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Technical Solution
[4] The present invention provides a method and apparatus to record/reproduce data on

a recordable information storage medium having a plurality of recording layers after
performing optimum power control (OPC) and an information storage medium to

which data is written by the method.
[51 According to an aspect of the present invention, a method records/reproduces data




. Nunber of Trak - Data may be recorded in an order of recording

| ayers fromclosest to farthest fromthe pickup. [8] Wen the
plurality of recording layers include first and second recording

| ayers and the first recording |layer is_|ocated closer to the pickup,
data nay be recorded on a portion of the first recording | ayer

t hrough which the test beam passes before perform ng OPC on the
second recording layer. [9] At |least one of jitter, asymmetry, degree
of nodul ation, or reflectivity is recorded on each recordi ng |ayer.

[ 1?] ACfpr di n? 5119&5}995%8{(1&1@@ RE&malén ﬁ%’t_@gd&?&ﬁﬁﬁhaﬁﬁyﬁeﬂﬁaﬁﬂ,ofae_n:ording

i nformation storage nmedi ym cappri ses,.fi.rst_and.

| ayers, either Q5nt % arﬁ&%ilp ?ﬂ%di-“"i%k??%d?%‘éq%s 5?"8‘?3&‘ %%gfé'?’ g_ agl(rggsg? g%‘ﬁgn gfa

| ead- out area, mbediep mydahmuglswhickotesidgan forfinding the epsimupHEenRtdpHgower
layer to the segondpl@eHerthiddnd &iftum pdwek BeatioD{CHTYRh h@bsiet escagitg layer

medium, the first and . se d T.ecor.di.ng | (ST £ '

OPC areas. Dat aa“id§°ﬁ’f%@ﬁﬁ‘%é§8 G theigsized ﬁ%? rd(‘;)ll?/ge%ie 'eﬁé % :Sl(rhtglﬁ éﬁé% (raér? g@%ﬁgyﬂ
the OPC area i ncdrfeepohiy ttiracksconteingrbin|thgtest beaivd opc is performed on a
region of [ he OPCyal.8551, et N8, SRAGARHE Seahidkrgs dfaypicerliagp dbemaen the

opposite the region on which data |s.,r r . ] jnum
recor di ng pO\ABrPuTaQW]OI%F‘??Om]‘WgFS’ %tfﬁc dlﬁ %@ﬁ%&&%%ﬁ%ﬁ%@g%ﬁ@gﬁ%ﬁ
a recordabl e i némdravefractime mﬁm@fgl@in@anW@Winseéglﬁar%mP%ﬁ%N“B‘E“°
recording | ayer g, 1 WRgkRtHined Bing thY PR efuatién:st or ed i ndi cati ng

whet her data has lla(een witten on a portion of a recording |ayer

t hr ough wHfkh a test beam passes to_det (—:irm'Jaej'\@n j)pti num r ecor di ng
power for recording on a desired retletadh ﬁ@lé?;ﬁ) In this case, the
rebordi ng | ayers have. NambéDBdradksea- - : rmation contains
information indicating whether data has en witten on inner or

outer circunference of the OPC area. Each of the plurality of

recordi ng | ayer 3 ingl = | old $18fn ARtaA tefagtBest Rovd tig
| ead- out area, éﬁtaW#ggéﬁ%@oéﬁgﬁrgﬁc?{g&%éﬁr ded on at |east one of
the | ead-in arenickiid t he | ead-out area. The lead-in area contains a
read-onl y gpgi on amgknahd glonligabteondgilaess iathedetfing ambecpnsetrdg Bers and

of the present  Hisaiareanll Lol e e B e e e
on/froma recor G%P%Oﬁtﬁ? e gLa[ygrﬁgrgchgehn\g |Erlﬁ°ite§§§°8‘$b%§§sa plurality
of recordi ng | apefemiiBRPGpphe stcond teprafingiger 3 pickup irradiating a

beam ont o @]ge | Nf QLB SR o8 i ABPIKeEY, dsgre@of rBeintatli g reflpotivity & meprded
signal pro I Vi a heamreflected fromthe information

ssor receivip
st orage medi um f’ﬂF%?ﬁé?fofdﬁ'%lﬁ’(e&kup for signal ,@_B'r ocessi.}r]:%; and fa
cont rol | er[idet ect i Angosdingtimenotes aspedi 45 he FERCY SEERHBLA IR PO EI%BH of a
recording | ayer pohfatakhpwisdist and esindremndibglaget, et nentaining pidadumrea, a
recordi ng power passes_ and { (o] aY W For8@ i dnPthe &I éeco@inga
desired recordi it fﬁ%‘%’?%%‘?%@ég?‘?ﬁg?’%‘ rrg%itr?aﬁq%\ﬁe Dickup.. ngl?x]s el ani
anot her enbodi nayer totesepnnd seeprdingdaxshiin thgﬂmhﬁgé %%ﬁ"_%*g% atus to
record/ reprodugaocfi@tedording flayeruapeatiody dahide OPEY arasdidten regprsied gia the inner
medi umtl ncl Ud: ngégutgrl c%lﬁjﬁfefe\lxcé)éf t%eeéﬂi‘ iR gh theHAE ﬁc?ﬁﬁﬂg ﬁ!y&_, EI]EIEDPC is
apparatus inclu a pickup.irradi ng a _.beam antQ :
st orage medi um P&@Wéf’ﬂ?&ﬁ@ﬂ“@ﬁ%@é ?’?ga Ié‘itg%sﬁmgrt %cc.%c@n e‘F‘*“’?é@é‘%‘g‘f‘ h%!&gte
beam refl ect €d fikeaBpibien which daratsirerordst by degaminedin @RUMKE GRFGRIRETROYEE- ckup
for signal [mocesSlingg?th&@%b@%iﬁﬁﬁllc&‘ﬁlelp?éseﬁt@mfeﬁﬁ&l, i fek@re M4 infuimation storage
a

i ndi cating et her a has en recorded on a porti '

| ayer through mme@ipnbcqnggﬁscsg&iwlf%o @f%ﬁﬁ%ﬁ%ﬁ%p‘?‘i%ﬁ%mme?gg%fP g?%%i%é%@
passes and per f gidigatiapwherendpe hes been mritten o TPToToH ageqgeing layer ough
recording |ayer Vyh(gchraet&q% B0 @hadidd i a6 lopBmbis kdtarditpepole fok raebiding on a
[ 14] When data has not been recorded on the portj 3 r kg
| ayer, a pi ckup desired &5t0FEng ]@EFI’E[B Upgcass g‘ad%(foécgréé]fa{"%gha% P {l ?’g% ag%%'gl %teﬂa

0
OPC information contains information indicating whether cﬁata has been written on
inner or outer circumference of the OPC area, Each of the plurality of recording Iayers




4 [17] The present invention also provides an appara

record/ reproduce data on the inforPration storaggpmadit 3?n Eg perform a
test on a desired recording layer to find the optinum recording
power. [18] The present invention also provides information on
recording of data needed for OPC so as to select recording conditions
for OPC according to a type of a drive, thus enabling nore efficient
OPC. Description of Drawi ngs [19] These and/or other aspects and

advant ages of the invention will becone a t '
appr eci at ed f r oisludes afespiiniien g veEseiapy "6‘%% ?ra%?%égrggrﬁ’&n%{hgrgﬁﬁggfo{%@@ﬁ

in conjunction Widchrdeden aqE0MTM80Yihe (adtimabngsl the leadows krea| TH@ leatiGared
illustrates a | a(%gaﬁ}stagga a3 ng’ﬁ%#ioﬁ aviel e&&&@{é@éigﬁ%§%%nﬁggﬁwig 0

illustrate a net rec reproduce data romth [

_ | e inf

stzor age medi um m@doﬁﬂﬁb?qe@)fjﬁ#bleeﬁ?ﬂ@%li ment of the present : Evg;l{niit)ln?n

IE eg)r g} ?epgll’?z(;:jz C: ?@f\gﬂﬁﬁg ZoCandtha;gErspf_F& off thepreseppiavenkios, ah epparatus records/

to an enbodi npnfepﬁu?ﬁgﬂpzr“{e@%g q?dﬁx%g{e%‘?‘%ﬁé Etg% ﬁ?%miﬂlillwlif‘st ra egbglg

| ayout of an i nmpr_madmgawfgﬁ-Jhs@@a%ilﬂﬁwda%é&’@mﬁ“&@“%a ??Bb%mn%lﬁtmbf

it Efof:rgts? 2; ] ?\éﬁﬁﬁxhﬁﬁﬂ;sl&oﬁa&B 4fetiGm: 4 réchidirfremb@singngnhlarodessyrigeeitng aheam
; rose . , _ : .

recorded accor dfeﬁlg&%f{)@%%?ﬁ%gﬁ(%ﬁg O%F%ﬁﬁ&%?%g%ﬁt‘:% %&E{%tf?ﬁ]\g_daﬁs%ieen

FIGs. 5A and 5Bparesingyade conTpll TR TP R agofifh ot

on an informati grogglaeenhreegh whicha &ot amdo tgerineansptinganecosting prver

present invention taq det - or BT &) @) brdaipd
FIGs. 6A and 6BP47® aﬁgﬁ% ar%@n?ﬂg?gﬁrati r?g pr(%gggggimg?&grerfo?iﬁc{?ﬁg

OPC in a net hodrecerdmgdspegtyBprittiice data on/from an information
storage nEgiumM acqpabtieg einbodimerns thopieseatinvaption Previgdeeapapparaty B ner g

St or a . s SERPArFHY/ .
Mode for Invent %.%go&p,&%ta%%ﬁnw&%ommé inRRMalith FREE hetiietnaiuing @ plaity

O e o B ks o ey TR, Al g e oo e

nuneral s refer tfoinheor stbregehelwntaretoding/prdecingHignsb MRS FETTFY N8 2
beam reflected from the information storage medium through the pickup for signal
processing, and a controller to read information indicating whether data has been
recorded on a portion of a recording layer through which a test beam to determine
optimum recording power passes and performs optimum power control (OPC) on a
desired recording layer to record through the pickup using the information.

f14] When data has not been recorded on the portion of the recording layer, a pickup is

controlled to record data on the portion of the recording layer through which the test
beam passes to determine an optimum recording power to record on the desired
recording layer. Information indicating that data has been recorded on the portion of
the recording layer through which the test beam passes may be recorded on the in-

formation storage mediurm.
[15] The information storage medium contains information indicating optimum

recording power conditions that may be applied when data is recorded on the portion
of the recording layer through which the test beam passes and when data is not
recorded on the same. When the data is not recorded on the portion of the recording
Jayer, OPC is performed using the optimum recording power conditions instead of
separately recording the data to find the optimum recording power.

{16] Additional aspects and/or advantages of the invention will be set forth in part in the
description which follows and, in part, will be obvious from the description, or may be
jearned by practice of the invention.

Advantageous Effects



descri bed below to explain the present invention by referring to the
figures. [27] A nethod to record/reproduce data on/from an
information storage nedium having a plurality of recording |ayers
according to an enbodi ment of the preseft invention allows data to be
prerecorded on a portion of another recording |ayer through which a
beam passes when irradiating a target recording |layer with the beam
to find the optimumrecording power. [28] A recordable information

st orage j,um performs aptimum.power. i

recor di ng‘fgj’ét a to&B%?rﬁsreﬂji lﬁ engﬁn %}gﬁ’\’g n&gﬁ&%@%@%ﬁs&@ %%5:\(/)\x/edrﬁr.q?dgll g&%g?t? or rtﬁe
OPC, data is thmmdnﬁtmemdiumté@%@m’eﬁW@Hé@%ﬁ‘ﬁ?ﬁiFF@EI‘IF‘&IWHN%M e
power and read Qﬁ%n{@c&@@gpgm_ reproduci ng characteristics. Once the
optimumr rdi ng_ power has heen found during. L

recor ded iﬁﬁt he optf AGHPHELEHE: @038‘\7‘\1/%?51 ﬁfl?agmkgg{:%g@eﬂ o#g%tﬁgbe_%edfm
session. [29] \IBGsORCoisdedt rmobrdingepeditions fog Qp(f(cJ@F%Fé}?EéDFFWBP%@‘F"Gnﬂ‘“S
storage medi um favidnde Blfa o, of recording |ayers,

recordi ng/ reproduci ng characteri stics .exhi bi er performng OPC
may vary from one recording |ayer Ilt)%fcgﬁgl?ﬁg’k,b?g‘gﬂ%x_anpl e, dependin

on the reqodding Teewenter wirer peeds atidrrgvantages of 15 ixention sdibbssame APNAEH
may |ead to i NAGRULAE Yealilly {IBfecialell flof tAERMEHME YedoAphitil e casbodintetisken
that may cause recordi hg/reproduci ng .charact EBfﬁﬁi. s to change
dependi ng on th@cé’f‘JéEPCé“’ngg c?oé%i’(ﬁ’ﬁﬂp% aﬁé{lﬁer anlékﬁperform OPC

consi deri gojt he c@idi 1t illovstes f BEPutPH2 i yeRlrmitioRSoragg fegrppiedilyshye a
Gata on o | T o R herern The ¢
i nf or mati on sto?‘é@r@bm“ﬁ?ﬁtﬁ%%mw&g}'emﬁd second recording | yers Li
and L2 in [a1di f f erf@@t2 iordehematinidiagrard jof freapgpiptup @cfs?%l& m&g%‘%w‘?fé‘?‘%?ﬁ
[31] Recording gpahatibPieagimddin hddb@iigat mosmistdomeny of the dicsamt fuventign;
linear velgcity of_3.8.ms.  |as S!Fﬁ&g- ) A\ 2@&Bfihbest i ve
| ens nunerléghl apgtlauf‘guz%}ff agafy%t_og’%%( e %‘ﬂ#%rmrr%??%n s?or aé%ttbrredi um
uses mul tipul seembodimensof the BgFIEIVGRIOPe a recordi ng power of 15.1 nW
Ttop of 1.45 T, Trmcof il@sthles otk thyduitef aB Titomation 087ecanesdivs eu vhish dishe
first recording_layer : | Be P62 o A0EMYodTthad obthe frefend
Tnp of 0. 70T, T&%gﬁfoﬁatfog.hég%ggg%egged fo?r%t%e second recordi ng

| ayer L2. Ttop, "FAR%and Tdtp denote the duration of a tOP pul se, the
duration ofapach mIGS&SA mddBtaiaieysis ifleddtide omethod pefeFriest on an ii-
respectively. H%rfﬁati&‘?ﬁ&r&geﬁﬁéﬁﬂfn%d&@rdﬁ%ﬂﬂ b ErORSliBdnE oStaé p@sent meentigh fry
power and wite Strategy q ustedd.for rri_nin mjitter by witing data
only on a desir dPRRGTARG P " aRd T 1T denot es 38, 5 ns.jeéa%h.Tabl e
1 shows jifppr, 13AGI4Amd6Bars Brvechasiinieing Rrecesion ot PEFBRE T 8, s
Epas u EI eE ) af t Sr ‘%éﬁﬁdd RYredattiRepotiubd@id dil/Sém an thfsrentercstorageomeliivry adeaydénggo
i an under the_ a

closer to the f iafl§wb?9§%§}e‘iafrﬁ§tp%e§e§§?nvﬁ'ﬁ?’qyr\EOPZ% Qf\eﬁggkﬁgnﬁa: Oggt -
denotes an objective lens. [33] Tabl Mogle[fgm}nvengokecor di ng .
[26] Reference will now be made in detail to the embodiments of the present invention,
examples of which are illustrated in the accompanying drawings, wherein like
reference numerals refer to the like elements thronghout. The embodiments are
described below to explain the present invention by referring to the figures.
[27] A method to record/reproduce data on/from an information storage medium having
a plurality of recording layers according to an embodiment of the present invention
allows data to be prerecorded on a portion. of another recording layer through which a
beam passes when irradiating a target recording layer with the beam to find the

optimum recording power.
[28] A recordable information storage medinm performs optimurm power control (OPC)
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prior to recording data to determine an optimal recording power. To perform OFPC,

data is written in an OPC area at a predetermined recording power and read back to test
the reproducing characteristics. Once the optimum recording power has been found
during the test, data is recorded at the optimum recording power during each recording
session.

[29] When OPC is implemented in a recordable information storage medium having a
plurality of recording layers, recording/reproducing characteristics exhibited after
performing OPC may vary from one recording layer to another, for example,
depending on the recording sequence or recording power. Since these variations may
lead to inaccuracy in OPC, it is necessary to detect conditions that may cause
recording/reproducing characteristics to change depending on the state of each
recording layer and perform OPC considering the conditions.

[30] To find conditions that affect the recording/reproducing characteristics, ex-
periments were made to write data on an information storage medium of FIG. 1,
wherein the information storage medium has first and second recording layers L1and
L2 in a different order and at different recording power levels.

[31] Recording conditions of the information storage medium are 2 linear velocity of
3.8 m/s, laser wavelength of 650 nm, and objective lens numerical aperture (NA) of
0.60. The information storage medium uses multipulse write sirategies. While a
recording power of 15.1 mW, Ttop of 1.45 T, Tmp of 0.65 T, and Tdtp 3T of -0.03T
are used for the first recording layer L1, a recording power of 20mW, Ttop of 1.65T,
Tmp of 0.70T, Tdtp 3T of -0.03T are used for the second recording layer L2. Ttop,
Tmp, and Tdtp denote the duration of a top pulse, the duration of each pulse, and time
shifted from a reference, respectively. Here, basic recording conditions are set as
recording power and write strategy adjusted for minimum jitter by writing data only on
a desired recording layer, and 1T denotes 38.5 ns.

[32] Table 1 shows jitter, [3/114 modulations, asymmetries, and reflectivities measured
after writing data on the first and second recording layers L1 and L2 under the above-
mentioned conditions. A pickup is located closer to the first recording layer L1, and
reference numeral 10 denotes an objective lens.

331 Table 1

[34]
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Recording First recording layer {L1)  ISecond recording fayer (.2) [Recording state

itter 137114 _JAsym. jRefl. plitter [i3/114 |Asym. |Refl.
L1
unrecorded, |7.8%|0.270 [0.085 (17.0%[8.1%(0.265 {0.030 [17.5% || untecorded. L2
L2 recorded recorde
Recording L2 -
after e 8.0%[0.250 [0.098 |16.8% |5.9%[0.240 |0.023 {18.9% |Recording L1 after
recarding L1 recording L.2
Racording L1 -
afterrecordinglp. 1%(0.267 |0.081 |16.5% [3.9%(0.244 0.080 [18.6% f;i‘;‘,‘g?;';%j? after

As is evident from Table 1, the first recording layer 1.1 maintains almost the same
values of jitter, I3/114, asymmetry (Asym.), and reflectivity (Refl.), regardless of the
recording state or sequence while the second recording layer L2 exhibits varying char-
acteristics depending on the recording sequence. That is, when data is written se-
quentially from the first recording layer L1 to the second recording layer 1.2, the
second recording layer L2 suffers from significant variations in jitter, asymmetry, and
reflectivity. When data is written in the reverse order, the second recording layer L2
suffers from less variations in such characteristics.

Table 2 shows recording/reproducing characteristics measured after data is written
at recording powers that are 120% and 150% of the normal power, During OPC, a test
is performed at different recording power levels to determine an optimum recording
power value. In particular, since the information storage medium once used for a pre-
determined period of time may require a recording power higher than a normal power
due to surface contamination, it is necessary to perform the test at a higher power.

Table 2

Recording statefFirst recording layer (L1}  {Seeond recording fayer (1L.2) Recording state

Uitter #13/114 jAsym.  [Refl. Uitter (137114 jAsym. Refl.

Recording 171 Recarding L2 afier
Eg?q E%C;/t:;dlng B.2%/0.259|0.087 [16.3% (9.3% |D.250(0.052 18.8% recording L1

Recording L1 Recording L2 after
after recording [B.2%(0.272(0.096  [16.4% |3.8% |0.261 |0.060 18.1% recording L1

L2 (150%)

As is evident from Table 2, while the first recording layer L1 exhibits almost the same
recording/reproducing characteristics even at higher recording powers, the second
recording layer L2 suffers from significant variations in reflectivity, asymmetry, and
Jitter when data is written sequentially on the first and second recording layers L1 and
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recording layer. Low transmittance reduces the effect of the recording power.

[39] Meanwhile, it is necessary to perform 4 test under the conditions that cause
significant variations in recording/reproducing characteristics. That is, if there is in-
significant change in the recording/reproducing characteristics under any conditions, it
is possible to find the accurate optimum recording power without any special test
conditions for determining the same. However, if the recording/reproducing charac-
teristics vary according to the recording conditions, a test needs to be performed under
conditions that cause significant variations in the characteristics to determine the

optimura recording power.

[40] Thus, when a test beam is emitted to find the optimum recording power, generally,
data has been written on at least a portion of a recording layer through which the test
beam passes.

[41] Referring to FIG. 2, an information storage medium D includes a first recording
layer L1 and L2, and a pickup 50 to record data is disposed below the first recording
layer 1.1. Before a test beam is irradiated to perform OPC on the second recording
layer L2, data is recorded on a portion of the first recording layer L1 through which the
test bearn passes. In this case, data may be recorded in an area corresponding to tracks
contained in the beam irradiated on the first recording layer L1

[42] Referring to FIG. 1, the number of tracks contained in the portion of the first

recording layer irradiated by the test beam is given by Equation (1)
[43]

_2x _ 28Ltan0
Number of Tracks =< P )

where SL and TP denote the thickness of a space layer 15 between the first and second
information storage layers L1 and L2 and a track pitch, respectively.

[44] Where n is a refractive index of the information storage medium and NA is a
numerical aperture of the objective lens 10, using the relational expression NA=nsin 8 ,

Equation (1) is summarized as:
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Data may be written on an area of the first recording layer L1 corresponding to the
number of tracks defined by Equation (2) before irradiating a test beam for OPC onto
the second recording layer L2.

Where SL tan 6 =41.25(um) and TP=0.74pm, the number of tracks contained in
the test beam is about 112.

In the case of a DVD-ROM drive, 2 pmkup is disposed below a first recording
layer and data is written from the first recording layer to the second recording layer. To
maintain consistency with the DVD-ROM drive, the recordable information storage
medium may be designed to allow data to be written from the first recording layer L1
to the second recording layer L2.

The same method to record/reproduce data according to an embodiment of the
present invention may apply when the pickup is located above the second recording
Jayer L2. In this case, data is first recorded on the second recording layer L2. Before
performing OPC for recording on the first recording layer L1, data is recorded on at
Jeast a portion of the second recording layer L2 through which a test beam passes.

Furthermore, the method may be applied to bath opposite track path (OTP) and
parallel track path (PTP) disks. While the present invention has been described with
reference to a dual layer information storage medium, the method may also apply to a
multi-layer medium having three or more recording layers.

Meanwhile, to obtain the optimum recording power, at least one of jitter, degree of
modulation, asymmetry, and reflectivity for each recording layer is recorded on each
recording layer. Referring to FIG. 3, an information storage medium according to an
embodiment of the present invention includes a lead-in area 20, a user data area 25,
and a lead-out area 30.

The lead-in area 20 is divided into a read-only region and a recordable region, and
a control data zone in the read-only region contains disk related information and copy
protection information, either of which may be used to perform OPC.

At least one of jitter, degree of modulation, asymmetry, or reflectivity for each
recording layer is recorded in predetermined bytes in the control data zone. In
particular, a recordable information storage mediuvm may include asymmetry in-
formation. Asymmetry for the second recording layer may be measured after data is
recorded on a portion of the first recording Jayer through which a beam passes when
the beam is emitted from below the first recording layer.
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on a predetermined region of the first recording Jayer LO prior to recording of user
data. .

t [57] Referring to FIG. 5B, first and second recording layers 1.0 and L1 respectively
include first and second OPC areas .0-23 and 1.1-23. While a region 21'a of the first
recording layer 1.0 where OPC is performed is positioned on the inner circumference
of the first OPC area 1.0-23, a region 22'b of the second recording layer L1 where orC
is performed is Iocated on the outer circumference of the second OPC areas L1-23.

i5 Sj When a beam is incident through the first recording layer L0, data is prerecorded
on a region 21'b disposed directly below the region 22 before performing OPC on the
second recording layer L1.

[(59] A tegion 22'a of the second recording layer L1 disposed opposite the region 21'a of
the first recording layer LO subjected to OPC may be 2 reserved area. The same
recording mechanism may apply to the outer circumference of the information storage
medinm as well as the inner circumference.

{60} Referring to FIG. 6A, a method to perform OPC for each recording layer in an in-
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to an enbodi menss gfio kHRenBARSEN btofapy ABdibAD.i ncl udes a | ead-in area 20,

a user dat f%Bf‘r ca 21?113 beam reflected from the information storage medium D is reflected by the
beam splitter 54 and is incident on the photodetector 57 (e.g., a quadrant pho-
todetector). The beam received by the photodetector 57 is converted into an electrical
signal by an operational circuit 58 and output as a RF or a sum signal through channel
Ch1 and as a push-pull signal through a differential signal channel Ch2.

[64] Before recording data on the information storage medium D having the first and
second recording layers L1 and L2, the controller 70 performs a test on a test area in
the information storage medium D to determine the optimum recording power. To
achieve this function, after recording data on the first recording layer L1, the controlier
70 detects whether data has been written on a portion of the first recording layer L1
irradiated by a test beam during an OFC test for the second recording layer L2 and
controls the pickup 50 to record data on at least a portion of the first recording layer L1
through which the test beam passes before performing the test.

[65] During the OPC test, the controlier 70 also reads control information such as re-
flectivity, jitter, degree of modulation, or asymmetry through the pickup 50 and
determines the optimum recording power using the control information. Then, the
controller 70 allows a recording beam to be irradiated from the pickup 50 at normal
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Dur Ihng t hef |ODC Ligsds LA NR 100 dakd 1?fec<7r@ecﬁﬂr&ﬁ)tlfe3’ﬁ\§i$cdémﬁgr layer LOftothaadcond

such as reflectivit

t hr ough the pi ckrﬁ‘f‘frébg &Kﬁﬁef‘é’ﬂ%g% &gy g %lom%eWm%regésg?ﬁgﬁyé % LYo.A

using the contr airlvpmfamruﬁmmfommaumwérwhcthh’éda@d?@ﬁ oS SeRarately el tB‘&\Bn %n area

recordi ng beam t@rdagn wm&adt@t&dmffsmm pesep isCpettforibihg PChio revatd onltle second

pOV\Br obt ai ned dur %% BI' Ll fie L%ﬂ)n] {}%&l f&%ﬁ: ﬁgrﬁﬂg& QEH@%%B& hﬁ

i nformation storg using t recardi ng eh'% 'tl' tel
reproduce the tkﬂxyemwé@m@%@asm&l%@&%ﬁ@éﬂ &W@Hmftﬂ {iigd of separately
i nformation storggedigedParfa. passes through the objective lens 56 and

the beam s%t ter E %a%gq?etﬁod'n% %9@1&%5:9@1&%%%@&%%;9&0&& mddiem

beam i nput t he ect hen converted |

el ectrical si gnaiaving thrpreorapnse Ercpigingilayers, i case when aéiFPB’g‘?ga]ﬁ%cr Bein&r
signal. [67] A diubje@uCishigadinedwitt diest bearGolforreation dfdidating Wwhashes data

invention may ingclude CRC DEOLTRIQBh Fhich e (B BELHRbdsRR is¥erddli®on a pre-
determined region of the information storage medium, and OPC is performed on the
plurality of recording layers using the same information.




12 information and information witten on a recordabl e region before
performng OPC. In this case, when information indicating that data
has been witten on the area Y is not recorded on the information
storage nmedium the drive B first recordd data on the area Y of the

i nformati on storage nedi um before perform ng OPC. Wien performng
OPC, the drive Birradiates the area Y wth an OPC beam and t hen
records information indicating that data has been witten on the area

Y on a recqsa]dab' € 11&6) QD ied zonedhhay 'Héfdi?s BRH iPh a%@artﬁﬁer'tlﬁn@ s Mraiafea. Whi
area or a

o o | s R S Riad ﬁﬁ%ﬁﬁﬁlﬁ%ﬁﬁ% iRt R PR SR A SRR B

on the area Y ofbe goditionsd sapeetiydironglehdireandderg-dyeareascor ded as fol | ows,
using a byfgg X in M VJ né %Hamdf&ﬁmﬁ&ﬂﬁmc&uwm@ua@has beDPRRNNLOR Y is

--> Not recorded 0.0001

i nformation on Pn %dﬁﬁfrﬁéﬂ%ﬁg‘galﬁ’ggﬁ %%WEPBESB%@? 'l?ﬁgbmogngmdelﬁ

ci rcunf erence ofpenfdstmsmtc @ rezastingPoRer thatds ddjuskd cassidehipgithat datFhaSbeenSA
and 533 may be LeeRLAgheamafol I OWs, using X bytes: [77] Byte X 0000
0000(00h) --> Not corded . on inner,_and outer circunferenc

0000 000 (BEh) - - A B HERERBERA AR T areR Eireor gl dle e
out er circunf er 60c¢erchd Bifordaih ORIk ether datRbadiedewritien fonQBE and perform
ci rcunf erence, @pclhgqﬁnggqp&{ﬁcqgﬁ@dn%rcum erence [80] 0001

0001(11h) --> Reco ded on_inn uter .circunf

descri bed Bhbve, "?‘?”r“@‘[‘o“fSb‘]ﬁ?gel??eg%mb?cc%rﬂglglﬁ?/'f“écni] §F‘é‘?§ﬂ{ e brebii

i nformation on umnmcmrmntams infermpéorcindieating rychethivedatadiap bednecozdegiopgn area
represent infor F&ﬁ&ﬁgﬁﬂwﬁ&h 4 RemIH GFC gésﬁééwﬁmhﬂﬁﬁge:eco%mg bf@pmmldym for OPC

ei t her |nformat|on S

Specifically, 'i“ﬁ‘gg%/r%f?ngﬁ @? gYPaa‘g ‘?ﬁa‘gl %\rgﬁlvcn c%s?%mé 6§ dnformation o cond
recordi ng | ayer gent@arﬂi’q_\mthoahﬁnedéwdemgd pepgiglediat. thupieduging the pegprding time
recording | ayer ah@nt@aﬁﬁg&héaﬂﬁmbnrmﬁyﬁgad(alyceareh.l A pi ckup may be

| ocated b glﬁgjo Wt heef{. tchtogi Ec% r%gt{](g/}erﬂ dlmaeyoedfa c!nﬁrorﬁa‘fhg ﬁfé!&aﬁ@%{ ststage medium

i nformati een separ at ten on”an area

t hr ough whi ch aa¢eesdingieapempdigpto ﬁ‘é§@§eqt H“’B’é}ﬂf‘(?}* %&e@@“’c“@ ap GRYRM
on the second r e6ingdipbgerd taymrdhbprodufcc tidie toffindro b petidelie frdormGRG: ftasgn ot
been witten to rfifed &) d the
enbedded OPC in grgﬁ'anﬁ g% |:§]§’§aelgyb Coqait}ggair%?&éﬁ‘hmr ECOddI u{}gsjﬂ%?mﬁg t
[83] The sanme nePHBHRAErHNS PIFHT f.ﬂé{fG?fﬁ ng: ?4161“8% SN ST

st orage nedi um padicige tHareeerigics.fihe reset ovditing allayedasa tolbe recidsdieeprasluced

when a recording, }a)g& o?fé'c&gl ?mbﬁ%ﬁdclés@st@ﬁm&t framth dnid dréviding a
t est beam |nformat|ﬁn I.ndi ca

area through whi€Adeble ot ?f?%?d@%di %Pagl&%?c%g&mé ﬁ("ésmtentc)t’ Win "D ¥B-

predeterm ned r&ydMn of the infornmati on storage nedium and OPC is
per f ormed (g the Pt g%séxﬁmv@ﬁuoh%@@fbvﬂgs bty & BEriAPrEROEdata on the

i nformati on. te
area ot her than' rggr l_g?ir?%c ?délém Wﬁ%%@&d@%@s? drgéf%‘ﬂﬁ? ﬁg?ﬂrtgﬁﬂ Atce
that the |ead-i aptéimeareorddgPOdrhs the test zone, a test area may be

posi ti onedggepar atm@ik Yrdsér@ vk Qe aist provttiel Rfamatidn ar reﬁsdini B5data needed for
Vpamant L2y 10en gt SR R0 bt SRl Aold 1B 0P@LERRR: BE e kel 1R

the area Y is recor erm ned area o or mat | on

st orage medi um GﬁﬂbbngijVéf@lfﬁéngrns OPC at recording povver that is
adj usted qomsi der iAlgotiftod fedamodiagnid efme presdnt Bnesion hine tereshown ah86] A
drive accordi ngdésgn ¥ %QIQ'bQE ecfted SESRAL i m t&vﬂmé&ﬂm{‘\g@@&xﬁpbémade

the pickup 50 to on concer ni ng ? g a% i
wr Lt Len or  CPOTihERe SEPPURARERTU: Jeparia Hor (8p BUTHS 318 SEHED o peeition

the scope of which is defined in the claims and their equivalents.




[87] An information storage nedi um according to an enbodi ment of the
present invention contains information indicating whether data has
been recorded on an area through whi chdi beam for OPC passes, thus
maki ng recordi ng of separate data for t&‘, optional according to the
type of a €iLiAWMS A drive possessing OPC information perfornms OPC

wi thout a need to record separate data, thus reducing the recording
time and increasing the utilization efficiency of an OPC area. [88] A
nmet hod to recor%t{a@gr@ém%g;éﬂata on/fromthe information storage

medi um according to an enbodi nent of the present invention enables
determ ni ng an dpti miminfeseatiog sioags medivreing @ Bibradiief seemding {ayefs om
a recordablyg et LS .'eeardéaghéﬂg@inf@mbﬁm H8MgBInéYiRh l&%ﬁaE'atMcl&EJ,
recording layers. The nmethod requires a test to find the optinmm
recordi ng power wherein eslet isgecardrssomnetipas)iamyrian @ regerding layer through
recordi ng/ i st | N tion allows
data to be%ﬁ‘%ﬁ%ﬁ@?@ﬁ%@ﬁ“ﬁ“ﬁ%ﬁﬂ? %q"“%?gcg:gésrégl’ %’gdql ayers from
cl osest to fart hosteir epimum ppeRigoNtEHEP Grivpedrmgdonrepeaetgpniaed
informatio di um capabl e of achi eving consistency with a
DVDROM [88?0%%’%&% %rggnt invention al so provides an apparatus to
record/ reproduce data on the information storage nediumto performa

test on a desired re%ﬁéﬂk&%éﬁax@{mgq@ hi@dmidieipRti gHaaemﬁerpemaa of the

power. [90] The present I nvention also provides information on

recor di ng ofcomdinglapercepsgspendsdptragks centainpdsiltetest eas0-di ng condi ti ons
for OPC according to a type of a drive, thus enabli ng Rpje efficient
OPC. [91] Although a few enbodi nents of thELpgredent: I(tventdbn have
been shown and described, kum@ulfdrders appreciated by thse skilled in

the art that changes may be nmade in these enbodi néfts without

departing from LNGY S jrit e J
of ahi chi s def P Box [Ny g BRGe ket iR Ve e R o
What is cl #engdrality:of recording lagers Andianfext resoiding lsyer afrechpitthuanhareiical a
plurality of I L n rein, i ) .
nfor mat | o gt 5L e Bab Rl alE B ygirRel St RGO Ydrabe medium,
recorded orespeclivedst a portion of a recording |ayer through which a
test beamto find an opti mumrecordi ng power passes; and
wherein opti mum power control (OPC) is perfornmed on a predeterm ned
recordi ng | ayer 3. The inf@maiihe stordgsr medibiof staom dge Zrwbienein of cl ai m
1, wherein the ' f. r.di t
cont ai ned i n ¢ n8H=0E Spf s eLBrdei Tl Shedbhtigler et AN o e bicRtis OPC
Nunmber of T esfosmed off Bn overlying felerdiFrigriaygir befiPe theidata isdrenorded on ¢hegoverlying
t hi ckness : | ayer between each of the plurality of
recordi ng F%Cfgdr@é)%ﬁ%{a next recording layer, a track pitch, a
nunerical aperture of an objective |lens, and a refractive index of
the information,storage Jedi j ve g : :
i nformation st or4 age ?r‘ggriﬁum otiﬂmcS F%?%%ggiuﬁé&nvﬂg}n& fHSt and seI&gq Eeg?rd{r}%;e
data is retayedediuar chtheditgtradidrsgooradrecotdingdeysds conisining & lead-trearpa.ck ugsr
OPC is per Eg{arg?ga %d%’\eé’éﬁg{]ﬂ éfb&%vﬁe?&ﬁ'ﬂg{aqg réc%Y&fd %meeﬁrgﬂ@céjraﬁ'@ Ié)%r fo
recorded on the overlying recording |ayer.

the second recording layer,

wherein the first and second recording layers respectively comprise optimum
power control (OPC) areas, and

wherein the data is recorded on the inner or outer circumference of the OPC
area in the first recording layer and OPC is performed on a region of the OPC area in
the second recording layer disposed opposite the region on which data is recorded to

determine an optimum recording power.



4. An information storage nmedi um conprising first and second
recording layers, either of the first and second recording | ayers
containing a lead-in area, a user data area, and a | ead-out area,
wherein data is recorded fromthe first! ecording layer to the second
recording |ayer, wherein the first and second recording | ayers

respectively COBPri S&h@Hf bFHAPQMEEgE AR of dRT) 4, Ahedsin tHRNTUPC area is
wherein the data is recorded on the |nnerd§£ﬁj%uter ci rcunf erence of

the OPC ar 8asifionedinepgraiedy ronadlf e prepdn efeuf @¢Ber f or ned on a
region of the OPC area in the second recording | ayer disposed
opposite the regl on gn which data is recorded to determ ne an i mum

recordi ng power 0. 15Arecordable iforfigtion ploragemedivh coMprisige arR%‘éf?U?hO f

claim4, whajofdi E&s%urﬂjﬁ&eﬁ&h&@@h bptaned p@e«@amml compmohh@t;on
| ead-in area_an

ele ut ar ecor.da
i nf or mat i ofitd éqagm%yaewéagﬂm%% Hﬁ?ri Writhen on ﬁIPBF“éEP .OW reforiiag gﬁyar fhigpugh which
| ayers, hayit@d beh@ResderRetmiHet AT eNRScofiy pdert&F¥ebrd B ardaBitddon
|nd|cat|ng whet her data has been witten on a portion of a recording
| ayer thr ofRASTHRE @' test beam passes to determine an optinmum
recording power to record on a desired recording |ayer. 7.
The recordable information storage nedi umof claim wherein t

recordi ng | ayer ¢ havéhafeeepsEbls iplormaii) siR@deediym 8?6%?] %r’r"’r?eﬁ%'f‘

i nfor mat i ofedopfingRYER%havh ah EFC hiea, sad BelBRC REGatoh tﬁcme@mf@rmat;ener
or an outer circunference of the OPC area t hr.ou ?grh whi ch the tfest beam

passes. indicatinggwheither the dgtaas Reenrdieman BHNRE & 25 QUIRE §IrehHMGTENeP &1 m

6 or 7, wheebpcersthedughiehis teaddt bia®ipaeesr ding | ayers conprises a
| ead-in area, a user data area, and a | ead-out area, and the OPC

information is recorded on at | east one of the lead-in area and the

| ead-out area. g, The%co?dh@)ldlﬂﬁﬁhdﬁﬂ Sol=ak Gidiin eNclsihDB 808, WigteiHBach
of claim8, whereip t ead-in area conprises a read-only r % on and
a recor dabPEt hp@éqr%lﬁyo rﬁélortdﬁ’@ lRySES PP RIS 1530 rbarﬁ%c"bﬁf’éﬂiaé‘rﬁ

recor dabl e|dz@d@8rea, and the ORQ inféi¥ndtibh @ ieBbided of b lcagicordadithinenavi agaa
plurality of recor di ng |ayers, wherein data is recorded by a nethod

conpri si ng2"{ E¥dP#YOLGHER-0l i nf or mati on; performng optimum
power control (ODC) on a first recording |ayer of t he pl urality of
recording | ayers i

rd|n er data on the fi corg er;
performng, whiPe t hiﬁ‘ﬁé‘%ﬁo &;infoEmatipn gtoragp@ %‘Hh V}’qg% gheh'&ad'
| ayer di spgs#da @mehﬁesfd fe%(tj dnBCregidh éd |a&)é@c5rda[ﬂb@é@tbm ahb €éhdIOPC ifffatraation
i nput while erform %ﬁﬂ E‘ t he second recording layer is stored in
a nenory off'§ C ded ap MrerPdpRIEF B9 ng t he OPC on the second recording
llayer is conpleted; and recording the user data on the second
\rl\ﬁg(r)re:jlnng ayer. 10. 16Ar1 informatio%%iorz-argheemleglt%rtqa%tlrigoanplﬁ;[a?{yaoqeget%‘rdiﬁglg ﬁa‘yg}s}o’
wherein data is recorded by a method comprising:
reading control information;
performing optimum power control (OPC) on a first recording layer of the
plurality of recording layers;
recording user data on the first recording layer;
performing, while the user data is input, OPC on a second recording layer
disposed on the first recording layer, wherein the user data input while performing OPC
on the second recording layer is stored in a memory or a buffer until performing the
OPC on the second recording layer is completed; and

recording the user data on the second recording layer.



during performng OPC on the first recording | ayer and perform ng OPC
on the second recording |layer, reading control information including
at least one of reflectivity, jitter, dﬁgree of nodul ati on or
asynmetry. 12. An information stbrage nmedi um having a
plurality of recording |ayers, wherein data is recorded on the

information stogpge TRSinfination stoRQERK BlaPPl 0 MBrgiawer control (OPC)
is sequentially perforped _on_each recordi nl%, I a%er en t he

i nformation stodfRd REEATIHAG QPFeadhe Bigt feqpisling laysnaRd PeFaiRg Of% ¢ e
sequent i al §3coh GdFHAIRg Riyel At el ifBrrhaiterincluding at leastdneMAreflectivity,
information storage medi um having stored thereon information

. di um
i ndi cat i nglithiretasere fdpedupieon PEawPEEY ded on an area through which a
beam for opti mum power control (OPC) passes.

12. An information storage medium having a plurality of recording layers,
wherein data is recorded on the information storage medium,
wherein optimum power control (OPC) is sequentially performed on each
recording layer when the information storage medium is inserted into a drive; and

the data is sequentially recorded on each recording layer.

13. An information storage medium having stored thereon information
indicating whether data has been recorded on an area through which a beam for

optimum power control {(OPC) passes.



