METHOD AND APPARATUS FOR RECORDING DATA ON OPTICAL RECORDING MEDIUM
BACKGROUND OF THE INVENTION 5 1. Field of the Invention The present invention relates to a
method and apparatus for recording data on an optical recording medium, and more particularly, to a
method and apparatus MET{O D iny Diigks ARETSIGORNGECOARING DAY GNADXRTIC Adescription of

the Related Art 10 When recording data on anﬁggﬁﬁ&wmium such as an optical disc, a mark
is formed in a track formed in the optical disc. A mark is tormed 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 like when a ghasecshangerestiisip ARRase eRange layer, which is changed
to 15 be crystalline or amor|p_hous depending on the temperature and coats a recording layer. Data
recording metfiods include APk BHJBWRR B ing method and mark position recording method in view of
signal detection. In the markhegsitiomtrecertiog roeteedy thenathplitude ap adeiectedreadiaifrgquency (RF)
signal is 20 changed it] i ive/positive i iti r rk is recorded. In
the mark edge recoréén?é’qrjnﬁeﬁo%%(ﬁag%%%fﬁwgﬁ%%bﬁtgﬁaﬁﬁé%gr@%s?l 2&%&%@% §n55
positive/negative to megatwieptuitivecstiftecigiie slaf Qmankimhasnarsampoeanted @seurately record the

edges of the mark top improygsthegalitief reppsadueed signal. 25 However, by observing the trailing
edge of a mark recorded orgva disc coated with a phase _char%e Ia\H/er according to a conventional
§ e

recording method, it can b&'SEBHRAAARE SRR IRPHTAHK A4 RHRGADRh PR3k or the
distance between maliks, & enathesléngibdbincaspadeiokmether tivorgsicdhdisrailiognedge isrwigenthan the

leading edge of the mayic,hieh dearades e A Lecordinglippiodypna sharmsRses. The gelatively

long length of the mark further degrades recording/reproducing characteristics due to therma

accumulation. FIG. 1ATSHORE pecbraftgral ettt abcs iRghad\cdnVertional/RAM and the

like when 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
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recording method. Referring to FIG. 1A, there are various recording waveforms 1 for recording Non
Return to Zero Inverted (NRZI) data. A first recording waveform (a) is for DVD-RAM. Recording
waveforms (b) and (c) are for DVD-RW. T represents a cycle of a reference clock signal. According to
mark edge recordingiotheduglirgved o ¥Rz daleis reconded UBDY daaiksramdithedowing level of NRZI
data |s"recorded usmﬁa%%cr(rans.(éb\ Iréagoorrglg% _‘ﬁ?\f\ﬁfﬁ’ﬁg u?&ﬂ fql\r,a\r/e &rr%lsngg?ﬁlhaen c[)(k IS, qglled "a recording
pattern”, and a recording wavetorm used for ormmg?ﬁe s;?ace (%rasm e mark)1s called "an erase

pattern”. Conventioridy FeEdidirigrarieetorims ayl¢b)f anef¢cyrre dach sigade dfenuidple tposes. The
power level of each %Hlj@rjécﬁ?&m%'ﬁ%md?ﬂ\é%é?%?@ﬁ@&al@ﬁ%'&écm%%e%lﬁw BlaRO2n P RRB- As

shown in section E, the power of the erase pattern is maintained to be a uniform predetermined DC level.

Since the erase pattéhEHdiNtRd FARSCERENRBHEINR SBRHRTY WhRIBINIS R RAMEESs 2 uniform DC
level for a predetermiaestdimeifeatot abaulicd <2000 s epptinaotishhapphesb toiagoetespanding area.

Thus, if the mark is J[? ég%pqg%wl%glgﬁ é)cfetigg%h 5@3@}1{}5@%%‘?‘3@@%&@? Bgﬁg%,thereof is
(

distorted. As a result,? e recordingfreproducin Ics’are remarka egraded. In particular,

the cycle T of the refefsreaitdnek rsigpiaing rsariednss(ahdrb corditsy aersaghanadmebmydiotity for
recording a large amouatof dataRila Aiss IBCEeRRS AR A ESHito IBBQFIRGE RO NG Ehakacteristics

are much 20 more degraded when thermal interference between pulses constituting a recording
avetorm is iibrenseh e Bo TRl s O BHAGES B rim RS RS ol H 63 £ FeRoraing
medium. Referring task@BtdirBdatdok @ uaitrack petieeeopiicad PECording medium is composed of a

groove and a land. To recogd 25 predelenmined faa, o 1 ARisalvesRIANgMady g 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 efasediRtritRAIe. arui prEalthds @ (e R eHeIfAN TS §8iRg v MO MO in which
adjacent tracks or adiagentimarksnasasffapiiedtiG doBdivstates @ sacthad:ofreeoring predetermined

data by 30 forming ek o B R P A A A e S 3 S TR o 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



phenomenon easily occurs. FIG. 1 C 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 2 in FIG. 1 C, previously-formed marks may also be affected by applying
too much heat whendfenaingppedeatershiriechreanissiiffergatseberslifgtativefasmsiagedsseddor different
kinds of discs, i.e., %\éa'%ﬁr%\'\ﬁf Dr\rﬁPRV\r/é C?er%grthle ”}f?ﬁ 'I}les is because the characteristics of 5 recording
layers are different from each other. PHa Use of different recording waveforms for different discs becomes
a problem when manufactupifigrérivescdot ngovrdigraraeniabkindslieaist simisisfisisesalse drives that
can read all kinds ofsijgemahpuia realize yasiaus iecordingaamelosmmashinerrasssrcosts. 10
SUMMARY OF THE INVENTION To solve the above-described problems, it is a first object of the present
invention to provide SEARSHHE 8K S PR AEEedr FRBbRaY UaRE: uShy Uz erBE IR VARSI RS which is
capable of preventingdeatingsaind ditiirgadges micbmadnapkolsem béing distafest and piréanting
degradation caused by fepeaed Jagoring iz 8;speonc Apiseplde present inypaliop o arpvide a
method and apparatus for recording data using a recording wavefeorm%avmg an erase pattern which is
capable of improving<th@ssHapecefsaenistke 20 ¢ Ya@ouireeopjdduol tefpraxsenthipientmnesprovide a
method and apparaiys;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 0apparatus for generating erase pulses based on information about the power 25 level of
the erase pulses. It is a fifth object of the Be8éiRYeDioNHE PMOWENE BDiMethod and apparatus for

controlling the power level ¢f prege IR 2(REERUSF IR LY AHASHRLEEPIAL g Laar

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.



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 erasegawel enelhd Jhe enarkrandrthel spacriare tegordedagnondingito a run

length limited schemeh(SZ 10), It js preferable that the, mark is recorded using. a first level of
prodtermingd NRZ G e 2ol 1 o A L L O L e B e Rz data. 5
The above objects caredetachiesedNby bamethedlofce corairmydiatasing? ssseraingveleditira. Digital data
whose channel is mogulated is-genertedaiSenerated is a recording waveform having an erase pattern

including a predetermlnedf)ulse hawgt%a high level which is higher than an erase power level and
having a low Iével which is [SR&EPHEINE L2 BrsIEVer RYAkE B ErRsdi R E81RiRG o a first
level data of the digitalcdedingmaesihane Dagealfaunedaseoctingto i3 sechnaideMel glatarafdie digital data

using the generated degarding waveloion ihe deysl nformatien. Woengsnoraiipg the digial data, level

information of an erase pulse recorded on‘the optical recording medium is rea when generating
the 15 recording waREfonie! ThHBast ases paeetndacigie e thaligene e &bt dinG Wav NN is formed by

an erase pulse genejajedbased er bipievaldnipimaiiopwd g eveldiicealianeidie efmsapulse is input
from a user. The method is performed based onﬁ%%lq% run Ien%jth_limi ed scheme or a %1,7) run length
I

limited schem@. 20 I8¢ SPEIGARECH AR RNE 3 AP (ISLD e BRLEPRSRRASs a low level of
the erase pattern anébtheepawverrdvgltofadastpillsecdtitite efdse dugtierais ashightevgntrigqareferable

that the power level ?%@%Fgﬂf\”%%frm%netwﬁ%ﬁéﬁtﬁﬁ@a (mgh level of the erase pattern and the power
of the eras

level of a last pulse e pattern is a high level or the power level of a first pulse of the 25 erase
pattern is a low level of the ¥f88E paitRid aadtheipttepiaviavst Biashasigreirasase pattern is a low

level or the power leygt@tadiest Pdep@dhRcording medium 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.



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 formestoing avfivstdeveinoferedetaiminedRZhdate antseheispace is formed

using a second level of the NRZI dqta. 4 Tﬁe reclordingl wav%form includes co Iingcpullses and the erase
. ComPI’ISGS ah;])or 10N, of the oomﬂ,p ses..lfanen mg&om 0 Fh oqlin Pu se
pattern comprises a portion of the cooling pulses. it ‘an ending point of the cooling pulse” Is'smaller or

greater than 0.5T fromsineadiny eceeasfttiee NRZ (fignalireiéndradgeophiiedN Hidé sigstapulze igoastituting the
erase pattern lasts isfé?f(i\?ﬁ%ﬁ?ﬁet‘ﬁr@?ﬁsé 1asilang this eraferabie inples woihpigerpstiting the

erase pattern has a high level and a low level which are controlled according to the time for which the
first pulse con%titutiﬁﬁafﬂg'%-lz:ording waveform lasts. The recording pattern includes a multi-pulse. It is
preferable that the 10 recoidingrplaitesiz hias atueasitive goweilibvelscloachieve théabavegbbjects,

there is provided an pRRRIBIYS [Qf, |E%%?6ﬂ%?§w§?é%8ﬁn%’ﬂe%?ﬁ&ﬁé(&ﬁ%%%: # Mg R ﬁ%"ﬁr%?tus

includes a recording waveform generator and a pickup uni ere g waveform  generator
generates a recordin@easfosHiltiadititp dacsrasroprtaivintlasing a 15 multi-pulse. The pickup unit

radiates light onto the Opticﬁhéer‘é‘é@'tﬂgﬂﬁﬂ@ﬁ‘ irReGaEdingiQihiq.aenaraiadrsaringwayeform to form a
mark or a space. The apparatus further includes a(gower information management unit which reads

pulse level infrmatidRCEF Y S HARB A 18T R Df5tiRal recording medium and provides it to
the recording waveform geferatbiedhthe2ebreaootiegtsyavefeimpyevidratanggnenates the recording

waveform having the. e(gas NS RSN R RS RIRERaRechap s lexcl nfarmpation of the erase

8
pattern. The power information management unit m e the pulse level information of the erase

pattern from a user dREPFHENETY EOtHe FRROIPIA Wed &6k PgeNerdtit recording waveform

generator generates a recording 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.



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 BRIETHIDE SEAIPMONE BOHPIRAN AL diates light onto the optical
recording medium or receiv%s Iggg\r/ Iigh.t Eef\élect %J\r/%matlhgsogft'& %I r(raecsoerrqm me IdiHrvnvm'IE)rée Servo circuit
servo-controls the motor and the opﬁcaqjﬁeaoa e laser driver drives alaser installed on he optical
head. 5 BRIEF DESCRIP RIDN @ yHEISRANINGsiaher elieoies! ebjeotdrapatadheireigedof the present
invention will become.imare apparentaydesgrking idstaibpreferred embodiments thereof with

reference to the attached drawmg;s, in which: 5 FIG. 1A is a view of recording waveforms according to a
conventional method; FIGS!G: BRIV EUR (REYE BOKAE BT g IR WK PHPAPEHREEl recording
medium; FIGS. 2A an@2Bdre block diagrams of recording apparatuses according 10 to preferred

s oo ica RS R LS,

waveforms generatetE®§ dgeasdig waveform generator 2; 15 FIG. 5 is another example of a recording

waveform generated by the-|tesopding yvayeferBlogrRAgIaMS df kec & ding Misatnavelarmaigyplaining
four types of erase patterns according.to a preferred embodiment of the present invention; FIG. 7 is a

view of more Skampl@5t'&§q%4H- MBS B1ol 9658 Y BRI 10 are views of shapes of marks
recorded through simulatidiCR G\ drddtBBaghekaaptegragatis alLisyratng toedbina cqgteristics of

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 AgInSbTe 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




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 GeSbTe recording layer, respectively; and FIGS. 22A and 22B are flowcharts

illustrating recording methodsre3taftecopaingrtodusefposichenmbotimeptssehitheveresenivimpention.

DETAILED DESCRIIé’éI’IOrl\Ie FI Tl_clalfaullN\{tﬁ'\rn;‘le(r)eNn C6 I;lem(ian f,[taerh ref(raé\r,\%g eSmbodiments of the present
invention will be described in cpegal With reference to the attac eéj grawmas'. FIGS. 2A and 2B are block

diagrams of recording appdr&iSs@4\ accorbince wogrefiassanehaib oelintding apphpreseachaveingon. .
Referring to FIG. 2Adhe Sdesarding-apparalys ihisBdonms 2 mark HsRasy iR ee9rddata on an optical

recording medium 200, includes a pickup unit 1, a recording waveform generator 2, and a channel
modulator 3. The ch&RFREPHIS ARSI mMBAIHAILE TSR IS RAG RIS &Gt 8N e Rbcording
waveform generator 2 i slifpgp iestivith 20t imatioesabplektireub@ chansebhitrgequesicerand erase powers

Pb, and Pb2 and gerg1 W%%ﬁoq* Ee%%rcgligngh veqf%lr(g&]‘%rt(gggording the channel bit sequence. The generated
recording waveform-ncludes ah erase pattern having erase mulit-pulses. The recording waveform will

be described in detail later. TR piskad nARUIAaH AtBedigates At UiHiaisptcarfechirling SRedans200

according to the gengrateskipapigling LR RIS R aomalk Wi isRAsmtRRTeRINe R FIG. 2B, the
recording apparatus, which forms a mark or a space to record data on the optical recording. medium 200,

includes a pickup urita"EHOUGHEHG WA EIOrREGERPARSE 2 oo Hithhrref IHGHUIGIBISS, AHF Y OWer
information managementfonit 4or2@ ddiei ot a&mneh anoellzEiteard uaockilaies mgpudrdadd tecarchhannel bit

sequence. The pongLRRAHENMANGEmEnLUpl 4 98 BIRCDAINR ARUS SRS ARNSHR P01 and

Pb2 from the optical recor 00 or receives
waveform will be described in detail later. The pickup unit 1 radiates light onto

the optical recording medium 200 according to the 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 Pp¢ 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 Pz and generates a
recording waveform for recording the channel bit sequence based on
information about the erase powers Py and Pyo. 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



information from the outside. The recording waveform generator 2 is supplied with information about 25
the channel bit sequence and the erase powers Pb1l and Pb2 and generates a recording waveform for
recording the channel bit sequence based on information about the erase powers Pbl and Pb2. The
generated recordingim@veformdneludeseat sragerpattensaviigesraseimupi-pidsesinoe reegrding
waveform will be described in d%talﬂélﬁazet@g/ Thae §(|]ckup nit 1 radliges IH%ht onto 30 thesolgtlcal recording

. (e.J., arange o based on'information apout the erase power nd
medium 200 accordi g% the g%ne ?écor Ing Wavetornt to form a mark or-a spacek.’ﬁe power

information managerent Neit A upeefoniestesenforaracerdiy ant e rasintp preidetenmined test data
(random data or pre%ﬁ%ﬂgdarﬁ'@ﬁ@)t@bQ%&Siﬁcﬁ‘{&lﬂ&fsﬂ(‘&élprgﬁﬁhﬁ‘ﬁ%g dingHRediyme209 4t Rredetermined

value 7 intervals (e.g.,.a value of 3 - 4 % of a level value) within a predetermined range (e.g., a range of
20%) based off inforf4HEH HpBif tREPEARR BONEROBESHE PP CRELIMIR ORISR WaEN
management unit 4 sglects: dptimavecondiensamsngdhente stoadditivrso(simuconshitarsintevhich a jitter

valueis 5 minimum,ﬂg erégg%ﬁbg@%z%meh@iggﬁg;aggpgegree of modulation is maximum, and the like)

based on the test results, an ptimum conditions to the recording waveform generator 2.
FIGS. 3A and 3B are exampleSralized By tie pxaotaieR) /apperatisése speaiaing FResatsemnd 2B,

respectively. Elemenigdhatiaedis samp@siossoddiell GRerdbntnthsBare-desarbed widzdhe same
numerals, and thus their detailed des&riptions are omitted. Referrin%léo FIG. 3A, the recording apparatus

includes a pickup unit £/ edd/liff R ABRTHT YFLI4IB SAHG AP OGS A he pickup unit 1
has a motor 11, a sedetadduied@|@ivapticabhetddl 3, and a laser driver 14. The 15 motor 11 rotates an

a1 e e ot SR SERE SO A A AU A e o0l
disc 200. The laser ERRAEA 1Y BiRVELEMBRIYFRSAGIR) aristaneel ieneadptizallheaickap PR thannel
modulator 3 modulatessiBpHb@ata) t a&harnelkit sesieps&al head 13, and a laser driver 14. The
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 NRZ| data based on
information about erase powers Py1 and Ppz 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.



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 Pb, and Pb2
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 waveferohfiermeimaids racsiaae vinghedzpti cabrecatdmpimediuwmnc200.

Referring to FIG. 38 {he eeardina spparatus, nglides apickup init - adecqrding payelorm generator 2,
a channel modulator 3,"and’a power information manhagement unit 4. The pickup unit'T includes a motor
11, a servo circuit 1nfarmgptcaiibedcescapeieiaser driddtoi 4eqhdanctotnelapiatescan8doptical

recording medium 20l 397 SIFEY AL FBRRSN RIS R BURLRIRL LT RDFEISARYSah i 3. The

optical head 13 radiates laser light onto the optical disc 200 and receives laser light reflected from the
optical disc 200. ThelBRPIARGHCIF GRS FREENGURYREIM H<eiEon e prtanisst 93. 8 The
channel modulator 3thaodtdatesinpaib catthtoachannettBegueres antppotpids NidZheaieeThe power

information manageryd%rgrumgrdf{rgeag%kﬁé%@a{ion about erase powers Pbl and Pb2 recorded on the
optical recording medium or receives the information from the outside. The recording waveform 5

generator 2 generates a re¢ofdlingphvavedorh toniedeitim@seREsiaatH based s tereoiisfoemation about the

erase powers Pbl anghizhe and pravidesdiitothedasss vy ddilathepiskyp unit 1. The laser driver 14
controls the laser using the received recor%in% waveform to form a mark or a space on the optical disc

200. 10 FIGS' %A through ¢ e EkEIpHIa G G RiME IR RHEFR YRAYAYEL B HE @ ding
waveform generator 12y theFi€soddniNv2peiises geearatesiaty Fob rédoindiagalseark éonardstary N periods

of a reference clock %gp &E'@?@@I@fh#ﬁrbﬁ?ﬁb@%ﬁ#&% &e %quegifgs)%%g%?%?{iﬁ 'pg a space for

erasing the existing mark for t rbitrary N perio e reference cl . IG. 4B, N-1
pulses are necessary6g¢ETardihty tROMaHOIPeFHtRRPPESPRTIDES TeaPERIERE FePReCEIHK signal of

integers 2 - 14, and Nrdspiy3RS xR tingeRasany tak aenataling spase fPieasiBadbelsxisiiggamark for the
arbitrary In FIG. 4B, N-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 NRZ| 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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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 Geppade,favesasingrike estingmatitsfon eyt asydNDretiods eifdhe

reference clock signal so that the .nﬁ asition, of [#.rlto e of reqording pulses_correspends to the end
portion of a second c%‘g arpaf Se’ and-” hgl?ass,?t'%%g rc])af‘}'t § %@Oggfdﬁr%%u%gso Hgﬁ%‘s‘?&o%%%%o the end portion
of NRZI. Referring td\e\Gmh&! NREZD deitaheadies!ideperiditg yaste meeliiation’ maethdchofithe channel

modulator 3. In other ke draase W apke R AkGAlanis osKsckiR R Lengidirgited (RLU) (2, 10)

data, i.e., the minimum Iengt of a mark is 3T and the maximum length of the mark is 11 T according to
Eight to 30 foutteen Ridddtdtion (EFM), Eight to fourteen Modulation plus (EFM+), D(8-15), and Dual
modulation (?). Here, D(8-18héhdomoidylatioghhstbiost puiisted initli@ptiaad BiscaReeoediigvilystem of

25GB C ity" b ida in. Opti : , lation is discl dinK
patent Appiication, NodSa205 ) H RACRes B Ree e e e RSB B ) Restrant
Capability, Modulatidhah8 DeraedansibrMétieodrane Préieiodardaoni nappipangs1avingh (@@ iled on 30
September, 1999 angypublishes @B ailiPuBheloe8rdidheanRrlicant ghthe piesentrinvention. The

minimum recording mark isi_ZT and the maximum recording mark is 8T when using 5 RLL(1,7). When
forming a high%evel of NRZIfafSGRAEANS RAHFRTArG CIBRPREEPIARUE R SEBHETRE relddt S5 Waveform
includes a recording ttemidarise cardings ad wiaxko hiaeisgqu terngth 0 Ay ain erase pattefimfor forming a

havi I d ing: - i : i | T.10 Th
spac Taung 2 e LT, S AreBRSRIEE BNSBERHITR D B LR DL AT 10T

he erase” pattern is also composed of a pulse

sequence as shown TRUEBHGTEE MRS SRipreisastL B REtBEol AN paldea copRYRItFES fdY8Edrding
pattern. Here, the mylhRedsesrepsasapbaiieast tRg RUSSTWhOSeawidtde ARl RAWIEr sitteagibtare

identical. In th1i5? embgu Isrgec%tns-l’;m?r% t 'g-l;éc-:rolpdlrr? E)eaﬁtee%sf al'\é\{igetgrggctarr]]?slt Sé[ 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 Py1 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 NRZI 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



15 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 whent&R7Zrdataisisyiichedk ianmlpw levghtof B TerehteondgainpaCeshema first pulse
constituting the recopéiicno? dqr?ttcrenrgrgtg%ﬁ 'F]slfsp1affects the ﬁower Igvel Pf the erahse atter_r Iq &ther words,
e )

! . N . I . L 4A.
as shown, if Tsfp is greater than e mulm%rtﬁslst,ea}rr]]é lded inthe rléssgsp%ltt%rrq is ended 4t the low

level Pb1 and subsequentH@m@r@rtg’Et@qéﬁigww\e@pnbmaﬁermammb@.are gopiraswhitTsfp is
smaller than 0.5T, the,mili-BuiR iRcdadin iNe REasRe Raties dsandad 2l & ievy syst & dand

subsequent Tsfp maintains the [ow level Pbl of the multi-pulse. Referring to FIG. 4B, two recording
pattern examples ar&SSREARY WAL OFSIRY SERIGRAEVE D REEALRA iR d PHA KRR RRB0IBvel with a
space, the recordindewa\vedom inoledespreeonding gattegrafepsesaraing aa neatkhal81y ardldength of

7T, an erase pattern for formi Vi n [ recording a
mark having a Iengthr% oﬁﬁﬂﬁﬁ%@ﬁﬁﬁ%&%@ %aqa ﬁ{lﬁ ev@%@ﬂ?\lﬁg{] @/%%z%rfa%%gr% %Frc];\z/{/?@\ﬁ/' | with a
space, the recording2 WaVdRehdhtiddedadaratibraimg et a fowlevet ity asPeR. hawivg A dryth of 7T,

an erase pattern for {pAQRGA SRARRHAVIBELAIBHBHRI B TordRd AdREIFGKLLRRIEEANRGtFesPrding a
mark having a length of 2T. The number of pulses in the recording mark section is 1 more than the

number of puides showrPih EES BRI BN 1Y B RSRRS S {IRY Rt BrainY hattein W AIEL Sshown:
when forming a highpleiehdbNieZddatg svittaek mark @adentpiv dezel witle aspdee ofheulSereisording

o anate neu e (A RELGHEY A0 g RMAEY A A IRIS ALTE AR GsTHR o

forming a space having a lengt T, and a recording pattern for recording a k'having a length of
2T; and when formingUtal HRfS I8g8l HENRZPaaE Withes A aifdrAJotAeléNVRRAE S PRI, the recording
waveform includes agggpygling pattern for recording a mark having a length of 10 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
5T The numb&r of pulses Ieg?%hs shows anot%er recordﬁwgpwaveform generate% %y tﬁe recordlﬂg

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
20 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

25 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 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
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more than the number of pulses shown in FIG. 4A in the recording mark section, but 1 less than the
number of pulses shown in FIG. 4A in the space mark section. 15 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 V\dthaem&rara@dm oy Hreumlw'ktearmm thew@emdmgawewefoﬁndadludm a

recording pattern for recording a m avm th of erase atter for space having
P Pp coréer‘g raalaalhs eIo tlsﬂt% FP u.w]%a\ eD

a length of 5T, and a recorgln attern or mark having ale recording
pattern is composed of a phlée Sdg@eriee. df eareseenpiaterxpigiales tomposedbt@grIRRisEtuence as

shown in section G. E&Brdﬁ"@rfbs§ﬁ¥~%f%ﬁf’é9t€h%@dm+é|ﬁreﬂlﬁ% cRAslLne e reserdinagatiae. The

multi-pulse represents at least one pulse whose width and power strength are 25 identical. In this
embodiment, Pmp is® & SAREBRHESR AL ARAH BF R B NhUI¥e LR fitbiRsg iRe I‘%té’ofr‘lﬂﬁg pattern. Tcl
represents the time fgpedich &I—K}ijlhmpw;;eilaﬁﬁd Theltodtinghperisecrpages tyverdhedecanding pattern

and the erase patter tituti pattern. In
this embodiment, Teﬁ%ﬂs@ ég{?qsp?ﬂe%}%ts‘%hgg? acpf %\ﬁ?g rrlgtéﬁbqbﬁn BP#'%E I@%t (F % el;s%?\fvltched
from low level to hig®i@véisicod! poirprneifieiing firstgsasserediestitstrity théorévoleinty yritterrrstarts. Tsfp

affects the power |e¥9b§ééf‘u‘érﬂr@%@%iﬂfppu%@tﬁﬁ‘é WO dgads rﬁbﬁMﬂhléfeTééﬁéﬁtw ﬁét@fe #1as.5T, the
multi-pulse included in the erase 'pattern IS enied r'%the low level Pbiand su bseﬂ 1}Tsf starts at the

high level Pb2°In coRfHA&T &d 34tk 057 RO WRIHR TN 96 SHR 5 dase pattern is
ended at the low levedirioand sighslegaeht; Iefihmaiatainsuthieolose lei®| Hblroptbsentaltpulse. FIG. 6 is a

o o e B R B A e

present invention. R err| L'%to FI erase pattern according to t resent ifivention 18 classified
into four types: (a) LA #&) FP%?W#I@!%'I@'ﬁLEmE%dﬁ‘%}a%@WéW@ ﬁid?ﬁé%%ﬁfﬁ@”@lﬁbl@ for easy

identification of the déffesenees Ak Ididepasaptaidhab e mowaid abvrfissispulaeGenstitisgng the erase
pattern is equ1a5I o th%g?x\{ejlen\é%l aR[tt)ILefh?gh level Py, of the erase multi-pulse. (c) HL represents that
the power of a first pulse constituting the erase pattern is equal to the high level
Pp2 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
Py1 of a subsequent erase multi-pulse, the last erase multi-pulse constituting
the erase pattern is ended at the low level Py1, 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 Pyo lasts and for which the low level Py of an erase multi-pulse

12



subsequent erase multi-pulse, the last erase multi-pulse constituting the erase 10 pattern is ended at the
low level Pbl, and power level of subsequent Tsfp is equal to the high level Pb2 of the erase multi-pulse.
(b) HH represents that the power of a first pulse constituting the erase pattern is equal to the high level

Pb2 of a subsequentsrgse molti-pldss, tthertart erase tmalti- @mlge wwﬁtutimgeth&grer@m Pattgrn is ended
at the high level Pb2 andré%\éel BT F’uglsse%onsht %frp is 15 né%n f tm%hﬁevelsz ohthe erase
multi-pulse. (c) HL represents% tI the power ofa ﬂrs?plﬁ)lse consti %U he erase Bat{ern IS equal to the
high level Pb2 of a shbseyuert!étadesisul-pursenthedastierayegidti- Hm@vabmmaﬁrvgryhe erase

patern is ended at the higvigyel RodnachlirdeyekebRGIaUSIbALEn hosRbinthcdloulael P o

the erase multi-pulse. Finally, ﬁd ) LL represents 20 that power of a first pulse constjtuting the erase
pattern is equal to loRAHE TV BBy @f&%&%@&ﬁéﬁfjéﬁ%%tmﬂhd%@é L YL RSO R fPulse
constituting the erasenpattervissandedaicthesionde\«ltRbtrineh|eugbaff sibseqaettinmpfpus theaintained at

the low level Pbl of t?@g@gﬁﬁtmghg}ggf%g gﬁgpﬁ) %?a?k ﬂ]ﬁ of’%%gfgp Q\f‘éﬁo?% g\g]n |£\/FI}(9%( 4A through

6, the 25 level of Tc st pulse o Ing wavetorm Is eqU tot eve
recording pulse, but AeagRak A RErRrRITRRE IBORIS/AlIacMeYENetEs | hetitedinh@ fRigh level of the

recording pulse and fpgdnghlevsl eiibiersrase Rulrsy B ﬁ@hﬂ‘ﬂ%@@s@%@m@ﬁ%é’k@) &1, shown in
FIG. 6. Referrlng to FIG, 307, 5])3 LH2 is identical to %é LH of FIG. 6 tth ?ﬁibe time Templ for

which the high levellPB2%5H 1 EP5Se IRANE-BUINA 2JARERARY dRe Bgﬁ)dq P e Pemp2, for
which the low level Riglitasts |aen0. TMandi@i3d foe spectiviethadrieHSids aie*.becdmulEaDtOKIaL)d,H of FIG. 6

except that the time I I 0 an erase
multi-pulse 12 lasts, {IE%;P QAPJIW%&E@ oé} %%Yﬁlrﬁgicgrﬁét %évéf%ﬁga‘wmg?ﬁgégﬁbz o%mthe erase
multi-pulse constﬂutﬂ@%ﬁ@ﬁé@dﬂ%@l&f%@ﬂﬁf@ﬂ%ﬁ?ﬁétﬁpﬁm%m@ﬁ% low level Pbl lasts, is m:n (m
and n are integers). This valygrmaiovias¥o lve iesysing wavefosmeaccarding ladhepoesepdvention has

an erase S Paterm I B R B DS M Dl v Se G AL ety £P)

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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and Pb2 so as to reduce distortion of the trailing edge of a mark and improve the reproduction
characteristic of the mark. In particular, the recording waveforms described in previous embodiments are
formed by controlling the times for which the high level Pb1 and the low level Pb2 of the erase
multi-pulse last, i.e., difbthest kighingdynaesintplineiwithinesofangeonbh@s2sigRansd witheglock period T to
select a lasting time sueigasblre for tggﬂmﬁécr@@%%ig,g%n(g rkl)e gli\;,l%i%ooa H_ihHSle tgevg?gggqipr%waveforms
greatly reduce distortion of the tral Ing ec?g of'a mark. an n¥1prove the re%rod’uctlon Characteristic of the
mark. Information abengestisiypadyfeisdcpatierive Ghifomuatiopsabouatysedndu® érageoiige levels Pbl
and Pb2) may be recojdaddn areadqin degind ot an seeRrAaRIR Hise umay £8 indudptharheader

information in a wobble signal. Thus, when recording data, the recording apparatus reads information

about the type or Ie\?ef‘?ﬂofﬁﬁgr‘é‘%'édﬂlﬂgéfvfm% REGEEIRTIIRSIoHAOPEE- WBBBR SR MBF I8 Geherate a
corresponding regor@ﬁmmmﬁwm _soa‘:tsr@dﬁwnmempkammh ana30ospaged. Four types of erase patterns
may be used as sings for r%ﬁ?@é‘r‘f&ﬁ%F%?e?eﬁig%?ﬂqéa&(géeoﬁta}n‘?) Seoh kL %jfé)é glafiphen

recording/reproducing data. For exam e signs'can say Information ﬁ Sc using an LH type erase

pattern has a speed faeeoiest FTOOURH Foolstkm vistienpase nesbrdirfdivepredurag thsosiongfefour types
of erase patterns, lexely@lies elihelerasespulaparriecasderd i aae rep@duced 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%'6f the erase pulse level). A corresponding recording waveform is generated from these 30
results to form a maiK anid &)space. Here, there are several methods of determining optimized recording

conditions: measuring jitter to select the |c Itlons under_which a jitter becomes|min ;
o sl elale Do Ter PR R Ve Yo S HOISES iayer
O ga

measuring bit error cta conaftion-wnere-biterrorrate SmmimuiT, - aeadcin

condition where resollfiié#iiga valu€ Bbtaineddp diliRg an ampfiidelialue of 88e31@2shartestSighal by an
amplitude value of tHenlcigest sigreatris maximamn measuring4madulation (a valwe obtained mywdividinz a
high level value of the

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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longest signal by a low level value of the longest signal) to deduce a recording condition where
modulation is maximum; and measuring asymmetry to deduce 5 a recording condition within a
predetermined standard. In the test method, a random pattern or a predetermined pattern may be used.
To ascertain effects of the present invention, the shapes of marks recorded through simulation were
observed. A structurfru%?dé' the simulation is shown in table 1. A used disc has a four-layer structure.
10 [Table 1] Substrn_n%m ectric layerRecording layerDielectric layerReflective layer
MaterialPCZnS-SiQ2Sb-Te euldatmznh S-SiO2Ag |alloy AaigKness0.6mm C28nm3kdnm 16KV3ONK) The
simulation was performed under the conditions of a wavelengthgof 405nm, a numerical aperture NA of
0.65, and a linear v.alocny of % -'ST|8 5 ob_serve tté. Iaza;psfoqé&?rl<s: ? fg%ﬂggfrr havAlngO?OI nt;h.? 8T
was recorded and OT oI Was trecoraet SO asS to overap 41 O tne
first mark. FIGS. 8 nhml%ﬁ}‘\Tﬂ')e&ﬁ@ﬁUQHﬁrVS@ntq 0 r‘ﬂ)rﬁ%ring Marks when 112@@ a cohvenfidi¥fYecor ing
waveform and marksSthéa esiagia (aoordimgusyaveldnd accdtdifg to the preEnt inventio).(060 8 (a) is a
mark formed 20 through simulafipgydb) is a mark fogmed on the)mark (a) by aggcording wayefaim
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 wat@RIFAVIRR Ain Epaiee pritéihsherdrdiny Gtiepiegght thilesiivbe and (f) is

25 a mark fornged onsthe, Matks (@A RYPeQsoHing WarR @ MRauRg dRC ekarenp iR @Reording to the
prior art. FIG. 10 (g) is a mark formed through simulation, ghl) represents the mark (g) after it has been

erased by the erase 'FHH 8 &BFGiIRGHE ThACHPLS LG MEHRIGS CahE (B TEBtSSEIRLGHE MIGREW) after it
has been erased by the D& lefasecpatieynghcier ding taitretpaiotiar tr 30nHadalg 2 Shbwethike arameters of a

thin film used for Sin%m@&@%@%&%%%%@m% 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

Ao

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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[Table 2] MaterialA=405nm C J/cm3k K W/cmK nk ZnS-Si02 2.3000.0002.0550.0058 Sbh-Te eutectic
(crystal)1.6503.1501.2850.0060 Sb-Te eutectic (amorphous)2.9002.9501.2850.0060 Ag
alloy0.1702.0702.4500.2000 Referring to the simulation results shown in FIGS. 8 through 10, it can be 5

seen that a trailing edge of h@. mark (ahtbmeddy jikerrecargingivirveiocardiayingtteneriasg pattern
according to the present in;gention is similar_in shape v&l?h the matrrof%rrqg% dthrou%}etqre ﬁimuelgtion than the
ase

trailing edge of the n?é’r\ﬁe(rc \'}’oarrr]r?eaclpt?ﬁﬁ% TERAE ir?g Waverdrm hawﬁg the DC apa erng&cording to

the prior art. In FIG.@dttsdn ékoseen ehaerhevsieapss asfingadingedgesofaieensaiking fifenesesby the erase
pattern according to yégmsent 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 inveention is im[ﬁ@/%d”?yaﬂ%& SRS RAMEPIRRATIRT MARRG S & AR FAtETRL8Mposed of
an erase multi-pulseesostipged wibe shiape oRafthricgrudatitonal Mmardk) Theisbaped widthi ang) power

level of the erase mégrﬂ-é)tﬁzggﬁgﬁ fgﬁ%n&gk&ﬁ)aﬁﬁh% gﬁg&we&mgéﬁ&p{ot%s%g pf the mark.

To experimentally v e present invehtion, para essary for obtaining
recording waveform$agesnewhMrFlGFafara s anathsaxstriprime lanadpblvéradiisll were obtained from

4.7GB DVD-RAM ang:4, 26RO R lises Hsing BRYRefimates having Ay \alenath of 650nm

and a NA of 0.60. Next, reﬁeated recording/reproducing characteristics were colm ar ;fpwith
recording/rept8duciny CRArHRE & ds Bid 9 ARG G TR Y. 38 12 (9u§ 18 Atk graphs
showing the charactefisticsiaf & DV PiBAMafaESisiidsthrough 13 show recording characteristic data

according 25 to time Changxer?w%kgﬁ%eﬂ%ﬁﬂgd-rﬁgﬂw\é’ﬂ%‘r‘éE%?%WHW a@]ﬁgg}@b@%@%ng an

existing DC erase pattern. In F rough 137 power condftions used for testing't rasing

process are Pw=14.5%fn/iEsl tog dyes, obg2sa Barn angehaxBigralbtained parameters and

then the characteristics of the mark were 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,
APb (Pb2-Pb1)=2.0mW. Powers Py1 and Py have the following relationship
with a recording condition Pe: Pc<Pb1<Pe, Pe<Pb2<Pw. Here, if Py is to0
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 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
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

16



15 FIG. 11 (a) and (b) show jitter characteristics according to the writing power Pw and an erase power
Pe with respect to the leading 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 DGoarrserpaitenny Kefefirimeteriitg td BI@) 1 6 kiacwlite) maks Hee ddagal asidgb), when
Tsfp is 0.5T and O.4T, respectively, with respect to DC erase patterns of NRZI data having lengths of
above 3T and AT, tha M B ee s T DE e DR bt excellent
10 When Tlp is 0.7T, the jittéEEharaicteristicatareegisaph andothie ¥ Ahecc b Hieldsigins of Kalatiei\to the jitter

characteristics. A mark was-fermned ugingthegesiding wavefenar Aavingithe.previoysingdgscribed four

types of erase pattern based on the obtained [)arameters and then the characteristics of the mark were

measured. Thé meallfe§728aRE areOE SIS WERS ST AN ChaWeiip BHAAQERUER L the four types
of erase patterns shemisdpdit&nGrdeteDVig-RWFEBcl4r(&)Gtcan hesegnithat cdihe tororiyipes, LH is

the most excellent. ring recordi ISt rding to the resent
invention as shown Yéqﬁ%ﬁgfﬁ&ygﬁgruggﬁﬁg%g%%%%&v@‘lﬁé%%' %%ggeglmﬂ%%%gé)gﬁw and
Pc=3.2mW were obtBimt OMEYe araPe<PB2Pbl)=2.0mW. Powers Pbi and Pb2 have the following

relationship with a recordingegnégiandAer foenyRRdwrjifng dharabiedskwaddei@ny Rihis krgingiuch lower
than Pe, a recording mark iﬁ not com%etely erased. If Pb2 is too erﬂigh higher than Pe, another recording

mark is creatdd wheRYESNY HE a3 BANTE nrark WARRS PP AR Hetatalidting 9% production
signal. Thus, it is prefetalalh thédd2bdis gneeteribar@SHgenwithadspeot tarRexatidgPDE srasmaller than
1.5*Pe with respect &S’a%&n'_:le' 14 (b) shows jitter characteristics with respect to the difference APb
(Pb2-Pbl) between the high level and the low level of an erase multi-pulse 30 when a mark is erased
using an erase pattern compésed 6k EF a5 iaRilbuBe R Ean WEseeReig thefittev¥Raritteristics are

hardly changed up existing DC erase pattern. Referring to FIGS. 17 and 18, it is preferable 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, Ppo=6.5mW, Py1=5.5mW, and Pc=0.5mW were obtained. Here,
the difference between Py and Ppois 1.0mW, i.e., APb (Ppo-Ppi)=1.0mW.
Powers Py and P2 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 Pp1is

30 too much lower than Pe, the recording mark is not completely erased. If Py 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 Py is greater than 0.7*Pe with respect to Pe and Py is
smaller than 1.3*Pe with respect to Pe.

17



to 5mW. FIG. 15 shows jitter characteristics when repeatedly recording and reproducing marks using a
recording pulse having an erase pattern according 16 to the present invention. Referring to FIG. 15, since
the marks are erased using an erase multi-pulse, repeated recording characteristics of the mark are

good. FIGS. 16 through 20 sttergrieplasisheundagdhe ehmiatiet stios ekpadDtR¥iffeiE el Brbrough 18
show recording charggteristic . data according to 5 time changes of power and Tsfp when erasing a mark
g an existing DO SR T o & BYb e e e A A DS RN coon hax
power conditions use&thas esssidatih fomiie DX grasief pParsiy ane PRESEH Ohitag, erRee6.0mW, are

Pe=0.5mW. FIGS. 1) 04 B ahau e shacasierisdsaceoariade feuiingdfuneuer Pw and
in

erase power Pe with respect to the lea edge, trailing edge, and both edges of a mark when erasing
the mark using an eX{iRG P8 468 HRERROEFSE W7 ZRAME 8hdW Yoy ARSHIEaSH &S WRen erasing a
mark using an existing ddireyase paiteng. ddaténong to FIGS. 17 and 18, it is preferable that 15 Ttop is

1.2T and 1.45T with respect Eg %Qﬁoa’%ﬁm&lgﬁgg‘é éﬂs%% %%éﬁggqvfggt(g@%&ggmly. It is preferable

that Tlp, which is the last p_ufse constituting a recording pattern, is goo ( Tle is good at 1.0T
and 1.1T. A mark wa§Forfhed esieglecred eralatwalnerériRItading B eorevioasiy-a@sesribaiéefour types of

erase patterns baseq. Qb thpoRsaines: 2R Rarsalalsrs anddien the-Teprasiucing shasastaristics of the

mark were measured. The measured results are e&ﬁéollows. FIG. 19 shows é‘%E[)ter characteristics of the four

types of erasépatterHSCEHBRM MRS BSPLISIAAY o HRES 1811 RHIF B Lo BrPRAECOEHE B types, HH
is the most excellentchilenenstasuwinger ecniding ghadadtenstics acconding rte @5litheeahigtdhachdf the

Sy (L T SR e A

(Pb2-Pbl)=1.0mW. PekfelsiPBA4AIUSE HalR bR INIGARI FerishepirRit dede tamgresatition Pe

invention when the mark is repeatedly recorded 1000 times, 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 Py and Pyzis recorded on an optical recording medium and a drive
reads information about the erase powers Py1 and Ppo. Thus, information about
the erase powers Pyy and Pz 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 Py2 is not recorded, information about the erase powers
Pp1 and Pp2 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<_Pb2<_Pw. If Pbl is 30 too much lower
than Pe, the recording mark is not completely 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, Mdspiefatable thanPlehip greates tram/Qidf BewitraespestiecRatwnrd Pb2 is
smaller than 1.3*Pe with rescoect to Pe. 17 ittﬁr F@g?cteristigs ca}n be v9fk1’itc?r%ned with res g% toa

difference APb (Pb2- ul?rf:)é/t\?/reee%qtlﬁat-:! nlé evel and the low I8vel'of an erase tu {YHS Se when erasing

the mark using an era§@gatierd ltetepuswdiofain @ rmEomelthsuisesadegiding titied prasiegtinvention.
Since the jitter charagtRisfics:s e, -egrdedahavee 3RV &Ny waesglected as

the recording/reproducing condition. FIG. 20 shovg%gtter characteristics obtained when repeatedly
recording/repréducing iChERIRG K Fddr Ay et FReumy 'gH B M B At 9 By e present
invention. Referring torddésp@feit canbeseertibajubligiotththe pradkdseraspdusiagitbe erase

multi-pulse, the repe recordi racteristi > go owever e recording of
the mark is repeate§ %gerlgeeiﬁ)'an g%/ggé[?mﬂgéﬁ%t%)i%%?ﬁﬁggtgeaﬁ;%cz{a% 8%%%%%28&&%%% Q‘It]%%%s it is
advantageous to us@aWiiBEerade Metioeraceritfihgr tavthéspresént Thvestion ieHempriaiaas is
repeatedly recorded JQfQ HB¥gsn WhiRb ka2 gb@aniaedde hanResiina MR Wb diss of iesabove

experiments used the EFM+ modulation method of the DVD format. In a case where other modulation
methods genéfally uSEFForeHIBIV EFETY A FOES P M AR LAY eRIAPE, HMB898) BRkal modulation,
and the like, are addptes, ttheersaonéingsuliskdan cifsontie eltsened:2h FGE 21 ard hBtare graphs

showing nucleation fmgpggﬁbg aﬁ%’% rpg&l%%eﬁ&qg rq'lgto temperatures of an AginSbTe
C i . ;

recording layer and a e recording layer, respectively. As shown in FIGS. 4A through 7, in the

present invention, the eras&PEWEIOR® FoFtSelate it fisece greataretdnahes stasypsRer Pe and
the erase power PbZismatignihan-thegiaseusd AQNRtA e o othelcworish dhenaragr powers are

controlled ac%%rdingtté)rr;[ggrature 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 18083.

Referring to FIG. 22B, the recording apparatus receives data from the
outside, modulates it, generates NRZI data, and obtains information about
erase powers Ppyand Ppz in step 2201. In step 2202, a recording waveform
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characteristics of the recording layers. Also, information about the erase powers Pbl and Pb2 is recorded
on an optical recording medium 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 30
generating erase pulsesnthdhe casepatiamopicakiecaddingamediiidonaitichb the ieeasepower Pbl or
Pb2 is not recorded, information about the erase powers. Pbl and Pb2 can be.input fram the outside and
used as reference inP(S’rVrvﬁeéﬁ?)gﬁfgp %%uﬁégma?gr%'g%p%%gsfo{@?gg?gr?ﬁegigﬁjgagi'%\qctg?nperatures of
crystal growth rate agéntuialegtiepofdsrflieargiare énatEi?88. AginSbTe recording layer which is mainly
used in DVD-RW. The temperaisiaatisBorion of heissasa degipa i hish ssaring igagnded becomes

higher than the temperature of a portion of the erase region in 5 which erasing starts due to thermal
accumulation When SSHY Fﬁéﬁ? RGP BE YR BAWEF ALY HRYRT R GRIHES G iHBSG 8 pRBGuction
signal may be degradedmiddwerrerndmtheipresentiinyentienmtispessible tossettpuleeaerase powers Pb2
and Pbl where cryst i | ..Here u ortion o region
where erasing startsﬁéﬁmegé%ﬁg%%ﬁea?ﬁ 8?&?&'?] rée%nlggln% v%lﬁe}’r%g%@ég%%rﬁda? B:%r% rt'kl)a(ﬁ rrT‘r‘?{%;’Fi‘(rifzei}ined to be
almost identical. Thilse th@pecOrtifgnaiHrkAS arfewhIjhermsadd wWhicipredies pidvisecteriaiadofmprove the
quality of the reprodugti Gh-SkOREH. H%EIfﬁP'Hé‘\QeEP FIG. 2B, in the GeSbTe recording layer which is mainly
used in DVD-RAM, the temperature of crystal growth rate is higher than the 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 Pb2. 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

20



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. Inwtep E802ingetegording waveform having an erase pattern containing an erase
multi-pulse is generated. A1mark g\o or'(s&gra e i§ forrg&%gd%n t@a ;Qi(?’r? a2r98 %ngréggr Ieneratglcl recording
waveform in step 1803. Referring Po . 5@%

5. e recording apparatus receives atd from the outside,
modulates it, generatee dRZIalas;nerishtains information about erase powers Pbl and Pb2 in step

2201. In step 2202, a recorg]i(&w@ygwmégrhpgm%q@ggmgm' graied hagsdpn information

about the erase powers Pbl and Pb2. A mark or space is formed on the disc 200 using the generated
recording waveéform (4R PSR LALSEHINEH dbEve MH!H AtRo@™ehd apparatus for recording data 5
according to the present inggsitiouy, anieéordithtrayejotrortanherepeedtheshipg nafdumark from being

distorted due to thermal icrieyece and teial AGsUNaLA bedwesn 2diagenl magks when recording

the marks and improve the shape ofthe mark. Asar e recording/reproducing characteristics of
the mark can be improved. 20 What is claimed is: 1. An apparatus for recording data on an optical

recording medium, the apparatusrgarappiagistofRIRFHINgrWaMaTesm SaesaIYfRE geRaTatinga recording
waveform 5 having an erase pattern including a mu|tl-p\L/l|£e' and a,glckm1 unit for radiating light onto the

optical recordig meBIARRIZERBRHINY (S HhEAGE PSR IR Héfﬁﬂ“\ﬁﬂ Bi8HN T B ARk or a space. 2.
The apparatus of claisrdrdietthetiosmiising copbmwe Medirmatanprbidiegn adethentaaitifog reading pulse
level information of t%&é%%%%%m%@tggcorded on the optical recording medium and providing it to the

recording
wherein the recording waveform generator generates the recording

waveform having the erase pattern including the multi-pulse based on the level

15 information of the erase pattern.

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.
20
4. The apparatus of claim 3, wherein the power information
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
25 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

generator.

5. The apparatus of claim 1, further comprising a channel modulator
30 for modulating a channel of data provided from the outside to generate NRZI
data and outputting NRZI data to the recording waveform generator.

6. The apparatus of claim 1, wherein the pickup unit comprises:
a motor for rotating the optical recording medium;
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waveform generator, wherein the recording waveform generator generates the recording waveform
having the erase pattern including the multi-pulse based on the level 15 information of the erase pattern.
3. The apparatus of claim 2, wherein the power information management unit receives the pulse level
information of the erase patiepffeanhaadser antlprayidgs drio the tetotdingsvavefoistgenerator. 20 4.
The apparatus of cla}rré 3mvr\]/h 5§in w%tprowggtérg?rrgnaﬂ%non,gagp ey ng urr]}]i(ta Iﬁ%@rms recording and
erasing testes for pre%e?ernﬁnede{esq data in & test area of the opctlca recor INng medium at
predetermined value intenzagsviriiicaipredetermirnsdrednge tssd it hevedtintdmmatoanst the 25
erase pulse and selects optjmug) eApgitigPaRfitheteslrandiirsdasedente dasults of the tests, and
provides the conditions to the recording waveform generator. 5. The apparatus of claim 1, further
comprising a channel modulator 30 for modulating a channel of data provided from the outside to
generate NRZI data and outputting NRZI data to the recording waveform generator. 6. The apparatus of
claim 1, wherein the pickup unit comprises: a motor for rotating the optical recording medium; 21 an
optical head for radiating light onto the optical recording medium or receiving laser light reflected from the
optical recording medium; a servo circuit for servo-controlling the motor and the optical head; and a laser
driver for driving a laser installed on the optical head. 5 22
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