum recordl ng/ reprodum ng conditions

for the dis¢c 5 bas e ref nce dat a,

' ocor do IPEAEN caTndleafer g piva Mehl ol i e e ofess uaRilfes tern resprdestum
recor di mgdsrehe oplﬂunumgeccmng conditivms, is loadedin qosﬂcxead disndrivé éfnsthe smond) disc
condi ti gns nd r C S

descri bé*&"%vf*? procf%‘ragﬁ‘t:éer% e?ér&:?@atanﬁo%ﬁ'ﬁe dprﬂ%ae d%'l rst B%tlg'[s?@ndé I ve

whi ch  t mecoogiog/teproduging coBditiprss fbbf@a@dtlﬁad)ﬂlsc h@ basadsan the meferepee ﬂ@’fﬁrr%ﬂd ,
opt 1 mumy Q:;B\A@srfreggﬂh&ég da(tgjgg}mm e BEﬁgﬁé ﬁ%% dhddr 'ﬂ'ga |Pr¥drrm5?5brdlng!reproducmg

recor di ng/ reproducl ng condi tions tical disc 50. Thereafter,
the fi r@pndﬂucy@ sdhvas pulse qondiferes seréfpéprefhwsawaremdv%ﬂaaal SFesgeEng
signal apgpu&R. on the optical disc 50 under the optimum
recordi ng/ reproduci ng conditions. Then, the second disc drive 42

Cee Do PAp §Scant Hih (918% bR A R BORE) SRR B LB stk
Si gnal dise 5056 Icaded foe thepirsiciahe, pegformstoplimulhopawer lsentrd §GPCY thersly dederorining
data in e{énqke@trgéérgﬂ ﬁ‘%oré&gﬂ@ éog&tl&péfopﬁlta g VanEQGOTH’H r’eaﬁé}ethﬁ {f'ﬁ%o drive

di sc dri° ageousl'y retuce
ti me reddire@uds mfatenerdatain thé eefepriasignal ssord qmqh? eptiesdidier A under the

condi ti QB&H{Arebdt8ingREdrE@ i RhdmOhdl UHeR, heRELAHRIARR dfive 42 obtains the optical
recording/reproducing conditions for the optical disc 50 by simply reading 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 aoptical 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 optlical disc 50 quite considerably.

[0047] Turning now to FIG. 5, an example single recording layered optical recording medium
for use és an optical disc 50 according to an embodiment of the present invention Is illustrated.
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 58, a defect management area 57, a test area 58, and a

k!



[0047] Turning nowto FIG 5, an exanple single recording |ayered
optical recording medium for use as an optical disc 50 according to
an enbodi nent of the present invention Is illustrated. Referring to
FIG 5, the single recording | ayered optical recording nedi um 50
includes a lead-in area 51, a user data area 52, and a | ead-out area
53. [0048] The lead-in area 51 includes a recordable zone 54. The
recordi ng zone 54 includes a buffer area 55, a reference signal area
56, a defect managenent area 57, a test area 58, and a 11 drive/disc
state information area 59. [0049] The structure of the single

r ecor di ndyiveadjserstate ingorineadion mexacdedi ng nedium 50 is simlar to the
structure of the conventional doubl e recording | ayered PTP optical

gi i:onak
area 56 2’% ot StrBAEMLRL Ghofe rebor G ERbred ftcal ISR METHENGR B 100RAr o
of the stha§ @ctureaiﬁftﬁ mveﬁgﬂ@ab@uai@trpwdm@ @yeiediRTd nligalras@ding peadium,j n

the ref SLRNGE FRE BN8kcepl £t the rebRinBE L 6R8 a%agemg%wo%anﬁwr@e&dmg%ne 54
opti mum recordi ng condi tions, which are determ ned by test-recordi ng

data in 2fte leadin ea s 1m8 therrge (P&Piddﬂséasseé%om'pa'rré%ﬁm ApdiveRBi Hetnin the
The 1 ef aeRASIReSidiAPArea 58arefifeittysifRISIRE ratfiddtinbibeodtfsh Eéébrcﬁfgﬁﬁm@rﬁons

[ 0050] e reference sjignals recor in th ref rence si gnal area

bro usertiich g ST SIdaRapITans Srn b eies aree StuurioL v et g & cording
bi nary conadiibnnMhe @fnﬂermelsignacmdlsslnwys:efdyfm@ptnlﬂwmad-outarea 53,
recording/reproducing conditions. [0051] Preferably, but not

necessar bb?"dyer e r%h‘éé‘ gﬁnéh %Ld%d% th rrSi%Pe{ggS ¢ ighel atr%‘{sé %%ﬁ%fuf for setting

recordlr[ pt1cal “rec
recor di r@ua@p@o@dolmmqnaasewq @mdmdm drinapd¢anditisas, iasd Ipglsd @dnqlmprﬁ feli eptimum

drive f%c&rﬁﬁgﬁﬁré&ucﬁd dﬁ?[,,e,\% erably, but not necessarily, the

reference sig S satl y at | east one of the follow ng three
conditions. First, the reference ghal s shoul d be recorded on the

singl e [808H di H@efPféylé!r*@ﬂ“Bb‘BﬁfC@af’raﬂ}Ye@sF gerrgcraignelfasy eardes ondis singlien
r ecor di ngcsrding idvefiSoptivhiredbréing mEQiuay 50, ReEn tHY QnEé reapiding I8y $redBtical

trol (OPQ). t lit dul ati f th f .
Si anal s "ermua medn AR BroREh 5 4 EFRIY RS Toelranidnd fofTibe ety
s houI d hbyeferencd signals eatizly dtdewst ondefithe fdilowing thred eoreliipes s Fistaths refasence

eoU e Huble ShOGLEO BRI ANENRR AR Rl oL EGRL TR LD,

50 sati I'ng on oneé con I ons.
second mptlmhmracwdmgmonémormwhbb ageadetemiingt ﬂ);ouabppwpum@tomeycontrol (OPC).

det er m nyAg a‘ﬁ%ﬁﬁl‘tﬁﬂeﬁﬁ&&lﬁéﬁoﬂ%ak%ﬁhé FeRErendLdighdieshuRIBeniGIRG WL 019, Finally,
| ayered opt’i cal recor
the reference signals shou!d have a jitter level 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 conditions 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 patiern. However, for a specific purpese, such as
measurement of the degree to which the amplitude of the reference signals is modulated, the

12



~[0052] Here, the reference signals may have a different anplitude

nodul ation |l evel and a different jitter level fromthose set forth
herein, depending on the specifications of the single recording

| ayered optical recording nedium50. [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

speci fic purpose, such as neasurenent of the degree to which the
anplitude of the reference signals is nodul ated, the 12 reference
signals may al so be recorded in the reference signal area 56 in a

uni que pefticaca sighals mayxasqiereconded inethe asfereate signeilasegithinla uniquedpatiGiol JFor

ot of endebtupp itne b AELTRIN Tl 100 (R ulfuihdts HalRbethals aype
denot es redodeddy theerefeirerncer grat sreaéSainyolsingr3T arstilic where "pliniisang, 8Tsdrpites
as "asy %Eﬁéé)g o ng%ﬁ%%gn%&cglr?iar Elelchit %poggsd Y& 40 %syﬁﬁteﬁgﬁ@gguréhgﬁf“'irﬁ

are recor n the rence si
Ref er en€®.L§l, @na@@lat@@owe&an@sslwiszareamrw UEing Flepndoiiindie rafereede Bignal

and, fromige R%n%n@@tslgﬁélg réQRRd sty o na &l &Q%;ﬁgducea%/émﬁrﬁyandcﬁﬁn the

be rreasured from ree representing how far eye pattern of
i s posi EYORELTD congisting g'ﬁlaé?' 86f aw@ngt&f’ aR ge meaSWeF@'GSM‘PEF'PQ{e% | s a

di agr amrédrééé‘hhﬁ@hb@ﬁar@?e P4 RGP 27 I sRiIohSE REF it cdridia) ede patars af 8T,
recording mnmediumfor use as an optical disc 50 according to another

recor i 1Py cFiuog Parers BUGRIPAgn setntin-ouP reRriediovelse op il i
| ayers Infadamadfdrise bs agepﬁnaaﬂlsc &0 acquirdiogto arether dinbgdimedi ofithe prepentsrention.

of a pl % |r}|r§ t ?IG & GROAAY rechG'iari:gslayr@%d gbt{cgﬁfeﬁ%mﬁ?ﬁ% iutth 568 R id@émwo

recor di uci ng con |ons recor d
| ayers. rmae:hm lovers LOzoH Lot ?m benarglcon optivg! neaqréhng nLe@tmaomnw qf ﬁepfuralfty of

doubl e ;&%Paugq]fagem'h%x@rggﬂereeets%ﬁbﬁr@gﬁFéiﬂofbﬁwdmsrdaﬁa‘ﬁwmkdﬁmtﬁe plurality

ref erence si erence S are recorded
under opf fespidinadaysreli hprelermliearibakthe fﬁwaﬂ"&iﬁwg&r RB¥ k) of thesloyplggecording

| ayer. yQ%ﬁgtt&l%éeriﬁ@Heﬂmﬂ HEintRass Qké?&ehé’é’ﬁgnd#@réarﬁ Wo@iSicireference

| ead- t 6 I
S5 i | BENIbRES 1RS0TSPA LALET CRJ R o RIoe SARGD S L o RP B g

data area 66, and a | ead-out area 67. Wen the doubl e recording
| ayer ed [9085] c a$paoticaliylitegecarding tayeb00 inslubiesnal ddiimamaftior 8 Usepiata area$1,

for I echLifhbigRr et ﬁ%llglﬂl%e%égrﬁ‘ﬁ%%&f PPHofbs m&r@g%g gsng%e?}reata

such as
the fir steatﬁ&mnd aheadkout grea &f. S§hen thﬁedontzledewlnﬂ lﬁé@rewptl@m Fecording medium

recor di Bg/d 8ng |HC54' 76 £p8RHld 18P géﬁfngfrgﬁ‘oﬂm Sit2 8nArdiedn é{@cQN'ecordlng

test-recording/test-reproduci ng ata on/fromtest area #0 (63) timal lhe ¢

i s defi mediumy, suplaas afisst digc drive 41, as shown, for example, in FIG. 4, for the first {
disc drive 41 determines optimum recording/reproducing conditions for the recording layer LO by
test-recording/test-reproducing data onffrom test area #0 (63), which is defined in the lead-in
area 60 on the recording tayer 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 recordingfreproducing 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

(84) under the optimum recording conditions for the recording fayer L1.

[0056] Thereafter, when the double recording jayered optical recording medium 50 is loaded
in a second apparatus for recording/reproducing data on/from an optical recording medium,
i
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~area 60 on the recording |ayer LO, and then records reference signals
in reference signal area #0 (64) under the optinmum recording
conditions for the recording layer LO. The first disc drive 41 also
determ nes optimum recordi ng/ reproduci ng conditions for the recording
| ayer L1 by test- recording/test-reproducing data on/fromtest area
#1 (63), which is defined in the | ead-out area 67 on the recording

| ayer L1, and then records reference signals in reference signal area
#1 (64) under the optimumrecording conditions for the recording

| ayer [ 0056] Thereafter, when the double recording |ayered

opti caI swehc@ﬁ aPPRPrelsc siive 924 as showmeler example JeEEh &mﬁ&p@nct@scf dive 42
recordi Bg(al’rﬁﬁﬁ@%'tﬁhtﬂﬁ r&%?&n@fdg?dd@l%é'&oﬁmﬁdn%%r deeh @Ff ﬂfeﬂgcd@f__’? iH%rsJL% and

such as a second disc drive as Shown for exanp
second i §¥ reprpdusingzthe gferenge sigrals Bpmi saghet @m@ﬁw%yﬁaa #e ﬁn@ # (69

conditions for each of the recording layers LO and L1 by reproducing

the ref goosATe Réfgromks si‘gh@lmrmhapélsds pé efrerﬁgbﬁ is agiiadiec areosh édthassbrdidg
(63). ;005‘#] Referenced5| % g(g‘ﬁ al so be arran&gd in a mddle
area on WECH PRIFHRE" 'P%ﬁ? gt avd'bq T '?%85‘?951@1'&9 Pum 50

havi ng one or nore recording layers. [0058] FIG 7 is a block diagram
of an afffaBht UIG bis a block dingg JEncIPReiatys fdategordmufreprodieaing date po/tbm an

ngng: ?: ggt dﬁ@céﬁ&@ﬁ@% '%c&‘amg’io Sﬁg%brﬁ'ﬁ\%t SHind E'%S%WBLOH rﬁ@f?ltnhg'ib

ar at us r e r
di sc drF 74§uq51raraap§é&-t§vﬁjmév sQer%ﬁem/@th@!za f r% ﬁﬁwﬁrwwm@ sepongdish deye 42,

appar at Eﬁomlrr’ﬂﬁ Rdes SuchHashRrdi REludé) a .%Ind?@?do@&'?ohﬁﬁgpt%i hed AS§aser
driver a servo controller 73, an anplifier 74, an equalizer 75, a

bi nary é'i"f%f&?ta $&vo gonfealigr 7%1@??1?&&“3%@4 9'79qléﬁ"a%ft7é AbINENLGiHt 76, a data
pul se casmbelAer 77 % daishodulaRntya ol btﬂﬁe Sontrbile 7@PRAT 8 Edritrollbil.t ¥y apparatus

i ncl ude recordln /re duci ng condjtion settin

compr | BBt RGIEE 4 BoofBidkepfadhog Eomton SRS i chmPis bra sghvo
setter gonditichisettery1, areduilizatiors edridition 3ettarr®] adbinan smditioosditériand apulkee
4. [0058<ln EQ%S%%MII e notor 70 rotates an optical disc 50 | oaded in

t he apparatus e controller 5 controls the entire apparatus. The
data nodul ator 78 converts data to be recorded on the optical disc

50 i nt o[0A5Pkcothe spingiramotoT AR rfates @n estinal dise &P lopded Brine apreratve. e se

of | asegodidpiied Db RMIsHe Bﬁﬁe%fpsérmuaedhe uh@%mmbﬂvmveﬁmté &s&r recorded
driver 72 drives a |aser di based &nal out&ut from

pul se cBmthedntisgl disg S0tiRie WSP?@&FQ“HEaH’ePP'Sl?é\?P gier Ra cp E:é?thﬁlpﬂﬁé W laser by
r ecor dsfolie@ig pegnetgmr@atpumlcodmﬁméﬁrhe@aseg efeir JRelfivés 4 RB&ObIEbagbala

froma |,as % ected fr h@ e heotlcal di,sc._ 50

by T oo B oyttt e Bl Fotielirst heionfivd B8ad 71 hovind B Lkl B8 fecBits
data on the optical disc 50, or generates a reproduce signal from a [aser 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.

[00611 The servo condition setter 1 sets the predetermined servo conditions in the servo
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_reproduce signal. [0060] The servo controller 73 controls focusing

and tracking operations of the optical head 71 based on a signal
output fromthe anplifier 74 by follow ng predeterm ned servo
conditions. The anplifier 74 anplifies a signal output fromthe
optical head 71. The equalizer 75 nodifies the frequency
characteristics of a reproduce signal output fromthe anmplifier 74.

The binary circuit 76 converts a signal output fromthe equalizer 75
into a binary signal. The data denodul ator 77 denodul ates binary data
output fromthe binary circuit 76. [0061] The servo condition setter

1 sets tdoatrgleed8t Fherequalizasionoonditonlsétten Asetsrprédeteraimadoequiiization toralitioas in
73. The .gq iz atJ adi t f . L. . -
cqual | 20T BRAER R bR sk £ea6h 3Rl HEL Ryl gy iyt 76
sett er Jreguiseaobiitiam yetter Lok 4Isetsdhe predetesmibedt aulye conditiging irvhie pulEksontroller
pul se cq@dition setter unit 4 sets the predeterm ned pul se conditions
in the pulse controller 79. [0062] FIG 8 is a flowhart of a nethod
of recordin /rePrOQUcing data on/froman optical recording nedium
accor di 18062 aR!@Btdaillaweharksf a methpd eegerdinglreproséing data epforyan eptical

FIG 8, rb&brdiffediunPBedidingtd Mdrhscdimentot tiebbrésent PRE&BN Refdtring to FIG. 8, in
apparatus for recordl,ngllr_epro_d Ci ng,dat a, such_ as a _disc 0grl,ve 41 or
42, shoWReTaloRpl anopticy C%P'§l‘pj?%§'8 in apeRparates of recpEsting/repragppipe data, such

r ot at es gdshedis®fiviecal ordﬂzsa%:ﬁ.@., in #16 4. Tvenpa sEindle eftor@ad theldisd driveeotdiesthe

drive applies.a laser beam on e ical . diisc 50.. ldentificatign . |

1 or raPLGR BISC SRaS GPR AN offek ey T aitER st UFke BiPlat S HheL o ph i optiat

area of didcto®. dgdritifiedtiodiisfornt=dion as thehuptiog| diser50ewhintp isaecordedrinG leBd-orarea of

FIG 6, ,s - h ' . c -

rea of EePBRfwELT0. 438 Hoke To Rl AR of M BIRIEEP ol Wheh H bl hea

si gnal fifaccessea terlebdimarea O ibe optical disn 50 h&he prticebheadi Klcoti@ns a reproduce

Ther eaf I £ ' Fd | Erl ;

{opr oducng! fotn 2TRcr b rdthclie ol ingetEaldic ), Ticaltef an ofifiier 74 o te

pr edet erdificitse aqpifissAbe reprodusA gianrbARd an saudlieer Tomiithe disc enen it whigency

<73 gar ?CE E:Féo(?&érﬁﬁwdéafeqhﬁ@z_aﬁ@f%m _ ddﬁioag aree%art,?qyaﬁesﬁga g_@huenﬁy @h{r@étﬁrislﬁcé QTJt'hb

o] e disc drive, in ich a pre rm ne inary, slic evel . i.s
set, coritied feREdvee PNt thary a*Eliw'ttT%a?Fﬁf{?scrq% ip Né‘w@oﬁm&%m@ binary
ijnt 0 aOI l%ii(ﬁbgiélslei i§éfg,nc?inveﬂ'meaﬁcﬂf&htioraredalg autgetmachuthatequalizér 85 intde biiagc
rive depo tes _the pinar I gn . then transm.ts,th .

Gendul SG oy sggreg At oG ooriRcios AN, depBRR Bl ind Bitety signel ane

The serthan teaimitetheedenm@utdert biohry signaltsiangeranebntroltar Ki3 g trepdiscedriven Jhe f

t he opti : ' . . ) i £

byt of | asg st e SREl: RBudha SdBGrRHrbHliohd B BdRudd 7 ffastdon o
signal output from the ampiifier 74 by following predetermined servo conditions set therein.
Finally, the identification information of the optical disc 50 is transmitted io a controller 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 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 aiso 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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_Finally, the identification information of the optical disc 50 is
transmtted to a controller 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
recordabl e zone 54 of a lead-in area 51 of the single recording

| ayered optical recording nedium50, as shown in FIG 5, or
alternatively, In a lead-in area 60 or a | ead-out area 67 of the
doubl e recording | ayered optical recording nmedium 50, as shown in

FIG 6. Moreover, such a reference signal area may al so be arranged
in a m gdsenbinedntion. &he refersocs sgmajs May de redd ad fiopt the séfereace sighaigrea in the
medi um '%?Fﬁ'e'?\garﬁﬁ@?aé)fhe ideHtificdtioh fHr oh BVHRES tl%’indlt&@ §0 LR r%%l&aﬁtqro% 8% ag-in
area, erence signals may have been recor

recordlﬁﬁﬂxNM|t|ons detern1ned according to exanple enbodlnents of
the 15 present invention. The reference signals may be read out from

the ref ggosage Wh@ﬁ@ﬁe @fé?énder‘aldrléﬁareéﬁ’é@cd@géﬁbefhe%cdsﬁ% drdi@Rkihg bsEbERIbT the
tjcal 50 read out fromthe | ead-in

| nformatign o

area. [G8EH h%iﬂ* %ﬂ?@i@@@@ﬁ%@'ng .tfgm pregelemnying a‘tﬂe@@s@@a*twﬂwtﬂ'b@e#wg
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to the edet Sery | t n set rvo cont er
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t he opt isigaél wlé Hmdaf‘éﬁ bly sheneqlaliar 8, !bywl‘tld'iﬂhalp]:ddlefelrmmeaéquailzdtrdmmitions are

fr equen%gtbcﬁ]grrﬁt?&lﬁd’ah?ﬁ Fe%ﬁlt g@phﬂ‘?onm%' (%]Jufaﬁger 78 P%%%H&r?ed it (5’gae na szgg?i by fhe

nodi fi e equa erm ne
condi ti bmisrymrewt zétm Whhwb ﬂrrmmeﬁeteamnem bunemﬁllce Bueljesetf rTbmbtriaa! signal is

equa! | z m ﬁméﬁ%d%ﬂ& i€ duddib@tPnbicBArdles9nal by the binary circuit

I n e pre etern1ned blnary sl'ice level is set. The binary
S|gnal |s denodul ated _and then is supplied to the controller 5.

[0065] f‘Wﬁéber’QPPSF?t'B% 83t the codtRlpL? F@PP@"%Y’E?tH?rﬁé?f%?étsl@?'sraé? Ecarded in
ZI gnaggtr%rrefe\r@?@rscbeﬁl | | 48a ﬁhlm ds;mb@lrm sﬂ;@r@mbalqr ®a oew;dihﬁs Qplerfimbs

i sc t he control nes ether the
et or ontbeBRGhar€Bismte slibap aErerTHenin ParePEAS S0 g pire o7 g B flge 50
opti cal bdsaicnrﬁd)bmbass@ﬂlabsupahéﬂ thareyo.si gnal supplied thereto. [0066] In
operati on 84 if no reference signals are recorded in the reference

si gnal reC gn 08 t%ii@tpéh(:iﬁlno r@fe?&nc% lr{a%ea Or t%d'lﬁ'fhelsreﬂﬁ% 'Eldﬁ%E%re%on

optlnu re rodUC|ng con IthﬂS optica I SC

test-r eﬁ@rcrﬁtlﬁaj disgt58. thg canireliet S dplesmipas PRI WP recesdingfieprodsioing gerditions for the
vari ous osiapdisd 50 b feRt-FcB iR RUCIcB0hre® BA kHd §P88al disc 50 under various sets of

recording/reproducing conditions.

[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 egualization
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 ocutput 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 medium 50, as shown in



] [ 0067] Fol | owi ng conditions previously set or designated by the

i dentification information of the optical disc 50, a pulse condition
setter 4 sets the predeterm ned pul se conditions in the pulse
-controller 79, a servo condition setter 1 sets the predeterm ned
servo conditions in the servo controller 73, an equalization
conditions setter 2 sets the predeterm ned 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
t he contRi®lg, er alfermdtitelynstiplysn a teden bes 80ndrex [aad-ecicarela 67 ghtak dbybia recording
nodul at or 78 of. the di.sc drive he reference si
o ea, -t HvefEPH 256 pEeEen. aea o b G antre Beibrals rectiihe s,
of a | emdnventedirdaaldseofiritingsignai dhas samﬁes thenedaigraninet mjide aeditions set in the
recordi | I . al 1 :
sinply {aﬁlsg%g'g e?ﬂg agzaasa%g%e Jirr\zer tggtdﬁgrdzge gE}v%fé @%%a&déod\ué(bﬂ%he optical
recor di hgad ¥ hhasesicbndpe iasat dmmlmahgﬂﬂewfwm B&d T4whsise Wecusing BhGiragking
Ther eaf {; Eémii&ﬁ%%ré?ﬁﬂ%leﬁ'b?ﬂ@s rvo cdritd %r?tﬁ cdrd QatglA e tést gFéanrﬂﬂe optlcal
si gnal at satisfies 't eterm ned pulse conditions I n
pul se c@ﬁ?ﬁ@llﬂ éWCh'FQmaqué@%ﬂe&Yﬁﬁé@"ﬁ!k indee tesp agga anbe gptical @!ﬁfF %bxdfopwm a
a_ | aser 1gbogeno bt 1R iHedhser BRRE of IndsEslean the | aser driving

signal. The optical head 71 whose focusi ng and tracking operatlons

a1 ca. on kel o rburlien s Ceytatne L e B oo el S By b e

t he t estrhareaferpihetiftquendyi chatactirisiics T tHeyarh@idios repgoduce lsimear arb emutified by the

i anal _ SBARHER r1area e (e Sp SR tUlogo By Sty 70 BpigBRogmo a
Ther eaf bimary sigrel.f Tiegeater,ya Jdteateaeltqfrtma;bmw Stghatlhmeaameqd 1byd=l'de canpoletidc ghe
si gnal sﬁ%g &érq%/el? % éobrﬁ:a{%ﬂ{ %}éﬁeﬁet@ﬁrmgg ?éf%%&&@&alué hﬁﬂ}e naeaSU{ed jitter

nDdlflca on r suI out pu | zer 'S conver
bi nary @vgmnsﬂesrme@wnmed @npitlp'n%rreqowwramoctumgt@pn@hwswgmwhlcb the test
measur eqat%xwats*}ao&eéﬁzFeakdn%e&onfﬁ&% thé’ﬁ;@ﬁ%gdarb 'dbfe?rhmle&‘é@ b?ﬁrﬁurﬁomf’ar ed

with a pre determ ned reference nmeasur ed ter

sati sfi &COW'&J@PWHP‘H%GO%WW‘PHH% OPW%&@Fﬂﬁ%gpF?Wiﬁﬁdﬁ H&ﬂS%mu'tPF%r?&WO
under WabsditidnB Cedufiationl @brditivas, é@ﬁﬂﬁﬁ?d%d&&@i@dt&@@u@ﬁi’aﬂf evankbe tiﬁ@&btdatar

The. opt FIBPOTFGESU0M F HEF AI<Ecord F1PLE L ORIFT IS egr 0. These
condi t i pressaqginé epahiedly pedochdd wiiba jiderdevsl ofthy tesh date sbhﬁfﬁhg thee
sequenti_al | chaggegldl ]ongeis %ﬁ?h gata I's recorded again in the test

ar ea, aﬁﬁdgerm'[nteer va ue o € 't est data |s measur ed. These

processes are repeatedly perforned until itter level of the test
dat a. sal®038yi nly oppeation 85, reference signals are recor ed 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 opfimum pulse conditions in the pulse controller 79 with reference fo 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 slice level in the
binary circuit 76 with reference to the optimum recording conditions.
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_predeterm ned conditions is obtained. [0070] In operation 85,
reference signals are recorded in the reference signal area on the
optical disc'50 under the optinmumrecording conditions determned in
operation 84. [0071] Specifically, the opti mumrecordi ng conditions
are'set in a condition setting unit of the disc drive, which is
conprised 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 optinmm
pul se conditions in the pulse controller 79 with reference to the

opt i num[oo¥2Pr dRefgrenoa dighalonshich e te ée vecoedsadn tﬂmfeseideesﬁgnial sreton the

diti i |
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necessarily, recorded in the reference si gnal area in a random
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nodul ation, the reference signals nay be recorded in the reference
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records the re ence S|gna In the reference_signal area on
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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 eptimum 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 recordingfreproducing 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 recordfreproduce data onffrom 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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_Si gjnal ared, and then the optinmum recordi ng/ répr oduci ng conditions -
are determ ned based on the reference signals. [0076] In operation
86, the user data is recorded in the user data area on the optical
disc 50 wunder the optinmumrecording conditions determned in
operation 87, or alternatively, is reproduced fromthe user data

area under the optinmmreproducing conditions determned in

operation 87. [0077] As described fromthe foregoing, the present

i nventi on advant ageously provides several techniques in which

opti mum recordi ng/ reproduci ng conditions of an optical recording

medi um aneptied! escardiegmiediuad whart theupticed régrdiegl medivtrhie Icatfed it a disc tiivedor the
require . a for / rod
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embodlments disciosed, but that the present mventton includes all embodiments falling within

the scope of the appended claims.
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~chipset having firmvare, or 'alternatively, a general or special

pur posed conputer programmed to performthe nethods as descri bed
wth reference to FIG 7 and FIG 8. Accordingly, it is intended,
therefore, that the present invention not be Iimted to the various
exanpl e enbodi nents di scl osed, but that the present invention

i ncludes all enbodinents falling within the scope of the appended
claims. A BAIMS What is clainmed is: 1. An optical recording nedi um
conprising: a data area; and a reference signal area, for recording
reference signphsSsbressHi@n recordi ng/ reproduci ng conditions

determ ned for recording/reproducing data on/fromthe data area of
the optical recordiggoptRel rgaa,rdmgepﬁ&i,lmnlcgmbhgné eference signals are
not recorded in the reference signal area, a recording/reproducing
appar at us r e R ABf erence signals in the reference signal area

under recor dingidernes UGighal Candi ti ons %&&ﬂmgn%fér@ﬁcet hg; ﬁzﬂél%lsed on
recordi ng rredl um and. then record/reproduce data on/ rom?

area on re¢rEdipgFerragucingcanaitings ARIgIUIReS i spcordiag/ @ﬂﬁ?%ﬂ‘g Gata on/irom the data

recor di Rgdd SMAOLPEdanecoRMY he@om, I f the reference signals are
recorded in the reference signal area, the recording/reproducing

appar at us det®IEFiRdS ”}eet%‘?rﬂﬂ?ﬁgﬁigéﬁ'rso%fﬁcﬂ%g’e%ﬁ%ﬂ in &iesrefersaee gignahares, a

r ef er encgecrdigdrod RdY Appamathd fedd GhePGarehtd @@ha@nﬁah@%#eﬂe%@ signal area
record/ reproduce data on/fromthe data area on Ftl cal recording

medi um GREY regaidigerEducing onditings Féﬁ'@tﬂ'ﬁéﬁﬁb"@oﬁﬁﬁqa srording maggium and

optical thCRicHidepridis dSoframnBE detbBalon WRESHICA! FeBrdiRf ﬁfe@fﬂlﬁ'?under
signal s satl sfy predeterm ned anplitude nodul ation conditions. 3.

opt i cal d @W&Pﬁ@cqr@asﬂtﬁﬁf%@cmgaﬁ%tﬁmw aim 1, wherein the refer ence

signal s sat | sf iher esteleRtdl BRfalsi k& rdsaRitiat 1iPNhe 4refeT§\ﬂ:e0F§]dr%@| area the
recor di n‘gqoﬂ_ dium as clained claim1l, wherein the reference

area is E‘?Pr?qijcé‘gr%ptlf’éfad%ﬁ%teﬁf"éﬁs Befcoéf"ﬂ’gé’&@fqdh‘%ﬂec&“@ﬁo%g P%’%ﬁq Qe

ar ga Oiﬂef@*ehti@ragrﬁledeeé?f frome tHéAtFe@h6a sighAl he QR Bah re&saiéiri8lce data
me m
' onffrom the data area on the optical recording medium under determined

recording/reproducing conditions.

2. The optical recording medium as claimed claim 1, wherein the reference

signals satisfy predetermined amplitude modulation conditions.

3. The optical recording medium as claimed claim 1, wherein the reference

signals satisfy predetermined jitter conditions.

4. The optical recording medium as claimed claim 1, wherein the reference
signal area is arranged in a recordable area of a lead-in area or a lead-out area, on either

side of the data area, on the optical recording medium.

5. The optical recording medium as claimed in claim 1, further comprising:

one or more recording layers,

wherein 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 recording/reproducing conditions determined for a corresponding recording

layer.
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5. The optical recording nmediumas clainmed in claim1, further
conprising: one or nore recording |layers, wherein the reference
signal area is arranged on each of the recording |ayers, and the
reference signals are recorded in the reference signal area on each

of the r ecorgi | Thpansicaldsewdivg medign @sriigimeg fvdiaion Agwbensdi thedaeference

determ @%ﬂa%orar@ Q@édr@édm@ﬁ“ e ' %ﬁf?cfaq“ RékordiRY €medhitn 6b]y3£glno§§da?§}bs for

recording mediumas clained in claiml1, wherein the re
si gnal s refosdipg/Eapreriigingn datdeonffiemc an eriicsl aeaeding dnedivipy imrwhighp dhextapgcal

for reeadofdi H@He%WQW&éd%E fg,qhgﬁ%@{ faeom an optical recordi ng nedium
in which the optical recording rredl umis | oaded for the first tine.

7. The nmediumas clainmed in claim1l, wherein the reference signals
are used in _performng equalization gain or frequency control or
opti mum f ocuding cdfiemediurg asplgimepin daim + ederain R refeaenamsianalsi aik need

in clai maerrdmﬁ{geéq@aniahsn ghiR P b REH L RBREY lb?'o g&ie%kr@rb%n%ﬁ

opti mum recordi ng/ reprod UCI ng conditions det e optimally
record/ reproduce data on/fromthe optical recordl ng medium 9. An
apparatus for recor d| ng/ reproduci ng data on/from an optical recordin
nmedi um conp si ng:Tha Peligereepidingr madivm was cHaimedo i lai@priodubersin, the

dat a Oanoﬂm@Fk%r&le gaéona@e@g Qrégpt.nﬁmﬁlréﬁam.ﬁ@ﬂepﬁomngrmrldﬁgbn%laf‘ehmned

det er m nes whet her erence signals are recorded in reference

si gnal Erertigally '?‘?é@lfdb’ﬁpf&ﬁu‘éﬁ)@@t@Qﬂff'ioﬁttﬁlﬁdipﬁ@alﬁ%‘dﬁ“ﬂlﬁg maﬁmu n the
controller controls the reader/witer unit to record the reference
signals in the reference signal area under recordi ng/reproducing
condi tions dék er mi ABGRRRGFatEhdor isppTdinglrepredeping wgtarariTam an fopfieal recording
refer enﬁ%dﬁjngr&al-@r@hg recorded in the reference signal area, and
determ nes the recordi ng/ reproduci ng conditions for the optical

recordi ng medi (RRIBHYELg U@ﬁ winjeh rrewg%rﬁpéo@chmﬁa cEAgTH the PPEGA! tregording
ref erengRdiing?al area, and wherein the controller controls the
reader/witer unit to record/reproduce data on/fromthe opti cal
recordi ng nediRralRIehigheeteargevAghpeisIENRE Figna At teceied in a reference

det erm Q@ﬁa]f@é@Qeﬁ}fédtolﬂ%nr(ﬁj‘t@élqggﬁdﬁlbg,ﬁ]ﬂ,@n read out fromthe reference
signal area, V\}hfereln the controller controls the reader/writer unit to record the reference signals
in the reference signal area under recording/reproducing conditions determined for the
optical recording medium, if no reference signals are recorded in the reference signal area,
and determines the recording/reproducing conditions for the optical recording medium based
on the reference signals read out from the reference signal area, and
wherein the controller controls the reader/writer unit to record/reproduce data
on/from the optical recording medium under the recording/reproducing conditions
determined based on the reference signals read out from the reference signal area, if

reference signals are recorded in the reference signal area.

10. The apparatus as claimed in claim 9, 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 ares,

on the optical recording medium.

1. The apparatus 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/or predetermined jiiter

conditions.
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~reference signals are recorded in the reference signal area. 10. The
apparatus as clainmed in claim9, wherein the reference signal area is
provided in one of a lead-in area and a | ead-out area arranged at
either side of a data area, on the optical recording nedium 11. The
apparatus as claimed in claim 10, wherein the reference signals are

2 tni que pattern, - ThecarpseaEloeRhEd it ARS8, Aheid ALAG MBS ondR are
condi ti mr@ddlm;thq)refdanee rdigredl gres.t the codmdert comsls 2He ¥8ad/Wher to obtain
appar at us;: clai j i nerein, i f no rneference signals.are
recor degﬁtlnﬁartnh(t&ro e 'gqh:ae EééJug!ng]nan%@%as, lf?r}h«tehecc? Cracl)l (i ?rdé"(?ntn?% t HE test
read/ wr recording tedft data nopt testirarez o divergiptiegdr edocingy neslidn tdrales & eet of
e oD kRS ARG Aol Mo Bl Lol an e Tt
r ecor di mighalepea dothenpticalrdcardivgsnediehor e recordi ng the reference
signals in the reference signal area on the optical record}ngh
medium 13. The apparatus as clained in claim9, wherein, if the
optical recorl@i ng Thedapparatss esnpleinsedirotlaomed, owhersine if dwobgiicay recording
rof or enTiEOEE 8] EothoredC B R, B Wie rERATHG SBoE hcsorBlroBRy e
condi t i mesledetiter niniidd reosrdathe cefezsuensigna)s roeceaathi ufgtﬂeag?ordi@lc?yérﬁseunder
appar at ' [ [ , rein. the recqrding/reproducing
conditi E%S@?@‘%%’F.B ﬂrﬁ%gtregrjg@fa g]ifoﬁg% cggg%‘? g#t}jéril%rgecgrgwgﬂﬂe&ns determ ned

for optimally record/reproduce data on/fromthe optical recording
medi um 15. syst r i i ng/ r iLng to/from,.a .
optical r eqpﬁéi ng %Hn%%?’a%n%@v?%éazﬁggﬁ ar;%/r"{e'ggt?a“ﬁ%?%h‘r g}ee?egﬁrcd%géﬁeﬁrﬁgf'c'ng
area coegitginag:ara dptourdr ireeordinggeyeduding dedreitivhs e dateemnined ifef esptineady
opt cal " EUeBEREE b e e o B MR < el s "“ar e ecor ded
in the reference signal area, ’ determ ne recording/reproduci ng

condi tions baSed aAnsydiemr péresrenee rédogding/fepreddingt @irdbhiear ehtRaENE®rding
signal area and then record/ eEroduce data on/fromthe data area on

t he opt F'@g'lun}a]%%vmgd? H@tar?é%ﬁ ﬁ'?f‘{ﬁ HIEIENGR PIAPA AR COPRIGHIKI ng/ repr oduci ng
condi tions, andlsc dfivd hrangddetoeteternsing WiHetherreferdticersgeidat rgtotded in the

reference signal area defined on the optical recording medium, and, if the reference signals
are recorded in the reference signal area, determine recording/reproducing conditions based
on the reference signals read from the reference signal area and then record/reproduce data
onffrom the data area on the optical recording medium wunder determined
recording/reproducing conditions, and, if the reference signals are not recorded in the
reference signal area, record the reference signals in the reference signal area under
recording/reproducing conditions determined for the optical recording medium and then
record/reproduce data on/from the data area on the optical recording medium under

determined recording/reproducing conditions.

16. The system as claimed in claim 15, wherein, if the reference signals are not
recorded in the reference signal area defined on the optical recording medium, the disk drive
determines the 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.
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~reference signal area, record the reference signals in the reference
signal area under recording/reproducing conditions determ ned for

the optical recording nmediumand then record/reproduce data on/from
the data area _on t optical recordi ng nedi um under determ ned .
recor di ng/ r eptfoduci YSHRIT E3Sgriaimedgn claj@ 13 swhareindhe rafernge siond aram is

15, whenedvided ih drieofl &fiQIFRCReS 280 Radldit BRla af@RHAR LB, LiBE of the data
reference si gnal area defjined gn the optical recording nedium the

di sk dr i&R&: CHdRePricRLECONgIBe MMM r ecor di ng/ r epr oduci ng condi ti ons

by test recording test data in a test area on the optical recording
nmedi um under set _of recording/reproducing conditions. 22 17. The
system as cl diSred iWecPEteM 135 ClRfeedih daie 1o whesaBethe; imieEneg signals are

provi dededdidénf He Rfdreack bignall RadAhr breadaidm PhRenAHARAR R pattern,
either side of the data _area, on the optical recording nedium 18

The sysCaiiTyad cPrersieamingd cpapivds madwatiam coRditiprs ansfrre PEdgtsmined Ater
r ecor de@ohdtidrize reference signal area in one of a random pattern and

a unique pattern, satisfying predeternm ned anplitude nodul ation
conditions and/or predetermned jitter conditions. 19. The system as

clainmed in cl@ m 1gheWiRith s EBRNEEFPERHIM I E, SRRREHC tH re PRl AdpRiMicing
are optimum recordi ng/reproduci ng conditions determned for optinall

r ecor d/ CEPFHRISC 2T aCRIHNY  ERPTEHG/TEPioREEINg r 6eitiiangg determinad gr optimally

record/reproduce data on/from the optical recording medium.
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