25 August 2006 METHOD AND APPARATUS FOR RECORDING DATA ON OPTICAL R RDING
MEDIUM BACKGROUND OF THE INVENTION 5 1. Field of the Invention The present m?/% gyst 2006
relates to a method and apparatus for recording data on an optical recording medium, and more
particularly, to 3 Ml D ARBAFPRARTYS FORHECOROING DR BOReEPReRgPtical disc.
2. Description of the Related Art 10 When recording data on an optical recording medium such as an
optical disc, a mark is formed in a track fornﬁ@W&@Wﬁdﬂl&Pﬁl IM mark is formed as a pit of a read
only disc such as a CD-ROM, a DVD-ROM and the like. A mark is formed on a recordable disc such
as CD-R/RW, DVD-R/RW//RAM and the I|ke when a phase chane occurs in a phase change layer,
which is changed to 15 be crystallindSA<MaRAINDIE AEdMKMENT1EN erature and coats a
recording layer. Qata recouging m@t%im{ude a mark edge recording method and mark position
recording method in view of signal detection. In the mark position recording method, the amplitude of

a detected radio frequen&f (RESSHYHAVRNIORFRIRRY IR GMFIERFSRE SRS Wﬁé@éf Gensdifve in a
position where a daggkorsdie epias retBiaiRPRHRAG reeR dngenriRrdl 4 adBliHem o8 adgtected

RF signal is changed from positive/negative to n q?gatlve/posmve at the edges of a mark. Thus, itis

important to accHBRATPIHSIRY RSV Foiid AAQY 'AMPIRIS MABLaNH R PRICRI G ced signal. 25

However, by obsgrving U@Uﬁﬁﬁ@qﬁqg@mm@r@ pecorded on a disc coated with a phase change

layer according to a conyentional recording method, it c be seen that the shape of the mark
depends Uh the lenoth JLTR" FEERL PGSR BInAD GONALFESRIAE BT TR 6P ARIEh other

words, the trailingsrgengwidefahasdhe iﬁﬁldtflgf@dgéwi‘rihwi@adlhlgb dagmdmmmd as
recording/reproducing characteristics, The r atlvel ngth e
oodhrrblehrtv.ts it N ok elodsie Vi s\ sl slal R b
waveforms accolgdifgoea meenor@bteam@rsgctheibddD%Wn@VD:mRM/Fﬂmame trarious

recording Wavefcfrlgéswhen a phase change occurs in a phase change layer, which is changed to

15 be crystalline or amorphous depending on the temperature and coats a
recording layer.

Data recording methods include a mark edge recording method and
mark position recording 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 phase 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

1



1 25 August 2006 for recording Non Return to Zero Inverted (NRZI) data. A first recording wzaxvefortrgoo6
(a) is for DVD-RAM. Recording waveforms (b) and (c) are for DVD-RW. T represents a cy(Z,Fe oPa>
reference clock signal. According to mark edge recording, the high level of NRZI data is recorded

using marks andifie- i iley Rl NBF{MPZS RS RVEREATIEAPRRRS. AThaiag uAyeform used for

recording the mark is called ™a recording pattern”, and a recording waveform used for forming the

space (erasing théaYRIKYIs(@aie oA \EPaBé\ MhttBerordisgvwansimsdtidag uahameies (a), (b), and
(c) are each madg\phRWiPle (BEIRRRNTSS BYWETIEYE LR R RIK SigiealtrlecHiiigV R harrf four

levels: 10 Ppeak, Pbl, Pb2, and Pb3. As shown in section E, the power of the erase pattern is

maintained to be@gRif6RA"BiRACRPMIABdaYE RINRSidaiairrerasdqshatnamRAkeane the low
conventiongal recRoEINQRSADHEH S MeddRIBECLENH R Wk Db leBHdmiAWwAIERATIISEH tepe. heat

of about 0 - 200C is continuously applied to a corresponding area. Thus, if the mark is 15 recorded a
plurality of times @O {8QIBEUSLaNetNE LprIEIRRAIGE didhfBdCARrd RgsRVEferm
recording/reprodysisg fohdeasiRidstics spadematanly teeiadeds lbanadicatnerize putterh of the

reference clock signal is reduced as the recording density and linear velocity for recording a large

amount of data oHCRFELIMNAESOrAEG WG IOFRS Bin (e S (R - FR L IBASE-R! ARV THRIEN 20

more degraded vghgseehRal jaieeersnsicobeteapupsisescopnsiieting Ravecornding wayeioes is
increased. FIGS. 1 B@n%l showgﬂg sh%pe of marks forme O&ﬂan optical recording medium.
ahd'l o8 b

Referring'® FIGS. eaal 2 YHING) NSEGHRR RAVELEHIPE &8 BAIBBYe and
a land. To record2male@stednee aaiaitwriherepiktshrdaedlDg pegium, marks are formed on or

edium o form o erasS AP RL=FH GG (AR L e G e aL g DRun R HE T which
adjacent tracks ds adgioeihethsks ardfadfie e s fdr B Prsiettasninetimd, digatofdibgut 0 -
predetermined dg@)lgé ?{gégrﬁr{é?%%?ﬁaﬁﬁ?%g tﬂ:]gfﬁ{r)%gé&ﬁ]}ﬁﬂtqh? Iapd].wheref i&e The[r(rrfal Crosg.ing
phenomenon easily occUrs. . I e a ffrks &%Ix/ etl%aé 08ve, which
is currenthp used recorst @ppicabiiéz ofdinges)dtia miadeis degraded and the shape thereof is
distorted. As a result, the recording/reproducing characteristics are remarkably
degraded. In particular, the cycle T of the reference clock signal is reduced as
the recording density and linear velocity for recording a large amount of data on
a disc increase. As a result, recording/reproducing characteristics are much
20 more degraded when thermal interference between pulses constituting a
recording waveform is increased.
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 land. However, a laser beam applies heat to
the optical recording medium to 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 Crossing
phenomenon easily occurs. FIG. 1C illustrates a method of forming marks only
on the groove, which is currently used for most optical recording media since
the Thermal Cross phenomenon hardly occurs. However, in the method shown



the Thermal Cross phenomenon hardly occurs. However, in the method shown 2 25 Augl:%%%OOGt i2n006
FIG. 1 C, previously-formed marks may also be affected by applying too much heat when iqy°
predetermined marks. Different recording waveforms are used for different kinds of discs, i.e.,
DVD-RAM, DVDiReangthsdliBushisdrhesansndie sparestedslirscl s cpidniadave math
different from each other. The use of different recording ‘waveforms for different discS becomes a
problem when mBfata¥ngim@aRinRg PredriesminRdagish all kinds of discs. This is because drives

that can read all_kinds ef;fisenshaetiRg rawatAms weciding tpusiara Miisuingigases costs. 10
SUMMARY OF THE INVENTION To solve the above-described problems, it is a first object of the

present inventioR ¥ hRAMe RVR=tNAa and Hihliatud oy iebsergeithe cbrigaeristisgiPly waveform
which is capable gtprauey i I8 atio giraAdhR B askias Ghép armaiisEUn Bl sliskérdisgd

preventing degradation caused by repeated recording. It is a second object of the present invention to

provide a methodVaMefAppaiat At fereBEEIRSPESRMRSR R POITHING SNNERIHRHETRG Aivesse

pattern which is ¢gpaiisrefigpBeRyios Riehapendiadvarknkadids eatiiedpRiestprathaRiesrnall
invention to provide a method and apparatus for recording data using a recording waveform which is

adaptable to a didRd0RSesHIHFR)R YATQUSISEREF NG VRYRIONR AV RIGRITGHFESEST the
present inventiorsigferovide a method and apparatus for generating erase pulses based on
information about the power 25 level of the erase pulses. It is a fifth object of the present invention to
provide a'thethod and apparatus for controlling the power level of predetermined erase pulses to

uniformly erase a recording mark. AccoglingiMARACHIET& EheNABENT [Ihjects, there is provided a
method of 30 recording data on an optical rﬁé‘:ordhn illg/n. Generated isgre ord'wég waveform
% irst object of t

me
having an erase pattern RSQA QUEARRIER R Mty Gis a present

invention to provide a method and apparatus for recording data using a

recording waveform which is capable of preventing leading and trailing edges of
15 a mark from being distorted and preventing degradation caused by repeated
recording.

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
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.



high level which is higher than an erase power level and having a low level which is Iower%hl%ln the 06
erase power level. 3 25 August 2006 The mark and the space are recorded according to a u?é‘ﬁb%ﬂ
limited scheme (2, 10). It is preferable that the mark is recorded using a first level of predetermined

Nzl and the space is pReRRAEg flespand lnvehaldne PRABIIRE GG I, hrficabove

objects can be achieved by a method of recording data on a recording medium. Digital data whose

channel is moduR&88megehdidtedt iGRifieaatIE shatdoa Al \ImRFOrAPAIEHD B devieh®bm
including a predgigHiaeshiRdl§ NG @ IHE R WhickiiBYhsHGa B SHaTe R Wethéevel and

having a low level which is lower than the erase power level. Marks 10 are formed according to a first
level data of the BI§EataERINaiNBLtSatde formed according to a second level data of the digital

data usinggthe generatephgeaesiiapMarRienn B8 ihlevebiBiPMMAtanYYIeearaRginglm dital

data, level information of an erase pulse recorded on the optical recording medium is read. Also,
when generating 8RO LRSHING wiigighAaiaadiese shainglifcady#erdsgpeesadatecording
waveform is fomtaér{éfét@@@%r@ulﬁ%liﬁ%ﬂﬁé@%@ﬁMi% e dexebipiataiatiogiuding lgvel information

of the erase pulse is input from a user, The method is performed based on a (2, 10) run length limited

scheme or a (1,P/¢4F ﬁ@%ﬁﬂrﬁt@ﬁ%@%&%@%@igﬁéed@f%% Fhaiahe" JBARARGERSE RANEhulse of

the erase patterndsepday IRuehgfaheveiasel natierianshibetnawendevelsef soast niles. okfhmerase

pattern is a high leve). It is preferable that the power level of a first pulse of the erase pattern is a high
vel of tHD oras@ PERTASO D BT B DSV LR Qe 0P (19 AL CE Beis FeS R gH devel of the

power level of a fisstrdsecobibingIcctasecpatiidevis ddenoerrl aighel eratseusiitptneagdibeapsver

level of a last pulse of the erase atternﬁﬁ, jlow level or ﬁhe power level of a first pulse of the erase
pattern is a high r&&&r@mévé}’&é rH};\RQr & ﬁvﬁ‘llé BB E&RI of a last pulse of the erase pattern is a
low level. It is preferableWtadragatieratitige thimelititavbata ddughildueanaftia 30 mnlierRigseldsts to the

time for which a lroevt\:lc!? gcli%frlﬂfﬁer%uplhié%llnrse%(l)ar mig rln:édium is read. Also, when generating the

15 recording waveform, the erase pattern included in the generated recording
waveform is formed by an erase pulse generated based on the level information.
The level information of the erase pulse is input from a user.

The method is performed based on a (2, 10) run length limited scheme or
a (1,7) run length limited scheme.

20 It is preferable that the power level of a first pulse of the erase pattern is
a low level of the erase pattern 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 pattern is a low level.

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 NRZI data and
the space is formed using a second level of the NRZI data.



and the time for which the high level lasts is 1/2 of a clock cycle. The mark is formed using %];;{St letvz%loe
of predetermined NRZI data and the space is formed using a second level of the NRZI da@d. Lgg®
August 2006 The recording waveform includes cooling pulses and the erase pattern comprises a

portion of the cooling Puffiesydf;8RFRAIRNERIFPTIIEROURBIRISS IS S RPN R SrealssdRaRmO-5T

from a trailing edge of the NRZI signal, the time for which the first pulse constituting the erase pattern
lasts is increaseF@MNABEESHBAIOEA! thecprifedsatat hamrliRe ROALMlfeLaRliBeRdSRttern

has a high level @ng. | S \FEMUFINAIE CBTHRRTAREATRYEIGLNT IRBENRZVEIGRAN Y FridHise

constituting the recording waveform lasts. The recording patg;rn Includes a multi-pulse. It is preferable
that the 10 recof@inypakdne Aiss! RUIsacARIBHINEr e SrasERatiaEyafis IBIBCECBBRALS, THR is
provided af appargiy$ fgr recording data on an optical recording medium. The apparatus includes a
recording waveform generator and a pickup unit. The recording waveform generator generates a

recording waveform haViri§ BieiSRReMRIA WHRIRE £2BSHURNEURR erassRatis uRRSAIES light

onto the optical rReeiicing BRMUBY ARG L BiRroREg RieertReg 1 Mewmve oy detRbdirsark or a
space. The apparatus further includes a power information management unit which reads pulse level

information of th@ BISREPRIHINGHRIERCOIFIRG Bi&IPAadBRIfg medium and provides it to the

recording waveform germiataicdriding paeerdingudaseionniggnasatonds preateashetrrgaréng
waveform having the erase patterr‘ainclud'n the multi-pulse based on the level information of the
erase pattérn. THE YGRS ﬂ%%ﬂ%ﬂﬂ%ﬁ%}/‘? eive the pulse level information of the

erase pattern from a usgoaishrayite iabpiedisieetdingeveissioovidrnaratppafattisforeferable that
the apparatus further includ % a channel moﬁulator .which modulaéis a channel OfF(j]"?t %rovided from
A : s

the outside to gef?ecr%g' %8{5%8%5 E@W@W%éﬁlg%“me %WH@WH{MB Brator. It is
preferable that pidagrding inalsiesna gevioraian apticapiead arserviheetircing wdasésradiiver. The

motor rotates theg(e) té?g{or?gjoeﬁjeirrlgtergeg iruertr:]ér-gi]neg waveform having an erase pattern including a

15 multi-pulse. The pickup unit radiates light onto the optical recording medium
according to the generated recording waveform to form a mark or a space.

The apparatus further includes a power information management unit
which reads pulse level information of the erase pattern recorded on the optical
recording medium and provides it to the recording waveform generator. The

20 recording waveform generator generates the recording waveform having the
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.

25 It is preferable that the apparatus further includes a channel modulator
which modulates a channel of data provided from the outside to generate NRZI
data and outputs NRZI 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.



30 optical head radiates light onto the optical recording medium or receives laser light refI%gtid frotrg006
the optical recording medium. The servo circuit servo-controls the motor and the optical head. e
laser driver drives a laser installed on the optical head. 5 25 August 2006 BRIEF DESCRIPTION OF
THE DRAWINGS The above objegisgrimecatage il B8 RrasepHAgIN eswill become more
apparent by describing in detail preferred embodiments thereof with reference to the attached
drawings in which: 5 FIGhgRko¥s RRiestsat RAYaiReRs: AR srsinatio eoderentbbesamshod;
FIGS. 1B and 1 (3 s fiipct BjamescAbing o detanestere R BHAGS SiRsSiEiNBdRSSHyith FIGS. 2A

and 2B are block diagrams of recordin %?L)parat_uses. according 10 to preferred embodiments of the
present inventiorf SfAE8C8 A0 A acRaskdrAWRYsRIvdChy the recording apparatus shown in FIGS.

2A and 2B; respectively-fGRn%4 HRGD e HRIMAWRRI S GNP BB eaiRIed by a
recording waveform generator 2; 15 FIG. 5 is another example of a recording waveform generated by
the recording W&W@fgﬁﬁ?generator 2; FIG. 6 is a view of waveforms explaining four types of erase
patterns according to amggerersabadigeViohderyesess iBVaiHIRG:bHred ireariyptidnore
examples of (a) LH shown in FIG. 6; 20 FIGS. 8 through 10 are views of shapes of marks recorded
through simulatiCHERES PEdUgh 15 are graphs illustrating the characteristics of DVD-RAM:;

FIGSh. 1f|3I through 20 aﬁwmmmi&uﬁirzﬁ@éwadma&diﬁ@g@f@éo&dﬁw&@%aﬂ?& 8&&&31&928 are
graphs illustrating nucleation and crystal growth rate accarding to temperatures of a AginSbTe
recording ayer PRI SBOOIRR b aTaR aen:

FIGS. 3A and 3B are examples realized by the recording apparatus

shown in FIGS. 2A and 2B, respectively;

FIGS 4A through 4C are examples of recording waveforms generated by
a recording waveform generator 2;

15 FIG. 5 is another example of a recording waveform generated by the
recording waveform generator 2;

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 AgIinSbTe recording layer and a GeSbTe
recording layer, respectively; and

FIGS. 22A and 22B are flowcharts illustrating recording methods

30 according to preferred embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION




FIGS. 22A and 22B are flowcharts illustrating recording methods 30 according to preferred 06
embodiments of the present invention. DETAILED DESCRIPTION OF THE INVENTION 625" 4U§L&Y
2006 Hereinafter, preferred embodiments of the present invention will be described in detail with

reference to the attachaglglEaniRgs. 51GSah arbaRAEn R asamBROhIRFAINifpRAatuses

according to preferred embodiments of the present invention. Referring to FIG. 2A, the 5 recording
apparatus, whictiRsgiachiafeirispaterefecrire imthoatiacbptd@rwrgsding medium 200, includes

a pickup unit 1, a recording a/ayetgimoaeneBloEd AR AR SNRRIRARY 3t Pailiie S58RBRIN

modulator 3 modulates input data to a channel bit sequence. The recording waveform genera?or 2is

supplied with infdMABERTesbemMPRAD M PIdNs iesaBhtw antosra SefriiReste bl thd Poheind
generates1 recorglngding \WpHraias renatdinerie shaaneblisssetencecdeRAYRIg spgerling

waveform includes an erase pattern having erase mulit-pulses. The recording waveform will be

described in detdBRAEHNIBIHKIHANN: DEALRE RIFE SN It BFRCarfied MAEIAERium 200

according to the genefater zegAtfngrnraveINdefgm a mark or a space. Referring to FIG. 2B,
the recording apparatus, which forms a mark or a space to record data on the optical recording

medium 200, includes aTﬁ%Iﬁﬂ?rhr}ﬁ{ podyiaiorAgerlaiesingehdriddr2 shanas itABaURAGF 3, and

a power informating raaBeginmavendrt genratehanselupprtriatBimoHiaien HEslitda@ to a
channel bit sequche. The power information manaﬁem t unit isreads information about erase

powers PH and PB2 RS S SHRAP PGSR EATRT 200" @1 der @8 HECNHGHAR AT FIN e

outside. The recavdingoviavRipracartiattoe 2tissHppbrdadicinter N o abotidteibrit riiagnel bit
sequence and the era%% owers Pbl and PbZ an? enerates a record'?%lL\:l\égvefo for recgjrding the

channel bit sequ«‘é\f‘?cvcf WSW%ﬁﬁHa%WEQ&B r@r\é{EQ [%Weer Bh2. erf;%(ﬁr S&d
recording waveforavéfictodedlldreadaseriaiteim detdihdpesasa haufichulsesmiflheadietediightdveform
will be describedt'nedggﬁgell?tr%rdo'lé %8 ircnkéjé)luurﬂi%)(saéjé%er ilril hftootrf]wtg generated recording

15 waveform to form a mark or a space.

Referring to FIG. 2B, the recording apparatus, which forms a mark or a
space to record data on the optical 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 information management unit 4 reads information about erase
powers Py1 and Pyo 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 Py2 and generates a
recording waveform for recording the channel bit sequence based on
information about the erase powers Py and Pp2. 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 predetermined

data) in a test area of the optical recording medium 200 at predetermined value

7



30 the optical recording medium 200 according to the generated recording waveform to form a mark006
or a space. The power information management unit 4 first performs tests for recording an%_’ eﬁ“ggﬁﬂf
predetermined test data (random data or predetermined data) in a test area of the optical recording

medium 200 at pradeieiey g‘g’.,vé"l%ﬂué 853“—“&%@PQM@F%@'@%%@&’BM@I%%%% Pikytsvel

value) within a predetermined range (e.g., a range of 20%) based on information about the erase

powers Pbl and {862 RéRILOHSRBYIhRAFRSION MtTEiiae At thedsass BereisP cofdtions
among the test CPQQitN8§t@I’%g&ﬁﬁé’litiﬁfb?ﬁ'i‘a‘ﬁm?ﬂ&%ﬂi 6 YRIHEURPATYB B S b Hifnigselution is the

highest, the degree of modulation is maximum, and the like) based on the test results, and provides

the optimum conBRIHEABS REAEELTRmIEHLRITEIR R (R Gudiondiiers akrichamilier yadiedfes
realized by the regniHingrARRARLERS FNRWAI RSt AA87Be BPRRIIENOEIEMRRIFAL are the

same as those 10 in FIGS. 2A and 2B are described with the same numerals, and thus their detailed

descriptions are 8Rf{88. likeiArgd L rIBedaskrRsiS RNt RIBYIRSIS FeRIHBA FRIIHANI?, a

recording wavefaf{s geRatatey waBfbetdaneedfopdulator 3. The pickup unit 1 has a motor 11, a
servo circuit 12, an optical head 13, and a laser driver 14. The 15 motor 11 rotates an optical disc 200.

The servo circuit 12 seridtontoIRMAe’ FridieexamRiemhEea]ited Metip 18CoTANLAPRAHAMTES; radiates
laser light onto tBppEicalFIGS20A and ERcieepdatoelightiefestes fianntbanpticadias e The

modulatetinput Bhd 5 P B B ARSI oS DRLBEER O PeLAi S53 G (NRZ)
data. The recordietaitevediesoripgorsades dpansiates a recording Wa\_/eform for recording NR_ZI data
Piokup unit 1. The laser QAL EH B S Sie MeEr OG RREVEN G bl RN detrindo form
a mark or a spaceeoorthrgpptivelfoecogdingrated i a. cReferimgddUfiéer 33, The sckogingidpparatus
includes a pickup,unif 1, &899 UG WA B8NS A0 hSA TS ARG 2LRr 3130 2 Pye"
15 motor 11 rotates an optical disc 200. The servo circuit 12 servo-controls 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.
The channel modulator 3 modulates input data to a channel bit sequence
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 Pz 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 servo-controls 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.



information management unit 4. The pickup unit 1 includes a motor 11, a servo circuit 12, %Ao tictal 006
head 13, and a laser driver 14. The motor 11 rotates an 30 optical recording medium 200. The ggF\/S
circuit 12 servo-controls the motor 11 and the optical head 13. The optical head 13 radiates laser light

onto the optical disc 20 A1chigqalRRJASRIGRLHRARIRESTAR ReEPHEI iSRRI s AsEedriver

14 drives a laser (not shown) installed on the optical head 13. 8 25 August 2006 The channe

modulator 3 moceM&t@sitRpte N4 ke aehdmecppweediierbatitmairasReNtiuit4 reaspower
information managRmeafisR AAdERERBTRENRIOPAPNY BBSREOMEE STPIRNERRAITRSYREASN the

optical recording medium or receives the information from the outside. The recording waveform 5
generator 2 gendRRERIE REERERIYRHADETBHAPBATOEGIRLIRGROY SIS hAEET @FP B I NAKSAAERA about

the erase gowerg; Bl afie 0gerAlRERVIRT B AANGaNAvETo A YBF Fdct deoniEP 44tk balba Biser

driver 14 controls the laser using the received recording waveform to form a mark or a space on the
optical disc 200. 11 HMOETAHAR PR Aee HraeR RAWRS Fredbftiftg AR aHRegdhitdRaiIasgthe

recording wavefoiaveengratehe piokthsudifi1N-2 pulses are necessary for recording a mark for
arbitrary N periods of a reference clock s:;?nal of integers 2 - 14, and N-1 pulses are necessary for

generating a space for ERESIASEHE MBS AL R FHRLASH S NIR DR tHE TFSiRAce clock
signal. 15 In FIGwARehrinidF6ma ke Magie ssal s frice 6ar thadoirecaaiisdaraubitrary N periods T of a

erasing 116 exisiing mall s HAAPERHEY A AERATETTRIGD REreREd bR LT SR i nd
position of a firstignenefreeerttigavivsrsogaspendsto tha-end4mrion plisésshriotkoegiseryin FIG.
20 4C, N-1 pulses are necessary for recording a mark for arbigrar eriods T of a reference clock
Cignal o ntegerdd 1SS O FRIEY A1E ACLLLRS Ro e 13 B S OV LRg the exicting
mark for arbitraryriiegereds-of dhane fere muesde crsigpebssdhaidhgerat aioait@sphdeefitt one of
recorcing puisesSAMEGUREENE EAICHIN & Y NAEHRRS B Eie IR R AR
dependingson thémid@ulaBoMN-1 pulses are necessary for recording the mark for arbitrary N

periods T of a reference clock signal of integers 2 — 14, and N-1 pulses are

necessary for generating a space for erasing the existing mark for the 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 first clock pulse. In FIG.

20 4C, N-1 pulses 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, NRZI data varies depending on the modulation
method of the channel modulator 3. In other words, in a case where NRZI data
is modulated to Run Length Limited (RLL) (2, 10) data, i.e., the minimum length
of a mark 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 (?). Here, D(8-15) is a modulation method published in
“Optical Disc 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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method of the channel modulator 3. In other words, in a case where NRZI data is modulat %&o RunO
Length Limited (RLL) (2, 10) data, i.e., the minimum length of a mark is 3T and the maxim V@H&Eﬁ cg)P
the mark is 11 T according to Eight to 30 fourteen Modulation (EFM), Eight to fourteen Modulation plus

(EFM+), D(8'15)Ré&ﬁd%ﬂ%%l‘ﬁ\%‘%é@hlﬁ%ﬁ_&@ﬂ%%IWH@%@%HWB%@F&%

"Optical Disc Recording System of BGB_ Capacity” by Massida in Optical Data Storage (ODS), 2001.
Dual modulation AP@REsd hichr ¥ fted ol cagivie ke rod A apdiimeiisheshed & Arranging

RLL Code Havingysmaraued o8, 2 M4BhR006 SerbansSapaiiibiocyialion aps,Remodulation

Method, and Demodulation Apparatus”, which was filed on 30 September, 1999 and published on 25
November, 2000/¢5PIRENEIPREKHE STtIRE P IBSMBERTRATOIECORAING MIAUNS @ENYORIY Y8HIY is 2T and
the maximgim req:mj_iﬁgmark is 8T when using 5 RLL(1,7). 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 havint/8¢818IM61 2 RHialblene) phRERE FertBmitRARREcR LAY RYRy Mt 3T,
and a recording paiesadotHererdingy Wakesminmaderegth pdcordiky PatseaardiRschatingds

composed of a pulse sequence. The erase pattern is also composed of a pulse sequence as shown in

section F. Tmp rOS&aying &18008 Aluid-mi&iate RatiBtmiPtie g & ReFRREAY nerdepah
multi-pulses reprgsemt ahlgastaurdintypareeadoricBbortmth g Avaaatraagihpad citigihticpB TN this
embodiment, Tmp is 0.5T. Tlp represents a width of the last 15 pu|se constituting the recording
ttomn. T reprosants THELTRCHOIOERS 4o Ay RGO 28 IS SN st e S%ucr the
recording patterrpanerihie aresepaipesed eMmppeReseqircacdds shanreiasecihifulFmponstituting

the erase pattern. In this embodiment, Temp is 0.5T. Tsfp represents the time from a ppint when NRZI
data is switched FRERRITE e S HigH [BULY LSS FP DB IR 4 <P FRIUMER AR n i r4RBrding
pattern starts. Tsfipuitffecisébaeposganiesiclafdsherey asispatirosel wittreamd psyas strength ibesfp is

is ended at the lo nd

cubesquent Tofp QEHEA: K LR BB Ut S o B R Al nacier e s han o 57
the multi-pulse inulustedongtiigngsthe 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
from a point when NRZI data is switched from low level to high level to a point
20 when a first pulse constituting 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 level
Pp1 and subsequent Tsfp starts at the high level Py, of the multi-pulse. In
contrast, if Tsfp is smaller than 0.5T, the multi-pulse included in the erase
25 pattern is ended at a low level Py and subsequent Tsfp maintains the low level
Pp1 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 level 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

10



25 pattern is ended at a low level Pbl and subsequent Tsfp maintains the low level Pbl of the

multi-pulse. Referring to FIG. 4B, two recording pattern examples are shown: when formin2gsé“tiﬁ{‘j
level of NRZI data with a mark and a low level with a space, the recording waveform includes a

%t 2006

recording patterrbfé’l‘iéﬁ?%ﬁPé%&&ﬂ%‘%ﬁﬁ&%%ﬁﬂdeé‘%tﬁg‘?g bF 230 RS BRBRIASIRI 9 fspace

having a length of 3T, and a recording pattern for recording a mar

forming a high |

&eePHHINGR M aliisecHatiSahdn@ e Y dh et Mkpaeb ptHea® sbaIY NWNaf4n

aving a length of 2T; and when

includes a recording patielfe {RheERAFRBLTIALY REURSRY BARSY Ao LI e aRe RRHE IRl rming 2

space having a length of 5T, an
length of 2T. TheQrmimAdTgN el iR

a recordirﬁ 10 25 Augu

/ 006 pattern for recording a mark having a
slmyittaaraastanesa laysieusawitha fiRasR: tBepulses

shown in B|G. 4Ae RedRMGIATdEm 40l MBS BCRIEHIEIRG RITePHABHINS SO S Wik v Ralirgraning a

high level of NRZI data with a mark and a low level with a space, the 5 recording waveform includes a

recording patterr98Pte QirGih R RIASEIRARSG LI ABIRIIRIBE ArsRAGE AavipgiANei Téimihg@ diface
having a length q¢e3drdiRg patReAfEReRaHEY A MREREhY BIRSKJIR\GNA B; Iengied 2 forafidgvhen

forming a high level of NRZI data with a mark and a low level with a space, the recording waveform

includes a recor

NEG QAR W& KRALIRGALPHP ¥elwthe Shasedp Seerrioe

forming a space h@vﬁélmmﬁqn?mu@sa r@é&?ﬁg%&gm :@aﬁr@mrf@;lh@gm%ﬂ%rﬁogﬁ&d;l@wgmagength of
pU Ses Is more thant e numper o pU ses snown | In the recaor Ing

A RRETASH BRI BE IO B RRGR N PRCE ISR BhaaB R CoRate. 15

FIG. 5 shows anptnesietor et riave tpragenatatgchlg tigenrec2minghwaveiden genaeios 1

2T. The number
mark secﬂi%n, b

Referring to FIG

. 5, when formi high level of NRZI d th k and a_low level with :
the recording walIBHH AR MRS EREE Ol RHE BRI SIS e /R SRR TRAGH AT an
erase pattern fobfarmlegsatispathenavmper lehptisesshoandia FRIGrrdininhpadespdoe reaekding 20 a

mark having a length. of 3T. The recording pattern is composed of a pulse sequence. The erase

pattern is also co ng(re'd of a pulse sequence as shown in section G. Tmp

15

20

25

30

FIG. 5 shows another recording waveform generated by the recording
waveform generator 2. Referring to FIG. 5, 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 length of 7T, an erase pattern
for forming a space having a length of 5T, and a recording pattern for recording
a mark having a length of 3T.

The recording pattern is composed of a pulse sequence. The erase
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-pulse 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
from a point when NRZI data is switched from low level to high level to a point
when a first pulse constituting 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 level
Pp1 and subsequent Tsfp starts at the high level Pyo. In contrast, if Tsfp is

11



represents a width of a multi-pulse constituting the recording pattern. The multi-pulse reprgi%;\‘ts a}t 5
least one pulse whose width and power strength are 25 identical. In this embodiment, Tmpi '3 ??8
represents a width of the last pulse constituting the recording pattern. Tcl represents the time for

which a cooling pisgdagtsmId) hf%f?ﬂé‘ﬂwBHI-sﬁu'@lQQﬁa@d’@& 1RG1E L URGRRLRINPEAI PR Re

pattern. Temp rer%resents a width of an erase multi-pulse constituting the erase pattern. In this

embodiment, TerApiLvsd PoTafeipssenehESiiE Z0tREIH it InveNvrof tae @ MtispiMsted from
low level to high level torgcpays wk}?éwcﬁfﬁfa%i%‘?rﬁeﬂéF“é&maimﬁg’ %Q@jﬁg@%‘ﬁ%@%&@ﬁf@

affects the power level of the erase pattern. In other words, as shown, if Tsfp is greater than 0.5T, the

multi-pulse inclu@EEMHRG EpaserBiafeea rrabedinantief the Rsoseb et Relesrng édarts at
the high leyel Pbg. i cqakasiattdipiRiedrtite A3 iehes smaieidhas Qassifida Mbtkhuise

included in the erase patternis ended at the low level Pbl and subsequent Tsfp maintains the low level

Pbl of the multi-piR@S: K3GLHidR) ikl 6 hvetthid)ibl o EAsRIBRRRPAIIRE & MAdCHMih R

according to a prefiefeer cazRgdiBANtiSAfdR BIeREMifaenies. I}é@f%ﬂﬁﬁ@ﬂ%&&ﬁt@tﬁaﬂh@r drattern
according to the present invention is classified into four types: (a) LH, (bﬁzl‘jeH, (cg HL, an Ed) LL. Each
erase pattern is MaAEEURNISS %%ﬁat'?dpré%é@qcféﬁﬁﬁo%@%rﬁf'%%%ﬁﬁ% oyleval Ryreénts that

the power of a figsidgadrnsidsé nauiieenase thatiast v epial dnitpalscivalibhghpe Bragequent
Pl and phwer BT SBHLBEHAL TR (R1GLHe (ARl P PR DL P ARG A Blse. (b HH
represents that tlagjupoveethef MiginsleRelse conshsibrgst enartgsRitef) sl Gedrbs Srediubatigwel Pb2
e B L N S A e R e
multi-pulse. (c) Hif eeprassnisshie ez povitrmfiseitteplaisearasstitwiticpliecctassftatiagtfsequal to
pattern s ended SFHHE RUIFIGUS B GAUT T LTSI e AUCHE VTS R ETRAE TSR fevel Pl o
the eraseimulti-polamtiinathat(the higedeast s, 20 thatgpase moilti fivdsguied Bhneprdsentsdrernse
pattern is equal tﬁwg)\r’)votvr\'/grl% %l first pulse constituting the erase pattern is equal to the high level
Pw2 of a subsequent erase multi-pulse, the last erase multi-pulse constituting
the erase pattern is ended at the high level Py,, and the level of subsequent Tsfp
is equal to the low level Py of the erase multi-pulse. Finally, (d) LL represents
20 that power of a first pulse constituting the erase pattern is equal to low the level
Pp1 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
25 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 is identical to (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

12



Pbl of a subsequent erase multi-pulse, the last erase multi-pulse constituting the erase pa%grn IS 5
ended at the low level Pbl, and level of subsequent Tsfp is maintained at the low level Pbl %%“8?58%
multi-pulse. In examples of the recording waves shown in FIGS. 4A through 6, the 25 level of Tcl of

the last pulse of {4eécqoiline WAURIONHY Rkl inmBTRigNe! BF WRKATpIgIPWOS: Bt grey

have any intermediate level value of level values between the high level of the recording pulse and
the high level of the efase PulieP¢rs. coshbivEngsiccRasIdass (49 the dimavhenPRFos WiGBIring to

FIG. 307, (e) Lhigdsdppieniny (st liohiiR SrFariiaatisotene FRIIRLIIRY MBIFDa)e high level

Pb2 of the erase multi-pulse constituting one period lasts, and the time Temp2, for which'the low level
Pbl lasts, are 0.7T and 0 RS T96SFEBAWRY e THACROAMBAdeheTRSEN) Y8R HIG he L ARRsESRL the

time Temp for whigtedhehBighilRy ShPadasHANR iRNGENHIMR RYdpXALRBIILIB gasR B Pulse
12 25 August 2006 lasts, is 1.0T. Here, the ratio of the time Tempt, for which the high level Pb2 of the

erase multi-pulse2B8rRrSArRSIAd SR RRITEIRIRNAL A EAbRGRIRR RifcmaricasdlBrer ¥ ihssts, is

m:n (M and n aredpiRERISIon B MRACR REY ¥hiie TigKeqargigrcio SesRIMG i/ BTB prgsent
invention has an erase 5 pattern including an erase multi-pulse with high level and low level powers

Pbl and PbZ so 9636642 RASIAPHS-ESF RS HREANY JFl BPEhRCAMHANRRAE tHBSR{Koduction

characteristic of (hgicattie INgaTEoLIaP, g teerer (g wRMEMQI B tIe seaBe tiDISYISY M bediments
are formed by controgin% the times for which the high level Pbl and th?_lo level E&%of_ the erase

multi-puls® last, i8S 18RS IBRSy (AR W KavNaedtge of 923 of 185 dPaePaber delfod T to

select a lasting tisegestizakleting thassaichisacenirsios0ihe diseriiRsdiuhe tHisoecwdmbus,
waveforms greatly reduce distortion of the trailing edge of a mark and improve the reprpduction
aractorietn of (he TRSR R A aRlY eotc e s on A Ine RAli8ge SRS or 15
erase pulse levelsridbhanad Rb@jeneyrbeuetiordeidbiraettaaidofegomaria recordable disc or may be
included as header infoLr?ation in a%/rg?oblgl signal. Tqrus when recordin

) AC

) data, th [
apparatus reads inform 85”3%%%? Y&%& ¢ ﬁﬁ%seergéét%ﬂ]é 'ﬂ%ﬁﬁg‘%@}ﬁﬁﬁr&%&& the

wobble sighal erase pulse levels Py and Py2) may be recorded in a lead-in region of a

recordable disc or may be included as header information in a wobble signal.
Thus, when recording data, the recording apparatus reads information about
the type or level of the erase pulse from the lead-in region or the wobble signal
to generate a corresponding recording waveform so as to form a mark and a

20 space.

Four types of erase patterns may be used as sings for representing the

speed factor 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 test 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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to generate a corresponding recording waveform so as to form a mark and a 20 space. Four ,&wﬁst Igfoe
erase patterns may be used as sings for representing the speed factor of a disc or the kin&g of ha %
when recording/reproducing data. For example, the signs can say information "A disc using an LH

type erase pattegh higsst SBREFIISIRrhARUGS Ve RO THERIRESH SRFRIfiRMiERrasing conditions

i
for four types of erase patterns, level values of the erase pulse are recorded in and reproduced from

a predetermined TS2SHEADTMIAEWRIORItRINEHH ipsadn dafdiagedliah leyRjevafuzodiihsach
predetermined UTBh({ﬁ;egt@g%@F&fl 3 1IN eRiasst tRelsens¥ssigaTRSaeadigd¢eetitiag

waveform is generated from these 30 results to form a mark and a space. Here, there are several

methods of detePRMGIHGHIHIRIEE PELbAIRTY iESHANIBHE A RAG (MRRSIIAc S BUIBakY te siedlksRs
under whih a jittg ¥ah8iRG CHRERIGHRITMM 2 PRASHIANG ik 8 60inERIRITOIRAIGS t8se PRGiiBR, where bit

error rate becomes minimum; deducing a_condition where resolution (a value obtained by diving an

amplitude value FRROTPALNNRIA RIBECIHAHBSHRGFHA By £ABIREHe value of the longest signal)

is maximum; measuringry edelaiam @ealiscop iainredandiMidingsnhhiab ¥algerrhike longest
signal by a low level value of the longest signal) to deduce a recording condition where modulation is

maximum; and nfESSIRRRY REQHANSIPWALCANE'S QReeDIBfho/tSHHEREHERA i gheusiatiaten

standard. In the tigsgHB@thod tablandomugatedisehaPeetirieraysesdtaaitars. may be used. To ascertain
effects of the present invention, the shapes of marks recorded through simulation were observed. A
structure Used in the simulation is shown in table 1. A used disc has a four-layer structure. 10 [Table 1
| Substrate Dielegraelkeyvigr Recordin layer Dielectric layer Reflective layer Material PC ZnS-Si02
Sb-Te eutectic ZmS-Si02 Ayaltoy T Higkness 0.6mmm 128nmm H4nm 16nm 30nmm T he simutation was
performed under the conditRWSERL wRipMSHIsRYE" 405apRIAhIanREEle s KIS Rx 9 AR6f!ecke S8
linear velocity of Gudgeribd PC ZnS-Si02 Sb-Te eutectic ZnS-Si02 Ag alloy

Thickness | 0.6mm 128nm 14nm 16nm 30nm

The simulation was performed under the conditions of a wavelength of

405nm, a numerical aperture NA of 0.65, and a linear velocity of 6m/s. To

15 observe the shapes of marks, a first mark having a length of 8T was recorded
and then a second mark having a length of 8T was recorded so as to overlap 4T
of the first mark. FIGS. 8 through 10 show the results of comparing marks when
using a conventional recording waveform and marks when using a recording
waveform according to the present invention. FIG. 8 (a) is a mark formed

20 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

25 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.

30 Table 2 shows the parameters of a thin film used for simulation for

thermal analysis.
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15 observe the shapes of marks, a first mark having a length of 8T was recorded and then econg
mark having a length of 8T was recorded so as to overlap 4T of the first mark. FIGS. 8 thrggésﬁgi‘ﬁt 006
show the results of comparing marks when using a conventional recording waveform and marks when
using a recording waveform according to the present invention. FIG. 8 (a) is a mark formed 20

through simulation, (b) is a mark formed on the mark (a) by a recording waveform according to the
present inventior,T@&Y& & mark formed on the mark (a) by a recording waveform according to the prior

art. FIG. 9 (d) ig a mark formg%n’gpugh simulation, W)__Lﬁ)gﬁpr?flrk forme?l J‘/D&ﬁ@ﬁ)maﬂf(@‘)}aﬁ%
recording WavefOTn'rh'avmg’an—EraSE‘p'aﬁErrch' cordmgto-tne presentinvention, and (f)1s 25amark

formed on the mark (d) hy a rpr‘nrding waveform ha(}ing a DC Brase| pattern acco ding to the prirr art.
FIG. 10 (g) is amark formah8u®i@h simulation, 2306presen@the mark @p&fter|it hak@@EsH erased
by the erase patterg\gp-{a@%rg&%ttﬁﬂt%@ent invqa[gg%l, I)nq,’gil)ggprasenltszg@ mark (q) gigp it hes

been erased byrthe DCerase pattermaccording tothe priprart. 30 Tabte 2 shows theparameters of a
thin film used far %%I%WWCTWEQM/Q s 4896 ||ga«95ﬂmﬁ [T;M@@] Mm‘priﬁ-g_ N C
Jiem3k KW/cmK n k ZnS-3i§215300 0.000 2.056.07058 S0676 eytectk460/stal) 1.622E050 1.285
0.0060 Sb-Te eutectic (amorphous) 2.900 2.950 1.285 0.0060 Ag alloy 0.170 2.070 2.450 0.2000
Referring to the simulation results shown in FIGS. 8 through 10, it can be 5 seen that a trailing edge of

the mark (b) formed by fRRfesdaedipd @ sldndatiamiasy thskenseipated. &tvryal P tcarbent
invention ig similapihshapg i?aiiﬁ?g@aﬁéfef@?ﬁéjﬁ%r‘ku 1BR WiiRe tBeBIRd RnerSHge of the

mark (c) formed by the recording waveform having the DC erase pattern according to the prior art. In

FIG. 9, it can be BA¥INEHAGREASERRIGI TEACRAGHRGEOIN B ARAR! 1V RITHR S FRAE 1A BRREM
according to the g{esRAHITYARMERNR HRSIeiRBainThRtBhiRtle AN Ahiee &l docomaek AeFRI@Ng to the

prior art. From the . ) ,
formed by the recording waveform having the DC erase pattern according to the

prior art. In FIG. 9, it can be seen that the shape of leading edge of the mark
10 formed by the erase pattern according to the present invention is better than
that of the leading edge of the mark according to the prior art. From the
simulation results, it could be ascertained that the shape of a mark according to
the present invention is improved by using a recording waveform having an
erase pattern composed of an erase multi-pulse compared to the shape of a
15 conventional mark. The shape, width, and power level of the erase multi-pulse
can be controlled 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-RW 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,
Pb2=4.5mW, and Pb3=3.2mW.
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simulation results, it could be ascertained that the shape of a mark according to the presen%enti Mg
is improved by using a recording waveform having an erase pattern composed of an eras@ |-f) 8%
compared to the shape of a 15 conventional mark. The shape, width, and power level of the erase

mult-pulse._can be confeged jo iy (SRR SILPRISRELIRS R R BIR W ing

experimentally verify the effects of the present invention, parameters necessary for obtainin
recording wavefd¥Véea S ¥hanshan Erass RoyRl B9 with sespectiied e e pdineradgel, tiadie fled

from 4.7GB DVD;RANaNE dobe Br 2D iR vl es iy e iR FSTHE e daving Draveieagth of

650nm and a NA of 0.60. Next, repeated recording/reproducing characteristics were compared with
recording/reprodQ8i#@f @haracteristics obtained by an existing method. FIGS. 11 through 15 are graphs

showing the characteristipg9f fo RNP3AMo W !feSutd MEauaredItayerasMgiah AR asiRg i data

according 25 to time chan%?\s of power and Tsfp when erasing a mark from the DVD-RAM using an

existing DC eras8aiPin§RSS PeiteiRuBRTes RS iRF Bndfiths (BbarNdibafty e bt @asing
process are PW=34cbp)VwhEhTE:3MVe. st AV reupb RS dmii\telp e AUDESEANS FIG. 11

(a) and (b) show jitter characteristics according to the writing power Pw and an erase power Pe with

respect to the ledfiH§ 88, NafihgdaadaviaedtnsRJebavs mbadindn Badiftethe mark using the

existing Bg erasehaaétﬁémsg{sl@&réepg?gjih@zs@q;m\ég@w%ag?@agﬁévaglgﬁ?ﬁi@gtaemfm#ngf an
eXIStlng erase pattern. Refter tO_ . a), ), an C) an . a) an wnen |s p IS
er ne 15 LEE S Bt BB e A R Br SEPRFECHS VARSI NE e atove

3T and 4T, the jiggrethwsadietisdjsiepuiesmiditgite.the DC erase patterns are the most excellent. 10
When Tlp is 0.7T, the jitter characteristics are good, and the. value of Tle is out of relation.to the jitter
Characterisics. A mark G SARES RSO LE R (G VT NANBIRG TR R G GYP CeLEbaa
four types of eragiepaiitesd faselypestbe araseneatipandvasteivarttetbbtathedparaotetisticarad the mark
were measured.t rc‘a% %%aérgjé?gcggﬁlsj 'fgsag? tr%e5 r&rll‘?érflgl\ll\cl)é/vrg'measured. The measured results are
15 as follows.
FIGS. 14 shows jitter characteristics of the four types of erase patterns
shown in FIG. 6. Referring to FIG. 14 (a), it can be seen that of the four types,
LH is the most excellent. When measuring recording characteristics 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,
APDb (Pb2-Pb1)=2.0mW. Powers Py and Py, have the following relationship
with a recording condition Pe: Pc<Pb1<Pe, Pe<Pb2<Pw. Here, if Py is too
much lower than Pe, a recording mark is not completely erased. If Py is too
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 Pyy 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
multi-pulse. It can be seen that the jitter characteristics are hardly changed up
to 5SmW.
FIG. 15 shows jitter characteristics when repeatedly recording and
reproducing marks using a recording pulse having an erase pattern according
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FIGS. 14 shows jitter characteristics of the four types of erase patterns shown in FIG. 6. Ref?grirqg toO 5
FIG. 14 (a), it can be seen that of the four types, LH is the most excellent. When measurin2g5 o) &l%go
characteristics according to the method of the present invention as shown in FIG. 14, power

conditions of 20 py51 A B ROZTTORMMERATIPRY, PIGREEHRML e S ORIAEES USRS, APD

(Pb2-Pb1)=2.0mW. Powers Pbl and Pb2 have the following relationship with a recording condition
Pe: Pc<_Pbl<_Fa piaseprpoli-pylsqsppanteost iseordingichasaase tistas el thedrartiagene®®ds not

completely erased. If Pl dzsons FistigiaeiidapBRs vy ero RS RgTsASAIGD.

erasing the 25 recordin%mar'k, which results in the degradation of a reproduction signal. Thus, itis
preferable that Pbi is grE4&? tH8lyerpR Bshewpeaatding shaesteristigndalaraseardisode with

respect toge. Flfmat Wt penanactarisipsen by a8rReal teaiaudiigransiitihg He2-Pol)
between the high level and the low level of an erase multi-pulse 30 when a mark is erased using an

erase pattern coifigsSceadiartiasa YaERYislise: dafheScth thauaB el aaarResrsichate
hardly changed y{@ beeWaifides Lssdnaw reibieia e psRAIESTCcsrAdiag [reeatadlyd Faerdin MW,

reproducing marks using a recording pulse having an erase pattern according 16 25 August 2006 to
the present invertion? RERYriREES £7€:218"ince the marks are erased using an erase multi-pulse,

repeated recording chaRcigists@ ph e reask sHewfaer dHsractkbishica abcdrfinig tyapbswitierying the
characteristics of DVD-EW. FIGS. 16 throu'gp 18 show recordirﬁgc!ar cteristic data according to 5
il ng%

time charl@es of POWEF SMH3AGPIASEPONEING S HHESERG 4 BacRAG PECErgs A BURE AYRSM a

DVD-RW disc. Inahi{3sothetijesoh 4 Badrkamhee seasitipiho ok canaifianseurgtgoesirdata for the
DC erasing procgiaz are Pw=14.0mW, Pe=6.0mW, are Pc=0.5mW. FIGS. 16(a) and 16(b) show jitter

characteristics a T’ﬁmg to the writing 10 power Pw and erase power Pe with respect to the leading
edge, trailing edge, andrl@8) edgasiof & shak resahsraciyyitbd miask esigiranexiatkusrigemse

pattern. FIGS. 14, gl 18 SEou 188 HRERHG A MhS ReFIEY f 3 15 18 & referable that
15 Ttop is 1.2T and 1.45T with respect to marks having lengths of above 3T and 4T,
respectively. It is preferable that Tlp, which is the last pulse constituting a
recording pattern, is good at 0.55T and Tle is good at 1.0T and 1.1T.

A mark was formed using a recording waveform having the
previously-described four types of erase patterns 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, Pp>=6.5mW, Py,;=5.5mW, and Pc=0.5mW were obtained. Here,
the difference between Py; and Pp2is 1.0mW, i.e., APb (Pp2-Ppi)=1.0mW.
Powers Py1 and Py have the following relationship with a recording condition Pe
when erasing a mark with a DC erase pattern: Pc<Py1<Pe, Pe<Pp<Pw. If Py is

30 too much lower than Pe, the recording mark is not completely erased. If Pyois
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 Pyy 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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existing DC erase pattern. Referring to FIGS. 17 and 18, it is preferable that 15 Ttop is 1.2T and 1.45‘(|;6
with respect to marks having lengths of above 3T and 4T, respectively. It is preferable thaf #S“%l%%
is the last pulse constituting a recording pattern, is good at 0.55T and Tle is good at 1.0T and 1.1 T. A

mark was formed using, pfeRFAPE AR RLRBINGIm SESHIf RbssIsSCPE diffhBs Apherase

patterns based on the obtained 20 parameters and then the reProducmg characteristics of the mark

were measured.(PRe-Reisbriwessuibs drghdensnoansd Heslov levehefjpfepedspdBteHidsdf the four
types of erase pafiesnse SMPHHEHANEuSRIFINEESE SatfeinteRipBe & 8 thdle@iskie four types,

HH is the most excellent. When measuring recording characteristics according to 25 the method of
the present inverfiBRisha8m AT INDIH BRSNS BiioPwS1ace they|ittey clmmaterisiine s smw,

and Pc=0.5mW wgiies (BRI st Ele NS IBIESAAE DEMERAE BPhAN RiRd ISl alsghd\Pb

(Pb2-Pbl)=1.0mW. Powers Pbl and Pb2 have the following relationship with a recording condition Pe
when erasing a TRERHDILEBOdHERAEARIAIOBe<Phi<_Pe, Pe<Pb2<_Pw. If Pbl is 30 too much lower

than Pe, the recording rraek E0nsHeRERiRiebharasrstidfliedadtaiiraimnen highaittwayp Pe, another

recording mark is created when erasing the recording mark, which results in the degradation of a

reproduction sign&POFAIRY TRREQHEFINGIAIREK BBING GreaterdiichRy PaRaxifi e SEesRRIGHY Pb2 is

smaller than 1.3 Zscwfithrig o eet torBse i ASISTFRSIBR kiR FIGracieiisiessasdsnabtgined with
respect to a difference APb PEE]Z-PbI between tg}%&i?h level and the low level of %J; erase, multi-pulse

when era&ihg theRSegi IR PAENE 858 Gi4sRiISE TG IRRRALCHEIEH NP0 the
present inventiorgHireadhetittasfaheraviekisiiegboverelshaily, dausadhd rdupreiBmyY tacpewer of 1
mW was selected as the recording/repr. ing congdition, FIG. 20 shows jitter characteristics obtained
hen ropsatodly S BRI S L R S 6 Eaaate U S, i D B OL
according to the pressnit in\wvionafreiayittguscFaGuiy kcae bectieed Hoabidisiieetepregéns
erased using the.eras% muIt'-BuI?ﬁ the rePSeated ch rdingorc dheaéa,lcé%sttics of the mark are good.

However, when th¥$EE8RIME %'PH%W repeatealy re imes, which'is
15 guaranteed to happen in a DVD-RW disc.

The above experiments used the EFM+ modulation method of the DVD
format. In a case where other modulation methods generally used for stably
recording a recording mark, e.g., RLL(1,7), D(8-15), Dual modulation, and the
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 Pp1 and Pyois recorded on an optical recording medium and a drive
reads information about the erase powers Py1 and Ppe. Thus, information about
the erase powers Pp1 and Ppo 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
Pp1 and Py2 can be input from the outside and used as reference information for
generating erase pulses.
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is repeated more than 2000 times, jitter characteristics are sharply degraded. Thus, it is ady nta%?(?gse
to use a pulse erase method according to the present invention when the mark is repeate&ﬁl ee e8
1000 times, which is 15 guaranteed to happen in a DVD-RW disc. The above experiments used the

EFM+ modulation methed g VEICIOSTR whipgRs wbeie Alben madliiotian areiherisagasrally

I
used for stably recording a recording mark, e. LL(1,7), D(8-15), Dual modulation, and the like, are

adopted, the sanECEBIRNEY &E b EdhRiNeh Te sopding dzvep WhichdsyrapRty Sty

nucleation frequeRgy) 3¢ CrsESHPNIARHE FCE YISV IHAPEFILY PSR RIMABNEIPd 21 5R5P1EINg
layer and a GeSbTe recording Iaﬁer, resr&eactlvely. As shown in FIGS. 4A through 7, in the present

invention, the er9ge\hscomast ig-ianReratirentlia anienol hecasa s Fesoma the
erase power Ph2,jgismalssifipsthie Yas e’ h &oMa Reu IHRNWHER. dRERIGIErRaMEIRIRISC

controlled according to the characteristics of the recording layers. Also, information about the erase

powers Pbl and BESR PeMREeddR 4AShicae @ealitiR] MedtRiotisiofRignaldaayfermation about
the erase powergiEgih Plirfovids: iffeRa e alctteoRIasE PRWSIIE R satdtik@ase used

as reference information for 30 generating erase pulses. In the case of an optical recording medium on

which the erase RRVRISBIsRGH oW 0is Mot e CoYSEH IFAVHR 2 RPAXBBHI I s dSolGERSEBHERRI Ph2

can be input fronptheeOoptitithasidiniseras ielgitanambr®enaiing Nargeastetiropyarm pilges. 18 25
August 2006 Referring to FIG. 51 A, temperatures of c&ystaélﬁj%rowth ate an nucle_ation fr?quency are
H SHANBIPAC

equal in the AgIin¥BFE FegINRiRG BLG& ARG ROARAAD BJFEW?Q'H 81 ARPALHR of a portion

of the erase regiamis Whishediasing imandedhigsampehigbar Wisiorhredatwenaligeesy agiertion of the
erase region in 5, which eﬁsin sf;?[\rts dt[hgl'e to thermal accumu‘ation when erasing a mark with DC
Y it ¥

erase power. As 'PRISYE the iX/ %li%Brl% %’ﬁ%l‘ may be degraded. However, in the
present invention, it is pRes#vhntptedt|II28 sratee GadtFdtedaihg b yenevhichyistalgiriwitised

portion ofthe 10/Cr DAL TS /S BHR dr  ATB LR P Ik B L D8 hicar,

15 temperature of nucleation frequency. Thus, after nucleation is achieved by a
pulse erase, crystal growth rate becomes higher when an existing mark is
overwritten by Pe having a high temperature and high level Py,. As a result, the
erasing (crystallization) is not performed well. Thus, the characteristics of the
leading and trailing edges of the recording mark are improved when recording

20 the recording mark by the pulse erase 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.

25 FIGS. 22A and 22B 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 NRZI 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 Pp1and Py in step 2201. In step 2202, a recording waveform
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Thus, the recording mark is uniformly erased, which reduces noise so as to improve the qggg\tq/ ofttrzlgoe
reproduction signal. Referring to FIG. 2B, in the GeSbTe recording layer which is mainly u e
DVD-RAM, the temperature of crystal growth rate is higher than the 15 temperature of nucleation

frequency. Thus. Rl urleaion REheNHkhL AU BR SIS RIS IbGRIeHE oTes higher

when an existing marK’is overwritten by Pe"having a high temperature and high level Pb2. Asa result,

the erasing (cry$SBWe5siG) RNGOT e rfdimadk REBPRRALS tesrBREraBER HiSCo? YRUSERMIIRG and trailing
edges of the recg%w%&ggrmw%mﬁpimgw the recording mark by the pulse erase

method of the présent invention. Also, the recording mark is uniformly erased, which reduces noise so

as to improve the qualifySofi@seriepebaberenisigraethad @diAgRataksfat £8¢aHsiNG datreferred
embodiment of the hegRRitdMeriier it inecirraiked SscaPNdDerBRA AP EUBREBE UHAIR. 25

FIGS. 22A and 22B are flowcharts explaining a recording method according to the preferred

embodiment of ti¥ Br@SEh{TRTEREN Risteripr) dyerrdhesmabiniedripRFa N AR MR eives data from
the outside, modyligsitlafibe BERRsateadyRer At IRsSIERehSRE oK PG PhESPdrRsr afar fifstavaveform

having an erase pattern containing an erase multi-pulse is generated. A mark 30 or space is formed on
the disc 200 usin&*'geR5tBE faRBrding %%!ﬁ&hﬁwr%‘febdi%@ﬁi@@%‘@ fhplactesRlicRo!
recording apparatis fesi\em dyarfiorovée. outside, modulates it, generates NRZI data, and obtains
information about erase powers Pbl and Pb2 in step 2201. In step 2202, a recording waveform 19 25
August 2006 having an erase pattern is generated based on information about the erase powers Pbl
and Pb2. A mark or space is formed on the disc 200 using the generated recording waveform in step
2203. As described above, in a method and apparatus for recording data 5 according to the present
invention, a recording waveform can prevent the shape of a mark from being distorted due to thermal
interference and thermal accumulation between adjacent marks when recording the marks and
improve the shape of the mark. As a result, the recording/reproducing characteristics of

20



the mark can be improved. 20 25 August 2006 What is claimed is: 1. A method of recording data on

an optical recording medium, the method comprising: (b) generating a recording Waveforn&a5ﬂ¥§t§806
erase pattern including a 5 predetermined pulse having a high level which is higher than an erase
power level and \Rdpes &9 sy Rl-which is lower than the erase power level. 2. The method of claim
1, wherein in step (b), the mark and the space are recorded according to a run length limited scheme.
10 3. The method of claim 1, Wwh&eiRE Siefeaeyding Al 74 ree SiRlieR isiPRy dimgshedsaf the
predetermined NR&huuldos ﬂé‘ﬁ?gis recorded using a second level of the predetermined NRZI data.
15 4. A method of recording data on a recording medium, the method comprising: (a) generating

digital data whose chantfd| 96 ResatiNe e 980 giHE MEYRf arfe B NG WS EBR RERA R EIE RS pattern
including & predgiayBiacs PP DRYMAGAIGE YR IRjuch NS SIdRRP RAf AP R RRWYo¥Edevel and

having a low level which is lower than the erase power level; and (c) forming marks according to a first
level data of the (BYRhRASARAA B RN IELRRMEICHASIRING 1B JBERIAREBPWRLIBY%he digital data
using the generated recording waveform on the level information. 25 5. The method of claim 4,
wherein step (a) further comprises reading level information of an erase pulse recorded on the optical

recording medium, andfin step (19, B5ORASE HaIRAH WHBERIAD iR HeRyteelAksathE R aveform is
formed by an eragsapelsecornRiried AesediPR) tocdeual vgtmatnBSchemse method of claim 5,

wherein in step (a), the level information of the erase pulse is input from a user. 7. The method of
claim 4, wherein step (a) comprises: (al) generating digital data whose channel is modulated; 21 25

August 2006 3. The method of claim 1, wherein in step (b), the mark is recorded

using a first level of predetermined NRZI and the space is recorded using a

second level of the predetermined NRZI data.

15 4, A method of recording data on a recording medium, the method
comprising:
(a) generating digital data whose channel is modulated;
(b) generating a recording waveform having an erase pattern including a
predetermined pulse having a high level which is higher than an erase power
20 level and having a low level which is lower than the erase power level; and
(c) forming marks according to a first level data of the digital data and
forming spaces according to a second level data of the digital data using the

generated recording waveform on the level information.

25 5. The method of claim 4, wherein step (a) further comprises reading
level information of an erase pulse recorded on the optical recording medium,
and in step (b), the erase pattern included in the generated recording waveform
is formed by an erase pulse generated based on the level information.

30 6. The method of claim 5, wherein in step (a), the level information of

the erase pulse is input from a user.

7. The method of claim 4, wherein step (a) comprises:
(a1) generating digital data whose channel is modulated;
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(a2) reading the level information of the erase pulse recorded on the optical recording med; t) 006
performing recording and erasing tests to obtain predetermined test data in a test area of 8 tie
recording medium at predetermined value 5 intervals within a predetermined range based on the level

information; and (a4) s%t%&ﬂquﬁfg%%& W@%@%é@?@&?@e@%r{wlts of the

tests, and in step (b), forming an erase pattern included in the recording waveform by using the erase
pulse generated oRUGA GRORKENGMAMANGN selected using the optimum conditions. 10 8. The method

of claim 4, wherein Stengs o GoAdGLA RET BB AR LR AB oI R soRihimipibseheme.

9. The method of claim 4, Whereln steps (a), (b), and (c g are 15 performed based on a (1,7) run length
limited scheme. S@taHeaiEHR @Ifa1ihﬁe PRNﬁéFéW% %N@q%lﬂfﬁﬁﬁ‘?@ﬁ%ﬁ%@% WA @rase

pattern is g low lgyel-ph RS BReRRnbE RAWBHaKBLD R RS cvdisp Rl tharerRsseattern is a

high level. 20 11. The method of claim 4, wherein the power level of a first pulse of the erase pattern

is a low level of the erad@hRRIATHIQ QI%'@HW&QM%%Q&%W%W@%&%%@Q% 188 high
level. 25 12. Thergwgihodoiheaistd, aiereisidie(ppweiiavglaf ariied pulssrafinbiacsase prftern is a

high level of the erase pattern and the power IeveI of a last pulse of the erase pattern is a high level.

13. The method EFEPHING, WAYEGTORTHRY MSING 186 &8FE ﬁ*ﬁ?ﬁlﬂ@@?ﬁa"% PRSEF98 R is a high

level of the erasearjatiaEtionGsnscravgsilty ehebplmstrn Weadiidhe erase pattern is a high level. 22 25
August 2006 14. The method of claim 1, wherein the power level of a first pulse of the erase pattern is

a low levéPof the erase pattern and the power level of a last pulse of the erase pattern is a low level. 5

15. The method of claing4, Whﬂ?ﬁgﬂﬁbﬂquvm@rclaiml&f\ﬁﬁé’ﬁémlﬁﬁép@f ahe(eyaaadasieireis a low level of

the erase patternp%r&%}%%g%aggl gﬁla? ffl ? 85 run length limited scheme.

9. The method of claim 4, wherein steps (a), (b), and (c) are
15 performed based on a (1,7) run length limited scheme.

10.  The method of claim 1, wherein the power level of a first pulse of
the erase pattern is a low level of the erase pattern and the power level of a last
pulse of the erase pattern is a high level.

20

11.  The method of claim 4, wherein the power level of a first pulse of
the erase pattern is a low level of the erase pattern and the power level of a last
pulse of the erase pattern is a high level.

25 12.  The method of claim 1, wherein 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.

13.  The method of claim 4, wherein the power level of a first pulse of

30 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.
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pulse of the erase pattern is a low level. 16. The method of claim 1, wherein the power level oﬁ{ a firtszt 5
pulse of 10 the erase pattern is a high level of the erase pattern and the power level of a I§§t B?ng 8?
the erase pattern is a low level. 17. The method of claim 4, wherein the power level of a first pulse of

the erase pattern s a higl levegl e gse AR IBIRANEENRN 6Pt alfh Qulpmal dhe

erase pattern is a low level. 18. The method of claim 1, wherein a ratio of the time for h a high

level of a multi-ptiiseaeass rRetiRMiisaiRKE afife ergopaitemangihsnawerierel 0@ lastThe
method of claim 6u1@@%?fﬂ@éﬂi§b hedine JapWwhisieg high level of a multi-pulse lasts to the time

for which a low level of the multi-pulse lass is 1:1. 25 20. The method of claim 18, wherein the time for
which the high level lasts is 1/2 of a clock cycle. 21. The method of claim 1, wherein a ratio of the time

for which the_high levelaf the Thdtiruffs/a¥8isae. IWRe SR WRicBHhR 10uvia\a | ofiteidmti-pulse

lasts is m:n. 22. The method of claim 4, wherein a ratio of the time for which the high level of the

multi-pulse lasts {3&1F5aRA PRSI IRWVIRY - PE TR Blase pRlisianddRaLawer 2ok adast 2006

23. The method g edaidr havBRISEIRIEEER il RWMASKIR formed using a first level of predetermined
NRZI data and in step (b), and a space is formed using a second level of the NRZI data. 5 24. The

method of claim 4, wherein in step (a), a mark is formed using a first level of predetermined NRZI data
and in step (b), and a space isTaEMAEtHEINS alafaondlrEebiaf the PREr dalal 8baThst pelkwarof claim

24, wherein a recording waveform comprises 10 cooling pulses and the erase pattern comprises a
orton offhe collRPAIRAISE i R EHELP LR SO RRANSH A LESRRNESIRE! S8 Eoting
pulse is smaller gyugseaLtHb 436 Patesnrcidrailow Rage of the NRZI signal, the

17.  The method of claim 4, wherein 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
15 pulse of the erase pattern is a low level.

18.  The method of claim 1, wherein a ratio of the time for which a high
level of a multi-pulse lasts to the time for which a low level of the multi-pulse lass
is 1:1.
20
19.  The method of claim 4, wherein a ratio of the time for which a high
level of a multi-pulse lasts to the time for which a low level of the multi-pulse lass
is 1:1.

25 20. The method of claim 18, wherein the time for which the high level
lasts is 1/2 of a clock cycle.

21. The method of claim 1, wherein a ratio of the time for which the
high level of the multi-pulse lasts to the time for which the low level of the

30 multi-pulse lasts is m:n.

22. The method of claim 4, wherein a ratio of the time for which the
high level of the multi-pulse lasts to the time for which the low level of the

multi-pulse lasts is m:n.
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time for which the first pulse constituting the erase pattern lasts is increased to 15 more th
The method of claim 26, wherein a unit pulse constituting the erase pattern has a high lev

level which are controlled according to the time for which the first pulse constituting the recording

waveform lasts. 20 28. The method of claim 1, wherein the recording pattern comprises a multi-pulse.
29. The method of claim 4, wherein the recording pattern comprises a 25 multi-pulse. 30. The method

of claim 29, wherein the2cordiRg patbadidsiaimebsvRsehbinetan 6. 2mark is formed using

10

15

20

25

a first level of predetermined NRZI data and in step (b), and a space is formed
using a second level of the NRZI data.

24. The method of claim 4, wherein in step (a), a mark is formed using
a first level of predetermined NRZ| data and in step (b), and a space is formed
using a second level of the NRZI data.

25.  The method of claim 24, wherein a recording waveform comprises
cooling pulses and the erase pattern comprises a portion of the cooling pulses.

26. The method of claim 25, wherein if an ending point of the cooling
pulse is smaller or greater than 0.5T from a trailing edge of the NRZI signal, the
time for which the first pulse constituting the erase pattern lasts is increased to
more than 0.5T.

27.  The method of claim 26, wherein a unit pulse constituting the
erase pattern has a high level and a low level which are controlled according to

the time for which the first pulse constituting the recording waveform lasts.

28. The method of claim 1, wherein the recording pattern comprises a
multi-pulse.

29. The method of claim 4, wherein the recording pattern comprises a
multi-pulse.

30. The method of claim 29, wherein the recording pattern has at

least two power levels.

24

n 0.5T. 27.
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