;ede@@ | v" 6" THWVETHOD AND APPARATUS FOR RECORDI NG DATA ON OPTI CAL
RECORDI NG MEDIUM 5 1. Field of the Invention The present invention relates
to a method and apparatus for recording 10 15 data on an optical recording

medium and nore particularly, to a nmethod and apparatus for recording
digital data by METHO@MMRPAHI-‘&TUS&QB@EGQQDIMG DATArONtOBRTIGAL: he

Rel ated Art Wen recording data o di ng nedi um such as an
optical disc, a mark is forned m@@?@%”ﬁe@ﬁm t he opti cal mmm
mark is for rred as a pit of aread only disc such as a CDROVI a mm"m’m’m
the like. Amark is formed on a recordabl e disc such as *159150+
DVD- R RW/RAM and the |ike wBAf : H JENT IOf a phase change

| ayer, which js Chﬁ@gle(gft}'gég stal I i neor am)rpous dependi ng on the

t enper at¥re ahd coa | ayer. Data recordi ng nethods include a

mar k edge recor di mMphépkdbemht mnaan%laws A mewsdtdrinaprRaiud o8 réBoldmsg | n

view of signal detection. In the mark position recordi ng nethod, the
anpl i tude of datasnean @at@%{d%ormregqﬁ@ﬁiwn(m mRorgrRarticyla Yo metheshand

Focoraed. |1 e Ry BERRGIRORAGHal efa b} AP A L ORI it 2. oo rr

signal is chahged Desrrnmnaldfltheﬂw@ﬁeﬂim to negatl ve/ positive at the edges
of a mark) Thus ta t. to accurat cord élhe edges of the mark

Lo fnprsbe t ne quaeD reFoRing frieoh 88 AhtGaEctorRg aee 85 Gnieplios
trailing edgeyig Rniak Is foRRBANEE tRIEkIoFhEE nr?ﬂ?éé&udﬁlﬁifscaﬁhﬁa?ﬁ@fb?ﬁﬁfdé yer

according to a conventional recording nmethod, it can be seen that ape
of the mark daepofia readionly disagush@s a RE-MOM, s DVR QM and the hke wdemark

i derthan 1 18 o A & RsaRisbRE Bo, s S D AR DN R/ RAM aRifiRe'

recor di ng/ r epikedMisénng phage ahhAge Dctas in Enphass eihangd layken rwmble ethamded fre
mar k further degrades recor di ng/ rei)rodum ngachar acteristics due to thernal

accunul 3% i on.befstallifesprABoF the tempsraliieRRd caatédhvent i onal
recordi ng ”Etrjtéegrdﬁi FI ng to FIG 1 A, there are various recording

wavef or s or re Non Return to Zero Inverted (NRZI) data. A first
recordi ng vvaveforrﬁ)afa)recerd‘img W@MMCIUR&@mm@d@/@bordmg mﬁthaddar(dc) are

mark edge 1 ecBR it rd6 riksiba h VRWES G Tal Hedectot Thde ot PR,
and the |ow Sreb@mg nfetwlthdah@made etardé@ebtaalraauosmmcymm@grwm

rk is called "a recording pattern”, and a

wavef orm used for recordi nﬁ E R
recor di 89 wavatenggddera postive Hye i%@egﬁﬁwp?%m‘é% ithg PogRIoRaWRSTE @ matk ed
‘an erase patu&“r‘ Ebrd déé?é’éc% H?Jd’&ﬁ@ﬁhgﬁlntudé’bfa%?e&éej ar e

each made of t| p e puﬁ{% he power eac 'se 1s contro
to have one dRFfSlgmaI ISenYangedIer ppelake/ruelganv@lxznegam@p@sutuva;atsnhm/edges of

ot edet o m ned® BTk oyogs: PRl B acd e kb Bl Brtf i o'

conventi onal |mw&tn@mmt)ﬂam@p@du§e@@gmd at a uniformDC | evel for a
predeterm ned tine, heat of bout 200C i s conti nuouysl qﬁ%qlll ed to a
correspdndi ng ar ediowayer, by ﬁ@’"?ﬁam@ trailing edge of aoar "%’I PMya @isct i mes,

the mark is gc‘:cgig Wﬂh%r'ﬂ'lé@cﬂ@éﬁa&@ﬁé@ﬁrdln@aﬂ'ﬁagﬁ\yﬁgmnélsrég:o"r@'ﬁti't the

recording/re uci ng characteristics are rerar grade
particul ar, thethogciteam bef seemethatther shape of tbeknankgiapends m’etﬂv@dedgﬂisoftthe

ding d t d | | t t of dat
on s di s | nopeitu R e odedhbdins ey FipEDaltEoTh sBRe EERRL MRS, o
muich 2o nor e ifewaARReddesiB Wil thah the leidiy éag@obmefmark WHigle8e§RitRisithet | ng

a

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 waveformis increased. FIGS. 1 B and 1 C show t he shapes of marks
formed on an optical recording nmedium Referring to FIGS. 1 Band 1 C, a
track of the optical recording nmediumis conposed of a groove and a | and.
To record 2s predeterm ned data on the optical recording nmedium nmarks are
fornmed on or érasedrding MontRetyro by Eermtnveited (NRE!) datav Arfirstrdcasdingbeam

Ths heat - may “EYERETE NS R Vor38M SR bAsRRITR ) BRECE) BEAT t r acks
or adj acent npwRWe Tfdprei@ts dtyele bf B reldrendd aloek signa! Meeofding 26 PhAIKNY
predeterm ned data by 30 form ng mar ks on both the groove and the™l and

wher e the Theedge renasdisionthephigh oh NRdidaja isciegosdedusingmarks|angsthedows a

most ot Foal FREBPTRGT dBH & Rakds® RERGBrols oD A BN FPa Y
occurs. HOV\BVﬁécordjih?tthé narklie éakéw ven récording gatiern’} dad @vevoraing walietomd
mar ks nmay al so be arfected by applying too nmuch heat when formn

pr edet er ni nedused k& formingdhespacederasing theamariorissalied “ar @@S%Pageﬂﬂ‘"er ent

ki nds of disc ' : rgéM | 4 LS .t.he

characteristi @gnggﬁtéor}dig%%r | n& ‘ngbe@ﬁgﬁéﬂcgw%gpe ?a{ggaagac%&%ﬁﬁ@m'%e

\l/.lvﬁe of di ;ferpulsesed@eobovg?wlevelfaﬂeachfmﬂzeiis‘¢ca1tm1l|e|ciotEshaa/ehw?e)gﬁfmm Ieveﬁﬁl em
en manufacturin rives r_recordi ng data.on i nds iscs. This is

because 8ri vegpﬁﬁg’t Wanba @5_8 P S‘Qisi'@ﬁb'f‘ sgetien E?%PSWP&Q??%@%P@%@"

recor ding vV igRainb h6 Beld\GARAAFBreRtbnindd RAMARY OF THE | NVENTI CN To

sol ve the abov escribed problens, it is a first obj :ect of the present
i nvention to provi 8ince theehase padermdpeiudeddn the conventionatregarding svavgfarm

cdges of 1o § MaERbE R arfEREE JPraloLy By iR e Pt s
by repeated rgeovGlis\epntinuouslyapitiedd actyresspontiirid @repy. €Bieu, if theanaior t o
provi de a nmet hod and appar.at for ecorgl data usin recordi ng

wavef or tBhavi FRFOEHEEA P ab‘é(téﬁi"r"le% e g iggﬁﬁ(ﬁ dang %@W%Wﬂﬁ@%iﬁape of

a mark. 20 It giskorfed. A 4 r@SUIEGhe %cdgﬂﬁg%@?&ﬁﬂciﬂ@&ﬁé&%ﬁ%}iéﬁ%EFQYérﬂﬁ\rAlﬁabl% :
met hod and apparatus for recording data using a tecordi ng waveformwhich is
adapt abl e t o degliasledhdn pagicularether cycig T cfitbe reference closk signahis reducedas | t

is a fourth opject of t ese | nt i. revide_a nethod, a
apparatus. 1 or TsarepRind §eafhEaR et Ve Job Bl atefos Bt 8 fara e
2s level of thelisyinsrasel $esa résdult, secortirg/fepebdursing ehatditeristies et midatent i on
to provide a nethod and apﬁarat us for controlli ower | evel of

C ling the eve
pr edet ePRi nedMora segradessy @%thﬁ{F%ﬂmPge@P&%)e&Wg@B §fConRstikuting a
Accordi ngly, F&o%ﬁ%W&le?% ABA¥RaRBHect s) there is provided a method of so

recordi ng data on anh optical recording nedium GCenerated is a recording
wavef or m havi ng anFExQstB padtis ahowdheshages opmedks éarmeatkon polapdicahvi ng a

high Tevel whichrdifg MeGh. (RERMATY & ARSs PA¥Gha! A 18BR oP Y Otic' oW ! evel

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



which is |lower than the erase power level. 3 The mark and the space are
recorded according to a run length limted schene (2, 10). It is preferable
that the mark is recorded using a first |level of predeterm ned NRZI and the
space is recorded using a second | evel of the predeterm ned NRZI data. s
The above obj #rFiG.cd) previeablydordet yarksendnpdlsofbe affentdd by abplying foemuch
recording medium Digital, data whose channel is nodul ated is generated.
Generated is Be?te‘ﬂbﬁgffwg“ﬁﬂ@ﬁ%tﬁ{rﬁﬁ\ﬂdn@aaﬁ-erase pattern including a

predet er i ned pul SeyhauhiibcArding WevRYGHmALI 1sb 10K QEFerk IFHULEY GEESS choe"

| evel and having a low | evel ower than the erase power
Marks 1 o ar eDMD-R&MaDVE-BWiandthe Iike: sThisds becdaseathf chdractbrigticalof dat a

d for, di t d dat t.he digital dat
o g ¢ hE. genBC O RYTS drn GG Bofi SAEh ey cybe sh Of ieresk Sopding
generating t hﬁa%wnﬁg!foﬂamaeﬁtwds béecgﬁagja;@ab%m Whedl ﬁ%ﬁufﬁ&témgeagwgé’ed

on the optical recording nmediumis read. ), when generating
recor di ng wavisrseoordingdaiaasralpkinde of dises! uihisl is becausegdnveasdhaticar ceadialig

¥ or mt i on. - BSIoE SlcS PR Befeh YBréfR R hrting RaROMe. Wi Bremmes user.
The met hod i sepstsf or mred based on a (2, 10) run length limted schene or a

(1,7) run length limted schene. 20 It is preferable that the power |evel
of a firl8t pulse of the erase pattern is a low | evel of the erase pattern

and the power |evel of a |ast él'f#@@Aﬁ(( Qherlﬁel‘w%ﬁltﬁ\f” Is a high |evel.

It is preferable that the po of the erase pattern
is a high | evel of Tolselvertheebpeetdascribed problepes)stris laefirst objechof thet presbae of
the erase pattern.is ,a hi | ev r the power level of a first pul se of
the 2s erase PYEOUOMIQRY %q,megbgﬁagpq rafusdor b%qqfaﬂnﬁ daia "lsfﬂgpﬁower

level of a 'a.%tcopdihgwwtefdrhwmcﬁs@caeémerdi p?év%tin%}’l%%@iﬁ@'ar@ﬁréihﬁé@@?é of

l evel of a first pul'se of the erase pattern is a h Ievel o ase
pat t er n1and tamfyg\xmm being distorigd ana piayesting fdegrrdationseaysed: ky repeated | ow
level. It is %rcgﬁkﬁﬁ ble that a ratio of the time for which a high I evel of
a so nulti-puls asts to the tine for which a low level of the nulti-pulse

lass is 1:1, and thds aisseoficobjsict ohthehprelseghinventidn taptavidesa éthotl eandcl ock
cycle. The mark is foymed usi ngjaz first level, of ﬁredet%rm'ned NRZl data
and the spacedPRArf K repardigg tala Using @ ££RArding wWavelREn haying,an graserhe

recordi ng Wavﬁt%rﬁ‘\h}'lﬂéﬁ W@éﬁqéﬁ?@bf MprVirtEhe?dHapd & £ARFR Pattern conprises

a portion of € COo0 |ng_Uj) ses. |f an ending point of the cooling pulse is
smal | er 20r gr eat erltisathiol ghject efthe preaent invertingetogprovise alr@thed gndl , t he

time for whiclyblig,[dfohteddiing dais Bl HbbrbhG WAGSErRAHEH & haSbibleto

I ncreased 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.



5 than 0.5T. It is preferable that a unit pul se constituting the erase
pattern has a high level and a | ow | evel which are controlled according to
the tinme for which the first pulse constituting the recordi ng waveform

| asts. The recording pattern includes a nulti-pulse. It is preferable that
the io recordi ng paheenarkand tite $pacs atewecp atearding tota rure lengte liniited
above objects, there,issprovided an, a ratus for recqording data .qn an

opt1 cal T ecor SPIRTRGR TV 1P PrEleBBie BT HAR Mk & reEds Wby Suburteydor
gener at or andpgediéimtiRed NRZI ditetHee§PAcE RUevBHRIPHSIhG ASEcRS IeYENST fees_a

recordi ng wavef orm havi n%{ an erase pattern including a 15 nulti-pul se. The
pi ckup unit rpeadetesmingedNREdalat he optical recordi ng nedi um according to

further Pt udes. amiBaRovB IR ERs v AIBEERY £fehdd P footdig iRLR 4°
l'evel informatdcording rhédiuat. abRyitaatiaer Whoss ehdrfelds rhiddulaied isdjeneeariadi ng
medi um and provides it to the recordi ng wavef orm gener ator, e 2

recor di ng wavEeoemtgd it adeeprdiigwayetosm having 85 erasg PRiiee B'IQ'HCHEQ%ng t he
g . © 1EPSES T ! . f
The er hee. pat PlsHEteififsy pfsdiaying 8IS IR it s Bnefifin o oRidbORy 2
pﬁl se | evg! i Iefverar?d havingfa tolmeleeehvzvhic}m?'su@wer ﬂ}amhhg eratee ptammr:me\mlj cMar;ks to
t he recordi ng wavef orm generator., 2s I S r era a € appar at us
Further Pncl LB ORMBHASEBTTIRG oSt ekt el G0 alabtel datand 30aghS 6 o
provi ded fromgrRdudcdrdiRg t6 aditehatieviddta ¢t amapuéﬁtﬁsﬁr&'ﬁ ﬂgﬁéﬁatée

the recordi ng waveform generator. It is preferable that pic
i ncl udes a notesording waMefera ondae level sderoation.cuit, and a | aser driver. The

"ot onto the opt vip PeoBRffaahR g iR, 1EV8 iGfburBlio Bt ARAsPHIGE To
from the opti prlordexron theroptiealirocordiemeeivm is réadii Alste whencgetigrating the
notor and the optical head. The |l aser driver drives a |laser 1nstalled on

the optilBal heeggrding javeforpidereraseRaiterniineiucran tegsgenerated recleingt s and

advant ages of | ' | :1bin
et al T prelaveichms KinedWPah biholuise B8RerodBatednIng Mychibfinatisn "
drawi ngs i n whhe leves infordation okthe erasevpuiserisdoputi framweavsgror ns according to

formed on an opt1 cLfe ethogis pruifetasacEdfata Y1 Bh iR T el ars
of recording appa pinegtinioitedisebeheo to preferred enbodi nents of the

present invention; . . .
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 NRZ! data and
the space is formed using a second level of the NRZ| data.



FIGS. 3A and 3B are exanples realized by the recordi ng apparatus shown in

FI GS. 2A and 2B, respectively; FIGS 4A through 4C are exanpl es of recording
wavef orms generated by a recordi ng waveform generator 2; 15 FIG 5 is

anot her exanple of a recordi ng waveform generated by the recordi ng waveform

generator 2; FIG ®hesecondimywalefoareihclutdeseaoling pulses and they ersseqpattarms e
patterns according to a preferred enbodi pent of the present invention; FIG

7 is a view ofOmBFgeS A RAFIAohecopling pylsssn lfan m@ngaoirﬂ&fﬁn@soom BUSEgh
10 [ f : i i : ] .
through 15 ar B SRS dealdhifien ORFPHERTa LAIMERNGS SR ARD slagdhitnpiime ¢

t hrough 20 arforagvhicththe firstiptilsetdomgtitutingdhe esasepateinciasts is iscrEsBedRYd ntdreS.

21A and 2B are rag s illustrating nucleation and crystal growh rate
according to 'E"@f%‘p% tures of a AglnSbTe recording |ayer and a GeSbTe

recording layer, r gﬁﬁé&%ﬁild that20ufit E?ﬁe%sﬁﬂﬁinéztﬁe%rgséé nggghﬁﬁéé ahigh

Illustrating recor ods 30 acc ing to preferre I ments o
present i nvenlevehandiiow lex®! BEEbRreTrontrotied Aeeoldingtortheninge foriwnieh tiag fiest,

preferred enbodi nent s @E. the pres '
ipgdfiete

. nt invention will be described in detail
with refer encBUISE GORSt it W%‘ﬁéYéefgr’&Z‘?StﬁA and 2B are bl ock di agrans

of recording appar he§86ordPpattars ihcluBes bahlRicAEEO N iERRéRrabiettAst theesent
invention. Referring to FIG™ 2A, the s recording apparatus, which fornms a

mark or 18 paceracerding padetrnhas 6k least Sye power leuals.di ng medi um 200) i ncl udes a

pi ckup unit 1, ar r i f r ; ul ator 3.
The channel nodul a §%c§iérlvgc}ﬁ?\z§%ggé{8r¥g§#§6®%gé {%"”é’e’c%%@%%&‘éggﬂence. The
recor di ng wavefoordingela¢d sh@n éptical seqmytingcnedium.i Therapparatsancutesbe 1 o

channel bit sequence and_erase powers Pbi .gnd Ph d generates a recordin
wavef orm f or W'BQN@W"&H%&@OWQ §&3&&@'5Tﬁﬁe§§?@rﬂmgsw%f@ém ng ’

waveform i ncl i ' il A Fﬁgesﬁa?t rdi ng
wavef orm w | lﬁ%géggdgcgﬁr%gﬁe?ﬁé F(jengt? Ihgﬂét‘%;@rn‘jll'ﬁgwgp Ca}(rtg uni't 1e 'rﬁg'g‘f IQ?@? 4

light onso theulippulsel Thedieklimyniteadiataslight aptoihe epficad recardiggroediuml
Fecor ding appaf R ALY Gihg gebfEia IBideia et 1o TR AbBR O RashoR Che
optical recordi ng TheiappaRQ0s furthdrunidades pipowar information massgerdenounit
wavef orm generator 2, a channel dul.ator 3, and a power infqrmation
managerent . nAIcH.reads pHES IRV RIOTRBNGN & 116 o336 AAtETE tesardad odha aRyca
i or mat i on aRorag DMt MR B SR ef i peflofdr TThe
medi um 200 orreceuding s@vefrm generatar generates the secordingiwaveform 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.



The recordi ng waveform generator 2 is supplied with information about 2s
the channel bit sequence and the erase powers Pbl and Pb2 and generates a
recordi ng waveform for recording the channel bit sequence based on

i nformati on about the erase powers Pbi and Pb2. The generated recording
wavef ormincl udes an er asBRER BESCRRTION O EHEIDRAWINGSs. The recording

waveformw |t be described in detail |ater. The pickup unit 1 radiates
[Foht Conto 5o ¢ he SBeAbAVe abiRASRRY akvETRIoRe BJTFSENGnYeNtorR Wb Resamed
recording wavgfps %PPQrérﬁrbg‘cfe%ﬁbfﬁ hd’et?iPPFé?errEBgen?BWFn rit $hPR0Y With
managenent unit 4 Tirst perforns tests folf recording and erasing

pr edet er m nedrefergnceédo dhé attached drawings ipmddeit:er mi ned data) in a test area
of the ogtical rec kgl .medi um 200 a@. redet.erm ned val ue 7 intgrvalls
(e.q., advalue of BIG- IRigEMEN pErRaorqinBsVEIPtTHS Regordiing o &carventioadlge
(e.g., a ranggephod0% based on information about the erase powers Pbi and
Pb2. Next, the power information managenent unit 4 sel ects optimum

condi ti ons anong t K388 andrids areviewseofshapssmfimadssormediancan apticak er

value is 5 mni he.resolution is the highest, the degree of nobdul ation
IS maxi mum aﬁ?&%}]ﬁhgh{%gﬁbased on the test results, and provides the

opti mum condi t i onsFIES 3k ang 28 atedosiediabrarmis o regording appdratases Hdcarfing B
are exanples realized by the recordi ng apparatuses shown in FIGS. 2A and

2B, respecti vie grefarrechembadiments Hf the peesentdnvantioRose io in FIGS. 2A and 2B
are described with ' | [ptions

are omtted. Refer'?ﬁ%’ ?’ggﬁpg@%?éﬁrgarr%c%rag?%%ﬁgm%racﬁgln:aga u é{sdsg

pi ckup unit I1shawm écBlGS.2A and&B)respestivedit;or 2, and a channel nodul ator 3.

The pickup unit 1 tor 11, a servo, circuit 12 an pptical head 13,
and a | aser dri verpﬁs iﬁkﬁgroygg ‘}]%?5? eﬁ"‘P&ﬁSa?féscafﬁ%%WiaaﬁF&mssQe%@fedr%é
Servo circuitg jgedraingowawstbim génbhftoi or 11 and the optical head 13. The
optical head 13 radi ates | aser light onto the optical disc 200 and receives

| aser |itght refleckl&y & is@nather examplglof@ meopding waweforas genaratedbythedr i ves
a laser (not ' .optical head 13. The channel nodul ator
3 nodul at es i%%ﬁ@é%%@’?@%ﬁﬁ@%n sequence 20 and outputs Non Return
to Zero Inverted (INEZI§isdaview dftwaveformsierplaming foumypes ef etase gatgemner at es
a recording vvavef‘g,rm for r%(io%fi%‘\'r’}ﬁ BIRZI daftﬁ based aon ir}f ormati on about
erase powers FHHOTARG IRRPIEIRIT gdument o1dhe presetdoventiofer 14 in the

pi ckup unit 1. Theri@sek giewast mérecexdmples dfa) LAsfowtsineId.le recei ved
recording 2s waveformto forma mark or a space on the optical recording
nmedi um 200. Ref er rFHES.t&thrpugh 38 are yiewsebshanas elipparkstresorded thdewgln pi ckup
unit 1, a rec§m‘q‘ilé}%nwaveformgenerator 2, a channel nodulator 3, and a
power informali on nmahagenment unit 4. The pickup unit 1 includes a notor 11,
a servo circuit 12FIGS pthrewdh heade gBaphenitdustratimethedsharactetidticsToe notor 11
rotates an 30 oﬁ]%xm) recordi ng nmedi um 200. The servo circuit 12
servo- cont r ol 8VPh tor 11 and the optical head 13. The optical head 13
radiates |aser |i ghGDMethrdifgHPRd Bf@grapcilldgiPattiiheasHiriaerisacess | | ght
reflected fromthe optical disc 200. The |l aser driver 14 drives a | aser
(not sh&wn) iBYPaRWSd on the optical head 13.

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




8 The channel nodul ator 3 nodul ates input data to a channel bit sequence
and outputs NRZI data. The power information managenent unit 4 reads

i nformati on about erase powers Pbi and Pb2 recorded on the optical

recordi ng mediumor receives the information fromthe outside. The

recor di ng wavef or nHerginafterpoefelregiearabetimsertsof dioe gregenvawadntiom willrbe
recordi ng NRZI data based _on_bhe i nformation abl_ﬁ%; t he erase powers Pb~ and
Pb2 and provi 8@gcribediip daetail witgdeference fo the atiaghrd drawingSunit 1. The | aser

driver 14 control ' ' | r £arm
a Irr;rk or a spacesgFrld-'q%\ée'ézlc%)ip?'tEj iécEgt ’%’E’QEQW Eﬁn‘é‘?glr%g&rﬁi{% %%@gﬁfe%ée é%ogd'ha
exanpl es of rtrprefemgd embeidimentsoefitbegdresemyinvémrtiore cBetbrrigg \eVFGo2M, the
generator 2. In FIG 4A I\tl-2 pul ses are necessary for recordi n8 a mark for
arbitrar§ N pEOBIBOSPPATAS PBIGRIONNS A REFPEFE ofasgE dals On.an ahkeal 1
pul ses are negessdin rﬁ@diugﬁﬂgﬂljﬁ?ﬁlﬂaeé‘a%ﬂéﬁ@phﬁlﬂ 1?%\%&:8&1“?@9\/?2%“ ng mark

for the arbitrary peri ods e reference clock signal~ | G 4B,
N-1 pul ses ar gemerater;andiacharneliaodidgatared.mark for arbitrary N periods T

of a reference clo signal, of .integers 2 -14. a 1 | ses are necessar
for generating a sﬁﬁ%thB?e'Jﬁag‘i"ﬁt?’?frB%Qsélaé‘%sr W&“ﬂﬂ?{gw&hw%ﬁﬂiﬁ?ﬂ&fep% d
periods of thghgeéedraingewalaolmyesirto? 2 it Rapplié® withdnRPEiatibAablut thd i I st
one of recording pul seS corresponds to the end portion of a first clock

pul se. 1A FI Ghamnel bit srquepes abd espse pewessBryand Por akd ganawptes aaerording

bi t N ' . ' ' . d
N2 pulses ar BengRindoPlecbriifgihe BhBnfsiK sdd e, Pe Befidfied fecdiing’ NG
mark for a][ bi wlggefy)rm ipeludfeslancéras@pattefrehaving erbse mtﬂié-gma#ess gTrtéwédcdrhmg_end
osition of a first one of recording pulses cqrresponds. to the end portion
8f a second CYVBX?(%HDIV@E bg,ggqqqgeaéggegﬂllelaﬁa}r. tclﬁl_?@'ﬁﬁﬂ‘%wﬂdi r@glaggqsyglgponto
corresponds t el diiticaltbddfdihg Phedln BB ac&ﬂfdﬁiqtdqﬂwetgérlﬂrgte cO dat a

vari es dependi ng on the nodll ati on nmet hod of The channel nodulatof 3. In
ot her wobds, wavefosade fomeegnarkor @8pace.s nodul ated to Run Length Linited

RLL 2, 10) dat - Wl rke . e

i turn | engt h of ERETRd 16 o138 RebGMd aBha@iif S 1R ralor a
Modul ati on ( Espdce tbirebbrd dathas theeoptidatirdcarding médisim 260}hcluBes-alpickupnd
Dual nodul ati on i(’;% Her e, Dé8- 15% IS a rmgul ation pethod published in
"Optical Di scUmbdoR ieepydiagwayRTerm asagratapaccpanpg! meduiadel 3,ANG:R PeMerDat a
St or age (CDS) 'nf&ﬂ%ion%éﬁaqméhtaﬁﬁif)@. is disclosed in Korea Patent
Application . 99-42032, 1itled "Method O Arrangi ng RLL Code Havi ng

| nproved@0DC s  Rekhe ahannetapedulator 3 mogidatestinput data ioarebanhat bibsequearasd,

publ i shed on T4e REVER o asinstMafidopfint Ubftd RRad latofRafaR Bbout SSelrt o
The ni ni mum r pewedi Py andrfX,, ifton? Theaoptidah eecoringumeditmno 200y roveikes $h&T when

using 5 RLL(1,7). Wen formng, a high level of NRZI data with a mark and a
| ow | evel wi t'ﬁ‘@{ opdrom the PRSI’y ng wavef orm i ncl udes a recording pattern
g ganp

for recording a W&rﬂ%rﬁdraiagawémsmg%e?&or ais ShFSIRdRkHA ﬁ{farrﬁgﬁoﬁ apeLing 2

space having a | engt f 3T, and a récording pattern for recording a mark
havi ng &5l engthie aitandel bit sequenaecsand thengrasetnayersify @éptiie @ndgeneraigsse

R o A T T e B L
recordi ng patpfgrmativarabout tie erase powers Pyt and Ppo. 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
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mul ti-pul ses represent at |east one pul se whose wi dth and power strength
are identical. In this enbodinent, Tnp is 0.5T. Tlp represents a wi dth of
the last 15 pul se constituting the recording pattern. Tcl represents the
time for which a cooling pulse lasts. The cooling pul se ranges over the

recording patimswarn@.d.ha valrsef Pats & of a [evepvalap) asttin & predétdimirid hge
erase nulti-pulse constituting the erase pattern. In this enbodi nent, Tenp

is 0.5T. Tsfp(e-apecdangeiizf%)based emnfopaiinan ahewt theAragaf®wers i tasided

the recordi noP pacNert g BFer oMl narBal et Skt SEIGBIY SRR, ooe
pattern. |n ogheditiows dmongthehestcoriditiorss (.d.s conditibas in bicta fiter VaRie is

mul ti-pulse included in the erase pattern is ended at the |ow |evel Pb~ and
subsequeht TsMinigtm.tthedesellion g e Bigbpstpihe gegiagotmodulatiognds maximum,

contrast, if ' r h j Iy

crase 25 pat 474 MMy Pselior ey s End BroyiaBg s ob A FonaBoh T
t he | ow | evel thierecofdind evavefdrm gehemtorR2ferring to FIG 4B, two recording
attern exanples a h , n formng a high level of NRZI data with a
ar k- and a1 ow & evEGS) o andefl fee SmplstisAlfas bidbe révorina poppatises
recordi ng pat &gdyin iPFIGSC2A @B, r@%bécﬂn@r*{ng]g@g%%sgﬁggm Pk salme ¥3 tRb8s®

pattern for formng a space having a |engt a recording pattern
for recdodi nginaFld.RAand 28 arel desprivediwiimihessamemsimeraisyiang thukitheir| evel

of NRZI with Q. | e ith a space) the recording waveform

i ncl udes a re&%ﬁﬂ%&&gggrf@@ﬂ%%r ro\fﬁggg‘di ng a mark having a length of 7T, an
erase pattern for Referting teFERaBA, ihevieoording apparates irﬁ:Tudea:ku?qmiﬂi g 10
pattern for recording a nmark having a |l ength of 2T. The nunber of pulses in

t he recor di ngraeRFdNg Xaveim genengipre? ghanng|medulgtor}y| e pigkbRANItT
FIG 4A Ref ' : i :
when for ming oYL shp P 2o et Bpicalbeauid afuABsEFafld SLe
space, the 5 mebtarridi rajates\axf optioal disclRH: Bhe seniodtirayitpt? servo-¢antrols tloe di ng
k havi I th,qf 7T ttern faor formn havi
length of 3T M2l 1 s MewnipefRerd 15 (e palichl iéag 1 diateR atetgiont patey:
of 2T; and whge dplical digc 2001 01 tetelesdhsdifight deflettad fond thebstic) dist ooy
| evel with a space, the recordi ng waveform i ncludes a recording pattern for

t
recordi ng a nhnkaserdryen14 QFM@%gdﬂsqrdnﬂ'?h%\ﬁn)ai"éﬁleﬁaﬂﬂ teoptisal headitdy a
space having a le I : r " Kk
naving a1 ength of P crapnet malliiay sHREGALRR RAL & 15 BioreR Rl Bt BladorEy
pul ses ghown amd uiputsiMonRetten toedenod nvertedh (NRZD datan Thbuecdrdirgpwavbfomnt he

nb f pul ' in th k i G
Chove. anot her SRiBI A dhrisen iastobIaRRase rafderaliit Nt difa Bashn on
generator 2. iRefrAfatioRGbont Eldse powers ), had P.hand phoided R ¥ethedhsdfBHvedaisa

with a mark and a |low level wth a space, the recording waveformincludes a
recordi ng patindh@ PiduPWbt-di ng a nark having a length of 7T, an erase

pattern for form nendissepafubeyA Banfokang idkd sl 1ndidcBiveRteRaHdiGg Pat L ern
for recording 20 a nar aving a length o : e recording pattern is
conposedsof awpuvéfermde doremaanarkne &spaee pathepptital ratemingmediwd 200.a pul se
sequence as shown Ln _sectjo represents a wdth of a multi-pulse
constituting the r%‘éﬁ?."dﬁ‘%tf E'&ﬁ%@ﬁﬁefﬁ OGS FRRSH 'Pglb‘a@@n?'gklé? ”F‘Eés? one
pul se whose wedbRding aversm géneratir®, f éhatinel edtulstal 3, ARd blpswéanbodi nent ,
Tnp is 0.5T. Tlp represents a width of the last pulse constituting the

recordi ng pat inérmatipgimanrggesaentunitheThe pickupruniit theludessdomater pLiassenvast s.
The cooling p e r J r,n ern.
Tenp represen@t&’i f\g’?%[% hépg@&gﬁe%@zgég%%ﬂ ?Q%u seli’?ghsﬁ?ﬁ{()?%g ﬂoggge?sgéri
patter rlsaﬁl1 n tdﬂpbtﬁ:aﬂédréwdd ingmediﬁmandd.?Tlﬁb 5?'wo'E?ﬁcpitPemefﬁmbafmmpeinmﬁd1f rom
a point en NRZI data js swtche [.0 0 evel .to, hi evel to a point
when a first ¥ g@%ﬁ@l??@ﬁérg?hﬁgpp%@? e rﬁ'&’ﬁt@?ﬂ?sae?ggws‘?m?érﬁ%oﬁ’f'g@cts
t he power |ev t ﬂh?%ér fgépﬁ i i , T is
greater than %‘l%g?boﬁr:@ r%uf:ﬁ@??pu s?bﬁtnrc%ﬂ%ge iélm\tltﬁg%z)rﬂgggd%g? pg'r rT rfeslgééfied
at the | ow | edriverRididrives aslaisee (nodishomwn) installed en the oplicalihgadii8iel Pb2. In
contrast, if Tsfp is




11 smaller than 0.5T) the nulti-pulse included in the erase pattern is
ended at the | ow | evel Pbi and subsequent Tsfp maintains the |ow | evel Pbl
of the multi-pulse. FIG 6 is a view of waveforns for explaining four types
of erase patterns according to a preferred enbodi nent of the present

i nvention. ReferriTgechafémeod@atord mbaaht@@mp@t daiCied ehdrhdl ditlderuenesent
invention is classified into four types %a) LH, (b) HH (c) HL, and (d)
LL. Each eras@rt¢)autpén$1NFbZIr¢eataeJhﬁqnqwear ipfargasiongnasaggmentHeit #i readson of

const i Luti no. TiaTEbo AN FRIFRE Paiiets By 9P PREMEhyod foithbipul ABording

subsequent ergmegium ot re¢eiVesthe nhﬁ)rhmtnnefrmehmdutmd@um reeording Wamﬁrﬁe
erase 1o pattern is ended at the |ow | evel Pbi, and power | evel

subsequeht Ts§@neratas@.aenaratasa reraseinoayayerprn for rQQ%d'Bgég'azhﬁﬂﬁ bﬁﬁﬂds@n
b) HH t: t
pat torn 15 ool oG ENen ARoRE Il eRsaRAUe P SEh R biodiddih [ thefleR8E

the | ast erasmvaulttmmnhéwmmnﬂtlitutl ng the erase pattern is ended at t he
hi gh | evel Pb2, a of Sy t is.1 mai ntai ped at. the high
level P2 of the ofhe Besschvep f SEMtiGE npleberside e Fodriied fRocinar of o
first pul se t {]@&ea bR th J e hi gh | evel Pb2
of a subsequg\ﬁﬁéefpg@gbﬁgrr@?qgg se gﬁéé'?ast gro?gga dlFezbgul se constituting
t he erase pattern Flﬁ&rm%thraugtm@anewxamp@s aPrecorsing wavefozins| gasferated

Fimarly. (a) BLeSisrating by bRim e R 2 e AR N B3B8 PeRESHY. ne

erase patter nfor fecsiding d mdrlOMrtdrbltda?YN pENEdDbf & releherstleibtk gt of
mul ti-pul se, the | ast erase nulti se constituting the erase pattern is

ended at the inggaredet 14ANd b‘nblPP@%I”@F‘%Q%@B{J@F\Q‘*W@W"Q@ PRAGR Wrned at

waves Shown i SR/ aane SARTDTRENT hodt ey NrUSTRE rgtore ABPESEnE

t he recosdi ndnvieGe#8; N-1l puispsaretrecessatyi foh recmrdlngdhetmarl«fecarhitrag/ Nul se,

but h d te | evel f | | the high
Cevel ot the Ratassat Rt A TteRirton 5k slofalfif PloqstéiA — 2. 85 2BT WifFdaré) & O
shows ot her eﬁ(éﬁﬂé‘sﬁﬁ/ for géﬁérdthgsatgmbe for er&sin th@@&%‘hh ﬁﬁart(qutrfé aﬁﬁtra (e)

LH2 is identical to , .except that the |rre Tenmpt ,
whi ch the hi g‘Hneél@dSOIb tﬁfeterm@eeqlczpéﬂes'amltsa ﬂ&eﬁaﬂmﬁﬂ@ﬂmg’i fdfﬁéOperqfod

| ast d the d
O?CS%T,S) rgg pect i ve‘"ﬁrfg igﬁ @Eﬁ?ﬁ S gﬁg%{q de Q/PHE)Y' féjﬁéﬁh%%‘(augé (Easlngl>=<|cz’€'le_pfti "
that theoti rre40’,eN11 pilses ate nécaslsarytiog hed:cmtletg @biark ot arbitredy NoperiddsT of lae

|l ow | evel Pbl : T. He
of "the time TETsencs Slothidhi ohifReds 4 504 SRRV 2 dnes ae.tissary Rl 26
constituting gdiferamid aéphastor ertaguntgttaetaxmmjemna( fdbrarwmaﬁflwﬁétlddﬁ%ﬂtﬁée'

Pbl lasts, ismn (mand n are |nte%ers This val ue may var

recor di ng wavef&eReRElaskHignRl 56 thald Bresisipasition eha fisst %Ofdﬁcéw pylses

I
b, and Po. SoTeepBRaSISHTs B borR ot Shiahcl LBk RIS adihe B8t OB pRETT S
i mpr ove2s he rrepowting pulses coemeapomras & the erfd polttlomaoﬂNRZh part| cul ar, the

[ecor di ng uevelof e eagh LR 1A AU B TR R SR ez o
the erase mul rhbttml @rQhé BRARNé!- rﬁoduléterhQn dtheit wolls! I8 tase Whehe NR2ihidiaa
range of 0.25 - 0. of the clock period T to sel ect a | asting time

suitable for lsmmdkﬁateéﬁam&tleengih iLingited (Rikle) @, 40) dawa, i.eh ke mimigwunadengihng

f
Morove the raabalEE el ethekfu leddtf of i mabfisiraRorndle Eigiifo,
'Ifa)l;pes 8@% grzflsf@uﬂeﬁh Mdtﬂlléti?l{j((ﬁmﬁ)‘; IE(DghtabcﬁmmnéerpModu]!albnq:ﬂ@ %ﬂgﬁ? e%(aevs) S
i an may be recorded jn in.region of a recorda I sc or
may be incl uo%'lf}/ QE%@QQBE“PHKJ& ?F%@@ﬂ%' HBP@‘-'I@F'@rr\é”eth?ﬂlﬁ’é'bﬁ
recordi ng datypthPDIRINERGARIAIN DI Cadality" BRMRIIBOR Opi el qafge or

| evel of the erase pulse rom I'n reglon e Sl gha
generate a cdBtoeagn(@DSY ZO@doDuahgtodalwbonsrdmlmdtlo KoreaPaterHrAppﬂmdtlan 20

space. Four type n n u s,skngs f re nting

t he speed fac'%g'r&%aEggé g@d ﬁqtﬁ %fﬁga Qrmsé q?’g&&'&?rﬁ E?Z%(?oduci ng
data. For exanple, the signs can say information ' A di sc using an LH type
erase pattern has a speed factor of 20". 95 To obtain optim zed
recordi ng/ reproduci ng conditions for four types of erase patterns, |evel

val ues of the erase pulse are recorded in and reproduced froma
predeterm ned test area of the disc within a predeterm ned range (e.g., a
range of 20) in each predetermned unit (e.g., a unit of 3 - 4%of the



shortest signal by an anplitude value of the |ongest signal) is maxinmum
nmeasuri ng nodul ati on (a val ue obtained by dividing a high |evel val ue of
the I ongest signal by a low level value of the longest signal) to deduce a
recordi ng condition where nodul ation is maxi nunm and neasuring asynmetry to

deduce 5 a reReitralie Cupadility, Modtdilatibn ahdDerridalationadetict) datbembduligidrest

met hod, a random pattern or a predeterm ned pattern may be used. To

ascertain ef f Apparaus’ Nigh ‘é’@éﬁ'ﬂed AN Septenbey, éﬁ&%@@dcnun‘@hag ane2br ded

Shown i n- t abl BoYSMRE 20l e dorficah ofink tebatinkdntall Thelhdm,' )
SubstrateDi el ﬁéﬁdrdmglrﬁam&@qbam thé maxirpuel eeording Imak' iR whth\(&ing
er Mat eri al PCZnS- Si 02Sb- Te eut ecti cZnS- Si 02A

al | oThi cknessBMhR8nm 4nnd 6nBONm The sinul ati on was perforned under the

condi tions of a ""aV@r%?{‘Q)tnﬁb rﬂ_flgﬁ I@vef"o @rl'd%f’é wWRRH FidrE ah'éaogovpet%wﬁﬂd a

| i near velocity of serve e shapes of mark

having a | engarspabeﬁfﬁevvasondmg)mwfcandmchmmsaa mwdvmgrrmﬁerhdm regoadihgrzgt h
0, OV, 8 throu

20 show & he- r Bk navige BeRGtg - ARietes RS ion i iniEs msnace Siaving & naifing
wavef orm and gﬁs#s?m%ﬁaraeet%n@rgaﬁ@ﬁqbﬂré&mgeé Ralfk ﬁﬁ&?ﬁfgdé ruhgtu?g;r Ag present

i nventi on. formed 20 thiough sinul ation is a mark
formed do the mar k Theyeesrding paiterdiis gomposedrohaspuise sequence.t Tdeprasent

t k_f f
acoordi ng to PRSP GCpmbRTed BEa pufed Bdhiariba Y sFoll it FFBHINFS: FOPat 1 on.
(e) is a markrdppesarnts anwidiA M&tl@)swcﬁﬁlﬁﬂmgih@gewr‘d@ig)bmtéﬁw'Héreafi!he
erase pattern according to the present invention, and ( s 25 a mar

formed on t heMuii-RUiSES FeRr eﬁ%@d?@ﬁ‘r@“%\%@ﬁdﬂh@%‘#ﬂib a@d)mveera%téewhtaéen
according to ({gi)léﬂtl{?él' 9 tlﬁ&tem@oﬁneﬁg 'Krﬂ%) |é er | {pkregPéébg?‘ﬂs hh&ﬁ'tl’ggf Bhe last,

si mul at i on, repr esents e nmar een erase
erase paster npnlsecmodshtgtmg thmreqmr@lsgrpaﬂemnemci represents thé tmuqofoassﬂncls at he

k ft t h tt t he
ot or art - aocaclied s itk °ThE Shalle bliEeTapged Sl fia fefrdapatst and
si mul ati on f ofhetdiasaphtiama! Temp reélésen{sT@Wthif aMRirasé MU SondtRMIR<
/ cnrmkZnS- Si 022. 3000. 0002. 0550. 0058Sbh-Te eutectic

stal 1. 6503, 1501 @186 PBBUBLIMtbiSAMBeHIRentnbeTiIE 975 BodsirEPpreseass the e
alt 0. 1702 079§m4%88m?%%n bGQEHAtQQS%%&f\Ed%HH'I@'Ié%I('ij& h%l%v% P?‘?‘Eb)

FIGS. 8 throu a trai
formed hay thewhenarfdshwlsameﬁsmmlmmmgeadnémgrpﬁlenpstarts nTsfpcaﬁed:th\e o the
present I nvention

si mul ati on thBﬂw?hlé%?f‘i)ﬂ}‘?ﬁéa%egBéﬁ] Petltﬁgﬁ rYXO[‘%( Sl E)th'tﬁc%ﬂgs g&%ﬁﬁl ng

wavef or m havi {hantd18T Dehatpuist merume@qntmd efibe ;Qatté?rﬁ l@éh@éd at the lbw IE{/a 9,
it can be seen that the shape of | eading %e of the mark o fornmed by the

erase patternpacﬁf&wl}@qyéntwppﬁt@ﬁﬁf therﬂ'g e\ Pbsof)@let@!d"ﬂhlé!ﬁe In

contrast, if Tsfp is smaller than 0.5T, the multi-pulse included in the erase
25 pattern is ended at a low level P,y and subsequent Tsfp maintains the low level
Py 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
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that of the | eading edge of the mark according to the prior art. Fromthe
sinmulation results, it could be ascertained that the shape of a mark
according to the present invention is inproved by using a recording
wavef orm havi ng an erase pattern conposed of an erase multi-pul se conpared
to the shape gatiainkbr RRAYEAY iadNatk Havils aTbﬁ?ﬁf@fFEl) The himstrbiRRNSEs inanel
of the erase nulti-pulse can be controlled to further reduce the distortion
of the shape [cofdiag mark sechoripémesnthan theaimber afipulses showndn FAiGe4A.

present invention, ngse v I N6
e Shown i Fi co. ERAANG 16 FRarET AT Tdodring AR sRoiiBg ol SAQUPY Bt

obt ai ned fr onfofim BIGh: IB4d @erRZI agtx Mhla\/maw\éddw@w@végw&hlavébaiﬁ itR@t or
havi ng a wavel engt h of 650nm and a NA of 0.60. Next, repeated

recordi ng/ r ep"leﬁétﬂing@’aé’ﬁg?rabtn@’fqdﬁsl & kequdingRatssP dar 1acording a mark having a
recor di ng/ reg@ﬂgfﬁcéfnﬁl' eSS dtiirh §6r ﬁ?ﬁﬂﬁg‘gﬁpgg?g@w@ 35%@1 @aﬁ'ogpgé

11 through 1 e graphs showi'ng the chara

t hrough 13 sh@(vorcbng)pdttem fdnaeeurdmg amarkdmvmgaadm'rgjhmzﬁahd Wherefdrhﬁm@es
usi n exi stjng DC

gLaggV\ﬁ;t o ik vk R dila el e Bt ia 15wt ave b4 SpadesBe residing
DC nwW
10° O & 87| Waperafififciaags Biecdy baferror é@“@??@z"ﬁ‘cﬁﬂ aféngif of

vvr i ti ng1@ower? Rvaraerhsarpatiens &Jrﬁommg%smcmhawﬁgalengm oh&T| wuﬂarrgcmdigmg

exi st ng ol saFlespRiNg Bt dBhg ARG EGRaT T SubitieRatat s i

erasing a WBrrhot@ﬂh@ﬁtﬁénﬁMbﬁrbﬁpul@@s@h@&m inFGe4A. m%ﬁobrcﬂiﬁ Tr@aﬂﬁls@cuéﬂ
(a), (b), and (c) and FIG 14 n Tsfp.is 5T and 0.4T)

e
respect i vel y,bulit less dagethe 'f"éf"g?} @frla'é'ﬁéﬁﬁhp\é’ﬂdg FiE. ﬂﬁzn tﬂﬁtsﬁaﬁﬁ\mafg | engt hs
of above 3T AT the fitter characteristics corresponding to the DC
erase patterns are the nost excellent. 1 o Wien Tlp is 0.7T, the fitter
charactesi stics arléngcSoshomdnomer vedardingf wavefoim gemeratiedrinf thiel recotding he
fitter characteri.stics I ng t recor di waye
havi ng the prE(aiae SRaEBIPT be TG P o WeRBrhiE 2 Mgt Bl RS
obt ai ned par adgh With fhthrk Bad o :bw lébélrwm arg %becmeqbcbl‘tﬁn@w&(/eﬂﬁhﬁﬂéﬁﬁﬁér ed.
The neasured results are 15 as | ows. FI 14 shows fitter

char act eri st i&EecordingPafign fqry%@fdmg amask haying lenatm et Ti an erase pattern
Referring to @ ﬁ/\ﬁﬂnﬁ; %Eacé ha@ﬁ\ ﬂ‘?Bf S'Eaénd)% rb8&rdl r@éﬁaﬁé@ﬂf@r rédﬁrbl?‘n t he

most excel | en suring ecor aracteristli according to
met hod ed t hea pragk bavingravlengthoof 3b. shovvn in FIG 14, power condltlons of 20
Pw=14. 5m\ Pb2=7. Pbh1=S. and_ Pc= cﬂ"}’ obt ai ned re, ~P
(Pb2- Pbl )=2. OM\/ OTHRY PR ”bﬁf%@%&? ot 4 pu W%Wﬁatﬂlﬁn@'ﬁsﬁ V\Ath a

recor di ng’ corslitterniis Reo dormdded of seulsBeefbancdas showe, inidechbA G.SThip much
| ower than Pe, a recordin Q%@?rmrk i S not conEI et el %gerased If Pb2 is too

much hi gher t'/RRFEIBALS aNi¢ faw&rauﬁgqm tuting dhe seeardingpattarasithe t he 25
di i |
Thus, 1001 o ARustUIE rSdrRtbits ot fedst SnE TN AoR At Pard BOREY SLAGTAE" 2,
and Pb22§ s sridentisal.t h'atImSLeﬁbedlmemtthms;deSTt a I;Peepréseltséa Qvlujthsﬁcbhvslésttter
o Tevel - arisa onsiftEi e tsRotdla Pate T erepigiels e time forwhicha ' "°

cooling pulse lasts. The cooling pulse ranges over the recording pattern and

the erase pattern. Temp represents a width of an erase multi-pulse constituting
the erase pattern. In this embodiment, Temp is 0.5T. Tsfp represents the time

30 from a point when NRZ! data is switched from low 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 Py2. In contrast, if Tsfp is
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so when a mark is erased using an erase pattern conposed of the erase
multi-pulse. It can be seen that the fitter characteristics are hardly
changed up to 5mW FIG 15 shows fitter characteristics when repeatedly
recordi ng and reproduci ng marks using a recordi ng pul se having an erase

pattern accor gnaderihan 0.5T} ihe muRspmseiimoledéd intheRefaerpatterh9s Ehed Hi the
since the marks are erased usi ng an_erase nulti-pul se, repeated recording

characteri sti oW levet e amrsubéegugabﬁsfprrn@stalnstheﬂow@webﬁmenféhg mtipulse.

showi ng the charac e g
characteristic dat ER%CC ?'r?g‘]; PPME &6’@5 fﬁﬁﬁ)&}@mﬁdg '}y&%@#‘%&% m‘%ﬂg
erasing a narfcerding tém mefatedwerrmmnemeomlaébmsemnmmoBVMé?&VMQew Fig
FIGS. 16 through 18, it can be seent power conditions used as test data

for the BC erBshEraneRaAtaIn AGSOring 4o resenb invenfion & classiiiegripio fauss.
16 d 16 hgw ) t

pO\(/\ZZ I%\r/]v and(@)gge&\gl'l_l l-ﬁ\:eé)rﬁg gﬁ%ﬁ)lm Eﬁﬁﬁ%g%%lgéﬁeﬁgg)rﬂ%ral 'ﬂ][a
edge, and bot tirclefereasy |demtﬁ|chtlmh@rhtrmd|§ereydelse (apkH repres;ms]trmtrtm pog/eIDC

tt | t
erre Pl obt g euleERyhing RE SERE pelinly Rptuiatad 19O G el oy ol B
preferable t hﬁ&bs%%TEhperasé rufilp@se, thedst evakd mM@BRRAse bﬁgﬁgﬂ Qfé/ bF%m o

| engt hs of above T, respectively. It is preferab
i s the hast ppattendsepded af theylow leyebPsi, agdraverriayeli of sy@@aqaent)Tswaand

e b 900 bl YT Highybyd 3 eSS LA o

obt ai ned 20 ppdi@éﬁéﬁiﬁrsﬁbdlséfwmtlh&lngﬁhé@dasé eids aeual icthiedsigh ievdl P grar k
wer e nmeasured. The neasured results are as lows. FiG 19 shows fitter

char act eri st i @k2 §ebsagiens grase muki-pylse, t&‘@e'aﬁta@rtaéﬁr{ﬁug'rﬂi%ﬁe cangtitating the
Ref h
eferring to %: Qwiebﬁte% ngﬁﬁér%&rt@;égﬁl%ﬁ Vel ﬁ%ﬁ dricfielarst édﬁ%‘éﬁuem gﬁ) %‘ e

nost excel |l ent. I Ng char acteristics accor
the net hod of maindaiped ab the highdeveldte i thenelasern@ti-pigse.p (el mprdsemsrtbabf

i1 or ence_pelwasaa! aia piSY PoRGttuliig the BT RRiS AR 0 b hign {émrs

Pbl and Pb2 hlagéebf@mﬁs@hu@m @@sb&haﬂlkmﬂsélltﬁe%éﬂbrasé efgfiGulss §@rﬁ€htmu@g?1
when erasing a mark with a DC erase pattern: Pc< 1< Pe, PesPb2sPw. _If Pbl

is 30 too nuciheesase patten l@end@%atmdug'aievglﬁm@nﬂéhﬂ’&veéewmeauyné?ra&ved

If Pe2 is t 00 t r en
erasi ng the re?@%‘ {Bg%%w IQ\\?&]I ’oggrilaﬁ%t S i nﬁgfp 'gr%}Eéa&f gﬁ %Fe?r@ger\f@
reprodugoi on thagpewer dtafirst puls&ecqmﬂtuimnhe arase patarn is egnmtcelow tinenleOel7 * Pe
with respect o Pe and Pb2 mal | 13*Pe w th ect t
Ji tter char ackertia s dmeatantSraa my e e e et nid PR bnstiiians
(Pb2-Pbl ) befheasasé Eatténngb gneledl atand Idva eved W, |, el 16081 isubisegaentTéfpigul se
when erasing the mark using an erase pattern corrposed of the erase
maintained at the [ow 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
puise.
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
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mul ti-pul se according to the present invention. Since the fitter
characteristics s were sharply degraded above 3mW a power of 1 nWwas

sel ected as the recordi ng/ reproducing condition. FIG 20 shows fitter
characteristics obtained when repeatedly recordi ng/reproducing a mark using

a recordi ng pdke iR 0THHER, #id ftidoet thertime aepnsh ,fer M|dmmeﬂ1ilgﬁ¢é‘¢'el Pyo of
I nventi on. Referrlng to FIG 20, it can be seen that 1o since the marbl%

erased using thecrasasultpuise ganstgutinghene @Qé@ﬁ’ dastsclodheitinge Jieapg far rWlslchc s

of the mark n = eat ed
nore than 20(63{5'(a lﬁﬁ{egvel \Q?%Sﬁg ! \gﬁg‘cqérgﬁ t é«y%rﬁg EF@ @'ﬁ%@d"g hus, it
I s advant ageous tOTh@ﬁe@rdeSﬂa\m‘faﬂﬁamebmmb WWMEBGntmvehﬁorphagaﬁterase

i nvention when the mark is repeatedly recorded 1000 tinmes, which is 15
guar ant e®d t opafsqmélhcluwns mmpgprIWM'MQB leve)@ndiet levakrewercP arv

o SIS e B e O 08 e

RLL(1,7), D( &eb&)dudﬂoalchawimtéaﬂnmot thenmariheln pawticular ethedepbrting Waﬁweﬁam‘s
results can also ge Qbt ai ned. %.,FIGS. ZJTA 82%’21 Be?]e r ?howlng
nucl eati on f reRfrERED '%Rée‘ﬂ?%?m ogingGRts aredermed Y Liraling g8 Ifles of
an AglnSbTe r\ﬁﬁ@h‘ihﬁ%lquﬂbé%l PG #RIBNAelEmy, i ke 'e?é{s% Uith AR IYEN ¥:, ﬁ

shown in FIGS , In the present |nvent|on e efase power
of the @¢dase tnfn“tastnpgnlsre;es"stOgbemtbm atmange nk0&5as 6. zﬁm\eftheeclaoldpehedé’rme

Pover s are comipch eatag Rpl RS FrineRAAfchaEptel ek BFine bt Poos thify ™
layers. Al so,therrbesitirg waveloams drostheretiueerdivetiorPbf th@f'tf’alﬁ’rb%edgerd?@%dﬁd on
an optical recording mediumand a drive reads information out the erase

powers Pbl ar@Ndbipproye ike “PFHPQP%HW eharasiaristiciof ’éﬁﬁ?é powers Pbl and Pb2
can be used as refigeaRcH h’H&UuF?drq &9 @l%ﬁ@‘iﬁﬁ( era chﬁﬁf?ﬁl‘én% Fﬁ)@rthe

case of an optical recor |ng e power
not recosded, erasé uise ievelsdhgandtfe) maasne reoocded Pha leadtinPtegjiaraof .‘me i nput

fromthe outside n sed as r fer nce.informatiqQn for genera ase
o oes 16 iabulbie Rl ey B ThG065 A8 HEAMR! kiOnndlion BE Wbk sanaL: o
and nucl eat i othiig, efHeRnetoriing et lthé reémam@gépmﬁr&msr ieeesdhfoembaye abvht ch is
mai nly used in DVD- RW The t enper at ure of portion of the erase region in

whi ch” er asi nghegy%aé@vsbemserﬁsgﬁeisetffem thﬁéeac&!ﬂ)quaemjpéthﬁ wabblersigaal of
the erase re when
erasing a mark th er'gésbﬁ'@m%ﬁ&?bﬁ%ﬁ°msh%%@ 'g@%%@b% _
reproduedi on spageal nay be degraded. However, in the present invention, it
o L0 S B BRI 0 A0S L 080 Yo B B
erasing star t@e@actabim obardisc®or tie Kihgs bf ma@ksiﬁ/ﬁeh%b@mw@ﬁépﬂoéu@iﬁg'Mtéf.nds
can be maintained to be alnost identical. Thus, the recordin S

uniformy er JSecRxamplenthecuareeam g% figBnation A digsrusied BRd-H WS eraser t he
reproduct i onrﬁétg_ﬂﬁl S%eéﬁgg%%\w%f?be 2B, in the GeSbTe recording | ayer

which is mai use tenperature of crystal growth rate is
hi gher phan the 15Ta ebtadén apnmczedfremtdlrwtemodmlagwemd;tlonekfustomfty;mrs of
nucl eation is_achi e¥ted rase eco s hi

b ul se ghe
When an exi st8TASS RataS, taypLPRLBS cE i Brask MHISS e ESdirdnd M Apd FeR BRRoSHd
high | evel PhgomAspredersmined feBaiaastithe diserwighinld préabte?mnecsrawe @c4.f gr med
wel | . Thus, the characteristics of the
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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| eadi ng and trailing edges of the recording mark are inproved when
recording 20 the recording nmark by the pul se erase nethod of the present

i nvention. Also, the recording mark is uniformy erased, which reduces

noi se so as to inprove the quality of the reproduction signal. A recording

met hod accor difgrds? sfgritll By g phiRANATRE bf He I0MRcRE @@ﬂ%g is AyBafjupRt Wi I 1 be
descri bed based on the abdve-descri bed structure. 25 Fl . 22A and 22B are

fl owcharts expleasuting modualion (avalketabdaingdduyt dividing 8 highe Igyed valuesof the

enbodi nent of, th [.es nventi .+ Re ri,n Fl G 22A ,a recordi
Shnarmt e r aclohGEsPYERE by b IE e FeuSafthiyillodst idnan (Efaded 8 7epatdiRe,,
data in step é&_ﬂﬁtioﬁ Wh%?@mdkﬁ%iqrﬁisrrﬁéﬁihﬂjrﬁgammaﬁufﬂih aad)ﬁﬁ@néﬂy%ife@iuce ,
pattern containing an erase nmulti-pulse is generated. mark 30" or space i s

formed oh t headecrdingocandition witbinga pegdgterminedoitandaydndtdhetast methash a1803.
Referring to El L ng: i data f th
out o1 de. modufEhiiont petein . Beldt BBnRaRM R A FhELKER. oL S O apout

er asehpovver s Pbi aTigd aBbértain effetts 32the pnegegt 'mgaﬂ@?,,th? shapesdjfmg%mvef ﬁr m
19 aving an erase pattern is._generat ased on information about the
erase poviers BePraaditEeRoh aimuaton Wess gESeneck Jh SHHCRYE Useddn $he sinlatioh g

the gener at edisipMifinidpley CAILEd die halk LRfiP1afeh dftiRfuebed above, in a
met hod and apparatus for recording data accordi’ng to the present invention,
a recordong waveform can prevent the shape of a mark from being distorted
due to therrnatllc.l_a'bp?:e ference and thermal accumul ati on between adj acent marks
when recordin rks and_inprove the shape of the mark. As a result,

the recordi ng/ repr odiig Rgir&B3" BeleRlricIhyerS Rbcdrtifg ek | Hi9ebfic idVRr 9 VigshachP% layer

What is claiped—Ts—I A nmettod _of_recor |gg data o moptrcal rgcoradrn
t

nmedi um the aigdglc onprRGi ng- @RS-$i8%er oleseyteetisr di ngn8ei0Por m haddreloy

an_erase pat [ ffitknie8§| Udigima |5 Priegainer njned puhme hayi ng @nhi gh Ilevel 3onm

whi ch is higher than an erase power I evel and having a fow fevel Wi chh T3
| ower than the erase power level. 2. The nmethod of claim1, wherein in step

(b), the mark and the sraaBoRhas REUrHRY @sdal tHe tontRioRsdfa WaleleRglH & t ed
schene. 10 3. The nethod of claiml, wherein in step (b), the mark’is

recorded usi mMPR0m; a simesical apgriyedNal OhhHandwlineanveloaly eperés.i $o

d i h I
et hod of r econ i L hedRer farks)§ REFehehavingia g SfsTwesrebordba
gener ati ng di and thendasecordosariciaving b |esgthod 8Tavas reqdiied saasdoioverlap 4T

D e el A FASEh BB BRLAACURS oPBoRr S S o=
a low | evel whig§ a dorvenidndlrasordigy warsRrPw] maekeWhedibing 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 (qg) 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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(c) formng marks according to a first level data of the digital data and
form ng spaces according to a second | evel data of the digital data using
t he generated recording waveformon the level information. 2s 5. The mnet hod
of claim4, wherein step (a) further conprises reading |level information of
an erase pul se recorded on the optical recording nedium and in step (b),
the erase pattern included in the generated recordi ng waveformis fornmed by
an erase pul sidabten@k at ed based on the level information. 30 6. The nethod

of claimb5, erein in Step (a), the Tevel formatfon i ergse Se
I's input froma_user 'ﬂa"er@iie_n:ei_had_gf_&ﬁ i ' E)(n) CcOo {enk)
(al ) generating digital data whosel channel| i s yrodul ated; 21 (@2) reading

the level informatiop Qf..J€ erase pu rgco on th I cal| TecqQrding
medi um (aB)%LLwnzﬁgﬁléggJ—dL—ng-andgé@Qsj ngéggi&:v leeébé)im predet &r d

test data in a gpslte auteatioicriybal)opt i chles0edordlitsg nedi um.285 pr edet er gigoBY

| I nt I ni. det d t | |
ot ormat i on |- shae Swettl Enros [ 2000 10 o500, L o 0:0960

T TGOt

based on the resul ts Af alldye tests)lan(OLWO gt ep0rD) ,| for @4BD an dr ase0.2000

pattern included in the recording waveform by using the erase pul se
gener ated based on level information selected using the optimum conditions.
éo 8d The m(at hod dﬂefek@?gnoﬂhﬁ\/silimum'tingseems skown (rbD;lGSrw':]r(rgDng?nel, heahdsered
ased on a (2, 10) run |l engt imte C . 9. The nmethod of claimd4,
wher ei n 5t epesaethal & railfsceqag ofine Mg fairmes by e dSeRIama wavsorin
length limt ,@,gd;?{ée? Ao f t inVRRfis! i e I
of a first pﬁr?ase t rgégpgfsqgﬁl atte?ngi gﬂgé Poévgel%e{/e_l_ E)'?hfsh&élhglragse patfteeran
and t he powertheavatk fofmed Itlzsrguggameélmtﬂlatm@ﬂmmme railing edgeofdhaimdarki (ey el .

The or ase. parpinad B e fsirding WARsForn bAGRBIE et Bt SHieo pEEShIRY I D)
of a last pulsoreir. tIREFIEL @& dantbesoen tha the ghape'otleadisg édge Dithaaidikd of
claiml1l, wherein the gower | evel of a flrs‘tw?ul se of . the erase Battern is a

hi gh | et@l offormed bydie efrsea BATEARFCORENG dodhie PERRENT veRtipRds DRUPE®aR t he
erase patter rlhéfofé&ﬂ?'l&éhibﬁ\éﬁbe ofthe Mk BREBRING to H@Rﬂ&ﬂan.mﬁgﬁet he power

| evel of a firs se ofso"the erase pattern is a high | t he erase
pattern and tdimuledimaresuelis; it coulchbe ascerained tat thRshapasd apaatkeaccarding toi gh

level. 22 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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14. The method of claim1l, 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
| ast pul se of the erase pattern is a lowlevel. s 15. The nethod of claim
4, wherein the power level of a first pulse of the erase pattern is a | ow

| evel of the eraseFl@tﬁegag a@agckby BROWIIRS c'hﬁ}/@dteﬁétic% éétﬁirdwg't%eth@‘;wﬁ erase

pattern is a | ow | evel. he met hod of claim 1, whereinthe power Tevel
of a first pupeweoPwand ameraseqxaverdte with respecthio e leading edge Heailingedge,

attern and the, power | ev f |, ast l se, of e era atternijs a | ow
Pover. 17 A BOHEAeR B a Minrd wiLe B e mhliErSPBIEe i oo tiesn <
of the erase drgrn is a high level of the erase pattern and the power

| evel of a last 15 pulse of the erase patternis a |low level. 18. The
met hod o cl ai m 1, Fiierd and 18ahoyw gsullseneaswredoyhameeasing Birgark usisg ast a

o 11 20 1605 R olRs® bRRel T Rebrifiglo £, 1218, @) e ETHh I g%
a high level aid g)pwhen-Tsfi &0.63dred 00T, rnespéonveppwiw?iecsbeet 1ooDCl eresk of

the nulti-pulse lass,is 1:1. 25 20. The nmethod of_claim 18, wherein the
time for whi cPatiarBs ef aﬁ’lllmhﬁm}gen@ ofabove3T-ARd i Te jle iitten 1. The

met hod of cl al ' b t f ' ' of
the mul ¢1 - pul SErroeSLidh iy &) tef5c oriiko paltoh 8 iiFmBsEeodeRt.

mul ti - pub se \Whies Tip is017T, #ik jiffdrecharatietistiés ateagood,, arwhtreevailua of Jie s ot t he
time for v\,hichf of the multi-pulse lasts to the tine for

t he, hi,gh | |
whi ch the |0V9|rg[%§|pn38tre%§9f¢eﬁmqr_a QNSUCS-asts is mn. 23  23. The method of

claim 1, wherein if8psdRivdsformadiiing tife fetiof@iflg Wdvitdorn hialfg theVistevRlusly
predeterm ned NRZI data and in step (b), and a space is formed using a

second | evel @gsoribedfpuntypes af erase paiteridased st thel ehtained paramstars andt ep
(a), a mark i ' : ' e din
Step (). andnghdhEaldbtdibes O i mafi Werd ndsPRed PTHp Micaditey requs 80

The et wd ofasfoliows24, wherein a recordi ng wavef orm conprises 1 o cooling

I dth tt [ ' . ti f th [ I . 26.
The met hod of cl ai HOSS, |A S FRETCHARAEiRESHE BanRiout RS ol SERsaBERamS: | <
smal | er or grﬁﬁmiﬁh@ d?-ﬁ&e?ﬂiﬁljﬂ@F[G.aM'(aggit%ﬁﬁ%éﬁeéﬁ%dﬁ@kheﬂcﬁﬂ%peé,he

time for which the first pulse constituting the erase pattern lasts™is
i ncreased t o LW ismthegnostexaglient. 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 Py and Py, have the following relationship
with a recording condition Pe: PcsPb1<Pe, PesPb2<Pw. Here, if Py, is too
much lower than Pe, a recording mark is not completely erased. If Pyzis 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
muiti-pulse. It can be seen that the jitter characteristics are hardly changed up
to 5mW.
FIG. 15 shows jitter characteristics when repeatedly recording and
reproducing marks using a recording puise having an erase pattern according
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27. The nethod of claim 26, wherein a unit pulse constituting the erase
pattern has a high level and a | ow | evel which are controlled according to
the tinme for which the first pulse constituting the recordi ng waveform

| asts. 20 28. The nethod of claim1 , wherein the recording pattern

conprises a nylhd pPalentinvehtion N Retiirgto¥ICE 18! Sinde tH@ﬁfa?k@aF@érds%‘d%ﬁﬁhgge

pattern conprises a 2s nmulti-pulse 30 The net hod of claim 29, wherein
recor di ng patareeraseanuliicpulsesepeatedragerding\akiasactenstics oftheapads ateugobair

recordi ng data on ti.cal recordin di,um. the arat us. co LS Ng. a
recordi ng vvaveforﬁ%gﬁaﬁwumﬁaﬁg%ﬂrﬁ%@%mg% %ﬁ)ﬁ' CE%@P?)PMTF%&' an
erase pattern | nC'Fl@S‘.gleith%ULgH 186hd@ reddfdiAg chafadibAsiPdaial éch?ﬂinbetg' ating
light onto the optical recording nediumaccording to the generated

recor di g wawishe changes of pewenand T6fp whepaerasinga maik usinghanexistiog RCai m

31, further conprisi 0 ' ryamli t.ynit_for readin
oui se 1 evel 1St hateyTeR Y BYO PR, oS SRARRITN 18 e Bl el thaf
recor di ng nedigweraehdRionsiudedas test datatfor IrecDCHragingdt 66 S8 aePREAL DmW,
wherein the recordi ng wavef orm generator generates the recordi ng waveform

havi ng the erPesb.8mWeale PerA-081Wg t he nul'ti-pul se based on the |evel 1o

I nformation of th T rPiHRE : ' , %’W |
t he power inforna?:ilglsqsrr@rg geﬁn(glril (ba%%{()“’rjr'e}g%i veséﬁhgé%%asg&ﬁgf\agﬁ%itn orr'rta on
of the & ase poadrd?w ahderase power Hedwjih sesplect to the eadireg edgey tiaiting \walgef or m
generator. 15 34. The, a pe%ratu of clai m3§ wherein the power information
managenent urnd BRIPESIORS o adpatl W el riagngdha dnarsisig #6exiEgdoGr eraRed

test data inaﬁaanteeﬁ_t area of the optical recording nmedium at predeterm ned
value intervals within a predeterm ned range based on the |l evel information
of the 20 erase pufl&&.dddanck]&shewoesulismeaswied whed erasingea mark usirglani ons

recording wasRial 3o HRas BrtETL RefiG IS HER: 17 ARG R s 8RB
conpri simg a Ttbpiv R T2INd M4BT atithr reSpecitoduarksi hayirg lehgthsadf atfovedTrand aTi ded
fromthe outside to generate, N a and .out putting NRZI data to the
recor di ng Wa\;g:pyg,epq“veg/. s prefera%;e t?\a% ?‘Ip, Which i the Iastgpulse 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.

FI1G. 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, Py1=5.5mW, and Pc=0.5mW were obtained. Here,
the difference between Py and Pppis 1.0mW, i.e., APb (Ppa-Pp1)=1.0mW.
Powers Py and Py have the following relationship with a recording condition Pe
when erasing a mark with a DC erase pattern: PcsPp1=Pe, PesPysPw. 1 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 Py is greater than 0.7*Pe with respect to Pe and Py, is
smaller than 1.3*Pe with respect to Pe.
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10 erase region where erasing ends can be maintained to be almost identical.
Thus, the recording mark is uniformly erased, which reduces noise so as to
improve the quality of the reproduction signal.

Referring to 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 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 1808.

Referring to FIG. 22B, the recording apparatus receives data from the
outside, modulates it, generates NRZI data, and obtains information about
erase powers Py and Py in step 2201. In step 2202, a recording waveform

19
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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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performed based on a (2, 10) 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 puise 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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3#10% " & ()- 9- 10%' & ()- +'10%' & ()- *Z10%' & ()- ( 10%' & ()-i#ovUAl0 @

10% " 8Q5() f " 10%p. ' &The-rh8iHotilof cldim 18, WRéfeirdiHe timedor Whth' the (high fevel
10% " & ( vU410 &'10% ' & ()- & 10%' & ()- 10%''& ()-

#10% & E) IqstL is Big ot agelpgk 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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'110% ' & ()-#S{|[:vU410 10% ' ' & ()- SHI0WR R& ()- S@O0%''& ()-
&10% "' ' & ()- , 10%''& ()- "109M M& ()-Ov|[:vW410 & 10%''& ()-
(10% ' ' & ()- '"10% "' ' & ()- 1% 10%''& ()- >F"#10%'' & ()- f

10% ' & ()--}|[:vU410 810%'' & ()- 610%''& ()- f5F10%'' & ()-
3#10% ' ' & ()- -f 10%'' & ()- +:110%''& ()- befghwU410 y10%g&g&' () -
109989& ()- @0%&g& ()-10"""10'''10'"" "<109%''& ()- 3:mO0%' " & ()-
% | obU410 S10% ' &23).- 1@9‘&3ﬁ9§'&gﬂ@fg8@lﬂ9¢1@h/g&y&ir(3tep\(an!mwm(med using

L #1094 8#&" 31098 Q% & ().- YL0%' & ()-
g@fl/ov & () 2 st o) pigyioterriloag NELEhdata g9 R SR () AP 2epAcs s formed
S10% " & & ()- 10%' &

10% ' & (§)US|%%%8&"% /%fﬁ%mﬁ%@é §) Y9409 ' &(%) #F"10% ' & () -
% -01/\0% & ()- P &'h(e)mpmoma:lmm 4£Whe|@m in stepg), & ok BTorhed using
510%" & ()- 3 NA4101Q 1096’ & () -

"10%"' & (§) f#ﬁb‘%’eg"{ﬁ}fedsﬁ 9&’ S‘f@' %“L‘g nysten itgﬁy@“g%ﬁa%ﬁ[fgﬂm%lo

, 1096 & () - 1@ifg &'sbton mo&h@wnzm dope & ()- 109 & ()-
8&10%s' & ()-N[[: 41010 $10%' & ()- F'10%' & ()- '10%' & ()- 10%' & ()-
10%' & ()- f109%' & ()-*V!I|[:NA41010 .10%' & ()- - 10%' & ()- +#10%' & ()-

(1098 Q1) 1008e O BB i 2D YRGB o Bomiclos
L&10%" 4§ () - coém‘i? pé&lses-and the E046e faftern #dmms& é)porhd@%tr& ¢ooling pulses.

M 10%' & () - bu410 10%' & ()- 10%' & ()- S&10%' & ()- 109%' & ()-
10%' & ()- 9%$10%s’ &() ]f][:bU410 "--10%' & ()- +#10%' & ()- '

V0% & (- o 108 oihe MEHEE o diaim 25, fiftrdin (DarendingRdifor the E3ting ()-

y6-1
yo@o%s' & () pul@&é{smallelﬁr prekges thian)0.5T frond@strailing dge ohthe NBZ] signal, the

t@%g%: g 8 éy%whn%\ r3e flrsgoty%@%o%tlﬁ?nbé\ﬁé%}/asé aaﬁ(o% Iasfgé |§)lncreased to

15 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.

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 muiti-pulse.
30. The method of claim 29, wherein the recording pattern has at
least two power levels.
30 31.  An apparatus for recording data on an optical recording medium,

the apparatus comprising:
a recording waveform generator for generating a recording waveform
having an erase pattern including a multi-pulse; and
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110% "' & ()-4G(+| [:vU410 | 9$10% ' ' & ()- 1"10% ' ' & ()- 10%'' & ()-
3710% ' ' & ()- 10%'' & ()- y!'10%'' & ()-+gq~+|[:vU410 | 0 10%' ' & ()-
y/ ml0% ' & ()- +10% ' ' & ()- L*10%''& ()- 9'10%'' & ()- YA0%'' & ()-+r
| [NA41010'''10'''10''' <10%'' & ()- 8°10%'' & ()- 710%'' & ()-

y5
10% ' ' & ()-  3#10% " & ()i g (Vo
M 10%' &'(%)- Y ‘10@&""%"6’%“-"“%%4"&%%5- W@Sojgggﬁ%ﬁg._@yrfﬁ&%qgq%a%%. & ()-
1109 & ()- @dusdify td thergepsiated yecodingoravetoth-toFantra fiack or B)gpdcelNA41010
#3109 & ()- Y'10% & ()-  10%' & ()- 3110%' & ()- 10%' & ()-
310%' & ()-{VY|[: NA41010 /310%' & ()- s-:10%' & ()- + 10%" & ()-

L*@O0%' & ()- & FLO96' &K nnddyes & didim: k& oEr R (Vo o
10%" &?;()-(églo%;' ?)&'@%g%é%%%&dl%n%%k Q@f\?&%$ e J Infpmtion

" Headi ngs 13] ahahagendenturaitfor readiog iuigs ESjet Inforrkatiomof We] erase iwatttimg 53] c”
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6Ti mes New RomanArwheretutnediecsksing wayetoreh gepewtargenaretasthe recording
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10 information of the erase pattern.

33. The apparatus of claim 32, wherein the power information
management unit receives the puise level information of the erase pattern from
a user and provides it to the recording waveform generator.
15
34. The apparatus of claim 33, 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
20 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.

35. The apparatus of claim 31, further comprising a channel
25 modulator for modulating a channel of data provided from the outside to
generate NRZ| data and outputting NRZI data to the recording waveform
generator.

36. The apparatus of claim 31, wherein the pickup unit comprises:
30 a motor for rotating the optical recording medium;
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.
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