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OPTI CAL RECORDI NG MEDI UM AND APPARATUS FOR FORM NG A
RECORDI NG PATTERN AND AN ERASE PATTERN THEREON
BACKGROUND OF THE I NVENTION 5 1. Field of the

I nvention The present invention relates to a nethod

oPGALRE RN GMETER BB NIARATIE AR PR o

AﬁEb@Rm@tmeRNmt;mcmAé@PAﬁEm FHERGQHIded on an
optical disc by formng a mark on the optical disc.

10 2. Description of the Related Art Recording data on

an opti cal di s c BAGKGROYNIhOFaFHB INVEMNTIONC or di ng

qmedi ac, f htigh mark is formed on a track forned

on the optical disc. Amark is forned as a pit in a

r ead-Thd preﬁeﬂbnserﬁlmnae!a&ﬂmmmﬂthdﬁ acd Rpparatrd fpr Mowoding data

of BOreR) Feepring el AL ERE kel Rk mptedy Hiikgpbaratus
infwiich digifat Rata\ié Réddrded phaseopticangsc by lformingiachanhem gesoptical

|nto a crystalline phase or an anorphous phase is
digr ned in the recording layer, and a mark is forned

oby a B@s%?i%tuﬁﬁ‘éf‘&% Rilaflrrphase- change film Methods
for recording data can be divided into a mark edge

r ecor Reerydingedaia @nzan apviral ildissoshich de opecirantingl iesprieg media

' - hod, .
nﬁ%@ggﬂéﬁg Qrkhilgefoﬂﬁ%:é‘ toﬁgg'tk#c‘k%g% dgﬁgrenggﬁch%‘iJ}:‘? A mark is
fd?nmqlmaypl( Fr?F;a rea@naly diharsgels dsr argompptti becRead Only Memory

CRAIE 1L PRBCOBLAH A ABRENT, PegtrkERb o0 1
rendgdable dcdiuth ased INDHR/RNeand agdIMD-RIRWRANM N phtiseleharfige film
i i PRI o VR S e o
r@bﬂ!lﬁ%} Ry, FrRCPMANNE fomeeEBY 8 phade ehargd1af thﬁelp‘é1a§€-change film.

i mportant factor in inmproving the quality of
repr oMeH10dg for greprding-galayean biend'é('dGFjskE‘tQ)r@ mr%nac@e recording

nﬁgﬁ&f 2hhaNaLAd fnélﬁ&ﬂ I ScdraR eﬁ'\etrldd ' %CEBRWTQ tb Ak rBQﬁ( position

ape of a tralling edge of a mark recorded accord
recording method, thet sign of dreliamplifusiehelda sletenjed %@mency (RF)

rgﬁ?{(g??arlq%ggpé}n { eggt Jgafokpg%lh@o} Bb&! [}ﬁ@éltt:\%ef %btlvg at a }ocat:on

space
oa wisclk ai mafkousn'edorgeéat Accdrting t8ahe m:mad(miQen@cemiylg m‘ethod the

the k su hat cteristic recording/ ..
Slodft Ga0E AR e i aeEd T piogel Qiagpar TgThirdeiie 8 posiive or
friogd p@snw % dég’aﬂve ahbothafqretdfra mhHC S Thieeefory, @ecording the edges

degraded. FlI 1is a reference di a%[]am of a recordlg?r%;;aI

%\W@r&w@%mr&ﬁ%ﬁ% iBAmBrovifig the qu

However, in a disc on which a phase-changing film is coated, it is shown

ty of a reproducing si

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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Referring to FIG 1, a variety of recording waveforns

(a), (b) and (c) for 1 recording Non Return to Zero

Inverted (NRZI) data are shown. Recording waveform

(a) is for a DvD-RAM recordi ng wavefornms (b) and (c)
reeairellnfgonNom BefurnRW  Zéroe nvEértddniiNiRZl) t datacpod eshofvna Recording

refere Ioc r.di n the rk e cordin
waBISHE B Jorf VP RN 1t brgits Wielitins (B %5 of 88 foy" vo-
Rwar He?éldl' t!étﬁnté@theﬁcycwet a eéfeldnée cataﬂ@ IA%:chm‘riQi‘ﬁ) tﬁé naark edge
ace. A recordln%dmave ormused in recordin

req: dingr ethed. the hig eV%Ichr'ﬁR%de‘é't 'FdPﬁordSH@Sag F%Br%dn‘iﬁle low
leVé 6f Zpdé? L fofmedl 3™ Bacd. SW!%%oﬁduﬂl% gfa%foﬂﬂ lﬁeﬁ% kdcording

Isre to as an erase pattern rior art
a mackorisi |refgrrwavtefaﬁ asrecalding ippttamd anel) a Lrgeordinmwavefptm sused in

offinf e i St R Mol 143 ERSRIRSR, Thp prr
art rdcerding m@veﬁrmse(ay t(b) enas(e) psé hemultn-mﬂéejdetia fecotdheg, and the

pqexge\;?arf a?{;%raég bl g'g{' r'Hfa ,Lﬁeg Rye trr%n%éj?éﬁ%\}el?%s%%own in
infdRRIl Eed to the correspondl ng area continuously.

Therefore, if recording is repeated nmultiple tines,

the Singgethst ewslﬁeapﬁtterg elydaddn thadpinrsadrreserding waveform is

o SRADR G615 AP, AR oot o
thél %Bﬁrb!’sﬁ{orﬁ:l’\ﬁb Bieth céhtﬁﬁto&@l?e dTﬁ@’éferCﬁfrdb@ﬂlﬂ@lé&egéétéd Qfiultiple
di sc makes clock cycle T shorter and therefore heat

tlmf?ﬁ- dhe shapr ef Bdnaikdn q@gr‘%@éj any} disryted $l§$'o'ihét fhe characteristics
ofthggﬁmqﬁgppﬁ]&?ﬁgérp% ?ig??éb%@ ”‘Pi’iepa‘flf?cgﬁérd@e\@lﬁpmegt toward high

, art, different recordin
denaihe fiod fighaline speedl fozmeqwdlogdmr@ daja tonea Kissdgaksss clock cycle T

R B o gL RRBn 0B, B o B Hcorang

wévieforsn iaceeagdes tecarde mbre dqa;raﬁatinﬂ ar | y, the fact t hat

dlff ent recqrdjng wavef sh u used f
i nd MEWHIE, dn s ofigY art riofind; HevERmE SR used
ac&ﬁtcﬁm% & the Kindlai of loptiedl duscscancpthé@pécﬂuam! duch as DVD RAM and
eci fications of discs, becauie t he nulf(tyl -driv

DR Be5aEe o s SRBERAEHRNICR o0 SLORUDr Mg are "different. In

paW%m‘érg e faEﬂﬁaP&nﬁQt&mé‘c%‘r'&ﬁﬁ vilVefdtiisehoRid bdlusdPlor each kind

SUMMARY OF THE | NVENTI ON To ol ve the above probl ens,

ofi tdisas ampRRSt aobpreblanye ibf Mansifastedrait ai nwulitdrye twhich can
[ e t d t |

B RaPEPEEFe o 7%l J0 YA, RUPRER, W | BER shou

accommodate adgeebf ofaeoendinganavafennsadalheprobien epemmh increase

. recordin
in cost. 9

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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can be prevented. 2 It is a second objective of the
present invention to provide a recording nethod and
apparatus in which data is recorded by a recording
wavef orm having an erase pattern which can inprove

the dthispe secoadnebjéctivet of theaptdsient irtgnéion ito eprotideha recording

ent, i nventian t,Q ide ar d t hod .
mBlhEarahd APkl el Ko R relaidRadhhg T By Hpyglor having
arV\eréeé PafteMEibh €an ifBrovenpé sRabd 6f &ntdrkC having a

recording filmwth a variety of characteristics.

accor‘ntdﬁlastﬁ"rﬁl f@l%&%@f 88 @@ﬁ?%gV%tIQnH@ Hﬁ?\ég%ﬁ‘trecordmg method
ariéi‘é{ﬁﬁgrbﬁfé intQRER data |§’rr@cgir§@(§j ng dﬁﬁé&ﬂg b%a\?e%r% HHh can be

ta on an optlca recordi ng ICh |ncues
apfpdieditong discriwevinga r@ccgqjxag éllrbyvmtm vayiedy pbcharactagstics.

¢ 10 vt 2683 oplea B ey BRI ifaficn, shere s

praﬂiﬂed@mgh@thbdnﬂofaécélﬂhrl@ @éta D) an @ptfcal sécdrdingl mef:hum which
predeterm ned Non Return to Zero I nvert ed gg,RZI dat a
inlydes (RIS MaTk 21 ArAPRCC i AISIGLR ERAPIiing Yav aving an erase

ﬂeﬁﬁjﬁérﬁéﬂﬁgeﬁnw uggta is recorded as a space. Al so,

to acconpli the above objectives of the present
| nvefréferably, iata is eecondaqoamr@leg tey Rust bength bimited (RLLY(2, 10),

g?x{)%!eggE%%te?erﬁpn NSHtF'{ Atn { ef@fogho&éﬂa ﬂl‘dlggp tdz%lé recorded

generating anne ul ated
asjaltrﬁmk ,(dnd @ secorak leve dpre&irﬂermmg:l NRI ebtar isrécorded aaa space.

pat ¢ 1 1o BHOPRYe! Aoy Or iR o B ey NP Pp afere s

rQﬁHédaé rAetiBA kfo@ﬁ‘écé@fﬁﬂ e R oﬁeﬁﬁnﬁbtlcﬁv%cor@fngt Rxdium, which
ital data as a space by using.the %enerate

meleg%s g TR EoshAnNeh maduiated gigjtal datp o) ggnarating grecording
Wi \@Lf?q“ ﬁ%lﬂﬁé e &9355 rk?)ﬁ‘aihhﬂ‘al ﬁlﬁltl(ﬁhéé égd a ré@érdﬁ{g pattern;

Most pre era ower | evel
aridetedl Forgingu o diestdeve (06 ther dlgéalgat@ ap 1@ merk wrbfqrmmg @\second level

ofcfll;? H@?tam%té as %uégqia%e%nﬂﬁtl&g}r@oi&rerétﬁg ?éco‘?{hng heaviefdthl.| N9

AI t eheferatdy, \stepshé@) plaroagh l(evarke baset om Reradiengthpiutrﬁed QRLL)(2,
1%6#%?7386 pattern may be the high I evel of the
e and the power level of the trailing pul se
may lMi)ét @@efbraﬂily |tl$e/ gbwéf' Ie&BBoﬂmétleacﬁm@ paise Digheeme pattern is

| eve e of the tern g,
thgdow H\%vql atvtheemltl BWS? W@%H{S]Ptﬂo“ﬁull% T ohiva el ing Billse i€ the high

Ie{/ﬁvcﬁl thé’fmﬁlﬁ—%uwea' |AItBE1aQVb§etH@3M0\P@r FebSI biotﬁe' Iéé@ihg cHulse of the
nul ti - pul se. power | evel of | eadi ng pul se

ergse pALerY MY I:pmtheeh\gh rigyelmf they émuitigwlaee@m ther pewer level of the
trég?mdsgu%% rﬂggsﬁﬂﬂf hmeg’&g FAEFE@I%‘EP ite?eThéaﬁdwé?glevel 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 muiti-
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 halif of a clock cycle.
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pul se. Preferably, the ratio of the duration tine of

the high level and the duration tinme of the |ow | evel

of the nmulti-pulse is substantially 1:1, and the

duration tine of the high level is half of a clock

cycl dt |s$ﬂetctn'fs trtfin ey ¢at that firshleseleof ppetammirfad BRZI data is

foliT o & PRI (By1 (1R CRlond second ' of BlrbESsr A g oaa i

foffaédat 9 spfa@éned as a space. The recording vvaveform
i ncl udes a cool IWﬁ% Ful se, and the erase patt
i ncl ddesregopting eform ksl PR FOPINY PP|[591 an fth%&rﬁ% pattern

méuEaés f pdrb®f #dich nrrg gasef k € effeOR)d Mt Wﬂh%eeﬁcﬁnd %ﬁ% of the

an or greater t romthetralllng;ﬂg
caolieg KRBE isdegmtian erweaterélnarbﬁ alsrfroratthe trailing gﬂ90f the NRZI

sight e, S0 s o {8 BalRlr Al IHFAE B prbRntter [foreases

oven©.8Tgl ti - pul se has a high 10 level and a | ow | evel
t hat _ar ust ed t he urathntl of thele di n .
Ul s SRR R hRUIEe COeH A AT DEHHET b bedPdinrpiss B a high
Ieﬁél%fdjhrlgwﬂéﬁéleﬁ'lﬁt B?eS aﬂfus{e%l%* tﬁe‘!‘@lu%i&ﬁrtlﬁ\SVcﬁ'tﬁe Iéédiﬁg pulse
to acconplish the above objectives of the present

formingibé sacording petter. provi ded an apparatus for _
151 AP fe BtoRing B aR hasritbac Mo FBWe Buelt 1,
generAdscgdo acnenmhsh th; Alaoves olnjacﬂww ofgharpresem ényestiony ihere is

I Nl nNg a ean a recor
prEige 8 e ohatal o HEchARecte g, 66 pEicRRR B Hhear R which
in€la6&s di Necorfiig! rwmhdlgwmemmgt mitgahihaigeferags rali regording
wavef orm so that a nark or Bacelsfo

wayelerEn BRYipg an@’ﬁﬁ%ﬁav%m@nﬁ'@a |%’E‘Pﬂ'd@§3%aeg§rfﬁéwdm9 pattern;
arlPS Wikub UnitUhiEh WRbRES ligHls f8RNGHticBPAELRLIRG ntkdidn accordlng to

provi ded fromthe outside, and outputs thus fgenera ed
thelgEnetiec racording wayvetsra S@gthﬁh% é’fﬂfk@f ganacais fagmed ¢ .

Pref of g %bly,ttnga@g%éﬂﬁ 4105 EIG'IJEJ%ISU e&wéf‘un@%ﬂédd@ﬂn{n‘h unjt  which

rot at es recordi ng nedi um an optical head
channheh naplolates da&as eroMidehnirono theh eutside, carld ontpets thusggenerated
receives | aser beans .reflected fromthe
NEEL YRS sk BRI OB R g L et Mt o
ser V@rémmsal thel Ipeckopt ot ancludde opidtonlwHictadbtatex the optical
| aser r|ylng circuit, which drives | aser device

recRighing Ineefivm: 13k BHER!cBead sich pranties DrgRiRPRAMENIQthe optical
redblgidd MAdNER 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

4
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The above objects and advant ages of the present
invention will becone 30 nore apparent by descri bing
in detail preferred enbodi nents thereof with reference
to the attached drawings in which: FIG 1 is a

erhBddEmenEef e agesunt afveatioigcor di ng wavef orm according to
prior_ _art; FIG 2 is a block diagram of a recordi n%
appar4@ud shewsan erarirje of &“éﬂ'&l?@gntaﬂo%ﬁﬁﬁlﬁ fReRfding apparatus
oftFi€, #resent invention; FIG 3 shows an exanple of an '
i mpl enentation of the recording apparatus of FIG 2;
FI G FAGsHowbowR anagareplef ob ananavetorm generated dbyhya gecording

' .Lormgenerating circuit; FIG 5 shows
Wby rsle

a waveform generated by the
r ecoiFiiGng showveedratimroga@enze iofig waveform ; gefieied Gy the recording

t hrough 6d are waveforns for explaining four types of
W%ﬁ%rgggﬁ%?rﬁﬁ?gﬁ'r%kordi ng to a preferred enbodi nent of

the peseda 'tH?Mﬁ‘?H igANarel Wavbferms 7Rr a8¥lafhing! BuPtyifds of erase
exanples of LH of FIG 6a; FIGS. 8 through 10 are
patterpreacesrding ik 8 prefened embadiment ohihe present investion 1

th 1 i sti f

oD R TRl 9 5RPhet B Bs oP I B0 i ng the
char &tG8r Bdtriough df) ase Bivapdad/¢f markd réSorBedin 8 bimslation;
o5, 1P U913 G e PERIBE FAGRISH IR e v
DESCRIEGS! Wt%ugHEO%W@SM@lthEM§raEtéﬁsﬁ€s bfa DVD-RW;

bl ock di agram of a recording apparatus according to a
artS’r eferred 20 enbodi nent of the present invention.

Ref e G 1<0a Riblchatt sﬁ&WinPeéFHc‘SPd?ﬂg ARG P hESording 6 preferred
forms a mark on an optical recording nedi um 2007 has a

erpbedimentief the pregent ineptiei.ng wavef or m gener ati ng
circuit 2, and a channel nodul ation unit 3. The
channel nodul ation unit 3 nmodul ates data which is
i nput fr OESCRIPTHONOH HEE PREFERRBDHEMBDDIBIENTEN The

OO RS B AT L Bb e TR G e torod
erhbédifeppotinechreSentiveditivad Refmed tdFIG. S, tieardcoldiey apparatus
wfﬁigﬁ%rdnksn% r\angeLgramn %Stri]garl arteggrd%%cr%regiuw 2t08 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 omitied,

Referring to FIG. 3, the recording apparatus includes a pickup unit 1, a

5
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the present invention has an erase pattern having an

erase multi-pulse. The waveformw || be expl ai ned

|ater. The pickup unit 1 applies light to the optical

recordi ng medium 1 according to the generated
recardingdwagefoow geoerating ascuit @, famdna ghardtel meedulator 8. The pickup

. FIG 3 . le. ' t.at f
P85, 51 i LOP B AP A%, REBL SRS a8 13 for
re@e:blhg hgsdrnight aetﬂ@tdtekmyorﬁtbechs dpticaladiss 200.ea eumr@dcant arxdfor servo

sane expl anatl o eferrin
comr@{ agd Et'ﬁ‘égrr oG Pﬁ@lbybémrwgnq %%Sﬁa gvige ;sﬂfatﬁw“unﬁ installed

in the éptical h&5PH ¥ ng waveform generating circuit 2, and a
channel nodul ator 3. The pickup wunit 1 has a notor 11

for Mbeahangemogplataral napdidates dnpuirdatptinte channgl bit stream,
anlfObutpl8GTRY Btp! 275 rhbMBing GE A6 doABifind MY delertes o

a Servo Circul
ret@ding Wavefomy for recording NRZI rdath iand pgoddés ey retonding waveform

shqown |nsta ed 5 in the optical head 13. The
tO&Wﬁat@ﬁ@T&r‘rﬂ%ﬁJF%@& 43 modul ates i nput data into a
chanmeb i&ddr dFivingadicuit Aadofié BUhSkNRA sptirbdy cbirolling laser with
recordi ng waveform generating circuit 2 generates a

usingclbedper)verhasopting wavefas®or di ng NRzZI data and
pr ovicges 4t giav b \Y ;
ci rcgqj? t gF“TE{QT%Rd‘I%aser d?’{\%{n'%ga\fgﬁrtrﬂi*en%??%%fgn\é‘ﬁar}gcordmg
wamfch:rnvgemeratnm:elrmm controlling laser with wusing the

of - aRAYEPE iR g, SREECBE ol bR Gust R B R method

onBéQih@hhagn'l@dm@wrts Refiatris) Hghé OncEdLﬁ?atloﬁ rerRYdd akeRun Length
hanges cordin toam)ulstﬁtlon met h

h
LighanoELSesTah Sines maffiod uRed 15, Aetaig ISt ik equrteen
Mb@lﬂldﬂjmmﬁﬁlght ld thﬁé’er‘ M&mnlﬂhs IEFMRY, DE-h9r.and Dual

that 1s, according to E to Fourteen Mdulation
modeaagon, @@HIIHIWWFUWIS@\Q Hsaandotfe gnardmuprpayk length is 11Ts.

H%? qﬁg 5 %”étj H—Bﬂmatlom&h% lgﬁb{eonsgmn %Bgﬁ?lwﬁg?gﬁﬂ@ System

max! mim mar ,
of RG&H Eppasityd annduhegd by Mﬂismﬁuladhﬁpt@sbaatmsmmge (QDPS) 2001.

D) BRI sRtehd T dort el ARG oty 2RSS an RLL

coBlaaéI[_o&a’(Dbﬁ aidtiond, i raodiiistidroand delmdﬁnjlamnﬁaemw and demodulation
er SR R i) 3R e Sabr S iy B it spptant
orﬂ%UD‘Bép'%émBQr m@aré\wsalbaypém dn"REONasleRBes 000! | ifndata is
capabi l'ity," filed_by the present appl i cant

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 NRZ| 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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on 30, Septenber, 1999, and |aid open on 25, Novenber,

2000. If data is 25 recorded using an RLL(1, 7) series

nmet hod, the mninmumrecording mark is 2Ts, and the

maxi mum recording mark is 8Ts. Wen a high level is
Trhpis@dTas Hpradikatesdha widty df éhveelast pulse foretdnga raceingepattern.

e} dodiibn o Paidt! b EEehCiBRY I 2olhd WUsE's Bhe cooling puise

e)dltmtfr;bm@aeibﬂﬂg% pattémrtg éroerafserpm@g} a thgfat@ hé width of
engt an a recordi ng tern or recoraing a
egpuly- Paiss R ar‘rﬁéa%eee%teaﬂ ng N ?t%?’?ﬁﬁ@"&ﬂﬁ%@@b Temp

is @f5'l% p%ﬁ%afcﬁte@ a ﬁbﬁ@d flbh‘? aﬁfoﬂﬁ%héiﬁN@ r&la’tas is' 5 EEd from a

u se train as shown in interval .
lovvdevei ato @ehlghdew de la paint (startipt firshpulse) Wbemawfgsbpulse forming a

ref:eag{gdéﬂgerﬂu L - Iﬁ?'ﬁ?@ atnhi?‘nﬂMéé 8{?% fhe Oﬁcﬂlgérclghﬁ Soffdin erase

S€ "haVv he same W
pattbﬁn.prmmé asrﬁIm\rmlarFfIG 46if Tefp is @ré}atéﬂ'ﬁlan'ﬂ Prd acd aah@t-pulse

copingil i on $Ease Beiteineadsial dowaah Mo e S Telistaris frog high

Ie@é?‘P"UZrtﬁ tRe! ki - piﬁ@.@ CD@ahWﬁll@qf Tflp iL8E€ b 0.5WBAd a multi-pulse
recording pattern to an erase pattern. Tenp indicates

contained in ﬁncﬁrasgrﬁ)aﬁe&\sen% Bt jowpiavek Phdr thehgeﬁnTSép aintains low
le\ﬁgf?bqr& ﬁ“SuEEesem enbodi nent, Tenp 5 is 0.5Ts.

P |n |ca es' a period froma poi nt when NRZI data is
t r an§il®ed shoam anothervexaeveée of @ wavefgim generated by theiratording
of ft‘rst r se) when a first pulse formng a

wévsiart
@%ng‘ﬁ@erﬁ g &y tarts. Tsfp has an influence over

the pwiiingey GFHGOS whe® ke Righpevd] &f NRZI hﬁta issform®ed as a mark,
shown in FIG i f Tsfp is gregéer t han 5Ts_and a

ang, the o) lexel b”brﬁ‘?@%@sl A BRPGEr d58 @39{%‘?91 vayglorgy inclydes a
reb&’dﬁ'{g [%’dem ?ﬁe&%ﬁng{/&;%rﬁbﬁétﬁ IEF@ M Bh @Fhsleopdtfé\‘rﬂ‘or%ﬁmng a

['ti-pulse | ess

sp@csvf, aaﬁTdeagﬁhuand agarereingatiem fﬂédewd@g %ma%ofp%ﬂéength
ends ial f
Poye P RGPSl o BBy IDRTRLrANS A e orase
patteamis| forroéd witheayedloe tragvea&estmwdmbyterm G: edonplindipates the width

of PRl Biie, 87 Sprfi gt TLPo MR Py Sk Bpiates at

Ie@ertObﬁehﬁulsemdvm@thei samerweith and powerc el,nf meeplreeemtr dmbgdiment
t or, reco

TRaRO BT P INURgeR e iahiat 8%, B8 bilse forfing Arreheraltib Sattern.

TcWﬁ’diSat@E tﬁe5W[dtI¢r(ﬂhthloﬁnﬁh@) o CP Tdolify RflseST MHeOIcooling pulse
recording a mark of a 3T |length. The recording pattern

eﬁt@dﬁofmsaefp@fdl pafted tora erasapadent. hJesimigicaes the width of
arllogtates%r gilu'lté)u!g_é %ﬂ fcfjfu rl?'%; gagp%‘#aéﬁ V\éa{f}?ﬁﬁ‘ a5 $ROMFesERt embodiment,
Temp is 0.5Ts. Tsfp |nd|cates 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 pattem starts. Tsip 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 Pb1, the next Tsfp starts
from high level Pb2 of the multi-pulse. Meanwhile, if Tsfp is less than 0.5Ts and a
mulfi-pulse contained in an erase pattern ends at low level Pb1, the next Tsfp

maintains low level Pb1 of the multi-pulse.
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of a nmulti-pulse formng a recording pattern. Here,
the nmulti-pulse indicates at |east one pul se having
the sane width and power. In the present enbodi nent,
Tnp is 0.5Ts. Tip indicates the width of the | ast
pul s&1E8r Manthraughe &dr dienyayatormsnfor erplainingifout égpashef erase
' at i ' j l'ing
pefefecbHifo LA oty Bhke EmBeifigin I BteSBne PN, 02
palt t ®eferrihgip FlGSI 6attesuyh&dythit érasé patterneraxserding the present
. multi-pul ge caonsti utln an rn. In the
IngATKOBATecIEnElR ToUrEHES] @ 0BT HET () Ky chfe L. The
d:@é@h@é& bf erasa ;mﬂems wéeﬁ]aHFé%d bflafrdlet SotthantHet &fferéntdcan be
low | evel to _a hi %h | evel to a point (start of first
a

eq@uywdem@@ﬂa Firsts ( ths@d"‘@éﬁﬁsih&tJth@O‘&err et dhalileaging pulse
fofhglbélegrggrc‘atggrﬁa?tterﬂ— i ﬂ'\ehgz?mgnaé H{Fhféﬁpfé%fapﬁﬁ’i é}EITﬁe FP&WI[‘IQ erase

an erase patter as
miltiguise and aftef phe tasyeesdee multhpuls€ f8Msingibe @rase pattern ends at

thgm%é\}ég‘:’g? Iﬁgnﬁp@g? dg‘f gf fipldving IS tlﬁ{t@%ggg\%aasttgﬁ%\f\éh level
PiY of ihe drHbé hmtithaRe. Nf!ﬁﬂ-mllﬂlcﬁeatéé tﬁEﬁftlﬁ’e péwbﬁﬁﬁtﬁeh@ﬁdmg pulse

0.5Ts and a nulti- se contained in an erase
foening a erase nastesn ispBle same agdhe high fpvehRbAtafithe fm'lswng erase

mhl‘ﬁ erﬁhsep Q}f'ld ‘gﬁei'?‘?er H‘E'féltte'raé?éjhﬁmp ds& 'fﬁnlnga}hé 'Hr%ggaﬁé’m ends at

wav e I ai ni ng our
thpdmgha level Bb2 olhei Ee~gelta§ tlae folloidng Esfpemhabdmemm befastthe high level

o 57 BB S e=E=L5 Rfed et LR B
fofmiBgry edge patteen ithe :taymesas tha)hidtleveb PbBikdf the Yolldwing erase
b o, e RGBS (S0 B LR s
thEFdH evelneler sheRiel dﬁ_ﬂthéﬂ‘ml[oﬂnﬁﬁg i tHeCsHreS at ed IdWievel Pb1 of

power of the | eadi nﬁ pul se. formng an erase &attern
the erasremdiipulgs. t HiealMowd) bly idigates Bﬁttﬂl'féPPWPT@ hgdeading pulse

foﬁﬁﬁ?ea pﬁﬁsstee' 5t S §s mﬂséﬁﬁeés EH%eIoWI%VePPB?’ &Ff the fo[lowmt\;Nerase

ormng e erase attern ends at
mbukivellsePbing aftee tipelast arasee mudti- pulae fomning\ihe grased pattern ends at

th%ﬂ{?\{ﬁ&'f‘eﬁ \FR1 Eg)[&kﬁ'%f tlﬁé’%l oev\%gr *?gggfo{%téhg%%@%% ast hhe low level
Pw‘ﬁaﬂﬂha@r@sé mlltl ;butlgen Pg zﬁn ;eriase pattern is the same as

t

tna G188, TR HredtenSmmes BB 6ay ReteinsErIcs.

Té’éﬁé #f, e ifthe MR B 4H) LHM‘MFI@Q?- excbpt thav®émpf, theeluration
'l owi ng Tsfp continues to be as t he hi gh | evel  Ph2

tlrm of Hbe dviats deviel FbE- pupr @rage Mulii-pylei feBTIBE 7 [RYFle; fel-/Ts and
&Rﬂffthefd&é?ﬁoﬁ ﬁﬁ%ewtrﬂuﬂoaﬁle%él PR BfHe Ul mthﬁarsbewo 3Ts.

t'he sane as h level Pb2 of the | owi ng
AIeo,aEf)eLHau$ the pamecasa(al L4l PEFIG.Hb @xgept ﬁ\aéfﬂee duration time of the

el Y27 shSlo AL 5L R RES hERPRARATs T, P, o et
of SR 188nd Temp2WhhtiegtheRtatio 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 varety of ways. (Here, m, n are integers.) Thus, the recording waveform
according to the present invention has an erase pattern containing an erase muiti-
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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the erase multi-pulse. Finally, (d) LL indicates that
the power of the |eading pulse formng an erase
pattern is the sanme as the |low | evel Pbl of the
followi ng erase 20 nulti-pulse and after the | ast
imprased. mn parjpulaseint thentengrding wavefernsashewn ieribe eanbodiments

dcfferh ey ghp dketichying & The Plar' (5ef P AhdHe Jallgevel Po1 of

thedrase palis-pulsel I%dﬂﬂednﬂith’hﬁ aaeopH bemwnamzlsﬁ apd 0.ASTs for

of FI G _b6a. errln FI GS, 7e
clagkecysig g apd PAZI uratien, ﬁ@m@“a&&%&e ?ﬂ.{tChﬁgﬂ%?”StFrfg the disc
zcﬁh% abjeRted. 2ThbtdtBredthd &Warﬁbt@hsﬂlc%ﬁ]ello_%a%cmb @ﬁucﬁéﬁﬁ roved.
tl-pulseformngacyce IS s and Tenp2, the
dur aMesnwhilge isformation oan| &he| foup| typest 196 efasee patterns  (type

innaord 48 e focdded it Rl arbBior 3 roHigAORTRE of Hhay be
in¢luged ln@ﬂobﬁ’lebgna]tahe:riewﬁ Headel inRlirmatibntifemser &s this case, when
Lti- ti of . T

daf iy iechist, reordpaEnPa IS SHATe PR RITEIT T B leagsin area
orhfr8h |t[$é/ﬁ}volfm8 ﬁgﬁbﬂ%ﬁd‘%rnﬁg d hﬁaﬂkow | £\eplacEPby erlehiting a
erase nmulti-pulsé formng a cycle can be changed as

corespprdiag WavE®Ig. of ways. (Here, m n are integers.)
Thus 4, LhRitoRC e kgt @gggf ré?as@?ﬁ%@{eﬂﬁdq%%pbén%eﬂr §5 &' symbol
i nvention has an era attern containing an era

indivating X ginhesespee dwbfi a:thspmmme kindnifghmiagv whePldiatais feoorded and

rebfiificnd FoipenSyfeiee sRUR AR MispbIfekh@it. e speed

ofra&ﬂs@g'{siﬁg e ﬂyﬁ? e&smmy{]tmrm*s 20?1huwmf£ﬁ?bwpeeu.n t he

recordi ng wavef orns sho n the enbodients

desc i 9EdErARoPat thene ?ﬁ}\l&tthﬁrprte?% 'B’f'e"it'r?é‘ ﬁ'hegﬁh?%‘?ﬁepf a mark
reE6dednd 4 Bendigtiord el obdived. THEseideR 038d im e §i@ndl§tlon is

adjusted wthin a scope between 0.25Ts and 0. 75Ts for
shomidn tallele Thedline lasagiuném simulatian Rasa drayered fitrp stryeture.

heat characteristic of the disc 5 200 is sel ected.

Therefore, the characteristic of reproducing is nore

i mproved. I\/Ean\/\/ni le, inf oTatﬂei'lon on the four types of

+ or

erase pRlaraR (1) Béuecthe?ﬁug ' gﬂﬁg eSS e G T REfbolid
a |l ead-i|n area of |a recordapl e c gr may be
i ncl uded in a wobbl e signal| %8 one of| header film

Matgraor matlipen 1t ens| zAsasiDhl S Csis® wWher| Zn8&IG | S | Ag alloy
recorded, recordi hg apparaty ‘?Jtercg@ds tlype infornmation
fromthe lead-in area 10 or! fromthe 'wobhle sjignal

Thighess or m8-68Mar k pi28AMspace| WMgener 4t'PHG a | 30om

corresponding waveform 1Tn addition, the four types of
erase patterns may be used as a synbol i ndi cating, X

ti med hepeansiiinsaofifhe: sipuaiRNSinclHdse & wavalengla pTdim, the
N%@P%Eﬁﬁ%@r?ﬂﬂﬂ%&tﬁgsog %qmegggeleg‘rlﬂf@ fglé%ﬁe[n%r@éeto 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
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15 of a disc using LH type erase pattern is

20-multiple tines speed.” In order to test the effect

of the present invention, the shapes of a nark

recorded in a sinulation was observed. The structure
bydb@@ribnattmecdeI wavedorni.s Likéwiee, inrFiGaB) @) showbea miagcformed

the siytul ati on h ered fil mstr
oy S5 & ifirteR T Sh b AR B BY 4. Toesrting] RyVetSintHaving
erddeChH@BIrh la@ctf)ﬂdir'@ Bahé @@ésem inviention,fardtf) Sfdviey & Mar?@ormed by a
ZnS-Si 02 -Te ZnS— Si 02 oy eutectic Thick
reGrag BTG Bt P Ao At BebSaRBERREhS IBF (61D, (&) shows
gt
matk ggﬂnﬁ‘éd ?Q%hée :é{_?tl?lggén ﬁAy\@HS\l@’rﬂﬂé Pedit ‘?foé‘%, 1 g’p Vtgsoné?rk of (g) by
theafera}senpatternna@mng tt© tb@sﬂf@&@t mmt@haped di) shomnhe result of

ed, the next
erf%@i{h&%éﬁé@r(%ﬂgﬂ{%@xf | ségeég%sr’%gﬁt?%a overl appi ng 4T
of tMablpr2viioyes tes gatameterar &f tHin Sfims bké&dh.in8at dimuiligion for
10 shom‘aﬁ Qe conparison results of the mark shapes when
intefpEetng Bgal art recordi ng wavef orm was used and the

mar k shapes when the recorgibnoq waveform according to
the present invention was used. In EIG 8 (a) shows a

Maiegilk f or mbé=#96nthe si ul ation, (RHFMEWORE a npkV/eHY med
on (a) by[g recordimyg 0 waveform according {o the

present i-nventi on, r‘) showsla nmark - forne
ZngSkY the pfrdt art re&) Qi ng wavefdfitn  Li kew @895§i n

Sbfe G eecti¢ ¢1).68hows .450f or med  |By28% he si nul| @b060n,
{Cn{(&él) shows|a mark for d by a recqrdi ng wavef prm havi ng
erase pattern ng-to the present inventian

Sbé[ﬁd e1i5eis haR a mar k me'fﬂed by a|'P&ording W% or m
(Arhmpﬁong the prior art |[DC erase patitern. In FIG 10, (9)

Ag MBS & ST FEFGE_ OT TEU Z0y7gt e ST TiogEh o1, (1) [ §5g0s t 11e
nmark—of (g)l-by the erase

result of lerasi ng t.he

pattern accordi ng to the present invention, and (i)

Sho“ﬁefé?ﬁn%cégfnttooﬁmuﬁﬁéﬁ'réﬁh]t%hﬁ P’F@Sks%ro(l?% 1Y itlid'8hown that

rior art erase pattern. Tabl e shows
th@é‘ﬁﬂznsteﬁg@ @ffthemnﬁrh formed byeidnei iecardingrimaxefosn haying the erase

paﬁ?ntrk%t%o?@rhg% I?ﬁ%bres%ﬂt iHBhfort of B U 36, &7¢BBMR thar /i Yrailing

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 is 0.60. Then, the characteristics of repetitive

10



10

15

20

25

30

ZnS- Si 02 2.300 0.000 2.055 0.0058 Sh-Te eutectic
1.650 3.150 1.285 0.0060 (Crystal) Sb-Te eutectic
2.900 2.950 1.285 0.0060 (Anorphous) Ag alloy 0.170
2.070 2.450 0.2000 Referring again to simnulation
recardinigirep@iduBinGSaccdrdihg daidiie pfesent inventitvo wrere framparéd with the
tra|I| dge of the mark fornmed by the recording
prigk, g ﬂ’ﬁﬂ?‘ﬁavi ng the erase pattern according to the

presengsi m‘VQﬁHbUQﬁ m‘ a.(eb@rabhs%rﬁwni’g ke bﬁ&ﬂa@ferkh@sﬂof Ehie DVD-
trailing 15 edg mar k formed by the record

RAMv e FE7%r ﬁb\ﬁhr@ggh h@ ﬁhPWr th&rieaw%rqg@wqiaam%ﬁlm%pf trwaprdmg
usmg' é’Fec%rrﬂth‘%%ape rg"twﬁlt?%ae@{i aél Béﬁ?fn é?‘g){bp%rtt LAd lF'I@S 14 and

he'mark T1s
15mhoveimmneed faatures af ceqradingrusirgea mmrd@gtwa\taﬁ@m of the present

BB th BN 0T P D ShgRLIh, Ry By respect to

el e el ey s e
pa W nmu Se

anﬂsbqtmﬁfi@%af 2 Bipainethersior e Ebé.eaasear ase yna(a} aad ?‘%g 14.5mW

reé&lm@%@fer aWHSBI‘@{V &ra8e PBWEF wb%’@éle@cfedtf&eeﬁeﬁﬁ%nts

mul ti rtion of the shape of a mark can be
nor eFfCeautZaand na sbomlréhe measurst tesuls il the prier aryoG pease.

ff d
obt arSiStg 2 &L B3 Bha VA TG0 T2 anBERER f0rddBYFS, g most
préferabl® jlﬂtdfralhag&fteménes dam ghowen whendsfnd 0t5T1e gnalwenen &fpl= 0.4Ts.
.0 4.7 DVD- d 4. D RW,
Tig g HePl 8 ek Sa b USlcS, 0 HivEn 9pad WisBde cVcle s 0.7Ts.
wav elassd bnithe @%me?é‘@xwlméntguﬁ@bta’HWm thizeway, a mark was

characteristics of repetitive
formach it e dpEREing MEVaEs Bawggt ther fRUrpPEENPf erase patterns

deé?r&ébf al%lrew%hﬂ the® ?@ﬂa@%n‘é‘néé“ f A8 foﬂéd’ﬁmaﬂf vefEheadured as the

1 through are grapss ow ng t
folteivamgact eri stics of the DVD- RAM FI GS. 11 through 13

showgthe N 1 .
SOV I614 SEblE e TP PSRRI FEL 45 95k Borigp o e
preggantinvention ahowikridBIG. B4 and 15 show i rrproved features

| nve%te?%ﬁl n%ﬂﬁbaqtiifrcea%gg)g g rﬂf%rr‘ga;/tﬁ avy e-rtcﬁ'ngfa et Snig good

whehieg6iddig 85ihgS MdoRding wReeforinOwith eacﬁrdwgan@met eq@adly one of
erase power, respectively, for the |leadin

foyr ypes .9@ cEFepatierp sheurhnddGe §. of the RESRNT WV?ﬂféorbr ifspecially,
refaflind?e @) 8% £IG.BaS &ds 8RowRhaANH fyBb is Ife BEMamong the four types.

Referring to (b) of FIG. 14, when the erase pattern formed with the erase muiti-
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. It is shown that up to 5SmW 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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1o recordi ng power and 6mV erase power were sel ected
for experinments. FIGS. 12 and 13 show t he neasured
results in the prior art DC erase. Referring to (a),
(b), and (c) of FIG 12 and (a) and (b) of FIG 13,
espeaalhyoistthe mmiévamce:rqﬁngtcbara@tgisa'cs aspanti cs are shown

We T &Y Re Trdug 200 ofASHL hifling tfd chiRactedisUril byn-RW.

af fec thejl I'p Was good
Fl@Ben6ttheoughc @ shewlOthéTieatuirbs E&ﬁﬁqc&ﬂveyrartdmnmaofarmbedmg using a

experi nental | obt nedln IS _wa nma S
re iR REVEI T W P3G B PateTB b PRk S FIS.f1g.and 20 show
impdANE8 f%tu@sﬂﬁ@eé&ﬂh@rdsﬁ*\g &l escordiRg WavarH ofané pkdint invention,
characteristics of the formed mark were nmeasured as

t he [fBIG.6\G. A@) ard @) ghpve fiiers characteripliesy with respect to recording

t
poBEERH LS LS ol o MO RRRERich it R 8 ot
ed@;és dft a aaarkb@ itmd epnoedart I exape.t t Basehamadd)eandt(by 14.0mwW
B e T TR AN
er asg|@ERt17eand $8eHbwite Mdasufed Eukd® tﬁé @sienart DC erase.
invention. Especially, referrin of FIG 14

t
it i Refantuhta REESLH apgel8, she mo @éé)fe@%gﬁ%rh@af@@eﬂstlcs are
ef f_ Rl 14-

sho¥ ﬁﬁaren”z‘fsfﬁneﬁ el fnb s = DI0aTs! “TId GBS dod IRE8ETs, and
Tlpwaslgeoqjmeé@ﬂ'tandWéml on is used in erasing a mark,

the L] h i st cs. .. P i

0, Bebahn RSB ABOBY R Y il B was
fomfémlwmf tﬁdlge@irdﬁ\g wukréio’rmuhaﬁngstmplfwn tybbsi@f el'aswn patterns

to ere re no er

det g lisch Ao e ity tharrsrmalal et % gdleds merk were

md=2pedd ggmfon@ﬁ,ﬁgdl ng/ r epr oduci ng using the recording
wavef or m_havi nqbt he erase pattern according to the

pr esEK?: TorRNoMs 1HA JIH@W@@eﬂ%}lcﬁ@f dhe tour typesrsbewinig RIG 6.
FI G R%F%rﬂr'ég? t T’:I as |y |é1§ﬁn<8{4§ttﬁé’cd i ighe WO8R Beﬁaérhohé the four

erase ng t e erase tl-pu se” accor di ng to th
tyneses ¥vherni thecerase pattemeforred mithi the grash mUﬂ&p'elsp@@ctarldiqg to the

ERCb it T el
PbQEWh?éH i8 the Hiffeferitle HetReEYIEMIGh 1dldPand 16w dvePttihe pase muiti-

ow the features of power and tine of recording usin
pulge is sbewai nginkaiee shanagiaristics axe wd&@elyﬁaqar@@w Hempimyy Tmw

a%rste'lecz&gag U@cerﬁo@tlcﬁﬂ‘ar g@i\j\‘f/év\:éer'feg? fﬂ-}tpﬁe pr |*féfnment

recor g using a recor
i nveRl®.020 shnwEI e ]JBter( eharankgrictios sifodhg i Itelselts of repetitive

regot}girngﬁ'tegrroldﬁ&l'ngSusYHgt tlﬂe rSé.:?r%%t ;%u(?ser &9 ng Hierase 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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15

power and erase power, respectively, for the |eading

edge, trailing edge, and both edges of a mark in the

prior art DC erase. Based on (a) and (b), 14.0nW

recordi ng power and 6mAN erase power were selected. 10
the-IHEBA+ Iiodulatiard nsetboed twas meed.ur daweesiulit sny roft sthep maﬂtJIation

méhes ol 8% poriherddicr i, BT TRE AT rahy Dual

madulatidhs issusbdMienrebaft wilFb® tHibdame . Ti € was good in

Che_ Beshiting SdndE achoRing b St sk o bofimatghine present

m\r@f\ﬁbn Wased 4R thOERBAUM ddbchibed GBS AilNtbw\BY ekplaifdaavi ng
the four types of erase patterns described above, and

the Fipradded frowehast shavdng &t reserdiig methadbacremdingitxa preferred
3 low ng. FIG 19 shows the
mﬁ@%ﬁgr éﬁgﬁ%gﬂg%ingggﬁo' the four types shown in FIG
6. HMeeeamg tod1Go2F e rd®rdiny dppasdioswedehats dath frpmethe Hutside,

mogkiates e Rl i denerates AfRgdaia spunehlac Bisithg reepreing

apbAftis @éﬁé}fatég‘ﬁ §8Edr@Mg ﬁa%ﬁ@ﬁn 'h%vi‘ﬁ@aéd BEhs® ﬁﬁife‘fn cbhfémlng an
Jltter characteristics of Pb(Pb2°- Pbl) which is the

ergier maitiepuae e stapetBlhe Uﬁrmtheeg@neraml egqrding wavefprimha mark

I [ ' characteristics

or%s@)ﬁ@e('flgj{ghr:nedg)ggtﬁggggc?ﬁ%qﬂp%&nﬁ@ms sel ected as

t he Aendesdribedf abovdeacedingt thee presantdinnghtienr admethogl and

experinent. 25 Fl 0 sho the i tter
aPBREATLR 101 PGB8, atanD PR fe SebqrtlpG wayeferm which prevents
diel’cﬁt@i@h dif noé rsbape B ﬁgariugiusgotﬂe@t tederdingg aml [se€at eumalation

t he erase pattern according ,to the pres i nvention
WheBr s e Pe € Boproves P wiabei o) R GENE (oueed e provided so
tha18& cRarZRidfistiSs Sféas@mqﬂﬁéw&adm SleARProvedt i - pul se

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 showmm that the pul se erase

met hod according to the present invention is

advant ageous up to 1,000 tinmes repetitive recording

that is guaranteed in the normal DVD-RW Meanwhil e,

t he above experinments foll owed the DVD formats and

therefore 12 the EFM+ nodul ati on nmet hod was used.

However, if any of other nodul ation nethods that are

normal |y used, for exanple, RLL(1, 7), D8 - 15), and

Dual nodul ation, is used, the result will be the

sane.

13



A recording nmethod according to a preferred enbodi nent
of the present 5 invention based on the structure
descri bed above will now be explained. FIG 21 is a
fl omchart showi ng a recordi ng nethod according to a
preferred enbodi ment of the present invention.
Referring to FIG 21, the recordi ng apparatus receives
data fromthe outside, nodulates the data, and
generates NRZI data in step 1801. Then, the recording
WhhOisapiqimedtisis generates a recordi ng wavef orm havi ng an
erase pattern containing an erase nulti-pulse in step
1802. Using the generated recordi ng waveform a nark
Or & SPac dppafafifs M GorRhglatEcority Bbm@hg an 4Rfde batert €P
1803. As descri bed _abov_gé‘ acc&r_ | ng t he Jpresent.
i nvention, .a met hdtl AfRtcahispAPae MEYHg/n 1ERYIFaI NP dat a
data halihg & fitshlevel exxba shcnny! teveel e¢spestivelhiircdn gptiesieedosdingl 5
' t1.00:8f,.t he shape of a mark due to heat
a?h%é@%’é?@ﬁ%sg{génd heat accumul ati on Wher% data jis

r ec ot eI BHWAYSRIMGFRINGINE pensrAtRg & ferRrdipg eveiarm whigh
iRfudePh drst slaitlpsiee hdvitata pfilraityodt firstiptises itestoire theobcording
pafi&R indrje%%/ngeelgrﬂ%dfv& heVg) o@fh? il Ipﬂpia@ﬁ’%'a skdo Ifi—Bﬁs&lllﬁlnHE d

sT 1. apparatus for formng a recording pattern
sanialinofepensd pplges tefoim therase Ragem &Wesl?%‘é%ﬂfﬁ?\ gesradiierrh
ditheliRp@itse to input data having a first level and a

second | evel, respectively, in an optical recording
appar atus, conpri Si ,ng{:.. a recordi ng waveform ]

geneat i nfhraapperaye REFm] Inyheiein Bedperding \RupEr® oanSiRting h
U Gb&ARSs AcddificulsBtsta poRioh SEth&avel rgti-Auls arfdadniothyr @irtion
first I_SZts to formthe recording pattern in
FUETSRLE PEPYL first Ievel of the input data and a
second multi-pulse having a plurality of second

pul sgs t OTﬁféﬂﬁbiah@ PEERE. RasrbiR i firsl pliespermeniritondith e
secon evel, qof t I nput _.data. . 2, The S«
B Rdr P P en’é@ﬁsa%rﬁg%%wot'ﬁ%&é-ﬁ@P%‘-%e. e
senoid rgetirpulsd exch dacootecoyl it oy eg@?ergntﬁm N Arseuty pusie

£ Sdechll ol s@eRdroanes fiefhoper tion  of the second
mul ti-pul se. 3. The apparatus of claim1, wherein the
first pulses of the first nmulti- pulse each have a
first dut Yhegpdasatesmd clainf 1. fushergepiPidngle, and t he second

pul SQ%icﬁlﬁpﬁtm%mﬁ@%%‘é}k‘&Hetsfbdn@j? £0h& REhrdlhg vaiterd of Bieond

o e o BB R b o

mark to form a space correspondinig to the erase patterni on the optical dise n
response to the second pulses-of the secend multi-pulse.

5. An -apparatus for forming a recording pattern and an erase pattern

6n an optical recording ‘medium in response to inpuit

data having a first level and a second level, respectively, in & récording apparatus,
comprising:

a recording waveform generating unit generating a recerding waveform which

cohiprises the recerding pattern cotresponding te the first level of the input data, the
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4. The apparatus of claim1, further conprising: a

pi ckup unit formng a mark corresponding to the
recording pattern on the optical disc in response to
the. first pulses of the first nulti-pulse and erasing
another mark to forma space corresponding to the

erase pattern on the optical. disc n response to the
second pul ses of the second nulti-pulse. 5. An

apparatus for formng a recording pattern and, an

erase pattern on_ an optical recording nediumin
elage paifRa heyng AFIHIt- Pulse aorreﬁppﬂfan%\to thp Pagonddoyal obiig iaput
dRECAHN LAY pulss SORGHdN4BhY thel rBealding @A@ eiisBPatterns,
apparatus,, conprising: a recording waveform

generating unit generating a recordi ng wavef orm whi ch
conprises the recording pattern corresponding to the
first6.| evélin of optivel reeqiding thaditin t fos stdringedats eisiyat @ ovaveform,
CB&** a multi-pulse corresponding to the second | evel

e° input data, and a cooling pul se concatenating

t he r#ﬁsiraiﬁatngoaﬁ%p@dméo paeqasding patgarn afthepyavetdrm; and
recor,

Compre SyeAnT Bl HhrRboRiil 1%h 2 el o fe YRNELRE N porsin
patt er n ofthg Reasadatemropmpaaes amydtiee. andt e

cor r espon%ﬁ%é&a.ﬂg RHE8FCaRA s O hattdl a@vceheétahated by a -
wher ei n e erase pattern conprises a multi-p
Qﬂﬂmquﬁ&@@b$uﬁwﬁiﬁattern and the erase pattern are
concatenated by a cooling pulse of the waveform 7.
The ,?tlcal recordi ng nedium of claim6, wherein: the

first/-stat €' s ORUiGEhekOrFHR Medivpy af ¢qindg Whegelh: of an

NRZI datirt stagiala makdoiis t?ﬁ#ﬁl’@ﬂeﬁél of &n NRZadsRaemal, and
formed by a second | evel i

he NRZI Sl La.
The. GBe FRGHMSES %A AEPRHRTIER e SCATe el i N dgth ional
recordi ng pattern conprlses anot her nultl pul se, and ‘
the cooli ul uIse of the
r ecordi ngng'éﬁpt gﬁﬁca rEE?rﬁ% EHI ﬁ‘f' 1‘W erase
pat t es rectleding pattern comprises ‘anoth'er multi pul_se an.d

the cooling pulse extends from the multi-pulse of the recording pattern to the
multi-pulse of the. erase pattern.

15



