1 Description | NFORVATI ON STORAGE MEDI UM AND METHOD AND APPARATUS FOR
RECORDI NG REPRODUCI NG DATA ON' FROM | ' HE SAME Technical Field The
present invention relates to an information storage nediumand a

nmet hod and apparatus to record/reproducedata on/fromthe information
storage nedium and nore particularly, to a method and apparatus to
record/ reproduce data on/from an in-

.formati on storage nedium having a plurality of recording |ayers
after perform ng opti num power control (OPC). Background Art An

opti cal pickup perforns non-contact g}ﬁﬁ? reproduci ng to/ from an
in-' formation storage nmedi um mticgéigﬁg S at are one type of
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DVD+RW Furthernore, a. high DefFR@Mr&%%ﬁ%(M or blu-ray disk
(BD) with recording capacity of over 14 ;agnadsuper -resol ution -«
optical disk that.may read data recorde&_l na _pattern of marks b I&)wd
the resol utfibn | i niThe gresent invewsion rglatpetong inferratipphyerasenetiyp apf pmgfpod an
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recorded on the ‘Srmam: Dvaserowivg beving phyrliy SEBFHSHE Lyer Sken et e
sane - capaci tyoﬁtﬁnﬁﬁ%%ﬁ%&&@ﬁ@.to realize a need for a '

recordabl e di sk haying at |east first ecording layers, it
is hieily desirable to have techni quesﬁgtg{rg%rgrg#%gﬁni n% t he sanme .

r ecor di ng/ rigpr oduciAgopticalmidkup prEring BomePnEEch EpRBHBSHPEIPFRS IR th In-
storage medi um hayifaGodstdthil Bédidny. (fticsieisns thatege bueyippesof bfommadion stprage
nost inportant recqrding/ I duci dﬁ‘sgé‘ Slid ALk SerbatilC@ilds @dVDs)
opti num power cofft m?‘gﬁ&{ﬁgg[?goc%%pg% . %kgs?gﬂd [ 4], aﬁgeIFspJ egb?ﬁ?. ﬂsﬁn

i nventi on provi ddepeadingPpSat Bserdingsapasity; EXpBPIFs R SPHTY EFFcatce Ja\t‘fa‘%n
a recordabl e i nf qadRkdieginforontgenciedi (PaResariable TR CBI-Reyriggple (CD-RW)
recording |ayers .af k 0FpRHOEW, PEnRRhrEIHIHOVETitRarD VD (HOAPD) @rtib-siy
| nformation stor %(igsi {BrrB {vﬂﬂ]récgrding capacity of over 15 GB and a super-resolution optical disk

that.may read data recorded in a pattern of marks below the resclution limit are
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currently being developed.

Disclosure of Invention .

Technical Problem

(3] While only single layer 4.7 GB DVD-Recordable disks are cominercially available,
dual layer 8.5 GB DVD-ROM disks are being sold in the market.. To back up data

recorded on the 8.5 GB DVD-ROM disk;"a DYD1eco sidable disk with the samie™™ - =777

" capacity is required. Thus, to realize a need for a recordable disk haying at least first
and second recording layers, it is highly desirable to have techniques for maintaining .
the same recording/reproducing chiaracteristics on 2 recordable information storage
medil;m having a plurality of recording layers. One of the most important ref:ordingl
reproducing characteristics is called optimum power control {OPC).
‘ ' 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 conirol (OPC) and an information storage medium to



2 which data is witten by the nethod. According to an aspect of
the present invention, a nmethod records/reproduces data on/from a
recordabl e i nformati on storage nmedium having a plurality of recording
| ayers using a pickup. The nmethod I ncludes recording data on at | east
a portion of a recording |ayer through which a test beamfor finding
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[ 13] In another enbodi ment, the present invention provides an
apparatus to record/ reproduce data on/froma recordable information
storage nediumincluding a plurality of rgcording | ayers wherein the
apparatus includes a pickup irradiating a beamonto the information
storage nedium a recordinglreproduciag signal processor receiving a
beamreflected fromthe information storage nedi umthrough the pickup
for signal processing, and a:controller to read information
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[26] Reference will now be nmade in detail to the enbodi nents of the
present invention, exanples of which are illustrated in the

acconpanyi ng draw ngs, whereic |ike referg{nce nunerals refer t the

| i ke el ements throughout. The enbodi ments "are descri bed bel ow to
explain the present ithention by.referring to the figures. [27] A
met hod to record/ reproduce data cin/froman information storage

medi um having a plurality of recording |ayers according to an .
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[271 A method to record/reproduce data on/from an information storage medium having
a plurality of recording layefs 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 fo find the
optimuim recording power. ‘
[28] A recordable information storage medium performs optimum power control {OPC)




Recording First recording layer (Li) Second recording |ayer (L2)
Recording state Jitter 131114 Asym Refl. Jitter 191114 Asym Rail
L1 unrecorded. L2 recorded 7.9% 5 '

prior to tecording data to determine an opnmal recording power. To perform OPC,
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 ¢he test, data is recorded at the optimum recording power during each recording
sessiom, .

[29] -  When OPC is implemented in a recordable information storage medium having a
plurality of recording layers, recordingfreproducing characteristics exhibited after
performing OPC may vary from one recording layer to another, for example,
depending on the recording sequence of 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 medivm of FIG. 1,
wherein the information storage medium has first and second recording layers L1 and
L2 in a different order and at different recordmg power levels.

[31] Recording conditions of the mfomauon storage medium are a linear velocity of
3.8 m/s, laser wavelength of 650 nim, and objective lens numerical aperture (NA) of
0.60. The information storage mediumn uses multipulse write strategies. 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 recoiding layer 1.2, Tiop,
Tinp, and Tdtp denote the duration of a top pulse, the duration of each pulse, and time
shifted from a reference, respectively. Heré, basic recording conditions are sel as
recording power and write sirategy adjusted for minmum jitter by writing data only on
a desired recording layer, and 17T denotes 38.5 ns,

[32] Table I shows jitter, I3/114 modulations, asymmetries, and reflectivities me'asured_
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. '

[33] Table 1

[34]



0.270 0.005 17.0%8.t% 0.255 0.026 17.5% L1 unrecorded,
recording L1 8.0% 0.250 0.098 16.8% 8
recordi ng L2

Recording U after
0. 023 10. 9% Recordi ng Li

[35]

[36]
[37]

As is evident from Table 2, while the first recording layer L1 exhibits altnost the same

after
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L2 recorded
.3% 0. 240

Recording

First recording layer (L1)

Second recording layer (L2)

Recording state

Jitter

12f114

Asym.

Refl.

Uitter

13114

Asyri,

Refl.

L1
unretorded,
1.2 recorded

7.9%

0270

0085

17.0% |8

A%

0.255

0.030

17.8%

1.1 unrecordad, L2
recorded

Recording L2
racording L1

after 8.0%

0.250

0.088

16.8%

8.3%

0.248

(.023

18.8%

Recording L1 after
recarding L2

FRecarding L1

jaiter recarding|s 1%
L2

0.267

0.091

18.5% [

B%

0.244

0,060

18.8%

Recarding L2 after
recording L1

As is evident from Table 1, the first recording layer L1 maintains almost the same

values of jitter, I3/114, asymmelry (Asym.), and reflectivity (Refl.), regardless of the

recording state or sequence while the second recording layer 1.2 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 L2, 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 1.2

suffers from less variations in such characteristics.
“Table 2 shows recording/reproducing characteristics measured after data is writien
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 optimurn 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.

‘Fable 2 .
i
'Recording statelFirst recording layer (Ll) Second recording layer (L.2) Recording state |
iter (134194 jAsymn.  [Refl.  |Jiter |I3£114 [Asvm. Refl.

Recarding L1 : Recording L2 after
-Efgne&a%%g;ﬂmg B2%(0.256(0.097  [16.3% [9.3% [02500.052  [1B.8% |iocnrminn 14
Recording L ) Recording L2 after
after recording {82%(0.272|0.088  [15.4% {9.8% [0.261 |0.0G0 10.1% ding L1
L2 (150%) | 1 recording

recording/reproducing characteristics even at higher recording powess, the second
recording layer L2 suffers from significant variations io reflectivity, asymmetry, and

- jitter when data is written sequentially on the first and second recording layers L1 and



Recording L1 after recording L2 8.1%0.287 0.091 18.5% 8. 9% 0. 244
0.080 18.8% Recording L2 after recording L1 As is evident from Tabl e
1, the first recording layer Li naintains alnost the sanme val ues of
jitter, 13/114, asymetry (Asym), and reflectivity .(Refl.),

regardl ess of the'recordjng state or sequence while the second
recording layer L2 exhibits varying charatteristics depending on the
recordi ng sequence. That is, when data is witten sequentially from
the first recording |ayer.. Li to the second recording layer 2, the
second recording lager 12 suffers froth significant variations in

jitter, asymmetr 2. andompftdei rébctr&in WeattneddbawbSthaitértifRedsd, Bd’t\?eﬁecumy

reverse order, §ﬁ§89 2 suffers fromless
variations in sugﬁl ar a%P;erl STICS. LTabl e 2 shows .
recor di ng/ r B8 oduci A§TaKEe sk &Tabter-égn aoe.dkp fstreqordieg Jayer &1 i Yitlle en

?)L reco 81 Ic ng p?V\/eﬁEecfe«ﬂl 8.2 ﬂb@;ﬁ%@&@éﬁe@ o Eﬁ%ﬁiﬂc E}Bﬁernﬁﬁéi% tH%Q%d Iecordmg

o determ ne an QBT FAA S ﬁ Gt B e P B e R 3

the information ﬁuéﬂtﬁ@é oprtgi ndgeeprding layerphleardild; fie nesdndrecirdidg

?f t } ne nay [ equi 1&3?1-@2 5@reRd kb GigRIBvRE vdliatﬁblﬁfin the ?é%oﬁt L [%Iﬁéutcﬁ }[’ﬁl’arague

P gher povir . [ S0Pk ARt verBs SSRE R s Eant b pinis g o

| ayer (L.1) Sec orehethsr @Iﬂdmﬂglglbampaseq;ﬁ)mugh arecorded or unrecorded portion of a
recording layer. Low transmittance reduces the effect of fhe recording power.

(39) . Meanwhile, itis necessary to perform a test under the conditions that cause )
si'guiﬁcani_: variations in recording/reproducing characteristics. That is, if there is in-
significant change in the recording/reproducing characteristics under any conditions, i
is possible fo find the accurate optimum recording power withoul any special fest
conditions for determining the same. Howéver, if the recording/reproducing charac- _
texistics vary according to the recording conditions, a test needs to be .performed under
conditions that cause s1gn.1.ﬁcani vanatmns\m the charactenstlcs to determine the

. ‘optimum recording power. :
[40] Thus, when a test beam is emitted to find the opumum recording power, genera]ly,
* datahas been writlen on at Jeast a portion of a record.mg layer through which the test
beam passes. -
[41] Referring to FIG, 2, an information storage medium D includes a first recordmg

layer L} and 1.2, and a pickup 50 to record dafa is disposed below the first recording

u



Recording state Jitter 13/114 Asym!Refl. Jitter 13(114 Asyrn. Refl.
Recording L1 after recording 12 (120% 8.2% 0259 0.097 16.3% 9. 3%

0. 250. 0. 052 -

118%

layer L1. Before a test beam js irradiated fo performm OPC on the second recording
fayer L2, data is recorded on a portion of the first recording layer L1 through which the
test beam passes. In this case, data may be recorded in an area corresponding to
tracks contained in the beam irradiated on the fitst recording layer L1.

Referring to FIG. 1, the number of tracks contained in the portion of the first
recording layer irradiated by the fest beam is given by Equation {1):

2X _ 2SLtan@

Number of Tracks «= 5 = »

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

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=nsing ,
Equation (1) is summarized as:

ESLiem[sm'l(AA 3

w - (2)-

Number of Tracks =

Data may be written on an area of the first recording layer L1 corresponding fo the
number of tracks defined by Equatton (2) before irradiating a test beam for OPC onto
the second recording layerl2,

Where SL tan© =41.25(um) and TP=0 T4|Jm the number of tracks contained in
the test beam is abouf 112.

‘In the case of a DVD-ROM drive, a pickup is disposed below a first recording
layer and data is written from the first recording Jayer fo the second recording layer. To
maintain consistency with the DVD-ROM drive, the recordable information storage

- medium may be designed to allow deta fo be written from the first recording layer L1 to

the second recording layer L2,
The same method to record/reproduce data according to an embediment of the
present invention may apply when the pickup s located above the second recording

layer 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 least

a portion of the second recording layer L2 through which a test beam passes.
Furthermore, the methiod may be applied to both opposite track path (OTP) and



Recording 12 after recording L1 Recording L1 after recording L2
(150% 8.2%0.272 0.096 18.4%9.8%0.281. 0.060 19. 1% Recording 12
after recording Li  As is evident from Table 2, while the first
recording |ayer Li exhibits al nost the sane recordlng/reprodu0|ng
characteristics even at higher recordggg powers, the second recofding
| ayer L2 suffers fromsignificant variations in reflectivity,
asynmetry, and jitter when data is witten-sequentially on the first
and second recordi ng Iayers Li and 7 L2. As conpared with recordlng
at a noindal power, the jitter increases, but reflectivity and

asymmetry remin gphmbe tradopsit GAP) GEGSThils thaaypsers nyerion ias bpgh ieseribed it

2 abO\ée the first, fﬁﬁﬁ&ﬁghﬁﬁhﬂ@b!ﬁhfohﬁaﬂoﬁ siotég&h@dﬁfnﬁﬁtemﬂmbmgyalso apply toa
recordi ng sequence reco secon :
recordi ng |ayer "&% @Frdﬁ?dﬂn&gﬂg‘f%?? %?egécg&ﬁﬁ% sa ¢
particul ar, [sben datMeamwhﬂm itd ommmmapqowwqwaf Pﬂea‘#d“tgfeé%ﬁﬁ%W
r eCor di ng I ayers Liqg god_gs s&aqgﬂhcﬁﬁ@%mmmrdcamngns:ﬁcﬁﬁpéon each

from3|gn|f|cant varl tlon § dlr ]
characteristics. Yeé'tl#eg?’@n @ﬁﬁﬁ . ﬁﬁ&?&ﬂeﬁ%&gedmrﬁaccordmg toan

nce MY 05,
change, dependi ng embodxmnﬁuéthe@rssw@mwwnylb@m plipsddnsareanh A giet ot 2ka

arecorded or unre%&gfeg%_ggtra%éa% of a recording Iayer Low }
transm ttancglg educe’fhet lead-in area% &w&éﬁe m{o%%gardgd e&%ﬁgﬁdarecordable reglon, and

:|

a control data zone in the read-only re.glon éontams disk related mformahon and ¢ copy
) protecuon information, either of which may be used to perform OPC. -
" [52] . At Jeast one of jitter, degree of modulatlon, asymmetry, or reﬂectmty for each
- recording layer is recorded in predetennmed bytes in the control data zone. In

particular, a recordable information storage medivm may include asymmeiry in-

- formation. Asymmetry for the second recording layer may be measnred after data is
recorded on a-portion of the first recording layer through which a beam passes when
the beam is emitted from below the first recording layer.



[39] Meanwhile, it is necessary to perfoima test under the
conditions that cause cant variations in recording/reproducing
charaoteristics. That is, if there is |n3|@n|f|cant change in the
recordi ng/ reproduci ng characteri stics under any -conditions, it is
possible to find the accurate optimum recordi ng power mnthout any
special test conditions for determning the sane. However, if the
recording/reproducing chiracteristics vary according to the recordi ng
condi tions, &31est rWbeshtmatedalpetfedyprrd tedeornudongictiraing reliain chass

significant vari abhffdinfdrihatififaehad ngﬁ&éﬁ Héé'}éa Jf%oqata%% t{c[']%ay be_

opti nmum recordi ng beam1s

find the optimum F%ﬁ’%% %‘hﬁjommns 8:1“‘1 “may E%F&OI%%WDF\P?@%%G
on at least a porﬂﬁﬂ@-ﬁnajﬂladFM&ueahaﬂgmﬁager through whi ch the test

beam passes. 541 41] Bﬁfcﬁfaﬁ{rélle r&f@rrfn @FI%‘: 46213 ﬂu‘ﬁ ﬂﬁhﬁlﬁﬁms«&%ﬁ%@aﬁﬁg&l}&g}
I ncludes a first recgw ag,gr %/ recor
data is di sposed B&PR }E‘E"W C‘HH fhe qgae)datagone. In
test beamis i rradil?&tﬂeft;lWﬁldetheraﬁmum@?ﬁfommtbhebmemeﬁcktreeadm@ﬂaygrib&:}é&zﬂed

L2, data is recorgggp @ﬂhﬁ:fd}ﬁﬁﬁb fRfen Eﬁ@hﬁér'fl&lhbérei%%ﬂ'ﬂ}&r&%ﬁﬂgl&)}er the
throu h which the test a.sseg 1S C !
recorged in an ar8& é‘gm lﬁaochtmtn,gélgﬁ@gcog Fﬁc%dﬁ’@éayl‘“"fﬂsf‘ﬁérdﬁ%éﬁ?g with

irradiated on t hemf¢rmguonrrepmm¢mg;ﬂm sgrerd tedording layer. Fefdiskirelaigd inforfribGan may

1, the number ot t E@&B&dé‘dqﬂﬁﬁ'sﬂﬁg oﬁb&h @erﬁ&dt%li QLonfd*i!@coﬁdé& hyers,

recording l | rr az%g ?"Yq-tﬂz s?andsecon rec dgu Ia er l}do d 1 spec .

Nunber of Tr ks 2 5 orcing layers 1.Uan respecnvely

mclude first and second OPC areas L0-23 and L.1-23. A region 21b of the first
recording layer 10 on which OPC is performed is not disposed opposite a region 22a
of the second recording layer L1 on which OPC is performed, When a beam is incident
through the first recording layer L0, data is prerecorded on a region 21a disposed
directly below the region 22a before performing OPC on the second recording layer
Ll1. :

[56] A region 22b of the second recording layer L1 disposed opposite the region 21b of
the first recording layer 1O subjected to OPC may be allocated for a réserved area. For
recording onto the region 21a o'f:tﬁe first recording layer L0 through which a beam to
perform OPC on the second recording layer L1 passes, a prerecording process may be
performed during fabrication of a disk, or data may be recorded in a predefined manner
on 2 predetermined region of the first recording layer L0 prior to recording of user.
data. . .

(57 Referring to FIG. 5B, first and second recording layers L0 and L1 respectively
include fixst and second OPC areas 1.0-23 and 1.1-23. While a region 21'a of the first
recording layer LO where OPC is performed is positioned on the inner circumference
of the first OPC area L0-23, a region 22'b of the second recording Iairer L1 where OPC
is performed is located on the ouvter circumference of the second OPC areas 1.1-23.

[58] ‘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'b before performing OPC on the
-« second recording layer L1.
[59] A region 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 a reserved area. The same
recording mechanism may apply to the outer circumference of the information storage
medium as well as the inner cirpi.i_mfe_-rence. :

[60] Referring to FIG. 6A, a method to berform OPC for each recording layer in an in-



where SL and TP denote the thickness of a space |ayer 15 between the
first and second infornmation storage lLayers L1 and L2 and a track
pitch, respectively. Where n is a refractive index of the

i nformati on storage nediumand NA is a nunerical aperture of the
objective lens 10, using the relational expression NA=nsinG,
Equation (1) is summarized as: . NA, 23Ltan( sin 1 Nunmber of Tracks
--77 2?(2) Data nmay be witten on an area of, the first recording

llayer L1 corr espofsinagon sorhgeencdivbRevimfa ﬁlﬁr&ﬁk%ﬁ ﬂﬁrﬁiﬂg&y&y irfclydad jepfdrming

(2) before irradi

| ayer L2. SECr sdpdofhe 559 Polfthe %&”ﬁ e Sl it e

of tracks contai nécamﬁﬁlpnt%aae&qdi%msp%e &tdni’i:’}nd fecord-‘ﬂg ugr datg en ghgame
of a DVD- ROM dri vescomdingilfjetifubjested tsDPGC befoleqletfotmtnd OPC bn iee@flging gecording

| ayer and data is

regor ding | ayer. ]Iagéljrrgnlt tﬁ{ag%srrlod?g%}%?&?ﬁ Etnn a%&?%éé? ﬂﬂlgé@)gwdigé}fmﬁ&fﬁ&@
recor dabl e i nf or néCPRshreqrding lyer. Hﬁﬁ%ﬂﬁ&ﬂ%@eﬁ@ﬂmgﬂwe&ww PoinPHac-
to be witten fr OmxﬁdaayfduﬁligIOP@ﬁﬁﬂttIsB@mmeéfdﬂgﬂa)teﬁ atohenoB e Gxhudler is required to

recordi ng | ayer n%redaprede mu; SR R Mépcﬁﬁgﬁﬁigé repr oduce dat a

according to an e e prese I nven

the pickup il ocat &efeamingte FHG OB ar dfranative we@pd ip H°§9’§Féﬁ(§ f°f|eﬁ°htfﬁ¢%dmg
case, data is fir hyerissdedes esqueitiallp perforaing ORCEasach ﬁgor&agﬁdyeﬂ.vﬂnen the in-

Before. Perforrni f?ﬁggs&ﬁ ?ﬁﬂifs%e{? 1533?1?4%\@@&?%%& grec% L data on
i

L1, data |s recorde
| ayer L2 t hr ough mhéwahrtgé@terﬂ“ébﬁ %%@ﬁanrm@ﬁ%ﬂﬁﬁmerwﬁbﬁ%%da -

may be applied tmdaﬁ@oxmﬁm&&hﬁmu&hy&ednrdh@dﬂe(ﬁﬂﬁ)ztml:brkupt;wr allel track

path (PTP) desks. V%%ek‘&ﬁghﬁl’?% ?Sngr?%pgﬂlﬁsr(‘ié %A?éizwéﬁgfbcﬁﬁﬁ rbfiRelaith o/

reference to

al so apply to a B‘i“tq?é/’F JuopSieragTIied t8|a“ %ﬁ@%‘%‘ﬂ@?@f"ﬁﬁsgﬁt
| ayers:. [50] Meaimwbrtioe includesdpickup SDheregqgﬂmsfamduemmlamahgmpWD zd a
| east one of j 1 tt G8niroHEGOER R éﬁﬁﬂdilﬁtth ckup SV iRBRIdEYa lagRtliode 51 that emits a

reflectivity for EaChFr&) %ld%;ignsr#yfatc %&g@ggg&gﬂl{%@%&%ﬁ%&d@ﬁgl toa

| ayer. Referring. orrar T on accor

to an enbodi ment BAelichbessy abest slitortH thes changes ‘ﬁEIE@P%gaW“E’BRi’m ¢f an aqcéi&nt
20, a user data aben, 2 ancubftcavd lead6atit feurea tR(beam pasting THreughdlechenm splitter

area 20 is divide nd a recordabl e region,
S bith aleei‘nfﬁ (&019 E\E%g\f)gﬂl 151 ﬁ‘

d trol_dat
"ol at ed | nf &Fhat 1 on TARAReEScH L P RREY BRELE] REFiogP: B

may be used to pebdagrspliBREG4 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 4 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 havirg the firs tand
second recording layers L1 and L2, the coniroller 70 performs a test on a test areain
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 controller
70 detects whether data has been written on a portion of the first recording fayer L1
irradiated by a test beam duﬁng an OPC test for the second recording layer 12 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 controller 70 also reads control information such as re-

' fléctivity, 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




[52]. At |east one of jitter, degree of nodul ation, asymmetry, or
reflectivity for each recording layer is recorded in predeterm ned
bytes in the control data zone. In particular, a recordable

i nformati on storage nedi um may include as\'mmetry i nformation.
Asymmetry for the second recording |ayer may be neasured aftei data
is recorded on aportion of the first recording |ayer through which a
beam passes wheia the beamis emtted frombelow the first recording

layer. 9 [53] Wb%ﬂzef Siﬁaiﬂafﬂiingghle%st,tsgﬁlai JePfeaR be FeGabd rOhRERBHon storage

recordi ng nmedi um'chan Jnformation such as asymetry,

S, . CQ
degree of nodul at?‘iﬁ‘?{“qg)r’rlﬁ“‘jgit{etr@?°rﬁl?ﬁ§i_ﬁ@'recor ded together. The
control i nf g86kat i onToreprdiece ibe tusiedorder daita, b beanoreflinted front the frfodnation storage
and | ead-out ar eaﬁ.;d%&%%@ﬁ& ﬁ%he’%l‘a}e@ﬁfb%ﬂs‘ﬂ@ ¥d thé BE8] Splier s4Oanlls0-

4; arymretry infaqrmati S d,secpond . .recordi ayers, each
may be recorded dﬂggenﬂi"? ﬂ‘@lpg?ltf’deéﬁéf’ég?'?ﬁwtbﬁ’é“ B8P ﬁﬁe Ph%f?‘ge%f@ﬁﬁ?‘sfthen
this case, whil e doheriad imored elgctiical ggmahby ha opdsasipnalickreuif 58rand ontpuios di RY
| ayer is re(iordecgiﬁlapng with information representing |ayer nunber,
i.e., the figst recording |ayer, the asynpetry..nformation. concerpi ng
t he second t or di ng dl”'é{‘g'ig‘fco’i' &1Ra amﬁ?dﬁgmﬁ{hﬁpfeﬁegg}umogmay mchude
representing the GREnfsimateoemdinigfoleation siofige mddivie Faslezarepde, itref QR Gran-i on
may bg, r ecor ded 1&%&;&&@ oY 1&@@{;@0& %ﬁeﬁfe?tfo%tﬂ%ﬁﬂﬁ% E&qgﬂﬁllather data has
recording | ayers. eferrin . rst _amnd seco .
ecording | ayer o HEeSAEOHR FLpERA G dhe SoRRen ctorts R RamIEERR T pheam
areas LO 23 and |phse8duringrQiR{l. dhe gdve having lsechrinformation elirfntes 4 repd o preeapnd
whi ch OPC i's per f i BdniafeadP thedhfSRRAEEA sORPOSELISM Trb@BiviNich2ARal padshie
second recording du%éeb bl on which OPC is perfornmed. Wien a beamis

i nci. dent through 8% i_P_St recording layer LO data is prerecorded on
a region 21881 sposEhet i dthisepbediment, the drivedyrigs the £P Gafospatiogdpessiohieat e
OPC on the secondiata6bs thco@ed oyl adjdcent rdzbiding layegofithe RRimatfontstoeags arding:

recording hayer L cdl %,ch %égﬁ%q%gt n&é@ﬁﬁogﬁgf Rtofagle effurd BEOPE e¥En in a

recordi ng |layer .LO subj, 1t cated fdr a yeserve
area.. For recor difityeSatieg Yhe Hegagem 5%y ey, ?%?FQF&P% @Pﬁ?if@g'fcﬁﬁlé&)c
LO t hrough whi ch aesbimame dage peorfiog.m OPC on t he second recording | ayer
L} paz_sei, ?69@2'9{ ecomdl llS)SgprB‘Uiﬁfi@ &g&@%ﬁﬁﬁ iR@h@ioR®eth d dFveRavirRtDEC ad-i on
of a disk, or dat; e recorded in ! .

pr edet er m ned reg@ﬂ%?’ r’t"??é‘:ﬁﬁ ?m}aenc%dj?aﬁ%'igegﬁékfgﬁ%f%ﬁ;gp?gr@@g&mmy'
recordi ng of userTheefere, Hysmping R&%@@Pﬁ&“ﬁ%‘n%"&a“@&he fiiyespayprefow OBfd
recordi ng | ayer's deburanaly abd quicigpesig atbeddédPCibiforfanticsy evan if de@denubtCRG

areas LO-23 and Llz23 o W | Aflc2eam @b OBEpdshdsst T ecor di ng
| ayer LO where OtL‘%’“ﬁ?eg"Be k)trﬁ)#e Eggl iti i i

'S positi n_the_inner.
ci rcunf er en&@of t hEorerpmpledia diivg Hg% 558 %I%;q?g’a?%’ﬁn ﬁregengflg 3 §ffect on the
second recor di ng OB due tbiwhather daiadRCbées renorded paarjaea tirqyeh whigh 8 Heaopfor OPC
outer circunfer e%‘s‘.‘sc%e 1 B8veSL Q@GR ke iSRS uéhlinBSmatica Bk 2 \WienB anb & the
is incident thr ouag? i h@ f‘i:l r s'fl E?e%% dkﬁ%deﬁﬁ%@a":’q data is prerecorded
on a region 21' b BEASFEYRE" TP ACTTY Del oW the regi on 22k before..
per f or r ni ng[TPC on Theecengistenadpfognaipsipage mefiumy, the frive A st fskmslated
of the second redqafogthitipnlbaied pecforming OPEEIh thip p@s) when irfernation indic@ingahaof
-~ the first recording, | dOoaaahPlid e R KB BPCERREY B ot
area. The sane reéordrng mechani smay appl’y to the outer . N
ciremmf erence of rwee¢tsdadsndhemfonaionsiriegaea dindiye hdprorps QRGSagAE,
ci rcunference. [ GQibeR&HEIHFA Rebrinexidnl vithoGithe Aceted Tocld Sepajaterdataromti@ areal Yor
each recording | us saving fhe 'sbént injrgcording data on the area Y. Conversely, when information
indicating that data has been wiitten on the'area Y is recorded on 2 predetermined area
of the information storage medium, the drive A performs OPC af recording power that
is adjusted considering that data has been written on the area Y.
[72] To record data on the information storage medium, the drive B reads disk related




formati on storage nmedi um having a plurality of recording |ayers

i ncludes performng OPC on a recarding |ayer fromthe | owernost
recordi ng | ayer upward when the infornatildn storage mediumis
inserted into a drive, and recording user data on the sane recording
| ayer subjected to OPC before perform ng OPC on an overlying
recording layer. In this case, after recording on a first recording

layer, OPC s perﬁﬁﬁ%ﬂggﬂh RroRSERAARA Oh 4 rdGrdaBY Rdeionl BRI SrioRiiie ©PC, In

t he net hod al | ows, user ta to be | nput continuously during, OPC tar
the second reobi tdi§ ﬁ@‘“{iW@ﬁf,‘f"%ﬁ’E&a@g ﬁ#@ﬁaﬁu@eg&&ﬁ?‘}%'g‘h?ﬁt% df et
a predeternined aesouded onthedafoanation istoragPGeiliam tha deireBl firdt BprdRdéte pr thagrea
| ayer i nol udes seyuine iokfall it edath HALEpHImUY ORS Whdugetbiip OC,
when the infor mathoiveEhiTag f ?{?W‘giﬂ? ?‘Ps@? bepy Wfléheflﬁ%w&%ﬁﬂg@ﬁ%ﬁa
sequenti al |y recdnditatigg dmt datims besnhwrittenendicrageal Bges recdidatie reglondelg doe in-
not require a mr}p@aﬁs,sz&%%nem&afgg abRaRQUS N continuously
: : X .
e

recording data w thout Interruption, . Referri o FI 2, an, .
apparatus (18], a dFEExFRRIGAY P .@ﬁ?@&Eﬁ?&Eﬁ%}%&rﬂﬂ TRAtiaR 1pgigating
i nformati on st or agetieeditiinas Bearrwrittedichghd avezli obnfistiecnrding biyerthay be recorded -
present invention_i d I : li ng/ reproduci ng .
TebE88e3 ot Yodlig Al 20060

si gnal processor re specifically, the

an e .
pi ckup 50 i WAl udes Bytp&@?%qqﬂaa@@ﬁﬂam s a beam a col | imating
| ens 52 that7s5¢ol | i ngaoaRodtelMearReeaided ed by the. | aser diode 51 to a

paral lel bepy a DDt :RfmalfonloB HnoHBAONE fark Bt tREORAGH dxlind? o buter
of an incident beam and ai ti Vi l S at. focu . the m
passi ng t hrough t%@“’ﬁgéﬁ??% Iq(‘)? {)gé a@ﬁselo ?ga‘ldﬁ[glé%‘sgy??ﬁ? Pﬁé%ts r%@?ﬁ may
medi um D. [ 63] The rowated pefdlews.adng Zdmiashe i nf or mati on st orage nedi um
Dhi S {jef | eciggl bY( tﬁﬁeb@@@(ﬁ@(&lb@bﬂ—ﬁﬂbﬁ@&r&eﬂohlilﬁieﬂﬁdtou&ﬁcir&nmfereuces,
phot odet ect 57 (e , r.ant, heam. i .
Byt he- phot bifbc ect oot poPuBHE a0 ORiR R 1! Blodmecles, BEOHeA SR B
oper ational circwumf@ecand out put as a RE or a sum signal through
channel Chl and as eomusbe@od)->sRagoakd bihinaagircaniichée nemedoededongnlat cir-
channel Ch2. |[64] u&@%&{cg recording data on the information storage
medi um D havi ng e II‘SB an% Sﬁ%ond recordi n? Iaﬁv}er S?#‘el gnd L2, the
control l er ¥ perf ofFhE GOHALY -Grikegorded pr Bipgrfnfl RUPEACHREEGE | on
storage nedi8lh D t oAs d¢seribedrabotelthe Gt Fovu ity fooe by intpprrssii izformstiar o @5 e
t Ei s funct : Fn, agiﬁxgér 8GR ShAYa b SfolBying & Lith feptesert fbretiation drathe butkd pir-
the controller 7 tects ' s ON
srEp ety B, 8RR E R ¥ Lt g Al

of the first reco . er 1 radi a : t beam @&ﬁa&g‘
OPC test foi82he seS,Eﬁ?éﬁCPﬁ)bé? axfﬁglap%fywaaezm%@{‘an% 8t 2pfl secopd FEGRding
10 record data Ofayds LeastLIaapbdatd iorcofded fremftherfst reaondingliayeg L04y B seqond

th h which th i
Du; Ioﬁg ‘ hel ((:JDC i grg{of?&i%lﬁ%?%lﬁigfﬁp pt‘r;z'tggé GocRBd bQbWtHRirit hofdesd laydr £5] A

al eads cont.r.0l f n
such as refl ect i rivy mayuss Bormaling, onawy e%%?FW?P%rtel 3}1#%%?}?5@5’
t hrough the pi ckuprobgh ehith dedstbenmfesOPE gassystin performing KRG ngeqoede the second
using the Contfolre%d}&iﬂgﬁg 10N ¢ Al N8 ormbet FHOORE BislRE belf wilkte Whth@area, the
e Irr

recording beamto | i at fromth I, C 50 _at..no '
power obtai ned duFiVEGa R ?@s&,gcé‘ﬂn% ﬁ%?"%ffgfbél%m’goéma%%oéggg % %thaha(tacly
i nformation st or agerdagiOBdXausi ng t he recordi ng beam [66] To,
reproduce t E‘@.l]t hus Tﬁ&%&ﬁ%@eﬂ%&ﬁaylﬁ a?ﬁﬂh@"té ghheri g idfoRMatibi storage medium

r

i nformati on storage, nedi um D passes ou t he obj.ect] . ..and
the beam splitt eriavisg Mugeof ql%rgfcr‘f@%a’&%y G ﬁ{}w c%?ﬁb‘?%%%t%%@ér‘?@??ﬁﬁg
beam i nput to t hesubjectedtbe®RE tsdradisted with i test hepminformeion hedicaling whether data

el ectrical signalpRyedditRR@hah bR SlrowphihidhithSiBst Bedin Pastqaid reasrdechoni pre-
signal. [67] A dr| 1

ve accordi ng.tq another TEN
i nvention may i nc#wnéffgf%"gﬂ?&'ﬁ“uﬁ“%ﬁ St&%@%&%@ﬁﬁ%ﬁﬁ%?%ﬁ gg‘g’&ﬁ% fhe

: plurality of recording layers using the same information.

|
i
Ly



[ 73] For exanple, to perform OPC on a Second recording | ayer,

i nformation indicating whether data has been witten on the area Y of
a first recording |layer may be recorded as follows, using a byte X
in the informati-on zone: [74] Byte X 0006 0000( 00h) -> Not. recorded
[ 75] 0000 0001(01h) -> Recorded [76] Meanwhile, information on

whet her OPC data has been witten on inner or outer circunference of
the OPC areas L0-23 and L1-23 as shown in Ha 5A and 5B may be
recorded as Bl | ows Hegsian PEL thy vare mdy B HisBysed in¥in 2000MmeD0R0{ QR Jata ea.

Not recorded on i Wigk Fi@¢ 3084 & lluekdts A0 BE RAERSrealsf ) t%QQﬁ’xe test zone, a'test area
0001(01h) Not" reco i nn recor r’t ’5”?’9
cunf erence [79) ooé’%?g‘ég%{‘ﬁﬁ SW@“‘E@%&‘PW FFﬁ‘é‘PUféan%unf erence, not
recorded on (&t er cumehm,mm&r@amqnamﬁaam@m(mas b&nﬁ&ﬁ@ﬁdﬁfme@féa’ﬁs
i nner and out er Cicesrdsd £hE rnghe f| re

four bits of one @;{_{ ggf: %?iet szi??‘sagﬁﬁ@ tﬁ]bS?O@%?metdn& ditveB

ci rcunf er ence, § W&lnﬁpﬁ‘i"%ﬁl Eﬁdlé‘étéﬁiﬁonﬁﬁ?@gdﬁfﬁ% hegrbeehe
outer circunf erentYé“eﬂAQﬂtféﬂPvael y, either informon may be recorded
using two bysals. [ 82]driveResrding@lah¥mb f

I ncl udes first anﬂ% ?&{5 %2; gl‘:dl I 5 %@f@%é&;zﬁggﬁlﬁgﬁkﬁ
recorded fromthe (&L T8 @ gertorm
| ayer Li. A pi ckugpﬁﬁwa@énﬂebmiﬁdtmmet he first recording |ayer LO

A drive may[8e inf ﬁhﬁﬁbhﬁho@ﬁbﬁ@@h@ﬁﬁm‘i@éﬁdﬁg{ﬁ aﬁ‘éﬁ’lﬂocﬁtﬁ&ﬁ fllthghyesent
witten on an ar ass

performng OPC tgﬂr ecorWlﬂ@r‘%@@Bﬁ%@g%?’ %d?t%i%ﬁ’e‘?ﬂmcqf@d@ﬁén area

i nformation for Cheugihghishe beasefer PCipasses, thys tiaking reeardink oé sepaiiaie\daa fTRYOPC

per f orm OPC usi n@pubmlwio&mgad ddiEQﬁwt&&ﬁebas%&s@ﬁ di’blﬁt%ﬂﬁzﬁi%he' y

di OPC dat
:n?f'?lr : gger i nf gl"%&tl on st or a ge?tt %Xﬁ?‘&??%?agéh“ﬁmm%‘h?éeﬁﬁrﬂﬁ’gﬂ&m

layers. In this & chrew?vﬁ%tbﬁ“ ?‘H‘Ffﬁg‘e‘F“éfW@ﬁn BBCasasubj ected to OPC
i s irradiat B8Iwith Aneed tbeaond/ repbdur it ﬁﬁﬁbxﬁdieﬁﬁbtdﬁoﬂ’@t@ia@@he&i@&la

has been witten a@ébrﬁﬂg & ﬁ%ﬁbb&ﬁié%fm' ﬁ&eﬁtlﬁﬁleﬁ@o%ten er[ Rfﬁﬁﬁﬁ% an gF[ﬁﬁl,llm

ded t
and OPC i 5 per | of REUHERHUBYE e ol s S OO0 TR AL

same i nfor mati on.medipm having a plura[:ty of recording layers. The method requires a test to find the
optimum recording power for recording, thus achieving effective recording/re-
producing characteristics. The present invention allows data to be recorded/reproduced
in an order of recording layers from closest to farthest from a pickup, thus providing a
recordable information storage medium capable of achieving consistency with a DVD-

ROM.

[89] The present invention also provides an apparatus to record/reproduce data on the
information storage medium to perform a test on & desired recording layer to find the
optimnum recording power,

[90] The present invention also provides information on recording of data needed for

OPC s0 as ta select recording condjtions for OPC according to a type of a driye, thus
enabling more efficient OPC.
[e1] Although a few embodiments of the present invention have been shown and
- described, it would be appreciafed by those skilled in the art that changes may be made
in these embodiments without departing from the principles and spirit of the mventmn.
the scope of which is defined in the claims and their eqmvalents



[84] Here, an OPC test zone may be disposed in an area other than a
user data area. Wile F1Gs. 3 and 4 illustrate that the lead-in area
20 contains the test zone, a. test area nmay be positioned separately
fromlead-in and | ead-out areas. [85] Megnwhile, when information
i ndi cating that data has been witten on the area Y is recorded On a
predetergLapgs area of the information storage nmedium the drive B
perfornms OPC at recording power that is adjusted considering that
dat a has beenvwat istefimetiid: he area Y. [86] - A drive according to an

enmbodi nrent of _the present, i nventi on controls _the pick 50 to read
"nfor nat | o cbnoor AR RENOHERRAHCAOHIBER A § [4shidable PEhalRp storage
per f or m i@etiuirhavingeapleralispsiabtortingOayisheusing ¥ ickliS, the Aethdal ripkingn
storage nedi um accorﬂl Hg to aﬂ enbodi nent_ of the present invention
contains i nf ofsRBINGHNE AATERR PHERHARTHUGN o & RoNdDapRYEr et waigh ahest heam

area t hrguym@ antiptihush Reanlind Pdwdrdasbaserg’ . thus making recordi ng of
separate data for OPC gptional accordjng to the tépe of a drive. A

drive possessP#EPMOIBG QP HBeYVRICHEP FRPiRAeleBIINed rereEding lgyer.
record separate data, thus reducing the recording tinme and increasing
the utilization efficiency of an OPC area. [88] A nethod to

recor d/ r epr odfipt eH & mEROE of £lali 1t weereiiy e pattios f regeegydingdaien aprresponds to

accor di ngadk cafaPBR aingRed: Habm. t he present invention enabl es
determ ning an optimum readi ng power to record/reproduce data to/from

a recordabl e information storage nedi um hayy g, BsilH E’ﬁj};y of

recordi ng | ayers. The net hod n @Bt @sd=test 10 Eu_lg tzhe. _opti num
recordi ng power for recording, thus achieving eff8ctive

recordi ng/ reproduci ng characteristics. The present invention allows
data to be recorded/reproduced in an order of recording |ayers from

cl osest to favw@@tsk,r%ﬁﬁ%, gne¢ R @enoteruibickpess of iarfpaser layas bghtsies each of the
| nf or mMaty|Q4ii§ P FRBRIIMPIE) B rARARLE réorditdllag¥l Qgraeleaﬁdh'%s%%riwéntage@um of an
DVDROM [89] "The present invention also provides an apparatus t

recor d/ WS RidR miractie indexehie idermation sipsagrempdinmi tespestivelym a
test on a desired recording layer to find the optinum recording

power. [90] The present inventjon also provides informtion on

recordi ng of Hata He<BRod 6f clapt? 95 2a4hergindataistresasdest i angréeiiredosding
for Ot |AGeEntodest 1 fhiat fbmanghickep. t hus enabling nore efficient
at. [91] Although a few enbodi nents of the present invention have
been shown and described, it would be appreciated by those skilled in

g he art th?t zphan%m d‘@tﬁo@@fﬂﬁﬂe‘l igﬁzl\fﬂ}ﬁ‘@in,efﬁﬁ&ﬁééﬂ_?&hg d&{atahoyﬁeﬁording layer
eparting front the princi an irit of the invention, the scCope
of whi clioetedigpsastip i POKUbPEF R Pe MeA QM neRE VI8 EproEding ieyeicsferes
What i s re¢arting datason the overlyind reobrdilj lager. t o recor d/ reproduce data
on/froma recordable informati on storage nedi um having a plurality of

recording layers using a pickup, the nmethod conprising: recording the
data on at |east Theehdthedobélaitn 1 6ER whetain] Befere rebsraingisehdih oa thee St

beamto . find an ti mum recqrding wer passes; and perforni ng
opt 1 mum B IA OB HTRG ey GHC B RGeS Prrecel ey o B eRE N pusrs.
2. The nethod of claim1l1, wherein the portion of the recording |ayer

corresponds to tracks cont a]j r]e_d in the test beam . ,
6. The method of claim 1 or 2, wherein, when the plurality of recording layers

comprises first and second recording layers, and the first recording layer is located closer to
the pickup than the second recording layer, the data is recorded on a portion of the first
recording layer through which the test beam passes before performing OPC on the second
recording layer.



Nunber of Traci 2.5t tan [ sin-}( j\CAX re wherein SL, TP,
NA, and n denote a thickness of a spacer |ayer between each of the
plurality of recording |layers and a next recording |layer, a track
pitch, a nunmerical aperture of an objective lens, and a refractive

i ndex of the information storage nediun11§espect@vely. 3. The
method of claim1 or_2, wherein data is, recorded:. . Q. ;
recording | ayer g- f r onh@MsERE Pt piginy @?'ﬁ'@#ﬁé@?@? S?H%PHQ Oﬁrﬁ%fﬁégséﬁoq;n OPCl
The met hod rgdor@ddinatleset o ofelesdsinmresdriden lend-oorateany timinforoation storage
recording |layer |ocated closest to the pickup, OPCis perforned on an
overlying H@%@Fﬂing | ayer before recording data on the overlying
recordi ng | ayer. 5. The nmethod of claiml or 2, wherein

e for e on t ng. oP St Rlshodbr Hlfh 1 HrRtm edbnbl HideR P AU ftast ono of

performed on the* plu recordl ng /ers. e met hod
of cl ai m 1 jitter, &ymwdegrea\bfenodufﬁéiop.lqw%flepg\ytmf recording | ayers
conprises first and second recording layers, and the first recording
| ayer is located closer to the pickup than the second, recordin

| ayer, the data% s r&emgtwdehclainpdmhesin Bre °L°ﬁ€°[1"'i‘f?"§lat'?'él:°’6?9cﬁsf'|%dlag\?'ér

through whi i i BeREBayRe tHrOgH wHh@teatbddnepasses.
second r.econrg |rﬁg§F%§§b.ﬂb§%ﬂlm%%re 7. ?heﬁmet hgg‘ of claim1 or ?,

wherein control information to performOPC is recorded on at | east

one of a |ead-iRpar egnhapftidddtadndUbr Ardreininidrmation iodicating dhrat sheodadaybas
medi um 8. The nethod _gf -cl ai.m erejn.the .
i nf or mat i orPeEAMIfiEReN g‘[e Rogtioaiof gﬁé’e%ﬁd‘]‘ﬁi @3¥¥Hm§§b%{4®fﬁg§%§®é’ o A
nodul at i on,re@rdédef | ectivity. 9. The nethod of claimS8,
wherein the control information is neasured after . -recording data on

the portion of the recording |layer through which the test beam
passes. 110. Fneapparatusdo wicorsiraprediceptatpon/(ipie adesordapieinfarpatign storage

i ndi cating that the, DRES rédckditERyS8, thbBpmestié esm@fsirighe
recordi ng’ Iné%émt ?(')n&g]ﬁgsmﬁla@ﬁ It he r%y'(eog%'ﬁ _%Zlm. _agsgiw?s rec'grsggd.

11. An appar at ug ni@umr@ﬂlaiwa@&eé@m@aﬂ'ﬁofﬁﬁﬁ'w girage Mediiab| e

i nformation storageraRgireprodliniy sighel proessser rpbaiving & byarofeflesied frdimnibe

| ayers, the apparatus conpr,i sing: i ckup, irradiati pheam ont o
t hg i nfor ndpfpg'gptigpépo&@@ rﬁg@yrﬂ I1[litrgug.]hathg pféléupo for sngﬁg p?chEQnga.ap@ :
' a confroller detecting whether data has been recorded on a portion of a recording !ayer

through which a test beam to detérmine an optimum recording power passes and performs

optimum power control (OPC) on a desired recording layer to record through the pickup.

12.  An apparatus to record/reproduce data on/from a recordable infqrmaﬁon storage
medium that includes a plurality of recording layers, the apparatus comprising:

a pickup irradiating a beam onto the Ihformation storage medium;

a recording/reproducing signal processor receiving a beam reflected from the

information storage medium through the pickup for signal processing; and
a controller reading information indicating whether data has been recorded oh a portion

of a recording layer through which a test beam to determine an optimum recording power
passes and performing optimum pOWer‘:pantrbI"(OPC)‘on a desired recording layer to record

through the pickup using the information.

13.  The apparatus of c[ai'm 12, wherein, when the data has not been recorded onthe
portion of the recording layer, a pickup is controlled to record the data on the portion of the
recording layer through which the test beam passes to determine the optimum recording power

for recording on the desired recording layer.



a recordi ng/ reproduci ng signal probessor receiving a beamreflected
fromthe information storage nedi umthrough the pickup for signal
processi ng; and a controller detecting whether data has been
recorded on a portion of a recording |ayep through which a test beam
to determi ne an opti rrum recordi ng power passes and perforns optimum

power control (GFC) ¢ a[Q: bé 9ldcie{n‘ﬁc1‘2rdr“|Q,Q.Nﬂé‘éfﬁﬁnf@rﬂlaﬁ@@mﬂﬁaﬁﬂgﬁﬁaﬁgﬂm data
t he pickup. 12.An appar tus to record/reproduce data o

r ecor dabl e hianbeemecoidrd on eapationedithenesirding fayer thrrugh ¥hig JP%%P{]WBT passes is
recording I él%orrtﬂgrrﬁ’&%ﬁ&%’éraﬁgmdlﬁ ng: a pi ckuro Irradl ating a

beam onto t ormat 1 on storage nmedi um

recordi ng/ reprodum ng signal processor receivVving a beam refl ected

from the informgi ontaé Qﬁﬁ?ﬁﬁu%ﬁbleﬂm 12lor a8 Mhdrbia thaa infotrpationrstaragmaedium
processing;, and a controller,_readi n% i nfor matl N d!%ae edlgg H{%Eifata is
data has bdegHdesfuprawtion An QPR FSRrOmg PV XY b? ﬁg gﬁ Arou

which a t eshedi@ster e cﬁemeﬁmm régdraing IEWMmegmwucmgmemt@eam@sw agdavhen

oL BT o oy o Sl s

of claim 12, wherein, when the data has not been recorded onthe .

portion of t he I cor ng_la | lda gt,reg&gédjoﬁmg
data on the por ib ?Prp t§%8fr ﬁ]g{s:'(g&g%ﬂraﬁ]f {h% Wﬁdq h

beam pass eanoﬂmnd:etrerratondmg twerpﬂﬂmﬁpelé@med |Uﬁl§9 rﬂ%ﬁr@“”\“—'ﬁr reP%fé'E‘E (WW@" gpnditions
the desr re % to find 1k optihRinfRB&ERGYoweF. Cl ai m

12 or ﬂﬂ{tﬁeréef%%&?ﬁ% r’%"{?'gﬁ a(‘:z(a)t I|nng tcr)rpat t he datg has been .
recorded on the portion of the recordlng | ayer through which the test

beam passes is recor desbiRy ﬁ,gﬁrfbm eptiiRirh pﬂuéfrtdahﬁ@QOHByﬁou gach recording layer in
15. The apparatus of claim1

nedi um i ncIE!!’d@@fmfﬁpﬁF%@Q%EQW%V'P%WW@&? d'Fﬁodd'B%\%?rsbong&[tﬁ)qﬁé?rgﬁsmg
be applied when rééuﬂ-\gd@inﬂrohﬁfoﬁﬁabhﬂed on the portion of the recording

| ayer through which the test b i

recorded on t he PSBPHTIAHC E’ Fr? Say?ﬁ@*éﬁr{@ raﬁ%toﬁré\ﬁﬁra}% e 't est
beam passes. recordidd us<Fldataapypibe atsu@corﬁmll@rem 15, V\/ner ein, when the
data is not rec rﬁ‘gr(?n Rg{] vfhhgth%qs%r a%fmﬁLhebP@%ﬁra@e@&\d rR¥&Hding dr§posed on
performed using 't

I mumreco gOV\BI’ condi t1.ons

separ at el y thefrst @pwgmgri@edéﬁt"@"et"bthﬁl Lﬁ’ﬁr '”BBtt‘r"?r'ﬁrﬂeFf%%’f‘%Bﬁé % Pecond

17. A met hoded@ing Ry Eﬂ%@o‘?&i in AR RENRK aGafér ekl dedBfing te @RAC bn the second
recording layer Tn an inf (ﬁ%{%’[l on storage medium having a plurality

of recor di M§CTdip@ fayer isgam 08" conpri sing: readi ng control
i nformation; perégrdhdg the@ser duta an fhersstondreorrdingdayenyer of t he
plurality of recordi ng | ayers; recording user data on the first

‘recordi ng | ayer; perform ng, whi]e the user data is |n8 t, CEC
on a second recadsdi nghe medhoddifslss 48 farher insludings guring OSHaNHRY Ph{ran the first

wherein the H&SIFI? gﬂ%ﬁ%ﬁrﬁﬁorﬁ’l\{ﬂb oiens {hgrs%cﬂﬂ rgg&‘dlﬁ@ |=hyBe réz@Fg tdntrol information

recordi ng Iayer Menory or a fer until er orm ng
t he OPC on intledingetdenst peeofrafiengviivaijtier qegre@(girmogplggon %fr?ﬁy ‘di.ng the

user data on the second recording | ayer.
19. A method to perform optimum power conirol (OPC) for each recording layerin -
an rnformatron storage medium having & pluralrty of recording layers, the method comprising:
sequentially performing OPC on each recording layer when the information siorage
medium is inserted into a drive; and
‘sequentially recording data on each recording layer.

20. The method of claim 19, further including, during performing OPC on each
recording layer, reading control information including at least one of reflectivity, jitter, degree of

modulation or asymmetry.



18. The method of claim 17, fui-ther including, during performng OP
on the first recording | ayer and perform ng OPC on the second : :
recordi ng | ayer, reading control information including at |east one
of reflectivity, jitter, degree of nodul afi on or asymetry.

19. A nethod to perform optimum powgr. control (OPC) for each-
recording layer,in an_informatiaon storage. i L ' AYN

bf recording | ayer s,%‘ntaﬁﬁarﬁ@gﬁ%ﬁe%%'g?{%g?@?%gﬁgbﬁ%rngi%él}g%ﬂaghﬁy%ﬂ&n storage
per f or m ngnddRich trat Baltides e ploradityrod récyding lapers, théyeppatos eaneprisingst or age

medi umis insert LRLo. R drive: kibkthdsab §RRANA:Ng data on
each recordi nga|P$§‘8Pma%'£‘”35b§5m @%gth%e%?ﬂog o? C| gi m 19, ‘further

i ncl udi ng, dur en@piwEhEoenePNEPCCSIE) sactrliceraifogning QPLy et a recaudingfgver from a
control i | 1R86rbiAG 13V v wheRHe 1RRR 9 TrrddRtddisiid Mk inforniibh Storage
degree of q%ﬁl‘agﬂtrlggﬂbfgg dggy"rlﬁrﬁrvetry. 17 21. An apparatus to

recor d/ r epnesilide data on/from a recordabl e information storage medi um
that includes g RiHblorbifFepf recording layers, the apparatus

conprising: a pickup'irradiating a-beamonto the information stora

red um BTSSRI AR D SBHALRBT-E eSSBS BPG e gt ARG e
OPC on a ne&Riifly Rer subRictddte OPT ih @wememsty oréietsuferng | ayer upward when

E) Pebgf??ri; sirrs ?‘g:ée % g@ c@%& g@.ﬁ%@%‘%‘éﬁ% ?ﬁb&gﬁgﬁa%r%&gg@&&%mﬁ]g%%d

r ecor di ng/regpdotie tsagdidiaputiaringl 0PE afthe dverlying crediding ey, end Snehineaioeydr

0, P A BBERLY e RSB e RSSO A SRR bt

user data input during OPC of the overlYing recording |ayer, and the

menmory or buf f ‘ig. s A}‘{%ﬁgartaﬁls% RcErairBroHSE dRbRrdH birkodribldRfdihstion storage
ng l'ayer 1's conpleted 22

overlying recordi ) 3 _ . An apparatus to

r ecor d/ r epnestine that Bickiden? plusiypf recortimhiByersi the 8PRARRIHSFPRRTIYge medi um
that includes %_pﬁ&&b@rﬁoﬁa&ﬁg@fatb&%%w L idf@lwt%ﬂis? ﬁm@e?mam?_t us
conprising: a pickuyp irradratin eam 0 the.i.nfotnmati raqge
mod! um 2R OB R BRI SoTT Bt s LA PP LB R bR SR
per f or M ngeédding ryensten tae death Rgrhdigied onteehe irfiembtiamstorage medidimaed

onto the information stor . j ; :

recor di ng/ r epr Edeeqr |Bg}£%gr§cg.1 m%%@ggggsrgfr?&g%rqsl? %?rlltglllyq ?cord[nglreproducmg the data

r ecor di ng/anegacih creording ley@. dat a on each recording | ayer. 23. A

di sk drive having stored thereon predeterm ned optinmum power control
(OPC) informati-on with respect to an infornmation storage nmediumto
elimnate, priog, toaRmkdkEhaendEEredRictE@Tpredétvanitdt dptidinegowar eantadl (OPC)

the i nf or ot of Lof age Medl U Chr QUBR W D B DR e EA8 o Ui ig

OPC, prerecording data on an area of the information storagé medium through which a beam

passes during OPC,



