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APPARATUS FOR FORMING A FIRST STATE AND A SECOND STATE

ON AN OPTICAL RECORDING MEDIUM BACKGROUND OF THE

INVENTION 5 1. Field of the Invention The present invention relates to a
MehARATY SPPORIES RIISIEAiIFRETaSTA TR AN SEQOIND BFATRMON AN
and more particularly, to 26 d r §J in which digital data is
recorded on an optical @3?:%? inﬁ?ﬁ&? %@@ nM@%Q al disc. 10 2.
Description of the Related Art Recording data on an optical disc which is

one of optical recordi ' F2) is f on a track
formed on the opticalrgé@?géﬁ%gﬁ &rﬂilg T.@md-only disc

1such afielGonprctVisctiBead Only Memory (CD-ROM) and a Digital

Versatile Disc-Read Only Memory (DVD-ROM). In a 15 recordable disc .
such a eo%?ﬁﬁﬂwgﬁ téOB\D%?%S(&W/ﬁm?QOéh%%‘i%%W URdPNIRizgyding data
oohanggsigabrecoyditadlineedhase andmaneopaintiicisiagse ia foetestiatideapparatus

. recording layer, and a mark is formed by a phase change of the .
RSB IR RO A R ARG RESTning ek e optcal
desdge recording method an a mark position recording method. According
to the mark pasition . 20 recqrding /method, the sign of the amplitude of a
Zdetecter%eli%%@ Eﬂr'e%ffgre]c%c?%%cgéﬁal changes from negative to positive
or fromRExsiticin tp detg adiveaat @pibcaltidiscowlvidhcs aoneudf ispecalrdedording media
fSERdRg 9 e mak pdas rpoprding method e Sianal abihe AmBIdE oy ig
of a detected sighal Changes from négative t0 positivé or from positive
faonmed) s/ @ giib athse degd-ohly ek Stichrefera, Caoopdiog Eheceldgad OByt Memory
EEpsin Rt scan i imPrayiac e puslly SharemotiB%RoM). In a
signall However, in"a’disc oh which a phase-changihg film IS toated, it'IS
retamwabléatitoessithpasod OEriRAg \Wdaged b DMaXREN RN caquiametohange film

R SIS B B PR TS R i ne

rart_recording
e e TG A
recotdik gddyan enh draster kharf @i hyzaliplgpsdgehahtie ahtrk phelsehctange film.

the chaVRSISIAGR O IREOIHIRI AR AORE. BIBAE0 AR, LA IRCRIY ecoraing

atively fong, the clraracteristics are more degraded.
method an a mark position recording method. According to the mark position
recording method, the sign of the amplitude of a detected Radio Frequency (RF)
signal changes from negative to positive or from positive to negative at a location
on which a mark is recorded. According to the mark edge recording method, the
signal of the amplitude of a detected RF signal changes from negative to positive or
from positive to negative at both edges of a mark. Therefore, recording the edges
of a mark is an important factor in improving the quality of a reproducing signal.

However, in a disc on which a phase-changing film is coated, it is shown
that the shape of a trailing edge of a mark recorded according to the prior art
recording method changes according to the length of a mark or an interval between
market, i.e., the space. That is, the trailing edge of a mark is formed greater than
the leading edge of the mark such that the characteristics of recording/ reproducing
are degraded. If a recording mark is relatively long, the characteristics are more
degraded.

FIG. 1 is a reference diagram of a recording waveform according to prior art.

Referring to FIG. 1, a variety of recording waveforms (a), (b) and (c) for
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FIG. 1 is a reference diagram of a recording waveform according to prior
art. Referring to FIG. 1, a variety of recording waveforms (a), (b) and (c)
for 1 recording Non Return to Zero Inverted (NRZI) data are shown.
réRecadntinoN wravRiem(ajds Zfera MiviriAMNEINdidgtavaseforshep). antRecording

efor DV denotes.the cycle ofar renc
TR B VAo A S L RS s (el for a DV
Rydta |Hee@01ldedrwie$mwlcwflé tfedlouferdersdl ofdikZI Mataridifgmuethasraark edge
A rec vefor ordi ng a mark,is referred to as a
o et S BV PR B Ty sAeat gt the Tow
|a/reismg\mmmsmetfenmtjt@a$apac@se paittyordirt weoefanresedimgrecording
wav orms )Fés%) ?éﬁ)jusea uIt se as agecordlgq&dand the d
AN & ARTETK ﬁ .&?ﬁgf e&”pr%ﬁ SriRHQLARE Wayeferm used in
fcainoiwg Bn sbamteéwairﬁsﬁigmee rihmrle)raseqiettem iochsdaxdl ardlse pateant The prior
recordin Wavefor g Fue DC Ieve for qgredeterm ne dth
ol e R R R BT T AT s A AR A iring, and the
pﬁhmewranlfemer@agemrepmﬁa{ménpla dinpes) dterrsinage DCalewarkas shown in
i eR/raldEd and distorted such that the characteristics 15 of

recordlng/reproducmg are degraded. In particular, development toward
high d@nm anel leigiséinpateredifuriudedrdmghaopezidatarbmecdisingakaseform is

TRAAER v28 N CulEVE i BT e T e Ao £l et is applied to
iMeaomdigoiIhg Brit eanﬂﬁw@gyrecm@mw@vaf%mmﬂgugeﬁép%Qalted multiple

.according to the kinds of optical discs and the %Eecmcatlons such as

UBHEB-REMDRRE BB RIK e daradrd antsiatorads i dBatiHprfaracteristics

ofreegdfairglrd praitimiatye e dagtitat difepanticasar dd&/@l@]ﬁﬁﬁ@ﬁﬂ&oward high
should be used for each kind of discs means :&gﬁoblem in manufacturing

dgnsiiHiaf 8RR SRORSL B /R RBHNBL AN S RRIA QS 5F dR@ies clock cycle T

sheravsanie metifarvesbhaulthihfaesacempeaieanvasi@besf feeriidigda recording
Waveforms Théﬁ@roblem causes an increase in cost. SUMMARY OF

WRME! QI GBS S I SHS SO YISIBPAIRERTS, it is a first objective of the

presenfjigg@nfifie{oin the prior art, different recording waveforms are used
according to the kinds of optical discs and the specifications such as DVD-RAM and
DVD-RW, because the characteristics of recording films are different. In
particularly, the fact that different recording waveforms should be used for each kind
of discs means a problem in manufacturing a multi-drive which can
record/reproduce all specifications of discs, because the multi-drive should
accommodate a variety of recording waveforms. The problem causes an increase

in cost.

SUMMARY OF THE INVENTION

To solve the above problems, it is a first objective of the present invention to

provide a recording method and apparatus in which the distortion of the shapes of
the leading edge and trailing edge of a mark and degradation by repeated recording

can be prevented.
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30 provide a recording method and apparatus in which the distortion of the

shapes of the leading edge and trailing edge of a mark and degradation

by repeated recording can be prevented. 2 It is a second objective of the
presenttinyeatisectnprobjictveasirding presbad mveigparaiusrivideich recording

data is recprded by a recording waveform havjng .an erase pattern which .
R D PR B VA A e B CFeL DGR erorm having
aimeeasiopiatpnovidich teeoidipmneethedHapadbppasakus in which data is

recorded. by a recording wavefgrm which can be . applied to.g disc havin

oo P e et e R Bralie, 3 e pelfo method
anbjeppaanidhia pvarindiave igiooctheeel idyproviateddinyetzndform which can be

recording data qn an optical recording medium, which .includes forming a
R B G R S e o) ShetARear

patternTeordacung bsinulliepbeverefejedilyedats ishecprdsemcowempty there is

Run Length Limited (RLL)(2, 10), afirst level of predetermined Non .. .
PR A TR s st 2el8 o nd BB RSN dnegm. which
inekeley fueditgranmark MR Z |iaieei byegsintpd ascaspagavdetonm having an erase

complish the above Ribé%(itives of the present invention, there is 15
r

a
pSr()e\/rf?je TN FOrTERS E‘an data on an optical recording medium,
which Preffetablia)datnesatiog chexhaetordihdatie dRdigita igta;L (b)ited (RLL)(2, 10),
adirs ﬁ%Uf@P&r@%%(&é‘ﬁnVH%“ée&?rW S F‘”ﬁ?‘os‘?r&%tr 2 @Qﬁﬁ'}‘ﬁ%& is recorded
multi-pulSe and a’recording pattern-, and ?c orming a firstlevel‘or the
adigitakdataed a seadnadrnd\folmimyed stzromid deVRIRA thetaligitalcdatedsa a space.

e Y B AT SR RPN o, vere
pr)videdt prefertiuy, the peerrdiryebataheteadingpiidat ofehedergsemedium, which
e S BRI A SRR LR p recorin
Wevefmhealéagim mumqjattem&emamhmtg.rmni@:pblse@ai@r@@dhﬁg pattern;
o AT el AL SR ARG Ahgono e
optheerhoitalydadatias wpacelmf tsengtig peiseratetithecording waveform.

Preferably, steps (a) through (c) are based on Run Length Limited (RLL)(2,
10) or RLL(1, 7).

Most preferably, the power level of the leading pulse of the erase pattern is
the low level of the multi-pulse and the power level of the trailing pulse is the high
level of the multi-pulse. Alternatively, the power level of the leading pulse of the
erase pattern may be the high level of the multi-pulse and the power level of the
trailing pulse may be the high level of the multi-pulse. The power level of the
leading pulse of the erase pattern may be the low level of the multi-pulse and the
power level of the trailing pulse may be the low level of the multi-pulse. The power
level of the leading pulse of the erase pattern may be the high level of the multi-
pulse and the power level of the trailing pulse may be the low level of the multi-
pulse.

Preferably, the ratio of the duration time of the high level and the duration
time of the low level of the multi-pulse is substantially 1:1, and the duration time of

the high level is half of a clock cycle.
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power level of the trailing pulse may be the low level of the multi-pulse.

The power level of the leading pulse of the erase pattern may be the high

level of the multi 30 pulse and the power level of the trailing pulse may be

the lomtayebitétheantlbt pulsepP(efatabliishevaliodiiee cwmtivret MR data is

RS T S SO S e B i GG RA S NRZI data s
falorideysle spdice. effective that in step (a) the first level of predetermined

NRZI data is f d K in step (b) tf d level of

Drecetd G R PHAV G BE 0SS dptho o RUSreg wie e paten
inokiddesaa galingthelsaing thelssasdtpattefiechivectndesf atparkoditg time of the

li Ise. It i tive that if th dipg. ti ft [ Ise i

e ol T S Ae DR Bl e MR RERR § e e
sipeatiuthticcutini@oftie lehdhng lealdmippulsg fhendiraseheatieasancadi@sasincreases

over E}Ts. Preferably, a unit pulse constituting or included in the

OXSit-Buike has a high io level and a low level that are adjusted by the
duratioRrafezaiflyhe keaidinglseisenddtating trenelcaleting padtenalti-pulse has a high

ARy, e eserdpg atter, et Isash g NSt VRIS AR, 1Bading puise
accomplish the above objectivesof the present mvention, thére is
feroindeti@ncappdiregysattemecording data on an optical recording medium,

which o, e?hﬁgstﬁ‘er?886‘?éﬁ9g%aa‘{%?ﬁrﬂ COP[BREGD' V&R‘&P,g&&%fates
a recording waveform having an"erase patlern containing a multi-pulse
and a ratswrdingaoatierphistaticeagtiokepaljetciweshaiblkee priggeisttontiemntion, there is

pP&&iﬁ%'p’%Cnoréj'” R Y ageore {@tla&ge e%%r%té?t‘?ca‘?cr%rdé?gi RV, which
SO that a'mark'or a space is tormed. Preferably, the apparatus a

innklddes a deamondinyodidattmrmnigeriecati?g adnsihnehmbdgearesatata a recording

S e R B P B i T eng paiern
anbipickigh voittebitreaymies lrgbterdinthmegiical eecopdiogl mestiwvhimbcording to
tr?eoelé%%@%& P&%P(%% WS\%?H%' so that a mark or a space is formed.

Preferably, the apparatus also includes a channel modulation unit which
channel modulates data provided from the outside, and outputs thus generated
NRZI data to the recording waveform generating unit.

Preferably, the pickup unit includes a motor which rotates the optical
recording medium; an optical head which applies laser beams to the optical
recording medium or receives laser beams reflected from the optical recording
medium; a servo circuit which servo controls the motor and the optical head; and a

laser driving circuit which drives laser device installed in the optical head.

BRIEF DESCRIPTION OF THE DRAWINGS
The above objects and advantages of the present invention will become

more apparent by describing in detail preferred embodiments thereof with reference
to the attached drawings in which:

FIG. 1 is a reference diagram of a recording waveform according to prior
art;

FIG. 2 is a block diagram of a recording apparatus according to a preferred
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recording medium or receives laser beams reflected from the optical
recording 25 medium; a servo circuit which servo controls the motor and
the optical head; and a laser driving circuit which drives laser device

enpiadiedenttbethptipaiseerdh\Biition, DESCRIPTION OF THE DRAWINGS
The at?J;_) § %b cts and advantages, of the esent invention will become
ppa

30 more Gty A SAATHUG P T RLEP R RB S (S LTl apparatus

oG ederence to the attached drawings in which: FIG. 1 is a reference
diagram of a yecording waveform according to prior art-, FIG. block
ingrath/Ot 2 4o SBRG Ao SRR S 8 e Er e B0 Qb recorcing
welvidie pregenératiagtiorc iG. 3 shows an example of an implementation
of ther, aratu of FIG. 2: FIG. 4 shows an exam
waveid TS s B G RPS Fh B AvE R B, AL Bt - fae gecording
gen
V\zih@mm\gmlnmr&magrmlewt a waveform generated by the recordlng
Wavefo’g%; tt'ﬁr%c'r FIGS 6a t&r d are avefor

fo
explainin Bpest ras% PadrRSAETRiny tg)g)rﬁ%' nﬁe urtypes of erase
pattdrogdi ar&rﬁrdfrt@&qoeeemfbmadrﬁmboﬂiﬁwﬁﬁ%f Tiecame: §¢ 1ar enodreion;

examp‘%%g % of FI 6r%| E %Sﬁ%é%ﬁf% ?é(aﬁrgﬁﬂ es of marks

recorded Ta St atlon are grap ahowmg the
characte@&HcS ti@DE-RAM;sRPEs ﬂ)Brt‘er(ﬂgteéﬁrdeei dmago sarailatiomg

e o DA B30 W hE PRI Rav:
recording'me RN INg 1o errad m% Teh e prese
|nventuﬁﬂrGlE$6:Rimﬁghwmﬁr“ékﬁdaﬁfsmﬁl@tMEﬁMTSstGaZDVD-RW;
IS block diagram of a recording apparatus according to a preferred 20
embodiment of the present invention. Referring to FIG. 2, the recording

apparaku&. \2hich doitovech anashowiag aptézad ridogrdirthoek diccor20tyHasaapreferred
e%%lé%@ﬁtt]df?he present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 2 is a block diagram of a recording apparatus according to a preferred

embodiment of the present invention. Referring to FIG. 2, the recording apparatus
which forms a mark on an optical recording medium 200 has a pickup unit 1, a
recording waveform generating circuit 2, and a channel modulation unit 3.

The channel modulation unit 3 modulates data which is input from the
outside into a channel bit stream. The recording waveform generating unit 2
receives the channel bit stream and generates a recording waveform for recording
the received channel bit stream. The recording waveform generated according to
the present invention has an erase pattern having an erase multi-pulse. The
waveform will be explained later. The pickup unit 1 applies light to the optical
recording medium 1 according to the generated recording waveform so as to form a
mark or a space.

FIG. 3 shows an example of an implementation of the recording apparatus
of FIG. 2. The same blocks will be indicated by the same reference numerals and
the same explanation will be omitted.

Referring to FIG. 3, the recording apparatus includes a pickup unit 1, a
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recording waveform generating circuit 2, and a channel modulation unit 3.

The channel modulation unit 3 modulates data which is input from the

outside into a channel bit stream. The recording waveform generating unit
recatlirereienefihercheneehtiigstieanit &) hganareites aciecwrdingtaragefonme pickup

far recording the rec ivefd channel bit stream. T?gf recidg'n wav?for

R BCA9iRRG T e SHELG A cRiAFRh LSS Bl Ak yegd 13 for

i
se"Pafl
receiagelaseltitpiceefldtedaveiothevoptiozaedpained, lateseVbegickitd 2 for servo

unjt 1 applies light to the optical recording medium 1 according to the .
ol B aan G R LAt AT Sl el haenyinstatied
irstimvspicaiXaeapla ®f an implementation of the recording apparatus of

FIG. 2._.The same blocks, will be {ndicated by the same reference, numeral

o AL SRRt o DRSS BB S FAme B sream,
areCowting spiRZAtdatanclubies s paidipguwiiefarbr eeoreliagnyasiefain® generates a

enerating cirguit 2,.and a channel modylator 3. The pickup, unit 1 has a

eI R oL SN DR TR L AT REE S e e eRig, waveform
tdaber Ibglt ahildotpdimniid 114e optical disc 200, a servo circuit 12 for servo

control,r% a laser. drivin cirg%}_ﬁr]for drivinﬁ(a laser device (not st’ﬁ)

n Wi .
installed"'5 IRYRe Opticdl ficad LR RodutRES S ML laser with

usipgttdateerdivedchesordingt whreefornmand outputs NRZI data. The

recordi,:_lggwa ef%r?m gegenrati)r(\g rT(1:irf:uit ﬁ %enﬁé%tef% ?mrecorgir% a efoémrecor din
for recording R W3t ant?pro ides e recorcﬁng Wavstor o the lasef g
warvafayroigentetdting dinmuiaser driving circuit 14 forms a mark or a space

by contigliglases wilo ysaeselved pecortng HaSion B6 Sion method
shows an exangp e of a'waveform generated by a recordmg wavetorm

ofeherahingredicoiodridorir®y toTki. i4, NRE¢ datzdolatrare sreatbodliisgaoRun Length
iSRS g Sl TR AR et Fource
Mbétistiaoc@eding, td gightaoHeouressn MaddidtitonplES NEAMght ©9(8-15), and Dual
nFo%th?&M%%%%?ﬁ%@m%ﬁ%ﬂga(g%% QHQ P]lé%aximum mark length is 11Ts.
Here, D(8-15) is a modulation method disclosed in “Optical Disc Recording System
of 25GB Capacity” announced by Matsushita in Optical Data Storage (ODS) 2001.
Dual modulation is disclosed in Korea Patent Application No. 99-42032 “An RLL
code allocation method, modulation and demodulation method, and demodulation
apparatus having improved DC controlling capability,” filed by the present applicant
on 30, September, 1999, and laid open on 25, November, 2000. If data is
recorded using an RLL(1, 7) series method, the minimum recording mark is 2Ts,
and the maximum recording mark is 8Ts.

When a high level is formed as a mark and a low level is formed as a space
in NRZI data, the recording waveform include a recording pattern for recording a
mark of a 7T length, an erase pattern for forming a space of a 3T length, and a
recording pattern for recording a mark of a 3T length.

The recording pattern is composed of a pulse train. Also, the erase
pattern is formed with a pulse train as shown in interval F.  Tmp indicates the width
of a multi-pulse forming a recording pattern. Here, the multi-pulse indicates at

least one pulse having the same width and power. In the present embodiment,
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modulation, the minimum mark length is 3Ts and the maximum mark
length is 11Ts. Here, D(8-15) is a modulation method disclosed in
"Optical Disc Recording System 20 of 25GB Capacity" announced by
Tiptssishiasin QpticadidatesStesagiel(©6She 084t phisal fondidgt@mnasording pattern.
disclosed in Korea Patent Application No. 99-42032 "An RLL cade .
T SR B AT ot TRloL BBt gy Te cooling puise
edndddlanion psgatitigs fsveng tonproeedse @aeatrolling eapadlltwtefildade width of
by the present applicant .on 30, September, 1999, and laid open on 2
R SUBSHD ) TBOBHR GRS AN ALHIG an T e & TRegignt, Temp
ighesMniMTstprenditdites aguk e @ Fronarddgbimmebén udRZicdedings rrarsised from a
8Ts. When a high |eve] is formed as.a mark and a low level is formed as ,
38 e R DL B g SRR o8 B AL b, Torming
réopraivaydiagermssktef a Tefdemathaarirdhasrqeatieen ibefponey sphoé an erase
of a 3T length, and a, 30 recording pajtern for recording a of a 3T .
PR THEHCD A A 1o o oboStPar S A Higde e b quit-puise
cpa@m&immwmm@nema@s as Islmo@vénh e rvhileFndxnTsfplisites from high
1608 ‘H_'t?ﬁhoﬁha%?r*’n‘q'ﬂf-%‘d@?eef”mg‘ %ﬁ‘é‘?ﬁ?‘ﬁ%‘iﬁt gL ere tﬁ?s d a multi-pulse
multi-pulse indicates'at léast oné pulse’having the same width and power.
ctmthimpdeseanearhodipaiteré EmysigdIbis|eMpl iRthtatbe thexviddfpofrtamtains low
last pulse forming a recarding pattern. Tcl indicates the width (duration
Ie[}/r%}e?%f o{% -

a coo‘?ing pu 22 >The cooling pulse extends from a recording
patternfRiGan eshewpattatnel axanpleatea thaveidiimofereestse by the recording

W@&'%ﬁr%seefoé@n an erase pattern. In the present embodiment, Temp 5
IS 0.5Ts. gi‘st méllc teés a period from a point when NRZI data is transited

from a Refetengl to &IBgb leviedtothepbigh(fael af ik putktpvidéoraéicsas a mark,

o S 9 IR B e B0 G U nciuces o

power level of an erase” patter as'shownin
regeedarghmtter6 Teraed e amdtiapmiaek odatdihdenigthnasr @sageapetiesntts forming a

TS 0 B R R S e o7 enon
containBaeinrancgchisg ettt eisdsaniposieyedPlal, thdseettaisfp Also, the erase
p%#%%i{%i?%ﬂ,ﬁe‘}%ﬁ%@E@ﬂé%sﬁ%ﬁ%@ﬁ 7 imeRAre ANPHETHTARLRE the width
of a multi-pulse forming a recording pattern. Here, the multi-pulse indicates at
least one pulse having the same width and power. In the present embodiment,
Tmp is 0.5Ts. Tlp indicates the width of the last pulse forming a recording pattern.
Tcl indicates the width (duration time) of a cooling pulse. The cooling pulse
extends from a recording pattern to an erase pattern. Temp indicates the width of
an erase multi-pulse constituting an erase pattern. In the present embodiment,
Temp is 0.5Ts. Tsfp indicates a period from a point when NRZ| data is transited
from a low level to a high level to a point (start of first pulse) when a first pulse
constituting a recording pattern starts. Tsfp has an influence over the power level
of an erase pattern. That is, as shown in FIG. 4, if Tsfp is greater than 0.5Ts and a
multi-pulse contained in an erase pattern ends at low level Pb1l, the next Tsfp starts
from high level Pb2 of the multi-pulse. Meanwhile, if Tsfp is less than 0.5Ts and a
multi-pulse contained in an erase pattern ends at low level Pbl, the next Tsfp

maintains low level Pbl of the multi-pulse.
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waveform generating circuit. 15 Referring to FIG. 5, when the high level of
NRZI data is formed as a mark, and the low level is formed as a space,
the recording waveform includes a recording pattern for recording a mark

of a 7THeBsth ﬁantaraagrmawrar@rvfwemﬂe Sfmcemarﬁfﬁdeftgth tgpdsa of erase
cording pattern for recordin fa3Tl th. The recordin
PRHEHIR (RO APt b e EE P S v o mec

with a [RésertiagntaFsGSVeanthrtaryal 63, ﬂmsruheapastmﬂm&ordf@ the present

S CR T i

di{'mtlmﬁeaeof efase ipdlteirs El'e mthclaéelsma:mct&h gbthieakatigdd@erences can be

formin ord atter nd| duration t|
RN SO Hn b Bty Al e ORATRe Tl Be itk Sindsn agin pulse
fmasagpaﬁteafras“éepth|oatﬁsetrwmeithsothenlmammlmbmuifﬁethe following erase

stlt tin . In the od iment, Tem
ARl SrE e Rtk MR TR, e, FLRee, ST ends a
thevtdmlelvkei @h]]thev@Wea Ipoeﬂtc(fstaﬁ mlrmmmwmameme high level

P 2SS Rl TARES G USRS GV S caing puise

power leve '3 ofnan erase pat |s LS Hsh R
fgraatgrahaer 8sETisadiwira isTthidi-paiee emthmedghn Imv@rﬁ’skﬁmﬂlﬂm fatidsving erase

mat}l{OW| Yeeaﬁ Ia'i!Per Xt K srtgrts fr veI Fl)’lbzt?]e erase pattern ends at
|thu Se. Meanwhi e i 815 sfp |sﬁess S and 2 malt: -pu tise”

tlm)mtl@iméelviel aberabe Mrnf@hﬂsfaﬂ@vﬂgv‘ﬁﬂfﬁhjommuexttﬁs’dip as the high level
mem];atws oW IeveI Fbl 0 the r&'é“'—lems&cgtﬂeiﬁa? %thrgocli)vgr%r q%ﬁ% leading pulse

waveforms Store exp amﬁ]g%our es of orase patierns a
fmfegmmlpmmm ithéehpresemnt inscthigohigReereh§ @ ifdBe Gallowing erase

R S R B BN e encs o

tl’tbffa!l;dfntméebe%,Sb@iHMrmfam rﬁmdaldwnh@ﬁ s:‘ipciestl"si)saatetr&s difeel@ndesel Pbl of

R RO ) A e BB 5 i puise

orming an er tern 1s the same as the |0W eve
fahalftglcamrgasaqmm«nnnpmse aameftas tihe [iswdevsd Rottigfulbe following erase

niB[ﬂ%g‘&reaﬁpﬁf‘g‘fh@ﬂ%%&dﬁ]ﬁgﬁﬁ H:?[ngﬁié%' FniNG RAYR IR ends at

e same as
the low level Pbl, the level of the following Tspf continues to be as the low level

Pb1 of the erase multi-pulse.

FIGS. 7e and 7f are other examples of LH of FIG. 6a. Referring to FIGS.
7e and 7f, (e) LH2 is the same as (a) LH of FIG. 6, except that Temp1, the duration
time of the high level Pb2 of an erase multi-pulse forming a cycle, is 0.7Ts and
Temp2, the duration time of the low level Pbl of the erase multi-pulse, is 0.3Ts.
Also, (f) LH3 is the same as (a) LH of FIG. 6, except that the duration time of the
high level Pb2 or the low level Pb1 of the erase multi-pulse is 1.0T. Here, the ratio
of Templ and Temp2, that is, the ratio of the duration time of the high level Pb2 and
that of the low level Pb1 of the erase multi-pulse forming a cycle can be changed as
m:n in a variety of ways. (Here, m, n are integers.) Thus, the recording waveform
according to the present invention has an erase pattern containing an erase multi-
pulse of which power is high level Pb2 or low level Pb1, and therefore distortion of

the trailing edge of a mark is prevented and the characteristic of reproducing is
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io Pb2 of the erase multi-pulse. (b) HH indicates that the power of the

leading pulse forming an erase pattern is the same as the high level Pb2

of the following erase multi-pulse and after the last erase multi-pulse
irftpmir@lthenerpaetipatsemremlds atdbrimghveveltlinzs tbedaveliofithe embodiments

olnian TSRO S G B 0l 17 BLOSSRIE o v o o

tﬁermnageamnaqwlwtwradmmﬁmems n’mesbcgielemb\l%ba . aETokowir@75Ts for

ultj-pul d after the last erase Ise for the er

e 0 AN IR0k BEARREPRTBI o oo S e i of the clisc
28anesasdbedow H\@idﬂh@fthh@mmmishibmﬂﬁepﬁda&}nq& thbre |mproved.
indicat that pow r of the leading, pulse for rase attern
the sarb DY Fow ISCETISHEG! (18 1wt B BB I ST vgHEmS  (ype
irﬁﬁanmmiash&mslee"n@uqndéda inrmllugammeaasa mwrreeowaaletmbslovmr may be
leve| P Jhthe Ieva of the foIIowm %gtln ues totbe E:f the I0\1v ﬁ] h
NSBRHHE SraaPRiG! %u"f‘é@sﬁi’é PP A ORE bAEMpBles B L1 GRS When
dEt@JfﬁaecRmfm«jmgathdG@ appaaatligfréails s e saatimadr@libeofead-in area

?om etﬁ:ept thza eTeQ? he du alglon 25 time qzthe hlgh level Pb2 Ofeneratm a
O r A il puls orm a cycle is0 7 TsAhnd emp2 e o%ratloth% 9
cofrisplovdieyelfl@fofthe erase multi-pulse, is 0.3Ts. Also, (f) LH3 is the
same 3s (a Hof ttha the durat| time of the high lev
P07 or T Lo 55 e T O R S Pt B Bh i op symbol
intecapihgny Tierap3piad isf theisatiorahth&iddrafianntiank oite déga lswelcorded and
Pb2 ucegOt t of the Iqw I%vel Pbl of th Srase murﬁ Ba{sef rmin

repr S.erdse p & informe on “the speed
cle can be cﬁanged AS M iR & VarT Pwa 23 ere, m, P

ofrmagetsu)sTﬁgJIsHhm@emwmg)amremeOanuﬁIﬂieglmma$lep:&edént
inventl?rq

I tter, t | u [
power IS h?g?ielevel%%?z%iél%ﬁ%%?& %' %ﬁgﬁﬁere ore (ﬁg drfl’?(])%\ Op"%'égg of a mark
rexalidgce dya ofienmatiois wesy efiselaed thé luhastiotvistiustrepnothécisignulation is

SRR L P R RN A YD 0y e

and the low level Pbl of the erase multi- pulse is adjusted within a scope
between 0.25Ts and 0.75Ts for cloc % T and a duration time
appropriate to the heat characteristic of the disc 5 200 is selected.

Therefore, {Hevesteatacterisfiescrégiityl | dRegasiingore inflirieetid film | Reflecting
film film
Material PC ZnS-SiO, Sb-Te ZnS-Sio, Ag alloy
eutectic
Thickness 0.6mm 128nm 14nm 16nm 30nm

The conditions of the simulations includes a wavelength of 405nm, the
Number of Apertures (NA) 0.65, and a linear velocity of 6 m/s. In order to observe
the shape of a mark, after a recording mark of 8T is recorded, the next recording
mark of 8T is recorded by overlapping 4T of the previous recording mark of 8T.
FIGS. 8 through 10 show the comparison results of the mark shapes when the prior
art recording waveform was used and the mark shapes when the recording
waveform according to the present invention was used. In FIG. 8, (a) shows a
mark formed by the simulation, (b) shows a mark formed on (a) by a recording

waveform according to the present invention, and (c) shows a mark formed on (a)
9



10

15

20

25

Meanwhile, information on the four types of erase patterns (type

information) may be recorded in a lead-in area of a recordable disc or may

be included in a wobble signal as one of header information items. In this
beade, priwradateisdenpwadeiacordinkepissainFicads Wehvasgmatoark formed

from the lead-in area io or from the wopble signal, and forms a mark or a .
by, By WAl S IaM S Bomta WEVSRY 1 AeREIdnaaugiom having a
etygespaiteasadqualtdims maldpresedtas esyiomohriddiy g timesrk formed by a
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simutation, () shows a mark formed by a recording waveform having a

Referring again to simulation results of FIGS. 8 through 10, it is shown that
the trailing edge of the mark formed by the recording waveform having the erase
pattern according to the present invention of (b) of FIG. 8 is better than the trailing
edge of the mark formed by the recording waveform having the prior art DC erase
pattern of the prior art method of (c) of FIG. 8. Like the trailing edges, the shape of
the leading edge of the mark is better when the erase pattern according to the
present invention is used as shown in FIG. 9. The results of the simulation shows
that the shape of a mark when the recording waveform having the erase pattern
formed with the erase multi-pulse is used is improved compared to the prior art.
By adjusting the shape, width, and power level of the erase multi-pulse, distortion of
the shape of a mark can be more reduced.

In order to experimentally verify the effect of the present invention,
parameters needed in obtaining the recording waveforms shown in FIGS. 4 and 5,
that is, the duration time and the power level, were obtained from 4.7GB DVD-RAM
and 4.7GB DVD-RW disc, using a DVD evaluator of which the laser wavelength is
650nm and NA 0.60. Then, the characteristics of

is repetitive
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erase pattern according to the present invention, and (f) shows a mark
formed by a recording waveform having the prior art DC erase pattern. In
FIG. 10, (g) shows a 5 mark formed by the simulation, (h) shows the result
rederdiatgcihe twikgldeydrditbetertdse paitem daverdiog todhe guassaried with the
inventjon, nd (i) shows the result of erasing the mark of (g) by the prior
pgp[r&t} 3?3 attern. Table 2 shows the parameters of thin films used in a
smulaﬂR)CBfDrmtmmeghgﬂ&atelgrﬁpbkamMﬁi’l@giaHb—Mam@(m of the DVD-

W/ n nS-SiN22. 0.0 0550.0058 Sh-Te eutectic .. )
.0503. [ . . . .00
RO TS, SR PR A S SR RS PboeE S g0h recording
ughmgoanieeusliAg wmdrmmm@zgaoaa@@@aeémrm@mano and FIGS. 14 and
ulation result FIGS 8thro 10, it.is shown that the tr ilin f
b el O RS NS e ARE g averont) & fie present
ir@Ertioing td)nthlélmeSﬂnt (a)/eandn(m (IBhofnFIjdte mﬂm@téhaﬂd@e«mmnmgspect to
15 %(j:i e of the mark formed by the recordin vef ri(t)r i q
e g e R RS PO SRR 26 E SaYiNG Sl Faiting edge,
atrdilhogheeldgss mreashmm imftlﬂase;jaadmg Idgeratme masledsdJe(aa)ramime(rh)), 14.5mwW

rthe %rase atg?rn a § to the \;:\)lresv%F énvqnt% Y OLrjseexd arsI rﬁgﬂ nin
Gf—ﬁ%r wgl'ﬁe resﬁ’\ps 0 e smu%?on sﬁows t% Phe shapé 8Fa mar

when thEGSCdJ?JIﬂng\ZEﬂ/Gfmm thevimgaberedases phstantrzd paonad Dithdhese.

erase multi ulse IS S I pased t ri

adjustlrr]%g fﬁes ape(u\zicﬂ# § [&N C'i%e@elfér fhegeﬁ;sgng F?lj%éc; 13, the most
pdisevdine jittethehsinapte adtecenark shovioe witer Tesfiuced. Isaaddntben Tsfp = 0.4Ts.
TRRImEmal e eliadal e resen NeRioR YRS vcle s 0.7Ts

needed in obtaining the Tecor Ing Wavetorms Showrn
Based on the parameters experimentally obtained in thIS way, a mark was

formed with the recording waveform having the four types of erase patterns
described above, and the characteristics of the formed mark were measured as the
following.

FIG. 14 shows the jitter characteristics of the four types according to the
present invention shown in FIG. 6.

Referring to FIG. 14, it can be inferred that a jitter characteristic is good
when recording using a recording waveform with an erase pattern, i.e., any one of
four types of erase pattern shown in FIG. 6, of the present invention. Especially,
referring to (a) of FIG. 14, it is shown that LH type is the best among the four types.
Referring to (b) of FIG. 14, when the erase pattern formed with the erase multi-
pulse according to the present invention is used in erasing a mark, the jitter
characteristics of A Pb(Pb2 - Pb1l) which is the difference between the high level
and low level of the erase multi-pulse is shown. It is shown that up to 5mW there
are no big difference.

FIG. 15 shows the jitter characteristics of the results of repetitive
recording/reproducing using the recording waveform having the erase pattern
according to the present invention compared to prior art.

Referring to FIG. 15, it is easily understood that when a mark is erased
using the erase multi-pulse according to the present invention, the result is good,
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25 that is, the duration time and the power level, were obtained from
4.7GB DVD-RAM and 4.7GB DVD-RW disc, using a DVD evaluator of
which the laser wavelength is 650nm and NA is 0.60. Then, the

esbet&aﬂqrietm @é@i@'ﬂév&&@rmrﬂm#@mmmmrding to the

prese ared r|or rt method. FIGS. 1

oo o AT e AP S CHE e AL B G VoA f the DVD-RW,
FRESS. mwmor@h 18 ﬁmwthoeféewweofqmqwmr/anartmnemé re€aetioglihg using a

usin arecord for ith a DC erase attern of pri
o LR B B o RS 6 B QLT A L&l oot A 20 show
mraw@dﬁeairﬂk&méseﬂordwgmlwng la fel€ardibg(a)asvadofip) siiohejittesent invention.

character th r cordi wer nd erase

reepocl i G AL A o SR e es VAR Bnegt fg, fecording
piowbe am'@mﬁs@(b@mserwmdrwls(aic&ﬂﬂléh)ealeﬂr@mugéptradmgi|egge, and both

ower nd 6mVi<era53§ower were Q%lh ected for e r| ents, EIGS. 1
r

ﬁgslfsh%wn} RS HE e parror art 19C rale. (?%)ef%rrqngt})o 14.0mw
réamrdu)gam(eb ah& G2 enadéa)aner (vpos BéGciéd the most preferable

jitter cr‘E\] t%:s 8 Shown When Tsf Isip < OIO ST?I sarnndtwherrlr Ts D%
Tle didn't t e er chara Aerie cs AT p was good'w en he cyc

is O.7TReIérBagetd mcsrse pdrambteds e enose miadfe eitai it inctrasaveerjstics are
SATRASNER fBfmedin adagprinaveiogayhaving. (e g bpes B, ang

erase pat?er IC<)1Ies d above an R Charadteristics
Tiparkasvgoo theas®diad theTéollowing. FIG. 14 shows the jitter

characteristics of the four types accordin resent | vention
chown SHET o HE St IMBRE EEGIEIACRE, CHAIRETID EWR) @ mark wes
fminmdctwrthtrdhs gmnbrdrhgn mm@rﬁdirrg Usaving rdmr(ﬂmg viypesoroh \eithisan patterns

CBRTRBACSHALS Y RIE IOM RE PR UETR IR rherkc were

resent invention. erring to hown
mraasuredy@e ikeHellogghgmong the four types. 25 Referring to (b) of FIG.

14, Wh%”d“?&&%ﬁﬁv@%ﬁ%’lh? rTed LAt ReCET fng‘ri} %%% %ﬁ%?mﬂ
the present Invention is Used in erasing a mar ter Charactenstics o
A Pb(PB2feriny vibiehGs it ai]fferehowrbett\ﬂeem-lthypogls lheslbest among the four

types. When the erase pattern formed with the erase multi-pulse according to the
present invention is used in erasing a mark, the jitter characteristics of A Pb(Pb2 -

Pb1) which is the difference between the high level and low level of the erase multi-
pulse is shown. Since the characteristics are suddenly degraded from 3mwW, 1mwW
was selected as the condition for the repetitive recording/reproducing experiment.

FIG. 20 shows the jitter characteristics of the results of repetitive
recording/reproducing using the recording pulse having the erase pattern according
to the present invention.

Referring to FIG. 20, it is easily understood that when a mark is erased
using the erase multi-pulse according to the present invention, the result is good,
especially in the repetitive recording characteristics aspect. However, the jitter
characteristics were suddenly degraded from 2,000 times. Therefore, it is shown
that the pulse erase method according to the present invention is advantageous up
to 1,000 times repetitive recording that is guaranteed in the normal DVD-RW.

Meanwhile, the above experiments followed the DVD formats and therefore
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and low level of the erase multi-pulse is shown. It is shown that up to

5mW there are no big difference. 30 FIG. 15 shows the jitter

characteristics of the results of repetitive recording/reproducing using the
thecaring wa)mimm)haviemdw erasaipatiernHeoeueing taripegiresket modulation

Invenuon Com ared tO r art. Re errln tO FIG. S
SR A R L ARG S RELbL el 15). and Dual
nasolktiog, tmmeauamwsunwuméhaerwms good 11 especially in the

repetltl e recor rlstlcs a ct FIG 16 throu 0ar
oraphs SHBTG e R A AL B oL TRHBAEREL 6t the present
mlmmaheam_edres tbfepswmtami dmeerﬂfere(abdumfumngw breexplaiged.

wavefo Wﬁa erailcacﬁ th rn.of prior art and FI PIO19 and 20 spow terred
5 improved feattidd QP ISTRY L AG ] FERbYHIRY WEUSRHARCSY iy to & preferre
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respect 1o recor in er and erase power, re ectlvel e leadi :
ccton, TAIRLG B o Y R AR ey e U e T outsice,
niBakddtes {ag atada(bant gemdkatec OfRIBD geaevén a;nelrﬁnraNleraS'thbe recording
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echiseatigitisposars stepwbd0Ben Eﬂsfpg:tﬁéﬁg'emwdendbﬁmﬁgm%i&orm, a mark
o 520900 MO ST RGL TIR s gt O 1. 1 T, Baced
e parameters experlme talned in way, a mark was 15
formedAmtkdﬁm:mbedd&tg)mv&sfocmdhagnmmep‘mseiypea\mmme a method and
Eata'{%{ e§0|rri6bc%c; 0abovgaglnd the fepro ueC|rr1g Irac:terlstlcfs; of the Shich prevents
rme were measdred as the ollowing. E?é "8 SHAWS the le P
dmaraoteMtth:e csfhhpefcmfr &y pe lsthventn @Gt hhidRiefemicry tod B atSadcismulation
W, L t he f hen era .
W T R 470 T SR 8 AR R B ovidea 0
thavelnm@h]wausedsmo@rafsir@armagérethmmm@mglareompmd)f A Pb(Pb2 -
Pbl) which is the difference between the high level and low level of the
erase multi- pulse is shown. Since the characteristics are suddenly

degraded from 3mW, 1 mW
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was selected as the condition for the repetitive record ing/reproducing
experiment. 25 FIG. 20 shows the jitter characteristics of the results of
repetitive record ing/reproducing using the recording pulse having the
erase pattern according to the present invention. Referring to FIG. 20, it is

easiiyHase g ghat when a mark is erased using the erase multi-pulse
according to the present invention, the result is good, 30 especially in the

't' : v the iitter
charadtoristis el DA 1o S B e e SB18, it
shown that thedpuiBeoptisd ieethdio hovetiinyiroresppnesdat imuetiaia isaving a

firdANARIAARPUS HBo MR 1980 HHBESHRRGTIUKENCERIRIR0- Loat il appaieassin

the normal DVD-RW. Meanwhile, the above experiments followed the
CahArPidemats and therefore 12 the EFM+ modulation method was used.

Howeveledrdiny HRERmmednatiamguaihedrdhatye nesardidg sedefefm which

. example, RLL(1, 7), D(8 - 15), and Dual modulation, is used, the result ]
inGiHss ﬁw@r%m\él.“p%%%W&‘%@tﬂ'&&%&%&ﬂhﬁ pylsgraemgePonding to the first
le@anbo i e af dat presens s daveniian hase tavibeastiueilitg stessshiat pulses

above wil now he explained. F|G, 21 is a flowchart showing a recording
CHIEFRY E&Fﬂiﬂ&tﬁ g%?gef@%gljo% %Jﬂﬁl‘#e(a%%f the present invention.

Referring to FIG. 21, the recording apparatus receives data from the

outside, modylates the data..and ge NRZI in step 1801.
Then?the reggi? w?(ff PI? gSpdﬁalt%é% gﬂﬁfgﬁgﬁ%g %’r@@%%!ﬁﬁg waveform
havirg riokeraseipgaesatiathaighihtodarendbe firaltsialitsend Siepsegond state on

thk%@%a&@:g%%@{ggeﬂéaW1ﬂ%%Yam% iR e ASPRIRERURLHRE$ ¥ second

. 0 in step 1803. As described above, according the
mtégunsmotitore @ IiiemyRRieragRRafated MBJREIE CRIGINE WaKGform
gdheahRydjRe, waveform which prevents 15 distortion of the shape of a

mark due to heat interference and heat accumulation when data is
recorded and improves the shape of the mark is used are provided so

that the charaierigtissrafue e ising! 2predusindry @itroOVAR cbinpxiss
claimed is: . o . "

| a?alser device generating the light varying in accordance with the first puises
of the first multi-pulse and the second pulses of the second multi-pulse to form the

first state and the second state on the optical recording medium.

4, The apparatus of claim 3, wherein the laser device has a voltage to
generate the fight, and the voltage varies according to the first pulses during forming
the first state and in accordance with the second pulses during forming the second

state.
o The apparatus of claim 3, wherein the voltage is not a DC voltage.
8. The apparatus of claim 1, wherein the input data comprises NRZ!

data having a high potential and a low potential each representing one of the first

level and the second level.
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I An apparatus for forming a first state and a second state on an optical

recording medium in response to input data having a first level and a

second level, respectively, in an optical recording apparatus, comprising:

a recording waveform generating unit generating a recording waveform

which- includeieaiRratig-pLrtimalingarpinriryfisftiratpissadnark, and the
seBBHESRMRANG KpHeg first level of the input data and a second multi-pulse

having a plurality of second pulses corresponding to the second level of

the input data. 2. The apparatus of claim 1, further comprising: a pickup

unit efneratiggéi@brpgyémmdhaéﬁf'gt ‘B,twﬁe’q\_‘am Eﬂﬁ; #ﬁ@pﬁiﬂf&i@il@hé@ié;herecording
ptical recording medium, jn accordance with the first multi-pulse and the
paBEG TR LT EGLILE TR ARG aVRH R A RERP RGN (o Torm
speegording waveform generating unit. 3. The apparatus of claim 2, wherein
the pickup unit comprises: a laser device generating the light varying in
accordance with the first pulses of the first multi-pulse and the second
puls®s of thelsecapparailtsmilsaim formhgreidithestate whinghegetonu generating

o R S S e st

pulgsiti e Ve A SRV RHE 5 Bidhpstgnasddtilimy Pming the first state

and in accordance with the second pulses during forming the second
state. 5. The_apparatus of claim 3, wherein the voltage is not a DC

voltalfé. 6. The@FPRMAINOPERMIMI WHEERHNTHiRpRtRR RIS BFEss portion of

th&\fitél imdadaming adHghpsttaidiabassagawepotential each representing
one of the first level and the second level. 14 7. The apparatus of claim 1,

wherein the first state is a mark, and the second state is a space. 8. The
appargitus of dawnappatreintombiirst nwhgneitsk isfastesokbs g fiatdmstonulti-

pui%%gv@%”ﬁf&mqgtﬂ ever an B“H'rts'tﬁ% ?ei\?eﬁna%a %ee%aeté%rrpdt&];%& 3f the

second multi-pulse have a second high level and a second low level.

12. The apparatus of claim 11, wherein the second high level of the

second pulses is smaller than the first high level of the first pulses.

18. The apparatus of claim 11, wherein the first pulses comprise a first
starting pulse and a first ending pulse, and the second pulses comprise a second
starting pulse and an ending pulse, the first starting pulse varying in accordance with

the second starting pulse and the second ending pulse of the second puises.

14. The apparatus of claim 11, wherein the first pulses have a first duty

cycle, and the second puises a second duty cycle.

15. The apparatus of claim 14, wherein each second pulse comprises a
high level and a low level, and the second duty cycle comprises:
a ratio of a duration time of the high level and another duration time of the low

level in a range between 0.25T and 0.75T, where T is a cycle of a reference clock.
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9. The apparatus of claim 1, wherein the recording waveform generating
unit generates a cooling pulse extended from one of the first pulses of the
first multi- pulse to one of second pulses of the second multi-pulse. 10.
The apparatus of claim 9, wherein the cooling pulse forms a portion of the
first folses antieaqurémiuf dhelssoohdpthsssompi$irgpparatus of claim
1, W%eés%hﬂ\ﬂr%}@d ﬁm%féBﬁégtjé&%\JHr Sdmea%%?&iwg ‘E‘J%‘ﬁeé of the first
and a first low level, and the second pulses ™ot the second multl-pulse
miglivielés setithihRighdend mnbidslscordriog fiveina the fieshpicdeaans dihe second
gim 11, wherein the second high level of the second pulses is smaller
than the first high level of the first pulses. 13. The apparatus of claim 11,
wherein the first pulses comprise a first starting pulse and a first ending

pulse,7and th?h%eéﬁﬁgrﬁﬂ.l%etﬁ CRMRAEE RIRaenths'astBa PHisRiaNds comprises
ending pulse, the first starting pulse varying in accordance with the

2 slacling RUFRRPPASCANNthRUER ARG G ISR b Frd el R BN speed of
thdbptibel apperdins oediaim ihlacubaiaicthefiint piltes staving sbdumd the

cycle, and the, second pulses a second duty cycle. 15. The apparatus of
er@ﬁlﬁw%%ﬁﬁ?ﬁ&&ﬁ@&@ﬁaﬁﬁge comprises a high level and a low
level, and the second duty cycle comprises: a ratio of a duration time of

the hj Ieveéﬁnd another duration time ,0 t%)e w levelin a ran ;
potwith 0 2 ARGV L AT (S T rerind A generating

uriithgeappaberusiofrortion ki #tattanresenpinsi s kesacierishia edttngeend multi-
Lﬁgéical recording medium according to one of the first multi-pulse and the
p : . . : .
second multi-pulse during forming the first state and the second state. 17.
The apparatus of claim 16, wherein the second multi-pulse comprises a

starting pulserﬁedaapﬁaqj@q)peﬂéﬁm aad iheranvhEnEAREAGh AEAER corded
speed of the optical recording medium in accordance of one of the

orsthRiAgtisae s e BRAIHE AR WP e RIgBAl multi-pulse. 18. The

apparatus of claim 1, wherein the recording waveform generating unit

enerates information data representing, a characteristic of the second
g 20 ?Fe apparatus otpcla?m ’}é],gfurt%er comprising:

multi<™
a servo unit rotating the optical recording medium in accordance with the

information data.

21, The apparatus of claim 18, further comprising:

a laser device recording the information data on the optical recording medium.

22 The apparatus of claim 21, wherein the optical recording medium
comprises a lead-in-area, and the information data is recorded in the lead-in-area of

the optical recording medium.

23 The apparatus of claim 21, further comprising:
a servo unit reading the information data from the optical recording medium
and rotating the optical recording medium at a speed corresponding to the

information data.
24, The apparatus of claim 21, further comprising:

16



pulse. 19. The apparatus of claim 18, wherein the information data is

recorded on the optical recording medium as a wobble signal. 20. The

apparatus of claim 18, further comprising: a servo unit rotating the optical
recording medium in accordance with the information data. 21. The

apparatus of claim 18, further comprising: a laser device recording the
information data on the optical recording medium. 22. The apparatus of

claim 2 BeRReSih (Pla B)titae rRidngeREinarMRIKpa sk saaadhr@ading the
ifoehiagdRfgenatiomdatadgiiesorsiestdmthisadrii-areerefating artictical

recording medium. 23. The gpparatus of claim 21, further comprising: a
RGP T R SRR RA RS ERIeh o BB Rl R BB Al

and rotating the optical recording medium at a speed corresponding to the

information data. 24. The appatatus of claim 21, further comprising: 16 a

servo i rotau 8 P rCh U, L TR AHI<k Seator St

the information alatanfiofarthetoptistlreers rdasumeidi wesamd edaimouthéata having
' [ i ing.t i iQn. ..

e F o oY VBt

informatr@ﬁ:@t@mgww&mm @eméi_s@ﬂmeimﬁ aRnAradngrateegraingsvisribrm which

BAhASECENHLEMRIHERRSS WRifrd b PRESALIBOFRORAIAILS CPPERESHYING to the

recording waveform 2enerat|ng unit generating a recording waveform

fifgbilayed ofibrdand RESARE Meliry s pibeying o piegitiselssecond pulses
cepreapprRfinadanbadishipnekpbingdnaptdatis ,aampa%anﬁl@iﬂm@@

having a plurality of second pulses corresponding to the second level of
CReRiFneHRsNE sl chRliRg RIS Wt Fating the first and second

multi-pulses. 17
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