1 Description | NFORVATI ON STORAGE MEDI UM AND METHOD AND APPARATUS
FOR RECORDI NG REPRODUCI NG DATA OV  FROM THE SAME Technical Field [I]
The present invention relates to an infgrmation storage nmedi umand a
nmet hod and apparatus to record/ reproduce data on/fromthe '

i nformati on storage nedium and nore particularly, to a nethod and
apparatus to record/ reproduce data on/froman in- formation storage
medi um having a plurality of recording | ayers after performng
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on the 8.5 GB Qgghﬁggo%g&mﬁl(@ﬂagr ecordabl e disk with the sane
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capacity is requir S, torealize a need for a recordabl e disk
having at least first and second redéadkignoundpets, it is highly

desirabl gzt 0 havesy Eﬁﬁ‘glh%l?g% pfeﬁ'ﬁmﬁ?ﬂdﬂlc%hﬂkﬂ}gcor&iﬂgge%?dﬁ?iﬁg to/from an in-
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recordi ng | ayersd &7GBDVD+RW, Furthermore, a high Definition-DVD (HD-DVD) or bla-ray
disk (BD) with recording capacity of over 15 GB and a super-resolution optical disk
that may read data recorded in a pattern of marks below the resolution limit are
currently being developed. -
Disclosure of Invention .
~ Technical Problem
i3] While only single layer 4.7 GB DVD-Recordable disks are commercially 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 DVD recordable disk with the same ™ -
capacity is required. Thus, (o realize a need for a recordable disk having at least first
and second recording layers, it is highly desirable to have techniques for maintaining .
the same recording/reproducing characteristics on a recordable information storage
medium having a plurality of recording layers. One of the most important recording/
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 pluralify of recording layers after
performing optimum power control (OPC) and an information storage medium to




perform ng optinum power control (OPC) and an information storage
mediumto 2 which data is witten by the nethod. According to. an
aspect’ of the present invention, a nethod records/reproduces data
on/froma recordabl e informati on storage nmedi um having a plurality of
recording |ayers using a pickup. The netdhod i ncl udes recor di ng data
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recor di ng |&fR¥iacie indesaticte infomeationsiarbge piediump, rescivainya rlimnbeﬁofmqts is
on a portideterofinddnesirfg the folloaiqy eipgiohayer through which the test :
beam passes before perform ng OPC on the second recording |ayer. At
| east one of jitter, asymretry, degree of nodulation, or reflectivity
I-s recorded on each recordi %I ayer. cQfgling to another aspect of
the present invention, an i# MEGMS (m*agej] medi um conprises first
and second rM@'ﬁb@Mﬁ@fﬁc@e&c either contaifling a lead-in area, a '
user data area, and a | ead-out areaZ#herein data is recorded from
the first recording |layer to the second recording layer. In the
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According o another aspect of the present invention, an information storage
medium comprises fi rst and second recording layers, elther containing & lead-in area, a
user data area, and a lead-out area, wherein data is recorded from the first recording
layer to the second recording layer. In the information storage medium, the first and
second recording layers respectively include OPC areas. Data is recorded on the inner
or cuter circumference of the OPC area in the first recording layer, and OPC is
performed on a region of the OPC area in the second recordxng layer disposed opposite
the region on which data is recorded to determine an optimum recording powet.
_In ancther embodiment of the present invention, a recordable information storage
medium comprises a plurality of recording layers, wherein OPC information is stored

indicating whether data has been written on a portion of a recording 1ayer tbrough
which a test beam passes to determine an optimum recording power for recordmg ona
desired recording layer. In this case, the recording layers havé an OPC area and the
OPC information contains information indicating whether data has been written on’
inner or outer circumference of the OPC area. E_ach of the plurality of recording layers




i ndi cati ng whet her data has been witten on a portion of a recording
| ayer through which a test beam passes t@ determ ne an optinmum
recordi ng power for recording on a desired recording layer. In this
case, the recording | ayers have an OPC area and the OPC information
contains information indicating whether data has been witten on
inner or outer circunference of the OPC area. Each of the plurality
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through the pi cRasges apd gjridrms spomhmrpoprbadink@PC) phe desiesieadordingy pdrifon
provi des an app@f;@;ﬁg%tﬁ@uérpﬁgbﬂm .reproduce data onifroma recordable
i nformati ﬁgﬁstora e n%?r u%étgglleuoxi) ng a plurality of recordi n? | ayers
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information. [ 1@?0‘9@%?1“ HEQrHomela eeerdiga dqyer @\%’rggé‘ﬂm%’rﬁ e deyn e degmmre
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recordi ngli¥yer. MiadaRis Aot Hsen eaeedon ha podian of heseqeeding leyeos piekp is
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recording layer. Information indicaling 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 medium. '

[15] The information storage medium contains information indicating optinum
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
layer, 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
learned by practice of the invention.

Advantageous Effects



[ 15] The information storage nedium contains information indicating
optimum recording power conditions that 4may be applied when data is
recorded on the portion of the recording |ayer through which the
test beam passes and when data is not recorded on the sane. \Wen the
data is not recorded on the portion of the recording layer, OPCis
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of a dual |ayer mMmethod fererend/reprodung dataediftom the irifbimumsion 8fof@e mediunr according to

---- nethod to h@%ﬁ&{hﬁ&&l’o@%%cseﬂqé%nﬁ&{.fI'0mthe information storage
medi um aCﬁQ di ng Eq . embodi nent of the present invention; [21] FIG
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formation storage medjum according to an embodiment of the present invention to
determine an optimum recording power; and

[25] FIGs. 6A and 6B are flowcharts iTtustrating processes of performing OPC in a
method fo record/reproduce data on/from an inforniation storage medium according to
an embodiment of the present invention. '

Mode for Inivention

[26] Reference will now be made in detail to the embodiments of the present invention,
examples of which are illustrated in the accompanying drawings, wherei: like
reference numerals refer to the like elements throughont. The embodiments are
described below to explain the present invention by referring 1o 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 medium performs optimum power conirol (OPC)



[25] FIGs. 6A and 6B are flowcharts illustrating processes of
performng OPCin a nethod to record/regroduce data on/from an
i nformati on storage nedium according to an enbodi nent of the present

i nvention. Mdde for Invention [26] Reference will now be made in
detail to the enbodi nents of the present invention, exanples of
which are illustrated in the acconpanying draw ngs, wherei:: |ike
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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,

(321 Table | shows jitter, I3/114 modulations, asymmelries, 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,

[33] Table 1

[34]



recording power of 15.1 nmW Ttop of 1.45 T, Tnp of 0.65 T, and Tdtp
3T of -0.03T .are used for the first regording layer LI, a recording
power of 20mW Ttop of 1.65T, Tnp of 0.70T, Tdtp 3T of -0.03T.are
used for the second recording layer L2. Ttop, Tnp, and Tdtp denote
the duration of a top pulse, the duration of each pulse, and tine
shifted froma reference, respectively. Here, basic recording
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1$.9/0 Recording L1 after after recording L1 recording L2
Recording L1 Re@8isfivifenbirem Table 1athe &rst resorsing Iayerd.. maintging 8ifmodt 06 dame

IEF00, o D stian, e vt Sl
val ues of ji ttelﬁe,%&fg%f%f °f_§9/“r?ﬂé‘% W{&i&e(fﬂgf,%oﬁl&egﬁ@qgggﬁg&% F¥kibifs varying char-
(Refl.), regar di¥gBties depheding arctbe diconling seqeencs. Thegis,eriee dataiid itdre se-
second recor di NgudnBey frb dRXfEd EdcRdMA b RY  sec d;g%dé&i}lg er 1.2, the

-I.

dependi ng on the _recording.sequence. That, IS en date 1Tt

se- quentially ?efgﬁ?ﬁ%rd]f“g 1 ﬁgt%‘g&ﬂgi frgm siggiicaqt; vagighiops, in jitfes Grymmetry, and

recordi ng | ayerrefigctivifyeWhsmedanid wrgoriihegeleay @rdedr Ahssebbmt sedriiaglayer 1.2

significant varhatehORsmidis bireliBho in 8R4 UIBLEKsRA reflectivity. When

data is wr%sbnt en i @E«ifgjever se %ég_er , .the second recording |ayer L2

suffers fLomh | ess 2P PEHECH! ‘El?"f"@f?éﬂngg‘la’é‘f“ie%ft}cé §reasured affer 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.

{361 Table 2

[37]
Recording statgFirst recording layer (L1)  [Second recording layer (L2) Recording state

Jitter 124114 [Asym.  Refl.  |Jitter 1i3/114 lasym. Refl,

Recording L1 ' Recorring L2 after
- [ 0, 07, %A .
Egte(r; g%co{g;dlng 8.2%0.258(0.087 [16.3% |9.3% 10.250D.052 18.8% recording L1
Recording L1 Recarding L2 after
after recording (8.2%(0.272/0086  (15.4% [9.8% |0.261 [0.060 19.1% .
L2 (150%) o : recording L1

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, asymmeiry, and
jitter when data is written sequentially on the first and second recording layers 1.1 and



[ 35] Table 2 shows recording/reproduci ng characteristics neasured
after data is witten at recording powers that are 120% and 150% of
the normal power. During OPC, a test is performed at different
recording power levels to determne an oPtlnun1record|ng power
value. In particular, since the informatfon storage nedi um once used
for a pre- detennined period of tinme may require a recordi ng power

hi gher than a normal power due to surface contamnation, it is
necessary to performthe test at a higher power. [36] Table 2 [37]

(1-2) "Rocor di ngyst st T Leor Lo g ek R R e REPEOL A 1Y Rlcatvey
Refl. Recordi ngr,E:f @%&% é 1tt ‘fter recordi ng 8.2% 0. 259
0.097 16. 8%l9. 3% @SM@S@@@I{QM@% ambbahbvn,gh&ﬂirstﬁcérﬂﬁiglﬂkrﬂegmwh ng
L1 Recording L2xmicam, aeféao%ng ardh 0 4% 9. 8%
g

et oo s Bt LM S i
recor di n?{1 r epr ogheniizity tmhaéﬂfst e1d s&&dn@&e@!@.ﬁ'% E.Srerﬁ']g_,glﬁﬁ‘d[}'_,ﬁ %‘@éegédagecordmg
power s, e secgpd 1y ] ayer ers from I.cant
variations in re?%ectsﬁgf?%%ﬁgs a% n fhepeor W@%‘%@%l arac-
written sequent ieEptioy. Bwh Nﬁ@bﬂnﬂﬁwlbﬁmnﬁamtﬂaucedm nhajnghdngggelepenHMgaﬂd
7 L2. As conpaﬁ,gahewt&g Bé;h{]ig‘s rval, t1
i ncreases, but refleélr i E% an a%%#%g&? renaln a Sﬁkd s?% £
[38] As may be E‘?&%fﬂmﬁ gdrapsmgitigies ra%@%lhe efieet pf %tm@mpﬂmg
| ayer LI [@]I ittl Meaa*fvhm;iteﬁndayss&yrt@pﬁ:ﬁﬁmrﬁﬁ@ﬁ&@@@&oﬁ&n@nsr lﬁﬁ%ﬂ\‘ang _
R
quentially on t%&mﬁWW%@Mﬁﬁﬁm§@U@ﬁudmg@qrdmnggbhyeﬁsmtksmmﬁrt@comﬁﬁmm it
~second recor di ng podsitjeto flnd isddcbabs ﬁﬁtﬁﬂn&b@i&]ﬁg EREr Wi IyOh%ggﬁ%mh;&{ he

recordi ng/ repr ﬁo‘ﬁ?iuggsi%rﬁ ac- teguﬁ I C: Sucl_ r| atrl ons t fr.o
transnittance t ] VB ﬁ%?dgvkagﬂﬁﬁpﬁqiﬁéém
_passes through %ristiss éi%ié i@r@%mdé@gwondm@n, pfestncedsasto be dérfugmed vnder

| ayer. Low transiitban@e ceRunesidheehiastn OF chhsctaes Q'd@@:ﬁﬂ&‘&k
[ 39] Meanwhi | e, ﬂﬂﬁ:ﬂ reBGGES S 3l to performa test under

~condi tions that “cause  Si ﬁlplol ant variations in
r ecor di ngl4%pr odudfiy W@ﬁ-’a% #etherinds ¢raitted ™HERd the optirfiurn esorlingspoiwes, generally,

si gni fi cant ‘chadiugehdsbedt@rik@aara ldﬁ@t/argﬁaﬁidhdﬂ@rét@rfﬁﬁgafa%tﬁfohﬁi WRish HREQL
any conditions,pd.t, passes.
[41] Referring to FIG. 2, an information storage medium D includes a first reccirding
layer Ll and 1.2, and a pickup 50 to record data is disposed below the first recording




is possible to find the accurate optimum recordi ng power w thout any
special test <conditions for determ ning the sane. However, if the
recordi ngt reproduci ng charac- teristics vary according to the

recording conditions, a test needs to be perfornmed under conditions
that cause significant variations in the characteristics to determ ne
the optinmmrecording power. [40] Thus, when a test beamis emtted

to find the optimumrecordi ng power, gengrally, data has been

witten on at |least a portion of a recording |layer through which the
test beam passes. [41] Referring to FIG 2, an information storage

medi um D i FYeUdds Before sttesicheandis gradiaiyé to perfard GRC G Ehed sBbdtiiURcBRling

to record Bl 2 sdath $9 a0l fdfn | lay, i
e e e R
recording .layer at LS T ecot PEPrEH B ah fEea Gogesponding to
recording | % qnfaip ’BJEEFI @ dradiated ondhe fitsbrasopdisg byer L t hi s case,
data may be recBeiguing to BiS. o, dhe cmies RAEcRY doMiaihsd ik e PBHBh e irst
the beam i recacting we.qnaa:aﬁedfwtﬁétés%e@ﬂ;sﬁaitvh@%ggzrc@g%#g{yer 'ng to

FIG 1, the nunber of tracks ‘contal ne “the first
recording layer irradiated by the test beamis given by Equation (1):
Nunber of Tracks 2SLlape TR IP ( lere SL and TP denote the

t hi ckness dlurabanEdeatiay es- bﬂgﬂgﬁgﬁ@ﬁe first and second
information storage |ayersZd and LZFPand a track pi t(ljg respectively.
Were nis a refractive index of the information s‘t'c; ge nmedi um and

NAis a i r f .the objective |lens 10, using the
rel ati onawgﬁﬁr%aéqagﬁﬁﬂ%ﬁé%itﬁ%trﬁ'&n@aﬁéf? SPPEIRYeis 15 belmeen el figgt and second |
2SZt anj si n™MEon stprage laygrs kb @nd L-2raadiesirask pich, respedjvelyDat a may be
witten on an aWbereoh it kercfiactite indeiofitng infeweiticnlsteRigeeqRANG BAA A is a
the  nunbesumdridel agsurdeff ReehiBYIVEILRS H@'hsﬁn? eRiiBohl LALLM Hakosne
test beam d ond recordi ng layer 5 er ang e
- =41. 25(pmétgjrlaé'gﬁalgl=)8$$§%1rrh$£{?ﬁé% ‘unber of tracks contained in the test
beamis about 112. In the case of a DVD-ROM drive, a pickup is
di sposed below a first recording I%yer and data is witten fromthe
Mo, )
P

first recording |ayer t@ﬂﬂ@rq@ggh grding layer. To

hlumber of Tracks = L

w . (2)

Data may be wriiten on an area of the first recording layer £1 corresponding to the
number of tracks defined by Equation (2) before irradiafing a test beam for OPC onto
the second recording layer L2,

Where SL tan® =41.25(um) and TP=0.74um, the number of tracks contained in
the test beam is about 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 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 fo
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

layer L2. In this case, daia is first recorded on the sgggpg 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 recotding layer L2 through which a test beam passes.
Furthermore, the method may be applied to both opposite frack path (OTP) and



~maintain consistency with the DVD-ROM drive, the recordable inform
ition storage mnedium may be designed to allow data to be witten
fromthe first recording layer L1 to the secand recording |ayer L2.
"The sane nmethod to record/reproduce 8ata according to an enbodi mént

- of the .present invention may apply when the pickup is |ocated above
_the second recording - layer L2. In this case, data is first recorded
“on the second recording |layer L2. Before perform ng OPC for ‘
recording on the first recording |ayer L1, data.is recorded on at

| east a porti orpaslet weckpethIRAT} Egler Wibilg theqyesentipveaphppbagheshicsrribgd with
test beam passesgeidritict it d0I Byert it riEidaGebrimR ynddtura ihd metlod majpalsdiapply to a
opposite track pat grP) .and. 8a -.parallel f{r h -(PTP) disks.
Wil e the presen’?m%r'%é"éeﬁ c%%%%v%%%a g?@%%‘%ﬁ&%ﬂﬁg%? eference to a
dual | ayer [303f or naMeonwhileo kogfeindit QpHmULtreCHEing pEveragt leassencab jiftst, degrep of
mul ti-layer medi wauhaidnNgyiiM69, Aid rBMcAviERe E4bhReeok@NETaFer if 28drded on each

. Meanwhile, to obtain the Optimmr rgi n%g:)ovxa%‘rg @)t east Oner@%@oaﬁ
jitter, degree'o‘FeCOIP%‘aéaryéP%&Fﬁm%%th A0 TRfRAHoR FYOEAEP (P B O REN°
recordi ng | ayer éshodeaandethe presasdiventiecincldiasg lbalyiniareaRef 2user daja tmwoa 25,
FIG 3, an infor tajlgﬁ_g&tgrreggg_ medi um according to an enbodi nent of

the present invention thcludés a |ead-in area 20, a user data area -
25, and alfldad- oufThaleedimBesa 26w diviAed intoprerdronly sagionrnds regopdablsgresinp.gnd

a read-only regi QBARfdAn SGE G HRBER S8 Piatn cOMEins disk eiteDinfdabBoz odeopy

in the read-only - region contains dis elated i nfaormati on.gnd copy
protection inf orﬂr&feg%‘?ﬂmé@ﬁ%qn’ B@WFWEFC Y 8“?52‘89?%0?@?% m OPC.
[52] . At [32st one\tddastdnbtofitterdéeprerfaiodniatot, asymometon sy reflectiwty foreach
reflectivity for ¢ r.gi l.ayer: d.s. ' i ged
bytes in the con{e(ré%dgégyggfzgg%éeo?%dnﬁ%%g#ﬁﬁ%%ﬁ%gﬂ;ﬂee(r:l:_grﬁgaglg%%ﬁ& '1@.
_information st or BEcCHE R FRYHARIC infermagen sieTAgR BT Ray Wﬁ‘“ﬁ?ﬁwe@ 1n-
Asymmet ry for -t-hfrseeendsyeeet-dfdghd fyald iamydihelayeaassy wonedfstred aflatdata is
is recorded on g-partion_of. i [ e i a¥ﬁ;- i -
a beam passes '\/\h%ﬁ&(a% 41%11 %B_(gljr'ﬁmltl ggg%n!ﬁ%%é%fm%%g%%%\%v ehlh#ég%wp é(gQés(%than
recor di ng | ayer . thg beqs &) envifiechireradelont 18 figt resprdingda¥ejpe of t he

i nformation recordi ng nedi um changes, control information such as
asymmetry, degree of nodulation, and jsitter may be recorded

~ together. The control information may be recorded on either or both

of the lead-in and | ead-out areas 20 and 30. [54] Alternatively,
referring to FIG 4, asymetry information about first and second
recording |layers each may be recorded-on a different space in the
control data zone. In




. this case, while the asymmetry information about the first recording
llayer is recorded along with infornatiog representing Iayer nunber,
i.e., the first recording layer, the asymetry information
concerning the second recording |layer is recorded along with

i nformati on representing the second recording |ayer. The disk rel ated
informati on may be recorded in the sanme way on both the first and
second red®?¥ldi ng |Vheartbe ma&Shl dRahetypé ofthe mfdrin@iobkcortiing siedmtciaagsnd

recording | ayer g, ﬂﬁ@?ﬁ@orﬁaﬂ&ﬁé&ﬁ%éWeh?hﬁ%&%gﬁodﬂﬁﬁofgg%%&%%d bQPC

areas LO 23 and L1 2% regi on recor
on whi ch OPC i s™§5819Fd Fgeier heenntrgl e HOfb‘iBEﬁbE‘? fegorgded eytithar mth folhe
t he second recotazidmgaﬂdayaaipod:hreammm OPC i.s performed. Wien a beam

d th = '
or er ecor dddtlon a1 st ERSEHE £ p B e fiina Argaahsesand
bef ore perforni F?gowlwwéh% ﬂﬁecp@@épmﬂﬁﬁfﬂr@y@acemthe fB6p! duta zone. In
region 22b of thgs &9&%@6 B@Q@ftxﬂin@&y irﬁb‘xﬁ{anbﬁ a@uﬁﬁ@?@ﬁr&@ﬂﬁ%&fcﬁﬂ@ orded
region 21b of glhe flt{} agior (% Pé@ LO subj.ect ed
al located for a*Pi&¥iduy 1 IqpEEentng Layer ivacS o ﬂE"’r@Strréﬁqf@Hg?Iéﬁ
the first recor gymandteyyeforrhiionlvooceghingwhe stroad reamtigdayep &y b airdad ARG GHith
the second recongbriibie feséﬂlm?ﬁ%ss%éorﬁg%d?}ﬁﬁ%%ﬁg&dtﬂ&gﬁf &&?e%%dt’ég%{atf%ﬁ may

per f or med durlng fabricatjon o e recor
¢ reogiedsin

predefi ned mannBf recyffe SHECSTRY Mt B it kst Seﬁ‘méi e¢arding Jayesr di ng

| ayer LOd pf3lor t o RefmunglioFJGOSA Ler anddedod rdcbréingRefepy L(:Jziﬁﬂ I_IIQeéI[_)bc@ve@B

first and secon | i ctlve

first and secong1 %ﬁ%ﬁ%ﬁ%ﬂ;%e%@é%ﬁ%%gaﬁ@%mc{/ﬁf? Aé |g}§' )ﬁ&h g&e i

the first recofaPHgelawel0 powhitk @POREeformagis mtrﬁwmed oppesite A orpieh 29

t Pe Ih nner ci (r]I cuaf e eR6R rlee$rdtn@&ayfet L$ bn QRCLEDs b@'f%ed%@ﬂh Q&n%t% ifbident
of the second r | ayer at e

‘on the outer ci %guﬁﬁg{r%_ﬁrcsze of n%laygreﬁ(? dqzﬁﬁera?{f(grg%i@la %mﬂ%%ﬁﬁ‘

beam i's inci denfirecHy beigh thewsgion22e belewmerfomging FEronlm:; sedondreiading 1ab’ef

prerecorded onLg reg| on 21b di sposed directly below the region 22'b
before per[géarm ng second recor.din

region 22%a of t hé& rseémg 2%5 g%‘S PECR rchg;légrg Igyer g 9{%8558 08?)‘55)‘% ﬁ{"éegl‘ﬁ’eﬂb of
regi on 21'a of thekestiqcprling layesL@isnbicttay torOROmaY bi eltacattd fior a@BErved prepeFor
a reserved ar earecél?ﬂ&g%ﬁ@he f@ﬁ@rzih Bﬂmmﬁ@&b&ﬁ%g@yer%%uglpwﬁﬁﬁa%‘atn?fo
circunference of he@e}%‘te ti onds cﬁ%ﬁ % ‘Ta%%t e i nneL
ci rcunf er ence. %‘E?fm ectOB e enayy 64 atpberf)cé’F HFeEsEmfyPe
each recording Pta@t)@med furing falmcmon éior disle, botetz mey heyreconddld inm fredeflingd manner
plurality of regos fhieAGerAN&I18gibR 6l the €8st RRLIIMI MY 1.0 prior to recording of user
data.

[57] Referring to FIG. 5B, first and second recording layers LO and L1 respectively
include first and second OPC areas L0-23 and L.1-23. While a region 21'a of the first
recording layer L.O 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 layer L1 where OPC
is performed is located on the outer circumference of the second OPC areas L.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 L0 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 circumference. :

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



OPC on a recording layer fromthe | owernost recording |ayer upward
when the in- formation storage nediumisqipnserted into a drive, and
recordi ng user data on the sanme recording |ayer subjected to OPC
before perform ng OPC on an overlying recording layer. In this case,
after recording on a first recording |ayer, OPCis perforned on a
second recording | ayer. However, since the nethod allows user data to
be input con- tiIAFAYSN $IOMRSE mﬁglumd@vmra Plerelityef oevdrdinedlayets inglutiesyperformting
menory or buf f erORG ok 2edbide Ihr HohAhE1RveRh &S BlcerdH 2
until OPCis fin 55%%%1 %adiié )JEEEI‘I‘I ng | gﬂ@&rﬁ@@%ﬁh}fé&ﬂa{n
met hod to perform ForseBE upgébqsﬁﬁt??glnola%ﬁﬁ Wé?@&é%ggs@ﬁﬂ?éﬁf’?%ﬁ@me
perform ng OPC deroedinhiayercobiditedtol GR@befateqrriviming ﬂ)PCf@Mﬁi&Ivb@ﬂn@ic@d&rﬂﬁ%
medi umis inser [

Qs IﬂHﬁs ¢RE oAk féﬁa %ﬁ"ng dn %?ﬂéﬂ?%&a%éeﬁgére@fg i ypcgflp fi??qn&

h recording | a S. not
ond i 5 ad vant SER00EeoORREAYST BoUSey singe e cRatpd oS vger Reiuto be input con-
i nterruption. [ 6i2houRbf dring DPC for FeGecodd r@ﬁr@@ﬁyﬁtéﬁe&bry%rbuﬁeﬁé RHKuired to
drive) to recorqO;@gélgga&gun%e%&%}?g‘%oﬁ{a&t% @f‘& hn(;%t i On storage

nmedi um D accor di ng% an e nvention
i ncl udes dOpl ckup Beemriag feElSh §Bny tlispratvevehgd & Wm}ﬁmﬂ:kssmhrﬁﬁrdmg

and a cont rol | eayemcmw&rs@q@aﬁﬂwe%hhm #meorpéa%ﬁ&&o sgzlﬂféﬁ%@ﬁm% in-
| aser di ode 51 t.hat am .a co r@tl 1aens

col limates the %fgf%“%wtf’liag‘amfs%“%lqsa%%m ndsegpentiglhygeeqaing data on
beam a beam splidhtrecor&idg tdyert Thisamges dobenqirapiganicarmrpat bufRf adiis ad-

nci dent  beam aRdecalls ARL&GHIoHSY HeBSRSuk Bind P RSERabNe beam

passing t gh t beam tte I'on st orage
medi um D. r}Fglg] Th Oe"? &t BPPPIBHS (ife & dskating) ﬁowoﬂlmmglecm@m ond
Dis reflected Ifispmt ﬁlemfdnermtmn;sibmgé eredind Bactording @Cindabbd@iknt Hahe present

phot odet ector 5 ?nv@ﬁtuﬂr (jln%lg%l:é[g %‘?ﬂ%@ﬂ 50 pi}%c%rgiglgﬁéjﬁg u[%{n)g s%gggfpro%essor g, and a

recei ved by the
si gnal by gn opé I&‘E‘hlﬁﬁ?ﬂ Mare ensr lcslév Sepickup ptinciudes a Rsergliods 5 fhat emits a

si gnal through d)bramnﬁiolmﬁm@iemBGZ&]&t goltasies ﬂfd%laa:ﬁb@ﬁ@gl bylﬂlﬁdlﬂﬁhdﬁde 51toa
differential si ecordin at

"ot or 1 on st opaa HeAR eﬁ%ﬁﬁm 5475 gk 8 pAbREhaBR Ln BEe By
layers L1 and LG8 Wédé’é)ﬁ‘i’]??ﬂvpéﬁ?nsﬁ ﬂﬁéchweﬁrﬂwdae@@sxasm thropgls the deara splifter
the inf or mat i onSébmbalgemfmﬁammdibrhgb;ﬁ@dl@ﬁm ne the optinmum recordi ng

Pecor di ng P&y er ev%t"ﬁ"&mfé%f%ﬁe% o 8L YRR L O LR B i e b,
witten on a poPtamsplier $hendsis k@ﬂeﬁ'é@dh%iphﬂgodeww 57 (e-g-i ¥ quadiant gbo-by a
t est beam duri n@d&ﬁo@%ﬁﬁﬁfﬁhﬂ:@&ﬁdﬂ%ﬁ%@ﬁﬁb&%@f@? RGohRYRH st@axﬁélgcmcal

controls the pig toBer &QI c?lﬂts% 8 oftbud 5 3HE %apﬁ”'o t?o channel
first recordi ng PRBUH & Y r’ﬁ’ﬁl ]f)élﬁ
perforning the & fm f%rjﬂsbﬁ’ﬁﬂﬁ’@nﬂﬁhfomﬂﬁﬁteﬂﬂﬂﬁgné}mhﬁm k2. 70 al so
reads contfegl i nf Belreir@BrdIsCAniBEN e information storage medium D having the first and

second recording layers L1 and L2, the controller 70 performs a Lest 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 controller
70 detects whether data has been written on a portion of the first recording layer L1
irradiated by a test beam during an OPC 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 beamn passes before performing the test.

[65] During the OPC test, the controller 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 conirol information. Then, the
controller 70 allows a recording beam to be irradiated from the pickup 50 at normal



flectivity, jitter, degree of nodul ation, or asymretry through the

pi ckup 50 and determ nes the optinmm regprdi ng power using the

control information. Then, the <controller 70 allows a recordi ng beam
to be irradiated fromthe pickup 50 at normal 11 power obtai ned
during the test, so that data can be recorded on the information
storage nedium D using the recording beam [66] To reproduce the

thus recorded daewer obtaedmuriag the ctsgdo throdats bem Hentar dedtonahe i foRmags storage

medi um D passes plehiuRug hsihh eeQRict 814 | ens 56 and the beamsplitter
54, and i i nci dent on t%eephgt%%%y%gjfor 57. The beaminput to the

phot odet ei@@r 57 %9 TERfeAuce tuynthus reeerdedidass. aedn sefleried Alomsthe inforuisiion sierage
oper ag i onal ci r meiiumis paszes tﬁtﬁu@hlﬂ}ea)b'eaﬁvﬁ&sﬁﬁ'ﬁlﬂﬂﬁe bebf Ghlifer Gt 3 is g
according to an | Lf“ resent jnvention ma nc] ude
OPC i nf or mat i on&%@g{gnogirﬁr?gﬂfonaﬁegﬁf g?'o & Sarﬁé'%ﬂ“b#%%%gt}"f%{%?ﬁ?}ﬁ{’ 1Stt{1Fé‘
OPC i n- formati 6MVAEEH igtoranglastricat Benehby S operadenabéifauiit58 and pitput@Pen Afe
to whet her dat asip@8. been recorded on a portion. of the information

st orage l.um t hrooygh whi ch a beam sses during OPC. The drive

havi ng sg‘iﬁhi nf or r*%@?v& rfwg‘?rﬁwgﬁ%?@gwéeﬁg‘%cﬁmfﬂ Pgrxgesaptdnveag%maﬁ ingjpde
area of the i nf OPRdrjoonatinenagénfmeatitiomstonize ngidiumh iFohexanipta e GRS &5
during OPC. [ 68}srhbddn i AR o | . Y Lng t

OPC i nformati on Odoes nnme?y Crdél&llflg irﬁg ggg&% %ﬁgz&lréerg%? giepg ‘(ﬁ;]ﬁ ?(gﬁh%g?é%%ﬁtas
recording | ayer °&P I‘t"}‘?édoeldﬁpér o theripforgaiionsinrign mesimg teoughayhich a beam
Recor di ng dat a pasdshierikg@OPCOELd Me%@mggﬁ:hﬁlgﬁhﬂm&%n%ﬁ%s a8iedol [ﬁf(:jr@cord
drive having OPG,.l ' X s ta recordin I me _an
reduce an Crc LS B I8 bR ol L HERRE UL GRREH S8 o b tF ol
predet er ni ned | #EHEREREGon with a drive having OPC in- formation,

_rl_ﬁC or ]9“ ng [ﬁgt a on Taﬂttiﬁdil aﬁeélﬁlgdcﬂﬁ@ftﬁhé‘ _ﬂriw!:eém@fntgftﬁg Oﬁ?@lfblznd_ﬁ@ﬂ B6&IDHMeYuire
erefore, by ugj, roined_infor i 0 rive ma .
per f orm OPC acgdlﬁ?%tbee It}gwg%%quluaﬁg giaf/enuéﬁcﬁrg %&585@%&%‘%‘% PWW%HW,&““‘
even if data habefersORSe &ecordingdatapndie infosmetionostoreger wedinm igri QPC.zvireiam

for OPC passes. dfveMavin@OrXafRmetiod, Glay dndidsy 8atPRSSRES Bk LA Geduce an OPC
I nformati on rep&gg&r&t%ﬁgg%&%&g{fect on the OPC due to whether data
n

has been recorde X! iJflﬁ'ough whi ch a beam for OPC passes be

a drive Al®let a dhksbypavidieg prodeserstinddrifformetianoritbedrivediiing OBC &nd

let the area ifonasiodl REoMidaltat RACAMIf8Ent (RErdAS: 18Per36 &Y is Unhdcksshy.

record data onnﬁﬂe%%[;%f rmati on stora e@%{ um. tﬂ}eéﬁirlve A reang I sk

related infor mEtT SRR BV s P& PREFHIRGeOBE malion. fiedrive oy pggform ‘

i nf or mati on i ndicsumaiehandypickly using embedded OPC information, even if data has nof been
written on a portion through which a beam for OPC passes.

[70j For example, let a drive possessing OPC information representing an effect on the
OPC due to whether data has been recorded on an area throu gh which a beam for OPC
passes be a drive A, let a drive having no such information be a drive B, and let the
area irradiated with a beam for OPC be an area Y. )

£71] To record data on the information storage medium, the drive A reads disk related
information before performing OPC. In this case, when information indicating that
data has been written on the area Y through which a beam for OPC passés is not
recorded on the information storage medium, the drive A performs OPC using its
embedded OPC information without the need to record separate data on the area Y,

- thus saving time spent in recording data on the area Y. Conversely, when information
indicating that data has been written on the area Y is recorded on a predetermined area
of the information Kstérage medium, the drive A performs OPC at recording power that
is adjusted considering that data has been written on the area Y.

[721 To record data on the information storage medium, the drive B reads disk related



data has been witten on the area Y through which a beam for OPC
passes is not recorded on the infornmati @n storage nedium the drive

A perforns OPC using its "~ enbedded OPC informati on wi thout the need

to record separate data on the area Y, thus saving tine spent in
recording data on the area Y. Conversely, when information

indi cating that data has been witten on the area Y is recorded on a
predet er m ned afEaIMagpen ppkinforpgkompritien et srcaerdabletigion befdie petfarming/OPC. In

perforns OPC at thieeMe,ditieg iffomedtioh E@ﬁcaﬁhg RAdIHShRbEPRSIEESH R afeﬁaftw not

data has been t.h To a on
i nf or mation st \S?égéléa%?regﬂ]e mt%FF%m& %dé'ﬂ:&’stﬁ%l&% dﬁgfséfeﬁﬁrdiﬁam on the area
i nf or mati on and Y| ¢ty Wﬁmm@fﬁpwwlgﬂeme@nmd)efmmrﬂ:aMJg ORGi Wherbekforsing OPC,
perform ng OPC. iHenirive B &a&&ﬁ@the‘%ﬁ%ni’ bith G ol Oa%@'dﬁ,ﬁtr%?do _;m%ﬁﬁla

| |

has been witten Ontth&\ggéﬂ%a]? is nat recorde nt or mat )
storage medi um Indicating 35 betn VB fstip atea YoM & 1eeordsblaresipnde.g s are in-
i nformation st ofcagvauommnﬂhmmdéadﬁm amrcfr@rlemdn:@lm When perfor m' ng

OPC, th e agdi eam
records ?n? %Ir \r/rat i on ngjltl%Z? F r@hﬁfc §a?ﬂa&% een g\/\ﬁ'etr‘tlﬁﬁ %ﬁt‘c‘tn%dwatmg
area Yon a reco Wé&@P’éﬂa@e@’rﬁ &ﬁef'(‘éﬂ'@eﬂ ongthe prga Yfo afstireserdiogeyer mayebe recorded -

| ead-in area ora@fohjeﬁﬁlmgaag&@(ﬁtighfgﬁ[wggmle to perform OPC on

a second ordin aye tio ndi gati ng whet her —data has
been wri tt[zﬁ on tﬁ?’ "aér&ego%)dc@ 8(:9 i 73 ]38% ng | ayer nay be recorded

as fol | owd72lusi ng R0B PR (1) r>tResoidalor mati on zone: [74] Byte X: 0000
0000( OOh) [761 Not naERHLRAS inflorrdtidd QRC Y }b@@'ﬂ)atabhaf b%ﬁ&gtﬂ‘s{%n[ﬂ ar.oufer

Meanwhi | e, |nfornat| n on Vﬁlé%@f ta_has_been wri

or outer circu Bceocff % a8 Q ‘bLﬁ%ﬁﬁP%”Plﬁl%%SmﬂﬁBumﬁy
FI GS. 5A and 5Bb#reegordbdayfoliowsesingX Hyodst ows, using X bytes: [77] Byte
X: 0000 0G9H( OOh) Ryte :%'0@060%@0(@% %Nb&%e&dm RS ”gwe%msﬁlﬁ«m&%%

[ 78] 0000 01(01 recor on I nner C|rcu erence, recorded
on outer é? n%%ﬂ%%ﬁ‘@]*@%?@é@é@ﬂl@ﬂ cireusnirigaess weerdedhon eer cir-
ci rcunf erence, cmnfereac@rded on outer cir- cunference [80]

00010001( Hd4Y) --> B8 [ﬁ)gb n :
descri bed%aét}ove thei:?(5 h? our |8{d§&§ mglglte Cu@g&%}e&gfrlgostg&ﬁl%%dgno ter Cir
i nformation on PHBE™EMEer circunference, and the foI lowing 4 bits
represent [80if or mat00DNO0AD1(11he --oWReeorded bn immbndrdroRne eircuthftRARAL | Vel y,

ei ther infgpmati o JRY- Ry Eﬁ&zgrtﬂgﬁrslﬂ%@ 1t§ 3@011@6&%3 e%rL:%nJ m{or n on the

Speci fically, an infornation st ora luminc second

recor di ng inner circumference, and the ollowmg 4 bits represent information on the outer cir-
cumnference. Alternatively, either information may be recorded using two bytes.

[82] . Specifically, an information storage medium includes first and second recording

layers 1.0 and LI, and data is recorded from the first recording layer LO to the second
recording layer L1. A pickup may be located below the first recording layer LO. A
drive may use information on whether data has been separately written on an area
through which a test beam for OPC passes in performing OPC to record on the second
recording layer L.1. If the information for OPC has not been written to the area, the
drive may perform OPC using its embedded OPC information instead of separately
recording OPC data.

{831 The same method may be appiied to a multi-layer information storagé medium
having three or more recording layers. In this case, when a recording layer being
subjected to OPC is irradiated with a test beam, information indicating whether data
has been written on an area through which the test beam passes is recorded on a pre-
determined region of the information storage medium, and OPC is performed on the
plurality of recording layers using the same information.



| ayers LO and LI, and data is recorded fromthe first recording |ayer
LOto the second recording layer L1. A pickup may be |ocated bel ow
the first recording llayer LO. A drive may use information on whet her
data has been separately witten on an area through which a test
beam for OPC passes in performng OPC to record on the second
recording layer LI. If the information for OPC has not been witten

to the ard84] the Wore\ea ORGtepohomay BPGsptaed i dntgeatsiite died o2 Gata area.

i nformation i nstygal faGs SERAMAHH : i N . [,83] . The sane
net hod may be a%i edéts_o a #ﬁp'ﬁﬁfeaégﬁﬁe{l%%g‘ﬁ%%gn%é%‘?ng%']"%?ﬂeu est area
havi ng three or 08 PPUEediseRiately &ost leadyiniand ieadautareashen a recor di ng

| ayer bei 1i§5] subj adeasihile, vdRE ihfdrRdte ialie@@nMiahdAe hRDeePEAMn on the area Y is
i nf or mati on 'ndheccg’{de&gnéheet Q_er dat a hﬂé @Een witten on an area
through whi ch t he 1 sat” FETTFHRIEed APy of e Bigaguesiorags mediwmy e diineR
regi on of the i BedermaQRShatgeasrdigepaoventithatis aaivstte OBsideripe tandareihs GBert he
plurality of reqGeitehbgdHeayQrs using the sane information. 13 [84]

Here, an t est ne may be disposed in an area qther than a user
data ar ea%ﬁhi l e I"—%&‘.’e %?Cé'ﬂﬂlgi" P ?‘Bé?q”a?% of HigtPrespai ipveaar ¢pogpls sheackup
contains the te8 lzorbinfampéat careaing whgthbedauoidsbeaneditGePa0RCehY perform
fromlead-in angptqggh%h%%g&qﬁc oltRdrieanwhi | e, when information

i ndi catin? i]hat data has heen witten on the area Y is recorded on a
predet er mihad ar ed bPITREIITRsRmedHNSEedne ormsdinmbedimantofihé presdt
ger f Olr‘] s bCPC at ixw_emmnd:bmgmpmwmdﬁbﬂgldﬁ@giﬁh%&héﬁiaﬁ%§Bé&ﬁ&&d@)ﬁieﬁI&ﬁtan area
ata has been .qn_{ he ar : tive according to a
enbodi nent of t%&ﬁpg‘@éﬁ}?%eﬁ\%ﬁf ?’gﬁ P@%?%‘?’ sS4 rﬁ‘f"é‘%ﬁ%o ‘?Bgrfﬁﬁ dl"“@ra}‘a' OpC
i nformati on cone@mplgeomingiiethe et hdsive dedrivariosiessing OPC @Gaution
perform OPC i np@fdfme OPC ekt & h6edli® rdchRl pdri dath Sfls Afudidy Q8 FREIAHY time
storage medi um c&gérgésr]}% Ly an gnbgf?ll .rrecgf':ﬁfof Ch:ggar resent T nventio
contai ns i nformation 1 Hai cat hzé‘ HhEt'HEp | en recorded on an
area thr g&fijh whi @ggﬂmém;emdf;@@maégew@fmﬁe nfmmgorg’ ngmumf@m
separate data Tgdc t0 @R emBOBE me AT A rBlnt iQvdnt ﬁm‘ﬂi'ﬁ] -
drive possessi ng %’C i ﬁf ar mtl'aizrﬁ ere:‘rjggr rrg 0‘58 \?\Antyd%fieég?tenee h;égolj o
record separ at e"@araPoY IR TR EPIHB“%" B yfigr Tegeriabipinfoppgtion storage
i ncreasi ng the medinindavingn pdfrilitg obrecordinfg layer:<OPR: aiethad rdgdBs #tesrad fodithe
to recordl repr ogyigue s ORI R ol M D HRR LR iRd Q¥ FB re-
according to an%etgbodi r?%o?waﬁft.t pr%%erﬁ)%ve]ﬁﬁ@én&g%gg? g@gﬂ&@f uced
determining an BptiHtime AP el @5\/%? PoRYEEGR a%*&ﬂﬂ&dﬂ&@ %fa{dadfr_P{O uce
to/froma recor ahetip| cgder of recominigdayest fova giosestredatimshiorh agidup thusgirotiying a
of recording | aygsdabld HorilibPstofa8 iR @pltisbt dcficlinP dodsiency 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 a desired recording layer to find the
optimum recording power.,

[90] 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 more efficient OPC. '

[21] Although a few embodiments of the present invention have been shown and

- described, it would be appreciated by those skilled in the art that changes may be made
in these embodiments without departing from the principles and spirif of the invention,
the scope of which is defined in the claims and their equivalénts.



opti mum recordi ng power for recording, thus achieving effective
recordi ng/re- producing characteristics. The present invention allows
data to be recorded/reproduced in an orgger of recording |ayers from
closest to farthest froma pickup, thus providing a recordable

i nformation storage nedi um capabl e of achieving consistency with a
DVD- ROM [89] The present invention also provides an apparatus to
record/ reproduce data on the information storage nediumto performa
test on acldgrig ed recording layer to find the optinmmrecording
power. [90] The present invention also provides information on

recordi ng of dahatigerthest gor OPC so as to sel ect recording :
conditions for, OPC accprdi.ng to,,a type qf a drive, th enabl j.n

rore ef 1l ent'-opC A PRI rolueteREs Aepoiianfrecobisie Emal i sorace
i Rventi E_rrriémgm_ﬂm'mﬁ asaratity ﬁmcbcodﬁ@h |eymd.sin%ra pmmbﬂth_benétﬁm esrhprisrd: by
those skilled in the art that anges .may, be magde in ese .

enbodi ment s i PG SatE SRt EASTA BROB P A Eepr s aver et whish &gt beam
[ nvent: onp fint be o@f&@pmwrgé%uhg(pbwbs?mfeb;rmﬂ in the cl aihms and their

equi val ents. 14 Al Mhat is cl ai is: 1. met hod to

Favor a ropr od REHONE SBHMRRNr FaRts HaBERor AP TR OdP G lver.

medi um having a plurality of recording |ayers using a pickup, the

met hod conprisjng: _recording the data .on at Jeast a portion of a
fecording | ayer thrBEGRERRT BFCEIM bafheria fhe Roriar o (aragrdid et cofesponds to
r ecor di ngrgeRsesntpiasas @sthe &3t bp&hf or m ng opti mum power control (OPC) on
a predetermned recording |ayer. 2. The method of clajm 1, wherein
the portion of the recording |ayer corresmxlcistnﬁj@in'f(rﬁé(s} cont ai ned

in the test beam NA 2S. Lt anflurgien Backs~A——Xb—Nupber.!bf..Tracks = TP
wherein SL, TP, NP, and n denote a thickness of d”spacer |ayer

bet ween each of the plurality of recording |ayers and a next

recording layer, a tra Ltch nunerj.cal aperture of obj ecti ve
ons, and o) artieste S0P BEsatn AeiPlE A thecs Boe stasealueRiivem cson ofthe
respect i ylrglity 3f reEBRIintEbyare apl aGledi rcdrdmg |&verWesdk pitcHad Auréridab8erles of an

in an ord f recordjn I rs fromclosest to farthest from.the
pi ckup o) Eec Ve rens, and a l%fract?\%eln ex of?he inlformagon storage medium, respectiveny.

3. The method of claim 1 or 2, wherein data is recorded in an order of recording

layers from closest to farthest from the pickup.

4. The method of claim 1 or 2, wherein, after recording data on a recording layer
located closest to the pickup, OPC is performed on an overlying recording layer before

recording data on the overlying reccrding layer.

5. The method of claim 1 or 2, wherein, before recording user data on the

information storage medium, OPC is performed on the plurality of recording layers.

6. The method of claim 1 or 2, wherein, when the plurality of recording layers
comprises first and second recording [ayers, 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.



4. The nmethod of claim1l or 2, wherein, after recording data on a
recording layer |ocated closest to the pickup, OPCis perfornmed on
~an overlying recording |ayer before reggrding data on the overlying
recording layer. 5. The nethod of claiml| or 2, wherein, before
recording user dat %hQH]ettﬁb% of R B} 5 R;Hex%ﬁrp&ﬁ%l 1%%%(% t@PQrFaﬁn OPC is
performed on the plurality of recording layers.

cl ai m 1 ogcopdedgneaidéast ongeia teﬁé ipagaandalead-oricarea i the inferyatign storage
conprlseﬁrjhﬁ§t and second recording |ayers, and the first recording
| ayer is located closer to the pickup than the second recording

| ayer, the data is recorded on a portion of the first recording

| ayer throughgwhi Cipl Pr?etr‘io%séf cl%‘ﬁﬂ[p %ﬂér%ﬁﬁthg%ﬁ{rﬁ wﬁ@H&%H‘lrﬂﬂmgé’Qt RBstdMe of
second recording layer. h claim1l whereln
control jtgroasymmesry. ﬂmrpépfmpmﬂﬂlﬂm perefleetyitled on at Ieast one of a

| ead-in area and a |l ead-out area in the information storage mnedium
8. The method of claim7, wherein the control information includes at

| east one of 9ji tt &he methadmficlajm Sdwhersin e canlgellinfeiniion iy measured after
reflecti Yééo)‘dm datd 3f tHEh &?Qn 8fth8'r@do'}’21 ng{hgdu.g; hﬁchctﬂgttéﬁ'beam passes.

information 1s rreasured ter recor e portion of
recordi ng | ayer through which the test beam passes. 10. The net hod

of (o1 i M L 0T 18, WAL SldhddWIRLRL A%, WAGIchAPahdiAh iRk And Bota nas

been witten on the portion o he récor ayer rou

t est beabegawg@@ b@thermfwdddhe recording laysydiratgis whish ﬂ@t@ﬁbﬂ&e@ppw@w
data on/f H} recordabl e informati on storage nediumthat includes a
pIurallty of recording |layers, the apparatus conprising: a pickup
irradiating a beamonto the information storage nedium a

recordi ng/ repypducihfg,sLanal toPéé%‘F& %Jc@%%hvérﬁﬂo if grE tﬂé 'irﬁ&ﬁr%%i:n storage

E ?e}]%
fromthe information Storage nediu roug or_ si gna
pr ocessi medivahthahinctydes élpltéalltﬂeftréét?fdrﬁg Iateas, Hes am@tr@tum@ma@%mg r ecor ded

on a portion gfygyhGeidin %Bé%}‘r%ntottﬁg ARG %B ?%urﬁeam to

determ ne an opti mreco ng power passes an opti mum

power contr ol a(rergiingtiepiodiia signal @msﬁmgeqw@a b@amé%ftﬂctﬁdtfmﬁ@h
the pi Ckrrg Fﬂagoné{arég%%éahmhmgﬁ .eluperaml D roggéﬁngp%ﬁrom a

recordab ormat1'on storage 1'um t hat plurality of
recordi ng | ayeronirelies dajsstitcavieihersiaia has begn recpider ap airortind oft reeprding layer
beam ont @, b{ih WAER S8t beAmh %f”é@rﬁm@%?‘n deH(i:‘]tneugm re%sﬁaﬁr@ ﬁ!ﬂ!efr %Qééb@%ﬂ Mrforms

Si gnal processor recelvi %F’ beamre fromt i nformation
st orage ®BHNWMROWeHaeiral (P Bl ekagesitad rereyAing I@f%&@pwghm&aathe pickup.

12. An apparatus to record/reproduce data onffrom a recordable information 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 bickup for signal processing; and

a controller reading information indicating whether data has been recorded on a portion
of a recording layer through which a test beam to determine an optimum recording power
passes and performing optimum power control (OPC) on a desired recording layer to record

through the pickup using the information.

13. The apparatus of claim 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 controller reading information indicating whether data has been
recorded on a portion of a recording |ayer through which a test beam
to determne an opti mumrecordi ng power ¢gasses and perform ng

opti mum power control (OPC) on a desired recording |layer to record
through the pigkup w3l @aldif difiihnBldran; wHé‘emTF‘%rrﬁé’t%rlﬁ&éﬁmethé%Lﬂ?é Hata
12, wherein, when the data has not been recorded onthe ortron o

the r ecor"éﬁsr’f&eﬂ &erdedomthe lpgpionof thereeedingdayeh th"@@ﬂi‘r‘ﬂhltﬂhg"edaﬁéméﬁ‘ RgsEes is
portion qkedhes Oﬁﬁ—fg}ﬁ@hﬁgtldnaéf&% Lheuph which the test beam passes to
determ ne the, optinumrecord |ng power for recording on the desired
recording layer. 16 14. The apparatus of claim12 or 13, wherein

| nf or mati on 1 e catiniobhizhud dRiAAte diag, RREBINRE HisHRHON sloffyeRRbdibAn

of the recording |ayer through which the test beam passes Is

r ecor ded iBgludasdniofmaianan epiminbresgelingsrAviancondtionste ba@paiest wrenthe data is
cl ai m 12 @torbety ol Srfbrt &18nd fafcercmaé lapdt tﬁﬂoggﬁ%.cnﬁmfémbémFmg and when
i nformation on optinmumrecord ower conditions to d when

t he dat a 9333 ismet RcgEeden thfhémiﬂéﬁ PF@F? regording |ﬂ¥éb6‘f@49@g"h'€y’§'9 tesi beaypasses.
whi ch the test beam passes and when data is not recorded on the
portion of the recording |ayer through which the test beam passes.

16. The appar atbus dihe@rapiatussof olgvar1s whenrgine when éhegdata is rot iepordesicsy thed
on the r

Pt i M T A 0P S 12 PRl nd B TR ol omatons
t he dat a ib¥jedd piepp@atelypracaifing e satd tading deeeptimum re@orﬁbmgwwqro perfor m
opti mum power control (OPC) for each recording layer in an

informati on storage nedium having a plurality of recording |ayers,

t he met hod cordri sifgethod dapereymeceminius pewgrsiontel (BFC) ferrgagh WQﬁJ@d'@@yef in
on a firs, peAREHNGokgY ﬁ{edﬁjfm hAgnPh Bftﬁ‘é!h} é(f r@éorﬂﬁ@%ﬂ?@%é ¥ fHod « compnsmg

recording user data on'the first recording |ayer; performng, whil
t he user datarﬁédiﬂgmﬁmtm' DfgmMgtion; second recordi ng | ayer di sposed on

the first recqfngbin @FQ’.Eonm?ét?éd?)réllh&]a?éleéftﬁi@b]%rdllwtrec‘ﬁ?ﬂlhﬁlayers
perform ng OPC on the second record g ayer Is stored in a menory

~or a buffer uﬁ??qrd'ﬁéﬁlﬁ%rrcﬁﬁtﬁgnlthﬁef'@?@ ingiYesecond recordi ng | ayer

i's conpl eted, p%‘ﬁr@rrﬁiﬁg%lq!eﬁge L& déseis iRk 20B0 oh@%e%@ﬁ@%&ohﬁ@l‘égérﬂﬁsposed on
| ayer. 18. The met ho claim 17, further including, durin

per f or m rige tistresardingsaysr, whereindhae pgenfigta nputwhilsesiernige ﬁ%%ﬁ@ ggond

the SeCO%‘cdr@iﬁ@ rIaWeP& JtGH8Hn a Fr%%ﬂir{/‘Gr £ B0 QUntil ébfrféhﬁ’@n HROPO6H HEisBEorif
| east one of ectivit degree of nodul ation or asynmetry.

19. A net'Berid *!"8 %@Fﬁcﬁoﬁ‘ip{ﬁi? rﬁﬁ'ﬁh povver control (OPC) for each
recording | ay&egcdrBing ¥k bt @aBdA BB s8téHR@BordRgildydrhaving a plurality

of recording layers, the nmethod conpri sing:
18. The method of claim 17, further including, during performing OPC on the first
recording layer and performing OPC on the second recording layer, reading control information

including at least one of reflectivity, jitter, degree of modulation or asymmetry.

19. A method to perform optimum power control (OPC) for each recording layer in -
an information storage medium having a plurality of recording layers, the method comprising:

sequentially performing OPC on each recording layer when the information storage
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, jiter, degree of

modulation or asymmetry.



sequentially perform ng OPC on each recording | ayer when the

information storage nediumis inserted into a drive; and

sequential ly recording data on each recofding |ayer. 20. The method

of claim 19, further including, during performng OPC on each

recording |ayen, r%’ldel g rQJ;orff{I?éﬁ?&g&fe'n%'fb 6r9ﬁ’$rHC={1'r@go@éblla?rﬁéﬁna%gﬁstorage
of reflectivity, jit ree o l'ation or asynmetry .

An appar anegiurg ghat wb&dg;s ﬁepﬁ#r@'dm etregeandingdayers.dhe appaseios gampedsing:

i nformation st lmédr@éﬂs@m bﬁ't%lth@ﬁﬁi(r%a%r‘r'él% Hdendiurhecor di ng

| ayers, the apa us co I‘ISII’I% irradiating a beam onto

t he i nf or mat i @ optiGEgROWRS ¢PUG! @H%p@ntmjﬁﬁ prsiREning SR G en a(repapyling layer from a
controll ooty fagalstt

recor di ngé"fﬁg‘ré’ffp'{?gbmﬂgr 8%&% Bwﬁrg beantﬂ Fs%g?bﬁggfagtag%ﬁ? tHeQﬁﬁaF n storage

i nf or mat igAfiWior age mediunm a nmenory or buffer; a

recordi ng/repry | processor recordlng/reprodu0|ng t he user
data on the rgﬂ%ﬁg%é%g%r subjected to OPC.in the nenory or the

buf f er, wher eiarecsrdingipeproduningsigeal presessqieedarding/rappaiusingdhe voerrdaja o the
recor d| ng B | HéchPff uring OPC of the
overlyi ngeéroz%]:&oé ﬁ@ps%%&%l{ﬂ;%%@ @éﬁrﬁeenrﬁ)&g%r'{ FE is used to store

t he user dataw!nmelmt Gmonmieov@rtlpﬁrfngnsr@l?@rmargowealyleg regprding layer and
conpl ete r f

recor dab?ecolg%i %‘é@gtg 'ip%ﬁé S g?gﬁr@g @Isgloﬂ{nqret H%%CGQ}@Q IQ{?%rl % h@ mem?ry o

r ecor di ndpuffenierged tomora;ﬂp%m%&rmi@twﬂbom mgthe@vgﬁlmr;@cbndrrmdamnmgorapleted
beam onto the information storage nedi um an optinum power contr ol

(OPC) controller sequentially perform ng OPC on each recording |ayer
when the beamZZs i Anzpparadus loneeordreprodifosrdata drifrontegeaerdable difompatign gtorage
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oPC. a recording/reproducing signal processor sequentially recording/reproducing the data

on each recording layer.

23. A disk drive having stored thereon predetermined optimum power control (OPC)
information with respect to an Informati_on storage medium to eliminate, prior to performing
OPC, prerecording data on an area of the information storage medium through which a beam

passes during OPC.



