METHOD AND APPARATUS FOR RECORDI NG DATA ON OPTI CAL  RECORDI NG MEDI UM
BACKGROUND OF THE INVENTION 5 1. Field of the Invention The present
invention relates to a nethod and apparatus for recording data on an
optical recording nmedium and nore particularly, to a nethod and
apparatus for recording digital data by form ng a mark on an opti cal
disc. 2. Description of the Related Art 10 When recordi ng data on an
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according to a mARBEHINB&rding method in view of signal detection. In the mark position

recording method, the amplitude of a detected radio frequency (RF) signal is

20 changed from positive/negative to negative/positive in a position where a mark
is recorded. In the mark edge recording method, the amplitude of a detected
RF signal is changed from positive/negative to negative/positive at the edges of
a mark. Thus, it is important to accurately record the edges of the mark to
improve the quality of a reproduced signal.

: ) 25 However, by observing the trailing edge of a mark recorded on a disc
coated with a phaée change layer according to a conventional recording
method, it can be seen that the shape of the mark depends on the length of the
mark or the distance between marks, i.e., the length of a space. In other words,
the trailing edge is wider than the leading edge of the mark, which degrades the

30 recording/reproducing characteristics. The relatively long length of the mark
further degrades recording/reproducing characteristics due to thermal
accumulation.

FIG. 1A shows recording waveforms according to a conventional
recording method. Referring to FIG. 1A, there are various recording waveforms
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recording nethod. Referring to FIG 1A there are various recording
waveforns 1 for recording Non Return to Zero Inverted (NRZI) data. A
first recording waveform(a) is for DVD-RAM Recordi ng waveforns (b)
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FIGS. 1B and 1C show the shapes of marks formed on an optical

recording medium, Referring to FIGS. 1B and 1C, a track of the optical
recording medium is composed of a groove and a land. To record

25 predetermined data on the optical recording medium, marks are formed on or
erased from the groove and the tand. However, a laser beam applies heat to
the optical recording medium {o form or erase the marks. This heat may cause
a Thermal Crossing phenomenon in which adjacent tracks or adjacent marks
are affected. FIG. 1B illustrates a method of recording predetermined data by

30 forming marks on both the groove and the land where the Thermal Grossing
phenomenon easily occurs. FIG. 1C illustrates a method of forming marks only
an the groove, which is currently used for most optical recording media since

the Thermal Cross phenomenon hardly occurs. However, in the method shown



phenonenon easily occurs. FIG 1C illustrates a nmethod of formng
marks only on the groove, which is currently used for nost optical
recordi ng nedia since the Thermal Cross phenonenon hardly occurs.
However, in the method shown 2 in FIG 1 C, previously-forned marks
may al so be affected by applying too much heat when form ng
predeterm ned marks. Different recordi ng waveforns are used for
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degradati on caused by repeated recording. It is a second object of
t he present i VAt on to provide a nethod and apparatus for

recordi ng @ata using a recordi ng waveform having an erase pattern
which is capable of inproving £ I 20 1t is a third
~object of the present inventi i = and appar at us
"fdr recording data Ussolee therbowrdisnipedavefiamsnitiha Gitst osjec dbype phdsent o-
a di sc having - [[WaTo P i ISt t is a
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present invention Ctj.o provi de a nmethod and apparatus for controlling
the power |evel™8FBFedet ernined erase pulses to uniformy erase a
recordi ng mark. It is a second object of the present invention to provide a method and

apparatus for recording data using a recording waveform having an erase
pattern which is capable of improving the shape of a mark.
20 It is a third object of the present invention to provide a method and
apparatus for recording data using a recording waveform which is adaptable to
a disc having a recording layer of various characteristics.
It is a fourth object of the present invention to provide a method and
apparatus for generating erase pulses based on information about the power
J 25 level of the erase pulses.
it is a fifth object of the present invention to provide a method and
apparatus for controlling the power level of predetermined erase pulses to
uniformly erase a recording mark.
Accordingly, to achieve the above objects, there is provided a method of
30 recording data on an optical recording medium. Generated is a recording
waveform having an erase pattern including a predetermined pulse having a
high level which is higher than an erase power level and having a low level
which is lower than the erase power level.



Accordingly, to achieve the above objects, there is provided a nethod
of 30 recording data on an optical recording nedium GCenerated is a
recordi ng waveform having an erase pattern including a predeterm ned
pul se having a high level which is higher than an erase power |evel

and having a low level which is |lower than the erase power |evel. 3
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of the 20 It is preferable that the power level of a first puise of the erase pattern is
a low level of the erase patiern and the power level of a last pulse of the erase
pattern is a high level. It is preferable that the power level of a first pulse of the
erase pattern is a high level of the erase pattern and the power level of a last
pulse of the erase pattern is a high level or the power level of a first pulse of the
25 erase pattern is a low level of the erase pattern and the power level of a last
pulse of the erase pattern is a low level or the power level of a first pulse of the
erase pattern is a high level of the erase pattern and the power level of a last
pulse of the erase patiern is a low leval.
It is preferable that a ratio of the time for which a high level of a
30 multi-pulse lasts to the time for which a low level of the multi-pulse lass is 1:1,
and the time for which the high level lasts is 1/2 of a clock cycle.
The mark is formed using a first level of predetermined NRZ| data and
the space is formed using a second level of the NRZ! data.



erase pattern is a high level of the erase pattern and the power
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erase pattern including the multi-pulse based on the level information of the
erase pattern. The power information management unit may receive the pulse
level information of the erase pattern from a user and provide it to the recording
waveform generator.

J 25 It is preferable that the apparatus further includes a channel modulator
which modulates a channel of data provided from the outside to generate NRZ|
data and outputs NRZ! data to the recording waveform generator.

It is preferable that pickup unit includes a motor, an optical head, a servo
circuit, and a laser driver. The motor rotates the optical recording medium. The
30 optical head radiates light onto the optical recording medium or receives laser
light reflected from the optical recording medium. The servo circuit
servo-controls the motor and the optical head. The laser driver drives a laser
installed on the optical head.



25 It is preferable that the apparatus further includes a channel
nodul at or whi ch nodul ates a channel of data provided fromthe
outside to generate NRZI data and outputs NRZI data to the recording
wavef orm generator. It is preferable that pickup unit includes a
notor, an optical head, a servo circuit, and a |aser driver. The
notor rotates the optical recording nmedium The 30 optical head
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preferred enbodi nen nt i nd 3B,are
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2B, respectli vellg prefgras eﬂllbodmecmtﬁgﬁtmacpr%@t exentiohes of recording

wavef or ms gener at edrys 3@ h§8E, sﬂéés&nﬂ@éé%arzga BepeT a)?%n&aﬁgﬁatﬁée 5

. Z anot her exanpl e of _a recordi ng waveform generate
récor ding wavefOPH eilEratdrnd2B rpmecyels a vi ew of Waveforms

expl ai ni ng four typpEIMA BFAGE 40atd &laRfplesdE ERHMINGWalrSlofndgeehits el
enbodi nent of theﬂg)resent i nventi FIG 7 is a view of nore

exanpl es of (a)% ERPSRENRY ?fﬂml‘:?@er%?r’zzo FIGS. 8 through 10 are views
of shapes ®f nmarks Fi&t ériglaaitanepargbie oka repbringavavefeintgendtdted by ttegh 15
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FIG. 6 is a view of waveforms explaining four types of erase patterns

according to a preferred embodiment of the present invention;
FIG. 7 is a view of more examples of (a) LH shown in FIG. 6;
20 FIGS. 8 through 10 are views of shapes of marks recorded through
simulation;
FIGS. 11 through 15 are graphs illustrating the characteristics of
DVD-RAM,;
FIGS. 16 through 20 are graphs illustrating the characteristics of
) 25 DVD-RW;
FIGS. 21A and 2B are graphs illustrating nucleation and crystal growth
rate according to temperatures of a AgInSbTe recording layer and a GeShTe
recording layer, respectively; and
FIGS. 22A and 22B are flowcharts illustrating recording methods
30 according 1o preferred embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION




DVD-RAM FIGS. 16 through 20 are graphs illustrating the
characteristics of 25 DVD-RW FIGS. 21A and 2B are graphs
illustrating nucleation and crystal gromh rate according to
tenperatures of a AglnSbTe recording |ayer and a GeSbTe recording

| ayer, respectively; and FIGS. 22A and 22B are flowharts
illustrating recording nethods 30 according to preferred enbodi nents
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in detail |ater tical
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optical recording nmedium 200, 1nclu
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R T A LT Y
recordi ng nmedi wPa2OD record dataiondise dptieal recording medium 200, includes a pickup
unit 1, a recording waveform generator 2, a channel modulator 3, and a power
information management unit 4.
20 The channel modulator 3 modulates input data to a channel bit sequence.
The power iniormation management unit 4 reads information about erase
powers Py and Py from the optical recording medium 200 or receives the
information from the outside.
The recording waveform generator 2 is supplied with information about
) 25 the channel bit sequence and the erase powers Py and Pyp and generates a
recording waveform for recording the channel bit sequence based on
information about the erase powers Pyt and Pye. The generated recording
waveform includes an erase pattern having erase multi-pulses. The recording
waveform will be described in detail later. The pickup unit 1 radiates light onto
30 the optical recording medium 200 according to the generated recording
waveform to form a mark or a space.
The power information management unit 4 first performs tests for
recording and erasing predetermined test data (random data or predstermined
data) in a test area of the optical recording medium 200 at predetermined value
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information fromthe outside. The recordi ng waveform generator 2 is
supplied with informati on about 2 25 the channel bit sequence and
the erase powers Pbl and Pb2 and generates a recording waveform for
recordi ng the channel bit sequence based on information about the
erase powers Pbl and Pb2. The generated recording waveformincludes
an erase pattern having erase multi-pul ses. The recording waveform

wi |1 be descri bggnidl @@t &l Jankdk L4 94 Bg% %\18 KHRe HRitHin %%Fetéﬂjgﬁﬁiﬁéd tahgdt

onto so the optical recordi n% medi um, accordi ng gener at ed
recordi ng wavelesh A B899 8 #0%) Rased wrinfarnagiige about fie sesferowsns Bnmati on

nmanagenent uni tpg. NekiStheRowbOhEmitRA farkgmertt @AI04 dbBs 8p§n@hasi ng
predeterm ned test, data r;ggg%%g} data or, pre rm.ne in . a

, deé,e .n g dat a
test area of th&@gHPPLAD SRYIRRER Gr3-20891eNs ip whish adiPmElieal ue
7 interval s (e.minjmanMbé teaolofior3s thedidheef, the degreelof watuleiorvis briziximuen,
pr edet er m ned F=TpTel-ag f:.209 on . informtiaon
about the erase poﬁ%p%§8g$ed§ﬁéﬁg%%§? gli%sx n,@qrﬁ@&%ﬂ{}\%?minﬁ%w@ﬁt%ﬁm
managenent uni ttha repetding wavefsringgneraondi t i ons anong the test
conditions (e.g., CERE QRS BBk LHISs b8 by YRl HEorkifg agpdPaflidlm
the resolution is the_highest, t%,g éél%?r ee och; %gﬁraﬁro'ng? pmax%rrum
and the |ike) bH9B8 BHRGTHEAREY EE EsrRaciely- dremphtehabiars thagaropes arm
condi ti onlsm 0 ih lfwgﬁcs&ezméb r@lZﬁgaré\/@&ﬁfrig;écﬂ'fwm@fh@rsﬁﬁw@rnu%erd@,ﬁﬁsdth%_é\tf@‘}dls: | (gB -
are exanpl es reall. . Lhe recording apparatuses shown in .
and 2B, r espect%@éégeﬁ'@m%e PRUEYare the same as those 10 in
FUGS. 2A and 2B ar eReegomith SUE.\BAL the réverdiy@ppataney iadisdesarckup wsit t hei r
detail ed descriptlQ ] i t . .
recordi ng apparrg%éjrg'ﬂ? ﬂ% Pﬁ%@@%ﬁegﬁ%rkéjg&ﬁ% ?Ijtd}'%el rg(}dﬁkagbcros? ﬁhﬁtgc_)ﬂ\%lép\)/lé?'tgr m
generator 2, arits& eHamten sericicall 32. 38.optitehesdciRupndmpser trivardd. he
motor 11, @& SermM@ofif uités droptitd dRRBA SR didui 3P oo lcafRis flB1 Ver
14. The 15 notor 11 %@Fes an optical disc 200. The servo circuit 12
servo-control s THEr! © eRticaFapd- Spt Prtige! headds 1adiates @seyjiohicarto
head 13 radi at ethe bpiwar ditd ZiMtananéaivet @ eoipnt @Hkctel Bom 20oraing disseedves
| aser |ight ref I e optical .disc.200. ,The |aser, .driver 14
drives a | aser @ﬁeﬁ%&?ﬁ%ﬁﬁh}jﬂ% S Fseed?r(')?ji Sb Vén)énps’?‘?i”g%fm &gao@%i%_heﬁif
channel nodul at or 3Thechanaelewdulait mitaiuiatasinpat ddiatoredhabigl b eemence
20 and outputs Non Return to Zero Inverted (NRZI) data. The recording waveform
generator 2 generates a recording waveform for recording NRZI data based on
information about erase powers Py and Pyz and provides it to the laser driver 14
in the pickup unit 1.
The laser driver 14 controls the laser using the received recording
) 25 waveform to form a mark or a space on the optical recording medium 200.
Referring to FIG. 3B, the recording apparatus includes a pickup unit 1, a
recording waveform generator 2, a channel modulator 3, and a power
information management unit 4. The pickup unit 1 includes a motor 11, a servo
circuit 12, an optical head 13, and a laser driver 14. The motor 11 rotates an
30 optical recording medium 200. The servo circuit 12 serve-conirols the motor 11
and the optical head 13. The optical head 13 radiates laser light onto the optical
disc 200 and receives laser light reflected from the optical disc 200. The laser

driver 14 drives a laser (not shown) installed on the optical head 13.



20 and outputs Non Return to Zero Inverted (NRZI) data. The recording
wavef orm generator 2 generates a recording waveform for recording
NRZI data based on information about erase powers Pb, and Pb2 and
provides it to the laser driver 14 in the pickup unit 1. The | aser
driver 14 controls the | aser using the received recording 25
waveformto forma mark or a space on the optical recordi ng nmedi um
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| aser driver 14 drives a | aser I nst on t e optical
head 13. 8 The ¥N&hifdN eEALBE 13 nodul ates input data to a channel

bit sequence and oukdkbs N 140RhRols tHaGadRPUEN 1hefréufeméalréubrdrﬁg1agerrent
unit 4 reads inf Ofoﬁaﬁoﬁaﬂabou% erase po rs P Pb2 recorded on

the optical recttd PUPRTS P 7 BRASP P8 et‘FPé'C ﬁ‘fsﬁ tion fromthe
out si de. The recor dFif. vAteboghtGageremples of r%cg&ungmt;@‘@rnas gererdtet ng

waveformfor r gﬁ%gha@%gy%aa’% ggrgezﬁgr ? ni{] (? 4A 2 étﬁ@é‘s re ngge%%%ryt he

erase powers Pb,” an Sl he’l as rIver
t He pi ckup uni tfonrecorpiag fawssk deﬁIbJI@fy N pedesistof elrgfetches tladesignasding t he

recei ved reCOfdht@@ers\QﬂVﬂf Qﬁd“hojauis%%}eanéEﬁééér r?ei%%ﬁ? a&é"i%r opti cal
disc 200. 10 FIGS. 4A throu C are exanpl es reco SI ng wavef or s

generated by tHEHHEBFHSNG \ﬁév@fwﬁﬁ{bg@% Q?W?ds?f’fhﬁﬁefﬁie@ed?@ksmﬂﬂ'

pul ses ar eisnecds§as.vB, qupmm@reinms@rmr }@cbﬂrngaﬁ@mbm&byarbttra@rm ods of
Ses are

f I i
ocosonry for e P reRlrande MR R Bt ettt 2180 BoP 0P RISERAR  or
the arbitrary Nepessayder gehetahieg a epmedorcragiigik esisigahark 1d thaarkitrary 4B,
N-1 pul ses are W‘Bﬁ?r%%%ﬁ}‘aefr ére[z(?é:&&g(' aré&qhmﬁ&eéoogosﬁrfg &5%@@

periods T of a reference ¢ sl gha

pul ses are nedBIYHRYPYiERs C@érﬁ@cromwgh@e%xa%orf@fraf@t&@chgu}ﬁﬁe*wﬁst. ng

mark for tde ardg,N-Bpyises are necessary for recording a mark for arbitrary N periods T of a
reference clock signal of integers 2 — 14, and N-2 pulses are necessary for
generating a space for erasing the existing mark for arbitrary N periods of the
reference clock signal so that the end position of a first one of recording pulses
corresponds to the end portion of a second clock pulse and the last one of the

' ) 25 recording pulses corresponds to the end portion of NRZI.

Referring to FIG. 4A, NRZ| data varies depending on the modulation
method of the channel modulator 3. in olher words, in a case where NRZI data
is modulated to Run Length Limited (RLL) (2, 10) data, i.e., the minimum length
ofamark is 3T and the maximum length of the mark is 11T according to Eight to

30 fourteen Modulation (EFM), Eight to fourteen Modulation plus (EFM+), D(8-15),
and Dual modulation (7). Here, D(8-15)} is a modulation method published in
"Optical Dis¢ Recording System of 25GB Capacity” by Massida in Optical Data
Storage (ODS), 2001. Dual modulation is disclosed in Korea Patent Application
No. 99-42032, titled "Method Of Arranging RLL Code Having Improved DC
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N periods of the reference clock signal so that the end position of a
first one of recording pulses corresponds to the end portion of a
first clock pulse. In FIG 20 4C, N-1 pul ses are necessary for
recording a mark for arbitrary N periods T of a reference clock
signal of integers 2 -14, and N-2 pul ses are necessary for

generating a space for erasing the existing mark for arbitrary N
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2601 Dual nodt 2 B 3 eetud PaRun P PatdR PRGOS N

99-42032, toitled "MthdmdoOngAattemds cogniBkéd ofCopldseHaauargel Mhe exad DC 9

Rest t Ca n
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i nvention. The rﬁmngmg@a rep@Eet Gk REstBRE oulss waase':wiatﬁehﬁ amréﬂaﬁg
recordi ng mark

re
T i 7 When f evel
of NRZI data wi ij?i"tﬁa'nw‘g'sa?ﬁﬁ} Q%Teé‘% F&?\)%Pf% {1 re@'**%?ﬂi%%w'qﬂﬁ@f *P%@é? d| ng
wavef orm i 1scl uqn&e&onﬁmﬂmdkmemﬂhgpmtér@rchle@%sﬂahfsghaatlméwmvﬂbﬁ\d ng a

ength of 7T, aeRARRARN ofi Llind S141 A% SBAGE BN NG, dchegath

of 3T, and a recor ecor avi gth
of 3T. 10 The rté@@iaa% n@tq@rat‘fe@irmeb@stws:é‘dofdn exaseungiepglegcmstietingThe

erase pattern thée@géeat&@m%%ge%o&mew f&négwcmpﬂl%gt%lﬁeﬁi@xﬂemmehe

section F. Tnp represents a ul ses con tutin

recordi ng patt &f9 2 P@F‘EWhec”H‘éqZ]ﬁ’ﬂFat'ﬁ S‘ﬁ%ﬂh%go?’é?w isyaiie high lqvebista RSW%
pul se whos® wi dmﬁen@rfdst@@wemoﬁétmngtﬁé radcRding Qﬁt&rﬁ Statts. Tdip bfédds the

enbodi ment Trrppo'w%r %vg of the aseep%%gns’lent gther WOr s, as sﬁown e‘f 'Ilsﬁl) is greater

than 0.5T, the multi-pulse included in the erase pattern is ended at the low level
Pw and subseqguent Tsfp staris at the high level Pyo of the multi-pulse. in
contrast, if Tsfp is smaller than 0.5T, the muiti-pulse included in the erase

) 25 pattern is ended at a low level Py, and subsequent Tsfp maintains the low level
Ppi of the multi-pulse.

Referring to FIG. 4B, two recording pattern examples are shown: when
forming a high level of NRZI data with a mark and a low level with a space, the
recording waveform includes a recording pattern for recording a mark having a
30 length of 7T, an erase pattern for forming a space having a length of 3T, and a

recording pattern for recording a mark having a length of 2T; and when forming
a high level of NRZ| with a mark and a low leve! with a space, the recording
waveform includes a recording pattern for recording a mark having a length of
7T, an erase pattern for forming a space having a length of 5T, and a recording
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15 pul se constituting the recording pattern. Tcl represents the tine
for which a cooling pulse lasts. The cooling pul se ranges over the
recording pattern and the erase pattern. Tenp represents a w dth of
an erase multi-pulse constituting the erase pattern. In this

enbodi ment, Tenp is 0.5T. Tsfp represents the time froma point when
NRZI data is switched fromlow |level to high level to a point 20 when

ahfi rst pul ise Qsiliﬂéfcnifbrtﬁb&di@ng bma‘nemrtt r@id]?ng‘ﬂ@%ﬂ’ﬁ( n‘héhgﬁnbér-of-ﬁﬁffs@s iﬁftﬁe??ts
the power |level of the erase | ern. ln other rds, as s Yo
Torp Lo or eat ereogHiah MEreseetans T e Hiep i @bt ol e SionOm i ke
pattern is ended at RefegingeaFiGevel twoRbtording psitdns exingids ?:stsn?\m:ambﬁ at
the high |evel . ; i | Stp. Lf . TS IS

smal | er than 0_fgﬁnféglb%vﬁﬂftpl\{ﬁzgé&?ﬁlgpSg-ré%ﬁ?qﬁé %ﬁgéw !gy%llgvgh f§% 5%'?"3% n
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i]pcl#des a rECCHrd@mlgv@@ir?RZI@FfaQﬁithrﬁﬁékk@htﬂlgio@xhléﬁ_ﬂ Kritﬁa\é}bé’!ﬁ,t?ﬁ%o??) th
o , an erase pattern for formn space having a len 0 :
and a recordi n%ﬂQ’BQ{Té’FH‘dF%? r'?cgg%'?%?%r O EFY 'ﬁﬁ\?i%ﬁ:ikga "2916{9'?9%?01‘2?
and when form i, asehighatteevior fohinhBApacd idving atemdih afBT, and avedoging)
with a space, t | m i e in tern
for recording a{ﬂ %{”E&ﬁgﬁrﬁg\p@éﬁgﬁﬂ% !B_ﬁé}q{faﬁgl;‘iaﬁea@gﬁb%;? ?%"}r?%ts SC)Jlrr
firn‘i ng a spacendigliandhenuriegetpulses sowndn blG 4Adtibe cicargingloars aettionn

for recording auiidés favimmOnantd? BE5URshédn in 8. PUIMIRE s@lcePitiges i N
the recording mark section is 1 nore than the nunber of pul ses shown

in FIG 4A Ref¥ff9%ng to FIG 4C, two recording pattern exanples are
shown: whes form nBiGaskhgis drevedr rabrdMigdbav@rim géhiér’ﬁ’ijea pyafikreadding | ow
level with a s h C ! eformincl.udes. a recardng
pattern for reg%&gﬁoﬁréggneéf’) ighgéﬂgﬁggﬁﬁ&h t‘ﬁhe&forﬂ‘?g 3ﬁ'ggﬂ%§g&$g%$ern
for form ng a dstecwiirrwarkgnd allewgvél vdth a¥Pace tie racordieg eadéfogn peltides n
for recording : { " 1 i gh
ovel of NRZI qoyaoring PHRSICR Colflih i pynd RienBi T Rrash el
recordi ng wavdPdPINthE PRAGE S2HNG B eHEdioh T Rieedrepréiog pattesnfasTasgrdinamar k
having a |#ngt ha @bk h@vidd a ledgthegt@se pattern for forning a space having
a length of 5T, andTa recqrdin atternefj(%r recor di n%efaTHTeark havi ng

a length of 2T. The TUSERANG AR ELompgsed of a pulse sequen crase
pattern is also composed of a pulse sequence as shown in section G. Tmp

represents a width of a multi-pulse constituting the recording pattern. The
multi-puise represents at least one pulse whose width and power strength are
identical. In this embodiment, Tmp is 0.5T. Tlp represents a width of the last
pulse constituting‘the recording pattern. Tcl represents the time for which a
cooling pulse lasts. The cooling pulse ranges over the recording pattern and
the erase pattern. Temp represents a width of an erase multi-pulse constituting
the erase pattern. In this embodiment, Temp is 0.5T. Tsfp represents the time
30 from a point when NRZ| data is switched from low leve! to high level to a point
when a first pulse constifuting the recording pattern starts. Tsfp affects the
power level .of the erase pattern. In other words, as shown, if Tsfp is greater
than 0.5T, the multi-pulse included in the erase pattern is ended at the low [evel
Pe1 and subsequent Tsfp starts at the high level Pys. In contrast, if Tsfp is
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nore than the nunber of pulses showmn in FIG 4A in the recording mark
section, but 1 less than the nunber of pulses shown in FIG 4A in
the space mark section. 15 FIG 5 shows anot her recordi ng waveform
generated by the recording waveformgenerator 2. Referring to FIG
5, when formng a high level of NRZI data with a mark and a | ow

| evel with a space, the recording waveformincludes a recording
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poi nt V\hemel\lRZIpaitamS esdesivatthehe\dla’veldm laod/pbesdbvel of hubgdyueaVRdip 0 a
poi nt when a fdqg gty rﬁgh @9{!%%% ! éé}gsé;ﬂﬁmrﬁl%ge%% x%BFe% tch%E%”s

Tzfp affects the power e erase er wor
shown, if Ts¥qwer gf Ffirelpuise con&i!mnmﬂ@waaem@ﬂwus ¢qualitodles ?Illglmleueié’da in

the erase pattegn sbﬁse%ﬂ@ﬁ%rﬁe ﬁﬁ?@pul%"’tﬂeﬁ&ﬁleras@bﬁuhﬁﬁﬂsé&91%% eIsfp
starts at the hl&ﬂlevel Pb?2 ntrast, if Tsfp is 11 smal er t han

0.5T, the multi gaéfeifH&PﬁféF&cﬁf#}? ftque\éﬁl Eseeafﬂﬂalﬁveéphswe@wab’&sfats t he
| ow | evel bj a*nalnmlmbdequehbhiésfbp%sraﬂtﬁé aﬂaaénﬁjmqﬂs@.W(é)ﬂL&bpleént%ai he

I ti-pul FI f f
of er age. pat t erePoeron R et B Con TR Bat ShasiPh EhoH Bt Ach s ¥leny
i nvention. Ref et pfmgsub@emw@ erage @p!timulserths@sp@rassemnlt;ammrcdnﬂ@tMQ t he
present invent 'tﬁé‘el‘a§e ﬁét%mfeh@éa é%%tﬁh@&fekﬁ%%ﬂhﬁ(l@oel b#éw%é&?hiﬁsgg( c)

HL, and (d) LL. Each erase pattern is mar
i denti fication 'BPIAH 10f PP Bedf hegrasernyliprieg efinallv: K&i—'—f%e?ﬁﬂtﬁer

of a firstapul sBaipeRst dftafirit POIsk BEnsBILASEIHE Atdse pAtidrs iLstial toldl thB&vkpW
level Pbl of a Py of a subsequent erase multi-pulse, the last erase multi-pulse constituting

the erase pattern is ended at the low level Py, and level of subsequent Tsfp is
maintained at the low level Py, of the erase multi-pulse.

In examples of the recording waves shown in FIGS. 4A through 6, the
level of Tcl of the last pulse of the recording waveform is equal to the high level
of the recording pulse, but may have any intermediate level value of level values
between the high level of the recording pulse and the high level of the erase
pulse.

FIG. 7 shows other examples of (a) LH shown in FIG. 6. Referring to FIG.
30 7, (e) LH2 s identical fo (a) LH of FIG. 6, except that the time Temp1, for which

the high level Py, of the erase multi-pulse constituting one period lasts, and the

time Temp2, for which the low level Py lasts, are 0.7T and 0.3T, respectively.
(f) LH3 is also identical to {a) LH of FIG. 6 except that the time Temp, for which
the high level Py lasts and for which the low level Py of an erase multi-pulse
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subsequent erase nmulti-pulse, the |ast erase nulti-pul se constituting
the erase 10 pattern is ended at the |low |l evel Pbl, and power | evel

of subsequent Tsfp is equal to the high |level Pb2 of the erase

mul ti-pulse. (b) HH represents that the power of a first pul se
constituting the erase pattern is equal to the high level Pb2 of a
subsequent erase multi-pulse, the last erase multi-pulse constituting
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erase nul ti - pul¥ich the high davel Resarst the i leved Gealif titp staseesulipolas lash IEJ,

4A throughyeb, ttﬁ'@“ias%n&ﬁmb@W%'beQ@lth-Fpi raﬁ%e 51*[?251 ag 'f75'pB 8 cRbk b@r?od Tto
recordi ng vvavefsﬁ%\rgn s e uai th

e record
o b o ol LA Bafh e iatlt B Dl Bolehacpsierics o e in 208 G
bet ween the hi ghe ieemeltng@ﬁavbfoang@emﬂe@@em@ﬁommdm:r@@beloea/ﬁ'iarmf

6. “Reforring 1 STREPOVe eI AN ARN Bl PR FadnatS) o) Lor Fia 6
except that the ti niaformeaiin gbofideuniyresiof enabepdiiegts (Inbwmitidbdboof typder
erase nul tys- pu'e?@se%%%tlé\}e‘étpbp%ooﬂ% &Y ﬁé’@c&nﬁé& gx a I@%;n r@@on bi g& Tenp2,

for which the | ow | evel are 0. spectivel y.
(f) LH3 is al sdefdablg disn OftfﬁaV(bf)'nwerasmee?er@f@ﬁ@ém fntaq\a@btﬂm@grﬂal

Tenp, for whichrhug Wﬂwd‘r\lrgé’brdhﬁg/@dta Rﬁ@rdcaﬂtn@ Bﬂafu@rree\%hrﬁbmﬁéﬁ@n bewut| evel
{10 0

Pbl of an eras | ti-puls

the ti e Torpt 48P RiBEH e Sfaeg RUE Ve Tbaadn eHe" o b dhBeerdl se
constituting onegperated doasimnding recheding weyeibenpa ab t fomhiaciark bhetal ow

| evel Pbldzlast % mn (mand n are integers). This value may vary.
The recor vvgve orm according to the present invention has an
erase 5 pattern i nCoUidioRg oberass Reslernsunay bepised &s @inghionrapieseating thaind

|l ow | evel powerspedPractor of a disc or the kinds of marks when recording/reproducing data.

For example, the signs can say information “A disc using an LH type erase
pattern has a speed factor of 20"

) 25 To obtain optimized recording/reproducing conditions for four types of
erase patterns, level values of the erase pulse are recorded in and reproduced
from a predetermined iest area of the disc within a predetermined range (e.g., a
range of +20) in each predetermined unit (e.g., a unit of 3 — 4% of the erase
pulse level). A corresponding recording waveform is generated from these

30 results to form a mark and a space. Here, there are several methods of

determining optimized recording conditions: measuring jitter to select the
conditions under which a jitter value becomes minimum; measuring bit error
rate to select a condition where bit error rate becomes minimum; deducing a
condition where resolution (a value obtained by diving an amplitude value of the
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and Pb2 so as to reduce distortion of the trailing edge of a mark and
i nprove the reproduction characteristic of the mark. In particul ar,
the recordi ng waveforns described in previous enbodi nents are forned
by controlling the tinmes for
| evel Pb2 of the erase nmulti-pulse last, i.e., 10 the "lasting
times", to be within a range of 0.25 - 0.75T of the clock period T to

sel ect a | asti nghottbdreignlidyabl endite g8 aﬂhecdngésmrgaau BlhSsm@h; t he

di sc 200. Thus,

the trailing ed’B

whi ch the high | evel Pbl and the | ow

i st otrthl on of

g FRARIM a6 08 Bh 8%l aotiidera eite

characteri sti c lofigeshegmahibka ldwibee! naitie ofthaloyést Bigual) to)d&é&ce)ai reﬂb@iﬁ’@

patterns (i nfor
Pb2) may be rec(g;?'

A

o5, SR PO B RS AR el

be included as aw@a@rérngucnn@mcrmmthmﬁ prﬁd@temm siarsiag:hdhthe tettusethathen
recording data, ahdin pRER o A1SABATABHERANS Se@pat i on about  the

of the erase pu

to géﬁéﬁ%m&ff%? PEEP BIREERHdvVERTWY Hieffanes A ftAks so as
to forma nmark ragstd&d thafdigh pmuormwe do%REd.0A sRIIATE ubdd hehd\Smimyorbe

AT BE 8Pt Terd R g B SR cvapl o, o

signs can ®way information "A

type or | evel
wobbl e si gnal

used as sings
ki nds of marks

a speed factor
canditions for
erase pul se ar
area of the di
in each predet
pul se | evel).

fromthe lead-in region or the

disc using an LH type erase pattern has

;qui. 25 To obtain optim zed recordi ng/reproduci ng
n“r rpes—of —erase-patterns,—level values of
pPTo—vY STaoT v
e recor émstrﬂe21ml@eipédUMOrdmg Gyerd eledretlaem Rettbotive stver
Saawhibinl N pcpr edeprdibned sRRYSuttded . zAs-sk@Nge ofaq 20y
- U

ﬁ%”kmﬁs U&bt (e. 9 42080 ugltugi ﬁm q OOTJ &gn?rase 20um

bUIICOPUIIUI ||9 ICL;UI ul I'T VVaVCI Ul IIIID uC ITT AU T IIUIII

these 30 results to forma mark and a space. Here, .there are several
net hods of  det er ni ThaxgmoRtiorvaeskriofted hidegheaoditidnas a vma@léhlgth 6o

cond|

jitter to select,the i.C itter. v comes
AorhEs pOBRE] Ao O B o b ok vaBE M et B b1 ¢
error rat elsbeccpesrveths shapgs o et adirshmadordingiadengiher & waeswebotiedn (a

Mt wan;agég aﬁhmbbse@g%ngm'o\dm Fe@erda-&ség% 'fi8ha fdﬂ“a'

m ni muny neasu

val ue obt ai ned
by an anplitud

e valu

nodul ati on (a VANGLIrSpags- rFéfaS{ﬁﬁh@mh o9 ﬂgv%zhﬁ rajhita @\fﬁemp@rmgu@arbﬂf wltveme

using a conventional recording waveform and marks when using a recording

20

25

30

waveform according to the present invention. FIG. 8 (a) is a mark formed

through simulation, (b) is a mark formed on the mark (a) by a recording

waveform according to the present invention, {c) is a mark formed on the mark

{a) by a recording waveform according to the prior art. FIG. 9 (d) is a mark

formed through simulation, (e) is a mark formed on the mark (d) by a recording

waveform having an erase pattern according to the present invention, and (f) is

a mark formed on the mark (d) by a recording waveform having a DC erase
pattern according to the prior art. FIG. 10 (g) is a mark formed through
simulation, (h) represents the mark (g) after it has been erased by the erase

pattern according to the present invention, and (i) represents the mark (g) after

it has been erased by the DC erase pattern according to the prior art.

Table 2 shows the parameters of a thin film used for simulation for
thermal analysis.
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| ongest signal by a |low |l evel value of the | ongest signal) to deduce
a recording condition where nodul ation is maxi nunm and measuring
asymetry to deduce 5 a recording condition within a predeterm ned
standard. In the test method, a random pattern or a predeterm ned
pattern may be used. To ascertain effects of the present invention,

t he shapes of marks recorded through sinulation were observed. A
structure used in the sinulation is shown in table 1. A used disc
has a four-Iay%??@t ucture. 10 [Table 1] Substrate Dielectric |aver
Recordin | aver tric laver Reflective laver Miterial PC

ZnS- Si 02 Sb-Te| eut ect iMuiekas- Si O2 A al | eyosdhi cknessJ@nd@rm 128 rw AN

16nm 30nm The sinul ation was perfdrned under, the¢ conditions of a

wavel engt h of —405nm r%g nmertcal—japer t ure _NAof—0-65, —andja tTneat
vel ocity of 6nfs- o4

i Carve the ‘:‘Qg_p@ 0 C 12- 5¢ ; t g&,gg58
havi ng a | engtlh CS’DETeuLaEIGI(@mmed -1e6%0 thérsa ieconcﬂsﬁark hav iorogsa

| ength of 8T wagheesRAaf@rAsud)d Rkl ap24En Of t Rexghi rst| maploeo

FIGS. 8 through 10 shaqw he réesult|s of,.C0 ng marks when
conventional r 4 vcf or-fatd Onle?rokngg)z %o. ..9 430”"* r-eh ?Jﬁ%e

wavef orm according to the present invention. FIG 8 (a) is a mark

formed 20 through snmir@gtcﬂnesirh:)anbﬁre@utm&wﬁmmé QEhréJ@ﬂ manwer(b'@ by
L. nventil.on

di f th
ek formmd on R Bl RERRLSIar ke gl e 'ﬁeﬁ@*%abmedﬁﬁq@ee&fﬁwfﬁ@" to the
prior art. Fl Ghagingthe drssepatiemlaccdrdingiiedhd presan invenitiou isadimmitn jn {hapetes a

rk Tormed on tﬂé‘ﬁxa&‘?@#ﬁne@%a@% esf?&?&nﬁh tthn R r%)éﬁlg*é%g@@%aa}ﬁ (qy' 45€

pat tern accordi ng to I nventl on,
formed on the rf@rm@d(omjheawadfn@‘d@vaﬁ@rﬁdﬂmgéfe&%naavbai@rraawd@mgéwe

pattern accordigagr &2 1hitee Y, it@hn BE Beenﬁhzﬁthel%abgbf !eﬁd;ﬁg BB ot tRy r‘ﬁﬁﬁ’c

through sinulatio h) represents the nmark (g) a It has been
erased by he &PHE byﬁﬂgEEr@?%%&bﬁ“&iﬁfﬁ‘&gt’f%ThFrPéeS&Fb@\é%F’O? RRSHET BAY and
(i) represents thdief Ihiandad(ng)edgé bEthe matk dvasrdhges therpusest. byroldiee DC er ase

B aero o abr PR Bl b B TR e RGO
the present invention is improved by using a recording waveform having an
erase pattern composed of an erase mulii-pulse compared {o the shape of a
15 conventional mark. The shape, width, and power level of the erase multi-pulse
can be controlied to further reduce the distortion of the shape of the mark.
To experimentally verify the effects of the present invention, parameters
necessary for obtaining recording waveforms as shown in FIGS. 4 and 5, i.e.,
) lasting time and power level, were obtained from 4.7GB DVD-RAM and 4.7GB
20 DVD-RBW discs using a DVD estimator having a wavelength of 650nm and a NA
of 0.60. Next, repeated recording/reproducing characteristics were compared
with recording/reproducing characteristics obtained by an existing method.
FIGS. 11 through 15 are graphs showing the characteristics of a
DVD-RAM. FIGS. 11 through 13 show recording characteristic data according
25 to time changes of power and Tsfp when erasing a mark from the DVD-RAM
using an existing DC erase pattern. In FIGS. 11 through 13, power conditions
used for testing the DC erasing process are Pw=14.5mW, Pb1=6.0mW,
Ph2=4.5mW, and Pb3=3.2mW.
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[ Table 2] Material =405nm C J/cnBk K WcnK n k ZnS-Si 02 2. 300 0. 000
2.055 0.0058 Sb-Te eutectic (crystal) 1.650 3.150 1.285 0.0060

Sb-Te eutectic (anorphous) 2.900 2.950 1.285 0.0060 Ag alloy 0.170
2.070 2.450 0.2000 Referring to the sinulation results shown in
FIGS. 8 through 10, it can be 5 seen that a trailing edge of the mark
(b) fornmed by the recordi ng wavef orm having the erase pattern
according to the pré&Esrit (@andifd)i shnwijiersihaiaki@ristica asdvaglieg tcahe whngrar k

formed through ﬁdﬂ\%rﬁh%!ﬁﬁ%e? F&wﬂﬁenﬂmtr%ﬁ;eb%g e¢9£,%g%fd9%hﬁllm8%5940>

formed by the recording wa avin era
accordi ng to thand heg efaeapta mlaﬁ(\‘m%e@mgfhemﬁwgsté%ﬁwﬂh@t[)@ B@sehape
of leading edgeygbmt he mark 10 forned by the erase pattern according

to the present mve%a on_is better than that of the |eading edge of
the mark acdcordi ng T&% A8 apd '3 ey tesulis aeasUee when HASIHY HMakdshoEe, | t

coul d be ascer te&dsﬂﬁ@DClmésetdaEer&hm&arng e Frarik (@gwraﬂmg dng FI(E] het (a)
resent inventi a reco avi ng an
grase pattern ¢ %@ﬂ@sghgrﬁ' %E é%nPTrPSpﬁﬁ K LY gﬁ’%ﬁépﬁ‘g elﬁ%’seshape
of a 15 conventpataas ohdiRK daTﬁ\ba\&'Mpmthwfcabhve dnahdpbitire jittewel of the
erase mul {i - pul $racAlidiGof ol Bﬁ&hé f&nd Bcf#géegﬁﬁe@@qt%ﬁtﬂemggt okt ! on

of the shape of I ment al s of the

present i nifent i\§hen PRrisEL- éfﬂ%ﬂﬁeﬁé*@?é%@%{ﬁ?cﬁ‘ @'P gees, @Fﬁih@g/ah@&ﬁff i imgut
wavef orms as shgwaiion diHeSttercran@ichstics: €. | asting time and power

I vel, were obtained from4, 7G8, DVD- RAM an DVD- RW di scs
ing a DVD esti mat gr‘“ﬁﬁ'&%"ﬁ@”ﬁe%@ gAé‘?‘ﬁ“gf G%ﬁ"gﬁama*mfe‘e?uw 60.
Next r epeat ed descrinedifngtypepbbetass pegteatisisad be rheamairs:ao\/ma&néi@:mded
th recordi ng/ i . [ eX|
Wi g t&&%ggﬁ%ﬁ&%ﬂ:’s@?gﬁgﬁﬁé ﬁl L%er%%egg}r ‘ha Crﬁ Cetd r??

method. FIGS. 1 are graphs oW ng |cs of
a DVD- RAMS FI @8 follpwst hr ough 13 show recording characteristic data

according 25 to tipRh2Ress Rk Q%‘P&:rteri%f'@ oTﬂ&oW%bs%@@s?%a@erﬂ?r k
fromthe DVD- RAM USIHH% an exjsting DC erase pattern

through 13, povi@PWeshdft ﬁoﬁgferrwgé@F@ﬁﬂ(@sl@ FEHngt $ren et oF Bsifer Pedcess
are Pw=14. 5m\ |Rbik #te robdi\excdiba=4vimMeaDthgecerding BMMracteristics according

to the method of the present invention as shown in FIG. 14, power conditions of
20 Pw=14.5mW, Pb2=7.0mW, Pb1=5.0mW, and Pc=3.2mW were obtained. Here,
" APb (Pb2-Pb1)=2.0mW. Powers Py and P2 have the following relationship
with a recording condition Pe: PcsPb1<Pe, Pe<Pb2<Pw. Here, if Py, is too
much lower than Pe, a recording mark is not completely erased. If Pypis foo
much higher than Pe, another recording mark is created when erasing the
25 recording mark, which results in the degradation of a reproduction signal. Thus,
it is preferable that Py, is greater than 0.5*Pe with respect to Pe and Py is
smaller than 1.5"Pe with respect to Pe.
FIG. 14 (b) shows jitter characteristics with respect to the difference APb
(Pb2-Pb1) between the high level and the low level of an erase multi-pulse
30 when a mark is erased using an erase pattern composed of the erase
mulii-pulse. [t can be seen that the jitter characteristics are hardly changed up
o SmW.
FIG. 15 shows jitter characteristics when repeatedly recording and
reproducing marks using a recording pulse having an erase pattern according
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15 FIG 11 (a) and (b) show jitter characteristics according to the
witing power Pw and an erase power Pe with respect to the |eading
edge, trailing edge, and both edges of a mark when erasing the mark
using the existing DC erase pattern. 5 FIGS. 12 and 13 show results
measured when erasing a mark using an existing DC erase pattern.
Referring to FIG 12 (a), (b), and (c) and FIG 14 (a) and (b), when
Tsfp is O. f5T anid ik grésent msqeioh.l Refbying wi FIG. Taspe@ﬂnehﬁdhri%reém@d using
patterns of N ve 3T and 4T e jit
characteristi EEA nc%rg%é’g@g@%ﬁgg Je?@%ﬂ%o%@n@{pﬁ LECRIRtPRPLe H}aék @rﬁ@o?ﬁ)
excel I ent. 10 \Wen FIGH.i16 tt@odn, 20tanegraphs showtlydheadeactesisiicso! aVe- FQNod,
and the value of Tleds 1@%ro¥d?1f 18r§f1|oﬂrtrb(9:[?d1ﬁ£cﬁah§ctérls d& 8ita according lo

characteristics, A nmar

havi ng t he %r eViRi@aigesRisONELRE Tfsawhqrw@%nm W@rwm existing B&sed on

the obtai ned pagrasepfies iRfla Dvbemwidie. shacaci @i h% spéantdé%eamhlat
wer e neasured. The asured result Fl GS.

shows jitter cl'ﬁfr”‘%{’%[}‘ji' Py wsedgp tqsﬁéat?%Fhetleb%@S‘B? pré’F%%Sear%EY"Fé‘?' WEW
shown in FIG @e%@n@ﬂrara@o&@&ﬁl’\ﬁ 14 (a) it can be seen that of the

f t LH i i .
char act ot sti oo acchirnge o i) Silind SrPRESS sl BB e s
shown i n FI0G MWGDBWG@(%@@DWM%G \‘ﬁrfh @Gp@h}bﬂ]ﬁhe Batiing PH@e; Tralhny\edge,

Pbl =5. M/ and fr@b%t@éﬂﬁé%f@m@ﬁt\@deﬂ%suﬁﬁﬁ@marﬁﬁ (éonbéctipgbt}?erm

Pewers Pbl and Pb2 have the followng relations recordi ng
condi tion Pe: HM&UBPBH15Pe, Pe: 5Pb2: 5Pw. Here, if PbI is too nuch

| ower than Pe, a reem’sjnmgmﬂms KhdvsreB@ts rﬁ@a’m}e@tvﬂieﬁ eﬁ‘efsﬁ@%jmaﬂkfusiﬂg%nl S

too rmuch higher ther ecor di reated when
erasing the 25 ei“@é r?éasr%a My Aiey gég#}?g@@ngﬂg E'é“@r%{ﬁ'é'f"leérﬂ?‘tof a
reproduction sidewisi. 21T‘ramsl 1.451T with sespedfiemaiik @atimpiendbd ofi abogr ERsrer4 T han

0.5*Pe with req.g%’fcm}e% ngi ﬁf&ﬁerglggtﬂ j{l‘lgs\m?l }Jlﬁrthélgérbufse%oﬁﬁﬁﬁgr espect

respect to Pe teris
to the differ erfé@rﬂ%roa‘(%zﬁwd)atB@M@%Tbhégwdgﬁﬁ1I0§\ﬁé1d fahld t he Iow

level of an erase mulnidrk pH ﬁ;ﬂné’cﬂuémheé\re%oﬂm@l@vdvéfoﬁﬁﬁéﬁﬁg i ng an erase
pattern conposed_ o can, be seen _that the

jitter charactd¥ ?Véchsb' de&é?*?eﬁg‘?bﬁ W’eﬁ Hfa‘gr)f@%edpqﬁtﬁms based on the obtained

20 parameters and then the reproducing characteristics of the mark were
measured. The measured results are as follows.

FIG. 19 shows jitter characteristics of the four types of erase patterns
shown in FIG. 6. Referring to FIG. 19, it can be seen that, of the four types, HH
is the most excellent. When measuring recording characteristics according to

25 the method of the present invention shown in FIG. 19, power conditions of
Pw=14.0mW, Pyo=6.5mW, Py1=5.5mW, and Pc=0.5mW were obtained. Here,
the difference between Py and Pypzis 1.0mW, i.e., APb (Ppe-Ppi)=1.0mW.
Powers Pyr and Py have the following relationship with a recording condition Pe
when erasing a mark with a DC erase pattern: PcsPy1<Pe, Pe<Pp<Pw. If Py is

30 too much lower than Pe, the recording mark is not completely erased. If Pyis
too much higher than Pe, another recording mark is created when erasing the
recording mark, which results in the degradation of a reproduction signal. Thus,
it is preferable that Py is greater than 0.7*Pe with respect to Pe and Py is
smaller than 1.3*Pe with respect to Pe.
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to 5mMN FIG 15 shows jitter characteristics when repeatedly
recording and reproducing marks using a recordi ng pul se having an
erase pattern according 16 to the present invention. Referring to
FIG 15, since the marks are erased using an erase mnulti-pulse,
repeated recording characteristics of the mark are good. FIGS. 16
t hrough 20 are graphs show ng the characteristics of DVD-RW FI GS.

16 through 18 show Uaemﬁrmr@i‘t&roaﬁb@bbﬁtnwmdat@pa@wadmganb@aﬁbtl me

crace pattern O R ERAIRR OF A6 1A rdes Pyde o e PRl b

seen that powewharoareding A snais esingamn ¢resd patiatrecdhqrosédhef tElQelelBam ng

process are PW— ﬂ]tl?} é:) Yai r@ @E&tf%eah)ﬁmé{nc P%ﬁte%%(a%ctgf%gﬁ}fgﬁé

show jitter characteri s 1 CS ccor
erase powers Pe Wereiharelyslearadedakdye 3%@ m-‘gveedfg‘énWtW@lsefem}d@@g@ and

bot h edges of areaara,h Mé%%ﬁlﬁfné%bﬁhﬂn&nhe mar k usi ng an existing DC erase
pattern. FIGS. % how resul ts neasured when erasing a mark

using an exi stl ng 5@ -eP ghewsiifter eharaciqnistics ohtaigect whenreppatady and 18, it

|hs pr ef Ier abl ﬁ t@?drdméffepﬁdl@mlg% mark Gsiagd réeoﬂﬁ?@ phildethakRg Féﬁfét*afstecpaﬁ&ﬁks
avi n engths o e espect i ef er

t hat ‘gll'l D, \?\/(’ll Chac‘icgr% g Ihﬁs“{eﬁffﬂi lg‘één(t,‘%rhs[g‘%?rdpg ﬁ’g&l@ éé étccgp%er?ﬁe'bg‘é ern,

i s good at160. 555ihcariice Mk i$ sragedaksiay thd e@Fe andhi-fdulsET theAepaatdd naasrdihgr med
us' ng a recor d'c@ﬁ a%\‘;?ﬁc@ h@?(drlggret §d EﬁéUeP%%tr%%Eer ngfthgmgrli hen

ﬁpes of erase patterns base e obt
e reproduci ngS éaPgrige Mere Biap 280%imes Bltengharaclerisiics ﬁ@@arp@ddegm@d

measur ed resul tﬁmar@;s&avafr@ddeewgsto ush @puﬂe,s eﬁd&e\h%tﬂzddtafc@asrd%% felgpddept | CS
of the four typ atterns | G ferring to

Bl G 10, 1t canneteLEhE e aoR reteDs rr 000 oS GeE oot
excel | ent . 15\Wherguaesmsaedite appea o1 dDNY-RWaksact eri stics according to 25

th thod of th

Conditi ons of  Poesieatye eR el SLBMENE: GeitiabhndfiEle pve
obt ai ned. Her e,formatelnd ¢efse mbatscothrsmuselatiehinetands giverally usedion¢tablye. |
APb (Pb2- Pb1) =1 QifMihg a ROWRES RBnk, éIQdREP@ 7I)16;yg 1EN®UEOhSQWAHRE, and the

rel ationship w E{h a recordl ng condit
like, are adopted, the'same results can also be obtained.

20 FIGS. 21A and 21 B are graphs showing nucleation frequency and
crystal growth rate according to temperatures of an AginSbTe recording layer
and a GeSbTe recording layer, respectively. As shown in FIGS. 4A through 7,
in the present invention, the erase power Py; of the erase multi-pulse is greater
than the erase power Pe and the erase power Py, is smaller than the erase

25 power Pe. In other words, the erase powers are controlled according to the
characteristics of the recording layers. Also, information about the erase
powers Py and Ppz is recorded on an optical recording medium and a drive
reads information about the erase powers Py1 and Ppe. Thus, information about
the erase powers Py and Py can be used as reference information for

30 generating erase pulses. In the case of an optical recording medium on which
the erase power Py or Py is not recorded, information about the erase powers
Pyt and Ppe can be input from the outside and used as reference information for
generating erase pulses.
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when erasing a mark with a DC erase pattern: Pc<Pbi < _Pe, Pe<Pb25Pw.

If Pbl is 30 too nuch |lower than Pe, the recording mark i s not
conpletely erased. If Pb2 is too much higher than Pe, another
recording mark is created when erasing the recording mark, which
results in the degradation of a reproduction signal. Thus, it is
preferable that Pbl is greater than 0.7*Pe with respect to Pe and Pb2

is smaller than 1.8:RRingkd A, Q?@?&ﬁpetré%mpgof cht% gHvﬁf[m)racfé" REkicH 1 CS

can be obt ai ned with respect to a ference AP et ween
the high | evel THHeRN&re eaval @J@AQJFS*&W resqidiag iﬁXPWb’ﬁblsg‘éam'MW in

erasing the nartkvmwmmemha@mr@aﬁdwﬂbmm@@& bioh eWRERSRsing is
mul ti-pul se accord the itter

to res i nvent i n Sl nc
characteri sti c<"8® ?@”ﬁ&f@?ﬁthaﬁg}ea{%@?r 'y B@v@é"f‘ CIEI i
was sel ect ed aswhidtesrasimrsiarth dig/to éperrog uccungulation ditieh eraswﬁla@]arm:itam

jitter charact & és%tdo%r.oﬁ’é Qh&ﬁﬁi,.’t?{@&@ah{ et}?ﬁ% g[SjIJOXUCtIPn sugﬂal may be
recordlng/reprodUC| ng a mark using'a Fecord I"hg pul's aV|H§ an erase
pattern accor dlegtpded Hpweysr.és thetpréseniantention, itRepessibialg sebpUdeGragtD, it

can be seen thalwkbi [} A6eprL %e@érﬁtéi%r&ﬁﬁ%%ﬁrﬁb:ﬂg Hehe F%rt%ﬁﬁeratu es

mul ti-pul se, the repeated recordinhg characteristics o mark are
good. However, ShEPortes of gk?cﬁ"%ﬁerfag'% whefe erasie starts andeapateieitle t han

2800 tinesio i tdrade regia arﬁér@relrﬁdg(‘eﬁdabﬁﬂ %méﬁ{a‘y‘he@%b@d%ﬁt idhuieal. It tis
advant ageous to.,use, a pulse er o the presen
“pent or when THE R RO Rl Bedihehthstycts et SAEn | o
1% guar ant eed timpfrmaeﬂerquahtyafWEWudhmgn’éhe above experinents used

the EFMr modul ati Onﬂgﬁmﬂgﬁ Igb 5@ Eé’%es}?%{%rd.dg aa%d%ﬁi%ﬁls%ﬁl u%éoher

nmodul ati on met hods gener use a rec
mark, e.g., RLLQPVRRANYIge nsy)peremapf mallgawtbmatemghaﬁ@anﬁh«e are
adopt ed, t{ze satafﬂpérseka csfsmseéhoalfeaué}eyoipﬁ@ a@&nualeat%n@acrﬁe%d%?q 21 B

h h t t
Scording tot dHBG ARG SERrah RP HEEPTES MAceT Hl a1 sy maea
GeShT di by PeB L) a mhh i iekél ﬁ(bﬁaﬁebi 7,
Tn the present Loyentl on b ot aee Rover BBl he Gt
éré]sﬁ]( rygl%hﬁt ﬁ)[ % gg‘tztnrerfeprx\%’ weil Tlggs at %g‘qeh%c? lS(]‘a%S Ofr%(?/ver

nmul ti-pulse is gre ase power n
Pb2 is small er ledsing anddraiing edgea®f freviesorday miark ase freproveshwisn retrediag ase

power s ar &;Contholk8ding ¢k 8 48 puReePfRe method of the present invention. Also,
the recording mark is uniformly erased, which reduces noise so as to improve
the quality of the reproduction signal.
A recording method according to a preferred embodiment of the present
invention will be described based on the above-described structure.
J 25 FIGS. 22A and 228 are flowcharts explaining a recording method
according to the preferred embodiment of the present invention. Referring to
FIG. 22A, a recording apparatus receives data from the outside, modulates it,
and generates NRZ1 data in step 1801. In step 1802, a recording waveform
having an erase pattern containing an erase multi-pulse is generated. A mark
30 or space is formed on the disc 200 using the generated recording waveform in
step 1803.
Referring to FIG. 22B, the recording apparatus receives data from the
outside, modulates it, generates NRZI data, and obtains information about
erase powers Pp; and Py in step 2201. In step 2202, a recording waveform
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characteristics of the recording |layers. Al so, information about the
erase powers Pbl and Pb2 is recorded on an optical recordi ng medi um
and a drive reads information about the erase powers Pbl and Pb2.
Thus, information about the erase powers Pbl and Pb2 can be used as
reference information for so generating erase pulses. In the case of
an optical recording nediumon which the erase power Pbl or Pb2 is

not recorded, iRiHgERdregR masga%rﬁé@%ea@ww&ma?m adifl iHdtagean be
i nput fromthe outsi usedar%s refere mat i on for

gener ating er asEOBF g'é?“ o ﬁ%acf"és (J%"%ﬁd'st’g%é?’ﬁg tees of
crystal growth gmemtmt@cmumbmvefonn infsteyopp@Bcy are equal in the

Agl nSbTe recording

tenperature of a por ?ég%cng’h& %‘EOVG 'nas”e’é}b% ﬁawﬁr%%rre@rﬁgg Hateﬂ s
ended beconfes haaghekngtitite pt&sssntlmqnmraamoercmfg veavptormicempreferit lie sheps e
region in 5 whigh, rﬁérﬂ%ﬂ%eﬁigadsftéﬂ%eigthbnﬁéiFFE%rfe@&?c‘é%B%%nﬂQl when

erasing a mark with ower , the of the
reproduction si iFHMUigEgN %We?lb@jd%émafkﬁ)%@}“eﬁewmwgﬁfﬁfémﬁﬁké§é¢1tmpf0ve
invention, it Ime@@@%ld@kr@rth%araéauﬁQh@fe@é@ngp@gy@a&;rﬁ%a@efénﬁt&of
wher e crystal growh is maxi num Here, the tenperatures of

portion of the t@? ‘faé‘gt?edﬁ‘p(ﬂ’{g?{e erasing starts and the port| on of
the 10 erase regi on where erasing ends can be maintai ned to be al nost
identical. Thus, the recording mark is uniformy erased, which
reduces noise so as to inprove the quality of the reproduction
sivgnal. Referring to FIG 2B, in the GeSbTe recording |ayer which is
mainly used in DVD-RAM the tenperature of crystal growh rate is

hi gher than the 15 tenperature of nucleation frequency. Thus, after
nucl eation is achieved by a pulse erase, crystal growh rate becones
hi gher when an existing mark is overwitten by Pe having a high
tenperature and high level Pb2. As a result, the erasing
(crystallization) is not perfornmed well. Thus, the characteristics of
the leading and trailing edges of the recording mark are inproved
when recording 20 the recording mark by the pul se erase nethod of the
present invention. Also, the recording mark is uniformy erased,

whi ch reduces noise so as to inprove the quality of the reproduction
signal. A recording nethod according to a preferred enbodi nent of the
pr esent
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invention wll be described based on the above-described structure.
25 FIGS. 22A and 22B are flowharts explaining a recordi ng nmethod
according to the preferred enbodi nent of the present invention.
Referring to FIG 22A, a recording apparatus receives data fromthe
out si de, nodul at ewﬂat“adgi 11_3 gnerates NRZI data in step 1801. In step
1802, a recordi ng-wavetor avi ng an erase pattern containing an
erase nulti-pul selis gimapparatus for reeokdidgdata @parceptical feaondicy orediung
di sc 200 usi e nerated. recording waveformin step 1803.

Ref erring toﬂ% %ﬁbaigtg?%?ﬁ\g?g@@m di ng apparatus receives data fromthe
out si de,5 nodul at ea rédardingmexvafem déiératdaich genaatiod babasrdingfveaveidrion
about erase _pawers Pbi a Pb2 .ip ste 201. In step 2202, a ,
recor di ng V\/a\VEY'BQ Gk %9%85‘??{5 [%“cg?%g@Q‘Hgﬁéﬁmquggaeﬁélﬁ%f@@%%a'%n

i nformation &velwhichés Righeethapanedrasdpbwaindvéledid VIR KIoW le$@3AFcH B
formed on the disc 200 using the %enerated recordi ng waveformin

step 2203. AE"’Y%&"W PTaBobRVel Igv ﬁ'ﬂﬂhod. and apparatus for
recording data 5 3prRUPIUAA érTabiBEnd G UMio IHAVGRIEAOBcoHAR8GIRhY
wavef orm can prevent the shape of a mark frombeing distorted due to
t her mal 19 nt eRFe@rding do rigenupled recedingmaveforantofetmaenarkdir acspace mar ks
when recording the marks and i nprove the shape of the mark. As a
result, the recording/reproducing characteristics of the mark can be
i mproved. 20 What2is clhd apraratys of clapn 1afipthencorsprising aeowedinigrmiatioa
on an optica i ; LG / . 1.SI. 0oL

Cecording varerSpanchthiLBEleting bilfe RBMMIRNGT S Rak oty

havi ng an er eeerdsat erethe dptichlueécomgling metiuim and peviding intp thepateding

i ncluding a hi ich is higher than an erase power |evel and
havi ng 121" Iowwﬁgé*gﬁ%ﬁ%ha\%&$ | ower than the erase power |level; and a
pi ckup unit for rahérein theg recobingomdvefdrregendraioajen@atssdthagedmdingm 10
according to_th ener at recording waveformto forma mark or
Soaee' 59 Theblat AR BU3He Rt At HRNGLD B hie-8Rs 255 da e Rvel

i nformati on information of the erase pattern.

20 3. The apparatus of claim 2, wherein the power information
management unit receives the pulse level information of the erase pattern from

a user and provides it to the recording waveform generator.

4. The apparatus of claim 3, wherein the power information
25 management unit performs recording and erasing testes for predetermined test
data in a test area of the optical recording medium at predetermined value
intervals within a predetermined range based on the level information of the
erase pulse and selects optimum conditions of the test conditions based on the
results of the tests, and provides the conditions to the recording waveform
30 generator. '

5. The apparatus of claim 1, further comprising a channel modulator
for modulating a channel of data provided from the outside to generate NRZI
data and outputting NRZI data to the recording waveform generator.
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managenent unit for reading pul se |level information of the erase
pattern recorded on the optical recording nmediumand providing it to
the recording 15 waveform generator, wherein the recordi ng waveform
generator generates the recording waveform having the erase pattern

including the mul &i-p ' I - Lnf ti X
erase pattern. 2063. 'Ll'jte %@?@P%@CF& él’g'i%%ef{%éggﬁ)nu'ﬁﬂ%&ﬁ%r&%?

i nformati on managemgat fourotatingetheioptisaltreeordingseediemel i nf or mat i on of
the erase pattern_fr user and..prpvides it to the recordin
wavef or m gener at O?IF oa&%ﬁgaig%éﬁglpﬂ@g @qht&n e?,p?'%léfe‘é‘?r "PH'Be?JgWeQr
;nf or rragsj on ﬁdﬂ@d @eéﬁmgahtwﬂdctadeﬁdeMOpt&xaore;ﬁoftﬁn@ﬁ@dﬁfrﬁlSi ng teZ't €s
or predeterm ned test .data in a test ar of the opticagl recording
medi um at predet e? ﬁ?ﬂ'@&'%ﬁgsew&-%ﬁ%ﬂ"@gaﬁ? m%OFa?%@a&PEP?ﬁh?@ei fhge
based on the | eve) |dsaf ariv@tfbodrividg é%erﬁfs@eﬁl@d%'tﬁ@o?ﬂé’al%b@.ﬁS
optimum conditions of the test conditions based on the results of
the tests, and provides the conditions to the recordi ng waveform 30
generator. 5. The apparatus of claim1, further conprising a channel
nodul ator for nodul ati ng a channel of data provided fromthe outside
to generate NRZI data and outputting NRZI data to the recording
wavef orm generator. 21 6. The apparatus of claim1, wherein the

pi ckup unit conprises: a notor for rotating the optical recording
medi um an optical head for radiating light onto the opti cal
recording nmediumor 5 receiving laser light reflected fromthe
optical recording nediuny a servo circuit for servo-controlling the
notor and the optical head; and a |aser driver for driving a | aser
installed on the optical head. 22
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