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METHOD OF 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
Methed BrdRpERMUSEON FRSTISTAREAND ASHTCOMN DesTAdIEgONENIMDPTICAL

and more particularly, to am B'%%EB in which digital data is
recorded on an optical disc by Torming a mark on the optical disc. 10 2.

Description of the Related Art Recording data on an optical disc which is

one of optical recqrdlﬁA@%g‘gwg@ﬁ@ﬂlﬂfﬁmw ona trac;k

formed on the optical . d-only disc

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

Versatilg Dise- D- | .

such aﬁgc%?gmg tﬁ%%?%%/ﬂﬁ%%éﬂ%@%%%%%e | rlﬁ) &Elﬁ&rdlng data
oohamgeginatoracadinglineghine ancmantopstitcis piynde is foetiebiandeapparatus
- rdi ' h f the -
D P St T % B AR Fmark on gpe opica

disgge recording method an a mark position recording method. According

ot0 the I‘B%%%@?Oﬁ ' r&f@rqergg%g%%q]gﬂ}ethod, the sign of the amplitude of a

detected requency signal changes from negative to positive
or fromRgsIVa G drsganeant enteatidisconhieticts onrdf ispdeatdedording media
e 19 hemak plaRPerdng IR Rathdieorianal Bt RBIBILIR mark is
of a detected RF signal changes from negative to positive or from positive
famrg&&/@ fibdihaeterd-onl rdiak. SHsbrefora, Caubpfiay Biecedgad 2nkyf Memory
nark | ) . Stor in impravi : .
IR BTSN SR eer ol Apteow. i a

repRiRAble alistessieiipason LiRiRNGWdgedba DMENR/EMIHAM ca ptiRfetehange film
V\Fﬁﬁrﬁ’r&i’{aﬁgﬁe@w&"ﬁgc%EBRM BP%dHPH&FbH&??Fﬂ%%f R TdKed in the

or an interval betwee arket, i.e., the space. That s, the trailing edge of

recaiaingsayrhangraarer nar@oer vaipkpeeghangrehiiv plissereiange film.
the ChyagiRSlios PTERERERTP ISR ANFINE BIAREIRAS % ITRIRCRIIRI recording

mark is relatively long, the characteristics are more degraded. FIG. 1is a

MeteRsh@ dradhank dpesiiedrdrfp winerarathtordiegesitdriarthe mark position
rERIARRIHRAA, 1nd Gt oHE CH AU G B ePRRMId Bri9uency (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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1 recording Non Return to Zero Inverted (NRZI) data are shown.

Recording waveform (a) is for a DVD-RAM, recording waveforms (b) and

(c) are for a DVD- RW. Here, T denotes the cycle of a reference clock.
réwurdidgnoNoriheetark ettgeZ eesotdingteetiingRzne bigh lewvel ahisRdl  Recording

data. i d k the low 5 level of NRZI data i d
R A R R BRI 5 o ovo-
Recoréiagepatigenotes theegwiding waskientestock foxovogimgneaddimark edge
AR LR o0 AT T AR o5 R e v
lgv@vef DRI elatsei pdtheneds asaantpaes in A peokeliaumiveedtihiaystasn recording
shown in 1q interval E. Since the erase pattern included in the prior art .
2, BURHGi Ry (ELRLRSH IO 2SR L LPIE |0 R EostiBie i elprm used in
fdmmmg)%ogpﬁ\deahigemhgdammk)derWQdim@ asearr:emiﬂelcpﬁtﬁm._ The prior
R S B LA e e G e Br DU 8 35 B BB, and the
precer dihgineprasie pagenre idegaideainét paracptad eteveliogahdCtievaicas shown in

inqiﬁgrb/aPEnSity and high line speed for recording more data on a disc makes
clock cyctle T shorter and therefore heat interference between pulses

formingsanoecahdingrasavetiternnarelsksitorcabseprioreategeadatdony waveform is

Meanwhile, in the prioy art, different recording wavefor re used 20. .
TRORHRY A HeSte SR AR e dr Do, o8t ' applied to
tHAVESRAIY ithn & W R Vo rteerissy theTeiaereteristice creregriing héaged multiple

are different. In particularly, the fact that different recording waveforms

tighRsBeSene 18F 8dRRikE dRURIEHRAMIS BRI Hisl R GRRRcteristics
oft re@li'r@iﬁgﬁé\mwm\ﬁg raférd@gm@@luce &l %ﬂ@ﬁﬁméfioﬂé\iéldiﬁ?\%nt toward high

because the multi-drive should 25 accommodate a variety of recording

dGRRRRE Matk B SRR HLQE S8 SR Qe H UG P s HRFARGKERE Clock cycle T
shbte INYFIN tHehe iR ohatheeityrpeeblegvdkls pfilstebrervagf heecording

present invention to 30 provide a recording method and apparatus in

WRNRIR TR RRLES O IOrSRE ST APNE S #RYBURMhg edge and trailing edge of
a marknaedriiggiredaonty reneatedtrecifdiret Casdoednigvenie@iarms 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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It is a second objective of the present invention to provide a recording

method and apparatus in which data is recorded by a recording waveform

having an erase pattern which can improve the shape of a mark. It is a

third ohbjeitive oétoagrebfstinvestiohdoppesdde mvenduting npetvide Sa recording

angd apparatus in which data.is recorded by a recaording waveform whic .

G SRR AL AE AR SRR TR Cth & A a9 Waverorm having
aphexasasisticmn Whizbcoanplisprthe ahe\shapieofivesiafkhe present

invention, there is provided ethod for recordjng data on.gn optical .

rocorchg eI R4 B A B R o B mtsia method
areteaoiagandy efomhicavig saiseraserddét payterreocntdingn gvavefdtnpuldech can be
Preferably, data is recorded according to.Run Length Limited (RLL)(2, 10),
P SRR AP D B RSl SRy Sl s
recorddd axeomalisharttie sboved thjettivesedétenmipedISRZ ilagation, there is
rec%d&d as a%Qa & Alsobt%(?ccomgtlish the abovri: otfjective .of the di hich
PERGSHE iRV AREDI tniSe 1§CPENGvidd aorﬂeﬁ%‘oa“’Po'rcPecB‘?&%@'Hgtanb% aHn. whie
irhdidak recariiggamreatiior, svbpadcennjudsiadag germaditiggvehaiorh having an erase
n%)dulate dir%ital data'“‘p Lﬁ;enerating a recording waveform having an
ParEE ﬁgﬂear'n (r:]&ﬁ?arirr]#ng rr?&l‘ti-pulse and a recording pattern-, and (c)
formindPecfiestildyetiatdhie digivatlddtaaedingrioaRdrioremgghalsevtead(RLL)(2, 10),
level \of the digita] data as ace by using the generate in :
AL SR NRERR Y TR SR Bl g recorces
akimitea KRahd(2, sé6pod Rivie( b7 pfieddtesnprefdrisiily | ihetp iswerciend= dbtha space.

leading [Pulsei of the eras pfsrt]téern IS theblow .Ieveloc%f

AISQ; 1o, accpmplis bove, objectives t??e mggiéﬁﬂﬁe@nqgon there is
the power(?ével dfthe tai ing pu?se IS the ﬁlgf’] TRVl of tHE T ti-pulse.”

pAdiedestiaelyn etieopovicer revelrdingedatading patsepfitad Pecerdsegpatiedium, which

RS A A S T B B
wereiogphivéng tre erase patien coajaisnbelom|syailobthadrailepoiding pattern;

aﬁ?jﬁéﬁ@ﬂﬁ{aﬁ@t ?é\y Fc}fql | %i%'ﬂlglemg pel%g%t?ﬁz%ﬁévalﬁaeﬂ)%ﬁﬂg a second level

e power level of the“lea erase pattérn may
obththdipitgh tatel as thepacétiBOoysinsetihed ene miact réeost vig veatrafting.

Curation e ne ilon o e CLre BT B TR FSAl B RLbc@
10judi-Blls€lis’$ubstantially 1 - 1, and the duration time of
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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the high level is half of a clock cycle. 3 It is effective that in step (a) the

first level of predetermined NRZI data is formed as a mark, and in step (b)

the second level of predetermined NRZI data is formed as a space. The
recordingsveffetoive imzludie&tbpownmetﬁsgt, ety praseteatidniedSNRZI data is

AR Eh NG A 40 (A 4P LI0BSF R CSHPL HoRiSHE BaTG g data i

farhtee HRZIspagml the duration time of the leading pulse forming the

erase pattern increases ov r05Ts P eferab unlt ulse constitutin

e B TR Ao IS5 v h 36w Sl nfioge patiem
iradjuiie chbydheod utati @o diling qfum:IeadlmmWV@EMthmmgglme of the

R SRRk Wean SR BEINED oFRFE (RS SR i atcne e

smmtiddmbanmapamatmsefcmfrdwrtdaag|dgtpmﬂeafoapiimgtltrm:«mdwg mﬂthnnnmcreases
Whlt§‘| 5 includes a recording waveform generating unit which generates

O¥Fe § ng waveform having an erase pattern containing a multi-pulse

and a recsielialglyatanit palsd agnskitytingiowimcludeglinghigmsito-pdse has a high

IR C§ir|1 decofd}z\?gev éeld an&%crcor(abug to tE Iraenec{ate eq[ordlngfwﬁlv\elforanng pulse

so hat a mark or'a space is form fe e appara bsAISe”
fonciundetha mm@mmon unit WhICh 20 channel modulates data

prowdqgl frtom 4 %u Si E:-Oa rC]iOFl)Jt tH a}t?d Ngv%(leg t@the
recordlng wavers nera 8 era e plc p unlt fciudes a
motor wisch Mtamx)thpllebtrttm abwﬂmﬁmﬂdmmf&homreablnﬁanhmmtdn there is

(g)\%es laser beam§uto he Ocorﬁl re rdln med|unt1 or recelvgs laser

[Jeams reapeglpepaa{rom th(e)rorp re OI’ gﬁrﬁa!a rSeeCr(\)IIE) Cl medlum which

mmtudlesewueomtdul@thﬂavnetonnnqeherapngal Urmadwhrtm agkseradesing recording

b Al B0 BT RS MRS & uging pattem:
aoﬂtlaqqmlespmnmwhtmbnazmﬂllwcbgms 30 tiherepticphrenthyinte seeidingiaccording to

e BB aTRRI ENs R e i HrRnse: G le ached

S In whic IS a reference diagram of a recording waveform
accordl?lgeterpblyr, the apparatus also mcludes 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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art-, FIG. 2 is a block diagram of a recording apparatus according to a

preferred 4 embodiment of the present invention; FIG. 3 shows an

example of an implementation of the recording apparatus of FIG. 2; FIG.
efhbbaivsemn ekavpiecsbatimuaiton;generated by a recording 5 waveform

e T

offFBgh: 6d are waveforms for explaining four types of erase patterns
accord"%?;toz? preferred embodiment g theé;resTnt invention;

1% FtI)GS. di
7e and 7Faré ot ExahI ESNPIF oP 18, BRVEIRIE! g9 PSTiEd ofed recording
wshapesotmeskstiregeidedtin a simulation; FIGS. 11 through 15 are graphs

showing the characteristics of a DVD-RAM; FIGS. 16 through 2Q are .
arapho Aot N HAPREe R Bl BN AT G ETaiesh B ghe recording
witnebinant giaosviting thowiting method according to a preferred

embodi t of the present.invention. DESCRIPTION OF THE

TR S BRI S F A 00 o o WAUFIAINBich [ede,afRge of erase
pafipematascacdorditgdpeefeatedrechiientradintbetmetenpiegention;

inventi eferring tg,FIG. 2, the recordin r which forms a

mark O(E?z(ﬁzrll§ c')fglc%ﬁrje?:%%%ét H%o%r%%@ﬁ%giq‘ﬁﬁ%lﬁg 'unﬂ’l, a recording
waveforiGge dettatmgybidiarz sinape <lodnmeiks ododated imé Simtlation;

chann lation unit odulates data which.is input from.the outsi .
o & et R R B S e R T B Ao Ream,
receivdsl @8. chétimelugh s@ ane amdpienshatesg tbeoctiomgetarsfiosrofae DVD-RW;
recording the received channel bit stream. The recording waveform

Benerated according to the present invention has an erase pattern having
an eradd G2fi-sutsé oMeb avtassrefaiingveil F eecedtiginest haid e ddue ik op a preferred

Hmto%ii e%egflm Peg]eenf’ t{f@AtiB%qording medium 1 according to the

htré
egeneréﬁ%d recor& g Wave%rm SO as to form a 30 mark or a space. FIG. 3
shows an example of an implementation of the recording apparatus

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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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 recording waveform

r@rsrelint N piesfioitn?, etk eadhgneiet untolukaidr 33 .cha@meckupdukitdr [3as ahe pickup

motor 11 for rotating gn pptical disc 200, an. optical h 13 for_recejvin
PECR 73 B ket laing A SBRC iRt 2hbu o QB Tcan agad 13 for
receitiolg daskea |agerdfiectg cionttd tHef@piteingisclage, degmedgnoraowp)for servo
installed 8 in the optical head 13?‘%f}e channel modula(tj;()?ré/?

oAt Arer A e TR AR (RS et SSwn) instalted

ireberdmigavdneafdriB generating circuit 2 generates a recording waveform
for recarding,NRZI| data and.pravides the recordi veform tq the laser
rvine LR ne BRI o TR IRER Tark-eet i FtigleBt sream,
ahy conpoléngRedatath T$iegéberdingiveslefoanrdipeneeatirigroirdaiG24enerates a
shows an example of a waveform rated by a recording, wavefor
TR e e RS A BrSes e ek Ty waveform
tonthdub@mdmétiypdirdditof4he channel modulator 3. That is, if the
modulation method is a Run Le Limited (RLL)(2, 10) series method .
ot in. BB R S e o S R A i Fo st SR TFONRHY taser with
uBiogy teenrddediddtiec@ldis EFW€fOD(8-15), and Dual modulation, the

minim ark length is 3Ts and the ximum mark length is 11.Ts. .
Here, P12} (S I0S 4D Pl <b LR OUS SR By @ recording
wReetndingSartain@Cicfll5GB Capacity” announced by Matsushita in

Optical Data Stora S 1, Dual modulation is disclosed in Korea
ot AT T Cod b SRR A L AR A6 TubdoRiESh methoa
omtbetu ichiamneh draetzdatalion Tineth ], iirited encolkdleédition negiparhtissa Run Length

P B RSB AR L BB BIEY. Founer
NBELégﬁDd\e@EHWg Eligﬁﬂ_tg_(lj,:m)lﬁedest@hbﬂpWQWm(EEMfkca(ﬁd@), and Dual
g R A A ROR Bl o e
Heke rd2(@-dibY iwavefodulaticlndeethedatisicly srdtor GptiealotdsogRecneding System
oPBEE 'BAPLLiRP SIARSLRREE By MIREIRGE PPeEti el Pontd S8R i6bs) 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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30 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

Trpltispousesformipdraliesesihe patierof tesdathemisdiforsednaicatesdatg pattern.
same width and power. In the

least pne pulse having t rese .
TSGR et A0 OSEIHR HEIEAGL o MURAHE fast SAeC00lnG pulse
efasmigfroracidioor gaitepattdiel todicataaskepaithm(duTeiion iiliehtdathe width of

cooling pulse. The cooling pulse extends from a recording pattern to an
o b - AR T crhCi SR S Rgrent, Temp
isa0.8Mase peffeindicaths preseitdefrivadimsint Venep NIR 2L esaTisfrransited from a

indjcates a period fro point when N ata is transited from a low :
R T 2 AT D FRPL o Pt & AT R R L Fte forming
réoordingyapacteondstgrpatteTofptévas. Asfinflasrreinfigente pentidemiverf an erase

level of an erase pattern. That | n.in FIG, 4, if Tsfp js greater .
PRI o T BN 2R SIS ELSeainde il ShEciSt AR B.R08 Ao mult-puise
ctenvtalitid, ithamexaSsfpattarts &ods figlow level Pb2, ahiheextilligholstarts from high

Me ile, If Tsfp,is less thap, 0.5Ts and. [ti-pulse,,contained in an .
Y R ERTR e SEHE HE SAL R T  Bagnutt-puise
cohthmeou it-ul serdsks patsronanaisottdoexanplePifla ey etximlsfp maintains low

enerated. by the recording waveform generating circuit. 15 Referring to
I%’%gﬁi %fgrpl{?hrg%lﬁﬁtl'es\’/%l of NRZI data is formed as a mark, and the low

level isFEMEdhewss pact) ¢hexaropiiingfveavefoeiointigeesrateddoydihg recording

V\%"il/té%n for recorgiﬁlﬁ a mall{k of a 7T length, an erase pattern for forming a

pace of 4 51 Iéngth, an

, and a recording pattern for recording a mark of a 3T
length. Réfe macg rtirte) Gatie mhisrc onepbisgd eVl ofibEriZhidatslss ftreerhas a mark,

ttern is far Wij Ise train_as shown in interyal G. Tm .
aﬁ%%ﬁées'%é i\/%l\{?ﬁq%f ?@uﬁ#pﬁsegfosr&l%g a\%%cgré w%ygﬂ tevrvév eor%rptﬂgcludes a
renolilipglaitedicdoe s etoledasy en@plisd hatTnig bigkhs @ e kaiskhpatie mofoeforming a

R AR B A B eno
time) oﬂ'he:atﬁimgqjugsaoattwmdslimmee% e&t_endsllsentraireco#&is@ the erase
P R el AP ORI AE. i i pates the wiath
ofempustorsise Tefpindicatescarsingdoataia pdiereshthreNRUtidauses indicates at
Iéﬁ%‘?%‘i‘?@j 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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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 greariGBarea. Sheoaigth a6dnalie puiseetomtainken inxqilatmase faiietppes of erase

ds at | | Pbl, th t arts f h level Pb2 of th
ST v R YRR el R RS ey
contairRdferdmyerasedGaiteentarolsght 6uy tevairBbe fiutteaxs dstording the present
RS T B R R fs%g&ﬁ;’%% @ The
dﬁefewwbemmmamaqmwém mreseatkeviebycmrd%wemrtgao ﬂﬁ@&iﬁ@aences can be

e P TSR AT RAFRISD % e i

fairﬁfmgnaaseoaeeapattmnemﬂwesamekad Idsecim}»eﬂaeseltmhlhefctrﬁbrfmﬂomng erase
01 be eaS|I ﬂod Firs % ndlc tes that.the power of
i NS

I%lspeu% tterH SQH J%r@é@gthe% ?5\%%%?0’? ends at
thbddm]llmng@’asmmplquﬂuIeeemm mfwfdltmmg @sﬁsesrmetlspuhseas the high level

ming the eras ttern end Ievel ower lev
P#%%?mvi&g e rﬁﬂiﬁme ﬁ@h.g Hlerts @%; | iﬁdﬁiﬁwmﬁg . fing puise
form Reel@geHphitelinate aiainemslvtheo eadlirfgpRu rfmmg\nng erase
il ana" ﬁf‘ ”}I eay aele Hﬂl? IevalPha ot thedollowing erase ends at
|t|D SePand AHer ast erase m poulfse FOPMNGANE rase pa[ffl
tlmdmgm Iehve IRII2 |ethed Fv2) thiethe & kb\ieof dTESpvicgnTisfesaiatibaeastdheehigh level

h level P of he er uIt| indicates t the
poweFrtg]f% eqeacfn INg pBFse 151% mmg'%%PCeart;esse par< ehn |s e saﬂl}g]l ape%dmg pulse

fdmgimig\sel Rb2sef plattéoliowititeesasee @silthputsghaley elftebthefldbeciakmaving erase

Bl A R, 1R TASE AR MR Asal TollR e Srdsd et ends ar
theutighuiseelRbalythediend! bidicetieslovdnthEshovscthef sheleaditigeolsdevel Pb1 of
tﬁ8r€lj£§%% Vi i”‘%‘ﬁl gtte @ﬁ%hﬁg, E i @gté%"‘{ﬁ%\(eihpbé&kéﬁ‘eo@# ""l'é‘&dmg pulse

erase mu i-pu se an st erase multhpulseforming the era
foratie wmﬁmetlmeﬂ@mles'ehemmne leselhesf tbwﬂﬂm{/lﬁgr mftbentmuwmg erase

BB SR RE R R USSR ISP o1 A W encs o
thed@antevet 1L, Hihef IH@.I &f ke faltbaintefipf tendorsito Ietiasetbe low level
P@f anéee\fglsgqaﬁ{i_%@@se multi-pulse forming a cycle, is 0.7Ts and

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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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 Pbl of the erase
imprdivpdiselis papiictlare itheneatrecofdirgwavetdremspshobat it the retisbodiments

of the dyration time of the high level Ph2 and 30 that of the low level Pbl of
DR, FHANEpGs LAY MRS ChF DISEEHEL B8 3% 1o DRyl Pb1 of
thod weyse (hheile; pulge are ddliegard. Withis, thedegerdimgvaavedo2sTs and 0.75Ts for

ccordi the present invention has an erase pattern containing an. .

oY P L ARLRTS e AR GRTEUE) BB M) (RSBt i of the disc
20 isfoszdisthrtidrhefetbeetrdibnchedaetefistimef kep prewveintpésandrthimproved.

characteristic frepr.oﬁu%%is 8 ingﬁrgr\]/ed. In particular, iE the recordiﬂ%{ ¢

waveforni& SHOUH in W BIRinlhtd Hedoibe VA5GV thE G HRES (vpe
irfbtheatigt) levay Bz @udttiedoiw lavielddbihobride efasereudtdpbleedsc or may be
. adjusted within a scope between 0.25Ts and 0.75Ts for .clock cycle, T and
TN SO SHTS SHAs Qe RLPR IR G ik Arobbsese, when
datdeisted cditmefossditénch auaesitsiscreboptpole dnfgns atiore fropratiedead-in area

Meanwhjle. information on the four types of erase patterns (type ,
Ol LR HETBE il A0 (L Shell o PlestasBi aistiordRagrating a
cbrespiudiagnvaveddisie signal as one of header information items. In this

case, MeRuih 7 i dn/SEL"aiNE ARRIANS IRAGRPEINAIIAR" symbol
from the lead-in"area 10 or frort the wobble signal, and forms a mark or a

irapeatrigy X dineeatsmea dooi e sien dinthey &uedooima Imadiditioen thatfois recorded and
tvypes of erase patterns may,be used as a symbol indicatin times .
RO TR A X S TRbeinay A HOINEon, the speed
of gpdisitiosthd-bHaypm plask pattase ipattemutigjanics spdedriation, "the
speed 15 disc,usi ttern js. 20- iple times
speed.j'g]no?)grjg(rertﬁo ttge?é{tnmég#égt? oﬁf%?é%p%zségﬁ #nb%%et%ﬁé hg1 s%%%%geo% gf a mark
revarkledkdordesimmudasionuisitisnolvasrebdervétie Tsteustiuretuneadséal thehsimulation is

YA T TR GBS S0 85 s

filmRecordingDielectric filmReflecting filmfilm
MaterialPCZnS-SiOZSb-TeZnS-SiOZA%BonX eutectic

Substrate Dielectric film | Recording Dielectric 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)
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Thickness0.6mm128nm14nm16nm30nm 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
bg tharfriafterrareecodimpwaaef@ndT itilkesoiktsdnthedaxt (eshding 25mark formed
bm rk of.8T%"s recor@e d overla[%pi AT Oféhﬁ previous Efcordin rpark havi

¥r8F RIBYHMro\SgnT0 Yol tHR'KoIRPERZoRY 2UIRS BFHG nigketorm having a
eshep pandrandwiing @rtthecprdsihniaveition wasdugpdandskemzakkiormed by a

shapes when the recording,, waveform ording to the present jnvention
R RS ) Gh AR G Tk Oy by ML I or ey (© shows a
nendvie mnedkyfateesimoléaiphy ¢hyestasdiagraO neauitfofne@sbogdihg todine of (g) by

resent invention, and (¢) shows a mark formed op (a) 9 Qhy the prior grt

A, R LR T 1B S5t ENGLEE v A0R sl Ui result of
esavinigiiba,n(@xisiod\() dyrtark foioned DG eesw giageraveform having a

erase pattern according to the present inveption, and (f) shows. a mark .

formect BV & AcSRAHS e TATAIG (o JHr T CISALe Baeiation for
ifieGrdfinghshbws a 5 mark formed by the simulation, (h) shows the result

of erasing the mark of (g) by the erasreaBPettgrn according to the present
invention, and (i) shows the result of erasing the mark of (g) by the prior

MatefdC erase pattespsntable 2 shows the parame@éisofihin filmskigéaiid)a
simulation for ripterpreting-heat, 10-Fabte4-vaterialA =405nmG(J/cm
K)k(W/cmK) nK 7nS-Si022.3000.0002.0550.0058 Sh-Te eutect

Z0%%63.1501. 28580060 (Crysta)8B-Te eutectic?®2002.9501.2858%860

SPAmorpheresy A 6ilby0.1702.078250500.2000 Réfising again t90.0060
(Siysdlption results of FIGS. 8 through 10, it is shown that the trailing edge

tho mark formed -byv-th radinawavafarm vina-thao
vvav ot

of o roe A arac
Sb-Te™ 'eltectic | 29007 7 1TV 20950 12857 7™ =77 0.0060
(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
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
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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
rétsuliom grgpsdueishapecofding keadiegmdgenfithemrk isdrettesmpared with the
the erase gﬁi@rn according to the present invention is used as shown in
ults of the simulation shows that the shape of a mark

when tmscmﬂlmqwfmﬂrak@\gmmhe shasaptteen cHafaorekvothdhene DVD-
erase tizpulse js u mprove red to the prior art. .
R Pse e ont e A 5o el Al e of recording
udieg)aimeo@frdlmg w@m‘@ﬂnmmlecan:tmaeerpaeducedplmmrdm tmd FIGS. 14 and
rlmenta e eff ct of the present invention aram ters
1 B S e ST TR RTY &R SE AT of the present
nthanhlmrthe thurdian tihe @)d dinel p@yyesﬂmwel,Jmered’tHeanmhﬁm AniBBrespect to
and 4.7GB DVD-RW disc usgg/ea} Y valuat r of w
iRt

h
r?&é’é?'m/%\%%egrtﬁ‘” BETHHPRNE RASES € Rl ac%bﬁgp & tfae"ng edge,
arepbtitive dgeeobdalmghie pradegngreacdddine &sdhe Baesshbmyantod (b), 14.5mwW

were.compared wi prior art method. FI ough 15 are graphs
R e A e S R M I R
the feacheS of Dawe rl8shtnve hod meaﬂmr@l Fegsitgia teedorgawdEferase.

o o ARG RSBl PR 36 R B 2 AN ARGIBGMAEYES, the most

features of reCot arec dlng wave e pre
pheveraina JlluheIFI@LaIac(ensim éh)sgt’rmwyrtwhehaTah:teﬂ@t&“ésvmnﬁ rebpectstp = 0.4Ts.

BT AU e S AR feePa oy L e Sl SISy e is 0.7

Ing e es Of & THAHS T th prlor C'erase
on (a) aadseld) oIntmeoarammemcengqmvmntaﬂ;d 6hishechse fusvarayesemark was

e erimen I nd a resu
f%e prlo\fvg eF‘gggré e%’r%’g '?21) "@%21131 Qg) f&ﬁlcfyéggargf (é tfand pattermns
déscobEGalidyehamiotte pledepatde jiies oh tradermstédsaaekshevendasured as the
fQ E)]‘\RI .5Ts and when Tsfp = 0.4Ts. Tle didn't affect the jitter
characieéristics, and Tlp was good when the cycle is 0.7Ts. 15 Based on

the paralGetbfs xpasnientpilgrobairaarishes vedythe rfark typssfacgnettling to the
\é}g& ?nléf&%{gwgﬁ%%ﬂrméaé/mg the four types of erase patterns

escri ove, an e characteristics of the formed mark were
measufReferitiee tdfofd@winkd, 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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FIG. 14 shows the jitter characteristics of the four types according to the
20 present invention shown in FIG. 6. Referring to FIG. 14, it can be
inferred that a jitter characteristic is good when recording using a

e@mmdingiw&vet@pewwe aceraitgnelitaticteastasyaspeaf four types of

erase how 6 of th sent inventi ecr lly,

eforr g oL 2 At AR S AN 9 B eT RHRaHg) dhe DVD-RW.

Flas tmsh%@l&f&ﬂrm@(m@fféb@r& vfhpovee eraseipaiteiriwondihg using a
with the erase multr Ise according to the present inyenti

RO i RSP TO LB B3 IR 3hand 20 show

irdprerestttehaiveseof tiee didintpusingradriesw tdire) afdhefenasef nhgtprdeatisnvention.
shown. It at u there are no fferen 30 FIG., 15 :
shows tﬂﬁée%.;r% %@%%JQSM%‘%@ %i r%t?e? A €Spect 16 fecording

pmerthng/@msmmm@mm@mﬂme@prtbnghedeeﬁdmg tea‘gegtttadiagaeage, and both
attern .according to epresentr on_comp prrorat Refe ng

R R, R o I AR oot AL ). L4.0m

rmamﬁngtnmwalwrmbemm!mgrasehmwesamgmemmadthe result is good, 11
espem t repetitive recording characteristics aspect. FIG

through arljejf;graﬁﬁ‘{g %owrn%q ng gtre[gpe[:rrs%@ of tr&ee[ﬂ/'Br ib%I&r s€-

16 throBgfelrﬁhgmwﬁt(eSeamrmsobftﬁon arabtipreferabteritbeg osarg&eristics are

éecordl ayefor CPvgtp ehase.%qtternooéétluor a.HSaVr\tIgSFIGS 19 %rEiSTs and

|mpr ved featufes of recor g using arecording w
Tlpe/\mgemdmvdnﬂairanmlzllﬁsm (a) and (b) show thter characterrstrcs

with reﬁoect 0 reﬁ(])rdrn%g er and erase o p/e atrve for the mark was
leading e&ge fraifing ge, &nd hott C[BGSO b he prror e
farasd. Batedron (@rardin),vwizhehorvid mngngtpod‘mrram)ém\Memeee patterns

R R Bl S ARG B IR, FISd parkc were

njgt@s wiearasténstichaavengshown when Tsfp = 0.3Ts and when Tsfp =

0.05Tsc e 1ersiand MORET snanc Dinias 198 104 et e1G 6

Based onthe parameters experimen ay, a mark was
15 fornefevithghie retGrdifg Waa/etmmmmﬂmg_ﬂtdwar iyplbe dlestagzmong the four

Ler”?l\/%@ctﬂ%r‘zgts‘?@‘b%t?é?ﬂ FaFieRraticng ehaLactRtirtifRIRtecording to the

rmed mar
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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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
thbeEFase miditlcpaliem am%dgﬂathawdsemaw&ionfisauyedﬁroeﬁasimgodulation

the |tter charac ristics of A Pb bl h is the difference
iedg o i BOET AT o A9 b AT BP LG R o A oy, and Dual
n&idatatlmCMee@rMmmtwudmth@egmded from 3mW, 1 mW was
selected as the, conditi r the repetitive recor
oA T OO A ACSTE KA RRGRL SPGYLanL gf the present
|rrwamwebaeeormmlgérepmdumwdmnlgdh@mwngmmwmmmbd
erase acco ﬁ to h resent inve ijn Ref oF 8 ¢ q
easily U Jfoéoat &PQ%%FSSS G&ﬁ‘a %‘éo [ 8|§‘epre ere
eaﬁwddin@toome@mssehmmtmnnthe result is good, 30 espeC|aIIy in the
repet|t|¥e recor ?} r|st|cs a ect However, the.| tte h tsid
charadtéiigh r&’% f&&&% rbgf?&rﬂaiagﬂé EHEIL eﬁh%%ﬁ‘ framyfae outside,
n&bnnvmwahmdalalsemfa_m]maiﬂeedmZOMg in "dteprEd@ht inveatipthis recording
aadvanttasqeous up to 1,000 t esr é)etftwe recordmg that iS gua{tante

Ehotmal DVD: al\%ee%%rwﬁ‘%"\{ LB A LR A tH e Borfaining an

e R D rinrinpts sendhtistepfA&022 th.dsEi@Mhermdmjm rrmibaﬂngasranm‘drm a mark

olr_lgvéleve& if the mod IJ(ag m |n St{wat Jaé%{gormally used, for
exarHaft:a Eﬁ”eﬁo BT moud aPon IS used, the result

will be e Mlbbcbanindm nmbundlagcdhianqpttesmmefevmdlon a method and

a mabr% i Otrorf t@gr rese t.5 |nvent|on b seqeont % structurgodescr H revents
gBove will now be exp éaF'RB% is a oOwWcC I‘%Wlng a recorvc\ilng P

drstettimoh aufctrdisbapa pfestemeok elud ddimest tuftdn&emesermmweembraccumulatmn
fe | arat r
WREEHRE IR e e AR e SR R e e provided so
trﬂa”tehethlem@medlsigzsm’ammaiu@gepemdwsragrem)rmpgmmeform 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
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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. 13 What is claimed is: 1 A method of 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 in an optical recording
apparatus, the method comprising: generating a recording waveform
iEhGIMMER—EA first multi-pulse having a plurality of first pulses

corresponding the first_lev? of the ingut data and a second multi-pulse

having ‘a pluraré‘ﬂﬂtgggd?f PO BFFESHIRARY BoSPRPEEAtPIevel of

the input daten 2niticaetbooraing aimsdlutulithespempigingp iedaiRch#eng a first
' t tical recording medium.according.to the first pulses of . =

e AR e O AR B B i

mediu@eastaliting rechelisgovaefunsesiothHociedend firattmpuispuBeTiaying a

Fvsﬁa 8f fliPulsdertRereomRiis ehdonuing & Bareas hedist 55%% Wcond

he opfical recording medium according to the first multi-pulse; an
fBHERY 8% parE 28 ik rsdboRisseRB bRUIsE LRREEFRSESHamiPHIRRRONd level of
aesmpingiethe second multi-pulse. 4. The method of claim 1, wherein

the generating of the recording waveform comprises: changing the first
multi-pulse according to a characteristic of the second pulses of the
secon@multi-pltsen:tide ohethiod Offolinar towipeisnythe second

multi- - L i 2nd e )
changr S g A5 SaRlMSUR AT RSB AUING g ne s
MasmsohibriipaldBdtdsieRi@sla characteristic of one of the starting

pulse goehifng andinearisesidba ﬂ%%ﬁﬂdﬁ%@c@% hibBiuhhemstird @ the

claim 5, wherein the changing of the starting pulse o
second pulses of the second multi-pulse.

3. The method of claim 1, further comprising:

forming a mark as the first state on the optical recording medium according to
the first multi-pulse; and

forming a space as the second state on the optical recording medium

according to the second multi-pulse.

4. The method of claim 1, wherein the generating of the recording
waveform comprises:;
changing the first multi-pulse according to a characteristic of the second

puises of the second multi-pulse.

B, The method of claim 1, wherein the second multi-pulse comprises a
starting pulse and an ending puise, and the changing of the first multi-pulse
comprises:

changing a starting pulse of the first multi-pulse according to a characteristic

of one of the starting pulse and the ending pulse of the second multi-pulse.
14



the first multi-pulse comprises: changing a voltage level of the starting
pulse of the first multi-pulse. 7. The method of claim 1, further comprising:
generating information data representing a characteristic of one of the first
multi-pulse and the second multi-pulse. 8. The method of claim 7, further
comprising: rotating the optical recording medium in response to the
information data. 9. The method of claim 7, further comprising: recording
the information data on the optical recording medium. 10. A method of
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 a recording apparatus, the method comprising: generating a recording

wavefrm whitheCortpisess 2 Erersdindatictie eaErRgPRNSiNettiafiPulse of
level ft{ﬂﬁ iﬁé)[ut data, an erase pattern having a multi- pulse

thceoWégHb 16 (TEREST level of the input data, and a cooling pulse
concatesraging thedleaprdenglavfdter aseripagteuise 16 the first multi-pulse.

7. The method of claim 1, further comprising:
generating information data representing a characteristic of one of the first

multi-pulse and the second multi-pulse.

8. The method of claim 7, further comprising:

rotating the optical recording medium in response to the information data.

9. The method of claim 7, further comprising:

recording the information data on the optical recording medium.

10. A method of 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 a recording apparatus, the method
comprising:
generating a recording waveform which comprises a recording pattern
corresponding to the first level of the input data, an erase pattern having a multi-
pulse corresponding to the second level of the input data, and a cooling pulse

concatenating the recording and erase patterns.
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