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(4] The present invention provides a method and apparatus to record/reproduce data on
a recordable information storage medium having a plurality of recording layers after
performing optimum power control (OPC) and an information storage medium to

which data is written by the method.
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[11] In another 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 wriften on a portion of a recording layer through
which a test beam passes to determine an optimum recording power for recording on a
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inner or outer circumference of the OPC area. Each of the plurality of recording layers
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[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 control (OPC)
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Recarding L1 Recording L2 after
after recgrdjng 8.2%6(0.27210.096 16.4% 19.8% |0.261 [0.080 19.1% .
L2 (150%) 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, asymmetry, and
Jitter when data is written sequentially on the first and second recording layers L1 and
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Nurmber of Tracks = 7 »

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

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

Equation (1) is summarized as:



[42] Referring to FIG 1, the nunber of tracks
contained in the portion of the first recording |ayer
irradiated by the test beamis given by Equation (1):
(43] r 2SLti 110 Nunber of Tracks = Ti' = (1) where SL
and TP denote the thickness of a space |ayer 15
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embodlment Df thc present invention includes a lead-in area 20, a user daia area 23,

and a lead-out area 30.

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

[52] At least one of jitter, degree of modulation, asymmetry, or reflectivity for each
recording layer is recorded in predetermined bytes in the control data zone. In
particular, a recordable information storage medium may include asymmetry in-
formation. Asymmetry for the second recording layer may be measured after data is
recorded on a portion of the first recording layer through which a beam passes when

the beam is emitted from below the first recording layer.



enbodi nent of the present invention includes a |lead-in
area 20, a user data area 25, and a |ead-out area 30.
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[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 circumference.
[60] Referring to FIG. 6A, a method to perform OPC for each recording layer in an in-



data. [57] Referring to FIG 5B, first and second
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the first OPC area L0-23, a region 22'b of the second
recording layer LI where OPC is perfornmed is | ocated

on the outer circunference of the second OPC areas

L1- 2@mafi&iBjtoipe medivlndamings: plwraiitde)ﬁtecptﬂimgjghers imeludes parforming

rec ng Prgﬁ] ROV -
21'b rﬁ sposgé{cragigltg'e{ a[h‘% ow t %S??%Bl 1age!i u%wgf orig&the n
per fosmaiipnystopge a¥diome ingargashiator .eoqrﬁ‘gte?oa%g upgr dafaHg)the same
A I egofiing2lyé sﬁlﬁjeét&ﬁtos(m Befofeqfeefotthing ORLY@T arl dverlying recording

e cGoar o RSt fies e BEpRA 7 rEooling VG, OB perfommgd ona
ar eaccomthesconing layezcidodévey simse Hermethadvilpwapgerydatago bpénput con-

out ﬁﬁFnﬁszd{ﬁ’i&g R He sbifd 'r%ﬁﬁﬁ?ﬁay&na SleHoRO& bufReis4Buired to

as we s thé inner cir Referring to
FI GStog Prdsiarpipy "il?f’“ﬁfe‘i’%g‘ W“@géﬁﬁdf 5’5 ¥ r ecor di gg

[61] ayer ReéfemingittFICa 6Bf o ainative siethod ge perbatinuOP@ darieach mcording
pI urla%(le'r ¥ uggs sreS\Fe(?ﬁlglllf r%o‘?ﬁ[x mrﬁ%q’@&ll H&ﬁ%dﬁ?&lﬁé’fa%ﬂghenqgg in-

reco ower nost _recor d h
I ay é@rrruipm Ftémﬁh @Wdﬂlﬁ‘els |1%5ft$cb1ﬂ9a‘f1? diives pRfd spgReTHiady fffPrding data on

l nS%ﬁ&ﬁ@cdr&‘tng 1@eﬂl IThianetBetddes 6618 HG maﬁo@atr duffer doliés ad-
recor

bj
per fVS‘i‘tﬁ%ei‘?ﬁs W@ggﬁu(éﬁly 5%%’ f lgcéﬁgwgetg%ur é& ayer
[621 hi s cRefetringfit BIG.12e @Ioannaw@mdhe a@ flisk dgive) é‘t@ﬁ@ﬁdﬁgpfpé%ﬂata on/

OPC e 3 € Eﬁtgﬁﬁ% Qﬁar&e RRERND d8s5i8Ingitdgh erﬁb{&ﬁmcnt of the present
However, sjnce

met
ConmeTbsegenip g Ureror e U i B o nd o
| ay ebntrallerRONyreapedifidfaflprthé pickugopdl indddesa laser diode 41 that emits a

pr e%%%_{grmdqﬁrga E’r&tSéonﬁatggfh?na%ltﬂitié beRCerhified byiheMQEr diode 51to a

[61] Terrlng ernative nethod.ta_ .
bor Terie e & bosghinl P w0 £ SROrRai el of an ncident
seq Lb%ﬁkhl aldlayt obj%biﬁﬁ'f 180t ©RGoanesethe heaneposidi tgotghytbe beam splitter

}M;Srg t'heénfém{a%}t 'st%{]agéh Hﬁg{i‘Dn‘Edl umis inserted into

ecordlng da
[63F ecor dThﬁgbﬂaayr@ﬂecteﬁﬁf@n oA BB OTRE m@éwhwaﬁﬁ%mﬁy the
or biéﬁﬁl%pht&rﬂ 84iafid @dnm&@n bﬁgﬁ@usmtiae@mm (81gQusjuydrant pho-
Ir:lea% tec %B BP%{? Eﬁgfl?li%led Q} H%.%dz%@c&or(ﬁz% cgﬁrfeﬁéd b Qectrical
rec cs[glh/ak Eypanozhgoatiota tcicwhd e arfdrqutRut pea REOBR ﬁigp,SJ(gﬁal through channel

st Ofcﬂﬁeanﬁ%%g{{gh Lﬁps@gﬂamhm ha d@ﬂerm@ggmnharma Clie
esent I nventjon In

[64fec or dBp@;er r@ﬁqrgﬂg Ftﬁtﬁngll‘leg]ﬁ%rm 1?%5&%1%%? m%%tum D gavmg the first and
co ntséﬁinldeéco?cﬁng Myeme L4 ped L2j thatonrollehd) mﬂrf@kru@a GEt on a test area in

i nc ltHQE)? ?1? ?tBIag«J*Z ngﬁm%]D th@drer i e thuﬁ@rﬁ Mcofding power. To

col L matqg Lhe be 12 15y ﬁ,fl 9—1 controller
by teebiereBe fupRi9aeasT Feperdine & s gegpicng gyl the
spl ifotRtech4vichRE dahangesn tvlmﬁeyp bo p podibh ofithe dirét redording layer L1
| el enticaBe nd, & Bnd el $.2 and
tne eatiep A8y P Bgh 2 FEGEE ORF send bR
t he donfrols theetpickup S0 de g@g@rdlﬁg@, Qirft fpast a pomon 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-
flectivity, jitter, degree of modulation, or asymmetry through the pickup 50 and
determines the optimum recording power using the control information. Then, the
controller 70 allows a recording beam to be irradiated from the pickup 50 at normal
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1 soniegeq it Hycleden sipal F%aﬂeaeteﬁowcgﬂégg?é Bl as an RF
dur isiggalan OPC test for the second recording |ayer L2
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pi cKUFP&OP5% normal 11 power obtained during the _
[68) est, lcattsh it thitasnébodamenh ¢he droerhdeidg dire @Pfe infafration dpesnot require

sto r u ob e%bfﬁgﬁ B Ysh QC E}h%c%;@ﬁl%rlgﬂe? 9 18 fi’ﬁfbrrﬁz@i@}l stbPage medium

repr us re

beam r ]g
f r orbefare OPR Begpsding Aata pp F@g@forfﬁ%%ﬂwﬁf%ep%%fg ‘S giyen in a
t he @Rt aetihy OPCERBrRSiANthal heretae@mmhmﬁmgmmandamce an OPC
i nci deu{ g% tthe régnt;godet ector 57. The beaminput to
the Fot'6 E]ae%f is then converted into an
[69EI ect r Tl bispl@ﬁbﬂllngi%tefiqmémérl%fm%’ém vathyadpe hging QPC in-

out Fletm&Qfén %@%J%Emg ﬂh@?ﬂ'aﬁ aflfaddnt &cdlfdhngelaﬁdf(f@f OIP@ ¢ Undecessary.
anot i ment of .the .pr vent
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nedlaumratﬁmandﬂawblyexmmgrmbeﬂ:@du QPC fxmrnmlpmvmngf dé@rhe&mt been
| nfQp gﬁ%lc‘ﬁré Heh@ fg@PQlfbﬁssE@ whet her

dat a bee ed on .a
[70} nf or n’E?Ii e&ﬁmggo(e YRRASSATTIRG, ﬁg H%ﬁﬂf‘t&‘ﬁ‘ rgprs%egﬁ,]ng an effect on the
pas SBEC duy uongaemaf:daﬁhas Iobeh vezottiad on @n gige thrpwghow gk p bpam for OPC

eI If ?ags%% Bea ﬂu@&egdleE PS5 rn@ sugﬁinﬁ)rﬁﬁu&[‘bcai &avOk, dnhget the

Ion stor aa%ﬁ% I um tThroug %l ch a beam passes
durlaﬁ@ﬂ 1@@”‘3 feath amear fpsOPE ke apaL2adnhodi nent, t he
[’}'1}j rive raydcoe ddfeﬁorﬁﬁélmfﬁifnmtmhﬂomge ckoeel 81 dltie drBGplA reads disk related
dat g fﬁ’f%?‘%ﬁ{q e gc%egor%q]n negdﬂnEfﬁﬁ%sfer@ﬁ&rdgfeQﬁ L&y 1ﬁﬁ1cﬁ’tﬁng that

t he 't ora ecor di ng
dat alatrhas heen wifidemat th@ ares Yothepyeh bR rRerEfoPEC Pé%ﬁé*‘nls not

i N Geodliddish tﬂ@ﬁifék%a%lcstbﬁfg@ Ed@fﬂiukrp fhe diBy A pefoeas OPdaising its
rec oerrgblegged (1)198 in ormatlgxq lillgt%m?t%e 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 storage medium, the drive A performs OPC at 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



area due to data recording. [69] Thus, by providing
predeterm ned information with a drive having OPC in-
formati on, recording data on an adjacent recording

| ayer for OPC is unnecessary. Therefore, by using the
predeterm ned information, th& drive may perform OPC
accurately and qui ckly using enbedded OPC i nformation,
even if data has not been witten on a portion

t hrough which a beam for OPC passes. [ 70] For exanple
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j,nf or | o [ doffeRlofD .
0y o SRODPIOBREFUS e L, M Bt Bt REg e i
bef ofwnigentdr mi ng OPC. When performing OPC, the drive
[8@ i rradoat es0ik hie) aaecdrdai bh irmer RGube airvamigrenbesn
[Sw IC? tr gsnf\ Ic{] Eé’:ﬁ%&‘aﬁ% @E ?iggt?&trlbﬂgoitcﬁ}%tbg %s%@ l?@rﬁﬁtlon on the
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i n- oemairchoferensacindithe fllpwing -4 bits éﬂé‘%%‘rln@qﬂé‘é‘?ﬁl %‘?13 duter cir-

ar eacudrﬁfgge]ncf Qﬂteﬁi&ﬁﬂﬁ& Qﬁth&l‘:lnﬂﬂhﬁtgfdﬁl% REordedsedgivo bytes.
O R o OB eL AR LT Ronang

| ay elayem.0ed Lécaonddieth is sworfded fromshe figst regominglayer j@O,t@, the second

t he fe@gﬂ{ﬂ?gy PN1ZR 'ﬂ)?c O%)H% bBYdcBted beldR0 e ARPRLE Mg layer LO. A

recor 1h)--> Recor d [.76
Voanda gay R RRARB PO L R PaCeh TR g g qo an aree
Wi t thesughrwhicnerestdranfore®PC prssevintperfenues OPCttheecoron the second

ar eag, . J@a’%} ifl L{]f t[?e%nﬁ}%nm%r Dpc'ﬂa?ﬁot beéh ARHePB th&¥rea, the

be recor using X 5
drive may perform OPC usmg its embedded OPC 1nforrnat10n instead of separately
recording OPC data.
[83] The same method may be applied to a multi-layer information storage 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.



[77] Byte X: 0000 0000(QOOn) --> Not recorded on inner
and outer circunferences, [78] 0000 0001(d h) --> Not
recorded on inner circunference, recorded on outer
cir- cunference [79] 0001 000®( 10h) --> Recorded on

i nner circunference, not recorded on outer cir-
cunference [80] 0001 0001(11h) --> Recorded on inner
and outer circunferences [81] As descri bed above, the
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contaitinsint feeordlgtporentyr revotdisg, thaws ashienyg effestivo geeording/es-
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beer @R Pﬂeé AL sROTENE Lageesdfrom FL"S“F @%?E%H%‘"B‘ﬁ aamc “P’ IIP‘“S providing a
pr edet@divld@tbrareen abragdhmedinfnorapstilé offachicoinggensigelicymnyitha DVD-
t he Ig(? e B performs OPC at recording power that is
adj usted considering that data has been witten on
[891 he ar &he MesqngBIventichalspPTRH 8e a8 3RBATRIYS BTeettdsenadice daip on the

t he jRfRSRdn dtetd I vhbdime mﬁ&rfdﬂrﬁa feft@npi dekicydl re&diding layead find the

i nformation cgncerni .ng et her data has been witten

for WEEVENECEEPEFPH™ OPC in a nanner specific to the
[90Wr i ve. The&fiesenhinveritipmrbsoi poevidesdniageatinadingpioadia s el neeged for

an enRedi feRiertt rEchﬁdﬂ?é B§RItons FVEIE h@Brdi®Modi the of a drive, thus
information in % whet her data has been recorded

on &mablingimore e icient IO?’

[91] 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 spirit of the invention,
the scope of which is defined in the claims and their equivalents.



t hrough which a beam for OPC passes, thus naking
recordi ng of separate data for OPC optional according
to the type of a drive. A drive possessing OPC
information perfornms OPC without a need to record
separate data, thus reducing e recording tine and
ClAdM&asi ng the utilization efficiency of an OPC area.
[88] A nethod to record/reproduce data on/fromthe
i nformati on storage nmedium according to an enbodi nment
of ”Whé’t@%l%l?ﬁed IQventl on enabl es determ ning an
opti num Teadi ng power to record/reproduce data
t o/ f r'om a Areistoratidrestoraige mmediuro hagno padiealityretiiegonding layers,
I . _ .
DRIAIGR IR L ieran YL IR,
for rdweoeiditmgdats rurecardkd eviah paef 4 portion ef & eapordihgnigyerdhrough
. i on
it e 4R RS bbbl P ap B BB b M or er o
r ecorvahienginlopjrris fawemcontos oé@PCt B8 fedotrebon & podetermined
Bl orﬁ ytepus providing a recordable information
SYTr nedi um capabl e of achi eving consistency with a
DVD R(]\/l [89] The present invention al so provi des an

Cor e modUBEERa FERHE HERLTO AN { Mherft B e

reerdingd ilaygr baryespohds foi trectks hentaiopd imthentest beardi ng power .
[90] The present invention also provides inf qr mat i on
on recordi ng of data needed fop.s/CF Boir (tﬁl—sqllect
recordi ng condi t% r ko QBC.accor di nq to a ¥ype of a
drive, thus ena ng nore efficient OPE [91]

Al t hough a few en‘oodl ments of the present invention
have been shown and described, it would be

appr ezci at ethelpfotham sidrbbé ﬂﬁedidﬂn bmauaﬂ oﬂ@«’ﬁhe@é!ﬁnges
e nade in these odi W t hout departi

fr omatﬁﬁé“}?rq%smﬁ%an 85P5 N6 FoyPhoR 0 SiER g0 theyhigkup, OPC

iS pefE el dhfﬁrﬁcfbelﬂ?ingeéddﬁﬁe&ld?ei theforel thé BBtaad ebcbRdlon the overlying
equi val ents. 14 CLAI M5 is clained is: 1. An

EEITEINEERYEEN st or age medi um havi ng a plurality of
recording layers, wherein data is recorded on the

nf or t 0 ora di um n ck ere t he
unt o 4et Ahplseain doos Rt SaRpiife Bt and Sl rogpraing
hypys, relthéﬂ' sfugd firstémd-decdntl esdordieg @ dohthiia (Héiﬂhﬁfblféa a user

ord n asses; and wherein o
deisieg BopBra R SRR Bherdl (e S Eraae kb e B3 Rcording tayer to
th€ e8¢ahdngedréngliayes. The information storage medi um of

cor r MRS sl andSecBEb T TS rpRpecaiY Baapee Cptmu
ptwk coritt) (DPS) Brebs, ahdl

wherein the data is recorded on the inner or outer circumference of the OPC

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

determine an optimum recording power.

5. The information storage medium of claim 4, wherein the OPC area is

positioned separately from the lead-in area and the lead-out area.



Nunber of Tfacks it TP 3. The information storage
medi um of claim!| or 2, wherein after the data is
recorded on a recording |ayer |ocated closest to the
pi ckup, OPC is performed on 1?)n overlying recording

| ayer before the data is recorded on the overlying
recording layer. 4. An information storage medi um
corrprEi SI ngﬁ\ fecotablendfoseationcterage mediug cdrayrairg, a plutdisr of

econd recor.di n ers
Phortil v hathd sBEse ol SR 567w 18bF) Mitiafon
indieatiag iwhattiea data eadeed editten oma fuetidn ofsd recedigdayry through which
|layer to the,second recording |ayer, wherein the .
& B Cleal proeat i 8Pt BF R0 ap &y pBRET Giskgrd®n a desirec
recorping $®eqpt i num power control (OPC) areas, and
wherein the data is recorded on the inner or outer
circunference of the OPC area in the first recording
| ayeri and T%Gebadﬁiﬂéfrﬁdirﬁ%ﬁoﬁ)ﬁtoaag‘eagemnmﬁﬁ claire GQVEer@rrﬁae

in second re n oppgsite

PR R e e A Aat S B O RR R e sdpforation

iggitating WHetrep tith dela pasbéen arittdrhen amfrbenait arosutsit siicag@eerence of
erein the OPC area is positioned

i f | ai 4,
BE petngn oot ISl fhsntpasetnd tne | eal-out

area. 15 6. A recordable infornmati on st or age medi um
corrprisin ralit recordin er i

S or "t naRARCTHR A BIANER SRoa DRI B fatheiei sach
dfmbj glatalify®f vhetdiey lag@kaohpsis&es lbawfm hiteRNa @@eradsm@af.eiapand a

a recordin er throu h whi a test bea
A e T OB Rl A D O SRS 1A% O GG T ares

#hashé RAd-ogueaeadi ng | ayer. 7. The recor dabl e
i nformati on storage nmedi um of claim®6, wherein the
recording | ayers have an OPC area, and the OPC

i nf orgrat i Orhel racdrugiss |df@ﬁfdtuﬁﬁtsio@aige inediumalfickgn 8heh&emn the lead-

R FRART BT BRL8 Fo O PP B AP PB GRS, £ DR G RG Sformaton

id padtdedsHebe réborddibs fegi@r dabl e i nformati on storage
medi um of claim6 or 7, wherein each of the plurality
of recording layers conprises a |lead-in area, a user

dat a 1 ea,Ardinfbrdatidresioragl imeaaied havng a tpheal@ 6F recording layers,
onis,r n at |east one of the |lead-in

"{é[{%%'[‘ rég{?dsf?icé’rqeéj kS degﬁ’%éﬁmp@i?in%e recor dabl e

i nf or megdding @irﬁb&gﬁrrﬂﬁtﬁbrum of claim 8 wherein the

o0 BB SR R e R P Y Doy o e

plealkty deckcordiigiayarecor dabl e region. 10. An infornmation

stor ag(;:ecrg? néjumset}%\é% ngn ﬁlee rsl{ ecorc!.l Xg Payer ecording layers,
performing, while the user data is input, OPC on a second recording layer

disposed on the first recording layer, wherein the user data input while performing OPC

on the second recording layer is stored in a memory or a buffer until performing the

OPC on the second recording layer is completed; and

recording the user data on the second recording layer.

1. The information storage of claim 10, wherein
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.



wherein data is recorded by a nmethod conpri sing:

readi ng control information; perform ng optinmm power
control (OPC) on a first recording |ayer of the
plurality of recording |ayer g, I €cor di ng user data on
the first recording |ayer; performng, while the user
data is input, OPC on a second recording |ayer

di spd®ed dm ifveméiliorsitonage orediiumg hbdyae e plundlity ef necorimg layers,

BED BFe [t LB P RRT s g8 2 bt ror

until pzeelfem upbtrmgpm bewemﬁtmdam is eequratis| yqeEHfdrmed on each

[ cordin t he .user d
e @tFha FeLEME fls TrapBitor SGS HBA 5 e b A Pllgeate
of cl aithme ddia mMm;mentrallglmaan:gpqaméanhrren@d@@ym t he
first recording |layer and perform ng OPC on the
second recording | ayer, reading control infornation

i ncI uadi ng Aatinfoerastionosteragé neeifune bhving t.txared thetsbeainformation

iRt Sl Beab oo AN sl are ghrghiah pn ybeam fo

dpﬂmormbovgarlcaymmOP@bmaﬁee data is recorded on the

i nformati on storage nedi um wherein optinmm power
control (OPC) is sequentially perforned on each
recording | ayer when the information storage nediumis
inserted into a drive; and the data is sequentially
recorded on each recording layer. 13. An information
storage nedi um having stored thereon information

i ndi cati ng whet her data has been recorded on an area

t hrough which a beam for opti num power control (OPC)
passes.



