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APPARATUS FOR RECORDING DATA ON AN OPTICAL RECORDING
MEDIUM BACKGROUND OF THE INVENTION 5 1. Field of the
Invention The present invention relates to a method and apparatus for
recording data on an optical recording medium, and more particularly, to
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mark is re atr ong eristics are more deg ra
metbaﬁhcaandwgramkqﬁ@smooraietg)ma‘r@fmatrmd:ord@rmgmmg)rtartthe mark position
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signal changes from negative to positive or from positive to negative at a location

on which a mark is recorded. According to the mark edge recording method, the
signal of the amplitude of a detected RF signal changes from negative to positive or
from positive to negative at both edges of a mark. Therefore, recording the edges
of a mark is an important factor in improving the quality of a reproducing signal.

However, in a disc on which a phase-changing film is coated, it is shown
that the shape of a trailing edge of a mark recorded according to the prior art
recording method changes according to the length of a mark or an interval between
market, i.e., the space. That is, the trailing edge of a mark is formed greater than
the leading edge of the mark such that the characteristics of recording/ reproducing
are degraded. If a recording mark is relatively long, the characteristics are more
degraded.

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

Referring to FIG. 1, a variety of recording waveforms (a), (b) and (c) for

1



10

15

20

25

30

recording Non Return to Zero Inverted (NRZI) data are shown. Recording
waveform (a) is for a DVD-RAM, recording waveforms (b) and (c) are for a
DVD- RW. Here, T denotes the cycle of a reference clock. According to

réoeroiatk &tge Rastarding nMeghod)ibertedh (BirRyDf NRE! data sheeardedRecording

d the | NRZI data is f d
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lgv@vef DRI elatsei pdtheneds asantpaes in A peokeliauniveedtihiaysdasn recording
shown in 1q interval E. Since the erase pattern included in the prior art .
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o ST ) BTN S0 (et e o B A R s PRI, and the
precer dihgineprasie pagenre idegaideainét paracptad eteveliogahdCtievaicas shown in

inqiﬁgrb/aPEnSity and high line speed for recording more data on a disc makes
clock cyctle T shorter and therefore heat interference between pulses

formingsanoecahdingrasaveiiternnarelsksitorcabseprioreategeadatdony waveform is

Meanwhile, in the prioy art, different recording wavefor re used 20. .
TRORHRY A HeSte SR AR e dr Do, ol ' applied to
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are different. In particularly, the fact that different recording waveforms
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because the multi-drive should 25 accommodate a variety of recording

dGRRRRE Matk B SRR HLQE S8 SR Qe H UG P s HRFARGKERE Clock cycle T
shbte INYFIN tHehe iR ohatheeityrpeeblegvdkls pfilstebrervagf heecording

present invention to 30 provide a recording method and apparatus in

WRNRIR TR LSO IOrSRE S APNE S #RYBURMhg edge and trailing edge of

a marknaadriiegitadaiioniiy repeatestrecpirdiiagt Casdoednigyvameeiathes are used
aceorting T8 the Kints of Dptical dIce NG the-Speaiicaliond Stth as DVD-RAM and
DVD-RW, because the characteristics of recording films are different. In
particularly, the fact that different recording waveforms should be used for each kind
of discs means a problem in manufacturing a multi-drive which can
record/reproduce all specifications of discs, because the multi-drive should
accommodate a variety of recording waveforms. The problem causes an increase

in cost.

SUMMARY OF THE INVENTION

To solve the above problems, it is a first objective of the present invention to

provide a recording method and apparatus in which the distortion of the shapes of
the leading edge and trailing edge of a mark and degradation by repeated recording

can be prevented.
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method and apparatus in which data is recorded by a recording waveform

having an erase pattern which can improve the shape of a mark. It is a

third objective of the present invention to provide a recording method 5

and appaisitassposhighothidatiseecdnihed e sercamdingivavefgsrowdech recording
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akadimay pudse @f Hee @ndde \pm ttd noresi etey ovwd d e R thiatanisltiquolsedrats a space.

the power level of the trailing pulse is the high level of the multi-pulse... .
Alternenidly hacsamBitl thE aboye dhicctiyesar e hrésentlineiuan, there is

prosidbd the igthdel dbof tbeomlitg pdéda an due ppiveslleesiartithg tetingn, which
R SR LSRRG TE AR O g 5 rcoran
V\Lm@fltbren fewed eveeoh secpmititing qnnwmrag/a)mlhié-mﬂrsle\micbatt\ecording pattern;
o YR8 L S S R A AR 0 v
opth@e_d'rgaylttmtaeamw_wwledﬁmmgIthepgla;_&enat_etbrabty,dihg nsigivedo the

il ph e B T g e e Gl e P (RLLG@
1paoR&ldcK)eycle.

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

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

the high level is half of a clock cycle.
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3 It is effective that in step (a) the first level of predetermined NRZI data is

formed as a mark, and in step (b) the second level of predetermined NRZI

data is formed as a space. The recording waveform includes a cooling

pulse, anig teffctthge Paitemsten¢hderaipstrioisheicpaidgtputsaetl INRZI data is

effectjve that if the ending time the cooling puls less than ar .
FGHRI0 83 8 3P A Pl BB T SRR SYRLOVA AR L data is
fdhaéebah;r@mmformmg the erase pattern increases over 0.5Ts.

Prefer a unit pulse constitutin jncluded in the m Iti-pul

righ 18T A G UARO B el WL R Oy B U B o ige pattern
inehdieg pujsat fof thiegdbelirey gaisg. pattesneﬂmefmmbhatthfetr&;:@mhmg; time of the

g ern has at least two[Fower le els Also |sh th Ve - of the NRZ]

B e, S LI A b TSR R AR s of the

sigeakdihg damamnanmetmfathiecmmhm@gnmmﬁowhmg t1h5 |erﬂu$éepaatern increases
reccg%? waveform generating unit which generates a recording

Ol having an erase pattern containing a multi-pulse and a
recordiRgebetsdyiy; ,aamit@wmlqmmﬁitmhﬁgfoapmmddigﬁmtt@thmh)'pp'uhie has a high

B O e R e

2 Matk ofa space IS forme e appara (RO
fmirmngelfmmdcﬂudmglpatmﬂmch 20 channel modulates data provided from
the Outﬁld? a'l)q uts thl:qs ene{ated NR%I dat }io the reco[dln

waveform gener tlng A Pe?bﬁr rt]hr(]aaps)l akd%a&n es$ a motor

which n@tabeﬁctmacoptrmilsredmomh@medh;m:tHBS)pﬂcthbhpmi;whlmhwapphms there is

laser boeams to the o tIFa| recor |n dium ar.rec |v laser eams
pro |de% a1n np&arat I recot ata on _an optcal reco gcmedlum which
ro e oplica recordlng medium; a Servo circuit wh

ircbateds therauntaliag dweae ejotical beadraing) a ulsisewtiichingeinevitesich recording
in theo | PTION OF )
V\%_é%ésﬁ\%fﬁéé e?‘%éo@ Jectcg agr‘]é ﬂgséairqﬁtﬁe I? gg%&;ﬁsé%?ordag pattern;
am&mpmkuwlkhsﬁcwimeh:ﬁppim kyinarent ey dptwallbllagdrdﬂmaih@ddmnradcording to
trg‘é)cﬁ?é%‘?é‘éﬁr&%ﬁ%‘?ﬁévmv%?ﬁﬂ‘%% ARACY %%E?é(%'@ @4@'&“'

58 reference diagram of & Tecon ing wave orm according to prior
art-, Preferably, the apparatus also includes a channel modulatlon unit which
channel modulates data provided from the outside, and outputs thus generated
NRZI data to the recording waveform generating unit.

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

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

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

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

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

FIG. 2 is a block diagram of a recording apparatus according to a preferred
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FIG. 2 is a block diagram of a recording apparatus according to a

preferred 4 embodiment of the present invention; FIG. 3 shows an

example of an implementation of the recording apparatus of FIG. 2; FIG.
efhbbaivsemn ekavpiecsbatimuaiton;generated by a recording 5 waveform

generati jrcyit: FIG. 5 shows anpther. example of .a wayeform .

eneradit) AN AR ARl GERG Bl EIC Fegprding apparatus
offFBgh: 6d are waveforms for explaining four types of erase patterns

according.to a preferred embodiment of the present invention; 1Q FIGS. .

e and 3 Pard oI B aPbIES ST BN of FI6. AVETE, SRSl d 0N en recording
wshapesotmeskstiregeidedtin a simulation; FIGS. 11 through 15 are graphs

showing the _characteristics of a DVD-RAM; FIGS. 16 through 2Q are ,

araphe Sk SRR SRy Bl SNV Ta G ETaEo, Y ghe recording
witnebinant giaosviting thowiting method according to a preferred

embodi t of the presentinvention. DESCRIPTION OF THE

P REF R D ARt SR ey B i ROPLRINGich [RLo,biRge of erase
pafipematascacdorditgdpeefeatedrechiientradintbetmetenpiegention;

inventi eferring tg,FIG. 2, the recordin r which forms a

mark O(E?z(ﬁzrll§ Oﬁlc%ﬁrje?:%%%g H%o%r%%@ﬁ%giq‘ﬁﬁ%lﬁg 'unﬂ’l, a recording

waveforiGge dettatmgybidiarz sinape <lodnmeiks ododated imé Simtlation;

chann lation unit odulates data which.is input from.the outsi )

nto a crien i LR TR e T e B R T B Ao ram

receivdsl @8. chétimelugh s@ ane amdpienshatesg tbeoctiomgetarsfiosrofae DVD-RW;

re ording the received channel bit stream. The recording waveform

generated according to the present invention has an erase pattern having

an erasd @ 2ii-pués@oMeb aviashefaingvél i beoediigi ezt haid ia dduedickop a preferred

it L. lesclight e optical ..recording medium 1 according to the
%%ﬁﬁ%@ééﬁ&é&#%@%@é&?%s to form a 30 mark or a space. FIG. 3
shows an example of an implementation of the recording apparatus of

FIG. 2. The same RSN 8B RicaePERRSARMBBISITE Y E erals

and

FIG. 2 is a block diagram of a recording apparatus according to a preferred
embodiment of the present invention. Referring to FIG. 2, the recording apparatus
which forms a mark on an optical recording medium 200 has a pickup unit 1, a
recording waveform generating circuit 2, and a channel modulation unit 3.

The channel modulation unit 3 modulates data which is input from the
outside into a channel bit stream. The recording waveform generating unit 2
receives the channel bit stream and generates a recording waveform for recording
the received channel bit stream. The recording waveform generated according to
the present invention has an erase pattern having an erase multi-pulse. The
waveform will be explained later. The pickup unit 1 applies light to the optical
recording medium 1 according to the generated recording waveform so as to form a
mark or a space.

FIG. 3 shows an example of an implementation of the recording apparatus
of FIG. 2. The same blocks will be indicated by the same reference numerals and
the same explanation will be omitted.

Referring to FIG. 3, the recording apparatus includes a pickup unit 1, a
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the same explanation will be omitted. Referring to FIG. 3, the recording

apparatus includes a pickup unit 1, a 5 recording waveform generating

circuit 2, and a channel modulator 3. The pickup unit 1 has a motor 11 for
reot&ﬂng;ana:mfoalrd'@@matiﬁg oiptichl headdl 3 f@ﬁar&@ivht@llaa&jrlight The pickup

reflected ontot ?plig disc 2 0, a servo circuit.12 f% ervo contr

UDfigtn PLATY H?Rnﬂﬁ' LR (8GEe é’t‘i‘o\ﬁﬂﬁ'c"ﬁ head 13 for

rexcstiallegl I@siﬂﬂ‘@rﬁ%ﬂébt&iﬁ@d@ ﬂileemmaumomnmars%moctitatﬂs 12 for servo

input datalnt a channel bit strea uts NRZ

P A WA T LRGeS YA RS Bk shaym installed

irfahee@pndmgwblﬁﬂﬁata and provides the recording waveform to the laser

driving 14. 10 The, laser drivin uit 14 forms.a mark or a space, .

by coni Dt AR RACIATET cHe E e JABI b 5 DA e e it stream,

aatiowﬂ;alwm?mlelarha wﬁvefmnm@lm@m@céhym rgenedatmonavaiaormh generates a
rating cirguit, ferrln | dat chan ccording,to

B Yo AT A B o7 Sreviden B macoriRg waveform

tmtbdummrdmﬂtig)dmswmém Length Limited (RLL)(2, 10) series method,

g](?ljrltse éﬁ]}ﬁ qrdl r|V|n hctnt% HFOM) (%rﬁgl\f%rj#alm d?g EFM Eq%tlc(%]t Illng laser with

umngrthﬂrrenarkeldrlgtlbrsi|37gsmdzthmmaX|mum mark Iength is 11Ts.

Here, (%%15 modulatlon met eodog sC %s,ae\gel%rOptlcal I?é S4 by a recordin
Recording System P96 o?aseg@gpamty Anhdunced’ b@ﬁpéatsushlt i g
waptitmahbgenStatiagec(©DS) 2001. Dual modulation is disclosed in Korea

Patent Ilcatlo 99-4 L code allocation eth
modula@gﬁ ane aper?ll_gg'u%h(@r%%egﬁ g?ngau?ap‘ orp apparagomlatIon method
ohalvmgplnapr@I/ed@mamm@JI|n@hmpablIftyﬁeﬁlenbdylmnprewhbdp;sheaﬁtun Length

(3% SRR g SRR g RRE PSS NI 2980T Fourteen

series the minim m reco
Muodrkas @ $E v, tRsgimtasontiourteeorditagl matikoms [@Us. (WRH-3 r@ga-lk:_swand Dual

B O R A A AP g o e
Hefre, T &hg)hsam mmﬁdqiwtemémddm@aexbacé@ﬁwammmm System
o?"%é%‘ré’ré‘&%ﬂ%}e%f?&[ﬁ&%dﬂw I@Mgh(ﬂfaaiﬁBWPData Storage (ODS) 2001.
Dual modulation is disclosed in Korea Patent Application No. 99-42032 “An RLL
code allocation method, modulation and demodulation method, and demodulation
apparatus having improved DC controlling capability,” filed by the present applicant
on 30, September, 1999, and laid open on 25, November, 2000. If data is
recorded using an RLL(1, 7) series method, the minimum recording mark is 2Ts,
and the maximum recording mark is 8Ts.

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

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

least one pulse having the same width and power. In the present embodiment,
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The recording pattern is composed of a pulse train. Also, the erase
pattern is formed with a pulse train as shown in interval F. Tmp indicates
the width of a multi-pulse forming a recording pattern. Here, the

TrapltispOUSESINdiTRtésdit aleasthenaidthisef hiawi s thyr knermidid amdmmag pattern.
In the sent embo t. 6,.Tmp JSO5T indicates the width of th

T RS, T ML GBSO B LB GreP bRk (L BoSOIng puise
elteapisffronoalingcprdhey Baaenotmgntdses@muelmfrorremmmma@s the width of

attern to an.era attern. Tem |nd|ca s the of an er

o B R Ja L St ae FAE ool ds B SLE hgdjent, Temp
i950063%s. Tsfp indicates a e rstiifeomazppiniiver NRRZatates isansitsided from a
from a || wlevel

h level.t tart of f t
e A e, i (AL SRS Bl RRSR) AN By® forming a
rexoveinig e iodansteae  PEsfprhashant imfaseeabevover fhe. phufersipvisl of an erase

PR o e PSP e P TgR Wt BB RS o e mut-pulse
Cmﬂﬁlﬂmise M\eem/sbllpatfeTrsfemem th&délzéﬂ'@landtbenwu{p'[ﬂﬂm starts from high

eveqtﬁgf Iov?nf#vre Igﬁatterrwnds fif&) L:)sblI éh%hnéar%( tOTﬁg and. a fnulti-pulse

maintamns Bt the TRUIL- pu ows another example
cohmmadeiimrammmmmaitﬁemmcwlng/ \gzetfobh, ghreratki gisfcuitaintains low
Ievel Iﬁ;ﬂto Fltﬁl' hen the high level of NRZI data is formed as a

mar eR)/e IS"formed as a space, the recording waveform

mcludelélés ‘e Eirowng patitrer foxaecpleliof @ wavkfofa GEhamgtaddnyettasaecording

a"illte I | foré(r)]gplrtll% a s{.ﬁu%e of a 5T length, and a recording pattern for

recorc{lngga length The recording pattern is composed of a

pulse tt%eiemeg ttlneFléBa§e vﬂﬁbpaﬂt@rﬂmgﬁd&v&id)wmﬂzpdma isforased as a mark,

aﬁlao% We[g% STW %?S thgg\%gé esa !)t'r gsr? fgllj?fgﬂﬁ" includes a

recording pattérn Here. t & m I-pulse in eas e
réavidio gheasemefaidecardngaenak tifeaprédengéimibodanssat pauepnidor forming a

SRS LR oL Bk R oL A RIS PR engin.

cates dura ion a cooling e coolin
pulse Zbhexteamsdiogn pateordiagquerteosed aofeaawhs&twmmerﬁﬂso the erase

PR o A e B BRI TR RaaSEs ne viatn
opaintwhepWNiRZ fatming aareiwdifgmaittow. levitie, didgimieliepudse indicates at
|e°aC§{‘to§?éaBlﬁ£éifﬁ%B}Hae?h‘@hEMeﬁWFa‘?H'%%d power. In the present embodiment,
Tmp is 0.5Ts. Tlp indicates the width of the last pulse forming a recording pattern.
Tcl indicates the width (duration time) of a cooling pulse. The cooling pulse
extends from a recording pattern to an erase pattern. Temp indicates the width of
an erase multi-pulse constituting an erase pattern. In the present embodiment,
Temp is 0.5Ts. Tsfp indicates a period from a point when NRZ| data is transited
from a low level to a high level to a point (start of first pulse) when a first pulse
constituting a recording pattern starts. Tsfp has an influence over the power level
of an erase pattern. That is, as shown in FIG. 4, if Tsfp is greater than 0.5Ts and a
multi-pulse contained in an erase pattern ends at low level Pb1l, the next Tsfp starts
from high level Pb2 of the multi-pulse. Meanwhile, if Tsfp is less than 0.5Ts and a
multi-pulse contained in an erase pattern ends at low level Pbl, the next Tsfp

maintains low level Pbl of the multi-pulse.
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constituting a recording pattern starts. Tsfp has an influence over the
power level 30 of an erase pattern. That is, as shown in FIG. 4, if Tsfp is
greater than 0.5Ts and a multi-pulse contained in an erase pattern ends

at low leMeEPBatharoeghl i startsvdrafomah fevebkibdinfitpefour types of erase

| M hile, if T f | 0. 5 d | |
RIS A A G BLelEried e e 2 it areshlighion.

mamtamef@wdg\ftel Pig 8f mtmiu@puw tﬁé@&eé@aﬁh@u@i‘aﬁdc&t&ng the present
waveforms for,ex ur types of patter
AR e e P ey Sontir b, CLrBnd D FIGS G @ LL. The
dtﬁemugbe@dotfmmaqaamwu&a;narammdwg tk)ecprelwwscrthamtme dlﬁerences can be
dIVdedI tof a) LH, ( d) ILL. The :
CH UL P B idtor ) sl WS TiRlel CoRRhe s clpaing pulse
faamig eastdyaspdesstondis-ttas, $ajidHdsdicatesttat e ePhaweir tbfetHeIIowing erase
eﬁd_in ulse foi[n n% ﬁa %)attern sthF a[me ast low level Ppl o ds at
HEBHGiR] Er 3L iliflpehed arta THAT Y TasI A aUY u‘?ned&%% patieft ends a
tﬁermmgewm é’ttasetlpawme&ndse{tothbédmmmmg%tfms tlosveameeelothibehigh level
fo o IS theltsame as Lﬂ)e? 'ﬁ‘ eI 19 Ph2 {){ the erase f the leadi |
muI %}eﬁﬂplndoca%est e pow%?gfsthea] o?rPg plﬁsé) for?m%% Ng puise
f(mnmgwrpattfse tterisamthasshmdigh theeh@bﬁlef/elh@bﬂlmm@efmmmg erase
MiGspideecane A ihe last erase i ming NB B PSR ends a
hé h|g svel Pb2 the Jevel Of the f ﬁ%wmg gfp Cortinties’
tlm Ithghhig*rellel?blZPﬂh@daéWlaé@‘raise follitwngsésffr )chihitimetisate ehas ttiee high level

wer of the leading,.pulse 15 form 0,20 I8 a m |sthesa ¥
Pﬁ%h e\Beq Ei)afof%lgtpa}lowmg er)a's_g‘ Irﬁﬂ pu steHangq fer the IOFt eerj'gg&ng pulse
fonninmmaeeﬁmmw@ﬂmreraste@ma asdthat high Ilfaglallémﬂ I@thhehé)Imeng erase

Iow h W | e
muI Itﬁp%é (jﬁ FE Fﬁyll egé)w(gﬁoﬁ%% se ?ttern ends at
tﬁermg’rglavedeﬂalsé phﬁéem% mmelmjnkk)aﬂrtgél' thviketie Bahw Ettetl‘tﬁlhwvrigvel Pbl of
Ise a st e e i t [
IR0 MBS S A e S B i puse
fatrme@athen@seIwélenblwthbesalmeaauluqolﬂselﬂs?% taﬁwméffmll@wmg erase

LTl e e TR Ao dd 2 €558 halth ends

thBeIWQHeIWIePlbﬂaZ_ tbfa_ale‘ee!asé ti‘ialtfqiiqllw‘r@rfﬁpfg(mnynlmsﬂo:'E)Esa@wt;he low level
P@%’?théh&zgé'éar%ﬂi%ﬂfsg the low level Pbl of the erase multi-pulse, is

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

the trailing edge of a mark is prevented and the characteristic of reproducing is
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Also, (f) LH3 is the same as (a) LH of FIG. 6, except that the duration time

of the high level Pb2 or the low level Pbl of the erase multi-pulse is 1.0T

Here, the ratio of Templ and Temp2, that is, the ratio of the duration time
imptbestgh lavphRie2landidGitleatefshdingnivavefbthhofshevatiase the embodiments

multi-pulse forming a cycle can be c ed. as m-n in a variety of ways.
BRI TP R S ST e G NG WEVEN 2 ARy el P of
threseanNveItiQulzas isnaeljaseepattétiircenisdopy botaese MabiTpulad @.75Ts for

hjch power is high leve].Pb2. or low level Pbl, and therefore distortion of .

cHRsaRG BdRoh L HIBHOR (126 GBI B 0 s Rah SR e TerSUC o the dlsc
2¢piodeors. 8 Nhereverk, thpatiatdate istieofeepididgoivay &fenme improved.

shown jn the ekwbodin%ents describedt bove, the duratior} time of the ?ﬁl‘%{h ¢

level PEESRYHE 100 1RULAYBR o Othe BfasiOMiRiRe R afifiEd RANFNS (ype
irdcraagigong tywiagn 2 Felco petl OirT S ddad-tloakeey de 3 aecbeddibietidiztimne may be
. appropriate to the heat characteristic,of the disc 5 200 is.selected. ., .
R & R R T e TR R AR, - n this case, when
ditaaswhderdekhrneaitodion Hppéoatuypesads eypse patteraisoftyfpem the lead-in area
offfimation) magbe reogrded In Ieadin area ofa recordable disg Ol maY 2ing
be"MCudsd N B RELHIE S|ghaq 13 GRE'ST HEadE! thifmAtdRAEMSY InRiS 9
coasspohdmgiatyefoecorded, recording apparatus reads type information

from i, st Aremio p1 fIoLe wobble sidngl.and forns,a MakoLe o sympo

space by generating a corresponding wavef rm.‘?n ad'cﬂﬁlgn, the T5ur y
ingpading efasragmtipaesimay ksesadthe &isgnolbal nmaticatimgnditaeis recorded and
resé)r%%d 8&3 di;%rorezg(haemki?éj fé’l Q%&%Wh?t%r%a%a{s th %rdt%d.a%orl ation, ‘the speed

r proHuced. or example; the efase pgﬁern may ndicate mforma |on,n'the P
ofpetidc 15i00d tHdypsiapnsél paptererss2(patidtiplie toesulieledimes

speed.} In r.to test of the present invention, the sh of

mark ELeries 1 JE5T R R R, TSRERE B a men
rehondatomis showatinnabieslobberdést usetkirstheckineulzsieoh mth& simulation is

Sﬁ%%iﬁoﬁacﬁln%ggec n?:%ﬁ%%‘?fé’ﬁﬁ%%%ﬁ% B TS 4-layered film structure.

MaterialPCZnS-Si02Sb-TeZnS-Si02Ag alloy eutectic
ThicknessO.6mm128nm14nm16nm30[xjclmle 1

Substrate Dielectric film | Recording Dielectric film | Reflecting
film film
Material PC ZnS-SiO, Sb-Te ZnS-Sio, Ag alloy
eutectic
Thickness 0.6mm 128nm 14nm 16nm 30nm

The conditions of the simulations includes a wavelength of 405nm, the
Number of Apertures (NA) 0.65, and a linear velocity of 6 m/s. In order to observe
the shape of a mark, after a recording mark of 8T is recorded, the next recording
mark of 8T is recorded by overlapping 4T of the previous recording mark of 8T.
FIGS. 8 through 10 show the comparison results of the mark shapes when the prior
art recording waveform was used and the mark shapes when the recording
waveform according to the present invention was used. In FIG. 8, (a) shows a
mark formed by the simulation, (b) shows a mark formed on (a) by a recording

waveform according to the present invention, and (c) shows a mark formed on (a)
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The conditions of the simulations includes a wavelength of 405nm, the
Number of Apertures (NA) 0.65, and a linear velocity of 6 m/s. In order to
observe the shape of a mark, after a recording mark of 8T is recorded,
bihthegxiicecotdingpafinganavéBins reciesleddyiowtampi) 4hakshe mark formed
revious recording mark of 8T FIG thro h 10 show the com
oy T B e G BB IR T BA bR TSRV GR having 2
etssel paetineaveskdihg e shehere e réomdiin, eade(Brehascoedingriofirened by a
resent |nvent on was used, In FIG. 8, (a)shows a mark form y.the
R TENOR L CHR e MRS B P 15 120 DN A0 FgeSimio) shows a
nendofdingetd iyeteesientiatientin) ahdv(s) thizoves altnudrktasingdiom fearle of (g) by

ﬂ}gr gé)l’lo rt recordin

B o SR P e Ry AT g
evesieforiie heaik@B(gragetEaidon ancoCliegte thatinesent invention, and
() sh0\qL5 v for prior ar

rk forme a_recor avm tD
crase A A SIS O ey R S i By SR Ly T ydption. for
irgbapvetithg hesadlt of erasmg the mark of (g) by the erase pattern according
to the present invention, and (i) showiatl% result of erasing the mark of
(g) by the prior art DC erase pattern. shows the parameters of thin

t%e result of

Maetgiused in d simllation for interpreting heat.| XaJTabie) 4 Materk@hcmK)

LA LA Aarald)

=405nmC(J/cr
eutectic 1.650

LN JRVV/CTTIN rl

3.1501.2850.006

ZnS=5i622:3660.0002.0550.0058 Sb-Te

0 ((‘rvqtal\ Sh-Te eutectic

2p599)62.9501.2

8580060 (Amor

p(m%) Ag alloy(

4992.0702.450

0258

SReéterringiengai

nit658imulation ré

28Ul of FIGS. 8

thedagh 10, it is

showsn

(é%&a@he trailing edge of the mark formed by the recording waveform

ving the erase - pattern-aceordigg to-the-preseptinvention-eHb) o oG
B‘T U%ute ?[7 2,950 PTEETT285 0.0060
iS befter than The trailing
(Amorphous)
Ag alloy 0.170 2.070 2.450 0.2000

Referring again to simulation results of FIGS. 8 through 10, it is shown that
the trailing edge of the mark formed by the recording waveform having the erase
pattern according to the present invention of (b) of FIG. 8 is better than the trailing
edge of the mark formed by the recording waveform having the prior art DC erase
pattern of the prior art method of (c) of FIG. 8. Like the trailing edges, the shape of
the leading edge of the mark is better when the erase pattern according to the
present invention is used as shown in FIG. 9. The results of the simulation shows
that the shape of a mark when the recording waveform having the erase pattern
formed with the erase multi-pulse is used is improved compared to the prior art.
By adjusting the shape, width, and power level of the erase multi-pulse, distortion of
the shape of a mark can be more reduced.

In order to experimentally verify the effect of the present invention,
parameters needed in obtaining the recording waveforms shown in FIGS. 4 and 5,
that is, the duration time and the power level, were obtained from 4.7GB DVD-RAM
and 4.7GB DVD-RW disc, using a DVD evaluator of which the laser wavelength is
650nm and NA 0.60. Then, the characteristics of

is repetitive
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15 edge of the mark formed by the recording waveform having the prior
art DC erase pattern of the prior art method of (c) of FIG. 8. Like the
trailing edges, the shape of the leading edge of the mark is better when
rébereingfrgaiteicanseictosdindn® [esprésoventoensarsertes sbowanied with the
FIG. 9. The results of the simulation shows that the shape of a mark
P{ifAle rfﬁger%P ding waveform having the erase pattern 20 formed with the
erase rAl@SpUIsetisasghl BEnapsoyeshbsipiwihip tthe pharateriByics of the DVD-
justi e shape, width, and power leyel of the erase multi-pplse .
R BT o S & TR Bl e LSl DAV o] e of recording
usikneamerdadingarif tieraifedtrobtidCpressaipanentiofn, pparametansl FIGS. 14 and
eeded in obtaining the recording waveforms shown in FIGS. 4 and 5,, 25
L e AT LS O SR KYED AR DRyt dhe present
iMMYRHGAM amd4G GELDVA)-RWHdiGS), shiog ajiBdD eharaeterisiioshighttheespect to
laser. wavelength is, 650nm and NA is 0.60. 'Il'he],n t{he qhahacteri tics ?f i d
B PR BPS T ARG BANG ] SRRE Mo the G dSERH Ty eGSR Tailing edge,
ane lisodtio epgeschivitimtark jpridreaotioredinoD (FHGSel 1l BasadohFa@yamuaphsl4.5mwW

showing the charagtgriﬂi):s of the DVD- RAM. FIGS., Jfl thro%gh 13 t'show
r%ﬁor\ﬁmajpowefr and em rase Power were selected for ex iments.
€ Teatures of power and time of recording” 5 USINgG a recording waveform

with a B{G&at2 pattdr® sti@ndhant)easuFe® fedidtamnd the sinow an deverhse.
features of recording usjng a recordi veform pf the present
inventioﬁn(:‘.‘ffnrrIL—qg‘-(.ii(L%31 Ea;ge?hg ?g():i éjwji ér%%ogr%%‘?[{ear?s |'(5)g ﬁhorfelglp%'cg‘ tq'd the most
pretenalite jiterveharactrastgsaavers hesypecthvety Téhp the lEExlanglesigen Tsfp = 0.4Ts.
railing edge d both edges of a mark in,the prior art DC erase, Based .
R L R B B BB e R s 0.7
selecteddse @ xpetimeptsafFiE&sisl 2xqatlid@staily taameaburatiscaays anmark was

th ior art DC erase, ferrin ), n FIG, a d
QR P, I EcBa MBS R Pl e (S paterns
destpibedl Fibe emdantah €l straotdiisticslefdioe faffead thajktarere measured as the
f(w)%ﬁ? eristics, and TIp was good when the cycle is 0.7Ts. 15 Based on

? e parameters experimentally obtained in this way, a mark was formed

with thé&kecdrtlinhavesy diferpitieavihguthetdnistioges tifeefase pgesraccording to the

pggfgﬁiﬂﬂ@eq{}fﬁ@sﬁgﬁ/mﬁ ﬁé{écteristics of the formed mark were

measured as owing. . 14 shows the jitter characteristics of the
four tygeefeorgdingHissthd4, it can be inferred that a jitter characteristic is good

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

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

Referring to FIG. 15, it is easily understood that when a mark is erased
using the erase multi-pulse according to the present invention, the result is good,
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20 present invention shown in FIG. 6. Referring to FIG. 14, it can be
inferred that a jitter characteristic is good when recording using a
recording waveform with an erase pattern, i.e., any one of four types of

eem@aﬂgxttﬁméhewiﬁvéIfécﬁrdiﬁgwermmetimwm@me&special|y,
referri of FIG. it is sho t LH s the best amon
four o S Y ehiaHan 70 s P oMoy A S e o DR DVD-RW.
FVaS. 116 effasr ghultis mﬂewan:rem@a@tegm‘ memtamdemm isf usediding using a
erasing a mark, the jitter racterlstlc of A Pbl ich is the
R R A PGS RS Be st AL e g 20 show
mbwvnedltf@ﬂhewrmﬁlnetomjm&uswgmerec@mm@\beg/dfﬁaﬁeotméiﬁn‘égénlﬁwention.
shows e cteri ther sults of repetitjv
ool SR S R AU RLR o Legpegy to recording
ppmranaoemslmgdwm;erpspmm\mlyempmeoiem@ edgmotrarltn&@‘egmgmd both

FIG 5 |t |s aS|Iy nder:stoofgilj‘E ﬁc;/vhenam rased, ysi th

t

e e ﬁl pu 4 ér&c IGi rPg”Po ehtdRventi ﬂs e PQSLSR |sa§oo§’1114 Omw
rexspreling [p owtrearep 6titivie e how eharadessdticiedspect. FIGS. 16

throug howing the characteristics of the DVD-RW
16 thro%§§§§ shor\/rildqtigs?gatur%]s omsg\%uerre z(a?nrg ?m&e cr)}t;\%c i ?r{galr}s%g %rase
recordiRgfeaugjoionFi@Gis a IDCGhahdS ,pﬁttemc&ft preferabbn {itteiGhatacedstics are

Osho 5i rove f turesof eco atec d| wavefr f
ﬁwOéN Bré’ysentrﬁrl%gntlon E? . (%1)5’ (bij oW’ Jlttij;’c ra(%erlgtlcs8 55Ts, and

Tipitvasspead fo deOdreimd) 1pbiger and erase power, respectively, for the

leadin ed e, tral d both ed eso rk in he rior art DC
s pasey BRI B8RRI SR ATHERAIR DRI R BSOS mark was
fcpmwr weite $b&30teob|ﬁm§|®®\£7cund hashgwitiee foeastyeesredulésase patterns

CHB 538 Q\%erﬁg t fFeUm cm??hya%" .%ﬁcéhSE”}R%r Pfgﬂ%ab!%ark were

e c ara(&erlstlcs are own AN
mEGEU'EedI' Esvﬂmf@tﬂoni/mg) 55Ts, and Tlpwas goodin 1. OTand 1.1 Ts.

Based E%‘%?ﬁ%ﬂﬁ@ ﬁfgjreéHQﬁé]é?é% ?E?H%"tﬂé”féﬂ\st ?HB%; KHG. 6.

15 for e recordn wavefo aving the fourt es o
patternRefieisorihéa EltﬁvéQanbllmehemdhatngl-d:hw@clerm@%trwnong the four

tJBE@ed\m%lﬁ buik %@ﬁ%‘?&ﬁ?&ﬂﬁéalm\%ﬂﬂie erase multi-pulse according to the

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

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

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

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

Meanwhile, the above experiments followed the DVD formats and therefore
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FIG. 19 shows the jitter characteristics of the four types shown in FIG. 6.
Referring to FIG. 19, it is shown that LH type is the best among the four
20 types. When the erase pattern formed with the erase multi-pulse
tleedeFiRg tndtelatiesentdivedtinass used. in Emsagr hagkythuf jdteer modulation

characterjstics of A Pb(Ph2 - Pbl) which is the diff e between the high
TR, Fisol Y T AR SR B e dn L b a8 - T5).8nd Dual
nobduitiensicasyd, shddesyitdegradatidroam@anW, 1 mW was selected as

the condition for. the repetitjve record ing/reproducing,experiment. 25 FIG.

20 st SO0 AR R ed A e AL BB RBERETY of e present
inaghépndshusiitigonsing Hir ceear disgapiisd hbuirg e reyasieepatieitined.

accordi tq. the present inyention. Referring to FIG. 20, it is easjl

ndorsige TR ARG 7 ar e Dalier dRERiLls to a preferred
eatvoditingntootitte meseninveetitionthe result is good, 30 especially in the

repetitiye recordjn é]’a cteristics aspect. However, the.jitter .

charadis IR E St e S5 AL AR DHS (FREl e daiadram fae ourside.
nebawiateth abh ehdgialseret apmpratiesdNRZordizng (o Stepid@nt invieetipthis recording
ftraiagcous IR Lo 1,000 e repaliive recaring (hal i uaraneed i ining an

P HOHRa DV .Meanwl'n%,v\{ e above expegimen?s Biidwed the 9

e R D rinrinpts sandhtistepfA&022 thésEigMrergmhdeaditenl metbamtingasasefdorm, a mark

However, if any of pther, modulation m ds that ormally used, for
o R e B s T8 oot the resu

will be e shveridedecandive) neettadiagcdidingteseiprefievesdion, a method and
SRRaT s ofdhs prssent.2 vaien basedon e siuelirdessibed prevents

BBEVE Wil 'how Bé exp%ineé?lillrb.% iS a flowehiar sl"%wmg a recorvc\flng P
drststtiooh auictrdisbapea prefemack elodddimest oitérteprasenaitvbetidbraccumulation

Referri G, th Ing.apparatus recejve fr .
o R e R K R e provided so
thiiéhe tbiearexbedistic Soa pparatirrgencodissrmgramidippwadeform having

an erase pattern containing an erase multi-pulse in step 1802. Using the

generated recording waveform, a mark or a space is formed on the

optical disc 200 in step 1803. As described above, according the present

invention, a method and apparatus for recording data in which the

recording waveform which prevents 15 distortion of the shape of a mark

due to heat interference and heat accumulation
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when data is recorded and improves the shape of the mark is used are
provided so that the characteristics of recording/reproducing are
improved. 13 What is claimed is: 1 . An apparatus for recording data on an
optical recording medium, comprising: a recording waveform generating
unit which generates a recording waveform having an erase pattern
containing a multi-pulse and a recording pattern containing another
multi-pulse; and a pickup unit which generates light to the optical

Whakisgigimtefhisdium according to the generated recording waveform so that
a mark or a space is formed on the optical recording medium. 2. The

appafatus ofac{aipparfiidher rUBRIiSNG:E shannshieartdatirimgnitauiich

channel modulates data provided from an outside source, and outputs an
CONIRZ¥'88ta signal to the recording waveform generating unit. 3. The

apparatus irgiaiavifovivegemsthérg ciipadidhogenprisies: aaeuoiding iabeform

rotates the optical recordi .e%i o t] Vi lase »
e e e R M A AP A ontaing
anelbenew e utsss@beam reflected from the optical recording medium; a

Sservo eI IHEWSRIN QreRETiRIS RBROIRE Jptdhe aRitedl hardi@ithacording

laser driving circuit which drives the laser device installed in the c]g tical
to 595 A %‘E);SS?Qng‘ﬂ)W:%V@gP&THgSBaFE?BH B O R e {3 LL1e] r&fé’&‘?&r’r‘ﬂn the

optimaipasoTging meedialing waveform generating unit which generates a
recording waveform comprising a recording pattern, an erase pattern
having a multi-pulse, and a cooling pulse concatenating the recording and
eras@ patteriéeatrRParpieRl eRitwhitiIFaSRifNEspect to the optical

record g e By A ARG §h the gpne@ieRd daraedinaiy ayelaiad $easan
to form a mark and/ rasga?\ﬁqfnt e optic {rf?ﬁordingrmedium. 4
outside source, and outputs an [ daia signal to the recarding waveform

generating unit.

& The apparatus of claim 1, wherein the pickup unit comprises:

a motor which rotates the optical recording medium;

an optical head having a laser device which generates a laser beam to the
optical recording medium or receives the laser beam reflected from the optical
recording medium;

a servo circuit which servo-contrals the motor and the optical head; and

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

4. An apparatus for recording data on an optical recording medium,
comprising: '

a recording waveform generating unit which generates a recording waveform
comprising a recording pattern, an erase pattern having a multi-pulse, and a cooling
pulse concatenating the recording and erase patterns; and

a pickup unit which records with respect to the optical recording medium
according to the generated recording waveform so as to form a mark and/or a space

on the optical recording medium.
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