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RECORDI NG MEDI UM BACKGROUND OF THE I NVENTION s 1. Field of the Invention
The present invention relates to a nmethod and apparatus for recording data

on an optical r m i I and
apparatus in m“?gﬁhgjlﬁ]g%w%‘ at ang? rsgggfﬁd gﬁoc?\ﬁg!\ﬁ% -(':.%I(blgl SC lbaglf'orm' ng a
mark on the optical disc. ~ 0 2. RECORDINGAMEDIUMhe Rel ated Art Recordi ng
data on an optical disc which is one of optical recording nedia nmeans that
a mark is forned onatrackforrred onthe optical disc. A mark is forned as
a pit in a read-only disc ) 7 Ry EfeAON Y Menory (CD-ROM
and a Digital Versatile D T C y D-ROM). In a recordable

di sc such Bs a CHDeIB/d?\tVIaIITWmHBWDR/RWRAM a phase-change fil m which
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20 recor diingvhieh kigital data isirgoomled: sreanmgpiticalidisc &y farmirigea rearkRadthe optical
Frequency RF) signal changes fromnegative to positive or frompositive to
negative IS¢ | ocation on which a mark is recorded. Accordi ng to the mark
edge regprali ng meadiPiptioh e tiid RBRlte@Art he anplitude of a detected RF signal
changes from negHtlve to positive or frompositive to negative at both
edges of a mar k.Reuasdisgodaia oreasrantiegl dise whighss onepef aptﬂﬁamec@rdm media
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shape of &otrmad ldsha gHieaokad-driy Kisesociied aCompgacgDise- mé@d r(Dmleramory
recordi ng net hod chadges according.to the length of a mark or an interval

bet ween ﬁh@'@ﬁ@éc\é?rsqﬂﬂﬁt Disg-Read @ply; Mer%oré‘d@V@fR@M?ar KN &
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char act%ﬁ%ﬁ{cds?tbg? leségs rcgll ng a‘?ﬂé;@/ﬂg?‘rﬁéa@zﬁﬁ@ﬂﬁﬁﬂ %s'rete% englmmalrk
i s rel at i wehighl adhamgeshintac hacrgstadinesphase ar annamrmmgjapbdse i Grmed $n ahe
reference dia of a rgecordj wavef orm accor rior_art I n
Lo Fig 1 deGariag er ok Rk iR w4 phase chphdnar 1 piftse changS hift. ' "0
recordi ng Non RefibihadsOfof SeBotditvg 'dafal daNRBE) didRicdl #it6 & raufk. e&@é%@bnﬁng
waveform (a) is for a DVD-RAM recording waveforms (b) and (c) are for a
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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
25 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
30 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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s level of NRZI data is forned as a space. A recording waveformused in
recdording a mark is referred to as a recording pattern, and a recording
waveformused in formng a space (in erasing a mark) is referred to as an
erase patt : i t di , ) (c :
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record/ reproduce_all specifications of discs, because the nulti-drive
shoul d 25 acconm@inge dhe &@seepattesn inslisiedi iy thepsiosrart recrding saveiveadses
an increase in cost. SUMVARY OF THE I NVENTI ON To sol ve the above probl ens,
it is a fimsintajppdas the BC lewel farea dredetainainedolime o 03808 o Vieak is apeliesl dp ng
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digital data; FéAb) generating a recordi ng waveform having an erase pattern
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| evel of_t Mo n rm.ng ;
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Pr ef er abl yih siseps (a) through (c) are based on Run Length Limted (RLL) (2,
10) or RLL(1, 7). Most preferably, the power |evel of the |eading pul se of
the erase pattern is the low |l evel of the nmulti-pul se and the power |evel
of the trailing pulse is theduMmARYSF sHE RevENTIONPUl se. Alternatively,
the power level of the | eading pulse of the Z5 erase pattern nmay be the

hi gh | evel of tHEo selveitheabee prablems, ipisefirgtebjgctive of e present myeptiog éo may
be the high |level of the multi:pulse. The power |evel. of 1he.l i.n L se
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power |evel of the |éading pulse of the erase pattern may be the high |evel
of the nulcan be ppeNardedind t he power |evel of the trailing pul se may be the
| ow | evel of the multipulse. Preferably, the ratio of the duration tinme of
the high level and the duration tinme of the |ow level of the nmulti-pulse is
substantially 1:1, and the duration tinme of the high level is half of a
clock cycle. 3 rlt is effective that i,n step (a) the first level of
predeterm ned NRZI data is forned as a mark, and in step (b) the second

| evel of predeterm ned NRZI data is forned as a space. The recording

wavef ormincludes a cooling pulse, and the erase pattern




5 includes a part of the cooling pulse. It is effective that if the ending
tife of ‘the cooling pulse is less than or greater than 0.5Ts fromthe
trailing edge of the NRZI signal, the duration time of the |eading pul se
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the recording pattern. Preferably, the recording pattern has at |east two

power | eveérserageduattern wigheat [naprovedha share hpdpaikves of the present
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recordi ng nmedi um cl udes 'a recording waveform genera g uni
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recordi ng .wavef orm generating unit. Preferabl the pic nit includes a
ot o - wht dROGPSIGTETER 8 TAHK S SPate PUUSGIA s enrimanRae CEmiving A0 rase

appl i esqd asfierh eafmirifg bAuldUIs&l recordi ng nedium or receives | aser beans
reflected fromthe optical recording 25 nedium a servo circuit which servo

control s the notRyefeiably: datadgtreeardetleacrording ta Rk dength Limitedt (RIWi(2, i ch

DrAW NS Pl etsd Ch Elteiig b el Ko e{th Bver BB NPl [ Pdgee
becone 30 ¥4 enrRpavicatsebind kel obpragicterntint@INRZINRetE is Astorddd i i,
thereof with reference to the attached drawings in which: FIG 1 is a

reference di agr £MP@f l0A¢caERRIENIHE\RRAMEPIFERES ef the PesERT Biveation. heee i i s
oy HENTSRBHCS BREPTC DoRRY Pl ot ! R Ay it
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and (c) forming a first level of the digital data as a mark and forming a second level

of the digital data as a space by using the generated recording waveform.

20 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

25 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-

30 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.



5 waveform generating circuit; FIG 5 shows another exanple of a waveform
gerierated by the recordi ng wavef orm generating circuit; FIGS. 6a through 6d
are waveforns for explaining four types of erase patterns according to a

preferred enbodi ; I | N j.on; F ; her
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of a DVD-RAM FIGS. 16 through 20 are graphs showi ng the characteristics of

a DVD-Rw fargedgs@epacet is a flowchart showing a recording nethod

according to a ed. | t: e t~ hyvent | é?ggg% I
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Referring to FIG 2, the recordi ng apparatu
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channel bidvest®lesn The recordi ng wavef orm generating unit 2 25 receives

th h | bit st d t . di : di th
oot e channelPIBIGragb; B4t PHIES PORSENTR, o0 GBS dan BP UL BUISEC OGN BT 1 0

the pre j i e, i Vd i libAdiBH! The
waveror T T e A D T R A bR e

optical rdounimgriherecordingipatteror di ng to the generated recordi ng wavef orm so

pl ement at 1 on dreisranyefsraRaGing paver LT ERR FEBRYE BYeB Ll ocis wi
be indicated by Albg, ®oascomeplshehecatioueeobiestivelof e pRIEeNEiileatish] teryiis |
be omtted. Referring to FIG 3, the recording apparatus includes a pickup

unit 1, a ovidedran epermjusdoerenaidigendatat om@nceplical regordifig medivmn yeich
nodul at . [ URi LOr o af t di sc
200, antogtFudpS SLfFbRaHl babeltih heRi&ing furifiwich PlbeaRl, & pfgtaicd
opti cal ili4w§va6td3n havfn@ram)lemgecp%tterﬁa:bohtainmgra/hmml?pursel arrcfladeeoﬂdasyﬁammyi ng
circuit or driving a ser devjce (ngt sho installed. 5 int
opt 1 cal  heals R FICKHRUTR A SPRIIEE I9NGs 1, AENGA SeCOTAISG Mediuln AfeBing to
channel  bithegjehpated recording waveform so that a mark or a space is formed.

Preferably, the apparatus also includes a channel modulation unit which

20 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

25 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

30 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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and outputs NRZI data. The recordi ng waveform generating circuit 2
gerflerates a recording waveform for recording NRZI data and provides the
recordi ng waveformto the laser driving circuit 14. 10 The | aser driving
circuit 14{‘-}4185 e?tt Wfﬁ%ﬁfes@nf:?\gﬁﬁ &5( controlling |aser with using the
recei ved recor shows an exanpl e of a waveform
generated by a rmaosmhwv%n@‘)@mplgmanamemntatmntof tRef recording tappltatus 4,
NRZI data changes according to a nodul ation nethod ~ 5 of the channel
nodul at or B.FIGhdt is, if the nodul ation method is a Run Length Linited

RLL 2, 10 , j L t ;
ﬁ/bdul) a'g i on ()EFilj%Ggsaéﬁ({%%dl—aort%g]‘rﬁ R/ogﬁf%‘?%‘ﬁr%frﬁsg%%‘%@ t&?é‘é 1%)%,&%'?1%
Dual nDchJIwaveiormtgbeera'tlmigmlmJltark length is 3Ts and the rraxi rmm mark | ength
is IITs. Here, 15 | at thdd I d | D,
IRZcor dISng S;/gte%%f)%%h A @I?g&wp cﬁjﬁ’@éfﬁ%qsﬂc" ﬁéﬁgﬁé‘tﬁ tbé( ﬁcra&gpf%éﬂg
Data Storag &I\%cg}ﬁéegg%mgm@u tmodul ation is disclosed in Korea Patent

Application 42032 An RLL code allocation nethod, nodul ation and
denodul ati on nmetMGS. @mdhmmghdadaaneowaupwm ey aaplamytg rfpub\tmeswf erase

control li capabi lit iled by,th .ese plicant. 30, Sept enber,
1999, and F?%II % 8eer, gﬁ’ Rﬁﬁ?ﬁrﬂ%@ F?f @% p({epgrrl}ég ‘?%tmded using an
RLL(1, fo seri eSFI@J %%ndhﬁan@dth@ﬂékérﬁﬁ@scbfw ataFIe i6a; 2Ts, and the maxi num
recording mark is 8Ts. Wen a hi | eve formed as arrark and a | ow

| evel is forned I%IGSa Bstpraugh 1O ﬂFESh@@EESaOf MRk weordechig aeimeylation;i ncl ude a

recording. pat ¢ ergdeorHRRSICH a7 GRS Sholuld e O AP YES P8 LRI G, O

form ng a space rec ng pa ern recording a
mark of a 3T | er®@GS. 1‘Ghmm@gmedlane graphs showmgciensieedctefisticspol 8 OVDRW,;
Al so, the erase pattern is fornmed with a pulse train as shown in i nt er val
F. Trmp i nBhtes the width of a mul ti-pulse form ng a recording pattern.
Here, t mul ti I I AV

and pouss . In t RaCh 2L S ANGRAER SolRB3 retaRuRl EHIN ARG ARG
the width e]ﬁbodilmdm:mfthmpmsehbmlvengom recor d| ng pattern Tcl |nd| cat es the
width (duration tine) of a cooling pulse. The cooling pulse extends from a
recording pattern to an erase pattern. Tenp indicates the width of an erase
mul ti-pul se form ng peSEAPTIORIOFTHE PREFERREES EMBGDRMENTENt, Tenp s is
0.5Ts. Tsfp indicates a period froma point when NRZI data is transited
froma | ow | evelFlGo24ds lai ljack giagramcofa peeardingsapnaraiys dgaosding (e Seprefgreed a

the: poutt SobBHMSH of i BRESpR VBRA - ephetthd 1o Fi e e RRpldihg HBBRRIY

i s great erwhigBrfofmb s naar ¢n aml dptiqalirecordiny anatihuimi zo@maeramcmt umitn ,emds
at low | evel Pbhl, the next Tsfp starts fro hi% | evel Pb2 of the

mul ti - pul S€CONAAG WaVetorm Qenl%'ﬁﬁng giruite, @'Ifg]ﬁ oy 9'1‘@' '@HHU@UH{]P{WW dul se
contained in an t & t f

o ntaine |ow oS chaitel RQRRER, Bhiy PhoffRios" Bl Wil IS ipddt fom the
a wavef or nousider at@da lohanhel bécstreamg W@eefmﬁ@gnmaefmgt genetdting wsit 2
Referrln 5, .when t.he, hi RZ| a is rned as

Pt hedd dcees e chABRaL bl SubaMland Behefied Brsnfftifo MaverdifortefuRd &

recording thétrbééNeBQihahﬁépblﬂ'sﬂgam NeHe Afcordind vI@wéIm geReRitaq ackaiding fo f or
formng a space of a 5T length, and a recording pattern for recordi ngTh
e

mark of a B® pesgnh.invention has an erase pattern having an erase multi-pulse.

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
30 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

5



The recording pattern is conposed of a pulse train. Al so, the erase 20
pattern:is formed with a pulse train as shown in interval G Tnp indicates
the width of a nulti-pulse fornmng a recording pattern. Here, the

' 1 he pr JeehRig BbGRrdh beRRRgRUIE AR athenl) SRy, (1P BRAES
last pul seydionnhag & nistepridi fuy @adtirey mn dpticalndisca2@E ameopticat headun atfopn
time) of a cooling pulse. The cooli nge pul se 25 extends from a _recordi ng

pattern tdeawvmgae@epb@frteneﬁecteerﬁﬂtprr optisg! dise 2004 EnSeVoLirckitakes for servo
mul ti-puls

s 0. 5rs. CPSEN e 41408 AR BRGIPP IR g o' ARel O ER In BRI TARGRIST O
froma Is)wnlth'ag@bnéaj healdi 1t IeveI to a point (start of fi rst puI se) when a
first pulse constituting a recordi n%ﬂ&iattern starts. Tsfp e%n i nfluence
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if Tsfp I sy Ts Sﬁ‘%
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the mul ti -rpobsiing Maaefdrivl for re€ortirig NRZI| deta amhprcmdﬁsthenmcardm@ twavaiore
contained in an er%s.e. attern ends at low |l evel Pbl, the next Tsfp

mai nt ai ns P3NP 12EEANiRY ACUtHE i ti-pulse. 7 FIGS. 6a through 6d are
wavef or yg for eﬁm@ragerlemhﬁgrc.rbmr)qa f8fmSaanAarkoat 4 8pAse %9%hﬂ'bni96gtlﬁsér with
preferred enbodi nent of the“present invention. Referring to FI

t hrough 6djsindhtheereseiyedaecerding waveiotimg t he present invention are divided

erase pat ter ne. 18 iR perite b deidrty pplrBidi by £ BROEY)

under st oodyaVdfberh gehalating diltditcat es that the power of the |eading pul se
formng an erase patternis the same as the |ow |l evel Pbl of the follow ng

erase nul ti-pul Jeefgringta EIG.thdNREL daia ehangas accqsdingetormadidation: mathed

tt { | f
P i d el £t B kbl b i
i ndi cat es [Liimitedt I(ELD)QWEH 00f sériess Imeithodg that Sis, famcording alo dHigiste tanberteem S
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Pb2, the 'rﬁ&&blaﬁ&n%% ﬁhm'uhem marrif ﬁsf gtr?%”@TsPé'ﬁé thePreirASmt Markiedlgtd RVE{TPb2

of the erase nulti-pulse. icates that the power of the |eading
pul se 15 fldenrs, rﬁdBdﬁ)% asmomlatrem mnetbod iisciesas ins"QpticahDige Reoerdinh3ystem he

Lhe or ndh GARaR anstVheniad adhy RabiShusdi ORIERHAY Sordik [opeT afioh;

Tsfp is tr@uélaﬁ%da@tbheisldwdb@y@hn RvkeafPitaat AppHicatiol No: [©99-52034 Al FRML
(d) LL indicates that the power of the |eadi n&lél pul se form ng an erase
a

pattern i scadfealenptionsmetiod, mpduaion pRd dameddation InesinAg, ahddemedulation
[ ti | f f
FRETE ST e e

as the | ow)ri ekl Sé’pﬂenml:ferx H@Q@reami rlmdtopermlere 251 N'Svembeanﬂocﬂ) aife datehés
exanpl es of LH of FIG rr| n 7e_.and 7f LH2

oane. as2 JPOBECt uping e FLTEedl Sefigk Mehpt el Rustitid reefiBng e er2tene
hi gh IeveIaf@%é}hagm@ﬁq\é@or@mgtmaﬂmssgﬁf ormng a cycle, is 0.7Ts and Tenp2,

the duration tinme of the |low I'evel Pbl of the erase multi-pulse, is 0.3Ts.
Al so, (f) LH3 i sWhes ashigb leeel (siformadoas &inmrkeandea davp leveh ig for ormedds aspaee

1 o7 *her i NRET dafé Gher8faflind WayeRli, Fiefiqd A 'veording dES@RS 6 hegouio®s ' °
duration tingap ef af ' I6n@th, bAV@asEpatnd f§pfdrhmﬁg ef space bpw 8EVehgtRbanafat he

erase multi-pulse formng a cycle can be changed as mn in a variety of
ways. (B@rr@corﬁm@npartern f@ré@@rémp armask of a8 TrleBeidi ng vvavef orm according to
the present inv 85 P t

of whi ch power ?@%} g Ievcglrbaga or ?%%‘Aﬁééeb\/delcmlilﬁlﬂngg ere ore c#stor i on
of the trapatterg isfweeaf with ar:pu{se trajpr & showd imindetvatFc hanmgrindicases theokvidth
reproducing is 8 i mpr.ove I n par&dr cular, in the &]ecor

[ wavef or ns
shown in tWeaeWHBUPWﬁngtfgr'H@gcﬁrrﬁger PG Rate e HEe thenMy thgglé ﬁ@aﬁ?ﬁgﬁ‘t
| evel Pb2 I t IA3(E i - hi n
" scope beraskang. Mg nYHle oL gl WRIFERERINpL' JAhEpSe b HcRtnu
appropriate to the heat characteristic of, the disc 5 200 is sel ected.
Therefore, the characteristic of reprodugrng is nore inproved. Meanwhil e,
information on the four types of erase patterns (type information) nay be
recorded in a lead-in area of a recordable disc or may be included in a
wobbl e signal as one of header information itens. In this case, when data
IS recorded recordrng apparatus reads type |nfornat|on fronrthe Iead in




9 r by the prior art recording waveform Likewise, in FIG 9, (d) shows a
mar'’k formed by the simulation, (e) shows a mark fornmed by a recording
wavef orm having a erase pattern according to the present invention, and (f)

h f. b ) ' ' . Or i :
pattern. RSB P dEAeS R wIRKBRRT 1A (A i ateeficinabafiedc, s
the resul tTovfingicaisnthe vedimeduratiof alimby dfhe edaling palseer MHas aRolhGodiset he

present invention, and (i) shows the result of erasing the mark of fg%% by
the prior eamnctscfr@%@ée@fyfﬂtr@rp@ﬂwaﬂp@mem@att% pgﬁmﬁ’e’ﬂél‘?@t‘%ﬁ thenwidth iaf ns

oS ey /A B Mo 30mBb HD eESENSE! (1 A BrébahRieFitdtiment, Temp
e 2 B B e 0% anaas Io anslied from @
o I IRUR oA it el Gr s motes (St At B mulks) e § TERoRHSBHarmingen
Lrai 1109 adeighia pAReMRSlarkor o Rl aheISACSIRS: Y6 BoliaP B 9o iags ase

pattern accor e present 1 nvention of (b) of FIG 8 1Is ter than
the trail ipajtern.5 Edatespas shewndn 1G04 nié d stpyistgreates dloanl Oy sianva AonultiFziuseg
the prior art .DC,erase pattern of the prior ar hod C f FIG .8.
Li'ke"the. GPbginesy T 35carBSt inBtens patt v Trud o b Fd ol datly o ik
better whaavdirpesape matiiinde.20neafivile liPTSBSs RIsRXAAA 0.5MEahd Aiisi-plissl as
shown in FIG 9. The results of the sinulation shows that the shape of a

mar k when aoméained dn @imegrasgviedttarm ends atylaw deval &3, ghetnaxt Tap nginteinsvam
t he erase tdy=0 | Spal IS inproved conpared to the prior art. By
adj usting IE%% Fss%agﬂetﬁgvﬂh@pﬁﬁ%id power |evel of the erase nulti-pulse,

di stortion of tIRGsBagvows another lexampld of ronavefainc gdnerated by ethetrecording
experi nment al I% veri fé the effect of the present invention, paraneters
needed i n WP B§NEFRINGLHEHHI ng wavef orns shown in FIGS. 4 and 5, 25 that
is, the,duratio | , r | iof ) RAM
and 4. 788" Dvp. R PAGREEICIS, RRIET Pt 1oVl RPN PATRE 5.5 o
is 650nm ardl e ilewlléd@! i$hfonmetdhas chaspadesrihet resordingr eetidrimvéndldes a

recordi ng/ reproducin ccording to the pr nt jnvention re conpared with
the pri or '8FbrdRE RBEEMAPEEECOdINg R B 0L 2l ngiL SReeTaRB g™ ff forming a
char act er iggdceof @ 5T hg#Vland a recording pattern for recording a mark of a 3T length.

The recording pattern is composed of a pulse train. Also, the erase

20 pattern is formed with a pulse train as shown in interval G. 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,
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

25 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 NRZI 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

30 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 Pb1, 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 Pb1, the next Tsfp
maintains low level Pb1 of the multi-pulse.

7



RAM FIGS. 11 through 13 show the features of power and tinme of recording
usi'ng a‘'recording waveformwi th a DC erase pattern of prior art, and FIGS.
14 and 15 show inproved features of recording using a recording waveform of

the present invg:é'gg;h@k Egﬁi 6d L (ﬁ)av%qmgb?orsgfﬁ'féﬂ é‘? ur’ e%clf)le §§é s

Wi th respect to wer an erase power, respe vel

| eadi ng e(pmterrtsr@ctddromged@eprefaércbcbetﬂboddgeﬁt @fftheprr@géhtlmw@m@nprl or art DC
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and the characteristics the tornme wer e measured as I"'ow ng
FIG 14 sinowlb- mjlu"e aindtadter dharlastt enasst moli-pidilse Herrhiogr they eraseapatterdi enyjst at t he

R Tt g el P i poierdeiiet oranpdo a0 dslitis b saine, g5 s Riptifevel
recor difag F’W@Flﬁbrﬁr‘ﬂsé Bn@fi- p@l@e Bftmma.catw thataAy¥ poeerdst the Yeading pulsy

erase pattern shown in resent invention. Especially,

referri ngfmrml(lg)arbEraSIeCpatﬂetn |Stthe §amaawa thadtgh teve) b2 of theefddlemngaeta@ t he

four type s Referri (b), of FI G en the e 858 pat ern r med

wih (e SuPuRH Bh AlfteaRe gt Sash Tyrthuss IaluRe R team g iy AT

erasing atmahigh level Pok! e ebar @ptr@mﬂbwq P&ipQLdritinbee to babds thevhighhlievel t he
ow

di fference between the high level and | evel of the erase nulti-pulse is

shown. |t Ab2 ehibgrerasatmull-rubsemic) fiky iadigatesthabitlhe mowes i fbe leaing ipglser 5
shows the (f)ljrﬁlhg Oaﬁe?ds%cﬁ&férﬁtlﬁ%e nid'Es rtﬁ%”\ir%r? ISl rFfl':fkc“'&f fliehf'ollowm S19%8 o1 1

recordi ng repr crn cordi or m havi e era
accor di ng nhuutltquoaadeiﬂerlthedaa;tl enasecmnphr pulsé dopnmgrthererasﬁqﬁatemr@dsoaﬂ G

it is ea rstood tha i,s . erased usjin rase
it < put 488 BlatUetpl gb% HheTvel bt IR oTa S e eameth horawgges Piykof
especi al | Y orfi |
Chroogh e BradtemiARBhich: ﬁ'g”ai“ﬁ (o 10InBRAREF ok A6 DI HIRE teduipautse,
t hr ough 180mhmg/ amera&mpantws isfthp csaane asdthei Imw evel @bdr dfi the tndlowingaerase

recordl rmW|t erase patt ror nd d
" oot e bl el 4BS IS8 BRI BBk B RE Blete SRR, otk AT
present i pN&Néwasvell PbT;l the 1&0el éfatheamo(vmg $§;§f\/bdr1tﬁ'\h@é 1656 astthki I6ivi lesemi t h
respect to recordi ng power and erase power, respectlvely for the | eading

edge, traiflingf thagsaseAithBElSeedges of a mark in the prior art DC erase.
Sglsggt 23 (a) ang§B) 7e! ghd A hFEL Mt IRBMPIE b RACPENY. Yel'S RABWRIg WPERSS.
7e and 71, (e) LH2 is the same as (a) LH of FIG. 6, except that Temp1, the duration

25 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 Pb1 of the erase multi-pulse, is 0.3Ts.

Also, () 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 Temp1 and Temp2, that is, the ratio of the duration time of the high level Pb2 and

30 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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lo FIGS. 17 and 18 show the nmeasured results in the prior art DC erase.
Referring to FIGS. 17 and 18, the nost preferable fitter characteristics
are shown when Tsfp = 0.3Ts and when Tsfp = 0.05Ts. Tle was good in 0.55Ts,
and Tlp [ : 1.1 Ts - ] |y
bt ai ned Tty baiedBl ubbieedPRTd Ry R RCSRYEL g bR

havi ng t hejdsetibed \upeve othecasiopairh@roithd etigh ildesd RifosAd thadowhevel Pb1 of
r epr oduci ng characteristics of the formed mark were neasured as the
€
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advant agequgictfing X thn@@\%ﬁbbﬂ%‘i d §iBElor the Rirde60a Phars Wier dbta igUretariceleand n

t he normal DVD- Meanwhi | e, the above experinents followed the DVD
formats ar@ptashicetor Eol 2xampley therase daftain Braynidicate inferraatian, "thaweneed i f
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F1 G 21 | JeEoResEna SMUIRIANYas GRSEH/ERngl IR SHUBIUSE el Moheo SEYRUAE S e
embodi mentgi iy if‘.EtaB@eﬁerThé Bis8NUsen HREEMALIASh has B ﬁag%}ed tilfe strgerrdli ng
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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

30 waveform according to the present invention, and (c) shows a mark formed on (a)
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What is clained is 1. A nethod for recording data on an optical recording
medi um ¢onprising: (b) forming a mark or a space by using a recording
wavef orm havi ng an erase pattern containing a nulti-pulse. 5 2. The nethod

¢ ol ai S . Al .
i tod (ROt ot yetBlR BN 9 HIRCP el evista it ORARY, o,
level of medss eimulagdnlee)NemovRetal arkofodeed by e réatdinRebyefdainahasging a
recorded as a mark, and a second | evel of predeterm ned NRZI data is

recorded #¥age pgiem aecordingorba AresentdpwRHiany apst @ ovenadpankdarmeddyr di ng
medi um co L S§: 00 At i I ght t A,

gener at i nggéb'?jé’@g‘r’”&(’%’&}ae'\?%‘@ %ﬁ‘%gﬁpﬁgﬂﬁcé@ggéﬁég%{gr ﬁhcﬁsdr?]'t g?h@gs%g)ﬁsbé

mul ti - pul SparAntbrmetesptitt sgnylatiomer (h) showvs(the fesulti ofgerasingr thie meviebf ¢§) bhe
digital data as a mark and form nq a second, | evel of th%&%q%{qt I datﬁ as a
space by UBPrRyapaPaierR Asceriing d8rthe R erankinyertionoard ( Fe$UIL IChi m
4, wherei ength Limted (RLL) (2,
10). 6. Tr’%ﬁ%@gﬁgé?%?rkgfgﬁ%ff@m%@é%rﬁﬁggbég%J trh'rough (c) are based on
RLL(1, 7). 25 7.Tablke 2veshowds diie gparameterswioértbim file pseebrinl avsimwaéatiomefor

| eadi ng pul se of. the erase pattern is the low |level of the nmulti-pul se and
the power M&/RIElpE fﬁﬁg trailing pulse is the high level of the multi-pulse.
30 8. The nethod of claim4, wherein thgygawer |evel of the |eading pul se
of the erase pattern is the high level of the milti-pulse _and the power
| evel of [tNWtertat ai | i ng pudosemi s the high | evel | eW/omM® nul t | kpUea®. 14 | 9.
The nmethqgd of claim4, wherein the power |eve| of the |eading pulse off the
erase patftern is the [lrow | evel of|Khe multi-pulse and the|power |evel |of
the trailfizgggse TS24 OW T evEdoghl e U % psgul se. 5 d@psglie nethod of
claim4, whereinh the power level jof the |leadihg pulse of {the erase pafitern
i s the hilgiP-Teevauteshc t heb0myl ti - pul $8%nd the pbeeR |evel 6P0P%% trailing
pul se is t{esiapw | evel of the nulti-pulse. 11} The nethod|of claim4,
wher ei n the—+atioof ftheduratton e of thehipgh—10teve} W
duration fti r'r-{ee ofe\ﬂ{e‘ﬁféc Iédlgveol evel of %’%Sebcrrul ti- pui'g%‘3 I S subsi 21'8 rally 1:1.
(Amorphous)
Ag alloy 0.170 2.070 2.450 0.2000

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

15 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

20 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,

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 characteristics of repetitive
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12. The method of claim4, wherein the duration tinme of the high level is
hal'f of ‘a clock cycle. 15 13. The nethod of claim4, wherein the ratio of
the duration tine of the high | evel and the duration tinme of the |ow | evel

of the nmul L.~ i : j of
claim 4 repRoferraelifg accBidng oane, Medhf InVEhRT hiche dompaBo b e
is formed giorartmethahd in step (b) the second | evel of predeterm ned NRZI
data is fornmed as _a space. 15. The nethod of claim 14, wherein the

recor di ng waver di@g- it YR 16o8ra SRR seowigdiheneharastansise o e A¥Pades
a part of C I p T | i el L4k he
ending ti rr%mg% ?ﬂgsgggl %’geﬂﬁ%@ejﬁﬁs‘?w ggegq%g%go?)? éfrdggé[rgéﬁl?ﬁgﬁ]@?%ﬁﬁgo@g%
the traig iugingagecofdindevaMBitirmswitha DG bmseypattaro of fprive aof, ahdeFiGSdisgnd

pul se fornm ng the erase Pattern i ncreases over 0.?(}5. 30 e:i?. TI?e nmet hod . of
cl ai m 16, %g'P%Wr\maEfQMﬁq eatHrea of SRcQding: H$IRI & rqGoERing HRvEiorm Of g Pressitse

has a hig an ow4l I st @q{f% i } of
t he | eadi 28{’% 6 fg‘r ?}Ei'dra]'gwﬁhg@fe%'gﬁ(”?]?@ﬁ ﬁleﬂré?h ﬁté{gﬁcﬁﬁgﬁﬁmﬁﬁgﬁbﬁo
cl ai m 4, weeorlimg phwer @ndrefang postarcraspestively, foedle leading edge, trailingsedged.

An apparatus, for recordin ata.,on an optical recardi i_u

conpri si nga.nddg?tgc Srf_g %\g\? &atrt}negq{f?él‘aé{) bpger@ﬁ?t . %ﬂf’@ﬂ%&g@g%&é@ ,a14.5mW

recor di iy reBYRfiRg poWar ARG 6AWedrase pedler Wete Geldciéd fdrx@elitidnits pul se and a
recordi ng pattern, and amgl ckup unit which applies lights to the optical

recor di ng nmedi urfil&$s d2aanty13 sbowdhe tieeagined sesultsrindbe gringanddeiesase.so t hat

a mark or a spa i S, . a0 f.\clai m19, r,i,h

conpri si ng: apcﬁ:g#ﬁgrlﬁq?r{?g@?a{ oﬂ”ggﬁgﬁﬁﬁﬁbﬁ%ﬁ&%ﬁé@m t'ze@'jdgt gqepm)(ﬁtded
from the qutbfdreBle jaed chdideudristich wpe SROMMAVIESh TEEI= 0ETe drel When Tefo: 04T,
wavef orm 15 generat i nghunl t. 21. The apparatus of claim 19, wherein the

pi ckup uni tleclidivt alied the ien eharapieratics BadedP RS apRd whenithe syalers Onéks. um
Ui cal head whi . ool . L m

20 of t Eei veo |BAROAM bBlam8Res Rpeenfall Wi R inlse Rl & Mafftiad 7

servo cirdormedhwith ther vecardimgr slavefdren rtaving dhe foue typescal enasal; patteins

| 2ser O Bl Uoke fhe e ARl ARES of e b haN 5drd Tddier S 5L 4L
. A9, . AL5, f6||dﬂmﬁ%H A95. A95, . A'5?. ALn, . A95. ALH. A'5. A'H, . As5, . AH. A5. AH5Fb~v3"@
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N IS5DIKi] b
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a] ca] ca] ca] ca] cRetetir) er@)] ¢3) fadarabeahtstaniead gitter characteristic is good
a)J cal ca! h&&&&&&-"'8' W ' ' >(((( G )E&) *[xL{**+g++l,,8----5, g%wr mic”Y] ] ] cg%ca] ca
] ca] ca] ca] ¥agR ApeUtng) LS A« A9 HVeAP BN M 2 PRt BRI e AP o ATbaPRAPE a)
| . . . .
o 505 el 8o s, 10, o e fresery venton.  Especily
a} ca} ca] caktertingjto 4h)cof] Kl&]. d4] da3 shdwa]tbal] Icddtypd isshedlestjaradngaiheafovatypeisca) ¢
a] cal cal ¢ . . :
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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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10 FIGS. 17 and 18 show the measured results in the prior art DC erase.
Referring to FIGS. 17 and 18, the most preferable jitter characteristics are
shown when Tsfp = 0.3Ts and when Tsfp = 0.05Ts. Tle was good in 0.55Ts, and
Tlp was good in 1.0T and 1.1Ts.
Based on the parameters experimentally obtained in this way, a mark was
15 formed with the recording waveform having the four types of erase patterns
described above, and the reproducing characteristics of the formed mark were
measured as the following.
FIG. 19 shows the jitter characteristics of the four types shown in FIG. 6.
Referring to FIG. 19, it is shown that LH type is the best among the four
20 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 3mW, 1mwW
was selected as the condition for the repetitive recording/reproducing experiment.
25 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,
30 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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10 apparatus generates a recording waveform having an erase pattern containing an

erase multi-pulse in step 1802. Using the generated recording waveform, a mark
or a space is formed on the optical disc 200 in step 1803.
As described above, according the present invention, a method and
apparatus for recording data in which the recording 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 characteristics of recording/reproducing are improved.
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3. The method of claim 1, wherein in step (b) a first level of predetermined
10 Non Return to Zero Inverted (NRZI) data is recorded as a mark, and a second level
of predetermined NRZ| data is recorded as a space.

4. A method for recording data on an optical recording medium comprising:
(a) generating channel modulated digital data;
15 (b) generating a recording waveform having an erase pattern containing a
multi-pulse and a recording pattern; and
(c) forming a first level of the digital data as a mark and forming a second
level of the digital data as a space by using the generated recording waveform.

20 5. The method of claim 4, wherein steps (a) through (¢) are based on Run
Length Limited (RLL)(2, 10).

6. The method of claim 4, wherein steps (a) through (c) are based on RLL(1,
7).

25
7. The method of claim 4, wherein 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.

30 8. The method of claim 4, wherein the power level of the leading pulse of the

erase pattern is the high level of the multi-pulse and the power level of the trailing
pulse is the high level of the multi-pulse.
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15 13. The method of claim 4, wherein the ratio of the duration time of the high
level and the duration time of the low level of the multi-pulse is m:n. (Here, m and n

are integers.)

14, The method of claim 4, wherein in step (a) the first level of predetermined
20 NRZI data is formed as a mark and in step (b) the second level of predetermined
NRZI data is formed as a space.

15. The method of claim 14, wherein the recording waveform includes a cooling
pulse, and the erase pattern includes a part of the cooling pulse.

25
16. The method of claim 15, wherein if the ending time of the cooling pulse is
less than or greater than 0.5Ts from the trailing edge of the NRZI signal, the
duration time of the leading pulse forming the erase pattern increases over 0.5Ts.

30 17. The method of claim 16, wherein a unit pulse constituting or included in

the multi-pulse has a high levei and a low level that are adjusted by the duration
time of the leading pulse forming the recording pattern.
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an optical head which applies laser beams to the optical recording medium

20 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.
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