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METHOD OF RECORDING DATA ON AN OPTICAL RECORDING
MEDIUM BACKGROUND OF THE INVENTION 5 1. Field of the
Invention The present invention relates to a method and apparatus for
recording data on an optical recording medium, and more particularly, to
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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
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 eesotdingteetiingR2ne bigh lewvel ahisRdl  Recording

data. i d k the low 5 level of NRZI data i d
R A R R BRI 54 o ovo-
Recoréiagepatigenotes theegwiding waskientestock foxovogimgneaddimark edge
SRR LR o0 AT T AR o5 R e v
lgv@vef DRI elatsei pdtheneds asantpaes in A peokeliauniveedtihiaysdasn 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 R a5 B BBy, 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

formingsanoecahdingrasaveiiternnarelsksitorcabseprioreategeadatdony waveform is

Meanwhile, in the prioy art, different recording wavefor re used 20. .
TRORHRY A HeSte SR AR e dr Do, ol ' applied to
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are different. In particularly, the fact that different recording waveforms
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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 LSO IOrSRE S APNE S #RYBURMhg edge and trailing edge of
a marknaedriiggiredaonty reneatedtrecifdiret Casdoednigvanie@iorms 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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2 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 .
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Preferably, data is recorded according to.Run Length Limited (RLL)(2, 10),
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PERGSHE iRV AREDI tniSe 1§CPENGvidd aorﬂeﬁ%‘oa“’Po'rcPecB‘?&%@'Hgtanb% aHn. whie
irhdidak riecariiggamretiior, 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 | ithetp 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

e 0 A T OSSR M ecorin
weaeingpozdn te eese mjmxemm coayelenbenl onulByallebthedrailtepuldang pattern;
oA AR SR R A R ARG e el
obththdipitsh tatel as thepacdtiBoysinsetihad ane e réeest vfg veatrafing.

pulse pa¥ R G, 19w Aeveh ahHat AUty BHSBased on Run Length Limited (RLL)(2,
10) or RLL(1, 7).

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

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

the high level is half of a clock cycle.
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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. 3 It is effective that
in step I(aistie¢fdicalevehoipradptdaimed NG 4é dalttdispfedvrdramadakZ| data is
and in step (b) the second Jeve) of predetermined NRZI data is form .
QRSB i o g A IR RS B bR TP A lta i
faratedraddrspades a part of the cooling pulse. It is effective that if the
ending_time of the. cocellii(%gé?lulse is I?s than orﬁreater Fhan OgTﬁ?from t
the trailing d858"6H e KRYTAOUHAF LSy Ao i PHitRe 105aRG SRS pattem
irfolundiey the@mace tritevvlime gades. oveid SlectReefdrably theuritginigeime of the
constituting or included in the multi-pulse igh 10 level and a low
R LT Sho SR BRIl i FHLED ARG the NRZ
sitpeale ¢chedhgr piidie nimier efetad e dbénte poldndopatiegntheseab seaphtvedn increases
oPawer, LFveIs. Also, to accomplish the above objectives of the present
inve 't?oﬁ,‘ there is provided an apparatus for recording data on an optical
recordiRgefeeadiiyn avwmithpul Sarndndes tng oondiclg dealefahe gedd@iisg has a high
unit which generates g recording wavefaorm having an erase pattern .
Sl g SO e B AT P A B T A B R e puise
fapuhesthghescar digquditeimecording medium according to the generated
recordi aveform sq that a mark or a space js formed. Preferably, the
oparat S S ds Ol B RS BRI o CiE s
modulaidsod ataguromidplisfraimet lzd ovsmg e atidesubp utetpussgen enateation, there is
NR%Ie%ata tq the recorqglrg Wav?form Pgﬁneratin uni%clgfeferabd}/ the

POV ABRAELUE el s eo ek o < ceal dseRangeadium. which

irantuoietic . hescbraimch aEpleds s aydeznatint theioptibadhregpendiages a recording
o AT D OB TR B AR R e
ahd@l;pdnidm uagtewbidhirappireaitightis hadtivee s dical decdcdimgstakkstiiim thecording to
B o e T

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

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

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

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

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

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

FIG. 2 is a block diagram of a recording apparatus according to a preferred
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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
edi@gtamegfta)feherpiegempavem’a)aq:cording to a preferred 4 embodiment

of the ent invention; FIG. 3 shows an exam an implementation

of the 15 ABaR RO AE IR E U0 S BHAF ERGPAEING apparatus
ofMaMefarm generated by a recording 5 waveform generating circuit; FIG. 5

shows|a th r e§€ le of a Wave orm generat ?%the recordigg di

Wavefor gene m?ghlle)ﬁ@g e6a hr%u AfB RS f@ry a recording
v@xmmnmg;émwram@scufcarase patterns according to a preferred

embodi #{)f the present invention: 10 FIGS. 7e and 7f are ?ﬁge& i di

examp ENBUIG 6 TBRIG A b WP URaPeRIR Ry the recording
V\I@Mtdmigeaemnu@tﬁmuﬁjGS 11 through 15 are graphs showmg the

characﬁ(?g DVD Ré&g FIGS. 1 throu 20 a rlts win ;

the charreriataBPA% W afave B B Pl neggao erase
pe&temhra;pmmng mnaqmbmjrteoquneiemmmﬂmbmbmmmtthwemmnt

lnventlgﬁ E§CRInyoal\rleooF TH g s OITQEQ Ef'Y_‘F;?Q'MENTS FIG. 2

isa bloc jagram of a recor n ap Afis%ceor Ing 10 a preferred 20
embodFhest ﬂh@pgesmtam/ehapes%ﬁemnkg ted¢d@ed, itha shoaidingn;
apparale, e (A BATk ap AR ORlegl eCRrdng Medim 2000A3R 0. R,
pickup unit™L,"a record |ng wave genera IRy Ciredi ,

moduldEiaturii6 3hTdeybh20 reeEngoalplhestishawin 3 Mmecdlhiatastdamwmmrari)VD RW;
irrr ut from the outside into a channel bit stream. The recording waveform
generating unit 2 25 receives the channel bit stream and generates a
recordiRtBvatefo milovebadrdimnting r@cen@dicigamethbi siceardintho a preferred
FﬁBSE,d % %Y?Itl%rﬁll’ gggretrﬁgeg na[\%l%ordlng to the present invention has an

erase p ern having an erase multi-pulse. The

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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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
red@dimgpleavendatiogerfdhatireceiciog appadascioiti8. Modbasan®  The pickup

B PuR o, KT b PR, HR A Teil Applahjiead 13 for
reiceirl:rdﬁ} Iias;e‘@nglh:Jréfgé_;I:_fB @Wdﬂmqgmﬂn:fmimcgeiﬂerﬁ:?gmbﬁdm,itam for servo
nnel modulator 3. The.pickup unit 1 has a motor 11 for rotating an . .
cEL b SRt IR EAE T4 157 SVt s JHEro e o) installed

irthkeoppitahtieea2003 a servo circuit 12 for servo control, and a laser

optical TABc- 13 1 He ERAMRIP OB R P AR 4o bit stream.
antiammkﬂlthﬁ B_tRﬂmﬂ.amd Crumm&z:brﬂmlgqlwm/élfbmegmndiwmv?tmﬂmz generates a
S B R 2 AR SRR UGG LRt vaverom

td th&hadesdridingruiycincditt 14 forms a mark or a space by controlling laser

with u Hg }he regeived recor. ng aveform. FIG. 4 shows Bm ex mcﬁ)lle oﬁ .
T aser driving circui orms a m]ark or a Séga%:e .corir INg laser with
a wavelori genherated=y a recording waverorm generating Circuit.

uBlatpthagdodived 4e diiRdindatachfomges according to a modulation method
15 of t éh%n | modulator 3. Th?é isd if the modulation methaod j

4 s Xam a VEroRn  Generated B Runrecordin
Length Limited V\'_Sj(frlo Seri sme{hod,\'{’ﬁa IS, acc%ramg odElgxtf% g
waweftren geloehalatigti(ElN), Eight to Fourteen Modulation plus (EFM+),

e 36 TRt TR A B Yoo DA huArfon method
oﬂiﬁmosbdrinét)mmallgc Etec@h_ﬁngssytsttém ahdLZBIGB Caplacttyis a Run Length
IS8 R AR RIORIN M A o Founcer
Mrldlu| aibole 'QBWicﬁighettmcﬂiqm@mﬂdnchmltmmdﬂ_IéEEMm)et.E.Dcﬁazlsﬁ")d and Dual
oA, R SRR SRR M s e
Heoeb(8e15209@ mhadwaiton method disclosed in “Optical Disc Recording System
of 25GB Capacity” announced by Matsushita in Optical Data Storage (ODS) 2001.
Dual modulation is disclosed in Korea Patent Application No. 99-42032 “An RLL
code allocation method, modulation and demodulation method, and demodulation
apparatus having improved DC controlling capability,” filed by the present applicant
on 30, September, 1999, and laid open on 25, November, 2000. If data is
recorded using an RLL(1, 7) series method, the minimum recording mark is 2Ts,
and the maximum recording mark is 8Ts.

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

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

least one pulse having the same width and power. In the present embodiment,
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25 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,
Ting ie@BiBg Wapditicatesube wikthosflihg pastasoliey fecniaing rdvaiing pattern.
of a 7T length, an erase pattern for forming a space of a 3T length, and g.
8, Tulriy DRt ELERIn, HTRENOY B SRRRGUPUTE reddlafpoing pulse
erfgters fropompesecidid putseirandisastparese. padaip indicmesd the width of
with a %ulse trairl%sgshown in interval F.?_"[m intlic es the width

fa,.

QN YEREKERY SEARP PR the il Y &ReN 8@%{%@'@@““ Temp
idedsiTene Tafisérhoingstize o \irolth ansbponwdrein KiRZAvréaenis transited from a

empodiment, 6 is,0.5Ts. Tlp indicates the width of the last.pulse .
e d e Bt o R AR s D P Hhige forming a
recmithgg pksee rihstacslindrpipldeaexirndfl denvea oeeontiagppatterieieebof an erase

erase pattern.. Temp indicates idth of an erase multi-pulse formin .
PRI i A ST e G s LT SBne SLates EnaiS e 4 Pmutt-puise
contmiates i Eariecthke pattpoinemdeatNRY lleladh Phitratisitetbktolsfp $tavts from high

levelto.a high leve].to oint (start of.firs e) when a fir Ise .
T R R R R S e Bl Bl gl mutt-puise
ctevald duineeaserasttgrattdimeisdsasashowriaadtIBb 4, thésfeid Jifptenaintains low

| t\t}gf%g'lé %réd 8 rqlglth%ulse contained in an erase pattern ends at low
G&ve [, the hex sf?p 3trts from high io level Pb2 of the multi-pulse.

Meanwhii&, § $hipns lmsettieanedaimplancf amndtigialee gemeeated yahe recording
nrase r%tteerﬁeeg 1s at .Irowi%evel Pbl, the next Tsfp maintains low level Pbl

SFthe mu |-pu[se. A1&'SShows another example of a waveform

generaRefdyitioetoe E6GiBg wnavefoenhigbnienatingf diiedit. deBeRisfévrimgdoas a mark,

anG V?e VYQ\?/” It epi%h “%\r'%%oé I\élgzgcéglé%ésem{ edr@éo?driﬂgkwﬁl%qot% I?r%ludes a
evel IS formed as a space, the recor ng

INg wavetorm includes a recordi
rexatdindgrattenrdorg ecoraiik @ banvarkevigah? Breaigibe aatteaségpdtiemingaforming a
e T h ' t ' T
T e U PR R B0 e
20 pattéheigéoondidgviffatiqyolss tcimapsstdwd i ipgisal taimmpAlso, the erase

pggégﬁtssfm&g@ymosapmg&if%f#sé%fmm hRRGIILIEP G HEIEalE the width

i-pulse In es at
of a multi-pulse forming a recording pattern. Here, the multi-pulse indicates at

least one pulse having the same width and power. In the present embodiment,
Tmp is 0.5Ts. Tlp indicates the width of the last pulse forming a recording pattern.
Tcl indicates the width (duration time) of a cooling pulse. The cooling pulse
extends from a recording pattern to an erase pattern. Temp indicates the width of
an erase multi-pulse constituting an erase pattern. In the present embodiment,
Temp is 0.5Ts. Tsfp indicates a period from a point when NRZ| data is transited
from a low level to a high level to a point (start of first pulse) when a first pulse
constituting a recording pattern starts. Tsfp has an influence over the power level
of an erase pattern. That is, as shown in FIG. 4, if Tsfp is greater than 0.5Ts and a
multi-pulse contained in an erase pattern ends at low level Pb1l, the next Tsfp starts
from high level Pb2 of the multi-pulse. Meanwhile, if Tsfp is less than 0.5Ts and a
multi-pulse contained in an erase pattern ends at low level Pbl, the next Tsfp

maintains low level Pbl of the multi-pulse.
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least one pulse having the same width and power. In the present
embodiment, Tmp is 0.5Ts. TIp indicates the width of the last pulse
forming a recording pattern. Tcl indicates the width (duration time) of a

coolingAaise. Gaheatrooltg wlmé&MeMm&Mrae@qmrdin detiertypesnof erase
erase {jattern Tem mdrc tes t idth of a}e ?fﬁase multi- E])Jlse

PRUGLAR ARG ARG %%"t? P ‘t’ﬁ@ SO QIRERE NV oG 5 Ts.
Tsfp inmema:m@ peiG Sosramaingwben ﬂNRéra@éqd@tteansmItd‘r@migathe present

. low level to a level to a point (start o p S
At e ol R L R s T e ) L. The
dﬁmrvandevsedaﬂaratemawaerpattermaﬁheu|$xya6u311lesveontll¥a€5trrb diffeterites can be
atert an 0.5Ts It] Ise contained |n n erase pattern ends,.
L DE S EPdhe Pt T St (R A b BB g hecTeding pulse
forminrgplaaeerdearpralm&nrﬁg sheisdese mamr@%waedem qulteplumfollowing erase
tal ed in attern ends atI Wle el Pbl, the xtT
RUISE BT D e T A Bt A £ B, pattern ends at
9
ttvealwfdevelfbb&xptenmnyéomewpes ubrfaeﬁtaikmrp@tf&fmradberdmgecaa the high level
ferr d embodlm tof the p inventi ring to FIG
P??wfoufg F'hE erpajse BU %erns f%dfﬂg ager?r(%a:@er?{ rgen %rnofrtge leading pulse

fcnimrdrgﬂantcerfasre tpaHerr(a); LtHe (SarAéd ,a&:lhtheg’rdl&ibellLEbIhm‘ the following erase
dr ere ces of a er tte are mark crrc es SO th t the differe

P USE S T R, et T RS R Bie S SSE R ends a
thealdligiy talMebPlnﬂmlhg mvelrasﬁerrmfmrww@rél' Sianoe Bisntnes] dov hevasRbedfigh level

?)hf f(?lhg]wrng grase. multl ulsg(; 'quT fl'he |(t:h ?é% aﬁe multl pul}senI Oﬁﬁd'ng pulse

orming the'erase | pa rn end e low feval he power ev
fdothomgnanTefpss qhetMmosasreheamgh asvﬂsieorﬂghz let/ehdPbasd the followrng erase

oIHEBEIESA ) S e WO Ael R AR RUSE PTG ends

an erase a ern’is the Same as th Iowrng rase
thmhigpue;fehﬁ@&fmetmmslfamsmhwmpms&ofmnhagsﬁmeeeasﬂmpamwrreveI Pb1 of

o R Bt S SRR g e
fqrpweg @frtrmdae@dptgtpumrs Ibdosaning an drasewareat Bhheotdhwe fadlokeng erase
AR R e R e e 185 B8 encs o
thoe ﬂpe/fdﬂlmhﬁ@r,stpeslehelsaﬁmmahe\nmgIéfspf Rbhtihuks ¢vake as the low level
P@f'ngHes‘érfé‘Earlr%lt@dee.indicates that the power of the leading pulse

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

the trailing edge of a mark is prevented and the characteristic of reproducing is

8



10

15

20

25

30

forming an erase pattern is the same as the low level Pbl of the following

erase 20 multi-pulse and after the last erase multi-pulse forming the erase

pattern ends at the low level Pbl, the level of the following Tspf continues
irtphved. therlopateivelak binottiberetasdinyliudserrfiCshotenaind ﬂfea@nbodiments

other e les of LH of FIG. Re errln to FIGS, 7e.and 7f
R UERAE SRR AL SRS e PR s FGrAaOR BEJR el PbL o
tHbeetighelewaltPpdlsd as atﬂaetewwmnulsmf@ﬁom betyeienisO2BTs amdl 0.75Ts for

C@%glgg(;ﬁ?segdur{mn t@ﬁ}égét&ﬂél(;gp@/{@%ﬁ%&%@ﬁge 1&1 il prﬁgs'tlc of the disc

200rationl dicredof tmhemgdjrkz\thbmmdieelmw tdvepRidwéithpismasee improved.
multi-pyjse is T Here, the ratio_of and Tem atis, ther
of the QU WRre GTHERUANe ] P alaiko INEES! Rl IR cPaFGrS (vpe
infmmmmmmawwser&mmd@lamyaldaemhlbeambangfed aecmdabiei da@etyr may be
. of w Here n arel ers) hus he r cordl vef
S SR siiiahoe Rion PR e S TR iR ng s case, when
datas'e mumrdmmlseecbvmngw qqmmatssh@ammp%bmmrmmltmémbltmwad in area
erefore[ dlstortk%’\ of the t alllrrlgje%;re of a mark;is grevented an
haractenseuc ot reproﬁ@cmg iS mprovedaln pahlcular in e fed
cwweﬁxmmﬁr@mmeifmthe embodiments described above, the duratlon time
of the gq Iii I Pb an otuhe,[IOV\(/eIevil Pr%'s%f th grase multkl(gul as a svmbol
adjusted w na Scope SetwaErd. 2518 Ahd B7ETS 30 Hoc cycF Ehd Y
ired chantatiop X timee apyreediatbaalthe betie kardaéastadt thbatisdaba230recorded and
rs.erl((-;atede The&efo&e( the ch acter|st|c oft{eﬁr%jgcm Ega oreflérr] |org “the speed
Meanwhi Fle mformafa orP O the four tyrpe eras terns {P P
ofrdadreatismgriay typ ecerasie (hatterfesd2o-areltigedinees siadrel dlsc or may
be '”C'lﬁ 8|dd§ %gv?é’st%'?h 9 ﬁ‘é@?&”ﬁu?;&r%%%ﬁ ”Hoé ‘?‘8 Nfeny, tE df a mark
case Atais rRcord recording dpparatus rea S type Info 2tion
réanrde ivaal mmm@mmowﬁemh)lsemmd)blemgnsdlrmar&)ms@ maﬂeoslmulatlon is
BWEF RXa%‘TE"Ta“‘f%@ it r&g@&’\%’@%@ﬁ?{ﬁ 2 EShI Wa% 2} %’/ép?dfﬂ% structure.
pes of erase patterns'may bé Used as'a Symbol ' indicatin imes
speed of a disc or the kind of a mark when data is recorded and
reproduced. For example, the erase Ry may indicate information, "the
speed 15 of a disc using LH type erase pattern is 20-multiple times

%é/rdgneneratlng a

speed." 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)
9
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In order to test the effect of the present invention, the shapes of a mark

recorded in a simulation was observed. The structure used in the

simulation is shown in table 1. The disc used in the simulation has a
by-thgepedifitnt stcwiding Haveldani Subeim‘@i'eiemﬁw (d) shows a mark formed

f|| Recordi Dlelecssc fllmReerctln filmfilm

izl @%,6 Bhpgﬁg_g,@ﬁ Oa[[re)?,de&\gcqu{ecordlng waveform having a
eiaekmasm@nma&ynééthmibﬁeme&@nme?h©npadd|®$hbma mark formed by a

R B R DR B R S DR Braer R k(e shows

naarkaﬂdxrmﬁerm/r&@rslmglmmm c(h&“éhmmmmetbsbn oemmmgdthg A%ark of (g) by
mark of 8T| recorded the

U R et T Ao S e R e e B e e resuit of

e@mpg&h@mth&p@rbg%m@r&gt\mmm watersed and the mark

shapesw éh cord Wavefor acc?rq(}P fhe presg{nt mven'uonI iion f
was us é V@) saga%%ﬁ{?oﬁne 'EQ% mufation, (%)Slmualon or

ir&hqwetmmhdaformed on (a) by a recording 30 waveform according to the
present invention, and (c) shows a merrlbror ed on (a) 9 by the prior art
recording waveform. Likewise, in FIG. 9 &jg{;hows a mark formed by the

Msiterialation, (e)| she#esranmark formed by a recorfddtgjovaiieform HawigraK)
erase pattern :lthIUIﬁg to-the present invention, and (f) shows g mark

formed by a rarnrdlnn wavefa

m ha\/ing the pr

aor art DC erase

attern. In

Zp%$'90, (g) st

A9y 5 mark fo

rrch%oby the sim

faton, (h) show

sHI8%Rsult

SbfTerasaugethie
(dRyegyion, and

art NC Araco v

(i) shows the res

Aattarn Tahla 2 ¢

Ma&30of (g) by thé &se pattern
sult of erasing th

hn o tho nar

dceegirding to the
e mark of (g) by

tarc nf thin

pressnt
the prior

film
Ot Tt

_I | A v i & T ) wy |~ . TAUIC 44 e |JClI aw\‘e used in a
Sgi]r?]aulat?ghe oF %t%ﬂr?)retlng heat. 9Z%ﬂ'able 4 Matei% —405nmC(9A'cCrfn6LO
AQRMRAVERK) nK ZnS-Si022.3000.0002.0550.0058
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 0.60. Then, the characteristics of

is repetitive
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Sb-Te eutectic 1.6503.1501.2850.0060 (Crystal) Sb-Te eutectic
2.9002.9501.2850.0060 (Amorphous) Ag alloy0.1702.0702.4500.2000
Referring again to simulation results of FIGS. 8 through 10, it is shown
rébatdihg/egpliod astige attoedimgrkdotmeeprbydhe ireartiong weneetasmpared with the
having the erase pattern according to the present invention of (b) of FIG.
PEIS ﬁ&tf@?t{ﬁg "the trailing 15 edge of the mark formed by the recording

waveforGisavingttireuyloriatdps graskes paitavingf the phiarstenstibecbdfthe DVD-
(c) of F . Like the trailing edges, the shape of the leading edge of the .
RN & e T GHE L e A STt oL BRE Rl recording
usinpedrassidvgviardiond. hie eeBdtecdsbaattentatdpstions, that FAGS. 14 and
lghafie of a mark Fr\/then the r%cordin%waveform havin%ithe erasef IgE)atter],‘n ¢
CHRIMET RN G SHULE SN SALUNG 5408 & S RV S e presen
inuéotiari. BynadjlGtinglihéaghanpd, \(iitishand poeeclexedattistiesasdth respect to

muIt(ij-. ulse, distortion of the shaPe of a Err%arli c?n bt% mrt)reqeducgd. Iq i q
r%‘?%r'%@e‘%?pvé‘ﬁrm %@a‘ﬁ%&i‘?f\!}ﬁ% effeet o the presentinventiohe o 9¢: trafing edge,
apdrbothtedyased edmmadbinitheqtier @t @d yasavefBanedioown)iufdGS), 14.5mwW

4 and 5, 25 that is ration time and the were obtained

e wer level
"ot HT?@BVE?&BEHEW‘% "TEPHVDRW 3 .f%?%esfﬁa SRR B Raror
of whichIS8.la2eanehl8lshgth ilse GhOasusattrbiduis OnoheThdor, dmeDC erase.
characteristics of repetitive 10 recqrdi roducing accoydi
oresorteaTg CoEis (O SR Rl R R LIRS T 13, the mos
ptiefetahld htemeaipaaicsesisdinsnay thehcvemagteisiicfpof 16 TI\AndRMN Tsfp = 0.4Ts.
Tie Arein’ral er8§91he 0 téPOHVaFQ%{?fr%Hégs grﬁ(??Yée\g\{ggdg%(%ewféect%@? 1Bis 0.7Ts.
usIng a recording waveftorm with a erase pattern-of prior art, an
FIGS. Based 06 shewanamnetexs fezpnaes entaboabita nesinm ahiscoring mark was

RIS ol GBS, RS HLA L B rose patems
desspiseivelyo ey, theddhdinhardgteristitingethgeformed mark were measured as the
following.

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

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

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

Referring to FIG. 15, it is easily understood that when a mark is erased
using the erase multi-pulse according to the present invention, the result is good,
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and both edges of a mark in the prior art DC erase. Based on (a) and (b),
14.5mW 1o recording power and 6mW erase power were selected for
experiments. FIGS. 12 and 13 show the measured results in the prior art

eBeeitiein Refeupuitodakdo)dimgdc(rattdfstit asgde). and (b) of FIG.
13, th ost _preferable jitter characteristics are shown when. Tsfp =.0,5T
o wER S Tl It ST T A AL, Rl ey DVD-RW.
FVGS.goedhvbaghihescytievs e Teallr&ast chonvthegraraimatess recording using a
experimentally. obtained in this way, a mark was .formed wi
R LT A ek BAErS AL e e B, dgcand 20 show
irnpmias difehtbeecheir emterigines uitiiedosved imgkavefe rmesistive gras éine invention.
following. EIG. 14 shows the jitter characteristics of the four. types :
reoor SR A g SRt oG R RS KC P TR i o recording
pbddeat canl lEeraste pedénatesiketichiy dotetistidaading e dgee nregibogdétiye, and both
sing a recording waveform.with an se pattern, i.e., any one of fou
efASR Of LIRS RO TCOE S preBaseludhcti, and (b). 14.0mw
réispdiriglIpwvefeaﬁd@tu\(ﬁ)eoéﬂ@o%riu\iemedﬁw LH type is the best
among ijedoyotupes; 9REISHING[0,(0) o FIG A4 WARIRS €13%5c orase,
pattern formed with the érase mdulti- pulse accor%mg (0] tﬁeppresent
inventiGtefeuseptm EIGSNd a aratkl 8hehatenosharatteabte fittérAcCRa(BERrstics are

bl which i dif ce between high level and low level of the
SO . 5 T S G R Q.5 e e e g 5o, ano
TiffeesngeoB8inFLET1&shbdviIshe jitter characteristics of the results of

repetiiye LeeodinglaRratisnd USing e ISR MAYPIRIARANNG Dark was
erase pa??ern accordf?\g 0 the present inveng comparedr}o prior art.
fdRefedringtto 6. s atdingasiguaiderstbatititatthvictoarntgdes efassdse patterns

i multizpulse ng to resent.inventign, the result |
dégé@)?f egsl%egal an}% tkbe3 r(repﬁﬁlvecﬁéo%%gé%ﬁéé%rig?ic@%sgié? a H%\rk were
nrda@sireé astugfollovereggraphs showing the characteristics of the

DVD-RY: FIBS, dayaugh.LErslia ihe et FR ol ARUBIANG I Of 1 6.
5 ERA :

recording using a recording waverorm wi rase n or prior art,
and FIGsfargrmdR G isholds imprelvedetitatds-bitypeoiglitiveusasy among the four

tyrﬁgg.r diWh\gﬁVt%fé’ r@?a%feﬂb%ﬂé‘?ﬁ%hwggwmthe erase multi-pulse according to the

present invention is used in erasing a mark, the jitter characteristics of A Pb(Pb2 -

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

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

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

Meanwhile, the above experiments followed the DVD formats and therefore
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In FIG. 16, (a) and (b) show jitter characteristics with respect to recording
power and erase power, respectively, for the leading edge, trailing edge,
and both edges of a mark in the prior art DC erase. Based on (a) and (b),
tHet. OV racaliditibpnometiantl tayVivese pavweveeiflselegted. dBer modulation

FIGS. 17 and 18 show the measpred results in the prigr art DC eras
e B MEFEADABSETE it ST R S o e dShreand Dual
nsbdwiztioheis Tist-tAs3tessahdwilien thefgamnie05Ts. Tle was good in

0.55Ts,.and Tlp was good,in 1. OT and 1. 1 Ts, Based on the parameters

experithoSN IR MET A RSSRES R AT ARRATIEAGHE OF the present
iresotidm@sisactornmbavagttve tirsdyped abeveseipaitevise deplained.

above, e.reproducing characteristics of the formed mark were

mensuldtr el Tl BT AR G e e L AT G [ preferred
efabotiipensbbwe ipreg@ntinRaféonng to FIG. 19, it is shown that LH type

is the hest amo faur 20 types. When the erase pattern formed with :

the or A S g B8 PR G eI bt outsice
naothddte thehpttdaichandieestasrisSANTRY PHata Rbistebid8&1the Thiderethee recording
2RESER e finh evel and g Jevel b e qrase Ul Puloe 15,8001 iaining an

SR8 TR TRAFL RIS AE SL%(Wan\fy 8egra SR SRS PR W 9
esadectadlaptiisecondiepnlidd2he tégattitresrgeortmgiiemooldimgwaveform, a mark
of Shment 251G 20, shous hp Juerehaialerisiigy of the results o

repeplﬁlve recoFng reproducing using the recor(ﬁ’mg pulse having the

erase pedtede swdoedingbtyéhegresetin ghvibetiqureBerfe rimgetatibrG. 20nieihod and
2BB3HRdRIS D0 N vNEN.2 Mt i3 erased diaing e, CLasE LI

ggcor&ljng to the preseﬂt mven%lon, & result IS good?gfseﬁvespecirgﬂly In
drstoetitineafettwr dshgoh arb eteniaticsiaspechetoviatestetbegétand heat accumulation

teristi e I om 2 [ Therefqre, it is . .
o B R R R S SR Y MR R B i ovided so
tratvhetabacactenstioslod decinmbsgkpptitdedaiagardinoipravisdguaranteed in

the normal DVD-RW. Meanwhile, the above experiments followed the

DVID formats and therefore 12 the EFM+ modulation method was used.

However, if any of other modulation methods that are normally used, for

example, RLL(1, 7), D(8 - 15), and Dual

lijéflee prevents
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modulation, is used, the result will be the same. A recording method
according to a preferred embodiment of the present 5 invention based on
the structure described above will now be explained. FIG. 21 is a flowchart
showing a recording method according to a preferred embodiment of the
WRERSERIdmiention. Referring to FIG. 21, the recording apparatus receives
data from the outside, modulates the data, and generates NRZI data in
step 1801. Then, the recording 10 apparatus generates a recording
waveform having an erase pattern containing an erase multi-pulse in step
1802. Using tHefeHsd elresssringgdata efonm oRtinalkeeprdisgavedum, the
Rimss Qhipasrgical disc 200 in step 1803. As described above,
according the present invention, a method and apparatus for recording

data i9SSEHIE SRR W RRAHIIRE AR A vents 15 distortion of the

Zhap_eg@h@rla(tjaﬁg dug@ﬁ&a} Wé?}@ﬁfﬁﬁ%ﬁ%ﬁ@ﬁﬁ%r&f%@ﬁ%ﬂﬂﬁdﬁ@ﬂigg a multi-
ta IS recorde nd Improves the shape, of the alk IS used are provi
A g R T S R R A5 btk e aeL TSl T Sata; and

What fsrctanmedfisst 1levAl mictie dlofmeebndiniyidédd diyial datisasacorstingnd

sim: e meitod comprishg: aenerating.ehanne) madulated diolal, i the
; g a récording waveform having an‘erase pattern containing

geneuiteg umetidgawerefding pattern in response to the channel

modulated digital data; and forming a first level of the channel modulated

digital data as a mark and forming a second level of the channel

moduféted dighbPdagied ety whiREihéhgsrariatingebiamghanne!

MENREER - Railre s ibod9igdaim 1, wherein the generating of the
channel modulated digital data comprises: performing a Run Length

LimiteBSEATPY fdRMbksots Limitad dfldd @ dimethvlerein the

generating of the channel modulated digital data comprises: performing a

Run Length Lipied B (1) meted, d e s o e hsren,

modulated digital data comprises:
performing a Run Length Limited RLL(1, 7) method.

4, The method of claim 1, wherein the generating of the recording
waveform comprises:

causing a pawer level of a leading pulse of the erase pattern to be a low level
of the multi-pulse and a power level of a trailing pulse of the erase puise to be a high

level of the multi-pulse.

. The method of claim 1, wherein the generating of the recording
waveform comprises:

causing a power level of a leading pulse of the erase pattern to be a high level
of the multi-pulse and a power level of a trailing pulse to be a high level of the multi-

puise.

6. The method of claim 1, wherein the generating of the recording

14



waveform comprises: causing a power level of a leading pulse of the
erase pattern to be a low level of the multi-pulse and a power level of a
trailing pulse of the erase pulse to be a high level of the multi-pulse. 5.
The method of claim 1, wherein the generating of the recording waveform
comprises: causing a power level of a leading pulse of the erase pattern to
BELFIGA EVBPTSefe multi-pulse and a power level of a trailing pulse to

be a highulgnglopdhe Meltt HrisraBinbhsuRe BradOb Rl AR BiRw level
eratl of the recordin 14W form ses ausin ower
BB T A VERb A S PYRE YLl SalRG D BE S R RPIa, B IR the mult-

puliiepulse and a power level of a trailing pulse to be a low level of the

multi- pulse. 7. The method of claim 1, wherein the generating of the

recording waveform comprises; causing a power level of a leading pulse

of the érase pdtt&rMEN5E 2l iraiR e ARpaTatingof Q“ﬁdﬁié?r fHoe|
of=adfaitingopuisizde:be a low level of the multi- pulse. 8. The method of

claim 1 whereln thegg%lerptr of (trpe rec rdlr} hwa}/aesf((e)rm om nBe _——
causmg 4 Talo of & quration time o agnP eve Shotherdura tlon? % s
of thaonultwvales e A pavyRilsyeb P §mﬂmrm&ﬂy to ber Tpmelmetmm@fmmti-
¢iging 8, wherein the generating of the recording waveform comprises:

causing the duration time of the high level to be half a clock cycle. 10. The
method of claim 8, wherein the generating of the recording waveform
compri8es: calsiagretibaatid dbtimeldwistemttregentratnglofduelranordivey

M@é@ﬂﬁlg@&g{.é@g low level of the multi-pulse to be m:n where m and n
are integers. 11. The method of claim 1, wherein the generating of the
channépgusing a ratio of a duration time of a high level and another duration time of a

low level of the multi-pulse to be substantially 1:1.

9. The method of claim 8, wherein the generating of the recording
waveform comprises:

causing the duration time of the high level to be half a clock cycle.

10. The method of claim 8, wherein the generating of the recording
waveform comprises:
causing the ratio of the duration time of the high level and the duration time of

the low level of the multi-pulse to be m:n where m and n are integers.

1. The method of claim 1, wherein the generating of the channel
modulated digital signal comprises:
forming a first level of an NRZI data signal as the mark and a second level of

the NRZI data signal as the space.
12. The methed of claim 11, wherein the generating of the recording

waveform comprises:

forming the cooling pulse as a part of the erase pattern.
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modulated digital signal comprises: forming a first level of an NRZ| data
signal as the mark and a second level of the NRZI data signal as the
space. 12. The method of claim 11, wherein the generating of the
recording waveform comprises: forming the cooling pulse as a part of the
erase pattern. 15 13. The method of claim 12, wherein the generating of
the rectBding Wavefethodafipdised2)pdredétainigngrtiathef thie endingng

W&;ﬁﬂ%gﬁ%%& )ulse is less than or greater than 0.5Ts from a trailing
edge of the

ata signal, causing a duration time of a leading pulse
forming e eeigenizing vihether eveeraibpdime of leersethod piidaiinless than or

wheliginthg gene aERYLh e EecadiBg AR CPSUMRe safRIAY R ration

unit pulse of the multi-pulse to have a high level and a low level that are
Ho16<Ea bpdng R SRIRTTHNG St desRRESS RIS M RPtRE e cording

pattern. 15. The method of claim 1, wherein the generating of the

recordipng wave. form comprises: farming the recordin ttern having at..
ast 18 ponel VR o g3 e S B ) DR 4peing
mnriing eeseioiseshe method comprising: generating channel

modulateddigual dek 4eBRIRUIPLRISHIEHHNAVE IRER RREIIRINGIGw level that

recording pattern, an erase pattern having a multi-pulse, and a cooling
pisacistiedteniim g yricacding ) hisdeariae pRe iREiRgdEpsRse i haattemn.

channel modulated digital data; and forming a first level of the channel

modulgted digital data,as a mark and forming a second level of the ;
Channdl modul S RYIE SLe 4 e BE e R 8t HigHfooraing wave
fecordimgpieseform. 16

forming the recording pattern having at least two power levels.

16. A method of recording data on an optical recording medium, the
method comprising:

generating channel modulated digital data;

generating a recording waveform comprising a recording pattern, an erase
pattern having a multi-puise, and a cooling pulse concatenating the recording and
erase patterns, in response to the channel modulated digital data; and

forming a first level of the channel modulated digital data as a mark and
forming a second level of the channel modulated digital data as a space by using the

generated recording waveform.
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