12 JANUARY2007 METHOD AND APPARATUS FOR RECORDI NG DATA ON OPT| CAi2 JANUARY 2007
RECORDI NG MEDI UM BACKGROUND OF THE INVENTION 5 1. Field of the

I nvention The present invention relates to a nethod and apparatus for
recording data g s al ' ' '
par 1 cul ar 'y, -t oMETHRRENG APPAICRS RORRECARDAN HAAON OETICAL
recorded on an-optical disc by f RECORDINGEMEDWIMt he optical disc.
10 2. Description of the Related Art Recording data on an opti cal

. disc which is one of optical recording nedia neans that a mark is
formed on a track fornmed onBABKEROUMND G THE INVENTHONS fornmed as a
pit in a read-onl qefl sc. such gs a Conpact Disc-Read Only Menory ,
(CD-ROM &nd-a Dié ‘Pftk}%w’k"ép?'?'é Di sc- Read Only Menory (DVD-ROM). In

a 15 recordabl e d’i’ﬁ%ﬁﬁé&ht ﬁ‘n%eﬁtid?ﬂfefﬂt@y\f@é%élh&?/%ﬂamw fofrecording data

phase-change film I ch changes into a crystalline phase or an

anmor phous plRaKAN Prlicb rersading masum, ard Mmare gartioyiarly, ional methed Rnd gpparatus
formed by a; 0. - L :
recordi ng dgfglﬂ@gnﬁggﬂg?{ﬂ %er%&?rﬁg Q%gleann;é@[&gga%b rb g‘g%#r}ﬁf@%%%élfé%@ea%tgal
mar k posi ti discr ecordi ng -net hod. According to the mark position 20
recordi ng t hod, the. sign_of the anplitude of a detected Radio.
- Fr equencym?%F) Si Bﬁa‘f”@ﬂﬁﬁéﬂ? r%?lfﬂﬁ%at Ive to positive or from
positive to negatRe€ordingaddtaeat & dpticH) didt @hich iF@hk dfoptiesiofrederting media
According to the mark e gae:_ recording nethod, the signal of the )
anpl i tude ofnefngeat demafi-issiagman hanRak TmmRe Iyt ORliGah Jivssi ¢y Merk is
or - from po?érh‘legeaé @ pedRhi d8adnnPaisB ReASEs aTCsmpadt kpisd k8! ORG: Memory
recording the e%ges 25 of a mark’is an inportant factor in H;ﬁrown
the qual i ty(GP-ROMspanstiac Prgitas iMgreatile pad, Onlyi Meaiose (BNDARO. aln a
phase- chaidi Dridl @'t AR A SO-RIRVPIANA DYBIYERVIR AR Pnale-Bhange film
trailing edge of a nmark recorded according to the prior’ a
recor di ng nethichdcledrgegeintcaa coystéaline thiasé eor|angmiorpifoua pheasle isrfoamed in the
i nterval between nmarket, i.e. .the space.  That is, t traili ed
of & mark | SRR i TR SEneh B Barat srefp e B rePRndT B
Hlat t he .Cgf'ir act eMEﬂtdd@Sfolefremdlmnga@/ caireﬁreodmdeﬂginto aararkl egigededording
a recordin rk is relatively long, t characteristics -are nore,.
degr aded.  FIENGS 3 e PRrben s BT o AHCRIHRS JEIB JhaRK Bostion
accor di Nt Geddrdifg rA&thod, the sign of the amplitude of a detected Radio. Frequency (RF)
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 frc‘)'m negative to positive or
from positive to negative at-both edges of a mark. Therefore, recording the edges
25 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. Thatis, the trailing edge of a fnark is formed greater than
30 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 |s 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
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Referring to FIG 1, a variety of recording waveforns (a), (b) af@dJANUARY2007
(c) for 1 12 JANUARY2007 recording Non Return to Zero Inverted
(NRZI') data are shown. Recordl ng waveform (a) is for a DVD- RAM
recor di ng vef Zar e for RW,. Here, .T deno "
the cycla o v a8, &) 2Rl sbtireh INRZNCARE B et ccBrchraige
met hod, t hewhvg’orme(ayeis fofr S\BYD- HAM recordiagonsledorass ¢b)amdk(ciaee fdrea DMED—
A recor

5Ieve| of I at a for as | N vef rmu
T recordi ngW-a HeEKTIenpERARP SHP ST BT eUE By ASOIDRG D Gdnalk sdge
recording Waéc%mﬁgnmaﬁ@d | he HigH TEvBOoANRZA Rt IsTre@bRiRUNgs 8 rdrkkand fhe low
referred to as an erase pattern. The prior art recording waveforns

(a), (b) &ntevelyf NBEI datemis formed asea s9age-r ¢k eraoring wafqrmeusqsidméecmmg
an erase paétrﬁ{arrkEi_s rg?@rFéH ?cL'&Eda réedidif %?ﬂeﬁ{ g g %Qo a‘ﬁque % Ioﬁ’ﬂ%@%d in

in 10 interva nce the erase pa tern |n or art
recor di ng wireirg enspsce mlalerasihgajmﬁ()tlheefeﬁ:eddoeis droerasepatiget.erhenpiibr

cont | nuous| 9T APy aRRRT oG FLPEERMLPTRF R woorfigeand e
the shape opowen®df 4n ieBastegiitnds anthidingt dn 'faepi'eautehntrfthCH@ve! as shown in

characteristics recordi ng/ reproduci ng are degraded. '
parti cul ar, 'nm%lépnent toward high density and high I|ne speed for

recording nore dagifcOnhd &Hhse pRRKAS infdiReH th%eph‘or ahordcBFdif dvaveform is
therefore heat interference between pulses formng a recordi

wavef ormi ntneauelesdtas thaude leust &romgr@@mrmmd timan®h20d, G Iireat?n%appliaﬁlrto

art, differ recordi,ng wavef o a ccor di to t

i nds. of - opiToCSHTEHPEDY, AIGE (REPLTRUSHE o AP Iares RO feRRR A multivle
DVD- RW becames, theeshzpardied fiarls tsJ rafied ap@dltoed blidFSthat ﬂwéiblﬁér@él%ﬂt.tacs
In particularly, the fact that different recordi ng wavef orns shoul d

be used flor ObiRPTHINGPIBRUSING e niagiades. priBoPHEHIAT Agygiopment jtayaed high
mul ti-drivequhdigharffigh rhﬁé%@é& e rReGrehAinbre 8861 & sfidomaked cidbe Excle T

because the mul ti - g I Ve shoul d 25 accomipdate a.variety of recordi
wavef orns. Sinertgsr @bdethﬁt%fg@eéﬂeah intecferense behvesass toulsssivVigrmingor 'ITPIEOFdan

| NVENTI ON T&a§&JoYrﬁ lﬁé?s%%égot%ec\?ﬂégm&gﬁegllagiahén a first objective of the

present inventron e a rec I'ng met hod and apparatus in
whi ch the di st ortMeanwlfile, hm shepariorofart, tdifferesh deogrddgevavetbrinsaiaré ngsed

edge of % rrgccor tg i I%ﬁgé 'oP crnlptpc\él Gisbs grtlc? %ersep%%lrf%ép Shs such as DVD-RAM and
DVD-RW, because the characteristics of recording films are different. In
particulérly, the fact that different recording waveforms should be used for each kind
of discs méans a problem' in manufacturing a _,multi-dﬁve which . can
record/reproduce all specifications of discs, because the mulii-drive should
25 accoi‘hmodaté 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

30 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.



can be prevented. 2 12 JANUARY2007 It is a second objective of tIRe/ANUARY2007
present invention to provide a recording nethod and apparatus in

whi ch data is recorded by a recording maveforn1haV|ng an erase

pattern which can,i.npraove

P et veror s Fame T R SnRPART of thd dBeSt ihVantBp Jor Hokidena gecerding

and appar at usethéd whil Gippdedids inswhighadl=igds Bcordddebp bdicagrdivy #hosfarmitiaving
can be applied to a disc, havin a recor di ng filmwith a variety of

_ characteri s?ﬂﬂaSWt%E&Wﬂh&aﬁ‘ éo‘é?o G SNERE SERIMAK: of the present

invention, there k§a E’r‘ilFb"é)lS]S&w% dT‘%ﬁé‘?Fbsfeﬁf invesRItosrotiat & RBoRihg method
opti cal recordl ng nmedium which includes formng a mark or a space

by using & Ped@rpRrUSYshdmilaavis mgcerdedrase reqcordmtwevefommimhqpﬁ@ be
a multi-pul r Length
e {RLEPpIE B8t kyind 8o SiroR AN ARe 96AL Bt Bk DicRs 10
Zero | nverted (NRA )acdamalists th@caiuodedobjastlvasnafr the gmesant siveantibn| dverde is
of predetermn RZ ord as a-space. Als tQ . .
acconpl i sh P %&Q@J@ﬂ}%ﬁ{ f Eesco cga rEs &t S?ﬁ?é,{??%ﬁingt Hberdéum’swmc:h
15 provi dedimluiRsHothihga rhélka)"rdal émadé&iyausﬁrﬁg aMeQtlingavaviefsraT nla\nq an erase
medi um whi ch incl udes generatl ng channel nodul ated digit

dat a; (b)mgeﬁté@ratqqn@a"ane lr” €. wavef orm havi ng an erase pattern

containing a nul t prdpathss, éé't@ 3 ré&fr@éd’bﬂ&or@ﬂgtt@r%n Lé’ﬁ@ih(L%[téd)(mlﬂgz 840
first level of the digital data as a mark and orm@g(NBsecon

of the digi ﬁafll’S'fdét/%l apredeipavived NagsRaym e Zgenbvart éoraatads recorded_

Lamgth Ll m Fo8 TR Fb% i@ By bloauiinb I N abanithgefiud « space.

| evel of the | eadhisg, fuasmngdlish Hee ebase opjrtiersnof the prlaeedtowdmaj thefe is
| evel of PhEHAL ol K mhifiadigh thansoalie B el Whikn
| eadi ng pul glefest(ag gaﬁe@nﬁgehmﬁéleﬁmmdbﬁ?m@am .gb) b@h’@latlmj atrbeordmg
mul ti-pul se and the power |evel of the ul se

hi gh | evel M@V?Wémrﬂﬁ"ﬂg-%la?ée PRYEHEARRINNGR MU ?'ﬁ% an é‘arc?PﬂE? %P%téem

of the eras@ng@aéimFhingRYfikelclvBrofltRWdigisPlatafast M maikibhd f&H[ﬁ%a%@eoﬁd‘%vel '
power level of the trailing pulse may be the |ow |evel of t

nul ti - pul seof thedigitahdata asey epacss by Heing thrigenpraleddecedingheaveferse
P ot e, ey QU84 ST pIGRTH o PRI RAIS IR FREE L
10) or RLL(1, 7). '

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

25 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 pu'ls_e may be the low level of the mulii-pulse. The power
level of therleading pulse of the erase pattern may be the high level of the multi- -

30 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 Iow level of the multi-pulse is substantially 1:1, and the duration time of
the high level.is half of a clock cycle. |



pul se. Preferably, the ratio of the duration tinme of the high | el@lJANUARY 2007
and the duration tinme of the low level of the nmulti-pulseis
substantially 1:1, and the duration tine of the high level is half

f | ock I h i .
het 1o evel “dt R AGAORR R M ptt) e LR B B g2, e
in step (b) fdrinedsconthrk earel inodtepr(Bpittleesatione deviRat peialeteritined NRDEdatsis

a space. recordin vvaveform I ncl udes a cooling pul se, and the
erase patte me qsrﬂ:?%’(?@s a part of the cooling pulse. It is

effective that IfTﬁ&eec@a@lh@@véuer@npfnddh%s é"%bhr@ﬁﬁrébsﬁnd?ché%‘iésé Battern
or greater than 0.5Ts fromthe trailing edge nal, the

duration #i mluglﬁsmealrtéédhwogmmulsgr nitrig effreliver thad pr@fatwg time of the

i ncr eases
ol vaed i nYohuleP s IBREMEIAG dreaforitRah oyteSfort HS ralih e, tne NRZI
are adj ust eslighgl, ttlhr.eddmtlamtme bf thes Madtﬂgepmle@cﬂtbmmg)meserasbopaﬁawg indneases

recordi ng pattﬁgB Preferably, the recording pattern has at |east two
power | evel 8¥€ to acconpli sh the above objectives of the present

i nvent : on, thgr e Pr%fer@lbl?va dmdpal@e@bngﬁtailmgéorfmbluﬂeammerrgummeqmsammgh
optical recordjng nedium i ncl udes a recor

generati g (ENFka |3CPW9@H@|r“£‘laé§r% ard&@@%gﬁdhw&?t@ﬂrﬁ"ﬁ%\ﬁfmg j??‘&‘?%?é‘lse
pattern cont@inii eq:eémhﬁ]b-p@%ﬁg and a recording pattern; and a

pi ckup unit which applies’l'ights to the optical recordi n? medi um

according to thePr eblat,ttéa reerdinginegfenahes arlaasidwe pgwealayalsk or a

e on e AHELE Gy e o e b

nodul ati on unit whi ch rom the
out si de, androwmpiuam; apbamttgaefmrrac@ﬂingl\lﬂma oraba dpbicahecoaing dmedy.lm which
wavef or m.gene g uni t.. Preferably des

ik

mot or whi'€h"f E&}‘f&r%?ﬁl‘%%‘(ef"%c%‘?’kﬂrﬂ grréJ&‘L{pWﬁ'GQnQSB?'" & hdgeprding

whi ch appl i WSvéfaaﬁrhabhgrﬁh érasé pattept cartdininger mudi-ngseradd larl’lecebrdlng pattern
refl ected i cal recor.din

receives | aser th
cervo_ci r 8 & RIFREHISLIOGh GoRlo Gt e T 8icah RForHs dkdiamiachuiine o
and a | asethedidnératgd @éé&@lh%Rbed?nﬂéd th%a'nﬁ’érﬁbrd%éh@@ id fofrhadl! ed in
‘the optical head. BRI EF DESCRI PTI ON OF THE DRA
Preferably, the apparatus also includes -a channel modulation unit which
20 channel modulates data provided from the ouiside, 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

25 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 anhd advantages of the present invention will become

30 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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The above objects and advantages of the present invention will bdgsMplUARY2007
30 nore apparent by describing in detail preferred enbodi nents

thereof with reference to the attached drawings in which: FIG 1 is

a reference dibaar amtog a recordi ng.waveform according to prior art;
FIG 2 is a“BPoaingiit QEEhTEre WVETYPY ng appar at us according to a
preferred 4 12 JANUARY0R7an exdrmpleraindn idplérentaties enthd rieerting Bpparatus
FIG 3 shows,_an exanple of an inplenentation of the recording '
appar at us BtFIS & 2; FIG 4 shows an exanpl e of a waveform generated
by a recording %I@VﬁfﬁoWSQ%Heéﬁéthﬁ of £ Uldvefdih(S genestiodspya 0 trB&drding
exanpl e of a waveform generated by the recording waveform generating
circuit; Fl@gvefgangene@gingaticdte wavef orns for explaining four types
of erase patter C LN ' r ' r

i nvention; . 10 FI @égﬁe&{éﬁ&& %?&g?rge%{rﬁélrs %g%@g%@ﬁhﬁ%d E&ghgégt?&aﬁ]g
FI GS. 8 t hr eagéiol® ganeratihgpesuigf marks recorded in a simulation;

FI GS. 11 through r raph owi ng the characteri.stics of a

VD RAM. 1 G5 180 G OIS 4L S0 e RO PN EB P e DR o pEse
of a DVD- RWattériél aéforliing to 2lprefer@dfdrabsdimeht SftR@bREeAt iINREMIGH; Ng

met hod according to a_preferred enbodi nent of the present invention.

DESCRI PTI'ON OF THEGSREREREED atfathsr peamples abLHofildGgab%) ock di agr am of

a recordi ng appargiges S%Fdﬂﬁhgﬁiﬂﬂarb%hép% 8f BaR&%ecaBegFPadimBationf the
present invention. Referring to FIG 2, the recording apparatus

which forns a marGSa 1athrepgh dalare goantsi shgwinaiinershacrtenisics opa EMEpRAM;
unit 1, a record \V; \ar gt ' [ : _BW-
modul at i on unit 3 CPha O A ag g apREsfiolfl e haBPl Bl A vn Ry
is input fremithe outside into a channel bit stream The recording

f ' ti it 2 i t he ch | bit st d
Goner at osa r ecordfnd b@dpuERaR SROMEEG IHRgToRERhe rbul bR 4 ma el
stream Theefmpeainthn of hrRvisbesmigamabal ed_ according to ,

DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

20 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

25 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

30 mark or a spacé. ' '

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 explénation will be omitted. | )

Referring to FIG. 3, the recording apparatus includes a pickup unit 1, a
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the present invention has an erase pattern having an erase 12 JANUARY 2007
mul ti-pulse. The waveformw Il be explained |ater. The pickup unit 1
applies light to the optical recording nedium1l according to the

generated recordi ng waveform so.as to.form 0 rk or . ace. .
e 3 chowdsShRARESTor SERETRIST shiit 2 fisha shanfel medipfr i e pickup
apparatus ehitH GasZa mder slanerrbegtikg a loptiee diseli2oat esh bptidaheaeadnts for
reference nunerals and_  the_sane explanatjon wll be omtted,
~Referring t&98\Ng Hsef Hghtrrefigetad ey fisarritcasdish <P da SeRPriEdufp! 4.far servo

1, a 512 %M@n@gqgserr&ﬁﬁbdéir%ﬂit%%if Qﬁmgﬁﬂﬁéeﬁrtdéﬂvﬁ:ec‘(hﬁf?éﬁéwrﬁ1inéﬂlﬂed
a channel nodul ator 3. The pickup unit 1 has a notor 11 for rotating

‘an opticals & e amigal haedofti cal head 13 for receiving laser Iight
reflected onto t h?hé)%héﬁﬁél fb&fatdP S m?ﬂél?fe\éolapbtr Sé't'atiquza fc%n@éirﬁfsf)stream,
control, and a laser driving Ccifrcuit or rving a |aser device
(not shown) andstughlte iRA date.t HEheopEcooting vasefolr8 . gefipeatinigasirealt 2 generates a

nodul at or 3 _nodyl ates Lnpuf data int annel bit, strea and

out put s NrooaaRe Weve TR tor GeeBVERE: G et pbiidgS ehe AfforaiB8 Wavetorm
gener at es ato thedasst diwingesieliprm f or recordi ng NRZI data and provides
the recording waveform to the |aser drivi ng circuit 14. 10 The | aser
driving cl%cuit 1hh¢ BegE ddving kWl 14fmeEMBK omEPRAa Pheentedling Iagervith

using the rggﬁg\{ﬁgri&m@%g&d@v\%@fgpmfl G 4 shows an exanple of a
wavef orm generated by a recordi'ng waveform generating circuit.

Referring to FI G Flis. Arshovwaten ehxampiss chca ovavaigm ogenassled| by i @recording

method 15 qf C ator 3. That is, if the nodul ation
nmethod is a V%%E@%?‘%Paethg%g% (RLL) (2, 10) series nethod, that is,

accordi ng to Ei ghReferrifepto Fk2@tl, NRulaid ichanddsFadcording i at moffdatidre evethod
Modul ati o S FMt), , -15),, d, Du nodyl at.i on he .m _ninu

mor ke enoinB He bl et i, AL R theoprth Bl RrehOf g RN Tengtn
[s)(yS£ 15) 2ios %mwzlmel(%m‘ {mt; hetiedi ﬁiétlg@c_ﬁdtﬁalﬂti'é,%ﬁb?r@ﬁnd]t@CEBﬁﬁlctbgz?@Teen

stem o] ] I " announce sushjta in I

St or age _(ODMOdE‘@i'PF b dp ‘?L{Sﬁﬁ’eﬂs’é’/‘e&@é’i'%%ﬁi @ﬁ%&b(gfgtsén@dama'
Appl i cati on pfRiulaRnA#@3Rinifiimihbrk 16068 I9BTOSRA HRIMBRIMLAA mdR BHA IO Ts.
and denodul ati on net hod, and denodul ati on anr at us havi %eclom)roved :

DC cont r ol | Hege.daSabiis eynedyipfigumehadhdisgpsseint "Qntisel ian ing System
20 of 25GB Capacity” announced by Matsushita in Optical Data Storage (ODS) 2001.
Dual modulation is disclosed in Korea Patent Application No. 89-42032 “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
25 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 NRZ| 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

- 30 recording battefn 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-pu[ée 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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on 30, Septenber, 1999, and laid open on 25, November, 2000. |f daANUARY 2007
is 25 recorded using an RLL(1,” 7) series nethod, the m ninmum

recording mark is 2Ts, and the maxi mumrecording mark is 8Ts. \Wen a

hi gh | evel = for

a. m nd a Io e as a ac
e G o RS e SR plBe USRS arBeRabR e
recording aTcinmﬁtca@és #he/ Widtan@ufationn titled s Paddoting fudse.f OTHE RGolng pulse
space of a 3T | engt and a, 30 recordi n<F:; pattern for recordin

_ mark of a S?Xtﬁé%?rﬁm FRECHERGrRALRE" |08 £F37Si RAEH I OB Btd'cét‘?iu%%"”dth of

train. Al sogntdigshfifpulBatd iy bA é‘r%é@é‘ﬁé%t hlrﬁth@%ré@eﬁtre?hlﬁbﬁﬁeﬁhqéﬁtp
ininterval F. Tnp indicates the wid a multi-pulse formng a

recor di ng Spigt @.6M%. T8 édiceties ﬁtﬂetrlpdtf[ﬂf'%@ pqmﬁ wherdRAl dateissiransifed from a
pul se havin d

12 JANUARY?2 &lé%%ﬁ%”& hYa(S‘ %nglatﬁ% Bgﬁﬁﬁﬂ%@?‘éﬁg RBIsEY §in mﬁéﬂﬁgtftfm‘ﬁg a
pul se form Im:oadmgmttdrmgta[tat t €&fp.hascan infldeoee eset the powierleyeluofatn erase
tinme) of a c¢o Ilng The coo e - exten f a recording
pattbrn 1o BRTEPacINBLEL 5 AR GF I d: BeiskCis cTEag fion GF nf BFGUErsUR

mul ti - pul sechsaifieddn 24 @é@@@aﬂ@ﬂéﬁd& atl lowti&gel FPtﬂS@rlitt nEXToRE ﬁtéﬂt; ,fro“ﬁ?mgh
51is 0.5Ts. Tsf[gbl ndi cat es peri od romag when NRZI

dat
transi t edof [R¥Rl BP2 pbiRe @V‘@Tpuﬂ%’ a Maggwhilgyig chbS @Sﬁ@ﬁﬂ 0.6d$ apd ad’f'U[tl pulse
first pul Se}:o?ﬂ’@ﬁt@dﬁnférf §Fas@%a‘~’!%rri %ﬁﬂb'&g I@w Ié\fél’@ﬂ)‘*' Rk Rkt fp nft;élﬁt'étn% Iow

Tsfp has an i nfluence over the power |evel an érase pattern.
is, as showevehPF dof the milfi- Pll#itep is greater than 0.5Ts and a

mui ti - pul se CON BICA AL ARGk SRS dANLBY Sy FBTecdrifig

next Tsfp starts from of the nult
Meanwhi | e, wavdisfmp geaetaimg dirbaih 0. 5Ts and a rrultl-pul se contained in

evel “PoiBor  tho REFTTER O 5 Wien 18° Ligh vV Satip R ap & Hhar

wavef orm ge@ﬁdathedlohy IRl i§ ef@ﬂﬁédi% aV\/aF@ée)rtmegmhﬂh@ n&axféfcﬁmuimcludé’s a .
Referring to FIG 5, when the hleve of NRZI data is formed as a

mark, and fqgtgrcﬂlag\,ppg@r@ﬁot EeCPEFt' 8 MRk gplclenaihn an esres RRtiRN fRVerpema

i ncl udes a sPEGOGIH 59 |yt &na o @cofcﬁrﬁ‘g)ﬁﬁté}ﬁ {6r rEBHIgirR a ?na?ﬁbf@@ﬁﬂléhgtl@n
erase pattern for_formng a space of a 5T length, and a recording

pattern for recorHhthdeeorHingkpaltera sTCPmpgsad of e Rlléf@oﬁrélfhg Neet &hen erase
conposed ff PQttéH’l'lé rfe@iith %Pﬁ%e tr%ﬂ?a@ Pt i@ ”I'rhévI rt;?‘?f{]d?@éjth\@'\klﬁth

a pulse traln as shown in interval G ndlcatesthe
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,
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

25 extends from a recording pattern fo 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 pattetn starts. Tsfp has an influence over the power level

30 of an erase patfern. That is, as shown in FIG. 4, if Tsfp is greatet than 0.5Ts and a
multi-pulse contained in an erase pattern ends at low level Pb1, the next Tsfp starts
from high level Pb2 of the multi-pulse. Meanwhile, if Téfp is less than 0.5Ts and a
multi-pulse contalned in an erase pattern ends at low level Pb1, the next Tsfp
maintains low level Pb1 of the multi-pulse.
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of a nulti-pulse formng a recording pattern. Here, the multi-pull2elANUARY 2007
I ndicates at |east one pul se having the sanme width and power. In the
present enbodinment, Tnp is 0.5Ts. TIip indicates the wdth of the

| ast pulseformngcgsrg d|n é)@ttern Tcl dlczilte,s t A

(duration time) of #codl rr?(ygﬁu &re Mrvelyais %EH%B‘”QSOER%’?F‘&SO? Pfﬁﬁe
a recordi ngpaféinedecb@iritot geferRf 4rabodimbRNBf the PréstingmvehgonM dt h of
an erase nulti-pulse constituting an erase pattern. In the present

~enbodi ment, TenpReleringinsFIGR 63 thryghfid dhe efpse R?étef%@ﬁoé”%% fe pieepnt
NRZI data i Wehﬁm'air@% P8 beWth%\ée' af EHa r@ Py, '(E)NHL teha o?q_L”t The

(start of first pulse) en a first use stituting rec
pattern stSadtfbrermspaftﬁsseanaﬁtws mmrbe@ IbYtQIT@|e|ScﬁNe’thal éhﬁedlffeter@ﬁs @ﬁn be

erase patterg Q%]}/Tpﬁﬁeljs 0d?S F?r?f)v@%&_H Tdatds thit ’EE%f powér 2f gﬁé Z&%ac? E@rbulse

0.5Ts and a e con n an erase ern ends
| evel Pbl, fdrenimgpxah eT'aﬁe) pattemtls thé rsamdmghhé mﬂelleviébE’bOfoftthe following erase
rrultl-pulse anwhi Is | ess da nmu

Cont ai hed | MUPHFGAhaterdhR Bsterass TliPLBreionpe. N aass petiqat ghds
mai ntai ns | gy loaviglelPm 1, Bhe pORerMulélicf e fflowihglBiy ANWARYROS thE!High level

6a through 6d are wavef orns f or eﬁgl ai ning four types of erase

patterns J&cE’@?onfﬁ@e emsg pridrised }rHHdn%ﬁ’tesdhattt e nomes ohthe leading pulse
i nvention. 'aﬁgeré | Eb@n i83hd Qéfﬁ | x g'%dhlbﬂ‘?e\?é ®2 mhé%lrbﬁm?g erase

according the pr sent vention are nto our types
(b) HH, (c) mulij-paise a(nm) after. thgHest gade mdtieuilsesfooningr theecrpae tpatiem em@ at
mar ked by cil.c r b r
TS 0% DR B Al LS BRIREG R B ARRS o MR e el
~an erase paPberaf ths eriee waltiepase.t He) Hovndieatek tiﬁ%hlthefpot:vieeof tid Iem'jlng pulse

erase- nulti-pulse and after the | ast erase I |

o ase. pat PefAUhIEn 1asq Ratrrs.P oy Smecas TienBohdwiel HEvel faitofjund Srase
fol | owi ng Tfﬁucpn- alstahemdsam a8 |b§teer’@sehnu|ﬁxpelse1@rm 0k drise epeﬁem ends at
mul ti - pul se, i ndi cates that the power of the |eading puls '

forning an QTeaB'Shé%‘feﬂ EPR. the levgd OEWO&%WIFEJSFH igtihe g3ree asihe w {ewgl Pb1 of
foll owi ng eRsgrasBUhliti-pRideSe F@d’émya(fd? eL |ﬁ&8atb§9£ﬁateché%%\d§\"b? 'theOFélaﬁﬁg pulse

forming the erase pattern ends a % | evel Pb2, the |evel
the foll ovvl ﬁ:g'mm gneiase patiemt is the segwet ge the dow |lea«ede|Pb1mf2th@ff0Hmng erase

~erase mul g wRi Rise (4 Ser! tﬂQHSé‘tt&%sé[}ﬁﬁm RePRIR] Otfheté} Jf@%ﬂleﬁggréds at

pul se - 15 ormn an erase pattern ane as ehlg
of the foll ¢w oy Evabeb1 nthet Ievelud)fstdaeefnﬂbvaﬁg elispf bentinast terkesas the low level

T o e AT RURSGRT LD o (e pron Level o2

: FIGS. 7e and 7f are other examples of LH-of FIG. 6a. Referring to FIGS.

7e and 7f, (e) LH2 is the same as (e) LH of FIG. 6, except that Temp1, the duration

25 time of the high level Pb2 of an erase multi-pulse forming a cycle, is O.?Ts and
Temp2, the duration time of the low level Pb1 of the erase multi-pulse, is 0.3Ts.
Also, (f) LH3 is the same as (a) LH of FIG. 8, 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 Temp1 and Temp2, that is, the ratio of the duration time of the high level Pb2 and

30 that of the low level Pb1 of the erase mulii-pulse forming a cycle can be changed as
m:n in a variety of ways. (Here, m, n are integers.) Th_ue, 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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the erase nulti-pulse. Finally, (d) LL indicates that the power A8 JANUARY 2007
the |l eading pulse - formng an erase pattern is the sane as the | ow
| evel Pbl of the following erase 20 nulti-pul se and after the | ast-
erase multi-pulse fqorm e.erase tern ends at, the |lLow | evel
by - the. | cBiTORTd.( B ReBfkudil i S Fr SR W étins” ol T ¥ e Rimpents
Pbl of the @éﬁﬁ@emdbb\/epﬂhbscﬂjrafdr@nﬁcﬁ A8 thigh Ie&éIGPm aad 1exddwlesl Ob1 of
LH of FIG 6a. Referring to F 7e.and 7f, (e) LH2|sthe§me_fas
fthgs s for

(&) LH of Fe emseduelimlisenist a"-héﬁtﬁfj WiftHa a1§¢eRe BRtwesg Q.2REs gp

high level Hbgk ejcigm, ﬁﬁé‘%eddFHﬂéﬁ tuPuH'éiﬁ;ré&r\'éié R e G¥A! Pardcterbtid bF i disc
Tenp2, the duration time of | ow I'evel Pbl of the erase

mul ti - pul 8e20Q is splerfed. Tctlemfore( the chaarteristicofyantodasingds more apmyves!.

6, except that t i 0 f th | Pb W
level Pbl of theh\g?é@gﬂrﬁul [P‘férHE\%OR o ?h%T+°g‘E4e HPES, ﬁg %rat% tpgﬁ?'l”% r%’ ©
and Tenp2, infamatisn) triay batremrdéd timea thadaitiareatdfra rettordalﬁermgh or eway be

Pb2 and 301ht f the |low.level Pbl af the, eformn
e ale cannpieflimadbonl siufH Hs S oiedBfinfimiaol Hefser i s S iien
integers.) détdds rédiRdé®aetshdig AFDERAIOE Tead §PEdhfoemator fﬂ@mpthéi’o@dtt -in area
i nventi on has an erase Eattern contai ning an erase multi- pul se of

whi ch powrOf §rom ghe| wobblepsigngly ansdy forela pRATK QR (SREFRFleF enerating a

di stortion %rre%@ﬁdhb%dde‘?&n‘?dge of a mark is prevented and the
characteristic reproducing is 8 12 JANUARY 2007 inproved. In

particular, in tHe @ ithe Tarn &pes nef gna@matwrmmm%nbgmaedn@% a symbol
d bed
descri bed 3Buod RS 3hedof 4 kel A5 O HENFHERGoB bk

bet ween O. 2Ee1isocaméd0 Fémexdmple, tHeoe:rlase)patternTmagnmﬁleatdumfatmamDrt i“the speed
approprlg%e odI he hea}_é_llﬁ,aracterl g‘a”}‘fg" | tSC 5.200,is selected.
Ther ef or €2 PHRUCREPRGE! PEEHa%H pe? Pé)sd RS 'SP EPPRPr oved.

Meanwhi | e, infor matdreer @tdshend effectt ofipe Mbserdr iBsentiont tes Qﬁa;ﬂés}’@ﬁa mark
i nformati on be recorded in a | ead-in

ea of a recordabl e disc
or may be 3%er 0 # FRUREeD vEssPhRfAYe s -@T?ESE‘FCtH'@aH%‘?d f'hfa’l?r ﬁ'ﬁlq'%ﬂ?“ is
items. In t&hdwEst8bleeMmhet@b@uded thﬁQFsﬁﬁiﬂandrﬁﬁﬁQhﬂgyé}réﬂﬁrrﬁbﬁﬁcture
reads type information fromthe lead-in area 10 or fromthe wobble
signal, and fornms a mark or a space by generating a corresponding
waveform201 n addition, the four types ¢f,exase patterns may be used

as a synbo |nd|cat|ant|m=s speed of a disc or the kind of a mark
when data |s recordgdubsidie r epPistbadetim Foecomnanpl |dielectiis filsr a&efleginst erp -
may indicate informgtion, "the speed film film
Material PC ZnS-Si0, Sb-Te ZnS-Si0, 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

25 mark of 8T is recorded by oi_/erlapping 4T of the previous recording mark of 8T.
FIGS. 8 througﬁ 10 show the comparison results of the mark shapes when the prior
artrrecording waveform was used and the mark shapés when the recording
waveform according to the present ilnvention was used. In FIG. 8, (a) shows a
mark formed by {he simulation, (b) shows a mark formed on (a) by a recbrding

30 waveform according to the present invention, and (c) shows a mark formed on (a)
- 9 . :



15 of a disc using LH type erase pattern is 20-nultiple tinmes spd@dANUARY 2007
In order to test the effect of the present invention, the shapes of a

mark recorded in a sinmulation was observed The structure used in

t he si nul at n table disc.u Si mul

e o 41 avbi Do BriotdLieprding B Giotin, Lo i ERE o, (sl Hioult § M thed

Recor di ng DbgltRétdimalatibh,n{dResHonst & ngarkf formellibyma tabeling walPEiofn Shainy a

Sb-Te ZnS-Si 02 Ag alloy eutectic Thickness, 0.6mm 128nm 14nm 16nm

~ 30nm The coRHSE; ey RCqarding tonitenpresRat in¥eNtingeana (habereadnarkdprmed by a

405nm the iRy u%f\/eﬁ?ﬁrﬁéﬁrf‘gsth@%r@rt@céé%ﬁet{érﬁearn mel QG' @Xs%wg’a

ms. In order to Observe mark, after a recordi hg mark

of 8T is Pebwridermednley stlmtéai@rndlmgsfw&rﬁmekreéﬂltefrer@mge&@rmed< pk/(g) by
over | appi ngu4T t h
10" show 1 he feogfbse] ehh SEbitdhd & e bldeffP befitor lnd ] Fowd ottt
recordi ng weresing timewasrkus ¢g) ynitietphier eviDC steapamtteten the recordi ng
wavef or m accor di h resent .inventiao sed. In FIG_.8 a
Shows o mar k. f or RS By FrBsc L patdistery 8f LRSS Usericn g st for
(a) by a regpegrétmgdeanavef orm according to the present invention,

‘and (c) shows a mark formed on (a) 9 12 JANUARY 2007 by the prior
art recor¥di ng wavef orm Likewi se, in Fllapled (d) shows a mark forned -
by the sinulgigam, ()T Sogs,a mark formed by QRggr dr 1y kwwg,ek rm
having a erase patterp_according tao the present inventidn, (f)
shows a mafk formed by|lh recordi né wavef or m havi ng the |cr|or art DC
erase pattezﬁB-S;b@ FIG ?lﬂ),o (9) showso@a 5 mark imasmed by t[laoss

si mul ation, (RY—shows ICOUI t—of ast N1 1 Brk—of—{e-hy—the
erase patteFQ’br’lT%ccéourfe tT‘Clg '?50 t he pregeﬁ I nvent 1(;%85 and (i )Wsh%tyws t he
result of |&s&ng thel mark of (g) by the pripr art DC erjase pattern|
Tabl e 2 shoss-Té hesypatianedoer s of thiemsdi T ns uspfzgsn a si mjloabemn T or
[ n':(erpreti ”&\nﬁb‘?ﬁ%us)lo Table 4 - Material A=40pnm C(J/cm K) k(W cnK)
n

Ag alloy 0470 2.070 2450 0.2000

Referring again to simulation resulis 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 frailing

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 the erase batter’n 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

20 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, -

25 that is, the duration time and the power level, were obtaihed from 4.7GB DVD-RAM
and 4.7GB DVD-RW disc, using a DVD evaluator of which the laser wavelength is
650nm and NA is -0-.60. Then, the characteristics of repetitive
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ZnS-Si 02 2.300 0.000 2.055 0.0058 Sb-Te eutectic 1.650 3.150 1.A@5JANUARY 2007
0.0060 (Crystal) Sb-Te eutectic 2.900 2.950 1.285 0.0060
(Anmor phous) Ag al | oy 0. 170 2. 070 2.450 0. 2000 Referring again to
smulatlonresults/ ough, 10, it .i.s sQovvnthat the, ..
trailing edf&o%¢ing ﬁ%preawnsa &Pﬁ%f& r@y‘%t HE BreReNtdNYURAS S PRTRRIPA Jith e
erase patt @fior &g ewitbdlg to the present invention of (b) of FIG 8 is
better than the trailing 15 ed%g: of the mark fornmed by the rec rdlrbqb
he D-

_wavef orm havi ng th&$ r1107=hr%‘ﬂ9h Hp Harhs shewing ihe ‘-‘ﬂ“ﬁéa%‘?ri%'ﬁ’s
met hod of ( @anpf ﬁ@ Bt tHfbK@'l t1@esﬁdva'thé rf@at@ﬁ&ééf pbiW8r aRaREn&fof rtab@rdmg

| eadi ng edge of the mark is ter when the erase Pattern accord g
to the prheséng a receritingwaveforrseritrag Déhevasei patiercor priorarb andsEJGtSs1 fand

the simul at '18%h5pp\4ﬁ)r0\yéﬁafea{l{?€sé rﬁﬂ?egzg CﬁlIlog ﬁs@&rakre‘geﬁhe& \stéf‘aﬁﬂ " tlpresent

wavef or m having the efase pa eras
mul ti - pul seinventisred Irs FI@pridy dd) .ndp(b)eslhchvo jtttee @armteraasﬂcs wBy respect to
adj usting the sha

ot 1o BfeotdiB Fons Ghiiera PRt kasriabtvelf dof e, BRANE 4Mbg: hafity 2e.

experi ment abhy beer édyss dfFemafk inche pfiod AE DI @288 BAKRNGH @i).and (b), 14.5mW
paraneters needed in obtai gh{lvg the recordi ng waveforns shown in FIGS.

4 and 5, 1o26PqoRINgiPaWer ARY ATIVAIRNE ROWRY WHIE SCIRSISSLIRE PPRITBR S wer o
obtai ned from 4. 7%%W@W@Qﬁbﬂtﬂe@ﬁeﬁ¥?emgjlé% tHeS r"lﬁa?‘t@??,{'%rase

eval uator of whic | aser wavel en s 650nmand NA iIs

Then, the char act Befestingto (3. (bapand fc) o& FIQ 01 21and) fEiaaryRDof7FIG, -13 the most
recording/r r t r nv, -
oo UG PR ISR R0 0 Ul 8115 GBI AL WEER 1o 007
showi ng theTwaldactaﬁectSIhe fiterathatdote i3bs, dRAINT lpl?df&(.é&gooﬁ]whérrtmegjycllei-}s QWJW

the features of pgwer an tinme of recordin ecordln

wnvet orm i th a LeReEE e pRETFer GHeOMeiaIy dines Eelhis Wl A hapk was
show i npr OV&ﬂn"fe!ﬁaWRheﬂweOf'edc@@mg divagefoh Nigaving Qn@rtdungy;vwef csres@fpdtieens
present invention. In FIG wjitt

(1)
char act er | sOPEERGAaPovEs R the; @ar@@ew@ﬁ&g t*b%fﬁé‘fﬂeﬁﬁ@rgr"é%r% MRARYed as the
respectivel yololuitig.t he | eading edge, trailing edge, and both edges of

a mark in the prlor art DC erase. Based on (a) and (b), 14.5mV
FIG. 14 shows the jitter characteristics’ of the four types ‘according to the

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 erase pattern shown in FIG. 6, of the present invention. Especially, ‘
referring to (a) of FIG. 14, it'is shown that LH {ype is the best among the four types.

25 Refefring 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 - Pb1) which is the difference between the high level
and low level of the erase multi-pulse is shown. It is shown that up to 5mwW there
are no big difference. o a

30 FIG. 15 shows the jitter characteristics of the results of repetitive
recordinglreproducing‘ using the recording waveform having the erase pattern
according to _the present invention compared to prior art.

' Referring to- FIG. 15, it is eaéily understood that when a mark is erased
using the erase multi-pulse according to the present invention, the result is good,

11



10 recordi ng power and 6m\ erase power were selected for experi mdgtJANUARY 2007
FIGS. 12 and 13 show the neasured results in the prior art DC erase.

Referring to (a), (b), and (c) of FIG 12 and (a) and (b) of FIG 13,

the nost pre erg characteristics .are shown when Tsfp = -

0. 5To and nRSREP e dppline ARG Her GRS SRR er

characteristics, RAGE. 16 fhroagh g0ed Bhphsishewgthe charddtefibtics dﬁhBMRw

on the parameters ex imentally obtained in this Wai)/'b"éa mar k

formed wi t hF&e: ﬂ@éB%&@h@%b@%hﬁﬁﬁﬁW%ot REWED aPdr e Of gpoatpiingeusing a

patterns d?&ﬁfrdrﬁ?‘%a%@fb\fﬁl wifii'd Eidf‘%reﬁs'éaﬂa%%h%ﬂ sridr&st, @hd Hes! ¢4 BRE 208hkbw
were neasured as The foIIowrn FIG 14 shows the'jitter

char act er i5simproved faateres of reaoyding usingar @icarlingwaveforn of fhedwesant invention.

i nvention shown ip ElG, 621(31 Rﬁoe %'éﬁ%m} %ézlc(ﬁara'lc/terc'#tﬂ:s %ﬁﬁt Q@pe&ft‘arr[eﬁ&ding

that a jitter characteristi'‘cis
recordi ng wavekoand wrade pcnwert ameph\tetlyerfur the. Ieadrngrngene'amﬁg etlger,r and both
types of era r esent

Especi al | y, ag $@&r$&€a ln( Bf'oﬁzla& BP4%];'queh? assﬁgvrﬂ tﬁg @t bﬁyaé QrgW

the best a”ﬁélﬁ)ﬂﬂrhgtp %rahdame’r’éssﬁﬁi\@érrwmstemcté& of FIG 14, when
t he erase pattern ormed with the erase nult éul se according to the

present i¥ventionFiGS-ddeand 18 ehaw thegmaaskier reqql, in the ijor art DCerase.
characteristics Oher%rfrtb( f&bﬁres Ppr énechthel rﬁo&th@erlérat;renﬁt@seh%w&eﬁcs are

the high level - and evel erase nul ul se 1's shown
i s shown t hahowp W@%ﬁfﬂ Eh@Bds aadewlm Tsfp =0P-LHEs. en'EJe was gopdind.59%s, and

shows t he Jr-l-tth és@ggéﬂ]q ﬁﬁ-raﬁﬁr,]c%rof the results of repetitive:
ro

recording/re using the recor di ng waveform having the erase
pattern accor di n@asejd bﬂnmq)pammtensnmmhmmtaﬂqrmﬁaredd frothis way, amark was

Referring t I s easil nder st ood .t h en a rk is

er ased fﬁj ewitgag'g ﬁ?ﬁo{ ngu‘f"é‘é&%%oh’%"% ’tf'%aftPH\é\qWeessgﬁflemse pafterns
i nvention, tBecrivesiubboves @Riothe rdprodudidy bAbKIEXIsHEO of theplerhad Irtatknwere
the repetitive recordr ngﬂmract eristics aspect. FIGS. 16 through 20

are graphs SHERMFRY e B9-eristics of the DVD-RW FIGS. 16

through 18 show tﬁl@ f19%hla!ﬁr§$hé’frtté}(&h%rac@é}%trbé BetHef folieGPES sREWN I MIE. 8.
recordi ng waveformwith a DC erase pattern of prior art, and FIGS. 19

and 20 show 5 i npRefpEing inFIf3.ctd, df isr shayymithes Lits bymg i thedwstipmng the four
wavef or mgf 4 3&3@%. P(I\Pr%‘?r%e!é?%%‘éét‘?&n folled ith tlﬁera(s%)mﬁlﬂcbtﬁée) a&¥fdlihg to the

jitter characteristics with respect to recor
present invention is used in erasing a mark, the ptter characteristics of A Pb(Pbh2 -

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 3mW, 1mwW
was selected as the condition for the repetitive recording/reproducing experiment.

25 " FIG. 20 shows the jitter characteristics of the results of repetitive
recording/reproducihg using the recording pulse having the erase eattern according
to the present mventron |

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,

30 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 accordrng to the present invention is advantageous up
to 1,000 times repetilive recording that is guaranteed in the normal DVD-RW,

Meanwhile, the above experiments followed the DVD formats and therefqre
12



power and erase power, respectively, for the |eading edge, trailitggANUARY 2007
edge, and both edges of a mark- in the prior art DC erase. Based on ‘
(a) and (b), 14.0mN recording povver and 6m\ erase power were

selected. 1Q F 18 s therresu d results in the pripr .
art bC e as® ERIFPIaD PAGY Yo% RE0r s HeRLER LRy, e, Rigdaton
jitter char mr&fdsstha@Sararmrn&msavu'Se\ddﬂm Biérﬂplé RI3Ts, apdDghem Shsfapd=Dual
0.05Ts. Tie was good in g BSTS E L% good in 1.0T and 1. 1Ts.
Based on t hB'OFHIEHRRIELSER %F‘?W‘ bRyt Bﬁ@lened inthis way, a mark

~was 15 forned Wi A heddraingeRgbunactuiR a6 hiarérel dhoumtént ypee Gesent
erase patterns described above, and the reproducing characteristics

of the fofnisyentgrkbagadeon thesiuchige dgsqrwdfahowgwlh@owbp@Xp@@hows t he
jltter characteri r

Lo FrG 16 it 1 TG0 floWepaf Ehol e Bl ifbtfdd soctrainfito Sk Rtred
t ypes. V\henembedmamefﬂmpresentfimrmrﬁdnvw th the erase nulti-pul se

B ear Shar oot o FRIEA FIR BB, bRk Srlis i PR o e

bet ween t hemodglatéLitrl daadah® yeheratds NRZlI fd@teernaﬁép mgoY | - Theh,Stheirscording .
shown. Since the characteristics _are sudden raded from3 1
was sel ecf eBPRAIUSLORSRIRE iforecPEling wave %" n erase pattern containing an

recor di ng/ r@ﬁs@%&ltl%ls@(ﬂe&téﬁﬁem 28sifb the %@n@ﬁ@é@réé&?dthg WeBform, a mark
characteristics of the results of repefitive recordi ng/Teproducing

usi ng the recaspacryisjomed omtheepticabdise 28@ lfp&ttepélsﬁ3accor ding to the
present invention FI r tﬁn%qh
when a mark is er%%ggés%hté%d‘ngat%%g ear%g(s)é@nrﬂll {jl -%resgiﬂ é%‘lgg? i’n% 0 tz%]d;aénd
present i nvepparatus fdnerelcesimg data gooshich 3be eeperiirg) Ivgaviaforlmhwhich prevents

epeLi1ue LECorlDB.E8 0L o LR RSl RURYSTe LUPYLULSL ot

it is _ShOW_nwth;@Ihtat Raepordae a@damprldmhgmlsa@;ﬁ@bﬂihegnm i hEecﬂ)Bﬁaﬁmnded S0
invention i g advantageous. up, to tIITE_S repetitive recording

that is guaﬁ'@ﬁf@e@qrg‘ﬁ?ﬂg'cﬁ&f FRACTEOBTeRIPINERG /T INPTOYEE above
experinments followed the DVD formats and therefore 12 12 JANUARY2007
t he EFM+ nodul ati on nmet hod was used. However, if any of other

nodul ati on nmethods that .are normal |y used, f or exanple, RLL(1, 7),

D(8 - 15), and Dual nodulation, is used, the result wll be the

sane.
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A recording nethod according to a preferred enbodi ment of the pra3eANUARY 2007
5 invention based on the structure described above will now be ,
explained. FIG 21 is a flowhart showi ng a recordi ng net hod

accordijag Eo a Ere{erred enbodi nent of the present invention. C
Referri €GO  the recording apparatus receives data fromthe
outsidet  noguhdtRSd tdteredBiding %ﬁagﬁﬁ‘%@bﬁﬁcé‘}'%coﬂﬂh@ médﬁjh?pthéB%thod

Then, the recording. 10 apparat us. generates a recordi ng waveform
havi ng e@Mprsieg: pattern containing an erase nulti-pulse in step 1802.

on the opt | ol NGe BEERIH L Bate Bua'ea B BRblind el ORt Pevbg 4 Risee

- the prepﬁ[grnlo@ngnﬁmgm malthpileed and apparatus for recording data in
whi ch the recordi ng wavef orm whi ch prevents 15 distortion of the

shape of a mark due to heat |nt erference and heat accunul ati on when

data isyreco {rﬂ{fﬁ g(ﬁ;r i 1 SYI‘ﬁal?Qﬂe i fBrt?'ﬁiagﬁEnk the r‘r’%ﬁ{j o?rﬁe gpace

provi ded SO ICS o recor g/ reproduci ng a
|nprovecbm|iﬁsé92JANUARY2007 Wiat is cl ai ned is 1 A rret hod of
recording data on an optical recording nmed

conpri sing: Te%rAINY %atﬁﬁﬁf%o@n%tosﬂfé@ WGIElLHB't%d (%'e'e}(%h@ methedor m
having an erase pattern containing a nulti-pulse. 2. The nethod of
claim1, wherein the formng of the mark or the space conprises:
recor di fg daflheaowsthod nof tlaira Rumwheraigt thd ifoimied ORlihe (Rarkl @y thet bpdce
3. The nethod of claim1, wherein-the formng of the mark or the
space CUMBM$Ses: recording a first level of a Non Return to Zero

| nverted (NRebdorflfigPa $1r§tn@be|%ﬁ a NBA F?&Wn ey RRRARE (Il\mk dafa &iBRal as
NRZI data signal as the space. 4. A nmethod of recording data on an

i nf or netheanatcandgeesed lavel oﬁ*élerdeKbdatacmgmlmthg 'SpEGeni ng a nmark
and a space by using a waveform conprising a recording pattern, an
~erase pattern having a nulti-pulse, and a cooling pul se concatenating

the recqrdi ng\ arghed a8 eed@HIg 85ta on an information storage medium, the method
| comprising:

. forming a mark and a space by using a waveform comprising a recording
pattern, an erase pattern having a multi-pulse, and a cooling pulse concaténating

the recording and erase patterns.

5. - A method of recording data on an optical. recording‘ medium, the method
comprising: |

fdrming a mark or a space by using a recording waveform having an érase
pattern containing a multi-pulse with high and low power levels, wherein a power
level of a‘leading pulse of the erase pattern is set to the low level of the multi-pulse,
and a power level between the end of the erase pattern and start point of a leading
pulse of a recording pattern is set to the high level of the multi-pulse.

6. A method of recording data on an optical recording medium, the method
comprising: _ ,
forming a mark or a space by using a recording waveform having an erase

pattern containing a multi-pulse with high and low power levels, wherein a power
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5. A method of recording data on an optical recording nedium the2JANUARY 2007
method conprising: formng a mark or a space by using a recording
wavef orm having an erase pattern containing a nulti -puI se with hi gh
and | ow po evel s, wher | evel of uIs

the era eﬁe'fr&l ngPuse Ofﬁ“@t ﬁ%‘sgcﬁ\%ﬁe&@ S‘%Ift‘)?'ﬁ%ﬁ% I‘b’&hg

power | gl fRfleIEbl RAWEaTHR ohdf BeAsRsB a8 Tafd diaH déiht B0 ln=,t %

| eading pul'se of a recording pattern s set to the high |evel of the
~ mul ti - pplise of &.reporgingpatierm is eebicdinedowde el o thenmaylii-pelse. r ecor di ng
medi um the nethod conprising: formng a mark or. a space by using a
recordi ng wavef orm having an erase pattern containing a multi-pulse
with high ang lngethbavesr réc%Yﬁhﬁ , daaesRi dh dpfedefecotding ZméAlNH\Rhe? Abthod
| evel of a |eading pulse of the erase pattern is set to the |ow |evel
of the @@MPrisipgl se, and a power |evel between the end of the erase

et to the | oubthivBid fiert b8 spBPF ol 36c e kG M BR AR s
dat a onpatterapidntaihinges piudti-pgiseBdtrinightare] lowt seer ieoasm,rwaemn afpwmrng :
a mark or a space by using a recording wavef orm havi ng era

pat t er nle¥ehelH leadindPwse © ﬂ}ﬁﬁ@ee\mtnenhﬁgwtéﬁahqa Bwhd@mlrofﬁewtdtl pulse,
wherein (ﬁ%y t
to the %ﬁdgﬁ eveerlléa%lteﬁ\géanﬁdl -pu gteh,%%;%‘é ?Jgﬂ%(&?mgﬁél evep&b{ ?fé‘léa@ﬁi
end of phice®f agecpaiing patternds sebta thediigh level ef theaduligpulpell se of a
recording pattern is set to the high level of the nulti-pulse. 8. A
-met hod of recording data on an optical recording nmedium the nethod
conpri sgng: fORRAGY aoﬁ*?édﬁr&hgadétaa&ﬁ éw il @cdr&ﬁgrn‘ﬁ'eﬂﬁjrﬁ"aﬁ Phdthod
having an erase pattern containing a |-pu se w hi gh 'and | ow
power | ewwpdsingherein a povver | evel of a | eadi ng pul se of the er ase
pattern is set. to.the

Pavel bet ween OHBMBRIMG® oha Shse BYiatia et ifterpBi et 4 erase
| ef‘f" ngp ?uwh&en@émmg@mmpoeewm BigA dridl ot pdweert[BeelsOWhERNE L wdrhe .
mu I -pul se
IOlevel of a leading pulse of the erase pattern is set to the high level of the multi- pulse
and a power level between the end of the erase pattern and start point of a leading

pulse of a recording pattern is set to the low level of the multi-pulse.
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